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ALPORT SYNDROME
In 1927, Alport (1) reported the association of deafness with a 
form of “hereditary familial congenital hemorrhagic nephritis” 
occurring in successive generations of one family. He observed 
that “the male members tend to develop nephritis and deaf-
ness and do not as a rule survive,” whereas “the females have 
deafness and hematuria and live to old age.” The main fea-
tures of the disease were established, and an X-linked domi-
nant inheritance, the usual mode of inheritance, was clearly 
suggested. Subsequently, many additional families have been 
reported from various parts of the world, and the clinical 
spectrum and genetic basis of Alport syndrome (AS) have 
expanded to include other extrarenal defects and variants. The 
estimated frequency of AS is 1:5000. It accounts for 1% to 
2% of end-stage renal disease (ESRD) in Europe, India, and 
the United States.

The pathogenesis of AS has been elucidated by advances 
in pathology, biochemistry, genetics, and molecular biology. 
The primary defect in AS involves type IV collagen, the main 
component of the basement membranes. AS is genetically het-
erogeneous, and different mutations in the genes encoding the 
α3, α4, or α5 chain of type IV collagen are responsible for 
the various forms of disease. X-linked inheritance is the most 
common mode of transmission. The phenotypic heterogene-
ity of the disease can be explained by the molecular heteroge-
neity: nearly every family has its “private” mutation. Benign 
familial hematuria may represent a benign variant of type IV 
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collagen diseases and the heterozygous form of autosomal 
recessive AS. Animal models of AS now provide opportunities 
for investigating pathogenesis of the disease and developing 
new therapeutic approaches.

Pathologic Findings
Gross Appearance
No specific macroscopic changes have been reported in the 
kidneys obtained at autopsy of patients dying from ESRD. 
The kidneys are shrunken and atrophic with a finely granu-
lar cortical surface (2). Atrophy predominates in the cortex, 
in which yellow linear streaks are sometimes visible (corre-
sponding to lipid-filled foam cells). More severe contraction is 
observed in the kidneys obtained after several years of dialysis.

Light Microscopy
Glomeruli

Light microscopic changes have been described in numerous 
reports (2–7).

In renal biopsies obtained early in the course of the disease, 
the glomeruli appear normal or show minimal changes, hyper-
trophy of podocytes, rigidity of glomerular capillary walls, 
irregular enlargement of mesangial stalks, and focal thickening 
of the capsular basement membrane (Fig. 13.1A and B). Focal 
and segmental thickening and lamellation of the glomerular 
capillary walls, better seen on silver stains, become visible with 
progression of the disease, and they are usually associated with 
marked widening of the mesangial stalks. Segmental lesions of 
the tuft, producing a pattern of focal and segmental glomeru-
losclerosis (FSGS), develop in an increasing number of glom-
eruli; they are caused by marked thickening of the glomerular 
basement membrane (GBM) and the mesangial stalks, associ-
ated with hyaline deposits and collapse of the capillary loops 
(Fig. 13.1C and D). The end point is complete sclerosis or 
hyalinosis of the glomerulus. Correlation between the severity 
of glomerular changes and the age at renal biopsy has been 
observed by several groups (4,6).

Tubules

The tubules are initially normal, except for the presence of 
occasional red blood cell casts (Fig. 13.1E). The foci of nonspe-
cific tubular lesions then develop. These lesions actually may 
precede significant light microscopic glomerular changes but 
subsequently develop alongside the glomerular lesions.

inTersTiTium

Interstitial fibrosis is usually absent before the age of 10 years. 
Then, interstitial fibrosis and tubular atrophy develop and 
progress in correlation with declining glomerular filtration rate 
(GFR) (3). Focal areas of interstitial fibrosis may be seen before 
the appearance of overt glomerular changes.

Lipid-laden foam cells have been considered a marker of 
AS because of their abundance and distribution (Fig. 13.1F). 
When present, they are concentrated at the corticomedullary 
junction or they occur as long, linear rows throughout the cor-
tex. However, they are inconstant and are rarely found in early 
biopsy specimens. They are abundant at the stage of heavy pro-
teinuria, and their number may decrease with progression to 
renal failure. They are not specific and are observed in patients 
with abundant proteinuria, regardless of the type of glomerular 
involvement.

blood Vessels

No significant vascular changes are observed early in the course 
of the disease. Lesions of arteriolosclerosis may develop in 
hypertensive patients.

Immunofluorescence Microscopy
Immunofluorescence microscopy of renal tissue using anti-
bodies to immunoglobulins and complement components is 
usually negative (6,7). However, faint deposits of IgG, IgM, 
and the third component of complement (C3) are occasionally 
observed (3–5,7) and may mimic immune complex–mediated 
glomerulonephritis in a few patients (8). Scattered granules of 
C3 distributed haphazardly throughout the glomerular tuft 
and the arterioles are not uncommon, but their presence is 
not a marker of any specific disease and their absence does not 
exclude the diagnosis of AS. With progression of the disease, 
focal deposits of IgM, C3, or C1q are observed in hyalinized 
segments of glomeruli.

Electron Microscopy
Ultrastructural studies demonstrated the basic lesion of 
AS (5,9–11), subsequently observed by many investigators 
(3,4,6,7,12,13). This finding was of the utmost importance 
because it provided a useful morphologic marker for AS and 
gave the first indication of the primary involvement of the 
GBM in the disease.

The typical lesion is characterized by thickening of the 
GBM (800 to 1200 nm), with splitting and fragmenting of the 
lamina densa into several strands forming a basket-weave pat-
tern. Small, electron-dense granules are usually visible within 
the lucent zones delineated by the thin interwoven layers of 
lamina densa (Figs. 13.2 and 13.3). The inner and outer con-
tours are irregularly festooned and are lined by hypertrophied 
podocytes on the exterior. The lesion is often widespread, at 
least in adults, involving more than 50% of capillary loops. 
It seems to become more extensive on serial biopsy specimens 
(5,14). However, GBM changes may be patchy, alternating with 
segments of normal or reduced thickness. In fact, in younger 
patients, a second type of lesion, the thin basement membrane 
(100 to 200 nm), is the prevalent change (4,6,7,12–14), and 
focal ruptures of the GBM with repair by newly formed base-
ment membrane material may be seen (4). On the whole, the 
most striking feature in children is the irregular appearance of 
the GBM, resulting from the close alternation, even within the 
same loop, of thick, split, and extremely thin GBM segments 
(Fig. 13.4). The GBM lesion develops early in life; it has been 
found in several patients younger than 2 years. It is observed in 
male and female patients, but as described by Rumpelt (14) in 
a quantitative ultrastructural analysis, and confirmed by White 
et al. (13), male patients have more splitting than do female 
patients, and splitting increases with age in male patients but 
not in female patients. Similar findings have been reported in 
the Samoyed dog, an animal model of X-linked AS: The GBM 
is normal in thickness at birth in both sexes; then, extensive 
thickening and splitting of the GBM appear in the males, 
whereas only focal areas of multilaminar splitting occur in 
females (15).

In some patients, the typical GBM thickening is absent 
(9,12) and widespread thinning of the GBM is observed, 
whatever the age of the patient and the type of the  mutation  
(Figs. 13.5 and 13.6) (6,7,12,16–18). In a series of 105 patients 
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FIGURE 13.1 Alport syndrome. Light microscopy. A: Normal glomerulus in a 6-year-old boy. (×250.) B: Rigidity and moderate 
thickening of the GBM in a 12-year-old boy. (×330.) C: Irregular thickening of the basement membrane, marked podocyte hypertrophy, 
and focal segmental glomerulosclerosis (arrow) in a 14-year-old boy. (×330.) D: Multiple lesions of focal segmental glomerulosclerosis 
in a 17-year-old boy. (×250.) E: Presence of red blood cell casts. (×350.) F: Clusters of interstitial foam cells. Same patient as in (D). 
(×200.). (A–F, trichrome light green.)

A B

C D

E F
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affected with progressive hereditary nephritis and studied by 
electron microscopy, we observed diffuse attenuation of the 
GBM in 30; 19 of these patients had classic AS, and 11 had 
progressive hereditary nephritis without deafness. Intrafamilial 
concordance of ultrastructural changes is usually observed, 
and thickening of the GBM with fragmentation of the lamina 
densa is both a marker of certain families and an index of sever-
ity. However, rare discordances have been reported (12,19).

Other lesions have been described. Frequently, podo-
cytes are enlarged, contain vacuoles, and show focal or diffuse 
effacement of foot processes. The mesangium is initially nor-
mal, followed by progressive increase in mesangial matrix, focal 
mesangial hypercellularity, and mesangial expansion along 
the subendothelial aspect of the GBM. The mesangial mate-
rial appears heterogeneous, containing dense granules of vari-
ous sizes, clear areas, and curvilinear membranous structures. 

Finely granular dense deposits can be found focally in severely 
involved GBM segments (Fig. 13.7). Focal thickening of the 
Bowman capsule or tubular basement membrane (TBM) is 
frequently associated with the GBM lesions (Fig. 13.8). These 
thickenings are characterized by marked bulging and splitting 
of the basement membranes delineating clear areas contain-
ing vesicular structures or dense laminated particles having the 
appearance of lipid deposits. Accumulation of lipid droplets 
within capsular epithelial cells is rarely observed, whereas it is 
frequent in tubular and interstitial cells.

The specificity of the GBM pathologic features has been 
questioned. According to Hill et al. (20), thickening and split-
ting of the GBM closely mimicking hereditary nephritis can 
be seen in poststreptococcal glomerulonephritis, FSGS and 
IgA nephropathy, and GBM attenuation may be observed 
in most types of  glomerulopathies. Actually, widespread 

A B

FIGURE 13.2 Diagram depicting one normal glomerular capillary (A), 
a capillary with a thin basement membrane lesion that can be seen in 
Alport syndrome and in thin basement membrane nephropathy (B), and 
a capillary with irregular GBM lamination representing the changes of 
Alport syndrome (C) (green, podocyte; dark gray, GBM; yellow, endothe-
lial cell; red, mesangial cell; light gray, mesangial matrix).

C
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FIGURE 13.3 A: Electron microscopy from a 12-year-old boy with X-linked Alport syndrome. Note thickening and irregular contours of the 
glomerular basement membrane, splitting of the lamina densa, and small electron-dense granules. (Uranyl acetate-lead citrate, ×22,500.) 
B: Electron microscopy from the same 12-year-old boy showing the irregular distribution of GBM lesions with nearly diffuse foot process 
effacement and focal presence of granular deposits (arrow) distributed along a thick GBM segment. (Uranyl acetate-lead citrate, ×7800.)

A

B
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FIGURE 13.4 Electron microscopy from a 10-year-old boy with 
X-linked Alport syndrome. Note the alternation of thick and split (dou-
ble arrows) and of thin (single arrow) glomerular basement membrane seg-
ments. (Uranyl acetate-lead citrate, ×13,200.)

FIGURE 13.5 Electron microscopy from a 26-year-old male patient with X-linked Alport syndrome who developed ESRD 
at the age of 37 years. Note the widespread attenuation of the GBM. (Methenamine silver staining ×2500.)

 thickening and splitting of the GBM in the proper clinical set-
ting strongly support a diagnosis of AS, but occasional areas of 
splitting clearly do not have the same diagnostic specificity. In 
our experience, the finding of extensive GBM changes in 30 of 

50 hematuric children, in whom the diagnosis of IgA  nephritis 
had been ruled out by immunofluorescence, allowed the diag-
nosis of AS, which was confirmed by further family investi-
gations, follow-up data, or the finding of type IV collagen 
mutations. Characteristic ultrastructural changes of the GBM 
have been observed in patients with no family history of renal 
or hearing impairment (5). These observations are important 
because they strongly suggest that these patients are affected 
with de novo AS, a hypothesis easily confirmed by genetic 
studies. Very rare cases of widespread GBM lesions mim-
icking AS pathology have been described in young children 
presenting with isolated sporadic or  familial  steroid-resistant 
nephrotic syndrome (21), in a few cases of Denys-Drash or 
Frasier syndromes linked to WT1 mutation (22), in the rare 
Pierson syndrome linked to mutations in the LAMB2 gene 
(see section on Pierson syndrome), or in nephrotic syndrome 
associated with hypomelanosis of Ito (23).

Extrarenal Tissues
Only a few studies have been devoted to nonrenal tissues. 
Unique pathologic changes have been demonstrated by post-
mortem light and electron microscopic examination of the 
inner ear. These include a zone of separation between the 
basilar membrane and the basement membrane of cells of the 
organ of Corti, and the presence of cells filling the tunnel of 
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FIGURE 13.6 Electron microscopy from the same 26-year-old patient. Extremely thin GBM with regular contours and diffuse 
effacement of foot processes. (Uranyl acetate-lead citrate, ×8000.)

FIGURE 13.7 Electron microscopy from a 12-year-old boy with Alport 
syndrome showing the widespread alteration of the GBM with focal 
subendothelial and subepithelial deposits. There are diffuse effacement 
of foot processes, Bowman capsular thickening, and a foamy appearance of 
the capsular epithelial cell. (Uranyl acetate-lead citrate, ×4500.)

FIGURE 13.8 Electron microscopy from a 15-year-old boy with 
Alport syndrome showing marked TBM thickening and splitting. 
Lipid droplets are present in tubular epithelial cells. They massively involve 
the interstitial cell cytoplasm. (Uranyl acetate-lead citrate, ×4500.)
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Corti, morphologically similar to supporting cells (24). In the 
eye, the anterior capsule of the lens is thinned, and vertically 
oriented fractures have been seen (25,26). The retina may have 
 thinning of the internal limiting membrane/nerve fiber  layers 
and of the retinal pigment epithelial basement membrane of 
the Bruch membrane (27). Contrary to initial observations, 
electron microscopic examination of the epidermal basement 
membrane (EBM) failed to disclose any significant ultrastruc-
tural abnormalities (28,29, personal observations).

Type IV Collagen
Type IV collagen is the major structural component of all base-
ment membranes. Like other members of the collagen family, 
type IV collagen is a multimeric protein composed of three α 
chains coiled around one another to form a triple-helical mol-
ecule or protomer (30). Each chain comprises a long 350-nm 
collagenous domain and, in contrast to interstitial collagens, 
a noncollagenous (NC) globular domain at the 3′ end of the 
molecule and a short NC domain at the 5′ end. The collage-
nous domain, which contains about 1400 amino acid  residues, 
is characterized by the repeated Gly-X-Y triplet sequence, in 
which every third amino acid is a glycine. The presence of gly-
cine in every three residues is crucial for proper triple-helix for-
mation, because glycine is the only amino acid small enough to 
fit into the center of the triple helix. Twenty-one to twenty-six 
short interruptions of the Gly-X-Y sequence are presumed to 
give flexibility to the molecule. The C-terminal NC1 domain, 
of about 230 amino acid residues, is a globular structure con-
sisting of two symmetrical subdomains, each containing six 
cysteine residues, the positions of which are highly conserved 
between hemi-NC subdomains and between chains. These 
cysteines are the basis for intrachain and interchain disulfide 
bonds. Cysteine residues are also present in the short NC 
sequence located at the N-terminal part of the chains.

Six genetically distinct but closely related α(IV) chains have 
been identified (Fig. 13.9A). Each contains about 50 exons. 
Because of the large size of their introns, they are large genes, 
with a size between 100 and more than 425 kilobases (kb) 
(31). They are located pairwise in a head-to-head fashion 
on three different chromosomes. The structural similarities 
between the different chains suggest that the genes diverged 
from a common ancestor that was initially duplicated on the 
same chromosome and then eventually triplicated. COL4A1 
and COL4A2 were the first to be localized (13q34). They are 
separated by 130 base pairs (bp) and share a bidirectional pro-
moter (32). The genes COL4A3 and COL4A4 were assigned to 
2q35-37, and their genetic structure was determined (33–35). 
The genes encoding the α5 and α6 chains of type IV collagen 
were localized to chromosome Xq22 and characterized. They 
are separated by a short 450-bp intergenic region (36–39).

Many type IV molecules could be potentially formed. 
However, only three protomers have been discovered: α1.α1.
α2(IV), α3.α4.α5(IV), and α5.α5.α6(IV) (Fig. 13.9B) (31). 
They associate to form interwoven networks providing a scaf-
fold for other basement membrane glycoproteins: two pro-
tomers bind via their NC1 domains to form dimers; four 
molecules associate via disulfide cross-links in the 7S domain 
to form tetramers (Fig. 13.9C). Three distinct networks have 
been recognized: α1α1α2(IV)–α1.α1.α2(IV), α3.α4.α5(IV)–
α3.α4.α5(IV), and α1.α1.α2(IV)–α5.α5.α6(IV). Lateral side-
by-side interactions, especially numerous between α3.α4.

α5(IV) protomers, make the network tighter and more resis-
tant to proteolysis (40).

The three networks are not equally distributed within the 
basement membrane. The most abundant, α1.α1.α2(IV) is 
ubiquitous and found in all basement membranes. However, 
in the glomerular tuft, the strong mesangial expression of the 
α1(IV) and α2(IV) chains contrasts with their faint GBM dis-
tribution, limited to the subendothelial aspect of the basement 
membrane (Fig. 13.10). The other networks have restricted 
and specific distributions. In the mature kidney, the α3.α4.
α5(IV) network is present within the GBM, the distal tubule 
basement membrane, and focally in the Bowman capsule base-
ment membrane (7,31,41,42). However, in rat as in human 
GBM development, there is a switch from the exclusive α1.α1.
α2(IV) network detected at the early capillary loop stage to 
the α3.α4.α5(IV) network present in the mature glomerulus 
where it is synthesized by the podocyte (43). The α3.α4.α5(IV) 
network is also present in the alveolar basement membrane 
and the specialized basement membrane of the eye and the 
cochlea (44–48). The α1.α1.α2(IV)–α5.α5.α6(IV) network is 
expressed in the Bowman capsule and collecting duct basement 
membranes, in the epidermal and smooth muscle cell basement  
membranes of the urinary bladder, uterus, esophagus, and fun-
dus of the stomach, and in the vascular smooth muscle cell 
basement membrane of the aorta (49). The α6 chain is consis-
tently absent from the GBM.

AS is genetically heterogeneous (50). Mutations in COL4A5 
result in X-linked dominant AS, whereas mutations in COL4A3 
or COL4A4 lead to autosomal recessive or dominant AS. In 
most patients, the resulting chain defect (absence or abnormal 
structure) impairs the protomer assembly and the formation of 
the normal collagen IV network, a consequence readily observed 
by immunohistologic staining of the basement membranes 
using specific antibodies against the different α(IV) chains. 
Importantly, COL4A3 or COL4A4 mutations in the heterozy-
gous state are also associated with benign familial hematuria.

X-Linked Dominant Alport Syndrome
X-linked dominant transmission is the mode of inheritance in 
80% to 85% of AS families.

Clinical Features
Classic X-linked AS is characterized by the familial occurrence 
of hematuric nephritis progressing to ESRD, at least in male 
patients, and of hearing loss, which is also progressive. Hematuria 
is the cardinal symptom. Macroscopic or microscopic, it is usually 
detected in childhood, in infancy, or even at birth (2,4,11,51). In 
a series of 58 patients observed in our Department of Pediatric 
Nephrology, the age at discovery of hematuria was less than 6 
years in 74% (4). However, in some patients who do not manifest 
macroscopic hematuria, microscopic hematuria may be detected 
only in adulthood, either isolated or associated with proteinuria, 
hypertension, or chronic renal failure.

Evolution and prognosis differ according to sex. In male 
patients, microscopic hematuria is universal and usually persis-
tent. Its presence is a necessary criterion for diagnosis. Single 
or recurrent episodes of macroscopic hematuria precipitated 
by exercise or upper respiratory tract infections are observed 
in about 60% of the patients younger than 15 years old, but 
these episodes are exceptional in adults. Proteinuria may be 
absent, mild, or intermittent in young patients. It increases 
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FIGURE 13.9 A: The genes COL4A1 to COL4A6 are located in pairs, head to head, on three different chromosomes.  
B: They encode six different type IV collagen α chains. Each of them comprises a long collagenous domain, a noncollagenous 
globular domain at the C terminus, and a 7S domain at the N terminus. They are arranged into three triple-helical protomers 
that differ in their chain composition. C: Protomers create basement membrane networks with other protomers by uniting 
two NC1 domains at the C terminus and by uniting four 7S domains at the N terminus. Here is shown the α3.α4.α5(IV)–
α3.α4.α5(IV) network, with disulfide cross-links between triple-helical domains. (Modified from Hudson BG, Tryggvason K, 
Sundaramoorthy M, et al. Alport ’s syndrome, Goodpasture’s syndrome, and type IV collagen. N Engl J Med 2003;348:2543.)

A
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A B, C

D E, F

G H, I

FIGURE 13.10 Immunofluorescence. A–F: Normal renal distribution of the α1–α6 type IV collagen chains. A and B: The α1 and 
α2 chains are codistributed in all basement membranes, but their expression is faint in the GBM. C–E: The α3, α4, and α5 chains 
are codistributed in the GBM and the basement membranes of distal tubules; they are absent in the mesangial matrix. F: The α6(IV) 
chain is absent in the GBM and strongly expressed in the Bowman capsule and the distal tubule basement membranes. G–I: Double 
immunolabeling with anti-α2 (Texas red) and anti-α5(IV) (fluorescein) antibodies showing the respective localization of the two chains 
in a normal kidney specimen (G) and the strong persistence of the α5(IV) chain in the sclerotic glomerulus from a non-AS patient (H). 
In the skin (I), both chains are present in the epidermal basement membrane (yellow fluorescence).

steadily with age, with possible development of the nephrotic 
syndrome (4). Proteinuria was observed in 95% of the patients 
belonging to the European Community cohort of 195 AS fam-
ilies (51). All male patients progress to ESRD at ages ranging 
from 8 to older than 60 years. Hypertension is usually absent 
before the stage of chronic renal insufficiency. According to the 
rate of progression to ESRD, two types of the disease have been 
distinguished: (a) a “juvenile” type characterized by a highly 
stereotypical course within a given family and by the occur-
rence of ESRD in men around the age of 20 years and (b) a 
“nonprogressive” or “adult” type in which the age at ESRD 
is higher, approximately 40 years, and the course much more 
variable. In the latter group, precise prognostication in the 
individual case is impossible.

Hematuria is observed in nearly all female patients, but it 
may be intermittent or detected only in adulthood. It was pres-
ent in 95.5% of patients (309 of 323) in the European series 
(52). Completely asymptomatic carriers are rare. Proteinuria 
may be absent; it is usually mild or intermittent (4,5,52) and 
was observed in 75% of patients in the European Study (52). 
It increases with age in some patients at risk of progressing to 
ESRD. The prognosis of renal involvement is impossible to 
predict from family history, as shown by the clinical course 

of affected female members of the family initially reported 
by Alport: three of them developed ESRD between 12 and  
24 years of age, whereas three others had a normal life span of 
69 to 90 years (53). Gross hematuria in childhood, progres-
sive increase in proteinuria, nephrotic syndrome, diffuse GBM 
thickening, and hearing loss are associated with an adverse 
outcome (54). Random X inactivation (the process known 
as lyonization) may account for the variable clinical course of 
the disease in female patients. On the whole, according to Jais  
et al. (52), the risk of developing ESRD before the age of 40 years 
was 12% in girls and women versus 90% in boys and men, but 
the risk of progression in women appears to increase after the 
age of 60 years.

Bilateral sensorineural hearing loss affecting high and mid-
dle frequencies is not congenital, but it may be detected over the 
first decade, especially in boys (4). In children, serial audiologic 
tests show progressive hearing loss in most boys and some girls, 
whereas hearing impairment is generally stable in adults. The 
true prevalence of hearing loss within AS-affected families is 
difficult to assess in the absence of systematic audiologic evalua-
tion. Some kindreds with progressive hereditary nephritis with-
out hearing loss are AS variants. They represent nearly 20% of 
families with COL4A5 mutations in the study of Jais et al. (51).
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Several types of ocular changes involving the lens, retina, 
or cornea have been reported. Anterior lenticonus is a coni-
cal protrusion of the anterior aspect of the lens that develops 
progressively over the years in male patients (55) and is excep-
tional in female patients (4,53,56). Its presence is predictive 
of early renal failure (56). Retinal changes are characterized by 
the progressive appearance of asymptomatic perimacular yel-
lowish flecks (57,58). Both types of lesions are specific and 
are observed in about one third of these patients. Nonspecific 
lesions of the cornea have been reported to occur frequently 
in patients with AS: posterior polymorphic dystrophy was 
detected in 11 of 17 patients from Thailand (59), and recur-
rent corneal erosions were observed in about 20% of patients 
with AS and renal failure (60).

Other different anomalies have been reported in patients 
with X-linked AS. First described by Garcia-Torres and Orozco 
(61), diffuse esophageal leiomyomatosis, also involving the tra-
cheobronchial tree and the female genital tract, has now been 
reported in 69 patients from 33 families, all affected with the 
severe, juvenile type of AS. The main symptoms, dysphagia, 
postprandial vomiting, and recurrent episodes of bronchitis, 
usually appear before 10 years of age. Congenital cataracts 
occur in one third of these patients. Unlike AS, diffuse leiomyo-
matosis is fully penetrant and is completely expressed in female 
patients (62). Peculiar deletions of the COL4A5-COL4A6 
genes have been demonstrated in these patients (63). Aortic 
abnormalities including dissections and aneurysms occurring 
between 13 and 36 years of age have been reported in eight 
male patients. All of them had a severe renal disease requiring 
renal replacement therapy between 10 and 22 years (64). The 
presence of the α1.α1.α2(IV)–α5.α5.α6(IV) network in the 
smooth muscle cell basement membrane of the digestive tract 
and the aorta can explain these manifestations. On the other 
hand, the rare association of AS (A), mental retardation (M), 
midface hypoplasia (M), and erythrocyte elliptocytosis (E) has 
been recognized as another X-linked contiguous gene deletion 
syndrome (AMME) (65).

Immunohistologic Study of Renal, Epidermal, and 
Other Extrarenal Basement Membranes
As early as 1972, Spear and Slusser (10) speculated that the 
primary defect in AS could involve basement membrane col-
lagen. This hypothesis was subsequently confirmed by a series 
of immunohistochemical, biochemical, and genetic studies. 
McCoy et al. and Olson et al. observed that glomeruli from 
patients with AS failed to bind human anti-GBM antibodies 
from patients with Goodpasture (GP) syndrome, a finding sug-
gesting that an antigen normally present in the GBM was absent 
in these patients (66,67). This observation was confirmed by 
different studies using the same type of sera or monoclonal or 
polyclonal antibodies directed against the GP antigen later iden-
tified as the NC1 domain of α3(IV) (31). Overall, most male 
patients showed absent or reduced binding of the antibodies to 
the GBM, but this phenomenon was not universal, a finding 
confirming the heterogeneity of AS. Intrafamilial concordance 
of immunolabeling in male patients was consistently observed 
(66), and lack of GBM labeling was correlated with the severity 
of renal disease and GBM splitting (68). Variable results have 
been found in female patients, with absent, reduced, or even 
normal immunolabeling in female patients whose affected male 
relatives lacked the GP antigen (68).

Parallel to the studies on the GP antigen, the Minneapolis 
group showed that the serum (FNS1) of an AS patient who 
had developed anti-GBM antibodies after renal transplanta-
tion recognized an antigen more widely distributed than the 
GP antigen and notably present in the epithelial basement 
membrane (EBM) (28). This antigen was shown to be absent 
in the GBM and EBM of most AS patients and to have a 
mosaic distribution in related heterozygous female patients, 
suggesting that it belongs to a new type IV collagen chain, the 
possible substrate of AS. This hypothesis was confirmed by the 
demonstration that FNS1 recognizes the NC1 domain of the 
α5 chain of type IV collagen.

With the modern availability of specific monoclonal 
or polyclonal antibodies, immunohistologic analyses of the 
basement membrane distribution of the different chains 
of type IV collagen have been performed in numerous AS 
patients (7,12,29,40,42,48,51). Within the kidney,  abnormal 
 distribution of the α5(IV) chain, the product of the mutated 
COL4A5 gene, is observed in approximately 75% of the 
patients: the antigen is absent in the GBM and the distal 
TBM in male patients and has a reduced or discontinuous dis-
tribution in related female patients (Fig. 13.11). This mosaic 
pattern of GBM distribution of the α5(IV) chain in female 
patients is consistent with the X-linked transmission of the dis-
ease. Random inactivation of one of the two X chromosomes 
in heterozygotes may explain different degrees of severity of 
the disease, in correlation with normal, absent, or discontinu-
ous expression of the antigen along the GBM. Interestingly, 
the α5(IV) defect is associated with the co-absence of the α3 
and α4(IV) chains that normally participate in the formation 
of the α3.α4.α5(IV)–α3.α4.α5(IV) network. Similarly, the 
α6(IV) chain, normally part of the α5.α5.α6(IV) network, 
is not detected in the Bowman capsule and collecting duct 
basement membranes. Exceptions to this typical pattern have 
been reported in a few patients, characterized by the absence 
of detectable α5(IV) contrasting with the persistence of dis-
crete α3(IV) and α4(IV) GBM expression (12,29). In about 
one third of X-linked AS patients, no significant changes in 
the renal distribution of the α(IV) chains are detected by 
conventional immunohistologic methods. Results of immu-
nolabeling are concordant within  families, and correlation of 
abnormal labeling with the severity of the clinical and patho-
logic phenotype is usually observed.

In contrast to the glomerular loss of the α3.α4.α5(IV) 
network, the α1(IV) and α2(IV) chains, normally confined to 
the mesangium and the subendothelial aspect of the GBM, are 
present throughout the entire width of the GBM where they 
are codistributed with collagen types V and VI and laminin α2 
(see Fig. 13.11A) (29,48,69).

In most X-linked AS, the EBM distribution of α5(IV) (and 
α6[IV] when performed) is abnormal, being absent in male and 
segmental (or discontinuous) in female patients (see Fig. 13.11H 
and I) (7,29,42,70,71). GBM and EBM changes are always con-
cordant in male patients, a finding confirming the high diag-
nostic value of immunohistologic examination of the skin, a 
technique that had become the initial diagnostic approach in sev-
eral laboratories. However, approximately 25% of male patients 
have normal α5(IV) staining of the skin (and the kidney) when 
examined by standard fluorescence microscopy, and normal 
results in female patients do not allow any definitive diagnostic 
conclusion because of the segmental distribution of the antigen.
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The EBM expression of α5(IV), used as a marker of X 
inactivation, has been found to be correlated with the severity 
of the renal disease in female patients and proposed as a marker 
for predicting patient outcome (72). However, this finding was 
not confirmed by the study of Massella et al. (73), in which no 
correlation was observed between the severity of the glomerular 
involvement in female patients and the extent of EBM α5(IV) 
staining. Accordingly, X inactivation can vary widely between 
different tissues from the same individual (74).

Few studies have focused on the extrarenal basement mem-
brane other than the EBM, because the involved tissues in the 
eye, ear, and esophagus are not readily accessible. Lens capsules 
from three patients with AS with anterior lenticonus were exam-
ined. The distribution of the α3(IV) to α5(IV) chains was nor-
mal in one patient, whereas all three chains (as well as α6[IV] 
in one case) were absent in the others (26,44). The α3(IV) and 
α5(IV) chains were also found to be absent in the basement 
membrane overlying the basilar membrane in two X-linked 
AS patients (24). The α5(IV) and α6(IV) chains, which are 
normally expressed in the esophageal smooth muscle cell base-
ment membrane, are absent in esophageal tumors from patients 
with AS and diffuse esophageal leiomyomatosis (75). Curiously 
enough, a COL4A6 transcript was strongly expressed by the 
tumor cells. An additional striking feature was the absence of 

the β1 chain of laminin in tumor BM and the lack or uneven 
expression of the α5 integrin subunit by tumor cells (75).

Abnormal distribution of the α(IV) chains has also been 
observed in the kidney of dog and mouse models of X-linked 
AS (15,76,77). Despite the absence of clinical extrarenal 
involvement in the Samoyed dog, the same anomaly is pres-
ent in the basement membrane of the lens, retina, and inner 
ear (46).

Genetics
After decades of discussion, reexamination of large pedigrees 
led to the conclusion that AS was genetically heterogeneous, 
with high frequency of X-linked dominant transmission (50). 
Linkage studies using polymorphic markers located on chro-
mosome X allowed the localization of the gene at Xq22 (78). 
As soon as it was identified by two groups in Finland (36,37), 
the gene COL4A5 became the candidate gene for X-linked 
AS and the first COL4A5 mutations were identified in three 
Alport kindreds (79). Today more than 500 different muta-
tions have been reported (31,51,80,81) and collected in a 
database (82). They range from small or large rearrangements 
or deletions to small point mutations, dispersed all over the 
gene. Most of these rearrangements are unique. According 
to different groups, de novo mutations occurred in 11% to 

A B, C

D E, F

G H, I

FIGURE 13.11 X-linked Alport syndrome. Immunofluorescence distribution of type IV collagen chains in the renal (A–F) and 
epidermal (G–I) basement membranes of patients affected with X-linked Alport syndrome. In a male patient (A–C), no α3 or α5(IV) 
labeling (B, C), contrasting with the strong linear α1(IV) labeling of the GBM (A). In a female patient (D–F), discontinuous α5(IV) GBM 
labeling (D, F), with strong α2(IV) labeling of α5(IV)-negative GBM segments (E). No EBM α5(IV) staining in a male patient (G), with 
preservation of α2(IV) labeling (H). Segmental α5(IV) labeling in a female patient (I). (α1, α3, α5: FITC; α2: Texas red.)
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15% of patients. No mutations have been detected in only the 
COL4A6 gene (i.e., sparing the COL4A5 gene) located in tan-
dem on the same chromosome, which is not surprising since 
the chain α6(IV) is not expressed in the GBM.

Gross COL4A5 rearrangements (mainly deletions) have 
been identified in 5% to 15% of the families. The size and 
location of the deletions vary from case to case, involving from 
one exon to the entire length of the gene. They are intragenic or 
extend to nearby regions of the chromosome, possibly involv-
ing the adjacent COL4A6 gene. In some intragenic deletions, 
an open-reading frame is conserved, allowing the synthesis of a 
shortened COL4A5 protein, whereas frameshift deletions lead 
to more severe truncation of the protein. Insertions, duplica-
tions, or complex rearrangements of the gene have also been 
described.

Many small mutations in the COL4A5 gene have been 
reported. They are distributed throughout the gene. Single 
base mutations leading to amino acid substitution represent 
about 40% of the small mutations. Most of them are missense 
mutations in glycine codons in the collagenous domain of 
COL4A5. They are considered pathogenic because they dis-
rupt the Gly-X-Y repeats, altering the folding of the collagen 
triple helix and leading to posttranscriptional modifications of 
the chains. Other missense mutations affect conserved amino 
acid residues, especially cysteine, in the NC domain of the 
α5 chain. Nonsense mutations, small deletions or insertions, 
and splice-site mutations leading to frameshift and premature 
stop codons result in truncated proteins that lack the carboxy 
terminal NC domain of the chain.

No “hot spot” of mutation has been found. However, a 
few mutations have been detected in more than one family. 
For example, one point mutation has been identified in nine 
independently ascertained AS kindreds in the United States. 
However, genealogic studies and haplotype analysis demon-
strated that affected patients are descendants of a common 
Mormon ancestor (83). Similarly, the high frequency of AS in 
French Polynesia is caused by a founder mutation, a tandem 
duplication of 35 COLA5 exons (17).

The single-strand conformation polymorphism (SSCP) 
method used for screening the 51 exons of the COL4A5 gene 
allowed the identification of mutations in 45% to 65% of fam-
ilies (17,80). The mutation detection rate reaches 80% to 90% 
when more sensitive methods are used: direct DNA sequencing 
or reverse transcriptase-polymerase chain reaction (RT-PCR) 
and direct sequencing using mRNA from leukocytes, hair 
roots, or cultured skin fibroblasts (84–87). New-generation 
sequencing protocols will allow rapid and less expensive identi-
fication of mutations (88).

Phenotype-Genotype Correlations
Two large European and the U.S. cohorts assembling 195 and 
175 families, respectively, have been studied to establish phe-
notype-genotype correlations in male patients (401 and 681 in  
respective cohorts) affected with X-linked AS (51,81). Both 
studies demonstrated the uniform severity of large rearrange-
ments of the COL4A5 gene, nonsense mutations, and dele-
tion or insertions that change the reading frame of the gene, 
resulting in the synthesis of a truncated α5(IV) chain without 
the NC1 domain. These mutations confer on affected male 
patients a probability of developing ESRD before the age of 
30 years of 90%, with a 50% renal survival rate at 20 years 

(51), and an average age at onset of ESRD of 25 years (81). 
In contrast, phenotypic heterogeneity is seen in the group of 
patients with missense mutations. In them, the probability of 
developing ESRD before the age of 30 is 50%, with a 50% 
survival rate at 32 years, and a mean age at ESRD of 37 years. 
In other words, both juvenile-type and adult-type AS may be 
observed in patients with missense mutations, and intrafamilial 
variability in the rate of progression of the disease is possible. 
In patients with splice-site mutation, the severity of the renal 
disease is intermediate with a risk of developing ESRD before 
the age of 30 of 70% and an average age at ESRD of 28 years. 
A meta-analysis of phenotype-genotype correlations based on 
44 publications suggested a more severe renal phenotype in 
patients with 3′compared with 5′glycine missense mutations 
and in patients with splice donor compared with splice acceptor 
mutations (80). This correlation was not observed in the US 
cohort, in which mutations positioned at the 5′ end of the gene 
were found to be associated with earlier age at ESRD onset (81).

Similarly, missense mutations are associated with a lower 
and later incidence of hearing impairment (51,81). They con-
fer a 50% risk of hearing defect at age 20, whereas all other 
types of mutations lead to the same risk at age 10. Absence of 
deafness is observed in some kindreds with COL4A5 missense 
mutations; this finding shows that “hereditary nephritis with-
out deafness” is a variant of AS. Interestingly, Samoyed dogs 
with a nonsense mutation in COL4A5 leading to the absence 
of the α5(IV) chain have no detectable hearing defect. In these 
studies, no significant correlation was observed between the 
finding of maculopathy and the type of mutation. Conversely, 
the frequency of lenticonus is significantly higher in patients 
with large deletions or small mutations, resulting in premature 
stop codons (51).

In girls and women, no significant correlation was observed 
between genotype and phenotype, and no correlation was 
established between the phenotype in girls and women and the 
severity of the renal disease in male relatives or offspring (52). 
Early prognosis of the disease in AS carriers is not possible.

An interesting observation has been made in patients suf-
fering from AS associated with diffuse esophageal leiomyoma-
tosis. They all have large deletions encompassing the 5′ end of 
both COL4A5 and COL4A6 genes and the regulatory inter-
genic region; the deletions, in COL4A6, are limited to exons  
1, 1′, and 2 (63). Interestingly, AS patients with larger  deletions 
in COL4A6 do not develop tumors (63).

Autosomal Recessive Alport Syndrome
In 1985, the genealogic analysis of 41 kindreds by Feingold 
et al. (50) suggested that AS was transmitted as an autosomal 
recessive trait in about 10% of cases, a frequency confirmed 
by further studies. Homozygous or compound heterozygous 
mutations in COL4A3 or COL4A4 have now been reported in 
several kindreds (34,35,89–91).

Clinical features are identical to those observed in 
X-linked AS. Autosomal recessive inheritance is suggested by 
the severity of the disease in young female patients, consan-
guinity in the family, or the presence of microscopic hema-
turia in the father of a male patient. Progression to ESRD is 
constant in both sexes and usually occurs before the age of 
30. A few patients reach ESRD around 10 years of age or as 
late as 44 years. Hearing impairment is nearly constant, and 
ocular lesions may or may not be associated. Ultrastructural 
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changes of the GBM  identical to those in X-linked AS are 
present. Immunohistochemical distribution of type IV colla-
gen chains may be normal, but a peculiar pattern of renal and 
skin distribution of the α3(IV) to α6(IV) chains is observed 
in most patients (92). It is characterized by the co-absence of 
the α3, α4, and α5 chains in the GBM, replaced by the α1.α1.
α2(IV) network, whereas the α5(IV) and the α6(IV) chains 
are present in the Bowman capsule and collecting duct base-
ment membranes, and in EBM, as normally seen (Fig. 13.12). 
Taking into account the normal distribution of the type IV col-
lagen networks, these findings indicate that defects in COL4A3 
or COL4A4 result in the defective expression of the α5(IV) 
chain only in those basement membranes in which the three 
chains are associated within the α3.α4.α5(IV)–α3.α4.α5(IV) 
network.

There is a broad spectrum of phenotypes in heterozy-
gous carriers. Some are completely asymptomatic, whereas 
others present with persistent or intermittent microscopic 
hematuria associated with the thin GBM in the few cases 
examined (34,35), that is, with the typical clinicopathologic 
features of “familial benign hematuria” (93). Conversely, pro-
gression to renal failure has been observed in a few heterozy-
gous carriers (35). This raises the question of the advisability 
of using relatives as living donors for kidney transplantation 
in recessive AS.

A naturally occurring autosomal recessive AS has been 
described in English Cocker Spaniel dogs (94), and sev-
eral transgenic models of the disease have been generated in 
mice (95,96). The GBM of affected dogs and mice shows the 
characteristic basket-weave transformation and, by immuno-
fluorescence, the GBM lacks the α3(IV), α4(IV), and α5(IV) 
chains. Homozygous animals progress to ESRD. Progression 
is more rapid in mice with deletion involving both the Col4a3 
and Col4a4 genes than in Col4a3 null mice.

Autosomal Dominant Alport Syndrome
Autosomal dominant inheritance, characterized by male-to-
male transmission and similar severity in men and women, 
has been observed in a few families (50,97–102). The clini-
cal phenotype is milder than in the X-linked form: progres-
sion to ESRD is inconstant and usually occurs after 40 to 
50 years of age (98–101). Hearing defect is also a late symp-
tom (99,100), and no ocular involvement has been reported. 
Ultrastructural abnormalities of the GBM seem to be con-
stant (97,99,101). They consist of thickening and splitting 
of the GBM or diffuse thinning that is the most frequent 
finding in our experience. No change in the distribution of 
the α(IV) chains has been reported. Heterozygous mutations 
in the COL4A3 or COL4A4 gene have now been identified 
in about 20 unrelated families and the high inter- and intra-
familial variability of the phenotype in autosomal dominant 
AS has been established.

Canine models of autosomal dominant AS have been 
described (103,104). Affected dogs have hematuria and pro-
gressive renal disease causing renal failure at various ages. Some 
of these animals have anterior lenticonus, but hearing loss is 
not associated. Ultrastructural changes of the GBM of the AS 
type are present, but the immunohistochemical distribution of 
the α3(IV) and α5(IV) chains of collagen is normal. Moreover, 
the expected role of COL4A3 and COL4A4 genes has been 
excluded in bull terriers by linkage studies (104). The gene 
defects responsible for these diseases have yet to be identified.

Alport-Like Diseases: The Epstein and Fechtner 
Syndromes
In the past, the Epstein and Fechtner syndromes were regarded 
as AS variants (105,106). They are autosomal dominant dis-
orders characterized by the association of hereditary nephritis, 

A B, C

D E, F

FIGURE 13.12 Autosomal recessive Alport syndrome. Immunofluorescence distribution of type IV collagen chains in the renal  
(A–D) and epidermal (E, F) basement membranes of patients affected with autosomal recessive Alport syndrome. Within the kidney, there 
is co-absence of the α3 and α5 chains in the GBM (A, B) contrasting with the persistent expression of α5 and α6 in the Bowman capsule 
and distal convoluted TBMs (B, C), and the strong expression of α1 in the GBM (D). In the skin, the α5 and α6 are normally expressed in 
the EBM (E, F) and coexpressed with the α2 chain as shown by double immunolabeling (E). (α1, α3, α5, α6: FITC; α2: Texas red.)
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deafness, and macrothrombocytopenia in the Epstein syn-
drome, with cataracts and small blue leukocyte inclusions in 
the Fechtner syndrome. Patients present with hematuria and 
proteinuria and develop ESRD, generally after the fourth or 
fifth decade of life. Renal histology shows variable and non-
specific abnormalities. Ultrastructural changes of the GBM 
reminiscent of the GBM lesions observed in AS have been 
described in a few patients. They have mostly a focal distribu-
tion, and except in rare cases (107), they are not widespread as 
in AS. Hearing loss is frequent and occurs early in the course 
of the disease, especially in female patients, before or in the 
absence of any renal involvement.

It is now understood that Epstein and Fechtner syn-
dromes are not type IV collagen diseases (and therefore not 
forms of AS). They are linked to mutations in the MYH9 gene 
encoding the nonmuscle myosin heavy chain IIA (108,109). 
MYH9 is also involved in two dominant syndromes lack-
ing renal involvement, the May-Hegglin anomaly, and the 
Sebastian syndrome (association of  macrothrombocytopenia 
and leukocyte inclusions). Mice with Myh9 mutations repro-
duce the human renal and extrarenal phenotype (110). 
Interestingly, it had been proposed that the high rate of 
kidney diseases in African Americans was linked to MYH9 
sequence variants but further studies demonstrated that it 
was more closely associated with variants in the neighboring 
APOL1 gene (111,112).

Genetic Counseling
Clinical and pathologic criteria of AS in a hematuric patient 
are (a) positive family history of hematuria with or without 
progression to ESRD, (b) progressive high-tone sensorineu-
ral hearing loss, (c) characteristic ocular changes (lenticonus 
and/or maculopathy), (d) typical ultrastructural changes of 
the GBM, and (e) abnormal GBM or EBM distribution of 
type IV collagen chains. Because of the demand for genetic 
counseling, determination of the mode of transmission is 
mandatory. This determination may be easily made in large 
families with several affected patients. Conversely, in spo-
radic AS, or in children belonging to small families in which 
only women are affected with isolated hematuria, the mode 
of transmission cannot be determined by clinical evaluation. 
Immunohistologic analysis of type IV collagen chain expres-
sion in the renal and/or skin basement membrane may be 
informative if anomalies consistent with X-linked or autoso-
mal recessive mode of transmission are observed, but normal 

staining is noninformative. Finally, the mode of transmission 
may be determined by linkage analysis or molecular analysis of 
the different type IV collagen genes, an approach made easier 
by the recent development of new sequencing protocols. In 
addition, in identified AS families, genetic analysis is impor-
tant for the detection of the asymptomatic carriers for prenatal 
diagnosis or before kidney donation.

Consequences of Mutations on Type IV Collagen 
Network: Data From Patients and Animal Models
A striking feature observed in most human X-linked and auto-
somal recessive AS, as well as in animal models, is the absence 
of all three α3(IV), α4(IV), and α5(IV) chains within the 
GBM although only one of these chains is actually mutated. 
This suggests that transcriptional, translational, and/or post-
translational events link the expression of the different type IV 
collagen chains. Actually, normal or slightly increased expres-
sion of Col4a4 and Col4a5 was observed in Col4a3−/− mice 
(95), and normal COL4A3 and COL4A4 expression, assessed 
by RT-PCR of the patient's kidneys (113) or in situ hybridiza-
tion (114), was seen in X-linked AS in humans. Moreover, the 
α3(IV) chain was shown to be retained in the patient's podo-
cytes (Fig. 13.13) (114). The presence of both the transcripts 
and the protein indicates that the absence of the α3(IV) chain 
in the GBM results from events downstream of transcription, 
RNA processing, and protein synthesis. The α3(IV), α4(IV), 
and α5(IV) chains of the normal GBM coexist within a tri-
ple-helical protomer, and the NC1 domain of all three chains 
is required in vitro for the assembly of a hexamer complex, 
representative of the native network. Together, these findings 
suggest that a mutation in one chain can prevent the incor-
poration of the other two chains into the triple-helical com-
plex. According to this hypothesis, in Col4a3−/− mice, made 
transgenic for the human COL4A3-COL4A4 locus, the human 
α3(IV) restores the expression of and co-assembles with the 
mouse α4(IV) and α5(IV) chains specifically at sites where the 
human α3(IV) is expressed, demonstrating that the expres-
sion of all three chains is required for network assembly (115). 
The hybrid network leads to normal assembly eliminating 
the Alport phenotype, providing further evidence that defec-
tive assembly of the α3.α4.α5(IV) protomer is the pathogenic 
mechanism responsible for the disease. Similarly, transfer of 
the α5(IV) gene to bladder smooth muscle cells restores in 
vivo the expression of the α6(IV) chain in the smooth muscle 
basement membrane in a canine model of X-linked AS (116). 

A B, C

FIGURE 13.13 Podocyte expression of the a3(IV) chain in a patient with X-linked AS and no GBM expression of the a3, 
a4, or a5(IV) chain. A: Immunofluorescence: strong expression of the chain within the podocytes. B and C: In situ hybridization of a 
kidney section from the same patient: strong podocyte expression of COL4A3 transcripts. (Light- and dark-field examination).
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These observations suggest that gene therapy of AS by in vivo 
transfer of a corrected type IV collagen alpha chain gene into 
renal glomerular cells could be possible in the future (117). 
Bone marrow–derived stem cell therapy following irradiation 
has also been tested in Col4a3−/− mice (118,119). Significant 
glomerular morphologic improvement has been observed sug-
gesting the possibility of stem cell renewal of glomerular epi-
thelial cells and basement membrane architecture, but no data 
on renal survival have been reported. Surprisingly, irradiation 
per se has been shown to prolong survival in mice, although the 
mechanisms are unknown (120).

In the GBM of most AS patients or animal models, the 
extensively cross-linked α3.α4.α5(IV) network is absent and 
replaced by the embryonic α1.α1.α2(IV) network. The per-
sistence of this network, more susceptible to proteolytic 
attacks by collagenases and cathepsins, may explain the pro-
gressive GBM degradation (40). In addition, up-regulation 
of the expression of matrix metalloproteinases (MMP) has 
been observed in the kidneys of X-linked AS dogs, of Alport 
alpha3−/− mice, and also of humans (121,122). However, the 
rate of progression of the disease is not modified in AS mice 
deficient for the MMP-9 gene (123), perhaps because of com-
pensatory up-regulations of other MMPs (124). Ablation of 
enzymatic activity, if performed early, before the occurrence 
of proteinuria, has been shown to attenuate disease progres-
sion (122,124). Additional mechanisms could be involved in 
disease progression in Col4a3−/− mice: TGF-β1, a growth fac-
tor promoting accumulation of extracellular matrix is induced 
in Alport mouse kidneys, and its inhibition by specific anti-
bodies prevents GBM thickening (125). Conversely, BMP-7 
improves renal function in these mice (125,126). Chemokine 
receptor 1 blockade or HMG-CoA reductase inhibition also 
have a beneficial effect on the renal function of this mouse 
model (127,128). Until now, none of these approaches have 
been tested in humans affected with AS.

Treatment
Results of two different pharmacologic approaches, initially 
tested in animal models, have been reported in small series 
of human patients. Cyclosporine slows the progression of the 
renal disease in X-linked AS dogs (129). Similarly, reduction 
in proteinuria and slower progression to renal failure have 
been reported in a series of eight male AS patients who did not 
develop signs of cyclosporine nephrotoxicity after 7 to 10 years 
of treatment (130). However, this favorable effect was not con-
firmed in two other studies using the same protocol: reduction 
in proteinuria was temporary in one study (131), whereas severe 
histologic lesions of cyclosporine nephrotoxicity developed rap-
idly in the other (132).

Angiotensin-converting enzyme inhibition (ACEI) 
reduces proteinuria and prolongs survival in Samoyed dogs 
with X-linked AS and in Col4a3 knockout mice, especially 
if the treatment is started early in the course of the disease 
(133,134). Short-term reductions in proteinuria have been 
reported in a small series of 10 AS children receiving enalapril 
for a 5-year period (135). Similar evolution of proteinuria was 
observed in a larger study including adult patients. However, 
in this last study, ACEI treatment was shown to delay renal 
failure, especially if patients were treated early before the 
occurrence of proteinuria and impaired renal function (136). 
Further large control trials are needed to confirm the benefit of 

renin-angiotensin system blockade in AS patients and to deter-
mine the optimal protocol.

Renal Transplantation
The outcome of renal transplantation in patients with AS is 
overall excellent (51,137,138) even if the incidence of post-
transplant asymptomatic linear IgG fixation along the GBM 
is much higher in AS than in other renal diseases (137,139). 
However, a serious complication is the occurrence, in 2% to 5%  
of AS patients, of rapidly progressive anti-GBM glomerulone-
phritis. More than 30 cases have now been reported (reviewed 
in 138). Patients developing anti-GBM glomerulonephritis 
are usually male, deaf, and affected with juvenile-type AS 
with typical ultrastructural changes of the GBM. The present-
ing symptoms are hematuria and rapid deterioration of renal 
function, occurring within the first year after renal transplan-
tation, sometimes within the first month. Stabilization of 
renal function has been observed in a few cases, possibly as the 
result of appropriate management including plasma exchange 
therapy, but this complication usually leads irreversibly to 
graft loss. The diagnosis is based on the findings of crescen-
tic glomerulonephritis with linear fixation of IgG along the 
GBM and circulating anti-GBM antibodies. Rapid recur-
rence of anti-GBM nephritis in subsequent allografts is nearly  
constant (140).

The pathogenesis of posttransplant glomerulonephritis 
appears to be linked to the introduction, via the grafted kid-
ney, of α(IV) chains for which the recipient has not estab-
lished immune tolerance (66). Accordingly, most patients 
who develop this complication are males with X-linked 
AS owing to COL4A5 deletion or mutations resulting in 
the absence of the α5(IV) protein. Anti-GBM antibod-
ies are directed against the NC1 domain of the α5(IV) 
chain (28,138,141,142). In some patients with a complete 
COL4A5 deletion, immunization against the NC domain 
of α3(IV) has also been observed (141–143). Male patients 
with missense COL4A5 mutation and female patients with 
X-linked AS who express the α(IV) chains in their native 
kidney do not develop posttransplant anti-GBM nephri-
tis. Conversely, anti-GBM nephritis may occur in male 
or female patients with autosomal recessive AS linked to 
large COL4A3 deletions (142,144,145). In this situation, 
antibodies are directed against the NC domain of the 
α3(IV) chain (142,145). Interestingly, anti-GBM anti-
bodies responsible for GP syndrome/de novo anti-GBM 
nephritis are also directed against the α345NC1 hexamer, 
but the precise targets of the auto- and alloantibodies are 
different (141,146). In AS patients who develop post-
transplantation anti-GBM nephritis, the antibodies bind 
to α3NC1 and/or α5NC1 epitopes exposed at the surface 
of the intact cross-linked hexamer, and the antigenicity is 
lost after dissociation of the domain due to perturbation 
of the quaternary structure. Conversely, GP antibodies 
do not recognize the native hexamer but react only with 
 epitopes normally hidden and unmasked by dissociation of 
the hexameric structure. Although patients having COL4A5 
or COL4A3 truncating deletions are at risk of developing 
 posttransplant anti-GBM nephritis, only a few patients 
with major deletions develop this complication (51,138). 
In addition to the genetic defect, other factors, including 
the immune response of the host, are likely involved. In 
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one of the families reported by Kashtan et al. (147), two 
male patients developed anti-GBM nephritis in the renal 
allograft, whereas two others have functioning allografts  
11 and 13 years after renal transplantation.

FAMILIAL BENIGN HEMATURIA
Familial benign essential hematuria, also named familial benign 
hematuria (FBH), is characterized by persistent or recurrent 
glomerular microscopic hematuria transmitted as an autoso-
mal dominant trait. Hematuria is usually detected in child-
hood by routine urinalysis. Macroscopic hematuria is a rare 
event. There is no significant proteinuria, no hypertension, no 
progression to renal failure, and no extrarenal symptoms of AS 
(148). According to Rogers et al. (148) who studied a large 
four-generational family, the constant morphologic change was 
a uniformly thin GBM. Diffuse GBM thinning was observed 
in the five members of the family, aged 21 to 51 years, who 
underwent renal biopsy. Since this publication, the finding 
of thin GBM has been reported by several authors, mostly in 
children but also in adults with isolated familial or no familial 
hematuria (149–152).

Pathologic Findings
By light microscopy, the renal tissue is usually normal  
(Fig. 13.14). Minor mesangial increase may be seen, but usu-
ally no significant glomerular changes are observed. In some 
individuals, a delicate uniform thinning of the GBM is appre-
ciated even by light microscopy using well-performed periodic 
acid-Schiff and Jones methenamine silver stains on 2-μm-thick 
paraffin sections, but this impression must be confirmed by 
electron microscopy (153). Red blood cells may be present  
in the Bowman space or within tubules. Vessels are normal in 
children, whereas nonspecific vascular changes are observed in 
adult patients.

Conventional immunofluorescence is usually negative. 
However, scattered granular deposits of C3 may be focally 
seen in the glomerular tuft. They may or may not be associ-
ated with vascular deposits of C3 (16). The expression of 
type IV collagen chains is normal (16,151,152). In typi-
cal cases, the attenuation of the GBM is extreme, regular, 
and involves all of the capillary loops; however, more focal 
involvement, with thin segments lying adjacent to normal 
ones, may also be observed (Fig. 13.15). The structure and 
contours of the GBM are normal (Fig. 13.16). Effacement 
of epithelial foot processes is focally observed, and GBM 
gaps are occasionally described in patients affected with 
FBH (148). Red cells traversing the GBM are rarely seen 
ultrastructurally.

Genetics
In 1996, Lemmink et al. (93) established that FBH with the 
thin GBM may be due to type IV collagen mutations: they 
identified a heterozygous mutation in COL4A4 segregating 
with isolated hematuria in one Dutch family. Subsequently, 
heterozygous mutations in either COL4A3 or COL4A4 were 
described in relatives of patients with autosomal recessive AS, 
presenting with microhematuria and, sometimes, documented 
thin GBM (34,35,154), as well as in families affected with 
FBH without any case of AS (155–158). Segregation with 
COL4A3/COL4A4 has been shown in 40% to 50% of FBH 
families. Thus, in these families, hematuric patients are carri-
ers for the autosomal recessive form of AS, and as previously 
indicated, heterozygous COL4A3 and COL4A4 mutations are 
also involved in autosomal dominant AS.

On the other hand, FBH is probably a heterogeneous 
condition since linkage to the COL4A3-COL4A4 locus 
has been excluded in some kindreds (159,160). However, 
it must be pointed out that linkage analysis, based on the 
phenotype of family members, is particularly difficult in 
such a disorder. The absence of hematuria on urine analy-
sis is not a definitive argument for assuming that an indi-
vidual is unaffected because hematuria can be intermittent 
or even absent in individuals carrying heterozygous muta-
tions (34,35). Renal biopsy is not performed in all hematuric 
individuals within a family, and hematuria could result from 
coincidental unrelated causes in some patients. Linkage to 
COL4A5 has been suggested, based on the study of small 
families with a reduced follow-up (161,162). In the Slovenian 
series, the same missense COL4A5 mutation was found in 
one AS family with delayed progression to ESRD and in five 
small families with the clinical presentation of FBH, but with-
out long-term follow-up (161). No linkage to the COL4A1/
COL4A2 locus and no mutations in the genes were identified 
by screening 23 unrelated hematuric individuals/families with 
thin GBM, indicating that COL4A1/COL4A2 does not rep-
resent a major genetic locus for this disorder (163). Actually, 
mutations in these two genes have been shown to be the cause 
of hereditary porencephaly and, for COL4A1, of the HANAC 
syndrome (hereditary angiopathy with nephropathy, aneu-
rysms, and muscle cramps) (164–166).

Diagnosis
The clinical diagnosis of FBH is based on the presence of 
persistent microhematuria and the exclusion of proteinuria, 
impaired renal function, and extrarenal symptoms of AS, in 

FIGURE 13.14 Light microscopy. Renal biopsy from a 13-year-old girl 
with familial benign hematuria. Normal-appearing glomerulus with podo-
cyte hypertrophy. (Trichrome light green, ×250.)

0002062076.INDD   541 5/29/2014   9:36:38 AM



tah
ir9

9 -
 U

nit
ed

VRG

 Heptinstall’s Pathology of the Kidney542

the proband as in other family members. In the absence of 
large multigenerational families including hematuric males, 
the diagnosis may be difficult and possible only after long-
term follow-up examination of patients. The occurrence of any 
additional symptom leads to reconsidering the diagnosis. The 
ultrastructural finding of thin GBM is suggestive of, but not 
conclusive for, FBH. Normal renal expression of type IV col-
lagen genes does not exclude AS. Even the identification of 
COL4A3 or COL4A4 mutations in the heterozygous state does 
not necessarily predict a favorable course as the same mutations 
may be observed in autosomal dominant AS. From a practi-
cal point of view, regular (annual) follow-up examination of 
patients is a reasonable option, especially in the absence of large 
pedigrees.

SIGNIFICANCE OF THE THIN GLOMERULAR 
BASEMENT MEMBRANE LESION
Definition and Incidence
No universal agreement exists concerning the normal GBM 
thickness—distance between the endothelial and epithelial 
cell membranes—and consequently the definition of thin 

GBM. Different techniques have been applied to GBM thick-
ness measurements, including the introduction of latex beads 
of known diameter onto the tissue sections, the orthogonal 
intercept method that superimposes a grid of perpendicularly 
oriented lines of known dimension onto the electron micro-
graph, and the use of digital cameras equipped with appro-
priate morphometric software in the modern era (reviewed in 
153,167). GBM measurements are made on at least two to 
three glomeruli of glutaraldehyde-fixed epoxy resin–embedded 
renal tissues, at intervals where the GBM is cut in cross section 
around the free peripheral capillary loops. According to differ-
ent reports, normal GBM width varied from 320 ± 35 nm in 
that of Aarons et al. (168), 350 ± 43 nm in that of Tiebosch 
et al. (169), and 330 to 460 nm in that of Dische et al. (170). 
The GBM thickness is greater in males than in females: 330 ± 
50 nm in males versus 305 ± 45 nm in females according to 
an analysis of renal biopsies (171), 350 ± 50 nm versus 300 ± 
40 nm in another analysis of renal biopsies (153), and 370 nm 
versus 326 nm in a study of living donors for kidney trans-
plantation (172). During infancy and early childhood, the 
GBM thickness increases progressively from 100 to 150 nm at 
birth to 200 nm at 1 year of age, until reaching adult values by  
11 years of age (173).

FIGURE 13.15 Electron microscopy from the same 13-year-old girl. Widespread thinning of the GBM. (Methenamine silver 
stain ×2500.)
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These discrepancies underscore the difficulties and the 
limits of the diagnosis of thin GBM and the absolute necessity 
for each laboratory to establish its own standards. In the initial 
description of FBH, the mean thickness of the GBM in hema-
turic members of the family was 150 nm (148). In our analysis 
of the thin GBM lesion in hematuric children, GBM thickness 
was less than 200 nm in 30 of 31 patients regarded as having 
abnormally thin GBM (16). The mean GBM thickness was also 
less than 200 nm in the series of Haas (171). GBM thickness less 
than 250 nm has been the criterion accepted in most pediatric 
(18,149–151) and adult series (18,152,169), but in others, the 
mean GBM thickness that was considered abnormal was around 
300 nm (170). In those biopsies with insufficient glomeruli in 
glutaraldehyde-fixed tissue and where paraffin-embedded tissue 
is used as a salvage technique for electron microscopy, there is 
typically artifactual thinning of the GBMs caused by the tis-
sue reprocessing. Therefore, it is not possible to diagnose GBM 
thinning reliably in deparaffinized formalin-fixed tissue (174).

The incidence of thin GBM in hematuric patients is diffi-
cult to ascertain because its demonstration depends not only on 
the definition of abnormally thin GBM but also on the indica-
tion for renal biopsy and the availability of electron microscopy, 
which is necessary for diagnosis. Despite these reservations, the 
thin GBM abnormality appears to be more frequent than ini-
tially thought. Its incidence in the general population should be 
between 5.2% and 9.2% (170). It has been found in 11% of 
nontransplant renal biopsies in the series of Aarons et al. (168), 
in 1.9% in that of Haas (171), but only in 0.8% in that of Abe 
(152). It has been observed as frequently as IgA nephropathy in a 
series of adult patients with persistent hematuria (169). Perhaps 
because the management of patients with isolated microscopic 
hematuria is different, in our pediatric department, the finding 
of thin GBM is five times less frequent than that of IgA nephritis.

Clinical Significance
Since the description of “familial benign essential hematuria” 
by Rogers et al. (148), the finding of thin GBM has often been 
regarded as the hallmark of a benign hematuric disease (150,152). 
And the terms “thin membrane nephropathy (TBMN),” “ thin 
basement membrane disease,” “thin GBM nephropathy,” or 

“thin basement membrane syndrome” have been widely applied 
to apparently nonprogressive familial or sporadic hematuric con-
ditions, even in the absence of biopsy confirmation. Moreover, 
proteinuria, hypertension, and renal failure have been reported in 
TBMN (16,18,168,169,175,176) showing that thin GBM may 
have different diagnostic and prognostic significances. And, as 
discussed previously, diffusely thin GBM may be the only change 
observed in patients affected with typical X-linked, autosomal 
recessive or dominant AS. It is especially frequent in children and 
in females with X-linked AS but has been observed in up to 10% 
of males with X-linked AS and proven COL4A5 mutations (51). 
Actually, the finding of COL4A3 or COL4A4 mutations in the 
heterozygous state, in patients with thin GBM who developed 
FSGS and progressed to ESRD (176), has to lead to the diag-
nosis of autosomal dominant AS. Neither thin GBM nor FSGS 
is a marker of specific disease entities. FSGS is a nonspecific 
glomerular lesion that occurs during the course of many condi-
tions including AS (177). Thin GBM is a structural abnormality 
observed in several progressive or nonprogressive hematuric dis-
orders (102,178,179). Even if the clinical course of adult hematu-
ric patients with thin GBM is frequently benign, it must be kept 
in mind that thin GBM can be the only structural abnormality in 
AS patients whatever their age, and the diagnosis can be difficult, 
particularly in sporadic cases of persistent hematuria (Fig. 13.17).

CONCLUSIONS REGARDING TYPE IV 
COLLAGEN DISEASES
In conclusion, a broad spectrum of phenotypes (ranging from 
AS to the complete absence of urinary symptoms and including 
FBH and some intermediate forms of nephropathy) is associated 
with COL4A3-COL4A5 mutations. Whereas COL4A5 muta-
tions and homozygous or compound heterozygous mutations 
of either COL4A3 or COL4A4 consistently result in a severe 
phenotype AS, the clinical and morphologic consequences of 
COL4A3-COL4A4 heterozygous mutations are highly variable 
(102,178,179). This is why the term “collagen type IV(α3−α4) 
nephropathy” has been proposed to group the clinical entities 
classified as FBH, autosomal dominant AS, and autosomal reces-
sive AS carriers (178). This complexity makes genetic counseling 
and risk ascertainment difficult in individual patients. So far, no 
correlation has been established between the type of COL4A3-
COL4A4 heterozygous mutation and the renal phenotype, and 
even the same mutation can result in different phenotypes (179). 
Genetic or environmental factors surely contribute to the phe-
notypic heterogeneity between and within families. Accordingly, 
in the study of Voskarides et al. (180), the severe clinical course 
observed in some members of families with COL4A3 or COL4A4 
heterozygous mutations (and also of hematuric patients affected 
with familial C3 glomerulopathy associated with CFHR5 muta-
tions) was linked to the presence of the NPHS2-R229Q podocin 
polymorphism in the heterozygous state. This finding has to be 
confirmed by the analysis of additional populations.

NAIL-PATELLA SYNDROME
The nail-patella syndrome (NPS), also called hereditary 
osteo-onychodysplasia (HOOD), is a rare hereditary disorder 
characterized by the curious association of nail hypoplasia or 

FIGURE 13.16 Electron microscopy. Renal biopsy from a 15-year-old 
boy with familial benign hematuria. Widespread thinning of the GBM. 
(Uranyl acetate-lead citrate ×5800.)
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dysplasia and bone abnormalities. Little (181), an orthopedist 
interested in congenital absence or delayed development of 
the patella, was the first to mention a family of “four genera-
tions of which 18 persons had no patella and no thumbnails.” 
Renal  symptoms, described many years later, are inconstant 
and seem to develop in about 35% to 40% of patients (182–
184). The incidence of the disease is estimated at 1 per 50,000 
live births (184). As indicated in the analysis of 151 cases from 
the literature by Meyrier et al. (182), the disease has been 
observed all over the world in kindreds of all geographic and 
ethnic origins.

Pathologic Findings
Light microscopy is nonspecific (Fig. 13.18). Renal tissue 
appears initially normal and then mild and focal glomeru-
lar lesions may be seen. These lesions consist of an irregular 
increase in GBM thickness and enlargement of the mesangial 
matrix. FSGS lesions or glomerular obsolescence develops 

with disease progression. At this stage, foci of tubular atro-
phy and interstitial fibrosis are seen, as well as nonspecific 
arteriolar hyalinosis. Immunofluorescence is usually negative 
or shows focal and segmental deposits of IgM or C3 within 
FSGS lesions.

Electron microscopy reveals distinctive lesions of the 
GBM. In 1970, Del Pozo and Lapp (185) observed promi-
nent thickening of the GBM with the presence of irregular, 
sharply defined, electron-lucent areas within the thickened 
GBM segments. These investigators suggested that the pri-
mary defect could involve the GBM. Ben Bassat et al. (186), 
in 1971, identified dark fibrillar material with the periodic-
ity of interstitial collagen in the electron-lucent zones within 
the GBM. Similar material was also present in the mesan-
gial matrix. Further studies confirmed these findings and 
indicated that staining with phosphotungstic or tannic acid 
is often necessary to disclose the fibrillar bundles, whereas 
with standard staining techniques, the GBM has the mottled 

Mode of transmission? Mode of 
transmission +

AS

Hematuria + thin GBM

Clinical examination + family evaluation

Isolated sporadic
or familial hematuria

IHC (skin or kidney)

IHC Normal

Regular F.U.
examination

AS or FBH

IHC Abnormal

Genetic counselling

Molecular
diagnosis

Linkage
analysis

FIGURE 13.17 Diagnostic approach for sporadic or familial hematuria with the thin GBM. In some patients (red line), clini-
cal investigation leads to the diagnosis of AS. The mode of transmission may be determined by family evaluation allowing genetic 
counseling. Identification of asymptomatic carriers and prenatal diagnosis are possible, based on linkage analysis or molecular diag-
nosis. Conversely, in patients with isolated sporadic or familial hematuria, the significance of the thin GBM remains to be determined, 
especially in children (green line). Immunohistochemical analysis of the renal or epidermal basement membranes may detect abnormal 
distribution of α(IV) chains, specific for AS, and direct toward one or another mode of transmission of the disease. Here again, genetic 
counseling is possible. The same process applies to sporadic or familial AS when the mode of transmission cannot be determined by 
family investigation (blue line). In both situations, normal immunohistochemistry does not exclude AS, and research of type IV collagen 
mutation should theoretically be performed. From a practical point of view, regular follow-up examination is a reasonable option. AS, 
Alport syndrome; FBH, familial benign hematuria; GBM, glomerular basement membrane; IHC, immunohistochemistry.
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FIGURE 13.18 Light microscopy. A: Normal-appearing glomerulus in the renal biopsy from a 13-year-old boy with NPS and per-
sistent mild proteinuria. (PAS ×250.) B: Focal segmental glomerulosclerosis in the renal biopsy from a 19-year-old female patient with 
NPS and nephrotic syndrome. (Trichrome light green, ×250.)

A B

FIGURE 13.19 Electron microscopy. NPS. Methenamine silver staining showing the irregular distribution of GBM lesions: some 
GBM segments look normal, whereas variable degrees of thickening with presence of lacunae are observed in others (arrows). (×3300.)

appearance described by Del Pozo and other investigators 
(Figs. 13.19 and 13.20). Fibrils are usually localized to the 
midportion of the GBM, but in some patients, they are found 
in the subepithelial or subendothelial space (Figs. 13.21 and 
13.22). The extent and distribution of GBM lesions vary 

widely from case to case, without any correlation with the age 
of the patient or the severity of renal symptoms. For exam-
ple, in a 63-year-old man with nephrotic-range proteinuria 
who developed FSGS GBM lesions were  practically absent, 
whereas collagen fibrils were present in the mesangial areas 
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FIGURE 13.20 Electron microscopy. NPS. There is irregularity in GBM involvement, with moth-eaten appearance of the thickened 
segment (arrow). (Uranyl acetate-lead citrate, ×7650.)

FIGURE 13.21 Electron microscopy from a 39-year-old man with 
NPS. Collagen fibrils are present in the whole thickness of the glomerular 
basement membrane. (Phosphotungstic acid, ×13,000.)

FIGURE 13.22 Electron microscopy. In another NPS patient, colla-
gen fibrils predominate in the subepithelial and the subendothelial space. 
(Phosphotungstic acid, ×13,500.) Inset: Periodicity is demonstrable within 
the cross-striated fibrils. (Phosphotungstic acid, ×54,000.)

(Fig. 13.23). GBM lesions have been found in NPS patients 
in the absence of clinical evidence of renal involvement. 
Using immunofluorescence and immunogold techniques, we 
showed that fibrils were specifically labeled by anti–collagen 
type III antibodies (Fig. 13.24). However, as described in the 

following section, the glomerular lesions of NPS differ his-
tologically from those of type III collagen glomerulopathy 
in their irregular distribution and their tendency to produce 
FSGS lesions, rather than GBM double contours with sub-
endothelial widening.
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Clinical Features
NPS is a pleiotropic condition affecting mostly the nails, 
the knees, the elbows, and the pelvis, thus forming the 
classic tetrad (182–184). These anomalies are bilateral and 
 symmetrical. In some patients, they are severe enough to be 
recognized at birth, whereas in others, they must be identi-
fied by careful examination. Nail aplasia or dysplasia, always 
predominating on the hands and particularly on the thumbs, 
is nearly  constant. Hypoplasia or dysplasia of the patella, fre-
quently associated with dysplasia of other structures of the 
knee, is also observed in about 95% of the patients. Elbow 
dysplasia with posterolateral subluxation of the radial head is 
responsible for limitation of extension of the forearm. Iliac 
horns are pathognomonic, and they are discovered on plain 
radiography of the pelvis in about 70% of the patients. In 
young children, unilateral or bilateral clubfoot may be the 
major initial abnormality. Recently, open-angle glaucoma 

and ocular hypertension have been recognized as additional 
features of the disease.

The prognosis of the disease depends on the presence 
and severity of renal involvement (183,187,188). Some fami-
lies do not develop renal symptoms, whereas in others, renal 
disease is frequent (187). Persistent and moderate protein-
uria,  associated with microscopic hematuria in some patients, 
is the most frequent presenting symptom. Nephrotic syn-
drome has been observed in a minority of patients and has 
an ominous significance. Progression to renal failure occurs 
in about 30% of the patients with renal symptoms, usually 
many years after discovery of proteinuria, but more rapidly, 
in less than 10 years in some patients (187,189). A puzzling 
feature is the unpredictable course of the glomerulopathy, 
even within a given family, as exemplified by a family studied 
by Meyrier et al. (182). One patient died at 25 years of age 
from ESRD, whereas his proteinuric brother has function-
ing kidneys at 64 years. Superimposed nephropathies, such 
as membranous glomerulonephritis, IgA nephropathy, GP 
syndrome, and necrotizing angiitis, have been observed in 
patients with NPS.

Genetics and Nature of the Defect
The autosomal dominant mode of transmission suggested by 
the initial observation of Little (181) was confirmed by the 
analysis of additional pedigrees. Genetic linkage between NPS 
and the ABO blood group was established as early as 1955 
by Renwick (190). Linkage to the adenylate kinase (AK1) 
locus was subsequently demonstrated and was followed by the 
localization of the NPS gene to chromosome 9, at the 9q34 
locus (191).

Based on renal ultrastructural changes, it was initially pre-
sumed that the primary defect in NPS could affect one of the 
GBM components. However, the mutated gene is LMX1B, an 
LIM-homeodomain transcription factor playing a key role in 
limb development (192–195). LMX1B establishes dorsoven-
tral patterning of the limb where it is expressed in a temporally 
and spatially restricted manner in the mouse and the chicken. 
More than 150 different LMX1B mutations have now been 
reported in NPS patients; some of them are recurrent (192–
196). They are located in the LIM or homeodomain regions 
and are thought to result in a loss of function of the mutated 
protein—that is, in haploinsufficiency. Some of them have 
been shown to disrupt sequence-specific DNA binding. No 
correlation has been found between the type of mutation (mis-
sense, nonsense, frameshift, deletion) and the severity of renal 
or extrarenal symptoms. Individuals with an LMX1B muta-
tion located in the homeodomain appear to have significantly 
more frequent and higher value of proteinuria compared to 
subjects carrying mutations in the LIM domain according to 
one study (197), but this correlation was not confirmed in the 
Pittsburg study (188).

The role of LMX1B in determination of dorsoventral pat-
terning in the developing limb provides a satisfactory explana-
tion for the occurrence of nail and skeletal anomalies in NPS 
patients. The link between the LMX1B mutation and the 
GBM alterations was not initially evident. However, the gene 
Lmx1b is expressed in the mouse kidney, specifically in the 
podocytes, from the S-shaped body stage onward, and expres-
sion persists in postnatal mature podocytes (193,198,199). 
Lmx1b null mice have a severe podocyte phenotype and die 
at birth. The development of podocytes is retarded without 

FIGURE 13.23 Electron microscopy of the renal biopsy of a 
63-year-old patient with typical NPS and nephrotic-range protein-
uria. Abundant bundles of type III collagen in the mesangial areas are 
detected by phosphotungstic acid staining. The GBM covering the mesan-
gial area is free of fibrillar collagen (arrow). (×9500.)

FIGURE 13.24 Immunofluorescence showing the distribution of type III 
collagen in the GBM of a 15-year-old patient with NPS and mild protein-
uria. (×500.)
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FIGURE 13.25 Light microscopy. Collagen type III glomerulopathy in a 9-year-old boy. A: Note the diffuse thickening of the 
glomerular capillary walls by a clear subendothelial material, the parietal expansion of the mesangial matrix, and the endothelial 
hypertrophy. (Trichrome light green, ×450.) B: There is a double-contoured appearance of the glomerular capillary wall due to focal 
mesangial interposition and the presence of a clear PAS-negative material. Podocyte hypertrophy. (PAS, ×450.)

A B

formation of foot processes and slit diaphragms (193,200). 
Reduced  expression of Col4a3 and Col4a4 transcripts, with 
a stronger effect on Col4a4, is associated with diminished 
GBM expression of the α3 and α4 chains of type IV colla-
gen (198). The expression of podocin, which is mutated in a 
subset of children with steroid-resistant nephrotic syndrome 
(201), and of CD2AP, a podocyte protein also required for 
normal glomerular function (202), was also found to be 
severely reduced in Lmx1b null mice (203,204). Overall, 
these findings indicate that LMX1B regulates the expression 
of several podocyte genes critical for podocyte differentiation 
and function. They strongly suggest that defects in GBM type 
IV collagen and changes in podocyte phenotype could con-
tribute to the glomerular disease in NPS. However, NPS is 
due to heterozygous LMX1B mutations, and Lmx1b+/− mice 
have no renal symptoms and no morphologic abnormalities, 
even after 1 year of life. Moreover, in NPS humans affected 
with a severe glomerular disease, no changes in the glomerular 
expression of type IV collagen chains, podocin, or CD2AP 
have been detected (189). Interestingly, preservation of podo-
cin and type IV collagen chains is also observed in consti-
tutive podocyte-specific Lmx1b knockout mice that develop 
massive proteinuria and die from renal failure approximately 
2 weeks after birth (199).

COLLAGEN TYPE III GLOMERULOPATHY
Accumulation of fibrillar collagen within the glomerular extra-
cellular matrix has been reported in several patients without any 
other symptom of NPS (205–215). It is a rare disease; approxi-
mately 40 cases have been described, mainly observed in Japan 
(206,207,211,212). It was initially considered a clinical variant 
of NPS, but morphologic changes are different, and clinical 
findings and family studies have excluded this hypothesis.

Pathologic Findings
In contrast to NPS glomerulopathy, diffuse glomerular 
changes are universally observed by light microscopy. They 

consist of marked enlargement of the glomerular tuft result-
ing from both expansion of the mesangial matrix and thicken-
ing of the capillary walls (Fig. 13.25). On  periodic acid-Schiff 
stain, the thickening is owing to the presence of poorly stained 
subendothelial material associated with mesangial interposi-
tion. The lesion may mimic diffuse thrombotic microan-
giopathy, or it may resemble type I membranoproliferative 
glomerulonephritis if mesangial hypercellularity is associated. 
With progression of the disease, severe narrowing of the capil-
lary lumens is observed, and the lesion may mimic diabetic 
glomerulopathy or amyloidosis. Conventional immunofluo-
rescence is negative (211,212) or shows focal nonspecific 
deposits of immunoglobulins (mainly IgM) and complement 
components (205–209).

The hallmark of the disease is the presence of type III 
fibrillar collagen in the glomerular extracellular matrix. But 
using standard electron microscopy, the lesion is not read-
ily visible. Double-contoured appearance of the GBM is 
observed after methenamine silver stain (Fig. 13.26). After 
classical uranyl acetate-lead citrate staining, the mesan-
gial matrix and the subendothelial aspect of the GBM are 
enlarged and have a clear, mottled appearance, and endothe-
lial cells are hypertrophied (Fig. 13.27). Bundles of fibril-
lar collagen are revealed by phosphotungstic or tannic acid 
treatment of the sections (Fig. 13.28A). Accumulation of 
collagen fibers is often massive in adult patients, mostly of 
Asian origin, but unlike the lesions observed in NPS, the 
lamina densa is usually preserved. In two children, how-
ever, bundles of collagen fibers have been seen in the lamina 
densa and the lamina rara interna and externa, mimick-
ing the NPS lesions. Immunohistochemistry at the light 
or electron microscopic level shows mesangial and periph-
eral capillary loop staining with anti–type III collagen  
(Figs. 13.28B and 13.29). It was associated with type V col-
lagen deposition in one patient (211). The huge accumula-
tion of type III collagen, normally absent in the glomerular 
extracellular matrix, is different from the focal distribution 
detected in about one third of the patients with various types 
of glomerulopathies (216).
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Clinical Features
Collagen type III glomerulopathy affects both sexes. The first 
symptoms are detected between infancy and late adulthood. 
Extrarenal symptoms, such as those seen in NPS, are absent in 
the patients and their family members. According to the geo-
graphic origin and the age at presentation, two types of evolu-
tion have been observed. In Japanese and in a few Caucasian 
patients, symptoms are first detected in adulthood, mostly after 
40 years of age. They usually consist of persistent proteinuria, 
without hematuria, with or without hypertension. Proteinuria 
and serum creatinine concentration increase slowly, suggesting 
that renal dysfunction is a late event. The disease is usually 
sporadic, but it has been observed in one pair of siblings in two 
families (211).

The natural history of the disease is more severe when 
first symptoms occur in early childhood (205,209,210). 
Progressive increase in proteinuria, eventually leading to 
nephrotic syndrome, early occurrence of severe hyperten-
sion, and progression to renal failure are observed in most 
children. In some of them, abrupt precipitation to ESRD 
was attributable to superimposed hemolytic-uremic syn-
drome (209). Anemia of the hemolytic type or unexplained 

respiratory symptoms has been observed in some patients 
(209). A major feature of the disease in children is the famil-
ial occurrence of the nephropathy, suggesting an autosomal 
recessive transmission of the  disease: (a) of the 12 patients 
reported, 7 belonged to pairs of siblings; (b) they were first 
cousins in two families; and (c) parents were unaffected 
(205,209). Interestingly, collagen type III glomerulopathy 
has been reported in one patient presenting with inherited 
factor H deficiency (210), and this association was also 
observed in our laboratory in a young patient from consan-
guineous parents.

Nature of the Defect
The nature of the primary defect(s) is still unknown. It may 
differ according to the ethnic origin, the age at onset of the 
disease, and the family history. Actually, analysis of reported 
cases suggests that collagen type III glomerulopathy includes 
two different disease entities. In one affecting mostly adults 
from Asia, the disease is slowly progressive despite the mas-
sive accumulation of type III collagen leading to severe nar-
rowing of the capillary lumens, and most cases are sporadic. 
In the second affecting children with a possible autosomal 

FIGURE 13.26 Electron microscopy from a 10-year-old boy with collagen type III glomerulopathy. Irregular thickening of 
the glomerular capillary wall is mostly due to mesangial interposition. Focal enlargement of the subendothelial aspect of the GBM is 
also present, as well as endothelial cell hypertrophy. (Methenamine silver stain ×2250.)
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FIGURE 13.27 Electron microscopy from a 7-year-old boy with collagen type III glomerulopathy. There is marked thickening 
of the capillary wall due to both mesangial interposition and the presence of a clear fluffy material in the subendothelial space. Foot 
processes are preserved. Endothelial cells are hypertrophied. (Uranyl acetate-lead citrate, ×10,000.)

FIGURE 13.28 Electron microscopy in collagen type III glomerulopathy. A: Bundles of collagen fibrils are present in the 
mesangial matrix and the capillary wall. (Phosphotungstic acid, ×12,000.) B: Immunogold staining shows that the subendothelial mate-
rial is labeled with anti–type III collagen antibodies (arrow). (×21,000.)
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recessive inheritance, rapid progression to renal failure 
is observed, whereas type III collagen deposition is not as 
prominent as in adult cases. Further studies are necessary to 
clarify the possible link between the glomerulopathy and the 
defect in the complement system occasionally observed in 
children.

The origin of type III collagen accumulated in the glom-
erulus is not known. It may be due to local production or to 
systemic disturbance in type III collagen metabolism. Marked 
elevation of the serum concentration of procollagen III pep-
tide has been observed in all patients studied (206,207,211). 
Serum elevation of this peptide, which is the N-terminal 
sequence of the procollagen molecule, is an indicator of stim-
ulation of type III collagen synthesis. Its precise pathogenic 
significance in type III collagen glomerulopathy remains to be 
elucidated, but from a practical point of view, determination 
of the serum procollagen III peptide is a useful and noninva-
sive marker for the disease.

PIERSON SYNDROME
In 1963, Pierson et al. (217) reported the curious association, 
in siblings, of eye abnormalities and congenital nephrotic 
syndrome progressing rapidly to ESRD. This association was 
further observed in a few neonates. In 2004, the analysis of 
two large unrelated consanguineous families, with several 
affected children, and the review of previously published 
cases allowed the delineation of a distinct entity and the 
identification of the genetic defect that affects the LAMB2 
gene encoding the β2 laminin chain (218,219). Laminins are 
important basement membrane components, involved in cell 
adhesion, migration, proliferation, and differentiation. They 
are large cross-shaped heterotrimeric glycoproteins composed 
of three different chains α, β, and γ. At least 15 different 
isoforms have been identified, based on their chain composi-
tion. Laminin-521 (for α5β2γ1) is the major laminin in the 

GBM. It is also expressed in ocular BM and at the neuromus-
cular junction.

Pathologic Changes
By light microscopy, glomerular changes are usually severe, even 
in early specimens obtained soon after birth or at autopsy of 
fetuses after termination of pregnancy (Fig. 13.30) (218–223).  
They are classified as “diffuse mesangial sclerosis” but are often 
atypical. They are characterized by irregular thickening or 
thinning of the GBM with or without increase in mesangial 
matrix, progressing to retraction, and sclerosis of the glomeru-
lar tuft. There is no mesangial proliferation. By contrast, epi-
thelial proliferation leading to exuberant crescent formations 
is frequent. Tubules are dilated, contain protein casts, and are 
lined by a flat epithelium. No specific immune deposits are 
observed. In a few patients, with delayed-onset nephrotic syn-
drome, lesions are initially less severe, ranging from minimal 
glomerular changes in one patient (224) to FSGS in others 
(225,226). Sequential examination of renal tissue shows rapid 
worsening of glomerular lesions with increase in the number 
of epithelial and fibrous crescents (227). Electron microscopy, 
performed in a few patients, showed diffuse alterations of the 
GBM, which appeared irregular with alternating thick and 
thin zones, splitting of the lamina densa, and irregular outer 
contours that mimicked AS GBM lesions (Figs. 13.31 and 
13.32) (226,227).

Clinical Features
Congenital/infantile nephrotic syndrome, with massive pro-
teinuria and rapid progression to ESRD leading to death 
in the neonatal period, has been described in most patients 
(review in 223). Moreover, prenatal renal involvement was 
demonstrated in three siblings in whom renal enlargement 
and hyperechogenicity or hydrops fetalis were detected as 
early as 20 weeks of gestation (218). Conversely, childhood-
onset nephrotic syndrome has been observed in a few patients 
(223,226,228–230), and two of them had not progressed to 
renal failure at 6 and 14 years, respectively (226,230).

Ocular abnormalities were present in all cases except in two 
patients in one family (225). The most characteristic lesion is 
microcoria (extremely narrow, nonreactive pupils). But other 
anomalies have been described. They included enlarged or large-
appearing cornea, in some cases suggesting buphthalmos, lens 
abnormalities, chorioretinal pigmentary changes, retinal detach-
ment, iris hypoplasia, and glaucoma, resulting in blindness 
in some children (221,229). Neuromuscular symptoms may 
develop in some surviving patients. They consisted in hypotonia, 
myasthenic syndrome, and psychomotor retardation (220,222).

Genetics and Nature of the Defect
Based on homozygosity mapping in two consanguineous fami-
lies, a candidate region encompassing the LAMB2 gene was 
localized on chromosome 3p (218). LAMB2 was considered 
a strong candidate because of the known renal and extrarenal 
expression of laminin β2 (previously named S-laminin) and the 
consequence of lamb2 disruption in mice: they develop mas-
sive proteinuria and have abnormal retinal and neuromuscular 
differentiation (231,232).

FIGURE 13.29 Collagen type III glomerulopathy. Immunofluorescence 
showing the strong mesangiocapillary labeling with anti–type III collagen 
antibodies. (×330.)
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FIGURE 13.30 Light microscopy. Various types of glomerular changes observed in infants 1 to 6 months of age affected with 
Pierson syndrome. A: Increase in the mesangial matrix and podocyte hypertrophy. B: Same features with the presence of a small lesion 
of focal segmental glomerulosclerosis (arrow). C: Irregular increase in mesangial matrix and GBM thickness. D: Rigidity and thicken-
ing of the GBM. In A–D, the Bowman space is enlarged, partly due to some retraction of the glomerular tuft. E–F: Cellular crescents 
superimposed on the glomerular tuft changes. (A, B: trichrome light green, ×330; C, E: methenamine silver, ×330; D: PAS, ×330; 
F: PAS, ×200.) . (Courtesy of Dr. Raymonde Bouvier.)
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FIGURE 13.31 Pierson syndrome. Electron microscopy from a 1-month-old baby with congenital nephrotic syndrome. There are 
irregular thickening and duplication of the GBM, effacement of foot processes, and endothelial cell hypertrophy. (Uranyl acetate-lead 
citrate, ×6000.). (Courtesy of Dr. Raymonde Bouvier.)

At this time, more than 50 different LAMB2 mutations 
in the homozygous or compound heterozygous state have 
been identified in 42 unrelated families (223,228–230). The 
detection rate reaches 98% to 100% in typical cases indi-
cating that Pierson syndrome is genetically homogeneous 
(223). All types of mutations have been observed, but most 
of them are truncating leading to a severe phenotype and 
the absence of renal, muscle, and ocular expression of the 
β2 chain (219,222,223). Less severe mutations (missense or 
small in-frame deletions), localized in the laminin domain of 
the β2 chain important for interaction with α and γ laminin 
chains, were detected in patients with congenital or delayed 
renal disease and milder extrarenal features (223,228–230). 
Residual expression of  laminin β2 may be seen in the GBM 
(230). In a mouse model of Pierson syndrome linked to the 
R246Q mutation, laminin-521 secretion was shown to be 
impaired, and improvement was obtained by increasing the 
expression of the mutant protein (233). Similarly, forced 
expression of the laminin β1 chain in mice lacking the β2 

chain improves laminin secretion, glomerular structure, and 
permselectivity (234).

CONCLUSION
The list of hereditary nephropathies linked to GBM defects 
is probably not yet complete. At this time, there is no known 
human nephropathy linked to perlecan, agrin, or entactin/
nidogen defect. It has been shown that glomerular filtration is 
normal in mice lacking both perlecan and agrin in their GBM 
(235); however, GBM permselectivity properties are altered in 
transgenic mice lacking entactin-1/nidogen-1 (236). Moreover, 
homozygous mutation in tetraspanin (CD151), which forms 
stable laminin-binding complexes with integrins α3β1 and α6β1 
in the kidney and α3β1 and α6β4 in the skin, has been recently 
identified in three patients with progressive nephritis, focal GBM 
irregularities, and splitting of the lamina densa, sensorineu-
ral deafness, pretibial epidermolysis bullosa, and α-thalassemia 
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minor (237). Similarly, homozygous  mutations in the integ-
rin α3 gene ITGA3 were recently identified in three unrelated 
infants with a severe multiorgan disease including congenital 
nephrotic syndrome, interstitial lung disease, and epidermolysis 
bullosa (238). Loss of this integrin subunit led to the skin, lung, 
and kidney basement abnormalities and development of FSGS.
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SYSTEMIC LUPUS ERYTHEMATOSUS
Historical Perspective
Systemic lupus erythematosus (SLE) is a chronic inflammatory 
autoimmune disease affecting multiple organ systems, including 
the skin, joints, heart, lung, kidneys, central nervous system, and 
serous membranes. The cutaneous manifestations of SLE were 
the first to be identified. As early as the 13th century, medical 
writings by Rogerius (c. 1230) and Paracelsus (c. 1500) proposed 
the Latin term lupus, meaning wolf, to describe the erythematous 
ulcerative lesions affecting the skin of the cheeks (1). However, 
it is Kaposi contention, in his lengthy treatise on lupus vulgaris 
(2), that even the lesions called herpes esthiomenos by Hippocrates 
in the fourth century bc included characteristic examples of this 
condition. Cazenave and Schedel are generally credited with 
the first illustration of discoid lupus erythematosus in 1838 (3), 
which depicts the bilateral butterfly distribution over the cheeks 
and bridge of the nose, a distribution evocatively portrayed as 
resembling bat wings by Jonathan Hutchinson (4) in 1870. It 
was not until the late 19th and early 20th centuries that the vis-
ceral manifestations of SLE were generally appreciated (5–7).

William Osler, in historic publications from 1895 through 
1903, is credited with first synthesizing the diverse visceral 
manifestations of SLE into a loosely defined disease entity that 
included variable features of “gastrointestinal crises, endocarditis, 
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pericarditis, acute nephritis, and hemorrhage from the mucous 
surface.” In later writings, he emphasized the arthritis, pulmo-
nary, and central nervous system manifestations while remarking 
that the arthritis was typically nondeforming. He observed the 
variable clinical presentation and remitting and relapsing nature 
of the condition: “Recurrence is a special feature of the disease 
and attacks may come on month after month or even through-
out a long period of years. . . . The attacks may not be character-
ized by skin manifestations; the visceral symptoms alone may 
be present, and to the outward view, the patient may have no 
indications whatever of erythema exudativum” (5).

In 1923, Libman and Sacks (8) described four cases of “a 
hitherto undescribed form of valvular and mural endocardi-
tis,” which we now recognize as the sterile thrombotic valvular 
manifestations of circulating lupus anticoagulant. The distinc-
tive histologic features of the glomerulonephritis were first 
reported by Baehr et al. (9), who observed that the proliferative 
features were accompanied by “wire-loop” alterations of the 
glomerular capillary walls, which they described as a “peculiar 
hyaline thickening of the capillary walls which is striking even 
in sections stained with hematoxylin and eosin.”

The hypothesis that SLE constitutes an autoimmune 
disorder was spurred by three major independent laboratory 
findings in the early 20th century. First, false-positive sero-
logic test results for syphilis using the Wassermann reaction 
were obtained for up to 35% of SLE patients who lacked 
clinical evidence of treponemal infection, sometimes preced-
ing the development of clinical features of SLE. It would be 
many years before the significance of this finding as a mani-
festation of antiphospholipid (APL) antibody or lupus anti-
coagulant syndrome was recognized. Later, Hargraves made 
the highly important discovery of the LE cell in bone mar-
row preparations of patients with active SLE. He described 
two types: a mature neutrophil, which he called the LE cell, 
and a histiocyte, which he called a tart cell. Both contained 
phagocytosed nuclear material in which the chromatin pat-
tern was sometimes still discernible (10). Similar LE bodies 
consisting of altered hematoxylin-staining nuclear material 
had previously been observed in the heart valves (11), lymph 
nodes, spleen, and kidneys of patients with active SLE. The 
cause of the LE phenomenon, the presence of antinuclear 
antibody (ANA), would not be identified for another decade. 
The most important historical event in the evolution of con-
cepts about SLE was the discovery by Coons (12) in 1951 of 
the immunofluorescence technique employing fluorescein-
labeled antibodies and its subsequent application to the sera 
and tissues of SLE patients for the detection of ANAs by 
Friou (13) in 1958.

With the explosion of knowledge in the early 1970s 
about the human leukocyte antigen (HLA) system and the 
role of T and B cells in immunity, the groundwork was laid 
for investigations into the genetic, molecular, and cellular 
determinants of autoimmunity in SLE. Although there have 
been tremendous advances in our understanding of the basis 
of autoimmunity and the properties of nephritogenic immu-
noglobulins, a unifying concept of pathogenesis remains 
elusive.

Introduction to Clinical Features
Among the diverse organ systems involved in SLE, it is the 
renal complications that pose the greatest risk of morbidity and 

mortality and present the most demanding therapeutic chal-
lenge. The renal manifestations of SLE, called lupus nephritis, 
are highly pleomorphic with respect to their clinical and mor-
phologic expressions. Clinically, renal involvement may occur 
at any time in the course of SLE, ranging from the earliest 
identifiable clinical onset of disease to years after the initial 
diagnosis. The onset of renal involvement is most common 
within the first year and clinically affects up to 50% of patients 
with SLE. Many studies suggest that a much higher percent-
age of patients would have morphologic evidence of renal 
disease if renal biopsies were performed systematically on all 
SLE patients and if histologic studies were supplemented with 
more sensitive immunofluorescence and electron microscopy 
studies.

Clinical features range from asymptomatic urinary find-
ings of microhematuria and mild proteinuria to full-blown 
nephrotic syndrome or rapidly progressive renal failure. In 
adults and children (14–16), the renal course is frequently 
complicated by periods of remission and exacerbation that 
may occur unpredictably at any time in the course of the 
disease. Moreover, the nephritis has the ability to transform 
from one morphologic pattern to another spontaneously or 
after treatment. Because of this heterogeneity of clinical renal 
manifestations, the typical presenting clinical features will be 
described separately for each of the morphologic subtypes of 
lupus nephritis.

Introduction to Classification
The pathologic manifestations of lupus nephritis are 
extremely diverse and may affect any or all renal compart-
ments, including glomeruli, tubules, interstitium, and 
blood vessels. The complexity of the protean renal mani-
festations of SLE can be most easily approached using the 
World Health Organization (WHO) classification as an 
organizational construct. The original WHO Classification 
was formulated in 1974 at a convocation of renal patholo-
gists and nephrologists in Buffalo, NY, under the auspices 
of the WHO (17). The classification that they devised has 
been the framework most widely used by practicing cli-
nicians and pathologists (18) (Table 14.1). In 1982, this 
original WHO classification was expanded and refined 
by the International Study of Kidney Disease in Children 
(ISKDC) (19), with further modifications in 1995 (20)  

TABLE 14.1 Original (1974) WHO classification of 
lupus nephritis

Class I Normal glomeruli (by LM, IF, EM)
Class II Purely mesangial disease 

a. Normocellular mesangium by LM but mesan-
gial deposits by IF and/or EM

b. Mesangial hypercellularity with mesangial 
deposits by IF and/or EM

Class III Focal segmental proliferative glomerulonephritis 
(< 50%)

Class IV Diffuse proliferative glomerulonephritis (≥50%)
Class V Membranous glomerulonephritis

LM, light microscopy; IF, immunofluorescence; EM, electron microscopy.

0002062077.INDD   560 5/29/2014   12:13:44 PM



 Chapter 14 | Connective Tissue Diseases 561

(Table 14.2). It defined six major classes and a large number of 
subclasses, with emphasis on distribution, activity, and chro-
nicity of the lesions. Although much more detailed and precise, 
this revised classification was not as widely accepted because 
of its cumbersome reliance on subclasses. A third classifica-
tion was proposed in 2003 by a large consensus conference of 
renal pathologists, nephrologists, and rheumatologists that was 
organized jointly by the International Society of Nephrology 
(ISN) and the Renal Pathology Society (RPS) (Table 14.3). 
This new classification, which has been entitled “ISN/RPS 
WHO classification revisited,” retains the simplicity of the 
original 1974 WHO classification while incorporating some 
of the refinements introduced by the 1982 revised WHO 
classification (21,22). The ISN/RPS system provides more 
detailed and more precise pathologic criteria for each class, 
which facilitates greater reproducibility among pathologists.  

This updated consensus classification is widely accepted and 
has superseded prior classifications.

All three classifications are based entirely on an assess-
ment of the glomerular alterations. They rely heavily on 
the light microscopic findings, while simultaneously inte-
grating information obtained by fluorescence and electron 
microscopic studies (Table 14.4). Accurate use of the WHO 
system is best achieved if the same pathologist studies the 
biopsy by the three modalities of light microscopy, immuno-
fluorescence microscopy, and electron microscopy, especially 
because the glomerular sampling of relatively focal lesions 
may not be equally represented in tissue processed for the 
three techniques. The first step is to determine the presence 
or absence of glomerular hypercellularity in the mesangial 
and endocapillary zones and the extent of glomerular involve-
ment. These findings are then interpreted in the context of 
the distribution of immune deposits in mesangial, suben-
dothelial, and subepithelial locations as detected by light 
microscopy, immunofluorescence microscopy, and electron 
microscopy (Fig. 14.1). Because some lesions are focal, the 
accuracy of the WHO classification depends on the adequacy 
of the glomerular sampling. According to one study, at least 
20 glomeruli were required for accurate classification of lupus 
nephritis (23).

Generalized adoption of the WHO system for classifica-
tion of lupus nephritis in academic and community centers 
alike has had far-reaching impact. It has served to simplify the 
interpretation of the renal pathologic findings, which are noto-
riously pleomorphic, when comparing one biopsy to another 
and comparing neighboring glomeruli in a biopsy specimen. 
Use of this classification has facilitated the ease and reliability 
with which nephrologists and nephropathologists communi-
cate information. Greatly improved standardization and repro-
ducibility of biopsy interpretation between centers has been 
achieved. Most importantly, use of the WHO classification has 
provided the standardized nosology necessary for careful clini-
cal pathologic studies, which have yielded valuable information 
about disease subsets with differing prognostic and therapeutic 
implications.

Role of Renal Biopsy
Renal biopsy plays an important role in the management of 
patients with SLE (24). In some patients, it is instrumental 
in establishing a diagnosis of SLE. This is especially common 
early in the disease, before overt extrarenal manifestations 
of SLE are evident. This scenario applies most frequently 
to patients with mesangial proliferative or membranous pat-
terns who lack serologic markers of SLE and may present 
many months or even years before the American College 
of Rheumatology (ACR) criteria for SLE have been met. 
More typically, a diagnosis of SLE has already been made 
prior to renal biopsy, based on presenting clinical features 
and confirmatory serologic tests. Renal biopsy provides the 
most accurate window into the kidney, because it provides 
information about the class, severity, activity, and chronicity 
of the lupus nephritis that cannot be accurately predicted 
on the basis of clinical manifestations (25). Based on these 
findings, important decisions about therapy and prognosis 
are made.

Indications for renal biopsy vary among centers. Few  
clinicians would advocate baseline renal biopsy in a newly 

TABLE 14.2 Modified (1982) WHO classification 
of lupus nephritis

Class I a. Normal glomeruli (by LM, IF, EM)
b. Normal glomeruli by LM but deposits seen 

by IF and/or EM

Class II Purely mesangial alterations (mesangiopathy) 
a. Mesangial widening and/or mild hyper-

cellularity (+)
b. Moderate hypercellularity (++)

Class III Focal segmental glomerulonephritis (associ-
ated with mild or moderate mesangial 
alterations) 

a. With active necrotizing lesions
b. With active and sclerosing lesions
c. With sclerosing lesions

Class IV Diffuse glomerulonephritis (severe mesangial, 
endocapillary, or mesangiocapillary pro-
liferation and/or extensive subendothelial 
deposits). Mesangial deposits are present 
invariably and subepithelial deposits often 
and may be numerous 

a. Without segmental lesions
b. With active necrotizing lesions
c. With active and sclerosing lesions
d. With sclerosing lesions

Class V Membranous glomerulonephritis 
a. Pure membranous glomerulonephritis
b. Associated with lesions of category II (a or b)
c. Associated with lesions of category III  

(a, b, or c)a
d. Associated with lesions of category IV  

(a, b, c, or d)a

Class VI Advanced sclerosing glomerulonephritis

aDeleted from the 1995 Modified WHO Classification.

LM, light microscopy; IF, immunofluorescence; EM, electron microscopy.

Modified from Churg J, Sobin LH. Renal Disease. Classification and Atlas of 
Glomerular Disease. Tokyo: Igaku-Shoin, 1982.
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diagnosed patient with SLE who lacks clinically apparent renal 
disease. However, because some cases of severe lupus nephritis 
are clinically “silent,” this liberal approach has some propo-
nents (26). Most nephrologists and rheumatologists would 
agree that the new appearance of any significant marker of 

renal disease such as hematuria, proteinuria, nephrotic syn-
drome, or renal insufficiency at any time in the course of 
SLE is ample justification for renal biopsy. The recent ACR 
guidelines for management of lupus nephritis advocate that 
renal biopsy should be performed in any patient with clinical 

TABLE 14.3 ISN/RPS classification of lupus nephritis (LN) (2004)

Class I Minimal mesangial LN
 Normal glomeruli by LM, but mesangial immune deposits by IF

Class II Mesangial proliferative LN
 Purely mesangial hypercellularity of any degree or mesangial matrix expansion by LM, with mesangial immune 

deposits
 There may be a few isolated subepithelial or subendothelial deposits visible by IF or EM but not by LM

Class III Focal LNa

 Active or inactive focal, segmental, and/or global endocapillary and/or extracapillary GN involving < 50% of all  
glomeruli, typically with focal subendothelial immune deposits, with or without mesangial alterations

 III (A): purely active lesions: focal proliferative LN
 III (A/C): active and chronic lesions: focal proliferative and sclerosing LN
 III (C): chronic inactive with glomerular scars: focal sclerosing LN

Class IV Diffuse LNa

 Active or inactive diffuse, segmental, and/or global endocapillary and/or extracapillary GN involving ≥50% of all 
glomeruli, typically with diffuse subendothelial immune deposits, with or without mesangial alterations. This class 
is divided into diffuse segmental (IV-S) when > 50% of the involved glomeruli have segmental lesions and diffuse 
global (IV-G) when > 50% of the involved glomeruli have global lesions. Segmental is defined as a glomerular lesion 
that involves less than half of the glomerular tuft

 IV-S (A) or IV-G (A): purely active lesions: diffuse segmental or global proliferative LN
 IV-S (A/C) or IV-G (A/C): active and chronic lesions: diffuse segmental or global proliferative and  

sclerosing LN
 IV-S (C) or IV-G (C): inactive with glomerular scars: diffuse segmental or global sclerosing LN

Class V Membranous LNb

 Global or segmental subepithelial immune deposits or their morphologic sequelae by LM and by IF or EM, with or 
without mesangial alterations

Class VI Advanced sclerosing LN
 Ninety percent or more of glomeruli globally sclerosed without residual activity

Indicate the proportion of glomeruli with fibrinoid necrosis and with cellular crescents.
Indicate and grade (mild, moderate, severe) tubular atrophy, interstitial inflammation, and fibrosis, severity of arteriosclerosis or other vascular lesions.
aIndicate the proportion of glomeruli with active and with sclerotic lesions.
bMay occur in combination with III or IV, in which case both will be diagnosed; may show advanced sclerosis.
LM, light microscopy; IF, immunofluorescence; EM, electron microscopy; GN, glomerulonephritis.

TABLE 14.4 Integration of LM, IF, and EM findings by the WHO class

 Light microscopy Immunofluorescence Electron microscopy

Class MES PCW MES PCW MES SENDO SEPI

I 0 0 + 0 + 0 0
II + 0 + 0 + 0 0
III + + ++ + ++ + +/−
IV ++ ++ ++ ++ ++ ++ +/−
V + ++ + ++ + +/− ++

LM, light microscopic [abnormalities]; IF, immunofluorescence [positivity]; EM, electron microscopic [location of deposits]; MES, mesangial; PCW, peripheral capillary wall; 
SENDO, subendothelial; SEPI, subepithelial.
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evidence of renal involvement defined as one of the following: 
(a) increasing serum creatinine without compelling alternative 
causes (such as sepsis, hypovolemia, or medication); (b) con-
firmed proteinuria of ≥1.0 g per 24 hours or by spot urine 
protein:creatinine ratio; or (c) combinations of proteinuria 
≥0.5 g plus hematuria defined as ≥5 RBCs per hpf or protein-
uria ≥0.5 g plus cellular casts (27). Moreover, lupus nephritis 
is one of the few renal diseases for which “follow-up” renal 
biopsies are routinely performed in some centers 6 months 
or more after therapy to gauge the efficacy of treatment and 
guide further therapeutic management. Repeat renal biopsies 
are also frequently performed in any patient with a sudden 
change in renal findings (e.g., new onset of proteinuria, new 
activity of the urinary sediment, declining glomerular filtra-
tion rate [GFR]) that may presage a transformation in the class 
of lupus nephritis, or reactivation of disease requiring reinsti-
tution or adjustment of therapy.

Pathologic Findings
Gross Pathology
Since the advent of the modern therapeutic era, autopsy exami-
nation of the kidney from patients who have died of acute SLE 
has become a rare event. For descriptions of the gross pathol-
ogy of the acute disease, it is necessary to study the writings of 
early pathologists such as Klemperer, who described enlarged, 
swollen kidneys with petechial hemorrhages and focal, shallow, 
superficial scars (28). In the modern era of immunosuppres-
sive therapy, the appearance of the kidneys at autopsy usually 
reflects a combination of chronic and acute changes, with a 
contracted or swollen appearance.

Light Microscopy
Before considering the individual features that define the vari-
ous classes of lupus nephritis, it is helpful to discuss the basic 
types of renal lesions that may be encountered in lupus. These 

Normal Lupus Nephritis I Lupus Nephritis II

Lupus Nephritis III Lupus Nephritis IV-G Lupus Nephritis V

FIGURE 14.1 Normal capillary with intact podocyte foot processes and no electron-dense deposits. Class I lupus nephri-
tis with minimal mesangial deposits, focal foot process effacement, and no mesangial hypercellularity. Class II lupus nephritis with 
substantial mesangial deposits, mesangial hyperplasia, and more extensive foot process effacement. Class III lupus nephritis with 
scanty subendothelial deposits, mesangial hyperplasia, endocapillary leukocytes, and extensive foot process effacement. Class IV-G 
lupus nephritis with numerous subendothelial and a few subepithelial deposits, mesangial hyperplasia, endocapillary leukocytes, 
and extensive foot process effacement. Class V lupus nephritis with numerous subepithelial and a few subendothelial and mesangial 
deposits and extensive foot process effacement.

0002062077.INDD   563 5/29/2014   12:13:48 PM



 Heptinstall’s Pathology of the Kidney564

general remarks serve as a preface to the more detailed consid-
eration of the WHO classification that follows. Many of these 
morphologic features pertain to more than one WHO class of 
lupus nephritis.

Glomeruli

The major histologic abnormalities of the glomerulus include 
immune deposits, glomerular proliferation, influx of leuko-
cytes, glomerular necrosis, and scarring. Glomerular prolifera-
tion may be mesangial, endocapillary, and extracapillary.

Immune Deposits Although glomerular immune deposits 
are best identified by immunofluorescence and ultrastructural 
techniques, in lupus nephritis the glomerular immune deposits 
are also frequently identifiable by light microscopy because of 
their large size and widespread distribution. As in many other 
forms of glomerular disease, it is the distribution of deposits in 
the glomerular tuft that determines the proliferative response, 
and the glomerular lesions that result are therefore best inter-
preted in the context of the pattern of immune deposition 
(29). A number of stains, properly performed, are helpful in 

demonstrating deposits by light microscopy. Although depos-
its frequently have a glassy (i.e., hyaline), hypereosinophilic 
appearance with the hematoxylin and eosin (H&E) stain, they 
are often difficult to differentiate from the eosinophilic mesan-
gial matrix, glomerular basement membrane (GBM), and 
cytoplasm of the indigenous glomerular cells without the use 
of special stains. Particularly helpful are the trichrome stain, 
which highlights the deposits as red (or fuchsinophilic) against 
the blue-staining glomerular matrix components (Fig. 14.2) 
and the Jones methenamine silver or combination methena-
mine silver-Masson Ponceau stain, which stain the deposits 
pink or red, respectively, against the black-staining mesangial 
matrix and GBM.

The mesangium is the most common site for glomerular 
immune deposits and may be the sole location for renal deposits 
in some cases. Mesangial deposits in the absence of glomerular 
capillary wall deposits are the defining feature of class I and class 
II lupus nephritis. However, mesangial deposits are also found 
in combination with peripheral glomerular capillary wall depos-
its in class III, class IV, and class V lupus nephritis. Mesangial 
deposits and the mesangial proliferation that often accompanies 
them can be considered the common substratum on which these 
more complex classes of lupus nephritis are built.

Subendothelial immune deposits are regularly encoun-
tered in class III and class IV lupus nephritis. They typically 
are relatively focal and segmental in class III and more global 
and diffuse in class IV (especially when accompanied by global 
endocapillary hypercellularity). When large enough to com-
pletely involve the peripheral circumference of the glomeru-
lar capillary, they are referred to as classic wire loops, which 
produce a refractile thickening of the glomerular capillary wall 
in H&E-stained sections, as initially described by Klemperer 
et al. (28) (Fig. 14.3). Special stains reveal the deposits to be 
entirely or largely subendothelial, with preservation of an outer 
peripheral layer of GBM (Fig. 14.4). In florid examples, these 
massive subendothelial deposits may focally replace the GBM, 
producing intramembranous deposits best delineated by elec-
tron microscopy or extending through the GBM in continuity 
with overlying subepithelial deposits. In some cases, subendo-
thelial deposits are enclosed by the formation of a subendo-
thelial layer of neomembrane formation, producing a double 

FIGURE 14.2 Lupus nephritis class IV. Trichrome stain highlights 
the presence of global subendothelial fuchsinophilic deposits. (Masson 
 trichrome, × 500.)

FIGURE 14.3 Lupus nephritis class IV. Glomerular 
capillary walls are segmentally thickened by wire-loop 
deposits. An intraluminal deposit forms a “hyaline throm-
bus” in one capillary, and there is global endocapillary 
proliferation. (H&E; × 320.)
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contour, similar to that observed in membranoproliferative 
glomerulonephritis. Not surprisingly, mesangial extension or 
“interposition” frequently accompanies this finding.

Abundant, regularly distributed subepithelial deposits 
are the defining feature of membranous lupus nephritis (class 
V ), but they may also be seen in association with class III 
or IV lupus nephritis, as examples of combined class III and 
V or combined class IV and V lupus nephritis. GBM spikes 
and a vacuolated texture where cut obliquely can usually be 
identified with the silver or periodic acid-Schiff (PAS) stain. 
Scattered subepithelial electron densities may also occur as a 
sporadic finding in lupus nephritis class III or IV, without the 
formation of a well-developed membranous pattern. In such 
cases, the occurrence of these sparse, irregularly distributed, 
subepithelial deposits is not considered sufficient to justify an 
additional classification of membranous lupus nephritis class 
V. The ISN/RPS classification requires subepithelial deposits 
involving greater than 50% of the tuft of greater than 50% of 
the glomeruli by light microscopy or immunofluorescence to 
make a diagnosis of class V plus class III or IV.

Some patients with active class III or IV lupus nephritis 
have large intracapillary immune deposits forming hyaline 
thrombi (Figs. 14.5 to 14.7). This term is actually a misnomer, 
because these are not true fibrin thrombi but are instead mas-
sive intracapillary immune deposits with the same composition 
by immunofluorescence as the neighboring subendothelial 
deposits. Careful serial sectioning usually discloses that these 
intraluminal deposits without apparent glomerular capillary 
wall attachment are actually in continuity with large suben-
dothelial deposits in a deeper plane of section. These hyaline 
thrombi are most common in class IV lupus nephritis, particu-
larly in specimens with extensive wire-loop deposits. We have 
observed that capillaries with hyaline thrombi or large wire-
loop deposits often have less exuberant endocapillary hyper-
cellularity than neighboring capillaries, suggesting possible 
differences in their ability to incite an inflammatory glomeru-
lar response (Fig. 14.8).

Hyaline thrombi must be differentiated from true fibrin 
thrombi by special stains for fibrin (modified Fraser Lendrum 
stain and phosphotungstic acid-hematoxylin [PTAH] stain) and 

FIGURE 14.4 Lupus nephritis class IV. PAS stain highlights the 
thickening of the glomerular capillary walls by numerous subendothelial 
 deposits. (PAS; × 500.)

FIGURE 14.5 Lupus nephritis class IV. In addition 
to wire-loop deposits, there are segmental intraluminal 
deposits forming “hyaline thrombi.” (H&E; × 320.)

FIGURE 14.6 Lupus nephritis class IV. Silver stain is useful to high-
light the intraluminal location of the glomerular capillary fibrin thrombi. 
Some GBMs appear double contoured. (Jones methenamine silver, × 320.)
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by staining for fibrin-related antigens by immunofluorescence. 
Of these two histochemical stains, PTAH is less reliable, because 
it sometimes stains immune deposits and fibrin, whereas the 
Lendrum stain is the more sensitive and specific for fibrin. Of 
considerable help in differentiating true fibrin thrombi is the 
appearance of the material in H&E-stained sections. Fibrin 
often has a darkly eosinophilic fibrillar appearance, whereas 
hyaline thrombi of the immune deposit type are more lightly 
eosinophilic, with a homogeneous, glassy, smooth texture.

Kant et al. (30) extensively studied glomerular thrombi in 
SLE and concluded on the basis of immunofluorescence and clin-
ical data that there are two different mechanisms of thrombosis 
in lupus nephritis. Thrombosis may complicate any severe active 
lupus nephritis through complement activation and by trigger-
ing the coagulation cascade. Alternatively, glomerular capillary 
thrombosis (plus arterial and arteriolar thrombosis) may occur as 
a manifestation of lupus anticoagulant/APL antibody syndrome 
(discussed in section Thrombotic Microangiopathy). Thrombosis 

caused by APL antibody may occur as a pure thrombotic microan-
giopathy or superimposed on virtually any class of lupus nephritis.

Mesangial and Endocapillary Proliferation Mesangial 
hypercellularity and matrix expansion are the first observable 
response to mesangial deposits. Mesangial hypercellularity 
and increased mesangial matrix are the only detectable glo-
merular abnormalities at the light microscopic level in lupus 
nephritis class II, where they may be diffuse or focal, and seg-
mental or global in the individual glomerulus. Usually, the 
mesangial immune deposits seen by fluorescence and electron 
microscopy are more diffuse and regular in distribution than 
the mesangial proliferative response. There is often a poor cor-
relation between the size and extent of the mesangial immune 
deposits and the severity of the mesangial hypercellularity. 
Mesangial hypercellularity is the defining histologic feature 
of class II lupus nephritis, but it also occurs as an underly-
ing finding in classes III, IV, and V. Like mesangial immune 
deposits, it is a common base on which the other classes are 
founded.

Endocapillary hypercellularity can be defined as a prolifera-
tion of endothelial cells and mesangial cells together with infiltrat-
ing leukocytes (including mononuclear or polymorphonuclear 
leukocytes) that significantly narrows or occludes the glomeru-
lar capillary lumen. Endocapillary hypercellularity is typically 
focal and segmental in distribution in class III but diffuse and 
global in class IV disease (Fig. 14.9). Other than neutrophils, the 
nature of the endocapillary cells is often impossible to determine 
by light microscopy without the aid of immunohistochemistry 
using specific markers for monocytes, T lymphocytes, mesan-
gial cells, and endothelial cells. Cells of macrophage/monocyte 
lineage are particularly numerous in lupus glomerulonephritis 
and are only exceeded in number in examples of cryoglobulin-
emic glomerulonephritis (31). They tend to parallel the quantity 
of immune deposits, complement activation, and proliferative 
response but do not correlate well with renal function at biopsy 
or outcome (32,33). On the other hand, the number of macro-
phages (as well as tubular macrophages) in a second renal biopsy 
taken 6 months following therapy has been found to correlate 
well with outcome (34). In computing an activity index, Balow 
and Austin (35–37) use exudation of more than two neutrophils 
outside the glomerular capillaries per glomerulus as one of the 
features of glomerular activity but do not consider lymphocyte 
or monocyte infiltration. Because neutrophil exudation outside 
the glomerular capillaries is rare, except in areas of necrosis, this 
criterion weights even more heavily the importance of necrotiz-
ing lesions in the activity index.

Necrosis Glomerular necrosis is a feature of class III or IV 
lupus nephritis and is never observed in pure mesangial pro-
liferative (class II) or membranous (class V) lupus nephritis. 
It consists of a focus of smudgy fibrinoid obliteration of the 
glomerular tuft, which is often associated with any or all of 
the following: deposition of fibrin, GBM rupture or gap for-
mation, and apoptosis of infiltrating neutrophils forming pyk-
notic or karyorrhectic nuclear debris (Figs. 14.10 and 14.11). 
The latter change was referred to as “nuclear dust” in the older 
literature but is now understood to represent a form of apop-
tosis, which can be confirmed by in situ end labeling of DNA 
(38). By electron microscopy, the cells undergoing this form 
of programmed cell death have been identified as infiltrating 
neutrophils, as well as indigenous glomerular cells (38).

FIGURE 14.7 Lupus nephritis class IV. The hyaline thrombi stain red ag a-
inst the blue-staining glomerular capillary walls. (Masson trichrome, × 500.)

FIGURE 14.8 Lupus nephritis class IV. Extensive intraluminal and sub-
endothelial deposits form “hyaline thrombi” and wire loops. Endocapillary 
proliferation is less conspicuous in the capillaries with voluminous depos-
its. (H&E; × 320.)
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Necrotizing lesions are typically segmental in distribution, 
but more than one glomerular lobule may be affected, particu-
larly in diffuse proliferative lupus nephritis class IV. As in other 
forms of glomerulonephritis in which necrotizing lesion are com-
mon (e.g., pauci-immune crescentic glomerulonephritis), there 
is evidence of neutrophil infiltration, and early cellular crescents 
frequently directly overlie the affected lobules. One study found 
glomerular necrosis to correlate with lower serum complement 
(CH50) levels and more severe proteinuria in a large group of 
patients with class III and IV lupus nephritis (39). In a large 
Chinese study, necrotizing lesions strongly correlated with anti-
C1q antibodies, as well as anti-dsDNA antibodies (40).

Hematoxylin Bodies Hematoxylin bodies are the tissue equiv-
alent of the LE body and consist of naked nuclei whose chromatin 
has been altered by binding to circulating ANA. They are thought 
to occur after nuclear exposure to the ambient circulation in the 
course of individual cell death. Owing to their nuclear origin, 
they are Feulgen positive. Hematoxylin bodies are most common 
in necrotizing glomerular lesions. They are considered the only 
truly pathognomonic lesion in lupus nephritis but are extremely 

uncommon, affecting approximately 2% of lupus biopsy speci-
mens (41). In H&E-stained sections, hematoxylin bodies con-
sist of rounded, smudgy, lilac staining (amphophilic) structures 
that are generally smaller than normal nuclei (Fig. 14.12). 
Hematoxylin bodies may be isolated or clustered. They usually 
have indistinct borders and appear to merge into the background 
tissue with surrounding flecks of hematoxyphilic material. Their 
lilac, hyaline coloration, and smudgy borders allow them to be 
distinguished from the more darkly basophilic, smaller, and dis-
tinctly punctate nuclear fragments observed in foci of karyor-
rhexis or pyknosis.

Cellular Crescents Cellular crescents are a feature of active 
lupus nephritis that may be encountered frequently in class III 
or IV lupus nephritis, but never (by definition) in pure class 
II or class V disease (Fig. 14.13). Crescents may be seen in 
membranous lupus nephritis in mixed class V and III or class 
V and IV lesions. Cellular crescents commonly overlie the 
necrotizing lesions, but they may also occur in glomeruli with 
nonnecrotizing segmental or global endocapillary hypercellu-
larity. In their activity index formulation, Balow and Austin 

FIGURE 14.9 Lupus nephritis class IV. There is 
 relatively uniform diffuse and global endocapillary prolif-
eration. (H&E; × 100.)

FIGURE 14.10 Lupus nephritis class III. There is segmental fibrinoid 
necrosis with neutrophil infiltration and pyknosis. (H&E; × 500.)

FIGURE 14.11 Lupus nephritis class III. The segmental necrotizing lesion 
displays segmental rupture of the GBM. (Jones methenamine silver, × 500.)
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(35–37) define cellular crescents as “aggregates comprising two 
or more layers of proliferating visceral and parietal epithelial 
cells with infiltrating mononuclear cells lining one fourth or 
more of the interior circumference of the Bowman capsule.” 
This reasonable definition allows differentiation of crescents 
from the single layer of reactive hyperplastic visceral epithelial 
cells commonly encountered in glomeruli with membranous 
features or undergoing sclerosis. Cellular crescents of inflam-
matory origin must be differentiated from the epithelial cell 
proliferation that accompanies the collapsing variant of focal 
segmental glomerulosclerosis (FSGS) (collapsing glomerulopa-
thy), which has been described in some patients with SLE (see 
Lupus Podocytopathy).

Glomerular ScarrinG

Glomerular obsolescence is a feature of chronic glomerular 
injury that may result from severe or prolonged glomerular 
damage in the course of class III, IV, or V lupus nephritis. 
Although it has not been well studied, it is unlikely that exten-
sive glomerulosclerosis supervenes on pure class II lupus 

nephritis unless there is transformation into one of the more 
progressive classes. Focal glomerular sclerosis in a patient with 
lupus may occur in the course of aging or as a complication of 
hypertensive arterionephrosclerosis and does not always imply 
scarring in the course of an immunologically mediated injury. 
The ISN/RPS classification advocates that such nonspecific 
glomerulosclerosis be excluded, whenever possible, from the 
computation of the total percentage of glomeruli affected by 
scarred lupus nephritis (21,22,42). In class III lupus nephritis, 
the glomerular scarring is often initially focal and segmental, 
mirroring the distribution of the proliferative and necrotizing 
lesions. Serial biopsies can demonstrate an evolution from focal 
segmental necrotizing glomerulonephritis to focal segmen-
tal sclerosing glomerulonephritis, sometimes with associated 
fibrous crescents or synechiae overlying the sclerotic segments. 
Similarly, in chronic class IV lupus nephritis, the glomerular 
scarring is typically more global and diffuse, although segmen-
tal sclerosis may affect some glomeruli (Figs. 14.14 and 14.15).

FIGURE 14.12 Lupus nephritis class IV. Several glomerular capillaries 
contain hematoxylin bodies consisting of smudged, coarsely clumped basophilic 
material. Another lobule contains karyorrhectic nuclear debris. (H&E; × 500.)

FIGURE 14.13 Lupus nephritis class IV. A severe example with exten-
sive cellular crescents. Although the glomerular tufts are compressed, 
endocapillary proliferation is evident. (Jones methenamine silver; × 80.)

FIGURE 14.14 Lupus nephritis class IV. Initial renal biopsy shows dif-
fuse endocapillary proliferation with focal crescents and severe interstitial 
inflammation. (H&E; × 80.)

FIGURE 14.15 Lupus nephritis class IV. Despite aggressive therapy, 
repeat renal biopsy 2 years later shows progression to segmental and global 
glomerulosclerosis with focal fibrous crescents. There is marked reduction 
in the degree of interstitial inflammation. (Jones methenamine silver, × 80.)
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In some patients with class V lupus nephritis, there is 
progression to chronic renal failure without clear evidence of 
transformation into a proliferative phase consistent with com-
bined class III or IV disease. This progressive course, which 
may affect up to 20% of class V patients, can be considered 
analogous to the situation in primary membranous glomeru-
lonephritis, which progresses to end-stage renal failure in up 
to 25% of patients within 10 years of initial clinical detection. 
In a small percentage of lupus patients, an initial renal biopsy 
performed at the outset of detectable renal disease reveals an 
advanced picture of diffuse and global glomerular sclerosis 
affecting 90% or more of glomeruli. Called lupus nephritis class 
VI in the ISN/RPS classification (21,22), this picture is usu-
ally the sequela of a previous class IV lupus nephritis. In some 
patients, the phase of active and potentially treatable glomeru-
lonephritis is clinically occult. At this stage, residual but scanty 
immune deposits may still be detectable in the sclerotic glo-
merular tuft by immunofluorescence and electron microscopy.

Because lupus nephritis is a typically remitting and relaps-
ing condition with repeated episodes of reactivation, it is not 
uncommon to detect sclerosing and active proliferative lesions 
side by side in renal biopsy specimens, especially in patients 
with longstanding lupus and a history of active lupus nephri-
tis. When active and chronic scarred lesions are detected in an 
initial renal biopsy specimen at the apparent outset of disease, 
the disease onset antedated first clinical recognition.

TubuleS and inTerSTiTium

Tubulointerstitial lesions may be encountered in all classes 
of lupus nephritis. Even in class I, in which glomeruli appear 
normal by light microscopy, there may be mild tubulointer-
stitial disease resulting from arteriosclerosis associated with 
aging or hypertension that cannot be directly attributed to 
lupus nephritis. In specimens with only class I or II glomerular 
changes, the presence of focal active tubulointerstitial lesions 
typical of class III should raise the possibility of unsampled 
focal class III glomerular lesions that are not in the planes of 
section available for examination. Tubulointerstitial disease is 
most commonly encountered in class IV lupus nephritis but 
also occurs frequently in class III and to a lesser degree in class 
V, with lowest frequency found in classes I and II. The types 
of lesions that affect the tubulointerstitial compartment can be 
divided into acute and chronic subgroups, and those related to 
an interstitial inflammatory process or resulting largely from 
prolonged nephrotic proteinuria.

In patients with nephrotic-range proteinuria, whether 
in the setting of class III, class IV, or class V lupus nephritis, 
the tubules may show nonspecific changes common to many 
conditions with heavy or longstanding glomerular proteinuria. 
These predominantly affect the proximal tubules and consist of 
intracytoplasmic lipid resorption droplets that appear as clear 
vacuoles in H&E-stained sections because of removal of the 
lipid in the course of tissue processing and protein resorption 
droplets that appear eosinophilic and strongly PAS positive and 
usually trichrome red. The latter change has been referred to as 
“hyaline degeneration” of the proximal tubules, although this is 
not really a degenerative process but one of active resorption by 
the proximal tubules of filtered albumin and lipoproteins. In 
some cases with longstanding nephrotic syndrome, especially 
in the setting of a membranous lesion, interstitial foam cells 
may also be found.

Active (or acute) tubulointerstitial lesions most common 
in class IV and class III lupus nephritis include interstitial 
inflammation and edema, which may coexist with the more 
chronic lesions of tubular atrophy and interstitial fibrosis. The 
interstitial infiltrates consist predominantly of mononuclear 
leukocytes, including lymphocytes, monocytes, and plasma 
cells. Neutrophils and eosinophils are seldom identified. There 
are rare reports of giant cell reaction to deposits involving the 
tubular basement membranes (43). These leukocytic infiltrates 
range from sparse to dense and diffuse and are sometimes 
associated with lymphocytic infiltration of the tubules (i.e., 
tubulitis) and tubular epithelial degenerative and regenerative 
changes. Rarely, hematoxylin bodies ingested by neutrophils 
may be identified in the tubular lumen (44). This active and 
severe tubulointerstitial damage is most common in severe dif-
fuse proliferative lupus nephritis class IV. Casts of neutrophils, 
erythrocytes, and shed tubular epithelial cells are readily identi-
fied in active class III or IV lupus nephritis. Intratubular oval 
fat bodies consisting of lipid-laden desquamated epithelial cells 
are most common in cases with severe nephrotic proteinuria, 
usually in the setting of class V membranous lupus nephritis or 
mixed proliferative and membranous glomerulonephritis (i.e., 
class V and IV or class V and III).

Several investigators have correlated the immunophe-
notype of the interstitial inflammatory infiltrates with other 
histopathologic and clinical parameters (31,32,45–47). Most 
infiltrating mononuclear leukocytes are T lymphocytes, with 
lesser numbers of monocyte/macrophages, B lymphocytes, and 
natural killer cells. The relative proportions of CD4 (helper/
inducer) and CD8 (suppressor/cytotoxic) T cells vary, with 
some investigators finding a predominance of CD8+ cells in 
most patients (31,46) and others a predominance of CD4+ 
cells (45) or a roughly equal balance (32). Alexopoulos et al. 
(32) suggested that this disparity may be related in part to 
treatment, because corticosteroids preferentially reduce CD8+ 
cells, thereby shifting the CD4:CD8 tissue ratio. Nevertheless, 
there is general agreement that the percentage of interstitial 
CD8+ cells is greater than in other forms of glomerular disease 
such as IgA nephropathy and membranous glomerulonephritis 
(48,49). One study (46) found the tissue CD4:CD8 ratio to 
correlate with activity index, whereas others have been unable 
to demonstrate such a correlation (32). One group identified 
a correlation between the chronicity index and the extent of 
interstitial infiltration by T lymphocytes and monocytes (32).

In a recent detailed study, CD4+ T cells were prominent 
in two thirds of lupus nephritis biopsies and tended to be dis-
tributed as broad periglomerular aggregates intermixed with 
CD8+ T cells (50). By contrast, CD8+ T cells were present in 
all samples and tended to adhere to the Bowman capsule and 
infiltrate the tubular epithelium (as CD8 tubulitis). Their dif-
ferentiation into CD28null memory-effector phenotype sug-
gests participation in adaptive immunity. Study of the T-cell 
receptor (TCR) β-chain clonotypes revealed oligoclonal T-cell 
infiltration of the kidney. The clones identified in the kidney 
represent a small subset of the many clones present in the 
peripheral circulation, supporting their selection and involve-
ment in adaptive immune responses. Furthermore, when 
repeat biopsies were performed in individual patients, there 
was a persistence of the same CD8+ T-cell clones over years, 
suggesting that they mediate progressive renal injury (50). The 
intrarenal B-cell population has also been shown to be clonally  
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expanded and organized into aggregates with focal germi-
nal centers containing follicular dendritic cells (51). The  
B cells have an immunoglobulin (Ig) repertoire consistent with 
somatic hypermutation and organ-intrinsic adaptive immune 
responses. The close proximity of B and T cells suggests that in 
addition to in situ antibody secretion, resident B cells are con-
tributing to local inflammation by presenting major histocom-
patibility complex (MHC) class II–restricted antigens to T cells 
(51). Intrarenal production of anti-dsDNA antibody by resi-
dent plasma cells has also been described in the New Zealand 
Black (NZB)/W murine model of lupus nephritis, indicating 
that the kidney can be a site of autoantibody formation (52). 
IL-17– producing double-negative (CD4−/CD8−) T cells have 
also been identified in the renal interstitium (53). Several stud-
ies using immunostaining for macrophages confirmed the large 
number of interstitial and intratubular macrophages in dif-
fuse proliferative lupus nephritis and found good correlations 
between tubular macrophages and serum creatinine, protein-
uria, and progression to renal insufficiency (34,54). Urinary 
biomarkers that reflect the severity and activity of interstitial 
inflammation in human lupus biopsies include monocyte 
chemotactic protein 1, hepcidin (produced by monocytes in 
response to INFα), and liver-type fatty acid–binding protein 
(produced by the proximal tubule in response to injury) (55).

The strong predominance of T cells among the infiltrat-
ing interstitial cells in lupus nephritis suggests a role for cellular 
immunity in the development of the tubulointerstitial damage. 
The predominance of CD8 cells in the areas of tubulitis and 
greater numbers of natural killer cells in biopsies with tubu-
lointerstitial immune deposits raise the question of possible cel-
lular cytotoxicity in response to local autoantigens of renal or 
systemic origin (32). The presence of follicular structures with 
germinal centers strongly correlates with tubular basement 
membrane deposits, suggesting that germinal centers and T- and 
B-cell aggregates select for cells that locally secrete pathogenic 
antibodies in the tubulointerstitium (51). The in situ antigens 
that promote these responses remain unknown but are likely to 
be important determinants of disease severity. The up-regulation 
of MHC class II antigen (DR) on the tubular epithelial cells 
and many of the interstitial leukocytes in human (32,45) and 
murine lupus nephritis (56,57) also suggests that tubular cells 
may become activated in lupus and stimulate the influx of acti-
vated mononuclear cells. Similar tubular DR expression has been 
reported in transplant rejection and other renal conditions mani-
festing tubulitis. Up-regulation of costimulatory molecule CD40 
has also been demonstrated in the renal epithelial cells and infil-
trating leukocytes of murine and human lupus nephritis (58,59).

Tubulointerstitial immune deposits can be detected by 
fluorescence and electron microscopy in approximately 50% 
of patients. They occur more frequently in diffuse proliferative 
lupus nephritis than in the focal proliferative variant, but they 
may also occur in some patients with membranous and mesan-
gial proliferative forms. The precise location of these deposits is 
best elucidated by electron microscopy. They consist of granular 
electron-dense deposits that involve tubular basement mem-
branes, interstitial capillary basement membranes, and inter-
stitial collagen. They are most frequently associated with the 
tubular basement membrane, within the tubular basement mem-
brane itself or more commonly abutting the membrane at the 
interstitial interface (Fig. 14.16). Only rarely are they seen along 
the epithelial aspect of the tubular basement membrane. These  

tubulointerstitial deposits may involve any segment of the neph-
ron and often lack a conspicuous leukocytic response. New layers 
of tubular basement membrane or interstitial capillary base-
ment membrane may encircle the deposits, producing a lamel-
lated network of basement membrane material (Fig. 14.17).  

FIGURE 14.16 Lupus nephritis class IV. The electron micrograph 
shows electron-dense deposits within a tubular basement membrane and, 
to a lesser extent, in the adjacent interstitial collagen. (× 2000.)

FIGURE 14.17 Lupus nephritis class IV. High-power view shows a 
lamellated network of tubular basement membrane splayed around the 
tubular basement membrane deposits. (Electron micrograph, × 4000.)
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By immunofluorescence, the deposits have a granular to semilin-
ear texture that has a tendency to outline the profiles of tubular 
basement membranes and interstitial capillaries or to form punc-
tate aggregates in the interstitial collagen (Fig. 14.18). Interstitial 
capillary immune deposits are particularly specific for lupus 
nephritis (Fig. 14.19).

The composition of the tubulointerstitial deposits var-
ies. Most have positive staining for IgG, with other immuno-
globulins detected less frequently (60,61). In some biopsies, 
there is positivity for IgG, IgM, and IgA in the tubulointer-
stitial deposits, and in others, only a single immunoglobulin 
class may be found. There even may be differences in the com-
position of IgG subclasses between the tubulointerstitial, vas-
cular, and glomerular compartments of a given biopsy (62). 
Complement components are associated with the immuno-
globulins in most cases and occasionally may be detected in 
their absence (63), suggesting a role for antibody-independent 
complement activation.

In general, the presence of tubulointerstitial deposits  
correlates well with glomerular lesions, becoming progressively 
more frequent with increasing glomerular endocapillary hyper-
cellularity (classes III and IV) and being relatively infrequent 
with membranous (class V) or mesangial proliferative lesions 
(class II) (47,64). Interstitial inflammation tends to be particu-
larly severe in crescentic forms of lupus nephritis (47). Park  
et al. (64) and Jeruc et al. (47) made the important observation 
that there is no correlation between the prevalence of tubuloin-
terstitial deposits and the presence and severity of interstitial 
inflammation, which may be severe in the absence of detect-
able deposits. For example, among the 103 patients studied 
by Park et al. (64), 76 had interstitial infiltrates, but only 32 
had tubulointerstitial deposits, and interstitial inflammation 
without tubulointerstitial deposits was found in all classes of 
renal lesions. Clearly, mechanisms other than a simple inflam-
matory response to tubulointerstitial deposits are operant in 
most cases.

The severity of tubulointerstitial inflammation correlates 
broadly with glomerular inflammatory lesions (64). It consti-
tutes one of the best morphologic correlates with the degree of 
renal insufficiency (32,64) and is an accurate prognosticator 
of subsequent decline in renal function (64). Tubular atrophy, 
at least in part the result of interstitial inflammation, is one of 
the strongest predictors of renal failure (36), as it is in many 
other glomerular diseases. Similarly, increased interstitial vol-
ume, which directly parallels the development of tubular atro-
phy, closely correlates with impaired renal function (65,66). 
Staining with picro-Sirius red followed by quantitative mor-
phometry and computer imaging has allowed more accurate 
measurements of interstitial matrix volume, which was a strong 
predictor of doubling of serum creatinine (67). Morphometric 
measurement of chronic renal damage using an interactive 
image analysis system that captures silver-stained images and 
outlines zones of chronic glomerular and tubulointerstitial 
injury predicted renal outcome better than WHO class (68). 
Renal tubular dysfunction has been demonstrated in some 
patients with lupus nephritis (69,70), and reports include 
hyperkalemic distal renal tubular acidosis (RTA) with hypo-
reninemic hypoaldosteronism (71–73).

In most instances of tubulointerstitial deposits, the asso-
ciated tubular atrophy, interstitial fibrosis, and inflammation 
accompany severe glomerular lesions. There are rare cases in 
which severe tubulointerstitial damage occurs in the presence 
of only trivial glomerular lesions (74–79), sometimes leading to 
acute renal failure. The presence of abundant tubulointerstitial 
deposits in most of these patients attests to their pathogenetic 
relationship to lupus rather than representing a superimposed, 
unrelated tubulointerstitial process (reviewed in (78)). In some 
of these cases, the tubulointerstitial damage is at least partially 
reversible with immunosuppressive therapy (76,78–81). There 
are rare reports of interstitial nephritis induced by anti–tubular 
basement membrane deposits, producing a linear fluorescence 
with antisera to IgG and C1q along the tubular basement 
membranes and the Bowman capsule (82).

VaScular leSionS

Vascular lesions are commonly encountered in renal biopsy 
specimens from patients with SLE and may assume a variety of 
morphologic forms (83,84), including uncomplicated vascular 
immune deposits, noninflammatory necrotizing vasculopathy, 

FIGURE 14.18 Lupus nephritis class IV. The immunofluorescence 
micrograph shows abundant granular deposits of IgG within the tubular 
basement membranes and interstitium. (× 200.)

FIGURE 14.19 Lupus nephritis class IV. This electron micrographs 
shows numerous electron-dense deposits within the wall of an interstitial 
capillary. (× 6000.)

0002062077.INDD   571 5/29/2014   12:14:13 PM



 Heptinstall’s Pathology of the Kidney572

thrombotic vasculopathy, true inflammatory vasculitis, and 
nonspecific arteriosclerosis (Table 14.5). Because assessment of 
vascular lesions is not factored into the ISN/RPS classification 
of lupus nephritis or formulation of the activity and chronicity 
index according to the National Institutes of Health (NIH) 
criteria, renal vascular lesions run the risk of being overlooked. 
This is especially the case when vascular lesions are focally 
distributed. To accurately classify renal vascular lesions, ves-
sels must be systematically examined by light, immunofluo-
rescence, and electron microscopy. The morphologic findings 
must then be analyzed in the context of particular clinical 
syndromes that may complicate SLE, including APL antibody 
syndrome (alternatively known as anticardiolipin syndrome), 
thrombotic thrombocytopenic purpura, renal vein thrombosis 
(RVT), and accelerated hypertension.

Klemperer reported a high incidence of renal vascular 
lesions in his autopsy-based study of SLE. The lesions pre-
dominantly involved small arteries and arterioles with fibrinoid 
alteration of the intima and subendothelium (28). Grishman 
and Venkataseshan (85) observed renal vascular lesions in the 
autopsy specimens of 8 (33%) of 24 patients who died in the 
presteroid era and 5 (25%) of 26 who died in the modern era, 
but with a much lower incidence in 19 (6.9%) of 276 renal 
biopsy specimens. A greater incidence of renal vascular lesions 
in autopsy (7 of 20) than biopsy (10 of 200) specimens was 
also described in an earlier report (86) and may be related to 
differences in sample size, severity, duration, and treatment 
of the lupus nephritis. Most studies are in agreement that the 
presence of renal vascular lesions of the thrombotic, necrotiz-
ing, or vasculitic type adversely affects renal outcome.

Attention to the importance of vascular lesions in SLE has 
been renewed in recent years (83–85,87–89). In a large Italian 
study of 285 patients with lupus nephritis from 20 nephrology 
centers, renal vascular lesions were found in 79 cases (27.7%) 
and included lupus vasculopathy (27 cases), hemolytic ure-
mic syndrome/thrombotic thrombocytopenic purpura (HUS/
TTP), or malignant hypertensive lesions (24 cases), vasculitis 
(8 cases), and arteriosclerosis or arteriolosclerosis (20 cases) 
(84). Renal vascular lesions were associated with a higher rate 
of progression to renal failure. The 5- and 10-year renal sur-
vival rates were 74.3% and 58.0%, respectively, for patients 
with renal vascular lesions, compared with 89.6% and 85.9% 
for those without renal vascular lesions (84). A recent prospec-
tive study also found renal vascular lesions to be associated 

with hypertension and reduced renal function at the time 
of biopsy, and both variables predicted poor renal outcome 
in multivariate analyses (87). A large Chinese study of 341 
patients with lupus nephritis found renal vascular lesions 
in 279 (82%), including 253 with uncomplicated vascular 
immune deposits, 82 with arteriosclerosis, 60 with thrombotic 
microangiopathy, 13 with noninflammatory necrotizing vas-
culopathy, and 2 with true arteritis (89). This group found 
that a statistical model that included vascular lesions was a 
superior predictor of outcome than traditional NIH activity 
and chronicity indices (89).

Uncomplicated Vascular Immune Deposits The most 
common renal vascular lesion in SLE is immune complex 
deposition in the walls of small arteries and arterioles; depo-
sition occurs to a lesser extent in veins (84,85,90,91). The 
affected vessels usually appear normal by light microscopy. 
Rarely, thickening of the subendothelial zone or medial 
intercellular zones by glassy hyaline eosinophilic material is 
observed by light microscopy, but the vessel lumen usually is 
not compromised (Fig. 14.20). Diagnosis requires the demon-
stration of granular deposits of immunoglobulin (IgG, IgM, 
and IgA in various combinations), often associated with C1q 
or C3 (Fig. 14.21). Finding IgM or C3 alone is insufficient 
to diagnose this condition, because these components are fre-
quently nonspecifically trapped in vessels with the ordinary 
arteriosclerosis or arteriolar hyalinosis that accompanies the 
more chronic inactive forms of lupus nephritis. By electron 
microscopy, granular, electron-dense deposits are identified in 
the intimal and perimyocyte matrix (Fig. 14.22). As in glomer-
ular immune deposits, some of these vascular immune deposits 
may exhibit an organized fingerprint substructure (83). Such 
vascular immune deposits may occur in classes II through V of 
lupus nephritis, but they are most common in the more active 
proliferative classes (III and IV), especially in association with 
tubulointerstitial deposits. Uncomplicated vascular immune 
deposits are usually clinically silent, and they have not been 
found to confer a higher risk of hypertension or progressive 
renal disease.

TABLE 14.5 Vascular lesions in lupus nephritis

Arteriosclerosis and arteriolosclerosis
Uncomplicated vascular immune deposits
Noninflammatory necrotizing vasculopathy (so-called lupus 

vasculopathy)
Thrombotic microangiopathy
Associated with HUS/TTP syndrome
Associated with APL antibodies
Associated with scleroderma/mixed connective tissue disease
Necrotizing vasculitis (PAN type)

HUS, hemolytic uremic syndrome; TTP, thrombotic thrombocytopenic purpura; 
PAN, polyarteritis nodosa.

FIGURE 14.20 Lupus nephritis class IV. Intimal immune deposits in 
the walls of interlobular arteries have caused slight thickening of the intimal 
basement membrane without significant luminal narrowing. (PAS; × 320.)
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Noninflammatory Necrotizing Vasculopathy Nonin-
flammatory necrotizing vasculopathy (i.e., lupus vasculopa-
thy) is far less common than simple vascular immune deposits 
(83). It affects predominantly preglomerular arterioles and, to 
a lesser extent, interlobular arteries, especially in the setting of 
severe active class IV lupus nephritis. The affected vessels are 
severely narrowed and sometimes occluded by abundant inti-
mal and luminal deposits of glassy eosinophilic material that 
may extend into the media (Fig. 14.23). This material is usu-
ally fuchsinophilic in trichrome-stained preparations and may 
demonstrate focal reactivity for fibrin with the Lendrum and 
PTAH stains (Fig. 14.24). The endothelium is often swollen or 
denuded, and there is smudgy degeneration and loss of medial 
myocytes, although without inflammatory infiltration of the 
vessel wall.

Bhathena coined the term lupus vasculitis (92), but 
we prefer the term lupus vasculopathy to depict this lesion 

because of the absence of vascular infiltration by inflamma-
tory cells (83). Immunofluorescence shows variable staining 
of the vessel intima and lumen for immunoglobulins (e.g., 
IgG, IgM, IgA), complement components (C3 and C1q), 
and fibrin-related antigens (Fig. 14.25). Electron microscopy 
usually reveals endothelial loss with mural deposits of granu-
lar, electron-dense material with the combined appearance of 
immune deposits and insudated plasma proteins, sometimes 
associated with fibrillar fibrin. Degenerative changes of the 
medial myocytes may be seen adjacent to these deposits but 
without leukocyte infiltration. These morphologic features 
strongly suggest that the combined processes of vascular 
immune deposition and intravascular coagulation contribute 
to their morphogenesis. Severe hypertension is not invariably 
associated with these lesions and is unlikely to be the primary 
etiologic factor. However, severe hypertension is common and 
probably exacerbates the vascular changes (85,93). In most 
series, lupus vasculopathy carries an ominous prognosis, with 
frequent, severe renal insufficiency, active urinary sediment, 
active lupus serologies, hypertension, and rapid progression 
to renal failure.

Thrombotic Microangiopathy Thrombotic microangiopa-
thy may be difficult to differentiate from the necrotizing, non-
inflammatory lupus vasculopathy described in the previous 
section (83). It may occur in association with distinct clini-
cal syndromes such as HUS/TTP, lupus anticoagulant/APL 
syndrome, overlap with scleroderma, or malignant hyperten-
sion. However, in a significant number of patients, thrombotic 
lesions are found in renal biopsies of patients with SLE who 
lack a recognizable systemic thrombotic process. Thrombotic 
vascular lesions most commonly affect preglomerular arterioles 
and interlobular arteries. Unlike lupus vasculopathy, they are 
also frequently associated with signs of glomerular thrombo-
sis, including glomerular fibrin thrombi, mesangiolysis, dou-
ble contours of the GBM enclosing subendothelial electron 
lucent flocculent material, and ischemic  glomerulosclerosis 

FIGURE 14.21 Lupus nephritis class IV. The fluorescence micrograph 
shows abundant granular staining for IgG within the intima and media of 
an interlobular artery. (× 400.)

FIGURE 14.22 Lupus nephritis class IV. The electron micrograph 
shows small, granular, electron-dense deposits within the subendothelial 
basement membrane of an interlobular artery. (× 2875.)

FIGURE 14.23 Lupus vasculopathy. The lumen of an arteriole is 
severely narrowed by intimal deposits of intensely eosinophilic mate-
rial suggestive of fibrin admixed with more lightly eosinophilic immune 
deposits. The endothelium is necrotic; there is no inflammation of the 
vessel wall. (H&E; × 500.)
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(Fig. 14.26). By light microscopy, the affected vessels are 
occasionally narrowed or occluded by intraluminal fibrin 
and platelet thrombi, which may be associated with endo-
thelial swelling and denudation (Fig. 14.27). The products of 
coagulation may penetrate the intima and sometimes contain 

 fragmented erythrocytes. There is no overt leukocyte infiltra-
tion of the media, although a rare neutrophil or lymphocyte 
may be entrapped in the luminal thrombosis. In the interlobu-
lar arteries, the intima may have a more mucoid, edematous 
appearance, with “onion skin” myointimal proliferation. By 
fluorescence microscopy, the affected vessels usually reveal 
intense, dominant staining for fibrin-related antigens, with 
variable positivity for IgM and C3. In contrast to lupus vas-
culopathy, IgG is usually absent from these lesions. Recently, 
C4d has been identified as a potential marker of glomerular 
thrombotic microangiopathy in lupus nephritis, irrespective 
of whether there was an associated APL antibody (94). The 
incidence of thrombotic lesions resembling HUS/TTP was 
8% of lupus nephritis patients according to a collaborative 
Italian study (84). Their presence was associated with reduced 
(66.3%) 5-year renal survival compared with 89.6% for lupus 
nephritis patients without renal vascular lesions. They may be 
superimposed on virtually any class of lupus nephritis including  
classes II (95), III (95), and IV (96).

Syndrome of Hemolytic Uremic Syndrome or Thrombotic 
Thrombocytopenic Purpura Some patients with biopsy 
features of thrombotic microangiopathy have a clinical syn-
drome of HUS or TTP, which may precede, be contemporane-
ous with, or follow clinical onset of SLE (83,97). Symptoms 
related to TTP include fever, malaise, petechial and purpuric 

FIGURE 14.24 Lupus vasculopathy. A double panel shows occlusion of preglomerular arterioles by eosinophilic deposits (A) that 
stain positive with Lendrum stain for fibrin (B). (× 500.)

A B

FIGURE 14.25 Lupus vasculopathy. An interlobular artery shows stain-
ing for IgA within its expanded intima. Similar deposits were seen for IgG, 
IgM, C3, C1q, and fibrinogen. The vessel lumen is nearly occluded. (× 600.)
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skin lesions, abdominal pain and bleeding, and neurologic 
symptoms, including reduced consciousness, seizures, tran-
sient pareses, and coma (95,98,99). Most well-documented 
cases have evidence of thrombocytopenia and microangio-
pathic hemolytic anemia. The results of other coagulation 
studies (e.g., prothrombin time, partial thromboplastin time, 
fibrin degradation products) have been normal, and the lupus 
anticoagulant is absent in most patients (83,95). Some cases 
have been linked to autoantibody to the von Willebrand fac-
tor cleaving protease ADAMTS-13 (100,101). An association 
with decreased serum complement factor H levels in some 
individuals suggests a role for dysregulation of the alternative 
complement pathway (101,102). Renal manifestations of the 
TTP-like process range from asymptomatic urinary abnormal-
ities to mild reduction in renal function to fulminant oligo-
anuric renal failure requiring dialysis. Hypertension has been 

absent in most cases (95,97,103) but present in others (84). 
The TTP has responded to the same therapeutic strategies 
used in idiopathic TTP. In the modern era, plasma exchange 
and plasma infusion have achieved greatly improved survival 
compared with older forms of therapy, including steroids, anti-
platelet agents, and splenectomy.

Lupus Anticoagulant or Antiphospholipid Syndrome  
Although Conley and Hartmann first described a lupus inhibi-
tor in 1951, it was only in the 1980s that the lupus antico-
agulant or APL syndrome was fully recognized as a major 
complication of SLE and related collagen-vascular diseases. 
Patients with this condition may have SLE, a lupus-like con-
dition that fails to fulfill ACR criteria for SLE (i.e., usually 
low-titer ANA with negative results for anti-DNA antibody), 
or primary APL syndrome (104–108). Slow recognition of the 
nature and clinical features of the APL syndrome is related in 
part to the diverse organ system involvement, which overlaps 
between specialties, including hematology, rheumatology, neu-
rology, nephrology, and obstetrics (109,110). The kidney is 
commonly affected in this condition, with overt renal mani-
festations in approximately 25% of patients (109). APL anti-
bodies have been detected in 25% to 50% of SLE patients, 
although a smaller percentage develops any clinical signs or 
symptoms of thrombosis (111,112). In an analysis of 29 pub-
lished series comprising greater than 1000 patients with SLE, 
there was a 34% incidence of lupus anticoagulant and 44% 
incidence of anticardiolipin antibodies (113).

The clinical features of APL syndrome are diverse and 
include superficial and deep venous thromboses, spon-
taneous abortions (from placental thrombosis), pulmo-
nary hypertension, cerebral infarcts and transient ischemic 
attacks, Budd-Chiari syndrome, livedo reticularis, cardiac 
valvular disease, adrenal hemorrhage, thrombocytope-
nia, and vague constitutional symptoms (114–117). Renal 
manifestations range from microthrombosis of glomerular 
capillaries and arterioles to thrombosis of intraparenchymal 
arteries to thrombosis of the main renal artery and vein, 
with secondary renovascular hypertension, renal cortical 
necrosis, and infarction (63,106,118–126) (Figs. 14.28 and 
14.29). Thrombi may be in various stages of organization 
and recanalization. Some cases are associated with ischemic 
subcapsular cortical scars (127). These features may pro-
duce a spectrum of renal clinical manifestations, including 
asymptomatic hematuria and mild proteinuria, hypertension 
(ranging from mild to malignant range), mild to severe renal 
insufficiency, nephrotic-range proteinuria, and rapidly pro-
gressive renal failure (126,128–133). Some patients with SLE 
develop catastrophic antiphospholipid syndrome (CAPS), 
also known as Asherson syndrome, which frequently involves 
the kidney and is life threatening (134). CAPS is defined as 
follows: (a) clinical evidence of involvement of at least three 
organ systems over a period of less than 1 week, (b) histologic 
confirmation of thrombosis in at least one organ system, and 
(c) documented APL antibody, which is usually present at 
high titer.

In 1981, Kant et al. (30) first called attention to the strong 
association between the existence of a circulating lupus anti-
coagulant and the occurrence of glomerular capillary throm-
bosis, which often could not be explained by the activity of 
the glomerulonephritis. In 1988, Kincaid-Smith described  

FIGURE 14.26 Thrombotic thrombocytopenic purpura–like syn-
dromein SLE. This glomerulus displays features of acute thrombotic 
microangiopathy, including marked glomerular capillary congestion, endo-
thelial swelling and necrosis, and glomerular capillary thrombosis with 
entrapment of fragmented erythrocytes (i.e., schistocytes). (H&E; × 320.)

FIGURE 14.27 Thrombotic thrombocytopenic purpura–like syn-
drome in SLE. The preglomerular arteriole and many glomerular cap-
illaries are occluded by fibrin thrombi. The arteriolar and glomerular 
endothelium appears denuded. (Jones methenamine silver, × 320.)
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a syndrome of pregnancy-associated thrombotic microangi-
opathy in 12 young women with APL syndrome, 8 of whom 
had no evidence of SLE and 4 of whom had SLE, including 
2 with proliferative glomerulonephritis (135). D’Agati et al. 
(129) stressed that the occurrence of thrombotic microangi-
opathy in APL syndrome could not be accounted for by sec-
ondary intravascular coagulation caused by active proliferative 
and necrotizing lupus nephritis.

In SLE, thrombotic microangiopathy related to APL syn-
drome may occur in a variety of classes of lupus nephritis. 
In a study of 26 patients with APL antibodies and renal dis-
ease but failing to fulfill ACR criteria for SLE, there was a 
particular predominance of membranous lupus-like nephritis 
with or without features of associated thrombotic microangi-
opathy on renal biopsy (136). In these 26 cases, renal biopsy 
disclosed pure thrombotic microangiopathy in 4 cases, throm-
botic microangiopathy combined with lupus-like nephritis 
in 11 cases, and lupus-like nephritis alone in 4. The lupus-
like nephritis consisted of membranous glomerulonephritis 
in 11, mesangial proliferative in 3, and focal proliferative in 

1 (136). In a study by Daugas et al. (127), renal lesions of 
APL syndrome were detected in 32% of lupus patients with 
renal biopsies, superimposed on or independently of lupus 
nephritis. The renal biopsy findings of APL nephropathy were 
statistically associated with lupus anticoagulant, but not with 
anticardiolipin antibodies, and were independent risk factors 
for the development of hypertension, elevated serum creati-
nine, and increased interstitial fibrosis (127). Moroni et al. 
(137) prospectively followed 111 patients with lupus nephri-
tis for mean of 173 months and found an overall prevalence 
of APL antibody in 26% of patients; the presence of an APL 
antibody was associated with worse renal survival. In a study 
of 151 lupus patients with or without APL antibody, renal 
biopsy features of thrombotic microangiopathy were identi-
fied in 40% of lupus patients with APL antibody compared 
to only 4% of lupus patients without APL antibody (138). 
There was a higher frequency of hypertension and renal insuf-
ficiency in those with nephropathy related to APL antibody. 
Interestingly, some patients with apparently primary APL syn-
drome evolve into SLE over time, suggesting these conditions 
are related (139).

The APL antibody syndrome is caused by antibodies 
to a family of naturally occurring phospholipids (including 
cardiolipin, phosphatidylcholine, phosphatidylserine, phos-
phatidylinositol, and others) and/or to the β2-glycoprotein 
1 (β2GP-1) to which they bind (140). Laboratory diagnosis 
is made by demonstration of a positive lupus anticoagulant 
or demonstration of APL or β2GP-1 antibodies by enzyme-
linked immunosorbent assay (ELISA).

The lupus anticoagulant test depends on the prolongation 
of clotting tests such as the activated partial thromboplastin 
time, kaolin clotting time, or dilute Russell viper venom time 
owing to interference with the phospholipid component of the 
prothrombin activator complex, consisting of factors Xa, V, 
Ca2+, and phospholipid. LAC activity is defined as an unex-
plained prolongation of the activated partial thromboplastin 
time that is not reversed when the patient’s plasma is diluted 
1:1 with normal platelet-free plasma (a procedure that would 
be expected to reverse clotting caused by factor deficiencies) 
(141). This occurs because the patient’s plasma contains an 
inhibitor. Although the presence of a lupus anticoagulant pro-
longs phospholipid-dependent coagulation tests in vitro, it 
rarely causes bleeding problems. Thus, in so far as the “lupus 
anticoagulant” promotes coagulation in vivo, it is something 
of a misnomer.

ELISA for APL antibodies uses a phospholipid matrix 
of hexagonal-phase phospholipids (142), which more closely 
resemble the structure of endothelial membrane-associated 
phospholipids, or a platform of β2GP-1 itself. Some ELISAs 
are able to distinguish APL antibody reactive to phospholipids 
alone from antibody to phospholipids that requires the pres-
ence of β2GP-1 and from antibody to β2GP-1 that is inde-
pendent of the presence of phospholipids. ELISA for APL 
antibodies is reported as specific titers and an immunoglobulin 
class (IgG, IgM, or IgA), both of which may have prognostic 
importance. In SLE patients, high-titer IgG APL antibodies 
correlate best with thrombotic episodes and obstetrical com-
plications, although even moderate titers of IgG APL antibody 
may give rise to severe thrombotic events. In general, the titers 
of APL antibodies do not correlate with anti-DNA antibody 
titers or complement levels. IgM APL antibodies are less  

FIGURE 14.28 Lupus anticoagulant syndrome in SLE. An interlobu-
lar arteries contains fresh and recanalized thrombus. (H&E, × 400.)

FIGURE 14.29 Lupus anticoagulant syndrome in SLE. An interlobu-
lar artery is narrowed by organizing thrombus. There is adjacent tubular 
atrophy and interstitial fibrosis. (Masson trichrome; × 200.)
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closely linked to APL syndrome and may be a manifestation of 
drug-induced APL antibody, particularly from procainamide. 
IgA APL antibody has been linked to a higher incidence of 
thrombocytopenia in some reports. Many patients have APL 
antibodies of more than one class. False-positive Venereal 
Disease Research Laboratory (VDRL) test results have been 
obtained from APL antibodies reactive with the cardiolipin and 
phosphatidylcholine component of beef heart used in this assay.

The pathogenesis of thrombosis in patients with APL 
syndrome is uncertain. In many patients, the binding of anti-
cardiolipin antibody to phospholipid appears to depend on a 
plasma cofactor, β2GP-1, which has a high affinity for anionic 
phospholipids (143–145). The means by which this interaction 
promotes coagulation may involve direct endothelial damage 
or platelet activation. There is also evidence that these antibod-
ies bind to lipid surfaces that have been altered by oxidants, 
thereby exposing novel epitopes that are themselves immuno-
genic (146). Altered endothelial cell functions may result, pro-
moting thrombosis or decreased fibrinolysis through reduced 
production of free protein S, decreased activation of protein C 
by thrombomodulin, reduced prostacyclin, and reduced pro-
thrombinase activity.

Optimal therapy for SLE patients with APL antibod-
ies, with and without thrombotic events, has not been clearly 
defined. Most clinicians advocate high-dose anticoagulation 
with heparin followed by long-term warfarin for patients with 
APL antibodies who have suffered thrombotic complications to 
prevent recurrent thromboses. More controversial are the large 
numbers of lupus patients with APL antibody who have not 
manifested clinical features of APL syndrome. Options include 
no specific therapy or aspirin alone; a role for prophylactic anti-
coagulation has not been defined (147). Although steroid or 
cytotoxic therapy may alter APL antibody titers, immunosup-
pressive therapy does not reduce the risk of thrombosis (140).

Renal Vasculitis True inflammatory vasculitis in which 
there is leukocyte infiltration of vessel walls, often accompa-
nied by necrosis, is the least common vascular lesion encoun-
tered in renal biopsies from lupus patients (83). This form of 
renal vasculitis, which is histologically indistinguishable from 
that seen in polyarteritis nodosa or microscopic polyangiitis, is 
so rare in lupus nephritis that some have questioned whether 
it may not represent an overlap with some other forms of 
vasculitis. Some of these patients have clinical evidence of 
systemic vasculitis, but others appear to have renal-limited 
vasculitis. We have seen an example of necrotizing inflamma-
tory vasculitis in the kidney and probable cerebral vasculitis 
with associated seropositivity for antineutrophil cytoplasmic 
antibody (ANCA). This form of renal vasculitis has not been 
studied systematically, owing to the rarity of the lesion and 
the fact that most of the reported patients antedate the avail-
ability of serologic testing for ANCA. This form of renal vas-
culitis was observed in 1 (1.8%) of 56 patients reported by 
Appel et al., 1 (0.3%) of 326 reported by Grishman et al., 8 
(2.8%) of 285 reported by Banfi et al., and 2 of 279 (0.7%) 
reported by Wu et al. (18,84,85,89). Morphologically, these 
lesions are the only form of lupus-associated vascular disease 
in which there is true inflammatory infiltration of the intima 
and media by neutrophils and mononuclear leukocytes, often 
accompanied by fibrinoid necrosis and rupture of elastic 
lamellae (Fig. 14.30).

Immunofluorescence discloses strong staining for fibrin-
related antigens, with weak and more variable staining for 
immunoglobulin and complement, probably representing 
nonspecific trapping of plasma proteins in areas of necrosis. 
Electron microscopic descriptions of these lesions are lacking, 
and it is unknown whether affected vessels contain electron-
dense immune deposits.

This lesion may occur in the setting of any class of active 
or inactive lupus nephritis. Because of its extremely poor prog-
nosis and need for aggressive immunosuppressive therapy, the 
occurrence of true inflammatory vasculitis in a renal biopsy 
specimen should be promptly reported.

Immunofluorescence Microscopy
Lupus nephritis is one of the few diseases of the kidney in which 
immune deposits can be detected in all renal compartments, 
including the glomeruli, tubules, interstitium, and blood vessels. 
The immunofluorescence staining pattern is often extremely 
helpful in confirming a diagnosis of lupus nephritis when the 
diagnosis of SLE may be in doubt at the time of biopsy.

Although individual patterns of immunofluorescence 
staining are highly variable and are discussed in more detail 
in the section on the various ISN/RPS classes, some general 
remarks are applicable to all classes. Data from four different 
series giving the frequency of positivity of different antisera are 
listed in Table 14.6 (18,148–150). IgG is found almost univer-
sally. There are codeposits of IgM and IgA in most specimens. 
The corresponding presence of both light chains indicates the 
polyclonal nature of the immunoglobulins. Some investiga-
tors have identified a more intense staining of the IgG and IgA 
deposits with antisera to λ than κ (151), although this λ domi-
nance is less pronounced than that observed in IgA nephropa-
thy (152). Others have observed a κ predominance or equal 
intensity of light chain staining in lupus nephritis (152). C3 is 
the most frequent complement component, followed by C1q, 
which usually stains very intensely, sometimes in the absence 
of C3 and C4 (152). C4 stains least frequently and often most 
faintly. The presence of early complement components C1q 

FIGURE 14.30 Acute necrotizing vasculitis in SLE. This patient with 
class IV lupus nephritis and multisystem vasculitis had necrotizing, inflam-
matory vasculitis of several small interlobular arteries. There is transmural 
infiltration by neutrophils and lymphocytes, with abundant intimal fibrin 
and necrosis of the media. (H&E; × 320.)
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and C4 attests to the activation of complement by the clas-
sic pathway (153). The staining pattern is called “full house” 
(meaning 3 of a kind and 2 of a kind in poker parlance) when 
deposits containing all three immunoglobulin classes (IgG, 
IgM, and IgA) and both complement components (C3 and 
C1q) are present.

Properdin can also be identified in the glomerular 
deposits (154), suggesting that complement is also activated 
through the alternative pathway. Membrane attack complex 
(C5 through C9) has also been identified in the glomeru-
lar deposits (155). Fibrin-related antigens are commonly 
intensely positive in areas corresponding to necrotizing 
lesions and in the urinary space in association with active 
crescents (Fig. 14.31). Weaker positivity for fibrin may also 
persist in older fibrous crescents. In contrast to the intense 
and discretely localized positivity for fibrin in necrotizing 
glomerular lesions, it is not uncommon to observe a more 
generalized and weaker positivity for fibrin outlining the 
glomerular tuft in cases of diffuse proliferative glomerulo-
nephritis without necrotizing features by light microscopy. 
It is likely that fibrin is deposited in the course of activa-
tion of the coagulation cascade through glomerular capillary 
immune deposition, leukocyte infiltration, and endothelial 
activation. Because antibodies to fibrin-related antigens 

do not differentiate fibrin I, fibrin II (cross-linked fibrin), 
fibrinogen, and fibrin degradation products, more specific 
antisera can be used to differentiate between these coagula-
tion products (156,157). These studies show that fibrinogen 
may be detected in glomeruli without histologically identi-
fiable thrombi and that the presence of cross-linked fibrin 
correlates best with active necrotizing lesions (157). C4d 
is a newly identified biomarker associated with glomerular 
thrombosis in lupus nephritis (94) but can also colocalize 
with immune deposits.

Another commonly observed phenomenon in immuno-
fluorescence studies is the detection of tissue ANA in renal 
biopsies (158). Although ANA is detectable by indirect immu-
nofluorescence using tumor cell lines as substrate in up to 
98% of lupus patients, for unknown reasons only a fraction 
of patients with lupus exhibit ANA reactivity in their own 
renal biopsies. Reactivity consists of positive staining of the 
renal epithelial nuclei with antisera to IgG (in a homogeneous, 
speckled, or rim pattern similar to that observed in serum ANA 
testing) (Fig. 14.32). This phenomenon has long been con-
sidered an artifact of the cryostat sectioning allowing ambient 
ANA in the patient’s serum to bind to the nuclei exposed in the 
course of sectioning, rather than representing an in vivo phe-
nomenon. ANA reactivity is revealed by adding fluoresceinated 

TABLE 14.6 Incidence of positive glomerular immunofluorescence for different antisera from four series

Antiserum
Appel  

et al. (18)
Cameron  

et al. (741)
Hill et al  

(149)
Sinniah and  
Feng (150) Total

Percentage  
positive

IgG 24/27 38/41 56/64 32/32 150/164 91.5
IgM 26/29 29/41 41/64 16/32 112/166 67.5
IgA 13/28 23/41 41/64 21/32  98/165 59.4
C1q 24/31 21/32 30/40 —  75/103 72.8
C4 — 18/31 20/53 —  38/85 44.7
C3 26/29 32/41 47/63 29/32 134/165 81.2
Fibrin(ogen) 6/13 12/40 17/62 29/32  64/147 43.5

FIGURE 14.31 Lupus nephritis class III. There is strong staining for 
fibrin/fibrinogen in the distribution of a segmental necrotizing lesion. 
(Immunofluorescence micrograph, × 500.)

FIGURE 14.32 Lupus nephritis class IV. The immunofluorescence 
micrograph shows tubular ANA reactivity in this cryostat section stained 
for IgG. This finding has been referred to as “tissue ANA.” (× 600.)
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rabbit antihuman IgG in a standard fashion. However, 
 experimental data on murine lupus suggest that ANA may 
penetrate and bind to the nuclei of intact cells and therefore 
may occur in vivo (159,160). In cases with strong tissue ANA 
(particularly speckled type), the diffuse nuclear staining for 
IgG may interfere with detection of true immune deposits in 
glomeruli and the tubulointerstitium, requiring careful inte-
gration with the results of immunofluorescence staining for the 
other immune reactants.

Electron Microscopy
The electron microscopic appearances of the kidneys from 
SLE patients are exceedingly diverse. Deposits in the glom-
eruli may range from sparse and small to abundant and large. 
The mildest glomerular alteration consists of small, discrete, 
mesangial electron-dense deposits (in lupus nephritis class I or 
II). In specimens with severe glomerular immune deposition, 
electron-dense deposits consist of copious mesangial deposits 
and involve subendothelial, intramembranous, and subepithe-
lial locations, even to the point of obliterating the glomeru-
lar capillary lumina in the more dramatic examples of diffuse 
proliferative glomerulonephritis (Fig. 14.33). Many researchers 
(18,161,162) have emphasized that voluminous deposits in all 
these locations simultaneously are seldom found in conditions 
other than lupus nephritis, with the exception of some forms 
of primary and secondary membranoproliferative glomerulo-
nephritis type 3.

Of the types of deposits found in lupus nephritis, the 
subendothelial deposits correlate best with clinically active dis-
ease. These subendothelial deposits distributed in a diffuse and 
global pattern are the ultrastructural hallmarks of the most omi-
nous pattern of lupus nephritis class IV, whereas they are more 
focal or segmental in class III. The various patterns of immune 
deposit formation in the glomerulus will be described later in 
the section on WHO classification of glomerular lesions.

In lupus nephritis, electron-dense deposits are predomi-
nantly finely granular in texture, but in a few cases the deposits 
may be partially organized, exhibiting a fingerprint, microtu-
bular, or lattice-like substructure (Figs. 14.34 and 14.35). This 

substructure usually does not affect all deposits completely 
or uniformly but is identified focally in just a portion of an 
otherwise granular deposit, especially in the larger intralumi-
nal or subendothelial deposits. Fingerprint substructure, first 
described by Grishman et al. (163), consists of curved arrays 
of from two to six parallel dark bands of various lengths alter-
nating with light bands arranged around a center, producing 
a configuration that mimics a fingerprint (Figs. 14.36 and 
14.37). The diameter of the bands varies from 10 to 15 nm, and 
the distance from the center of one band to the center of the 
next gives a periodicity of 22 to 29 nm. These bands are usu-
ally curved, but some may be straight and seemingly tubular. 
Cross-striations are sometimes discernible between the bands 
(Fig. 14.37). These structures somewhat resemble the annular-
tubular deposits regularly identified in mixed cryoglobuline-
mia (see Chapters 22 and 23), suggesting that they represent 
cryoglobulins. Type 3 cryoglobulins containing two polyclonal 
immunoglobulins of various classes are common in SLE.

Although this hypothesis has not been studied system-
atically in a large number of patients, cryoglobulinemia was 
documented in three of five lupus patients with glomerular 
fingerprint deposits (164). Several cases of lupus nephritis 

FIGURE 14.33 Lupus nephritis class IV. Electron micrograph shows 
luminal obliteration by a massive glomerular capillary electron-dense 
deposit corresponding to a “hyaline thrombus.” (× 2300.)

FIGURE 14.34 Lupus nephritis class IV. Electron micrograph shows 
an organized mesangial electron-dense deposit with tubulofibrillar 
 substructure resembling that seen in cryoglobulinemia. (× 80,000.)
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FIGURE 14.35 Lupus nephritis class IV. A large subendothelial deposit displays an organized substructure composed of parallel 
linear arrays resembling those seen in some forms of cryoglobulinemia. (Electron micrographs; A, × 10,000; B, × 30,000.)

A B

FIGURE 14.36 A subendothelial electron-dense deposit displays a 
fingerprint-whorled, lamellated substructure. (× 40,000.) (From Churg J, 
Grishman E. Ultrastructure of immune deposits in renal glomeruli. Ann 
Intern Med 1972;76:479.)

FIGURE 14.37 Electron micrograph of a subendothelial deposit 
with a fingerprint substructure shows it to be composed of curvilin-
ear, concentric, membranous structures with fine cross- hatching. 
The remainder of the deposit has a granular texture. (× 100,000.)
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with a mixed IgG-IgA-IgM cryoglobulin exhibited the same 
fingerprint substructures on ultrastructural study of the cryo-
precipitate and the glomerular deposits (164,165). Moreover, 
fingerprint substructures similar to those in SLE have also been 
described in some cases of monoclonal IgG cryoglobulinemia 
(166). It appears that the fingerprint deposits are not specific 
for SLE but reflect the composition of the associated immune 
deposits.

Schwartz et al. (167) pointed out that the subepithelial 
deposits seen in diffuse proliferative lupus nephritis are often 
different from those in membranous lupus nephritis. In the 
membranous form, the subepithelial deposits tend to be more 
uniform in size, consistency, and distribution. In contrast, they 
are often irregularly distributed and heterogeneous in size in 
the diffuse proliferative form, in which one loop may have 
many small subepithelial deposits and an adjacent loop may 
have none at all. Moreover, in lupus nephritis, it is common for 
some subepithelial deposits to traverse the full thickness of the 
GBM in continuity with underlying subendothelial deposits, a 
phenomenon not observed in primary membranous glomeru-
lonephritis. Fingerprint substructure may also be identified in 
the subepithelial deposits of lupus nephritis but not in primary 
membranous glomerulonephritis.

The use of scanning electron microscopy has illustrated 
the diversity and complexity of the GBM alterations in lupus 
nephritis. Using a technique to extract the cells and deposits 

from the GBMs, Weidner and Lorentz (168) examined the 
naked GBM in several classes of lupus nephritis. In focal and 
diffuse proliferative lupus nephritis they found small craters on 
the GBM, sometimes in clusters corresponding to the sites of 
small subepithelial and incorporated intramembranous depos-
its. In some cases with membranoproliferative features, extensive 
web-like arrays of basement membrane were found on the inner 
aspect of the capillary walls, corresponding to sites of GBM 
remodeling and subendothelial extension of mesangium into the 
peripheral capillaries (Fig. 14.38). The most dramatic alterations 
of GBM texture were identified in the forms of membranous 
lupus nephritis. Depending on the stage of development, the 
membranous alterations produced fields of crater-like pitting of 
the GBM or nodular plaques consisting of incorporated depos-
its (see Fig. 14.38). More advanced cases exhibited a complex 
moth-eaten appearance corresponding to intramembranous 
deposits with extensive remodeling of the GBM.

The ultrastructural morphogenesis of hematoxylin bod-
ies was elegantly described by Cohen and Zamboni (169)  
(Fig. 14.39). They consist of two major components of prob-
able nuclear and cytoplasmic origin. The first, which probably 
is nuclear, occupies a central position and ranges from irregu-
lar aggregates of marginated and coarsely clumped chromatin 
to more spheroid masses of moderately electron-dense, finely 
granular, or amorphous material. These masses are sometimes 
lobulated, suggesting a possible neutrophilic origin. This central  

FIGURE 14.38 A: SEM from a patient with the membranoprolifera-
tive variant of lupus nephritis. Notice the web-like network on the inner 
aspect of capillary basement membrane, which probably represents 
subendothelial extension of mesangial matrix. (× 5500.) B: SEM of a 
glomerulus from a patient with membranous lupus nephritis shows 
discrete crater-like deformities, some containing “balls” of immune 
complex material. (× 687.) C: Higher-power view of the glomerulus 
in (B) shows crater-like deformities and immune complex–like balls 
in greater detail. (× 5500.) (From Weidner N, Lorentz WB. Scanning 
electron microscopy of the acellular glomerular and tubular basement 
membrane in lupus nephritis. Am J Clin Pathol 1986;85:135.)

A B

C
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component is partly or completely enveloped by membranes. 
The second component, presumed to be cytoplasmic in origin, 
consists of aggregates of vesicles, vacuoles, glycogen granules, 
and other spheroidal or rod-shaped granules, some of which 
exhibit swollen cristae identifiable as degenerating mitochon-
dria. In some cases, the characteristics of the granules are 
identical to those of specific granules of neutrophils. These 
cytoplasmic components are surrounded by a continuous or 
fragmented membrane, which probably represents the origi-
nal plasma membrane. These structures are enclosed within 
large phagocytic vacuoles of cells that appear to be mesan-
gial or monocytic in origin. Adjacent mesangial deposits are 
often identified surrounding the phagocytic mesangial cell. 
The morphologic appearance of these structures is similar 
to the description of the LE cell by Maldonado et al. (170). 
Grishman and Churg (171) published electron microscopic 
studies of hematoxylin bodies that occurred in arterial walls in 
the absence of inflammation.

Another common and characteristic ultrastructural find-
ing in lupus nephritis is intracellular tubuloreticular inclu-
sions (TRIs) (172) (Fig. 14.40). These structures are most 
often identified in glomerular endothelial cells, in which they 
may reach large size and commonly number several per glom-
erulus. They are also readily detected in the endothelium of 
interstitial capillaries and arteries of the kidney. Rarely can 
they be identified in glomerular epithelial or mesangial cells. 
TRI also occur in affected and normal skin in chronic discoid 
and systemic lupus, in synovium, and in lymphocytes (173–
175). These structures were first reported in the kidney biopsy 
of patients with SLE by Gyorkey et al. (176) in 1969 and  

consist of 23-nm interanastamosing tubular structures mea-
suring 8 nm in their inner diameter and up to 100 nm long. 
They are always located in dilated cisternae of endoplasmic 
reticulum. When first reported, their resemblance to myxovi-
rus particles suggested that they might represent viral particles 
(176,177). However, Schaff et al. (178) demonstrated that the 
inclusions were not digestible by ribonuclease or deoxyribonu-
clease and had chemical properties suggestive of phospholipid 
and acid glycoproteins, a composition not consistent with 
actual virions. These structures are inducible in normal lym-
phocytes on exposure to interferon-α in vitro, earning them 
the eponym interferon footprints (179).

The precise cellular function of these structures remains 
unknown. Although they are identifiable in most cases of lupus 
nephritis, TRI are not specific for SLE (180). They are com-
mon in patients with human immunodeficiency virus (HIV) 
infection and to a lesser extent other collagen-vascular diseases 
(181). They may even be identified in a few healthy individu-
als. In some patients with apparent primary membranous glo-
merulonephritis, the finding of TRI may presage development 
of overt SLE months to years later (182–184).

In cases with significant glomerular proteinuria (most 
common in class V but also observable in class IV and class 
III nephritis), the podocytes display a variety of cytoplasmic 

FIGURE 14.39 Lupus nephritis class IV. Electron micrograph of a 
hematoxylin body with a densely rounded central core of altered nuclear 
material and surrounding cytoplasmic elements consisting of degenerating 
organelles, all contained within a discontinuous membrane (arrows). V, vac-
uoles; G, granules. (× 21,402.) (From Cohen AH, Zamboni L. Ultrastructural 
appearance and morphogenesis of renal glomerular hematoxylin bodies. 
Am J Pathol 1977;89 :105.)

FIGURE 14.40 The electron micrograph shows TRIs within the endo-
thelial cell (arrow) of a glomerular capillary and scattered, subepithelial, 
electron-dense deposits. (× 14,000.) (Courtesy of Dr. Antonovych, Armed 
Forces Institute of Pathology, Washington, DC.)

0002062077.INDD   582 5/29/2014   12:14:54 PM



 Chapter 14 | Connective Tissue Diseases 583

alterations that are common to many other glomerular dis-
eases manifesting altered glomerular permeability. These ultra-
structural alterations include variable foot process effacement, 
condensation of cytoskeletal microfilaments, microvillous trans-
formation, and cellular hypertrophy with increased organelles, 
including endoplasmic reticulum, mitochondria, and mem-
brane bound vesicles, some of which contain electron-dense 
material suggestive of resorbed proteins.

Classification of Lupus Nephritis
Historical Perspective
Because of the wide variety of renal manifestations of SLE, sev-
eral classifications of lupus nephritis have been proposed. The 
first to gain wide acceptance were those of Pollak et al. (185) in 
Chicago and the New York group of Baldwin et al. (186). These 
early classifications were based entirely on the light micro-
scopic appearance of the glomeruli and essentially recognized 
three major categories: focal proliferative lupus nephritis (i.e., 
lupus glomerulitis), diffuse proliferative lupus nephritis (i.e., 
active lupus glomerulonephritis), and membranous glomeru-
lonephritis. These seminal classification systems of the 1960s 
failed to acknowledge the existence of milder mesangial forms 
of the disease because the existence of the mesangial cell was 
not yet fully appreciated. It was not until 1977 that Baldwin 
et al. (93) added a fourth category of mesangial lupus nephri-
tis. The subclassification of mesangial lupus nephritis into 
forms with mesangial hypercellularity and mesangial deposits 
(IIb) compared with those with mesangial deposits but lack-
ing mesangial hypercellularity (IIa) was solidified by Appel  
et al. (18) in their 1978 study of the natural history and biopsy 
features of a large population of patients with lupus nephritis.

The original WHO classification, which arose from a meet-
ing of renal pathologists and nephrologists in Buffalo in 1974, 
was first published in preliminary form in 1975 by McCluskey 
(17), with further refinements in 1978 (18) (see Table 14.1). It 
was further modified by the Pathology Advisory Group of the 
ISKDC during a meeting in Paris in 1980 to define a number 
of subclasses (see Table 14.2). This modified classification, pub-
lished in 1982, was the first to receive the formal imprimatur 
of the WHO (19). The use of numerous subcategories and the 
handling of mixed classes made this classification cumbersome 
to use. Most controversial was the subdivision of the membra-
nous category into designations Va through Vd. Many renal 
pathologists preferred to treat lesions in class Vc as mixed classes 
III and V lupus nephritis and those in class Vd as mixed classes 
IV and V lupus nephritis. This bias is justified by the ample 
clinical evidence that patients in class Vc and Vd do not behave 

as membranous disease but have a poor prognosis even worse 
than that of uncomplicated diffuse proliferative lupus nephritis 
(187). Accordingly, subgroups Vc and Vd were deleted from 
the 1995 modified classification (20).

The ISN/RPS 2003 WHO classification revisited was 
formulated by a group of 23 individuals including renal 
pathologists, nephrologists, and rheumatologists at Columbia 
University in May 2002 (see Fig. 14.1 and Table 14.3) (21,22). 
The meeting was spurred by a universally perceived need to 
reexamine the existing classifications, eliminate ambiguities, 
clarify and standardize definitions, and facilitate uniformity in 
reporting. The 2003 classification has the advantage of defin-
ing very precisely the distinctions between each class and the 
threshold for the diagnosis of each. Features of activity and 
chronicity are clearly delineated. In many ways, it is a return 
to the simplicity of the original WHO classification, while 
incorporating modern refinements in our understanding of 
activity and chronicity. Inconsistencies, such as the designa-
tion of a normal biopsy as a form of class I lupus nephritis, 
were eliminated. Mesangial lesions are clearly separated into 
class I and class II depending on the absence or presence of 
histologically identifiable mesangial expansion. Classes III 
and IV are separated unequivocably based on the percentage 
of glomeruli affected by active and chronic lesions. The clas-
sification requires that sclerotic glomeruli representing scarred 
lesions of lupus nephritis be factored into the total number of 
glomeruli affected. Probably the most controversial aspect is 
the introduction of a subdivision of class IV based on whether 
the lesions are predominantly segmental or global, which was 
designed to test the significance of this differentiation. The 
threshold for the diagnosis of membranous class V as an iso-
lated or additional class (superimposed on a proliferative class) 
is clearly defined. And finally, the threshold for a diagnosis of 
class VI is delineated with the qualification that there should 
be no residual activity. The classification requires that the diag-
nostic line include entries for the attendant tubulointerstitial 
and vascular lesions.

Table 14.7 details the incidence of the various classes of 
lupus nephritis in renal biopsy specimens using the ISN/RPS 
classification in several large series, comprising 1341 subjects 
in total. The average frequencies were class I, 1.3%; class II, 
9.3%; class III, 20.6%; class IV, 46.6%; class V, 20.3%; and 
class VI, 1.6%. Although there is some variability between 
series, the diffuse proliferative category is the most frequent, 
accounting for 37% to 66% of patients who have had biop-
sies. Membranous lesions are less common, averaging 20.3% 
(range, 8% to 29%).

TABLE 14.7 Frequencies of histologic patterns of lupus nephritis (ISN/RPS classification)

  Histologic type (%)

Study
Number of 

patients Class I Class II Class III Class IV Class IV-S Class IV-G Class V Class VI

Markowitz (234) 640 < 1% 7.8% 23.7% 53.1% — — 15% < 1%
Kojo (221)  99  3%  13%  9%  66% 20% 46%  8%  1%
Yokoyama (215)  60  15%  17%  13%  38% 10% 28% 17% —
Seshan (193) 541  1%  10%  20%  37% 16% 21% 29%  3%
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Pathologic Findings by ISN/RPS Classification With 
Clinical Correlates
claSS i: minimal meSanGial lupuS nephriTiS

According to the ISN/RPS classification, class I denotes normal 
glomeruli by light microscopy with mesangial immune depos-
its detected by immunofluorescence and/or electron micros-
copy. This is the mildest glomerular lesion in lupus nephritis. 
In the original WHO classification, class I had been defined as 
a normal renal biopsy from a patient who fulfills ACR criteria 
for SLE. There are few examples of class I lupus nephritis so 
defined because these patients generally have no clinical renal 
abnormalities and are not referred to a nephrologist for biopsy. 
Because normal biopsies in SLE are so rare and to classify them 
as a form of “lupus nephritis” is a contradiction in terms, this 
normal category was eliminated from the ISN/RPS classifica-
tion and replaced with the original WHO class IIa.

There are no glomerular histologic abnormalities, and the 
glomerular tuft is normocellular (Fig. 14.41). By immunofluo-
rescence, there are immune deposits limited to the mesangium 
(Fig. 14.42). The mesangial deposits tend to be small and vary 

from segmental to global in distribution. By electron micros-
copy, small electron-dense deposits are present in the mesan-
gium (Fig. 14.43). No electron-dense deposits are identified 
involving the peripheral glomerular capillary walls.

Patients with class I lupus nephritis usually have minimal 
urinary findings of microhematuria or mild subnephrotic pro-
teinuria. Renal function is normal. Despite the very mild clinical 
renal abnormalities, the systemic manifestations of lupus and 
lupus serologies may be active.

claSS ii: meSanGial proliferaTiVe lupuS nephriTiS

According to the ISN/RPS schema, class II is defined as purely 
mesangial hypercellularity of any degree and/or mesangial 
matrix expansion by LM with mesangial immune deposits. 
There may be rare isolated minute subepithelial or subendo-
thelial deposits by immunofluorescence or electron microscopy 
that are not visible by light microscopy. In the original (1974) 
WHO classification, class II had been subdivided into class 
IIa and IIb according to the absence or presence of mesangial 
hypercellularity, respectively. In the ISN/RPS classification, the 
original WHO class IIa has become class I and the original 
WHO class IIb has become class II.

FIGURE 14.41 Lupus nephritis class I. The glomerulus is normal in 
cellularity, and the GBMs are unremarkable. (PAS; × 500.)

FIGURE 14.42 Lupus nephritis class I. Immunofluorescence micros-
copy shows delicate mesangial positivity for immunoglobulin G, although 
no abnormalities were seen by light microscopy. (× 600.)

FIGURE 14.43 Lupus nephritis class I. The electron micrograph 
shows small, mesangial, electron-dense deposits. No deposits involve the 
peripheral GBMs, and foot processes are intact. (× 2500.)
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By light microscopy, there is mesangial proliferation of 
any severity (Fig. 14.44). Mesangial hypercellularity is defined 
as ≥3 mesangial cells in mesangial areas away from the vas-
cular pole, assessed in 3-μm-thick histologic sections. The 
mesangial proliferation is usually mild to moderate and does 
not significantly compromise the glomerular capillary lumen. 
It may vary in distribution from focal to diffuse and may 
involve the glomerular tuft segmentally or globally. Variable 
increase in mesangial matrix may accompany the mesangial 
hypercellularity. Usually, the mesangial deposits are not large 
enough to be identified by light microscopy. In some cases, 
however, large mesangial deposits expand the mesangium and 
impart a glassy, hypereosinophilic appearance to the mesangial 
matrix. Masson trichrome stain may reveal large mesangial 
immune deposits as fuchsinophilic (red) zones in the blue/
green mesangial matrix.

Cases of lupus nephritis with severe, but purely mesangial, 
hypercellularity, without obliteration of the capillary lumina, 
may pose difficulties in classification. Proper classification 
requires careful assessment of the immunofluorescence and 
electron microscopic findings. If the immune deposits are lim-
ited to the mesangium, even cases of severe diffuse mesangial 
proliferation should be classified as class II. If significant sub-
endothelial deposits are present by immunofluorescence and/
or electron microscopy, or if subendothelial deposits are visible 
by light microscopy, the case should be classified as focal pro-
liferative if the subendothelial deposits are focally distributed 
and diffuse proliferative if diffusely distributed. Unfortunately, 
some early series included examples of segmental endocapillary 
extension of the mesangial proliferation (148,149) or suben-
dothelial extension of paramesangial deposits visible by light 
microscopy (188) under the rubric of class II nephritis. In 
modern series, such cases would more accurately be considered 
examples of mild or early class III.

Immunofluorescence microscopy typically reveals im mune 
deposits of IgG (18,148,150) and more variably IgM and IgA 
(93,149), as well as C3 and C1q outlining the mesangial axis, with 
sparing of the peripheral glomerular capillary wall (Fig. 14.45). 
These mesangial deposits may be sparse and finely granu-
lar or large and globular. Usually, the pattern of deposition 
by immunofluorescence is more diffuse and regular than the 

 distribution of mesangial hypercellularity seen by light micros-
copy. Glomerular staining for fibrinogen is usually negative.

As determined by electron microscopy, the mesangial depos-
its range from small to large and may be segmental or global in 
distribution (Fig. 14.46). In mild cases, they are often confined 
to the paramesangial region, subjacent to the GBM reflection. 
When the mesangial deposits are more abundant, they are widely 
distributed throughout the full thickness of the mesangial matrix.

Most examples of class II lupus nephritis have exclu-
sively mesangial deposits. However, in practice, some cases 
of purely mesangial proliferative lupus nephritis will manifest 
rare small subendothelial electron-dense deposits, especially 
as extensions from the paramesangial region. These cases raise 
the question of unsampled focal proliferative (class III) lupus 
nephritis or at least the possibility of imminent transforma-
tion to class III or class IV. Such nonconforming cases are 

FIGURE 14.44 Lupus nephritis class II. There is mild, global, mesan-
gial hypercellularity with thin capillary loops. (H&E, × 500.) FIGURE 14.45 Lupus nephritis class II. Immunofluorescence micros-

copy shows deposits of IgG confined to the mesangium. (× 500.)

FIGURE 14.46 Lupus nephritis class II. The electron micrograph 
shows mesangial electron-dense deposits accompanied by mild mesangial 
hypercellularity. There are no deposits involving the peripheral glomerular 
capillary walls. (× 2000.)
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problematic and were not adequately addressed by the original 
WHO classification system. According to the ISN/RPS clas-
sification, cases of mesangial proliferative lupus nephritis with 
rare minute subendothelial or subepithelial deposits (visible 
only by IF and/or EM) should be classified as class II (21,22). 
Most practicing renal pathologists deal with these atypical fea-
tures by indicating in a note that the rare small subendothelial 
or subepithelial deposits observed in a minority of capillaries 
suggest the possibility that the glomerulonephritis may evolve 
into focal proliferative or membranous glomerulonephritis in 
the near future and that the patient should be carefully moni-
tored. However, the presence of any sizeable (visible by LM) 
or numerous subendothelial or subepithelial deposits in an 
otherwise mesangial proliferative glomerulonephritis exceeds 
what is acceptable in pure class II disease and warrants a des-
ignation of class III, IV, or V depending on their distribution 
and quantity.

Tubular, interstitial, and vascular lesions are typically 
minimal in class II nephritis. The presence of significant tubu-
lointerstitial or vascular disease should raise the question of a 
superimposed process, such as interstitial nephritis, hyperten-
sive arterionephrosclerosis, or thrombotic microangiopathy 
secondary to lupus anticoagulant syndrome or associated TTP-
like syndrome.

The clinical renal manifestations of class II lupus nephri-
tis are mild. Fewer than 50% of patients have mild hema-
turia or proteinuria, which generally does not exceed 1 g in  
24 hours (18,149,150,189). The nephrotic syndrome is virtu-
ally never observed (unless there is superimposed  podocytopathy 
resembling minimal change disease). Renal insufficiency is 
uncommon, and mildly reduced creatinine clearance can be 
demonstrated in less than 15%. Despite the relatively mild glo-
merulonephritis, serologic tests for SLE may be strongly posi-
tive. For example, in two combined series, anti-DNA antibody 
was detectable in 22 of 28 patients (148,149), with reduced 
C3 in 6 of the same 28 patients (148,149). Cameron reported 
C4 to be more regularly reduced than C3 in patients with 
class II nephritis. Some refinement of these data is available 
in series in which the mesangial lesions are subclassed as those 
with and without mesangial proliferation (original WHO class 
IIb vs. IIa) (18,149,189). Patients with original WHO class IIa 

nephritis are more likely to have totally normal renal function 
without proteinuria or abnormal urinary sediment than those 
with class IIb.

Mesangial lupus nephritis usually has an excellent prog-
nosis, with a 5-year renal survival rate of greater than 90%. 
Although in many patients it is a stable lesion that may per-
sist for years without change in clinical renal findings, in other 
patients it may undergo transformation to a more ominous 
class, which is often heralded by a change in the level of pro-
teinuria, development of a more active urinary sediment, or 
reduction in renal function. Transformations to diffuse pro-
liferative glomerulonephritis (93,149,162,190–193) are the 
most common, followed by transformations to focal prolif-
erative or membranous glomerulonephritis (18,149,193). In 
some patients, a mesangial proliferative glomerulonephritis 
may represent a phase in the regression of focal or diffuse pro-
liferative lesions, especially after treatment (193).

claSS iii: focal lupuS nephriTiS

According to the ISN/RPS and WHO classifications, class III 
lupus nephritis consists of a focal segmental or global endo-
capillary or extracapillary glomerulonephritis that affects less 
than 50% of glomeruli (Fig. 14.47). The endocapillary prolif-
eration is usually focal and segmental. There are typically focal 
subendothelial immune deposits, with or without mesangial 
alterations. Lesions may be active or chronic. In determining 
the percentage of glomeruli affected, both active and chronic 
lesions must be taken into account. Although most active glo-
merular lesions are endocapillary proliferative in nature, class 
III includes glomerular lesions that are membranoproliferative 
pattern, extracapillary proliferative, or consist of wire-loop 
deposits without associated proliferation. For this reason, the 
ISN/RPS classification prefers the broader term “focal lupus 
nephritis” to the more restrictive term “focal proliferative lupus 
nephritis” used in the original WHO classification.

The endocapillary proliferative lesions may be an isolated 
finding. More typically, they occur on a background of mesan-
gial hypercellularity that may be focal or diffuse (Fig. 14.48). 
Correspondingly, all glomeruli are involved, as detected by 
immunofluorescence, with generalized mesangial immune 
deposits, regardless of the focal endocapillary proliferative 

FIGURE 14.47 Lupus nephritis class III. A low-
power view shows the focal and segmental distribution of 
the endocapillary proliferation, with some overlying cres-
cents. Endocapillary proliferation affected less than 50% 
of the total glomeruli in this biopsy. (Jones  methenamine 
silver stain; × 40.)
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pattern by light microscopy. The segments with endocapil-
lary hypercellularity exhibit severe narrowing or occlusion of 
the glomerular capillaries by proliferation of endothelial and 
mesangial cells with a variable infiltration of mononuclear and 
polymorphonuclear leukocytes. This may be the only histo-
logic finding in mild cases. More active examples may demon-
strate any or all of the histologic features of activity previously 
discussed in a focal and segmental distribution. These include 
fibrinoid necrosis, karyorrhexis or pyknosis, rupture of the 
GBM, wire-loop deposits, intraluminal hyaline thrombi, and 
overlying cellular crescents (Fig. 14.49). Hematoxylin bodies 
are sometimes identified in the necrotizing lesions. Typically, 
foci of focal necrosis heal by progression to segmental or global 
scars with associated fibrous crescents or small synechiae to 
the Bowman capsule. Glomerular capillary walls in the “unin-
volved” segments are usually thin and delicate.

Class III biopsy specimens often display focal tubulointer-
stitial disease, including patchy interstitial edema, inflammation, 

and tubular atrophy. In the chronic phase, tubular atrophy and 
interstitial fibrosis are more pronounced and usually parallel the 
distribution of the glomerulosclerotic lesions. Such evolution 
may be seen on repeat biopsy, during the natural course of disease, 
or after treatment. In many cases, active and chronic lesions may 
coexist, especially in chronic cases with recent clinical reactivation.

Immunofluorescence microscopy reveals diffuse and 
global mesangial deposition in all glomeruli with more focal 
and segmental subendothelial capillary wall deposits, a pattern 
that mirrors the distribution of glomerular proliferative lesions 
by light microscopy (Fig. 14.50). The subendothelial depos-
its often exhibit a semilinear, comma-shaped appearance with 
smooth outer contour owing to conformity to the delimiting 
GBM (Fig. 14.51). Small numbers of subepithelial deposits 
may appear as more granular, rounded deposits. IgG, IgM, and 
IgA may be present (18,93,194), but IgG is the most constant 
and usually the most intense. C3 and C1q are also commonly 
seen. Strong staining for fibrin is identifiable in the necrotizing 
lesions and crescents. Immune deposits are frequently identifi-
able in the tubulointerstitial compartment and arterial walls.

FIGURE 14.48 Lupus nephritis class III. There is segmental oblitera-
tion of glomerular capillary lumina by endocapillary proliferation, including 
infiltrating leukocytes, with associated fibrinoid necrosis. The adjacent 
lobules display mild mesangial hypercellularity. (H&E; × 400.)

FIGURE 14.49 Lupus nephritis class III. There is segmental endo-
capillary proliferation and necrosis, with focal rupture of GBMs and an 
adjacent cellular crescent. (PAS, × 500.)

FIGURE 14.50 Lupus nephritis class III. The immunofluorescence 
micrograph shows segmental heavy IgG deposits in several glomerular capil-
lary walls and lumina. The adjacent lobules have mesangial deposits. (× 500.)

FIGURE 14.51 Wire-loop deposit. By immunofluorescence, there is a 
large subendothelial deposit that conforms to the contour of the GBM, 
producing a smooth comma-shaped outer contour. (× 1000.)
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By electron microscopy, mesangial deposits are readily 
identifiable. Segmental subendothelial deposits are usually 
demonstrable in the glomeruli with segmental endocapillary 
proliferative lesions, but they may be absent if the more severely 
affected glomeruli are not sampled in the tissue processed for 
electron microscopy. Scattered subepithelial deposits are also 
frequently seen, often in an irregular distribution. Although 
there is some disagreement on this point (191), some research-
ers have suggested that class III biopsies with substantial cap-
illary wall subendothelial or subepithelial deposits are often 
predictive of future transformation to diffuse proliferative or 
membranous glomerulonephritis, respectively (192,195).

Some investigators have called attention to a subgroup 
of class III lupus nephritis with extensive segmental necrosis 
and crescents but with little or no identifiable subendothelial 
deposits (196–199). It has been suggested that the glomeru-
lar immune complex load is insufficient to account for the 
severe active lesions, raising the possibility that they may have 
a natural history and pathogenesis akin to vasculitis and cor-
responding pauci-immune focal necrotizing and crescentic 
glomerulonephritis. Circulating ANCA have been identified in 
some of these patients (198), although ANCA serologies have 
not been investigated in any systematic way.

Class III lupus nephritis has a heterogeneous clinical 
picture (200). About 50% of patients have an active urinary 
sediment (e.g., hematuria, leukocyturia, cellular casts), and  
25% to 50% have proteinuria, which may be accompanied 
by the nephrotic syndrome in up to one third of patients. 
Renal insufficiency, however, is uncommon, affecting only  
10% to 25% of patients. Hypertension occurs in up to one 
third of patients, initially or over the course of follow-up 
(18,93,148). Serologic abnormalities are common in this class, 
with anti-DNA antibody and reduced complements detected 
in more than one half of patients (18,148,149).

The course and prognosis of class III lupus nephritis are 
variable. Initial experience suggested a favorable picture with 
no histologic progression and little renal functional deteriora-
tion (185,186,201–203). However, many subsequent stud-
ies have reported a 5-year renal survival rate of 85% to 90%, 
indicating progression to severe, irreversible renal damage in 
a small percentage of patients (204,205). Repeat renal biop-
sies have indicated that this poor outcome usually results from 
progression from class III to class IV, which many consider 
movement along a disease continuum rather than a real change 
in the quality of the glomerular lesions. Mahajan et al. (195) 
and Zimmerman et al. (192) have emphasized that patients 
with disease that progresses to diffuse proliferative glomeru-
lonephritis often have a higher initial level of proteinuria than 
those whose disease remains stable. Transformations from class 
III to class V (membranous) have also been described. These 
transformations often are heralded by an abrupt increase in 
proteinuria, sometimes with the development of the nephrotic 
syndrome.

claSS iV: diffuSe lupuS nephriTiS

Class IV denotes diffuse segmental or global endocapillary or 
extracapillary glomerulonephritis involving ≥50% of glomer-
uli. Typically, there are diffuse subendothelial immune depos-
its, with or without mesangial alterations. Lesions may be 
active or inactive (sclerosing), and both types of lesions should 
be accounted for when determining the percentage of total 

glomeruli affected by glomerulonephritis. As for class III, class 
IV includes glomerular lesions that are membranoprolifera-
tive pattern, extracapillary proliferative, or consist of wire-loop 
deposits without proliferation, thereby justifying “diffuse lupus 
nephritis” as the preferred designation over the older term “dif-
fuse proliferative lupus nephritis” used in the original WHO 
classification. The ISN/RPS classification subdivides class IV 
into those cases with diffuse segmental (IV-S) versus diffuse 
global (IV-G) distribution (Figs. 14.52 and 14.53). The desig-
nation diffuse segmental (IV-S) is used if greater than 50% of 
the involved glomeruli have segmental lesions; similarly, dif-
fuse global (IV-G) applies if greater than 50% of the involved 
glomeruli have global lesions.

Many investigators consider class III and IV lupus nephri-
tis as ends of a pathologic continuum, such that the two classes 
differ from each other quantitatively but not qualitatively. 
However, as discussed in detail later in this chapter, some 
investigators propose that class IV-S is pathogenetically distinct 
from lupus nephritis that has predominantly endocapillary 

FIGURE 14.52 Lupus nephritis class IV-G. There is diffuse and global 
endocapillary proliferation involving all the glomeruli in this biopsy. (H&E, 
× 180).

FIGURE 14.53 Lupus nephritis class IV-S. There is diffuse segmental 
glomerular proliferation involving more than 50% of the total glomeruli in 
this biopsy. (Jones methenamine silver, × 180.)
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hypercellularity rather than predominantly segmental necrosis. 
All the lesions of active glomerular disease described for class 
III (e.g., nature of the endocapillary cells, fibrinoid necrosis, 
karyorrhexis and pyknosis, neutrophil infiltration, wire-loop 
deposits, hyaline thrombi, hematoxylin bodies, crescents) also 
apply to class IV. The two classes are distinguished by defini-
tion based on the percentage of glomeruli affected.

In most examples of class IV lupus nephritis, especially 
class IV-G, the lesions tend to be diffuse and global, although 
segmental lesions may affect some glomeruli (Figs. 14.54 and 
14.55). Occasionally, several glomeruli with only mesangial 
proliferative features among many other severely affected 
glomeruli are found. Typically in class IV-G, the subendothe-
lial and mesangial deposits are larger and more abundant than 
in class III and class IV-S and usually stain more intensely by 
immunofluorescence (Figs. 14.56 and 14.57). As in class III, 
lobules lacking endocapillary proliferation and subendothelial 
deposits usually display mesangial deposits and some degree 
of mesangial hypercellularity. In some patients, proliferation is 
distributed uniformly throughout most of the glomeruli, but 

in others, there may be considerable variation in the severity of 
proliferation from one glomerulus to the next or even between 
adjacent lobules of an individual glomerulus.

Schwartz et al. (187) described a category of “severe seg-
mental glomerulonephritis” in which the glomerular inflam-
mation was predominantly diffuse but segmental. This category 
would now be designated as IV-S in the ISN/RPS classifica-
tion. This category had an outcome measured in short-term 
renal survival that was intermediate between the classic focal 
and diffuse proliferative groups (187).

In class IV, all the histologic features of active lupus 
nephritis reach their most florid expression. In severe examples, 
there may be abundant wire-loop deposits and necroses, and 
it is in class IV that hematoxylin bodies are most likely to be 
encountered. In addition to classic diffuse endocapillary prolif-
erative glomerulonephritis, the modified WHO classification 
recognized several morphologic variants of class IV that may 

FIGURE 14.54 Lupus nephritis class IV. There is global narrowing of 
glomerular capillaries by mesangial and endocapillary proliferation. Wire-
loop deposits and hyaline thrombi are segmentally distributed. (H&E; × 500.)

FIGURE 14.55 Lupus nephritis class IV. The endocapillary prolifera-
tion is global and includes many infiltrating neutrophils. (H&E, × 500.)

FIGURE 14.56 Lupus nephritis class IV. The low-power immuno-
fluorescence micrograph shows intense, diffuse staining for IgG in the 
glomerular mesangium and peripheral capillary loops, consistent with a 
subendothelial distribution. (× 120.)

FIGURE 14.57 Lupus nephritis class IV. There are abundant deposits 
of IgG in the mesangium and the peripheral capillary walls. Most of the 
glomerular capillary wall deposits appear subendothelial, with more seg-
mental subepithelial deposits. (Immunofluorescence micrograph, × 600.)
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pose difficulty in diagnosis (19,20). These include severe  
mesangial proliferative glomerulonephritis with diffuse suben-
dothelial deposits and mesangiocapillary (or membranoprolifer-
ative) pattern glomerulonephritis and extensive subendothelial 
deposits with minimal glomerular hypercellularity (Fig. 14.58).  
Class IV-G disease has diffuse distribution of subendothelial 
deposits by immunofluorescence and electron microscopy, 
although the pattern of proliferation that accompanies these 
deposits varies considerably.

In the severe mesangial proliferative subgroup, which is 
uncommon, the light microscopic findings frequently suggest 
class II, and it is not until immunofluorescence and electron 
microscopy are performed that the true diagnosis of class IV 
nephritis is apparent. In the variant with diffuse subendothelial 
deposits but minimal mesangial or endocapillary hypercellu-
larity, the correct designation as class IV is usually apparent 
even by light microscopy, because the subendothelial deposits 
are large enough to be visible as extensive wire loops. Diffuse 
distribution of subendothelial deposits that can be detected by 
light microscopy, regardless of the pattern of proliferation, is 
indicative of class IV lupus nephritis.

The membranoproliferative pattern subgroup of class 
IV is characterized by widespread circumferential or partial 
mesangial interposition with double-contoured capillary loops 
owing to subendothelial neomembrane formation (Fig. 14.59). 
This pattern typically causes accentuation of the glomerular 
lobularity that is indistinguishable histologically from primary 
membranoproliferative glomerulonephritis type 1. If numer-
ous subepithelial deposits are also present, the findings closely 
resemble membranoproliferative glomerulonephritis type 3 of 
Burkholder (see Chapter 8). It has been suggested that these 
membranoproliferative variants of class IV lupus nephritis usu-
ally lack necrotizing features (18), but others (149) have not 
found any difference in the frequency of necroses or crescents 
in this group compared with other examples of diffuse prolif-
erative lupus nephritis.

Immunofluorescence studies reveal diffuse mesangial 
and widespread (but more irregular) capillary wall stain-
ing of immune reactants in class IV, especially class IV-G 
(86,149,150,162,194,206,207), although there are less immune 

reactants in class IV-S (214). The capillary wall staining is pre-
dominantly subendothelial, but irregularities in the outer con-
tour of the deposits often attest to the presence of scattered 
subepithelial deposits as well (Fig. 14.60). If the subepithelial 
deposits are regular and diffuse in distribution (involving at least 
50% of the glomerular capillary surface area of at least 50% 
of glomeruli), a designation of mixed class IV and V (i.e., dif-
fuse proliferative and membranous) lupus nephritis is warranted 
(21,22). IgG is universally present, although codeposits of IgM 
or IgA are commonly but less consistently found. In contrast to 
IgA nephropathy, IgA may be equal to IgG in intensity but is 
rarely dominant over IgG in intensity (152). Most commonly, 
the intensity of IgA is less than that of IgG (149,207). In most 
cases, both C1q and C3 are codeposited, although the inten-
sity of C1q staining is frequently stronger than C3. Properdin 
is usually present (154) in the same distribution as the other 
complement components. Staining for fibrinogen is strong in 
the distribution of crescents and necrotizing lesions, often oblit-

FIGURE 14.58 Lupus nephritis class IV. This example has dif-
fuse wire-loop deposits without appreciable endocapillary proliferation. 
(Masson trichrome, × 600.)

FIGURE 14.59 Lupus nephritis class IV. Membranoproliferative 
 variant with lobular accentuation, nodular mesangial expansion, and 
numerous double contours of the GBM. (Jones methenamine silver; × 500.)

FIGURE 14.60 Lupus nephritis class IV. By immunofluorescence, 
granular deposits of C1q outline the mesangial areas and capillary loops. 
The peripheral capillary wall deposits are predominantly subendothelial, 
with minute, more irregular, subepithelial deposits. (× 700.)
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erating the tuft architecture (Fig. 14.61). However, more deli-
cate semilinear staining for fibrinogen of about 1+ intensity may 
be seen more diffusely in areas of nonnecrotizing endocapillary 
proliferation in active glomerulonephritis.

Electron microscopy confirms and sometimes amplifies 
the light microscopic and fluorescence microscopic assessment 
of extensive mesangial and subendothelial deposits, with lesser 
subepithelial deposits (Fig. 14.62). It is in this form of lupus 
nephritis that the fingerprint substructure is most commonly 
identified (208). Fibrin tactoids may be identified in necrotiz-
ing lesions (Fig. 14.63).

Vascular lesions occur most frequently in the diffuse pro-
liferative group, although they affect less than 50% of cases. 
Uncomplicated vascular immune deposits detected by immu-
nofluorescence or electron microscopy are the most common 

lesion and are usually unaccompanied by detectable vascular 
changes by light microscopy. These usually consist of granu-
lar vascular deposits of IgG, IgM, IgA, C3, and C1q in the 
subendothelial basement membrane and perimyocyte mem-
branes. Only a subset of patients with severe, active class IV 
disease has histologically identifiable lupus vasculopathy with 
obliterative noninflammatory arteriolar lesions containing 
abundant intimal and intraluminal immune deposits. True 
arteritis resembling polyarteritis nodosa or microscopic poly-
angiitis is rare. Thrombotic microangiopathy affecting small 
arteries, arterioles, and glomerular capillaries may occur in 
association with a circulating lupus anticoagulant or APL 
antibody or as a manifestation of TTP-like syndrome.

Tubular and interstitial lesions are nearly universal in dif-
fuse proliferative lupus nephritis. These range from immune 
deposits detectable only by immunofluorescence and electron 
microscopy in the interstitium and tubular basement mem-
branes to histologically identifiable interstitial inflammation, 
edema, fibrosis, and tubular atrophy (Fig. 14.64). The activity 
and chronicity of these lesions usually correlates with the activ-
ity and chronicity of the glomerular lesions. These changes 
reflect secondary atrophy of the dependent nephron following 
glomerulosclerosis (i.e., process of nephron dropout) as well as 
active immunologically mediated tubular damage.

Segmental and global glomerulosclerosis are the inevitable 
consequence of active necrotizing lesions with crescent forma-
tion. Glomerulosclerosis occurs at a slower tempo, even in cases 
without overt necrotizing or crescentic lesions, as evidenced by 
repeat biopsies performed to monitor treatment response and 
prognosis. In such cases, repeat biopsy may show regression to 
a less active mesangial proliferative form with focal segmental 
and global sclerosis. At this stage, as detected by immunofluo-
rescence and electron microscopy, small residual capillary wall 
deposits and ultrastructural basement membrane irregularities 
such as thickening, lamellation, mesangial interposition, and 
organized, partially resorbed intramembranous deposits usually 
attest to the previous presence of more active class IV disease.

Patients with class IV lupus nephritis have the most severe 
and active clinical renal presentation. Not surprisingly, they 
constitute the largest percentage of patients in most clinical 
series of severe lupus nephritis based on renal biopsy. Proteinuria 
is universal, and up to 50% of patients may have the nephrotic 
syndrome, initially or manifesting later in the course (18,93). 
Baldwin’s experience (93) is typical in that 41 of 44 patients 
with diffuse proliferative lupus nephritis had nephrotic pro-
teinuria, in 26 as an initial finding, and in 15 during the course 
of the renal disease. Hematuria occurs to variable degrees in 
80% to 90% of patients (18,93,148), with frequent detection 
of red blood cell casts and associated leukocyturia in very active 
cases. Between 30% and 40% of patients has hypertension at 
disease outset (93,148). Renal insufficiency of various degrees 
of severity is detected in greater than 50% of patients by deter-
minations of the GFR, although serum creatinine levels may 
be in the normal range. The serum creatinine levels are typi-
cally low in young women with little muscle mass and are a 
less sensitive marker of renal function than the GFR. Serologic 
test results for lupus indicate active disease in 50% to 90% of 
patients (148,149). ANA is detectable in greater than 98%, 
but anti-dsDNA antibody is less often detectable. Serum levels 
of complements C3 and C4 are reduced in approximately two 
thirds of cases (148). Complement levels may normalize with 

FIGURE 14.61 Lupus nephritis class IV. The immunofluorescence 
micrograph shows staining for fibrinogen in the periphery of the glomeru-
lar capillaries and the overlying crescent. (× 600.)

FIGURE 14.62 Lupus nephritis class IV. The electron micrograph 
shows a circumferential, subendothelial, electron-dense deposit that has 
been incorporated into the glomerular capillary wall by subendothelial 
neomembrane formation. There is marked mesangial expansion by mesan-
gial proliferation and increased matrix containing many granular, electron-
dense deposits. (× 2875.)
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steroid therapy, even when brief and inadequate to control the 
disease. Thus, the percentage of untreated patients with hypo-
complementemia is considerably higher, 87% in one series 
(149). In untreated patients, the quantity of subendothelial 
deposits was found to correlate roughly with the reduction in 
serum C3 levels (209).

The series (18,149,150) that separate the membranop-
roliferative pattern from other forms of diffuse proliferative 
lupus nephritis are in agreement that the level of proteinuria 
is greater in the membranoproliferative group. In the series of 
Sinniah and Feng (150), patients with a membranoprolifera-
tive pattern had a higher incidence of the nephrotic syndrome 
(11 of 19 patients) than those with a usual diffuse prolifera-
tive pattern (2 of 15 patients). Appel et al. (18) found that 
patients with the membranoproliferative variant tend to be 
persistently hypocomplementemic throughout their course, 
whereas those with diffuse proliferative lesions of the usual 
type frequently experience a normalization of the serum com-
plement during therapy. Hill et al. (34) found that patients 

with a  membranoproliferative pattern on first biopsy tended 
to respond to therapy; however, the persistence of this pattern 
or its new appearance on repeat biopsy 6 months following 
therapy was associated with a poor outcome.

The category IV-S was introduced because of evidence 
from the Chicago group that this subgroup has worse long-
term outcome than IV-G, suggesting important prognostic 
differences (210,211). Renal survival at 10 years was 75% for 
IV-G (n = 35) compared to 52% for IV-S (n = 24), which the 
authors refer to as class III ≥50% (211). During the course of 
follow-up, 60% of patients with IV-G entered remission com-
pared to only 38% of patients with IV-S (211). The authors 
proposed that the diffuse segmental lesion, particularly one 
with necrotizing features unaccompanied by endocapillary 
proliferation, is a particularly ominous histologic form and may 
involve pathogenetic mechanisms similar to those in pauci-
immune necrotizing glomerulonephritis and vasculitis. Roles 
for ANCA, antiendothelial antibody, and anticardiolipin anti-
body have been proposed, but none of these has been studied 
systematically. The ISN/RPS classification has been used by a 
number of groups to test the significance of class IV-S versus 
IV-G (Table 14.8 and summarized in Markowitz and D’Agati 
(212)). By contrast, no significant differences in outcome were 
demonstrated by the Boston group after an average follow-up 
period of 38 months for the IV-S group and 55 months for 
the IV-G group (213). However, there were some interest-
ing differences in presenting clinical and pathologic features. 
Greater serologic activity (lower C4 level) was observed in the 
IV-S group, which also had more frequent segmental fibri-
noid necroses and crescents, although the latter did not reach 
statistical significance. In contrast to the observations by the 
Chicago group (211), the necrosis in IV-S was accompanied by 
endocapillary proliferation in most glomeruli, arguing against 
a distinct pathogenetic mechanism of injury (213). The IV-G 
group had higher presenting serum creatinine levels, diastolic 
blood pressures, and more frequent wire-loop deposits (213). 
Transformation from IV-S to IV-G was observed in two of 
three repeat biopsies from the IV-S group, suggesting that the 
segmental phenotype is not immutable, but may evolve into 

FIGURE 14.64 Lupus nephritis class IV. Massive electron-dense 
deposits are present in the interstitial collagen adjacent to a tubule. (× 2000.)

FIGURE 14.63 Lupus nephritis class IV. The  electron 
micrograph from a fibrinoid necrotizing lesion shows 
endothelial necrosis with subendothelial deposition of 
abundant fibrillar fibrin and scant granular, electron-
dense immune deposits. Neutrophils and monocytes infil-
trate the glomerular capillary lumen. (× 2200.)
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a more global pattern of involvement over time (213). Hill  
et al. (214) studied 15 French patients with IV-S and 31 with 
IV-G and found that at baseline, patients with IV-G have 
more proteinuria, renal insufficiency, anemia, and hypo-
complementemia. Morphologic differences include more 
membranoproliferative features, wire-loop deposits and hya-
line thrombi, greater IF positivity involving the peripheral 
capillary walls, and less fibrinoid necrosis in IV-G than IV-S. 
Interestingly, repeat biopsies showed both types of intercon-
version (IV-S to IV-G in three patients and IV-G to IV-S in 
seven patients). The French group also observed no significant 
difference in 10-year survival between class IV-S and IV-G 
lesions at first biopsy (survival rates 65% vs. 60%, respec-
tively). Interestingly, when repeat biopsies were performed 
6 months following therapy, second biopsies with IV-G had 
a worse outcome than those with IV-S (214). A Japanese 
study also failed to find significant outcome differences in 
class IV-S versus IV-G (215). A recent meta-analysis (216) 
has analyzed the results of eight published studies address-
ing differences in IV-S versus IV-G (213–215,217–221) and 
concluded that there was no significant difference in renal 
outcome (doubling of serum creatinine or ESRD) between 
these histologic forms. These data call into question the valid-
ity of a classification that subcategorizes class IV based on 
the proportion of segmental and global lesions. Moreover, 
the IV-S category is relatively infrequent, comprising a 
minority of class IV biopsies (13% to 34%; see Table 14.8).  

Based on these data, future iterations of the ISN/RPS 
 classification may opt to eliminate this distinction.

Some patients with class IV lupus nephritis have nor-
mal renal function and inactive urinary sediment in the face 
of biopsy findings of active glomerular lesions, as part of the 
spectrum of “silent lupus nephritis” (discussed in Other Renal 
Manifestations of SLE below) (222–226).

claSS V: membranouS lupuS nephriTiS

Class V designates membranous lupus nephritis, which is 
defined by subepithelial immune deposits or their morphologic 
sequelae as seen in the various stages of primary membranous 
glomerulonephritis. According to the INS/RPS classification, 
a diagnosis of class V is based on the presence of global or seg-
mental continuous granular subepithelial immune deposits 
(21,22). The membranous alterations may be present alone or 
on a background of mesangial hypercellularity and mesangial 
immune deposits. Any degree of mesangial hypercellularity 
may occur in class V. There may be few small subendothelial 
immune deposits identified by immunofluorescence and/or 
electron microscopy, but not by light microscopy. Because scat-
tered subepithelial deposits may also be encountered in class 
III and class IV lupus nephritis, the threshold for an additional 
diagnosis of membranous lupus nephritis in a proliferative class 
is membranous involvement of greater than 50% of the tuft 
of greater than 50% of the glomeruli by light microscopy or 
immunofluorescence (21,22).

TABLE 14.8 Comparison of ISN/RPS class IV subgroups

Reference N Frequency
Clinical presenting features and 
pathology

Response to treatment or 
outcomes

  IV-G IV-S   

Mittal (213) 33 66% 33% IV-G had higher sCR and HTN
IV-S had more fibrinoid necrosis and  

lower C4

No difference

Yokoyama (215) 23 74% 26% IV-G had lower CH50 levels Trend to more ESRD in IV-S 
(P = 0.1495)

Hill (214) 46 67% 33% IV-G had more renal insufficiency, lower 
C3 and CH50, more proteinuria, more 
immune deposits, less fibrinoid necrosis

No significant difference in 
10-year renal survival

Kim (1073) 42 71% 29% IV-G had higher proteinuria and lower anti-
dsDNA antibody titers

IV-S had higher complete 
response rates to cyclophos-
phamide (67% vs. 33%)

Hiramitsu (219) 55 75% 25% IV-G had more nephrotic syndrome (81% 
vs. 43%)

Trend to worse outcomes in IV-G, 
P = 0.68 (related to chronicity)

Kojo (221) 65 69% 31% IV-G had more endocapillary proliferation 
and wire-loop deposits

Trend to worse outcomes in IV-G, 
P = 0.433

Grootscholten (218) 72 79% 21% IV-G had more HTN, lower C3 and C4, 
higher sCR

No difference

Yu (220) 172 87% 13% IV-S had less proteinuria, lower sCR, higher 
C3 more ACL, more ANCA, less anti-C1q, 
more fibrinoid necrosis

No difference

Schwartz (217) 93 66% 34% Not examined No difference

N, number of patients; sCR, serum creatinine; HTN, hypertension; ESRD, end-stage renal disease.
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In the modified (1982) WHO classification, membranous 
lupus nephritis was subdivided into four subclasses, designated 
Va through Vd (19). It is important to be familiar with these 
categories because older outcome studies frequently employ 
these designations. Class Va denotes pure membranous lupus 
nephritis without associated mesangial proliferation, a glo-
merular lesion indistinguishable morphologically from pri-
mary membranous glomerulonephritis (Fig. 14.65). Class Vb 
can be considered a form of class Va plus class II in that the 
lesion manifests the typical peripheral capillary wall features 
of membranous glomerulonephritis together with mesangial 
alterations. The latter may consist of mesangial deposits alone 
without mesangial hypercellularity (superadded IIa) or mesan-
gial deposits accompanied by histologically identifiable mesan-
gial expansion by increased mesangial cell number or matrix 
(superadded class IIb) (Fig. 14.66). By contrast, the ISN/RPS 
classification does not subdivide membranous glomerulone-
phritis into subgroups based on mesangial hypercellularity, and 
any membranous glomerulonephritis is designated simply as 

class V irrespective of the severity of mesangial hypercellularity 
or the presence of mesangial immune deposits (21,22).

The modified (1982) WHO classification also recognized 
class Vc (combined classes V and III) (Fig. 14.67), in which there 
are typical features of focal and segmental endocapillary prolifera-
tive glomerulonephritis superimposed on the membranous pat-
tern, and class Vd (combined classes V and IV), in which there 
is superimposed diffuse endocapillary proliferative and membra-
nous lupus nephritis (Fig. 14.68). A major disadvantage of this 
classification was its placement of classes Vc and Vd lesions under 
the membranous heading. This placed undue emphasis on the 
membranous component by implying that it is the dominant and 
most clinically relevant lesion and detracted from the more seri-
ous proliferative component. For this reason, classes Vc and Vd 
were eliminated from the 1995 Revised WHO classification (20). 
This approach is amply supported by clinical-pathologic  studies 

FIGURE 14.65 Lupus nephritis class V (modified Va). There is global 
thickening of glomerular capillary walls without mesangial proliferation. 
(H&E, × 500.)

FIGURE 14.66 Lupus nephritis class V (modified Vb). There is regu-
lar thickening and rigidity of the glomerular capillary walls accompanied by 
global mesangial hypercellularity. (H&E; × 500.)

FIGURE 14.67 Lupus nephritis classes III and V (modified Vc). 
There is segmental endocapillary proliferation with an overlying crescent. 
The patent glomerular capillaries display chain-like thickenings of the glo-
merular capillary walls typical of membranous glomerulopathy. (PAS, × 400.)

FIGURE 14.68 Lupus nephritis class IV and V (modified Vd). There 
is mixed, diffuse proliferative and membranous glomerulonephritis with 
complex thickening of the glomerular capillary walls by double contours 
enclosing subendothelial deposits and well-developed subepithelial 
spikes. (PAS-methenamine silver-Masson Ponceau stain, × 600.)

0002062077.INDD   594 5/29/2014   12:15:29 PM



 Chapter 14 | Connective Tissue Diseases 595

demonstrating that class Vd has an extremely poor prognosis, 
even worse than pure diffuse proliferative class IV (187,227,228). 
According to the ISN/RPS classification, as in the original WHO 
classification, the designation mixed class III and class V replaces 
the Vc lesion. Similarly, a designation of mixed class IV and class 
V replaces the Vd lesion. In the ISN/RPS schema, the additional 
designation of class V in the setting of class III or IV requires 
membranous involvement of at least 50% of glomerular capillary 
surface area of at least 50% of glomeruli by LM and/or IF.

By light microscopy, the peripheral glomerular capillary wall 
alterations display a spectrum and evolution similar to primary 
membranous glomerulonephritis. In early stages, the glomerular 
capillary walls may appear normal in thickness and texture by 
light microscopy, and subepithelial deposits may only be detected 
by immunofluorescence and electron microscopy. At this stage, 
the glomerular capillaries may have a rigid, ectatic appearance 
with visceral cell swelling. Well-established membranous lesions 
are typically characterized by uniform and diffuse thickening 
of the glomerular capillary walls with well-developed spikes of 
the GBM that are best demonstrated with the silver stain (Fig. 
14.69). In older lesions, the deposits may become largely resorbed 
and overlaid by neomembrane formation producing a vacuolated 
GBM profile (analogous to stages 3 and 4 of primary membra-
nous glomerulonephritis). This newly laid down basement mem-
brane seems to have a different composition from the original 
GBM, consisting only of laminin without type IV collagen (229).

By immunofluorescence, IgG is found in virtually all 
specimens in the distribution of the subepithelial deposits  
(Fig. 14.70). Subepithelial deposits also frequently stain for 
IgM, but staining for IgA is somewhat more variable and fainter 
(18,149,230). C3 is often demonstrable. One study found 
membranous lupus nephritis to have stronger and more preva-
lent staining for C1q compared with primary membranous 
glomerulonephritis (158), but another study of membranous 
lupus nephritis in children was unable to identify a differ-
ence in C1q staining between cases of primary membranous 
glomerulonephritis and membranous lupus nephritis (184). 
A background of mesangial immune deposits is commonly 
observed (Fig. 14.71). Mesangial deposits are more likely to 
contain IgM than IgG, and they usually have associated C3, 
although C3 may be absent in some specimens (227).

By electron microscopy, the subepithelial deposits range 
from small to large but usually involve the majority of capil-
laries. In some patients, the membranous changes are well 
developed but involve less than 50% of capillaries, in which 
case the term segmental membranous glomerulonephritis may 
be used. As the disease progresses, the same ultrastructural 
stages seen in primary membranous glomerulonephritis may 
evolve. GBM spikes often separate the subepithelial deposits. 
In more chronic cases, the deposits become overlaid by neo-
membrane and later become resorbed and relatively electron 
lucent. There is extensive foot process effacement in the dis-
tribution of the subepithelial deposits. Mesangial deposits are 
demonstrable in most cases and vary in quantity (Fig. 14.72). 
Their presence is helpful to differentiate membranous lupus 
nephritis from primary membranous glomerulonephritis, 
in which less than 10% of cases have associated mesangial 
deposits (231). Scattered, small subendothelial deposits are 

FIGURE 14.69 Lupus nephritis class V. Jones methenamine silver 
stain highlights the spiking of the GBMs. (× 1000.)

FIGURE 14.70 Lupus nephritis class V (modified Va). There are 
 delicate subepithelial immune deposits staining for IgG. No mesangial 
deposits are observed. (Immunofluorescence micrograph, × 600.)

FIGURE 14.71 Lupus nephritis class V (modified Vb). There are 
heavy mesangial immune deposits of IgG with more delicate granular sub-
epithelial deposits. (Immunofluorescence micrograph, × 600.)
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also common but are not accompanied by endocapillary pro-
liferation. Schwartz et al. (227) found them in eight of nine 
cases of lupus membranous nephritis (Va and Vb), and the 
Southwest Pediatric Nephrology Study Group found them 
in seven of nine cases (184). The presence of subendothelial 
deposits, which are rare in primary membranous glomeru-
lopathy, is a particularly sensitive ultrastructural feature to 
distinguish membranous lupus nephritis from the primary 
form (158). Endothelial TRIs, a common feature of all ISN/
RPS classes of lupus nephritis, are readily identified in class 
V. Tubulointerstitial deposits occur in approximately 25% of 
cases (64). Tubular atrophy and interstitial fibrosis usually 
parallel the distribution and severity of the glomeruloscle-
rotic lesions.

Rare cases of lupus nephritis mimicking a membranous 
pattern by light microscopy demonstrate trapping of podocytic 
cytoplasmic fragments and cell membrane projections within 
the GBM. The resulting distinctive ultrastructural appearance 
has been called “podocytic infolding glomerulopathy” and has 
been reported primarily from Japan (232,233). Such cases may 
have weak or no staining for Ig. Although the morphogen-
esis of this unusual lesion remains unclear, it likely involves 
remodeling of the GBM following resorption of subepithelial 
deposits.

Membranous lupus nephritis class V accounts for  
8% to 29% of biopsy series using the ISN-RPS classification 
(193,215,221,234). In older series using the modified WHO 
classification, virtually all patients with pure membranous lupus 
nephritis (Va and Vb) have proteinuria at presentation and  
59% to 70% have the nephrotic syndrome (18,93,235,236). 
In some, the nephrotic syndrome is lacking at presentation but 
supervenes over the course of follow-up (93,230). Hematuria 
is found in about one half of the patients with red blood cell 
casts in 10% (230). Hypertension is detectable in about one 
fourth of the patients. Renal insufficiency is uncommon at 
the time of presentation with a frequency ranging from 0% 
in Donadio’s experience to 25% in the series of Baldwin 
(93,230). Renal insufficiency and active urinary sediment 

are more  common in patients with combined endocapillary 
 proliferative and membranous lesions (Vc or Vd) than pure 
membranous forms (Va or Vb).

It has long been recognized that the membranous form 
of lupus nephritis differs significantly from the proliferative 
classes III and IV with regard to presenting serologic find-
ings and multisystem disease manifestations. Patients with 
class V are more likely to present with renal disease before 
other systemic features of lupus are apparent. For example, 
among 60 patients with membranous lupus nephritis biop-
sied at our center, 32% of patients presented with renal-lim-
ited disease manifestations such as proteinuria, whereas 60% 
presented with predominant extrarenal manifestations. Only 
22% of these patients fulfilled four or more ACR criteria for 
SLE at the time of initial biopsy. Patients with membranous 
lupus nephritis were more likely to be ANA negative (35%) 
and normocomplementemic (37%) at presentation than 
patients with class III or IV lesions. Serum complement lev-
els of CH50 or C3 are lowered in 65% to 75% of patients 
(18,149,230,237). In a significant number of patients with 
class V lupus nephritis, the renal disease may precede by 
months or years a clinical diagnosis of SLE (18,149,230,237). 
Many of these patients are initially diagnosed as having “idio-
pathic” membranous glomerulonephritis because they lack 
serologic markers of SLE (238). However, careful review of 
their renal biopsies often discloses one or more telltale features 
such as mesangial hypercellularity, mesangial immune depos-
its, focal small subendothelial deposits, tissue ANA, strong 
staining for C1q, full house immunofluorescence, TRIs, and, 
occasionally, tubulointerstitial deposits or vascular immune 
deposits, betraying a secondary membranous glomerulone-
phritis related to SLE (158).

Two groups performed a systematic study of the biopsy 
features that help to differentiate membranous lupus nephritis 
from primary membranous glomerulopathy (158,184). The 
presence of subendothelial deposits, tubulointerstitial depos-
its, and tissue ANA appear to be the most sensitive and spe-
cific for SLE, and any combination of features increases the 
accuracy of a diagnosis of membranous lupus nephritis (158). 
A positive immunofluorescence stain for anti-PLA2R in the 
distribution of the subepithelial deposits has not been reported 
in membranous lupus nephritis (239–241) and strongly favors 
a diagnosis of nonlupus, primary membranous glomerulone-
phritis (241).

Patients with membranous lupus nephritis may develop 
RVT as a complication of their nephrotic syndrome and its 
associated hypercoagulable state (242,243). It is uncertain 
whether a circulating lupus anticoagulant may also predis-
pose to this complication (120,123). Some patients have no 
clinical findings referable to RVT. Others may present with 
flank pain, gross hematuria, increased proteinuria, reduction 
in the GFR, oliguria, or signs of pulmonary embolus. The 
symptoms of pulmonary embolus, including dyspnea, short-
ness of breath, and tachypnea, may be mistaken for symptoms 
of lupus pleuritis or infectious pneumonia. The diagnosis of 
RVT can be confirmed radiographically by the use of renal 
venography, which demonstrates a filling defect in the renal 
vein, often extending into the inferior vena cava and with 
loss of the usual washout (i.e., “streamer effect”) of unopaci-
fied blood. Doppler ultrasonography and magnetic resonance 
imaging have greatly facilitated the diagnosis of RVT without 

FIGURE 14.72 Lupus nephritis class Vb (membranous). The elec-
tron micrograph shows numerous subepithelial electron-dense deposits, 
some of which are surrounded by spiked projections of GBM. There are 
abundant mesangial electron-dense deposits. The glomerular capillary 
lumen is patent, and foot processes are extensively effaced. (× 3300.)
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subjecting the patient to radiopaque contrast materials, which 
are potentially nephrotoxic.

Clues to a diagnosis of complicating RVT may be evi-
dent in renal biopsies of membranous lupus nephritis. Their 
astute identification by the pathologist is vital to ensure 
prompt clinical recognition of RVT and rapid institution of 
anticoagulation. A diagnosis of possible acute RVT should be 
suspected in any biopsy specimen with membranous lupus 
nephritis with diffuse interstitial edema, interstitial microhe-
morrhage, excessive glomerular capillary congestion, fibrin 
thrombosis, or neutrophil margination in glomerular capil-
laries (Fig. 14.73). Chronic RVT may be signaled by the pres-
ence of diffuse tubular atrophy and interstitial fibrosis that 
appears disproportionately severe relative to the degree of glo-
merular sclerosis.

claSS Vi: adVanced ScleroSinG lupuS nephriTiS

The modified WHO classification introduced a sixth class 
in which the findings are those of extremely chronic and 
advanced glomerulonephritis with widespread glomeru-
lar scarring affecting most glomeruli (19,20) (Fig. 14.74). 
The ISN/RPS schema defines class VI more precisely as 
advanced sclerosing lupus nephritis with global glomeru-
lar sclerosis affecting ≥90% of glomeruli without residual 
activity (21,22). These examples of class VI lupus nephri-
tis undoubtedly represent the advanced phase of class IV 
nephritis in most cases. Severe tubular atrophy, interstitial 
fibrosis, inflammation, and arteriosclerosis usually accom-
pany the glomerular sclerosis. In some of these cases, the 
changes are so advanced and nonspecific that it is difficult 
to ascertain (other than by the clinical history of SLE or 
documented findings in a prior renal biopsy) a diagnosis 
of chronic lupus nephritis by objective morphologic crite-
ria. In such cases, glomeruli with the less advanced sclerosis 
often display residual features of mesangial hypercellular-
ity. Discontinuities in the Bowman capsule associated with 
subcapsular fibrous proliferations are helpful to identify old 
fibrous crescents.

Small granular immune deposits are usually still detect-
able by immunofluorescence or electron microscopy in the 
thickened and sclerotic GBMs, in the fibrotic tubulointerstitial 
compartment, or in vessel walls.

In advanced lupus nephritis, it is common to observe 
focal segmental sclerosing features and visceral epithelial cell 
reactivity (e.g., hypertrophy, hyperplasia, intracytoplasmic 
protein resorption droplets) that mimic the changes seen in 
primary FSGS. These changes probably represent the effects 
of podocyte depletion, glomerulosclerosis, and nonimmuno-
logic progression of renal disease mediated by hyperfiltration 
in remnant nephrons. This interpretation is supported by the 
almost invariable presence of glomerular hypertrophy in the 
remaining glomeruli.

Patients with class VI lupus nephritis have severe renal 
insufficiency, with variable subnephrotic proteinuria and rela-
tively inactive urinary sediment. Hypertension is common. At 
this stage, lupus serologies may be inactive (i.e., “burnt-out” 
lupus). In this phase, it is inappropriate to treat the renal dis-
ease with immunosuppressive therapy, and maneuvers designed 
to reduce intraglomerular pressures, such as by the administra-
tion of angiotensin-converting enzyme inhibitors, are usually 
initiated to allay nonimmunologic progression of renal disease. 
Preparation for inevitable renal replacement therapy should be 
initiated.

TranSformaTionS in World healTh  
orGanizaTion claSS

Lupus nephritis is not static but has the capacity to transform 
from one class to another, spontaneously or after treatment 
(41). Because of this potential for transformation, which may 
occur unpredictably at any time in the course of disease, patients 
with SLE must be monitored closely. Transformations often are 
heralded by sudden worsening of proteinuria, development of 
a nephrotic syndrome, increased activity of the urinary sedi-
ment, or a sudden decrease in the GFR (18,191,192,195,244). 
Some investigators have observed that patients who transform 
are often younger (18) and often have worse lesions than most 
other patients in their class of lesions (18,195).

FIGURE 14.73 Lupus nephritis class V with superimposed RVT. 
Histologic features pointing to RVT include the separation of tubules by 
interstitial edema, marked glomerular capillary congestion, and fibrin strands 
within a glomerular capillary lumen (s). (Masson trichrome stain, × 500.)

FIGURE 14.74 Lupus nephritis class VI. Extensive glomerular sclero-
sis shows vestiges of fibrous crescents. The global sclerosis affected more 
than 90% of glomeruli in this biopsy. Several glomeruli pictured here are 
segmentally sclerotic. Atrophic tubules alternate with groups of compen-
satorily hypertrophied tubules. (Masson trichrome, × 80.)
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Transformations are relatively common, as outlined in 
Table 14.9. They occurred in 11 of 56 patients followed by 
Appel et al. (18), 15 of 88 patients reported by Baldwin et al. 
(93), and 14 of 90 patients reported by Mahajan et al. (195), 
for an average transformation rate of 13%. Recent series sug-
gest higher rates of transformation. Seshan et al. (193) found 
maintenance of the same ISN/RPS class in only 9% of biop-
sies that were initially diagnosed as class II, 28% of class III, 
28% of class IV-G, 33% of class IV-S, and 30% of class V, 
with the remainder transforming. A recent Chinese series of 
156 patients described a change in histologic pattern in 58% 
of biopsies with pure proliferative pattern (class III or IV), 
50% of biopsies with pure membranous pattern (class V), 
and 60% of biopsies with mixed proliferative and membra-
nous pattern (classes III and V or classes IV and V) (245). 
Virtually all directions of transformation have been reported, 
including focal to diffuse (191–193,244), focal to mem-
branous (193,195), diffuse to membranous (162,193,206), 
diffuse to mesangial (193,246), membranous to diffuse 
(149,193,227,230), and membranous to membranous with 
focal proliferative lesions (18). Probably the most commonly 

reported transformation is class III to IV lupus nephritis, 
which many prefer to consider movement along a disease 
continuum rather than a true transformation. Approximately 
30% to 40% of class III cases have been reported to trans-
form to class IV (18,191–193,195,244). Patients with exten-
sive subendothelial deposits appear to be particularly at risk. 
Transformation of class IV to class V after treatment has also 
been described (204). After treatment, diffuse proliferative 
lupus nephritis frequently transforms to a mesangial prolifera-
tive pattern, although ultrastructural examination usually dis-
closes residual irregularities of the peripheral GBM consistent 
with resorbed, organized subendothelial deposits (193,246) 
(Fig. 14.75).

Activity and Chronicity Index
From the earliest days of steroid therapy, it has been known 
that immunosuppressive agents are capable of reducing the 
amount of immune deposition in the kidney and the degree of 
glomerular necrosis and proliferation (162,185,202,247–249). 
However, it was equally appreciated that reduction in the his-
tologic activity of the lesion was not always accompanied by  

TABLE 14.9 Class tranformations on repeat biopsies in 427 cases of lupus nephritis

  
Repeat biopsy class

N (% of reference biopsy class)

 N II III IV V III + V IV + V VI

Reference biopsy  
class in first biopsy

        

I  2 — — 1 (50%) 1 (50%) — — —
II  45 3 (7%) 11 (24%) 14 (31%) 6 (13%) 7 (16%) 4 (9%) —
III  59 6 (10%) 9 (15%) 20 (34%) 8 (14%) 7 (12%) 1 (2%) 1 (2%)
IV 185 24 (13%) 22 (12%) 69 (37%) 22 (12%) 17 (9%) 10 (5%) 19 (10%)
V  53 2 (4%) 2 (4%) 8 (15%) 21 (40%) 13 (25%) 3 (6%) 3 (6%)
III + V  37 — 1 (3%) 9 (24%) 8 (22%) 14 (38%) 5 (14%) —
IV + V  42 2 (5%) 4 (10%) 7 (17%) 9 (21%) 4 (10%) 11 (26%) 1 (2%)

N, number of biopsies.

Refs. (193, 245, 1074, and 1075).

FIGURE 14.75 The initial renal biopsy of diffuse proliferative glomerulonephritis with marked endocapillary proliferation (A) regressed 
to a mesangial proliferative pattern with focal synechiae (B) following aggressive therapy. (A, H&E; B, Jones methenamine silver, × 500.)

A B
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clinical improvement (249,250). It was presumed that there 
were some lesions, notably glomerular sclerosis, tubular atrophy, 
and interstitial fibrosis that are irreversible and may progress 
despite improvement in the proliferative and necrotic lesions. 
For more than five decades, investigators have attempted to 
analyze renal biopsy specimens of lupus nephritis with respect 
to active and chronic features as predictors of outcome and 
guides to therapy. The rationale is a simple one and based on 
the premise that active lesions are potentially treatable, whereas 
chronic lesions represent irreversible damage.

Pirani et al. (185) were the first to attempt to systematically 
separate “active” lesions from sclerosing lesions. Morel-Maroger 
et al. (244) carried this concept further to evaluate the efficacy 
of corticosteroid therapy in a large series of lupus patients with 
repeat biopsies. They classified the following as active lesions: 
fibrinoid necrosis, endocapillary proliferation, cellular crescents, 
nuclear debris, hematoxylin bodies, wire loops, hyalin thrombi, 
acute tubular lesions, and necrotizing angiitis. Chronic lesions 
included primarily glomerular sclerosis and interstitial fibrosis. 
From the number and severity of the different histologic lesions, 
they were able to develop an activity and chronicity index. Among 
20 patients with exclusively active lesions on initial biopsy, 15 
showed marked clinical and morphologic improvement after 
treatment. In contrast, the sclerosis worsened in 14 of 15 patients 
who had significant chronic features on initial biopsy. High-dose 
steroids in this latter group were ineffective in slowing the pro-
gression of sclerosing lesions in 8 of the 14 patients, although 
treatment did diminish the active lesions. This tendency for active 
lesions to be more amenable to therapy than chronic lesions was 
confirmed in a later study by Striker et al. (203).

The concept of activity and chronicity indices (AI and 
CI) was adopted in the studies of Austin et al. at the NIH 
(35,36,251). They modified the features of activity used by 
Morel-Maroger by adding glomerular leukocyte exudation 
and interstitial inflammation and deleting renal vasculitis (35). 
Their CI included fibrous crescents and tubular atrophy in 
addition to glomerular sclerosis and interstitial fibrosis (35) 
(Table 14.10). According to their system, the activity index is 

graded on a scale of 0 to 24 by calculating the sum of individual 
scores (0 to 3+) for each of six histologic parameters, including 
glomerular endocapillary proliferation, glomerular neutrophil 
infiltration, wire-loop deposits and hyaline thrombi, glomer-
ular karyorrhexis and fibrinoid necrosis, cellular crescents, 
and interstitial inflammation. Glomerular features (including 
endocapillary proliferation, wire-loop deposits, necrosis, and 
cellular crescents) are graded as follows: 0, absent; 1+, less 
than 25% of glomeruli affected; 2+, 25% to 50% of glomeruli 
affected; 3+, greater than 50% of glomeruli affected (35,36). 
Neutrophil exudation is defined as more than two neutro-
phils per glomerulus and scored as mild (1+), moderate (2+), 
and severe (3+). Fibrinoid necrosis and cellular crescents are 
weighted double because of their more ominous prognostic 
importance. For interstitial inflammation, the scoring is as fol-
lows: 0, absent; 1, mild; 2, moderate; and 3, severe. A similar 
score for chronicity is computed by summing the individual 
scores (0 to 3+) for each of the following: glomerular sclerosis, 
fibrous crescents, tubular atrophy, and interstitial fibrosis. For 
glomerular sclerosis, segmental or global glomerulosclerosis in 
less than 25% of glomeruli is graded as 1+, in 25% to 50% of 
glomeruli as 2+, and greater than 50% as 3+. Similarly, fibrous 
crescents involving less than 25% of glomeruli are graded as 
1+, 25% to 50% as 2+, and greater than 50% as 3+. Interstitial 
fibrosis and tubular atrophy are graded as mild (1+), moderate 
(2+), or severe (3+).

Using these indices in a group of patients with diffuse 
proliferative disease, Austin et al. (36) found the AI to be 
moderately predictive of outcome, with an AI greater than 12 
associated with a 60% 10-year survival. However, none of the 
elements of AI was individually predictive. In their hands, the 
CI was more predictive of renal outcome than AI, such that 
a CI of ≤1 had a 100% 10-year survival, a CI of 2 or 3 had 
68% 10-year survival, and a CI of ≥4 indicated a 32% 10-year 
survival. These findings suggested that higher CI has a graded 
effect on outcome and that even low levels of chronicity have 
prognostic significance. In contrast to AI, all the elements of 
CI were individually predictive of renal failure, particularly 
tubular atrophy. The NIH group found the combination of 
cellular crescents and moderate to severe interstitial fibrosis to 
be a particularly sensitive predictor of the subgroup at risk to 
double serum creatinine levels (251).

Hill et al. (252) proposed a more comprehensive biopsy 
index that incorporates histologic features of activity and 
chronicity involving all renal compartments, as well as immu-
nofluorescence findings. This detailed index consists of four 
components: glomerular activity index (total possible score 
24), tubulointerstitial activity index (total possible score 21), 
chronic lesions index (total possible score 15), and immunoflu-
orescence index (total possible score 96). This index is unique 
for the inclusion of many features of tubulointerstitial activity 
(such as tubular cell flattening, nuclear activation and intra-
luminal macrophages) and scoring of glomerular monocytes. 
The comprehensive biopsy index proposed by Hill et al. (252) 
demonstrated a statistically higher correlation with clinical pre-
senting features and outcome than the NIH activity index or 
chronicity index. Correlations with outcome were even greater 
when the index was computed for second biopsies performed  
6 months following treatment of diffuse lupus nephritis, indi-
cating its ability to identify recalcitrant disease activity that 
has not responded to therapy. While the index is useful for 

TABLE 14.10 Activity and chronicity indices

Index of activity (0–24)  
Endocapillary hypercellularity (0–3 +)
Leukocyte infiltration (0–3 +)
Subendothelial hyaline deposits (0–3 +)
Fibrinoid necrosis/karyorrhexis (0–3 +) × 2
Cellular crescents (0–3 +) × 2
Interstitial inflammation (0–3 +)

Index of chronicity (0–12)  
Glomerular sclerosis (0–3 +)
Fibrous crescents (0–3 +)
Tubular atrophy (0–3 +)
Interstitial fibrosis (0–3 +)

Austin HA III, Muenz LR, Joyce KM, et al. Prognostic factors in lupus nephritis. 
Contribution of renal histologic data. Am J Med 1983;75(3):382–391; Austin 
HA III, Muenz LR, Joyce KM, et al. Diffuse proliferative lupus nephritis: iden-
tification of specific pathologic features affecting renal outcome. Kidney Int 
1984;25(4):689–695.
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research purposes, many consider it to be too intricate and 
time  consuming to be applied to routine biopsy work-up.

The value and reproducibility of renal AI and CI in lupus 
nephritis is controversial. Several groups have found good cor-
relations between CI and renal outcome (253–255). Wallace 
et al. (255) confirmed the earlier observations of Morel-
Maroger (244) and found that AI improved in 84% of patients 
after treatment, whereas the CI worsened in 71%. They also 
observed that normalization of C3 levels was associated with 
reduction in AI but that prolonged depression of C3 was asso-
ciated with worsening of the CI.

Other investigators have failed to corroborate a strong pre-
dictive value for the AI and CI (256,257). Appel et al. (204) 
found no correlation between these indices and outcome in a 
series containing all classes of renal lesions, although they con-
ceded that these indices might be of greater value if only patients 
with diffuse proliferative disease were considered. Schwartz  
et al. (256), in a large study of patients with diffuse proliferative 
disease, found that the AI did not distinguish between those 
with eventual renal failure or adverse outcome and those with-
out. They also found that there was no single value of CI that 
separated those destined to progress to renal failure from those 
with good outcome. Their data reveal that increasing CI is a 
measure of increasing probability of poor renal outcome but 
that minimal levels of chronicity cannot reliably predict adverse 
outcomes. Schwartz et al. (258) also found that there was poor 
interobserver and intraobserver reproducibility of the AI and 
CI, suggesting that it is influenced by subjectivity. When four 
highly experienced, university-based renal pathologists scored 
83 biopsies of lupus nephritis, the mean activity indices ranged 
from 9.64 to 12.89 and mean chronicity indices from 2.84 to 
4.61. The AI, which factors six variables, was consistently less 
reproducible than the CI (258). Wernick et al. also studied 
the reproducibility of the AI and CI used by the NIH group 
among five experienced pathologists, including four commu-
nity hospital based and one from a university medical center 
(259). Pairs of pathologists gave scores within 1 point for chro-
nicity and within 2 points for activity index in only 50% of 
cases. Moreover, repeated readings by the same pathologist at 
an interval of 8 to 9 months yielded CI scores that were greater 
than 1 point discordant in 45% of cases and AI scores that were 
greater than 2 points discordant in 43% of cases.

These studies underscore that there is no cutoff for AI and 
CI that reliably predicts outcome and that absolute reproduc-
ibility of these indices is not possible. Nevertheless, these data 
should not detract from the general observation that active and 
chronic renal lesions behave differently, especially in response 
to immunosuppressive therapy, and should be factored into 
any formulation of appropriate treatment. Although the value 
of these indices is controversial, most nephrologists find an 
overall assessment of activity and chronicity useful, especially 
when repeat biopsies are performed in individual patients to 
monitor evolution and response to therapy. In addition to the 
ISN/RPS classification, our biopsy reports routinely include an 
AI and a CI and designate in the microscopic description the 
percentage of glomeruli with active and chronic lesions. More 
important than the actual numerical value is the description of 
the type of active lesions and proportion of glomeruli affected. 
Most pathologists agree that certain lesions, such as necrotizing 
lesions and cellular crescents, are less reversible than other active 
lesions, such as subendothelial wire loops or neutrophil infiltra-
tion. The ISN/RPS classification specifies that the proportion 

of glomeruli with active and sclerosing lesions, and specifically 
those with fibrinoid necrosis or cellular crescents, should be 
indicated in each biopsy report. It also encourages, but does 
not mandate, the use of the NIH (or other) index for system-
atic quantitation of activity and chronicity (21,22). The ISN/
RPS classification also incorporates designations of activity and 
chronicity into the diagnostic line of the renal biopsy report by 
applying the symbols (A) for active, (A/C) for mixed active and 
chronic, and (C) for chronic after diagnoses for lupus nephritis 
class III or IV. In this way, a diagnosis of lupus nephritis class 
IV (A/C) indicates a diffuse proliferative and sclerosing glomer-
ulonephritis with both active and sclerosing features, whereas 
a designation of class III (A) indicates focal proliferative lupus 
nephritis that is purely active and (C) indicates focal sclerosing 
lupus nephritis that is purely chronic.

Reproducibility of the ISN/RPS Classification
Several studies have confirmed the improved interobserver 
reproducibility of the ISN/RPS classification compared to ear-
lier WHO classifications (215,260). A large study involving 20 
centers in the UK classified cases of lupus nephritis by the ISN/
RPS classification and the modified WHO (1982) classifica-
tion (260) and concluded that the ISN/RPS classification was 
more reproducible. They ascribed this to clearer separations 
between the classes and the elimination of subgroups of class V. 
Interestingly, the percentage of cases of class IV increased from 
23% by the WHO 1982 classification to 46% by the ISN/
RPS classification, with fewer diagnoses of class III and class V. 
This increase could be attributed primarily to the elimination 
of class Vd as a subgroup of membranous lupus nephritis and 
the inclusion of sclerotic glomeruli in the assessment of total 
glomeruli affected. Other studies have shown that the classifi-
cation is useful to predict outcome based on its incorporation 
of modifiers reflecting activity (A) and chronicity (C) (219).

Extrarenal Clinical Manifestations
SLE is extremely diverse in its clinical manifestations, which 
affect a large number of organ systems with highly variable ini-
tial presentations and evolution over time (261). Constitutional 
symptoms such as fever, malaise, and weight loss are common 
presenting features. Fever secondary to active disease was docu-
mented in over 80% of patients with SLE in the early 1950s, 
but only 41% of patients in a study conducted from 1980 to 
1989 (262), possibly reflecting earlier disease recognition and 
greater use of antipyretic medications in the modern era.

Involvement of the skin and mucous membranes occurs in 
55% to 90% of patients (262,263) and includes butterfly rash 
over the cheeks and bridge of the nose, oral or nasal ulcers, dis-
coid lupus, and subacute cutaneous lesions. The butterfly rash, 
detectable in approximately one half of patients, often appears 
after sun exposure. Presumably, ultraviolet B radiation expo-
sure damages cellular proteins and DNA, releasing subcellular 
antigenic particles such as nucleosomes (264). Release of cyto-
kines such as interleukin-1 (IL-1) in areas of sun damage may 
potentiate the immune response. Moreover, ultraviolet light 
promotes binding of anti-Ro, anti-La, and anti-RNP to kera-
tinocytes (265). Discoid skin lesions occur in approximately 
25% of patients and must be differentiated from discoid lupus 
erythematosus, a purely cutaneous condition. Discoid lesions 
differ from the diffuse erythematous lesions of classic butter-
fly rash in having rounded, annular contours, frequent plaque 
formation, and follicular plugging, leaving depressed scars and 
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areas of hypopigmentation. In SLE, lesions may occur on the 
face, scalp, neck and upper chest, or back. Pathologic exami-
nation of the skin reveals mononuclear inflammation of the 
dermis, follicular plugging, edema of the basal epidermis, and 
hyperkeratosis. Granular deposits of IgG and C3 are often 
detectable at the dermal-epidermal junction, corresponding 
to complexes of nucleosomes and antinucleosomal antibodies 
(266). Alopecia occurs in up to 70% of patients and may affect 
the eyebrows, eyelashes, beard, and scalp. Nail lesions, ridging 
and pitting in character, may also affect up to one fourth of 
SLE patients. Other skin lesions such as periungual erythema, 
telangiectasia, Raynaud phenomenon, and livedo reticularis are 
also common. The latter is particularly associated with a circu-
lating lupus anticoagulant and/or APL antibodies. The occur-
rence of vasculitis may be manifested by splinter hemorrhages 
of the nailfold capillaries, small microinfarcts of the fingertips, 
and erythematous indurated lesions on the palmar thenar emi-
nences (i.e., Janeway spots) and fingertips (i.e., Osler nodes).

In a large number of series, arthralgias and arthritis are 
the most common presenting symptoms, occurring in up to 
95% of patients at some time in the course of the disease. Joint 
complaints may precede by months or years other systemic 
symptoms. The arthralgias commonly affect the proximal 
interphalangeal joints, wrist, and knees and may be accompa-
nied by morning stiffness. Rarely is the arthritis deforming, 
although soft tissue laxity may be seen in the late stages. Muscle 
complaints such as myalgias, muscle tenderness, and weakness 
may occur in greater than 50% of patients at some point in the 
course of disease evolution. Muscle biopsies reveal perifascicu-
lar and perivascular mononuclear infiltrates.

Among the pulmonary manifestations of SLE, pleuritis is 
the most common, affecting 40% to 60% of patients, some-
times with associated pleural effusions. Lupus pneumonitis 
is far less common, affecting less than 5% of patients (267). 
Pathologically, it consists of an interstitial pneumonitis with 
predominantly interstitial mononuclear infiltrates. In severe 
cases, acute alveolitis, hyaline membranes, and alveolar hem-
orrhage may occur. Inoue identified deposits of IgG, C3, and 
DNA antigen in alveolar capillary walls and septa, with corre-
sponding electron-dense deposits seen by electron microscopy 
(268). Clinically, lupus pneumonitis is often difficult to dif-
ferentiate from infectious pneumonia. Pulmonary function test 
abnormalities associated with lupus include mild impairment 
in diffusing capacity and reduced lung volume. Pulmonary 
embolus may occur as a complication of RVT associated with 
the nephrotic syndrome or deep vein thrombosis associated 
with circulating lupus anticoagulant and/or APL antibodies.

Cardiovascular manifestations are most frequently related 
to pericarditis, which is detectable in one fourth of patients 
clinically and in up to two thirds at autopsy (269). In the 
acute phase, an electrocardiogram reveals tall T waves and 
elevation of the ST segment. Less common is myocarditis, 
which was detectable clinically in 8% of patients in two large 
series (270,271) and up to 40% at autopsy (269). Histologic 
features include interstitial mononuclear inflammation and 
fibrosis. Arteritis affecting the major coronary arteries and 
intramyocardial arterioles is rare. An increasingly recognized 
cardiac complication of lupus is valvular disease, which cor-
relates highly with the presence of APL antibodies. Valvular 
thrombotic (sterile) vegetations are most commonly encoun-
tered on the mitral valve and rarely the aortic valve. Previously 
called Libman-Sacks endocarditis, it consists of a fibrinous or 

fibrosing verrucous lesion that may cause clinically significant 
valvular stenosis or incompetence.

The neurologic manifestations of lupus are diverse and often 
pose difficulties in differentiation from steroid-induced psychosis. 
They include cognitive dysfunction, headache, altered conscious-
ness (ranging from stupor to coma), seizure, stroke, optic neuri-
tis, and peripheral neuropathy. Pathologically, a correspondingly 
diverse array of morphologic lesions has been described, ranging 
from cerebral perivascular inflammation to thrombosis, arteritis, 
cerebritis, hemorrhage, and infarction. A role for antineuronal 
antibodies (272) and immune complex deposition, identifiable 
in the choroid plexus, has been proposed. Thrombotic central 
nervous system disease often is mediated by lupus anticoagulant 
and/or APL antibodies and may have vasculitic features.

Hematologic abnormalities are common and include 
lymphadenopathy in 50% of patients. Anemia, affecting about 
one half of patients, may be hemolytic and produce a positive 
direct Coombs test result. Lymphopenia and thrombocytope-
nia are commonly observed. The lymphocytopenia is probably 
mediated in part by cold-reactive, complement-fixing IgM 
antilymphocyte antibodies. Severe thrombocytopenia may be 
a manifestation of immune thrombocytopenic purpura, and 
platelet counts of less than 20,000 may be associated with 
clinical evidence of bleeding, including cutaneous petechiae, 
purpura, or epistaxis. Prolongation of the activated partial 
thromboplastin time and a false-positive VDRL result are usu-
ally manifestations of APL antibodies. Antibody binding to the 
phospholipid component of the prothrombin activator com-
plex (consisting of factors Xa, V, calcium, and phospholipid) 
prolongs the in vitro partial thromboplastin time. Antibodies 
to cardiolipin, the phospholipid component of beef heart, 
which is admixed with phosphatidylcholine and cholesterol in 
the VDRL assay, is responsible for the falsely positive biologic 
test result for syphilis detected in 29% of patients.

A classification of SLE was proposed in 1982 by the ACR 
(273) and was further revised in 1997 (274). This system 
attempts to accommodate the diverse clinical manifestations of 
SLE, while accounting for its highly variable disease evolution 
affecting different systems over time, with periods of remission 
and exacerbation. This classification proposes 11 defining clin-
ical and laboratory criteria, including malar rash, discoid rash, 
photosensitivity, oral ulcers, arthritis, serositis, renal disorder 
(defined as persistent proteinuria greater than 500 mg/d or 3+ 
by dipstick testing or cellular casts of any type, including red 
cell, granular, tubular, or mixed), neurologic disorder, hemato-
logic disorder (including anemia, leukopenia, lymphopenia, or 
thrombocytopenia), immunologic disorder (including positive 
test for anti-dsDNA antibody, anti-Smith antibody, APL anti-
body, or lupus anticoagulant), and positive ANA. The presence 
of any four of these criteria sequentially or simultaneously has 
96% sensitivity and specificity for SLE (273) in the patient 
database from which it was derived. Subsequent studies have 
confirmed a more modest 80% to 95% sensitivity and specific-
ity for these criteria in clinical rheumatologic practice (275).

Management of Lupus Nephritis
Overview
The management of lupus nephritis has evolved over many 
decades, with the introduction of new agents and therapeu-
tic strategies following multiple clinical trials (276–279). In 
brief, corticosteroids have been the mainstay of therapy for 
lupus nephritis since the 1950s (185) and continue to be used 
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in most patients with clinically significant kidney disease. In 
the 1980s, landmark studies from the NIH demonstrated that 
aggressive immunosuppression with cyclophosphamide in con-
junction with corticosteroids was more effective than cortico-
steroids alone in producing remissions in most cases of lupus 
nephritis (280–282). However, this gain was accompanied by 
significant side effects from long-term immunosuppressive 
therapy, notably infections, gonadal toxicity, and bladder tox-
icity (283). Subsequent studies demonstrated that lower doses 
and shorter courses of cyclophosphamide, followed by mainte-
nance therapy with mycophenolate mofetil (MMF) or azathio-
prine (AZA), were equally effective at preventing relapses and 
sustaining remissions as the higher doses of cyclophosphamide 
used in the original NIH protocols (284–288). More recently, 
MMF has emerged as a suitable alternative to cyclophospha-
mide for both proliferative and membranous lupus nephritis 
and may even be the treatment of choice in patients of African 
descent or Hispanic ethnicity (284,289–293). In addition, the 
use of calcineurin inhibitors in lupus nephritis is supported by 
several clinical studies (294–296). In the 21st century, novel 
biologic agents that target B-cell and T-cell function and cyto-
kines have been employed in patients with SLE. Some of these 
drugs have entered the therapeutic armamentarium for lupus 
nephritis, whereas others remain under active study.

The ACR (27) and the European League Against 
Rheumatism (EULAR) (297,298) have both issued evidence-
based guidelines for the management of lupus nephritis, based 
on renal biopsy findings using the ISN/RPS classification. 
Therefore, the treatment of lupus nephritis will be reviewed in 
the context of the ISN/RPS classes.

Mesangial (Class I and II) Lupus Nephritis
Patients with purely mesangial disease (class I or II) require 
conservative treatment only. Blockade of the renin-a ngiotensin-
aldosterone system (RAAS) with angiotensin-converting 
enzyme inhibitors and/or angiotensin receptor blockers is rec-
ommended in all patients with hypertension and/or greater 
than 0.5 g/d proteinuria (27,298), as this may prevent the devel-
opment of more severe glomerular disease (299). In addition, 
blood pressure levels should be targeted to ≤130/80 mm Hg, 
and statins should be employed to maintain low-density lipo-
protein (LDL) cholesterol levels less than 100 mg/dL (27). 
Finally, hydroxychloroquine is recommended for all patients 
with lupus nephritis, as this reduces renal flares and lowers the 
risk of subsequent renal damage (27,298).

Focal and Diffuse (Classes III and IV) Lupus Nephritis
Cases of inactive focal lupus nephritis III (C) require conserva-
tive management only. Patients with very mild class III disease 
lacking substantial subendothelial deposits or necrotizing fea-
tures may be managed with steroids alone. Class III cases with 
more severe active features, including extensive focal prolifera-
tive lesions, necrotizing lesions, crescents, or abundant suben-
dothelial deposits, are usually treated with vigorous therapy 
comparable to that recommended for active diffuse prolifera-
tive lupus nephritis class IV.

In the current era, most cases of lupus nephritis (class III, 
class IV, and class V) are treated in two phases: induction 
and maintenance. The induction phase involves an initial 
period of intense immunosuppression with the goal of pro-
ducing a remission, or clinically significant response, as 

defined by improvement or normalization of GFR, reduction 
of proteinuria, and elimination of active urinary sediment 
(277,300,301). This is followed by a maintenance phase with 
less intense therapy, with the goals of consolidating remission, 
preventing relapse and nephritis flares, suppressing smolder-
ing disease that could lead to chronic kidney disease, and 
minimizing the side effects of long-term therapy (27,300). 
The duration of both induction and maintenance phases 
must be individualized based on clinical response. In general, 
the induction phase lasts at least 6 months and the mainte-
nance phase lasts at least 2 years but may need to continue 
indefinitely.

inducTion Therapy for claSS iii and  
claSS iV lupuS nephriTiS

Current expert guidelines recommend that most cases of  
class III and class IV disease receive cyclophosphamide or 
MMF in conjunction with intravenous high-dose steroids for 3 
days, followed by daily or alternate-day high-dose oral steroids 
(tapering after 8 weeks) (27,298). Steroids alone are not ade-
quate therapy for proliferative lupus nephritis (281,302). The 
efficacy of cyclophosphamide for inducing remission of lupus 
nephritis was established in several NIH-sponsored trials (280–
282). Following six to eight monthly boluses of cyclophospha-
mide plus steroids, most (83%) patients with lupus nephritis 
will have entered remission (287). Intravenous administration 
of cyclophosphamide is preferable to oral therapy because of 
the lower incidence of premature ovarian failure and hemor-
rhagic cystitis (302). Two induction protocols include the 
use of cyclophosphamide: the “NIH protocol” (six monthly 
pulses of intravenous cyclophosphamide 0.5 to 1 g/m2) and the 
lower dose “EuroLupus protocol” (500 mg intravenously every  
2 weeks for 6 doses) (288). The EuroLupus Nephritis Trial in 
90 European subjects (who were predominantly white) dem-
onstrated equally good responses in the initial 3-year study 
period (288) and over 10 years of follow-up in patients who 
received either lower or higher doses of cyclophosphamide, fol-
lowed by maintenance therapy with AZA and low-dose corti-
costeroids (303). However, the suitability of this regimen for 
populations at risk for more severe renal disease (i.e., those of 
African or Asian race or Hispanic ethnicity or with severe cres-
centic glomerulonephritis) remains uncertain.

MMF has emerged as an alternative to cyclophospha-
mide for induction therapy and may be more advantageous 
in African Americans and Hispanics (27,289,291). MMF is 
an inhibitor of inosine monophosphate dehydrogenase, an 
enzyme involved in de novo purine synthesis, which effectively 
blocks DNA synthesis in lymphocytes. Whereas cyclophospha-
mide has significant risk of major infection and gonadal toxic-
ity, the major side effects of MMF are diarrhea, nausea, and 
minor infections. A groundbreaking trial by Chan et al. (304) 
in Hong Kong showed comparable remission rates at 1 year 
in patients with diffuse lupus nephritis treated with MMF for  
12 months versus oral cyclophosphamide for 6 months fol-
lowed by AZA for 6 months. A controlled study in the United 
States found MMF to be superior to IV cyclophosphamide 
as induction therapy (291). Among 140 patients receiving 
treatment for 24 weeks, complete remissions were achieved in 
22.5% of patients receiving MMF versus 5.8% of those receiv-
ing IV cyclophosphamide, with more favorable safety profile 
in the MMF group (291). The Aspreva Lupus Management 
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Study (ALMS) demonstrated similar short-term response rates 
and safety in patients randomized to receive cyclophosphamide 
(0.5 to 1.0 g/m2) or MMF plus corticosteroids for 24 weeks 
induction therapy (289). Importantly, patients of Asian descent 
may respond to lower doses of MMF (305) and may be more 
susceptible to side effects (289,306). Thus, the ACR guidelines 
suggest that Asian patients may be adequately treated with up 
to 2 g of MMF per day, whereas non-Asian patients and those 
with more active disease should receive 3 g/d (27). There are 
few long-term data for MMF or to support its use in severe 
lupus nephritis. Therefore, cyclophosphamide remains the 
treatment of choice in most cases with adverse clinical or his-
tologic features, such as rapidly deteriorating kidney function 
and extensive crescents (298).

Oral AZA plus methylprednisolone was compared to 
intravenous cyclophosphamide in one Dutch study (307), with 
similar rates of remission in the first 2 years. However, follow-
up studies revealed higher chronicity indexes in the AZA group 
(308) and higher rates of relapse and doubling of serum creati-
nine (309).

In addition, there is preliminary evidence, mainly in Asian 
populations, that either tacrolimus (295,310–313) or cyclo-
sporine A (314) may be as effective as cyclophosphamide or 
MMF for inducing remission of proliferative lupus nephri-
tis. A study of 31 Czech patients with lupus nephritis showed 
that cyclosporine A was effective in inducing remission, both 
as first-line therapy and as salvage therapy in cases that were 
refractory to cyclophosphamide (315). In a subsequent trial, the 
rates of remission and renal response were similar in patients 
who randomly received either cyclosporine A or cyclophospha-
mide in both the induction and maintenance phases (316). The 
 cyclosporine-treated group demonstrated increase in blood pres-
sure and reversible decline in GFR. A novel induction therapy 
for combined proliferative and membranous lupus nephritis 
(class IV + V) involves the use of a calcineurin inhibitor together 
with MMF or AZA plus corticosteroids (multitarget therapy). 
In a randomized study of 40 patients with class IV + V disease 
who received steroids and MMF plus tacrolimus or intravenous 
cyclophosphamide, intention-to-treat analysis showed a higher 
rate of complete remission for the multitarget group compared 
with the cyclophosphamide group, at 6 and 9 months (50% vs. 
5% and 65% vs. 15%, respectively) (317). In addition, adverse 
events were less frequent in the multitarget group (317).

At Columbia University, we have found that repeat renal 
biopsies in patients completing a 6-month course of monthly 
intravenous cyclophosphamide typically demonstrate mark-
edly reduced activity, but chronic features are often increased 
(318). These findings indicate that not all active lesions can 
be fully reversed to permit restoration of normal glomerular 
architecture. The more profoundly damaging lesions, such as 
fibrinoid necrosis and circumferential crescents, lead inevita-
bly to some renal scarring. Subendothelial deposits, glomerular 
endocapillary proliferation, neutrophil infiltration, and inter-
stitial inflammation appear to be far more reversible lesions.

In summary, cyclophosphamide and MMF (both in con-
junction with high-dose steroids) have shown similar efficacy 
for induction of remission in most cases of severe class III or 
class IV proliferative lupus nephritis. With cyclophosphamide, 
the lower-dose EuroLupus protocol may be preferred, as it has 
fewer side effects than the standard NIH protocol. In clinical 
practice, MMF has emerged as the treatment of choice in most 

patients, but cyclophosphamide may be preferred in cases with 
severe crescentic disease. The choice of therapy must be tai-
lored to the individual patient, in concert with the renal biopsy 
findings. In the absence of a clinically significant response after 
6 months, the induction regimen should be switched from 
cyclophosphamide to MMF, or vice versa, accompanied by 
high-dose corticosteroids. Alternative agents such as belim-
umab, rituximab, or calcineurin inhibitors may be effective in 
cases resistant to standard induction therapy (see below).

mainTenance Therapy for claSS iii and  
claSS iV lupuS nephriTiS

Following the induction of remission, patients will require 
maintenance therapy for an indefinite period, but typically 
lasting at least 2 years. MMF, AZA, or a calcineurin inhibitor 
may be used, in conjunction with steroids (tapered to as low 
a dose as possible). In a study from Miami, Contreras et al. 
(287) compared MMF to cyclophosphamide as maintenance 
therapy over approximately 2 years, following an initial 4 to  
7 months of monthly IV cyclophosphamide as induction ther-
apy. Patients assigned to MMF maintenance therapy had fewer 
relapses, less mortality, and less drug-related toxicity compared 
to those randomized to quarterly IV cyclophosphamide pulses 
as maintenance therapy. In a randomized controlled study of 
64 Chinese patients with class IV disease and a median follow-
up of 63 months, MMF plus prednisolone was as effective as 
cyclophosphamide plus prednisolone as combined induction-
maintenance therapy (290). Notably, the MMF group had 
fewer severe infections.

The use of MMF versus AZA for maintenance therapy was 
compared in two large, well-designed randomized multicenter 
trials of patients who had undergone successful induction ther-
apy, with different conclusions (284,285). The MAINTAIN 
trial (A Randomized Multicenter Trial Comparing MMF and 
AZA as Remission-Maintaining Treatment for Proliferative 
Lupus Glomerulonephritis) included 105 predominantly 
white (79%) subjects from 27 European centers, who had class 
III (31), class IV (58%), and class V (10%) lupus nephritis 
(285). All subjects underwent induction therapy with cyclo-
phosphamide using the lower-dose “EuroLupus” protocol 
before being randomly assigned to MMF or AZA mainte-
nance therapy. Importantly, successful induction was not a 
requirement for entry to the maintenance study phase. Renal 
flares were observed in 13 (25%) AZA-treated and 10 (19%) 
MMF-treated patients. The two groups showed equal rates of 
remission, steroid withdrawal, and disease flares after at least 
3 years of follow-up. In addition, follow-up protocol biopsies 
at 2 years showed no significant differences between the two 
treatment groups (319). On the other hand, the maintenance 
phase of the ALMS trial consisted of 227 patients in 88 world-
wide centers (44% white, 34% Hispanic ethnicity), who had 
achieved a clinical response with MMF or cyclophosphamide 
(0.5 to 1.0 g/m2) (284). The primary end point in this study 
was time to treatment failure, defined as renal flare (protein-
uric or nephritic), sustained doubling of serum creatinine, ini-
tiation of rescue therapy, ESRD, or death. The ALMS study 
reported that MMF was superior to AZA in maintaining renal 
response and preventing relapse, regardless of induction ther-
apy and irrespective of race, gender, or region, and might be 
better tolerated than AZA in high-risk non-Caucasian patients 
(284). The different conclusions probably reflect differences in 
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patient and disease characteristics, as well as the end points 
examined in these two studies.

Recent data suggest a possible role for calcineurin inhibitor 
as maintenance therapy. Chen et al. (294) reported that tacroli-
mus was equally effective as AZA in maintaining remissions in 
lupus nephritis and had fewer side effects. Moroni et al. (296) 
reported that cyclosporine A and AZA were equally effective in 
maintaining remissions in a study of 75 Italian patients with 
diffuse lupus nephritis who were followed for 4 years after 
receiving induction therapy with cyclophosphamide plus cor-
ticosteroids. Although concern exists about the nephrotoxic 
potential of cyclosporine A, this should not be significant with 
the doses used for maintenance therapy (i.e., 2 mg/kg/d).

In summary, both MMF and AZA are well tolerated 
and highly effective in maintaining a sustained remission 
response over 3 to 4 years in most patients with moderately 
severe proliferative lupus nephritis. MMF may be preferable 
as first-line therapy in non-Caucasian patients, whereas AZA 
may be appropriate in patients who wish to become pregnant. 
Calcineurin inhibitors may be a suitable alternative in Asian 
and Caucasian patients, but these agents carry a potential risk 
of nephrotoxicity and hypertension.

Membranous (Class V) Lupus Nephritis
Conservative antiproteinuric therapy (e.g., with RAAS block-
ade and statin) may be sufficient in patients with class V lupus 
nephritis who have minimal proteinuria (less than 2 g/d), due 
to the low risk of progression to ESRD (278). Steroids con-
tinue to be the mainstay of treatment for membranous lupus 
nephritis and steroid monotherapy, or a calcineurin inhibitor 
may be appropriate in cases with significant (greater than 2 g/d 
but still mild proteinuria.

Patients with class V disease who are at high risk for 
progression (i.e., those manifesting more severe proteinuria, 
hypoalbuminemia, and reduced GFR) should receive aggres-
sive immunosuppression for at least 6 months in order to 
induce remission of the nephrotic syndrome (27,298,320). 
For induction and maintenance therapy, MMF is as effective 
as cyclophosphamide, irrespective of the initial level of pro-
teinuria (289,291,321). In a small, uncontrolled study, con-
tinuous MMF combined with RAAS inhibition and a statin 
produced sustained remission of proteinuria in 9 of 13 patients 
with pure membranous lupus nephritis at a mean follow-up 
of 16 months (322). In addition, cyclosporine A and AZA (in 
conjunction with steroids) have both been used successfully to 
induce partial or complete remissions of proteinuria in patients 
with class V lupus nephritis (323–325). Calcineurin inhibitors 
(tacrolimus (326) or cyclosporine A (327)) are both superior 
to steroids alone, and cyclosporine may induce faster remis-
sions than cyclophosphamide, but with a higher frequency of 
relapses (327). The ACR and EULAR guidelines both recom-
mend the use of corticosteroids and MMF as first-line therapy 
for class V disease with nephrotic proteinuria (27,298).

Rituximab has been effective salvage therapy in cases of 
membranous lupus nephritis that were refractory to other ther-
apies, with markedly improved proteinuria and resolution of 
electron-dense deposits demonstrated by electron microscopy 
(328). As noted previously, multitargeted therapy (calcineurin 
inhibitor plus MMF plus steroid) may be beneficial in cases 
with combined proliferative and membranous disease (class IV 
plus class V) (317).

Advanced Sclerosing (Class VI) Lupus Nephritis
Patients with class VI disease should be prepared for renal 
replacement therapy.

Other Therapies for Lupus Nephritis
A variety of novel biologic agents that target B cells, T cells and 
cytokines have been studied in SLE, with varying results in 
patients with lupus nephritis. These include agents that target 
B cells (rituximab, belimumab, ocrelizumab), T-cell costimu-
lation (abatacept), cytokines (infliximab, atacicept), and anti-
dsDNA antibodies (abetimus sodium).

riTuximab

Rituximab, an anti-CD20 monoclonal antibody that depletes B 
cells, has been used successfully to treat lupus nephritis that did 
not respond to other therapies (328–332). Two meta-analyses 
showed complete or partial responses of 67% to 69% following 
use of rituximab in cases that were refractory to other thera-
pies (331,332). However, two randomized controlled trials in 
which rituximab or placebo were added to standard immuo-
suppressive therapy failed to demonstrate superiority over pla-
cebo (333,334). The Exploratory Phase II/III SLE Evaluation 
of Rituximab trial tested the efficacy and safety of rituximab 
versus placebo in 257 patients with moderately-to-severely 
active extrarenal SLE, but without lupus nephritis (333). The 
Lupus Nephritis Assessment with Rituximab (LUNAR) trial 
consisted of 140 patients with severe lupus nephritis who were 
randomized to rituximab or placebo, together with MMF (up 
to 3 g/d) and tapering doses of corticosteroids. Although the 
rituximab group achieved more remissions (complete or par-
tial) and greater reductions in anti-dsDNA and serum comple-
ment levels, there was no statistically significant difference in 
clinical outcomes after 1 year (334). Importantly, these studies 
may have been underpowered to demonstrate a benefit from 
rituximab (276). Although these findings do not support the 
routine use of rituximab in lupus nephritis, this agent may still 
have a role in cases that are refractory to other therapies (27).

belimumab

Belimumab, a humanized monoclonal antibody that targets 
the B-cell growth factor B lymphocyte stimulator (BLyS) pro-
tein, is the only new agent in the past 50 years to have been 
approved by the United States Food and Drugs Administration 
(FDA) for treatment of SLE (335). Although its role in lupus 
nephritis has not yet been formally investigated, a pooled post 
hoc analysis of two phase III studies (comprising 1684 patients) 
identified 267 subjects who had baseline renal involvement. 
A subset of belimumab-treated patients who also received 
MMF or had serologic activity at baseline showed a reduced 
number of renal flares and proteinuria compared to placebo 
(336). These finding suggest that belimumab may have a role 
as adjunctive therapy in lupus nephritis.

abaTacepT

Abatacept, a CTLA4Ig fusion protein, competes with endog-
enous CTLA4 expressed on activated T cells for binding 
to CD80 (B7.1) and CD86 (B7.2) expressed on antigen- 
presenting cells and B cells, thereby inhibiting the CTLA4 
costimulatory pathway. Preliminary studies in murine lupus 
showed promise (337). In one randomized placebo con-
trol trial, abatacept failed to achieve the primary outcome 
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(defined as urine protein:creatinine ratio less than 0.26 and 
estimated GFR within 10% of the screening/preflare value, on 
two consecutive visits). However, if less stringent definitions 
of response were employed (e.g., those used the LUNAR and 
ALMS trials), the abatacept-treated group would have shown 
significant better renal responses than the placebo group (338). 
A second clinical trial is ongoing.

leflunomide

Leflunomide, an inhibitor of the mitochondrial enzyme 
dihydroorotate dehydrogenase that is required for pyrimidine 
synthesis, is well tolerated and efficacious in rheumatoid arthri-
tis (RA). In one observational study of 110 Chinese patients 
with ISN-RPS class III or IV lupus nephritis (22 of whom had 
concomitant class V disease) who received either leflunomide 
(n = 70) or cyclophosphamide (n = 4) (both with corticoste-
roids) for induction therapy, similar rates of complete or partial 
remissions were observed at 6 months (21% and 52% vs. 18% 
and 55%, respectively), with similar rates of side effects (339).

plaSmaphereSiS

Several carefully controlled multicenter trials have failed to 
demonstrate any additional benefit of plasmapheresis over ste-
roid and immunosuppressive regimens (340). In addition, this 
modality has been associated with life-threatening viral and 
bacterial infections (341). However, plasmapheresis may be 
appropriate in the subset of lupus nephritis cases with throm-
botic microangiopathy (e.g., due to antiphospholipid antibod-
ies [APLAs]) or coexistent ANCA vasculitis (342).

inTraVenouS immunoGlobulin

The benefit of intravenous immunoglobulin (IVIG) as a poten-
tial steroid-sparing therapy for class IV lupus nephritis is not 
yet proven in controlled trials (343). One small, uncontrolled 
study of nine patients with resistant class IV disease reported 
improvement in clinical and histologic disease activity after 
receiving IVIG (344). In a small study of seven patients with 
treatment-resistant membranous or diffuse proliferative lupus 
nephritis, IVIG was effective in inducing remissions of pro-
teinuria (345). This effect is mediated by immunomodulating 
interactions with Fcγ receptors on immune effector cells, caus-
ing down-regulation of activating FcRIIA and FcRIIC while 
promoting up-regulation of inhibitory FcRIIB (343). The 
beneficial effects are usually prompt but short-lived, requiring 
repeated monthly infusions. However, other studies suggest 
that in some patients, IVIG may have the paradoxical effect of 
heightening disease activity (346). Proof of efficacy will require 
larger controlled trials.

oTher druGS

Immunoablation followed by autologous stem cell rescue 
(using the patient’s own CD34-positive hematopoietic stem 
cells) has shown efficacy in inducing long-term clinical and 
serologic remissions in patients with SLE refractory to conven-
tional immunosuppressive therapy (347).

Infliximab, a chimeric anti-TNF-α antibody, adminis-
tered to six lupus patients (of whom four had lupus nephritis) 
was found to reduce proteinuria and inflammatory manifesta-
tions of systemic lupus but resulted in elevated levels of auto-
antibodies to dsDNA and cardiolipin (348). Short-term (but 
not long-term) use of anti-TNF agents may be appropriate in 

patients who have lupus nephritis that is refractory to  standard 
 therapies (349). Oligonucleotide-based inhibitors of toll-
like receptor (TLR) signaling hold promise for inhibition of 
interferon-α production (350).

Randomized control trials of several other agents were dis-
continued due to lack of efficacy or an increased number of 
adverse events. Abetimus sodium (previously called LJP 394), 
a B-cell toleragen composed of four dsDNA helices attached to 
an inert scaffold, causes sustained reduction in the level of cir-
culating anti-dsDNA. Early trials of abetimus in lupus nephri-
tis showed promising results (351,352). However, there was no 
significant prolongation in time to renal flares in a randomized 
controlled phase III trial, which was terminated after interim 
efficacy analysis indicated that continuation would be futile 
(353). Ocrelizumab, a fully humanized anti-CD20 mono-
clonal antibody, was investigated in a phase III randomized, 
placebo-controlled safety and efficacy study that included 381 
patients with ISN/RPS class III (20%) or class IV (80%) lupus 
nephritis. Significantly higher renal response rates were seen 
in patients who received ocrelizumab in addition to standard 
therapy compared to placebo (354). However, all clinical trials 
with ocrelizumab were discontinued in 2010 due to an unex-
pectedly high rate of serious opportunistic infections. Finally, 
blockade of costimulatory pathways with monoclonal anti-
body directed to CD40 ligand (CD154) showed improvement 
in serologic activity and hematuria in patients with diffuse pro-
liferative disease (355), but another study with this agent was 
halted due to fatal thrombotic events (356).

In coming years, it is likely that novel biologic agents 
will be developed to inhibit specific pathogenic cytokines and 
interleukins.

Clinical Course and Prognosis
The overall survival of patients with SLE has improved 
over the past several decades, reflecting better control of the 
underlying disease and improved management of the side 
effects of drug therapy (26,204,357,358). In industrialized 
countries, 5-year patient survival has improved from less than 
10% in patients with diffuse lupus nephritis (treated with 
low-dose steroids) in the 1950s (185) to greater than 98% in 
the current era (359). The natural history of untreated lupus 
nephritis is unknown, but the closest approximation comes 
from the study by Muehrcke et al. (360) in 1957, which 
found a survival rate of less than 10% at 2 years for patients 
with diffuse proliferative lupus nephritis who received only 
low-dose corticosteroids. Following the broad use of high-
dose corticosteroids, 5-year survival rates in the 1970s aver-
aged 73% to 78% (148,203,244). In the early 1980s, the 
introduction of cyclophosphamide for diffuse proliferative 
lupus nephritis led to patient survivals in the range of 85% at  
5 years (33,36), with further improvement to 87% at  
10 years by 1987 (361). In the decade of 1990–2000,  
5- and 10-year patient survivals in the range of 90% to 95% 
were achieved (283,287,288,362–365). In a German study, 
Fiehn et al. (364) found that the outcome of patients with 
newly diagnosed lupus nephritis was significantly better in 
the decade of 1990–2000 than the decade 1980–1989, which 
they attributed to earlier diagnosis and treatment in the later 
decade. More recently, 5-year survival rates of greater than 
98% have been reported in adults (359) and children (366) 
with lupus nephritis.
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In contrast, the incidence of ESRD from lupus  nephritis 
has remained relatively constant over the past four decades 
(367). Renal survival rates at 15 years average 70% to 75% 
(368), reflecting the fact that as many as 40% of patients fail to 
respond to induction therapy. In addition, relapses (also referred 
to as “nephritic flares”) occur in up to 45% of patients following 
remission and are associated with significantly worse long-term 
prognosis (210,277,369,370). In an Italian study, there was a 
much higher risk (relative risk 6.8) of doubling serum creati-
nine in patients who experienced a nephritic flare (370). The 
risk of a flare is greater in those who only achieve partial remis-
sion (369). The induction of re-remission after a renal flare is 
successful in only two thirds of patients and those who do not 
remit have a high rate of progression to ESRD (277).

Not surprisingly, treatment response is an important 
prognostic indicator (211,287,368,371). Houssiau et al. (372) 
showed that remission response within 6 months of induc-
tion therapy was the best predictor of good renal outcomes at  
73 months and 10 years follow-up (303). In the Collaborative 
Study Group, 86 patients with diffuse proliferative lupus 
nephritis who all were treated initially with standard (high 
dose) cyclophosphamide were followed for more than 10 years 
(371). Patient and renal survivals at 10 years were 95% and 
94%, respectively, for those with complete remission, 76% 
and 45% with partial remission, and 46% and 19% with no 
remission. In addition, the patient survival without ESRD at  
10 years was 92% for complete remission, 43% for partial 
remission, and 13% for no remission (371).

The long-term benefit of newer strategies for proliferative 
lupus nephritis is largely undetermined, but treatment failure, 
flares, and progression to chronic kidney disease continue to 
occur. In the Euro-Lupus Nephritis trial comparing low-dose 
and high-dose cyclophosphamide for induction therapy fol-
lowed by AZA for maintenance therapy, the rates of remission, 
treatment failure, and renal flare in the low-dose and high-
dose groups were 71% and 54%, 16% and 20%, 27% versus 
29%, respectively (288). After 10 years of follow-up, the rates 
of death (11% vs. 4%), sustained doubling of serum creati-
nine (14% vs. 11%) and ESRD (5% vs. 9%) were substantial, 
albeit not significantly different among the two treatment 
groups (303). The ALMS maintenance trial reported a 3-year 
composite end point (renal relapse, doubling of serum creati-
nine, death, or transplantation) in 16% of patients receiving 
MMF and 32% in those receiving AZA (284). Treatment fail-
ure occurred in 16.4% and 32.4% of MMF and AZA groups, 
respectively. The MAINTAIN trial reported a similar 3-year 
prevalence of worse renal outcomes (nephrotic proteinuria, 
33% increase in serum creatinine, or threefold increase in pro-
teinuria or hematuria) in patients treated with MMF (19%) or 
AZA (25%) (285). Importantly, these clinical trials underesti-
mate the actual prevalence of poor outcomes as they excluded 
patients who had previously failed therapy and/or had renal 
failure at presentation.

As a group, patients with class V lupus nephritis tend 
to have a favorable short-term course, comparable to that of 
patients with class II disease, but the subgroups of patients with 
persistent nephrotic syndrome or mixed proliferative and mem-
branous disease have a worse long-term prognosis (204,236). A 
study from Chicago that included 36 patients with WHO class 
Va and class Vb lupus nephritis reported 5- and 10-year-sur-
vival rates of 86% and 72%, respectively (236). Our experience  

at Columbia University with a group of 60 patients with pure 
class V lupus nephritis diagnosed over a 30-year period has 
yielded similar renal survival rates of 90% and 73% at 5 and 
10 years, respectively (Vivette D’Agati, 2014, unpublished 
data). The Chicago and the New York groups both found sig-
nificantly worse outcomes for patients who had mixed mem-
branous and proliferative disease at the time of initial biopsy 
or that developed during following up (187). At 3.5 years 
of follow-up, 60% of patients with mixed membranous and 
proliferative disease had an adverse renal outcome, compared 
with only 36% of the patients with pure class IV disease (187). 
Adler et al. (373) found that renal failure occurred in only  
1 of 7 patients with class V, compared with 7 of 11 patients with 
class V + III and V + IV lesions. In the Columbia experience, 
individual predictors of poor renal outcome in class V lupus 
nephritis include higher serum creatinine levels, higher urinary 
protein excretion, lower serum albumin levels, and hyperten-
sion at the time of renal biopsy. By multivariate analysis, the 
most significant predictor of adverse renal outcome was black 
race, similar to the negative prognostic impact of black race in 
other classes of lupus nephritis (374–376). Some investigators 
have identified nephrotic-range proteinuria as a risk factor for 
ESRD in membranous lupus nephritis (377), whereas others 
have not (236,378).

It is likely that more aggressive immunosuppressive ther-
apy for patients with membranous lupus nephritis who are at 
high risk for progression has led to improved outcomes in the 
modern era. Pasquali et al. (235) reported a 100% 10-year sur-
vival rate for 26 patients with pure membranous lupus nephri-
tis. The researchers attribute this excellent renal survival to the 
use of more aggressive therapy, because all patients were treated 
with steroids and more than one half received a second immu-
nosuppressive agent (i.e., AZA, cyclophosphamide, or chlo-
rambucil). Similarly, in a follow-up study of 38 Asian patients 
with pure class V disease treated with glucocorticoid and AZA 
and followed for 12 ± 5.8 years, 24% had doubling of serum 
creatinine or decline of creatinine clearance by ≥30% but none 
reached ESRD (378).

According to a large study of 166 patients by the NIH 
group, clinical predictors of poor renal outcome in class IV 
lupus nephritis included black race, higher serum creatinine 
levels, and lower hematocrit values (251,379). Black patients 
were more likely than whites to have high-risk histologic fea-
tures, including extensive (greater than 50%) cellular cres-
cents and moderate to severe interstitial fibrosis. In a study 
of 89 patients with diffuse proliferative lupus nephritis by the 
North Carolina Glomerular Disease Collaborative Network, 
5-year renal survival was 58% among blacks, compared with 
95% among whites (376). This poor outcome among blacks 
appeared to be independent of age, duration of SLE, history 
of hypertension, adequacy of control of hypertension, or the 
AI or CI at renal biopsy (376). Similarly, in a retrospective 
study of 213 patients with lupus nephritis, the frequencies 
of ESRD or doubling of serum creatinine were significantly 
higher compared in black patients and Hispanic subjects com-
pared to white patients (31% vs. 18% vs. 10%, respectively) 
(380). It is unclear to what extent genetic or sociocultural fac-
tors (e.g., follow-up or compliance) account for these differ-
ences, but an outcome study from New York suggested a major 
role for socioeconomic factors (375). Poverty and lack of medi-
cal insurance conferred increased risk of disease progression 
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among African American and Hispanic patients (375). A large 
Japanese study of 515 females and 51 males with SLE treated 
from 1972 through 1991 found males to have a significantly 
worse renal survival (381).

In a study of greater than 400 patients with lupus nephri-
tis seen at Mayo Clinic from 1964 to 1986, predictors of pro-
gressive renal failure by multivariate analysis included impaired 
renal function, nephrotic-range proteinuria, anemia, and 
younger age (382). Interestingly, WHO class was not a signifi-
cant predictor of outcome when adjusted for these four clinical 
variables (382). In a study of 85 patients with lupus nephritis 
diagnosed between 1967 and 1983, the most powerful predic-
tor of renal failure and death due to lupus nephritis was change 
in proteinuria within 1 year of treatment (383). In the same 
cohort of patients (384,385), delay between the clinical detec-
tion of onset of renal disease and renal biopsy had an extremely 
negative impact on renal survival. There was significant dete-
rioration in renal function and urinary protein excretion in the 
interval from renal disease onset to biopsy, and renal biopsy 
specimens often had higher AI and CI values. These important 
data underscore the need for prompt renal biopsy and initia-
tion of therapy in SLE patients with any clinical evidence of 
renal involvement.

The prognostic significance of renal vascular disease in 
lupus nephritis was demonstrated in a retrospective study of 
341 Chinese patients with lupus nephritis (classes II to VI), 
279 of whom had one or more vascular lesions, including iso-
lated immune complex deposits (253 cases), atherosclerosis (82 
cases), thrombotic microangiopathy (60 cases), noninflamma-
tory vasculopathy (13 cases), and vasculitis (2 cases). Patients 
with thrombotic microangiopathy had the poorest outcomes, 
but including vascular lesions in a modified chronicity index 
was a significant predictor of renal outcome in all cases (386).

Dialysis and Transplantation
Overall, approximately 5% of all SLE patients and 20% of 
those with lupus nephritis develop ESRD (387). The inci-
dence of ESRD from lupus nephritis remained unchanged 
between 1975 and 2005 in a United Kingdom cohort (387). 
In the United States, the incidence of ESRD increased from 
1.16 cases per million person-years in 1982 to 3.08 cases per 
million person-years in 1995 and has subsequently stabilized 
but not declined (367,388,389). African American and Afro-
Caribbean patients have higher rates of ESRD from lupus 
nephritis than Caucasians and Asians (380,387). Of note, 
patients with ESRD due to SLE frequently experience a remis-
sion of their extrarenal manifestations and improvement in 
lupus serologic results such that all immunosuppression can be 
withdrawn (390). The cause for this improvement is uncertain 
but may be related to the immunosuppressive effects of uremia 
itself. Increased suppressor cell activity and reduced mitogenic 
response of peripheral blood leukocytes to uremic serum are 
thought to mediate this effect (391).

The survival of SLE patients on dialysis (both hemo- and 
peritoneal) appears to be comparable to that of non-SLE patients 
(392). Peritoneal dialysis is associated with better graft survival 
in adult SLE patients (393) but not in pediatric patients (394). 
The optimal length of dialysis in lupus patients with ESRD 
prior to transplantation is controversial. Roth et al. (395) sug-
gested that patients with longer dialysis periods (greater than  
2 years) before transplantation achieved better graft function 

than patients on dialysis for ≤1 year. However, Bumgardner  
et al. (396) were unable to confirm these findings. Moreover, suc-
cessful preemptive live donor transplantation has been described 
in patients with ESRD due to SLE who never underwent dialy-
sis (138). Nonetheless, a waiting period of 3 to 6 months prior 
to transplantation appears prudent, as 10% to 28% of patients 
with SLE and chronic kidney failure undergoing dialysis may 
show spontaneous recovery of kidney function (390).

Transplantation is well tolerated in patients with SLE, 
with best results seen with preemptive transplantation and liv-
ing donor kidneys (392,397). Although several studies have 
shown worse allograft outcomes in lupus patients (398,399), 
the overall trend suggests graft survival rates comparable to 
other causes of ESRD (400,401). One retrospective single-
center study found worse 1-year graft survival in patients with 
SLE (402). Graft failures in SLE allograft recipients have been 
attributed to thrombosis associated with APL antibody, recur-
rent disease (392), and higher rates of rejection (399). By con-
trast, a study conducted within the United States Renal Data 
system of all patients transplanted between 1996 and 2000 
found no differences in patient and graft survivals between 
those with and without lupus after controlling for confounding 
variables (401). Five-year graft and patient survivals in lupus 
patients were 68% and 85% for deceased donor recipients and 
78% and 92% for living donor recipients. However, among 
pediatric patients, those transplanted for end-stage lupus 
nephritis exhibit lower patient survival than their nonlupus 
counterparts, despite comparable graft survival (403). Several 
risk factors for poor graft survival have been identified, includ-
ing number of HLA mismatches. The risk of graft failure and 
patient death is higher in African American recipients, possibly 
reflecting socioeconomic factors and higher rates of deceased 
donor transplantation, delayed graft function, HLA mis-
matches, early rejection episodes, and recurrent lupus nephritis 
in this population (393,404–406).

The reported incidence of recurrent lupus nephritis ranges 
from 1% to 54% (402,405,407–412), with higher rates (30% 
(410) and 54% (412)) in studies that employed immuno-
fluorescence and electron microscopy. By contrast, a review 
of the United States United Network for Organ Sharing files 
found a prevalence rate of 2.44% for recurrent lupus nephritis 
defined clinically (not by renal biopsy) among 6,850 patients 
who received a transplant between 1987 and 2006 (413). In 
this study, recipients with recurrent lupus nephritis had a four-
fold greater risk for graft failure compared to control subjects 
without rejection; however, the major cause of graft failure was 
rejection (43%), and recurrent lupus caused only 7% of graft 
losses. Risk factors for recurrence included black race, female 
gender, and younger age (413). The higher risk of recurrence 
in African Americans was also demonstrated in another study 
(405). Recurrent lupus nephritis may be diagnosed at anytime 
from the first week to 16-year posttransplantation (392,413). 
All classes of lupus nephritis have been reported in the allograft, 
with a predominance of milder forms (classes I and II) (405,410–
412). One series of 20 patients with recurrent lupus nephritis 
noted a predominance of mesangial disease in allograft biopsies 
performed for cause (60%), whereas the native kidneys showed 
predominantly proliferative (50%) or membranous (30%) 
lesions (405). We have observed class II lupus nephritis diag-
nosed as an incidental finding in biopsies performed for graft 
dysfunction caused by acute rejection. In a study from Norway 
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of 41 SLE patients who underwent allograft biopsy, including 
38 per protocol and 3 for cause, recurrent lupus nephritis was 
identified in 22 subjects (54%) at a mean time of 8-year post-
transplantation (412). Recurrent lupus nephritis was associated 
with more proteinuria (albeit mild) and lupus anticoagulant. 
The 22 biopsies showed predominantly class I or class II disease 
(10 and 7 cases, respectively), but two had class III (including 
one with class V), one had class IV, and the remaining two had 
class V lupus nephritis. Thus, it is likely that subclinical recur-
rence is more common than previously thought and would be 
detected more frequently if immunofluorescence and electron 
microscopy were applied systematically to all renal transplant 
biopsies. Rarely, lupus nephritis has been reported to recur in 
two successive renal allografts (414). There are also rare reports 
of donor kidneys with unsuspected crescentic lupus nephri-
tis being transplanted into nonlupus recipients, with variable 
outcomes (415). Recurrent lupus nephritis is a risk factor for 
graft loss but appears to have limited impact on patient survival 
(405) (see also Chapter 29).

A serious complication of ESRD in lupus patients is per-
sistently positive APL antibodies with the attendant increased 
risk of thromboembolism and thrombocytopenia. Some of 
these patients develop thrombosis in the renal allograft that 
may be difficult to differentiate from the vascular manifesta-
tions of calcineurin inhibitor toxicity or antibody-mediated 
rejection (416). Patients with moderate to high titer APL 
should probably receive prophylactic anticoagulation in the 
perioperative period (398). Nonlupus populations with ESRD 
on hemodialysis have also manifested a high (10% to 30%) 
prevalence of APL antibodies, which does not appear to be 
related to age, gender, or duration of dialysis (417–419). The 
prevalence of APL antibodies appears to be greater in patients 
on hemodialysis than on peritoneal dialysis and in those with 
arteriovenous grafts compared with those with arteriovenous 
fistulas. The reasons for these associations remain unexplained.

Other Renal Manifestations of SLE
Silent Lupus Nephritis
Renal pathologic abnormalities without clinical evidence of renal 
disease (silent lupus nephritis) has been identified in up to one 
third of patients with SLE (225,420). In a review of 204 cases 
reported in the literature up to 2006, and excluding 38 cases that 
were originally classified as WHO class I (i.e., with no immune 
complex glomerular disease), the patterns reported include 
WHO class II (51%), III (19.3%), IV (24.1%), V (5.4%), and 
VI (less than 1%) (421). Most patients with silent lupus nephritis 
appear to have a benign clinical course (422). However, in one 
study of 31 Japanese subjects with silent lupus nephritis (WHO 
classes: I, 4 cases; II, 23 cases; IV, 3 cases; and V, 1 case), 8 patients 
(28%) subsequently developed overt renal disease, at a mean 
f ollow-up time of 58 months (226). This event was associated 
with persistently elevated anti-dsDNA antibodies and hypocom-
plementemia (226). These findings suggest that lupus nephritis 
may have a preclinical phase in the early stage of disease. Because 
renal biopsies are rarely performed in patients without clinical 
disease, the optimal management of this condition is uncertain.

ANA-Negative Lupus Nephritis
Renal disease may rarely occur in patients lacking the usual 
serologic evidence of SLE (ANA-negative systemic lupus) 
(423,424). The incidence of ANA-negative lupus has been 

reduced since the replacement of rodent tissues with human 
carcinoma cell lines as substrate for the ANA immunofluo-
rescence test. Nonetheless, even in the modern era, there are 
rare reports of renal biopsy findings highly suggestive of lupus 
nephritis in subjects who do not fulfill ACR diagnostic criteria 
for SLE at the time of biopsy or after years of follow-up (425).

Lupus Nephritis With ANCA Positivity
Several cases of lupus nephritis with coexistent ANCA vasculi-
tis have been described. Nasr et al. (342) reported 10 patients 
with necrotizing and crescentic lupus nephritis, all of whom had 
positive P-ANCA titers and/or antimyeloperoxidase antibod-
ies (MPO-ANCA). Biopsies showed fibrinoid necrosis (mean 
29% of glomeruli) and crescents (mean 31% of glomeruli) and 
lupus nephritis ISN-RPS class II (one case), III (four cases), 
IV-G (1 cases), IV-S (one case), or V (three cases). However, as 
distinct from typical proliferative lupus nephritis, only sparse 
peripheral capillary wall deposits were seen. One biopsy also 
had necrotizing arteritis. All patients received cyclophospha-
mide and prednisone: three died of infectious complications, 
six had complete or near-complete remission (including one 
with a subsequent relapse), and one had no response to therapy. 
Three of the ten patients may have had drug-induced ANCA 
(hydralazine in 2, thioridazine in 1), as ANCA titers declined 
after drug discontinuation. More systematic testing for ANCA 
in lupus nephritis is needed to define potential associations 
with the necrotizing and crescentic phenotype.

Lupus Podocytopathy
Some patients with SLE present with abrupt onset of nephrotic 
syndrome accompanied by pathologic findings of minimal 
change disease or FSGS, with or without coexistent mild lupus 
nephritis (426–430). At least some of these cases, and possibly 
a majority, may be a form of “podocytopathy” induced by the 
dysregulated cytokine milieu of SLE, rather than coincidental 
occurrence of idiopathic minimal change disease or idiopathic 
FSGS (426–428). The diagnostic feature is diffuse foot process 
effacement in the absence of significant peripheral capillary 
wall immune deposits. A majority of these cases had coexis-
tent class I or II lupus nephritis (426,427,429,430). Five of 
seven cases of minimal change disease reported from our group 
displayed mesangial electron-dense deposits, with or without 
associated mesangial proliferation, consistent with underly-
ing lupus nephritis class I or II (429). The rapid remission of 
nephrotic syndrome with steroid therapy supported a clinical 
diagnosis of minimal change disease (429). In a retrospective 
study of 11 patients with SLE and abrupt onset of nephrotic 
syndrome with profound hypoalbuminemia, Hertig et al. 
(426) described 4 cases of minimal change disease and 7 with 
FSGS. Immune deposits were confined to the mesangium and 
could not account for the severe foot process effacement and 
full nephrotic syndrome (426).

Collapsing variant of FSGS (collapsing glomerulopathy) 
has been reported in more than 50 SLE patients (430–437). 
In the largest series of 19 cases with detailed clinical-pathologic 
information, 11 had no evidence of lupus nephritis (430). 
The other eight cases had mesangial (four), focal proliferative 
(one), or membranous disease (three) (430). SLE was pres-
ent before the diagnosis of collapsing glomerulopathy in 11 
patients (duration 1 to 20 years) and was diagnosed simultane-
ously with collapsing glomerulopathy in eight subjects. Most 
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patients (16/19) had active extrarenal lupus symptoms at the 
time of biopsy. Similar to idiopathic collapsing glomerulopa-
thy, most patients were of African descent, all but one subject 
had nephrotic syndrome and 16 of 17 patients with avail-
able data had renal insufficiency at presentation. Among the 
13 patients with follow-up data, 2 received no treatment and 
the other 11 were treated initially with pulse corticosteroids, 
together with MMF (7 cases) or AZA (1 case). At 21-month 
follow-up, progression to ESRD occurred in seven patients, 
one patient had complete remission, and persistent proteinuria 
and renal insufficiency was seen in the remaining five subjects.

Whether these cases represent a particularly aggressive 
variant of lupus podocytopathy or coincidental primary col-
lapsing glomerulopathy is unclear. In support of the former 
possibility are the presence of active lupus symptoms and the 
simultaneous diagnosis of SLE and collapsing glomerulopathy 
in many cases. Of note, Larsen et al. (431) reported a strong 
association with apolipoprotein L1 (APOL1) risk alleles in  
26 African American patients who had SLE and collapsing glo-
merulopathy, supporting a genetic predisposition in patients of 
African descent.

Other Renal Diseases in SLE Patients
A variety of renal diseases may occur in patients with SLE, 
as either an isolated renal biopsy finding or superimposed on 
lupus nephritis. Amyloidosis has been described in approxi-
mately 20 patients with SLE (438–440). In most cases, this 
is secondary amyloidosis (AA amyloidosis) related to chronic 
inflammation, as confirmed by immunostains for serum amy-
loid A (SAA) protein. Most of the reported cases had long-
standing SLE (range 1 to 35 years, median 5 years). In the 
modern era, the overall incidence of secondary amyloidosis has 
decreased, most likely due to more effective immunosuppres-
sive therapy. There are several reports of fibrillary glomerulo-
nephritis in patients with SLE (441–443) and a single report 
of concurrent renal sarcoidosis and lupus nephritis (444). We 
have also observed several cases of lupus nephritis superim-
posed on diabetic nephropathy, reflecting the increasing inci-
dence of diabetes in the general population.

Patients with SLE have been reported to develop a vari-
ety of other renal diseases not directly related to their auto-
immune condition (445). Among 252 biopsies performed on 
224 patients with SLE at Baylor College of Medicine over a 
25-year period, 13 had nonlupus nephritides (445). In addi-
tion to cases of focal segmental sclerosis, IgM nephropathy, 
and amyloidosis, there were also examples of thin basement 
membrane disease, hypertensive nephrosclerosis, and allergic 
tubulointerstitial nephritis. Such cases underscore the impor-
tance of renal biopsy in this population to identify nonlupus 
conditions that carry different prognostic and therapeutic 
implications.

Drug-Induced Lupus
Although most cases of SLE are idiopathic, up to 10% of patients 
have drug-induced lupus (DIL) (446,447). A diagnosis of DIL 
requires three conditions: absence of a history of SLE before 
drug therapy, positive ANA status and at least one other clinical 
feature of SLE after starting the drug, and evidence of improve-
ment in clinical symptoms and serologic tests for lupus after 
drug withdrawal. A fourth condition, recurrence of DIL symp-
toms if the patient is rechallenged with either the same drug or a 

similar one in the same class, provides additional evidence but is 
rarely formally tested in cases of suspected drug toxicity.

Since the first report in 1945 by Hoffman (448) of prob-
able DIL in a 19-year-old man treated with the antibiotic sulfa-
diazine, up to 80 drugs have been reported to cause a lupus-like 
syndrome or exacerbate preexisting lupus (446,447). Most of 
these cases manifest positive ANA and other lupus serologies, 
a much smaller percentage develop symptoms of lupus and 
less than 5% exhibit renal involvement. Although much lower 
than the estimated 50% incidence of renal involvement in 
idiopathic SLE, the large number of patients exposed to these 
drugs makes DIL and complicating nephritis an important 
consideration for any patient who has a biopsy for apparent 
lupus nephritis, especially older men under treatment for other 
underlying medical conditions. DIL should be distinguished 
from precipitation or exacerbation of underlying idiopathic 
SLE, which may occur following exposure to sulfonamides 
(449), carbamazapine (450), nonsteroidal anti-inflammatory 
drug (NSAID) (451), and exogenous estrogens in postmeno-
pausal women (452). Contrary to DIL, idiopathic SLE does 
not reverse following drug discontinuation.

A host of drugs have been reported to cause DIL (446,447). 
Although their chemical structures are quite diverse, many 
share hydrazino, amino, or sulfhydryl groups. The two most 
common offenders are procainamide and hydralazine, but DIL 
has also been linked to isoniazid, methyldopa, quinidine, pro-
pylthiouracil, chlorpromazine, carbamazapine, minocycline, 
estrogen, progesterone, α-interferon, and TNF-α blockers 
(453–456). Approximately 20% of patients treated with pro-
cainamide for at least 1 year develop DIL (457). The incidence 
of DIL in hydralazine-treated patients ranges from 2% to 21%, 
depending on the dose and duration of therapy (454,458–
461). Particularly at risk are patients who are “slow acetylators” 
or have other genetic predispositions, such as C4 null allele and 
HLA DR4 (462–464).

Serologies
More than 99% of DIL patients are ANA positive, but only 
a minority has anti-DNA antibody or hypocomplementemia. 
A helpful serologic finding is a high incidence (greater than 
95%) of antihistone antibodies, compared with approximately 
70% in idiopathic SLE. Conversely, anti-dsDNA antibodies 
are found in less than 5% of patients with DIL versus 50% of 
those with idiopathic SLE (465). Higher rates of anti-dsDNA 
positivity are seen in anti-TNF-α-induced DIL (greater than 
50% (466)) and interferon-related DIL (8% (467)). Low  
C3 and C4 are typically rare, except in cases related to d- 
penicillamine (23%) and quinidine (33%). APL antibodies are 
detected in 5% to 20% of patients with DIL related to pro-
cainamide and hydralazine and up to 33% of those with DIL 
related to minocycline (447). However, these APL antibodies 
are mostly IgM and are not associated with thrombotic com-
plications. ANCA, most commonly perinuclear (P) ANCA 
with myeloperoxidase specificity (MPO-ANCA), are seen in 
up to 50% of patients with propylthiouracil-induced DIL and 
67% to 100% of cases of minocycline-related DIL (447).

Clinical Features
DIL is equally common in males and females and is more com-
mon in older subjects and Caucasians. Whether these demo-
graphic characteristics reflect true differences in underlying 
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predisposition or simply greater exposure (e.g., older males are 
more likely to be treated with procainamide and hydralazine) is 
uncertain. The onset of DIL is usually gradual with symptoms 
typically developing after several months of drug exposure. The 
spectrum of DIL ranges from asymptomatic-positive lupus 
serologies (the most common manifestation) to severe organ 
involvement in rare cases. Common clinical features include 
fever, myalgias, arthralgias, and serositis, but malar rash, central 
nervous system, and renal involvement are unusual. A subset 
of patients presents with predominantly cutaneous manifesta-
tions (subacute cutaneous SLE), characterized by erythema and 
scaling on sun-exposed areas. Resolution of clinical symptoms 
after drug cessation usually takes days to weeks, but serologic 
resolution may take several months (277).

Glomerular disease been described with d-penicillamine 
(468,469), hydralazine (470), TNF blockers (471), and pro-
pylthiouracil (472). Renal manifestations are diverse, rang-
ing from asymptomatic hematuria and proteinuria to overt 
nephrotic syndrome and acute renal failure. The most com-
monly reported patterns of glomerular involvement are focal 
proliferative and diffuse proliferative glomerulonephritis, 
sometimes associated with crescents. Mesangial proliferative 
and membranous patterns have also been described. Some 
patients with DIL caused by hydralazine or propylthioura-
cil develop positive ANCA status and may manifest systemic 
vasculitis and pauci-immune forms of segmental necrotizing 
and crescentic glomerulonephritis, with or without coexistent 
lupus nephritis (342,473,474). Diagnosis of DIL at the time 
of renal biopsy requires a high index of suspicion and careful 
drug history.

Pathogenesis
The pathogenesis of DIL is largely unknown but likely involves 
genetic, epigenetic, and environmental factors (e.g., older age, 
female gender, drug exposure, and cumulative dose). Genetic 
factors include slow acetylator status for procainamide and 
hydralazine, HLA-DR4 for hydralazine, and possibly comple-
ment C4 null allele (277). Procainamide and hydralazine both 
cause defective DNA methylation in vitro, which may promote 
T-cell autoimmunity via dysregulated gene expression (475). 
A role for neutrophil activation and transformation of these 
drugs to cytotoxic intermediates has also been proposed (476).

Treatment of biopsy-proven lupus nephritis depends on 
the pattern of lupus nephritis. Discontinuation of the offend-
ing agent is usually coupled with immunosuppressive therapy 
administered in a regimen similar to that for idiopathic lupus 
nephritis of the same class.

Lupus Nephritis Associated With HIV Infection
Although the most characteristic glomerular lesion associ-
ated with HIV infection in the United States is the collapsing 
variant of FSGS, also known as HIV-associated nephropathy 
(HIVAN), this entity is rare in patients who lack African ances-
try. HIV-infected patients may also develop immune complex 
glomerulonephritis, particularly in the setting of HCV coin-
fection (see also Chapter 11). In addition, cases of lupus and 
lupus-like nephritis in HIV-infected adults with diverse risk 
factors and children with perinatal HIV infection have been 
described (181,477–479).

Systemic lupus and HIV infection share many clinical fea-
tures, including anemia, leukopenia, multiorgan involvement, 

serositis, and renal disease. Although many patients with HIV 
infection have high levels of circulating immune complexes, 
polyclonal gammopathy, and autoimmune phenomena (includ-
ing low-titer ANAs), a serologic diagnosis of systemic lupus 
in HIV patients is unusual (480). Screening of greater than  
150 patients with acquired immunodeficiency syndrome 
(AIDS) or AIDS-related complex found 19 to be ANA posi-
tive, but only two in high titer (480). No patient was found to 
have double-stranded anti-DNA antibodies and very few had 
low serum complement levels. Interestingly, remission of SLE 
symptoms may follow HIV infection, and antiretroviral therapy 
may lead to lupus flares (481–483).

Strauss et al. reported two male HIV-infected infants 
with lupus nephritis who were ANA and anti-dsDNA positive 
(484). D’Agati and Seigle described a 2.5-year-old boy positive 
for ANA (1:320 titer) and anti-dsDNA antibodies and who 
had a low serum C3 level; the child had membranous glomer-
ulonephritis with electron-dense deposits in the mesangium, 
subepithelially, and along the tubular basement membranes, as 
well as numerous TRIs (485). Two patients from Miami with 
HIV infection and clear documentation of positive lupus sero-
logic status were reported (486). One had biopsy features sug-
gesting lupus nephritis, and the second, despite serologic status 
suggesting lupus nephritis (e.g., positive ANA, low serum com-
plement level, high anti-dsDNA antibody titer) had HIVAN.

We reported the clinical manifestations and renal biopsy 
findings in four subjects with concurrent HIV infection and 
serologic evidence of SLE and compared them with seven pre-
viously reported cases in the literature (477). In this cohort 
of 11 patients, most were black (91%) and male (73%), and 
approximately half (55%) were children with perinatal HIV 
infection, demographics that differ sharply from those of idio-
pathic SLE. Renal presentations included proteinuria, hematu-
ria, and renal insufficiency. Renal biopsy findings in 10 cases 
included all classes of lupus nephritis (class II in two cases, 
class III in one case, class IV in three cases, class V in three 
cases, class III and V in one case), two of which also displayed 
overlapping features of HIVAN. One case had isolated find-
ings of HIVAN (477). In a subsequent review of the literature, 
Palacios et al. identified 30 reported cases of coexistent SLE 
and HIV infection, with renal biopsy findings of lupus nephri-
tis alone (n = 13), HIVAN (n = 1), or combined lupus nephritis 
and HIVAN (n = 2) (479). In 15 patients (50%), SLE preceded 
the diagnosis of HIV infection; in 12 cases (40%), HIV was 
diagnosed prior to SLE, and in 3 subjects (10%), SLE and HIV 
infection were diagnosed simultaneously (479).

In summary, patients with coexistent SLE and HIV infec-
tion manifest a variety of renal lesions, including lupus nephri-
tis in most cases and HIVAN in a few cases. It appears that 
the majority of these cases represent chance occurrence of HIV 
infection and idiopathic SLE. These cases of concurrent HIV 
infection and SLE must be differentiated from the numerous 
reports of “lupus-like” immune complex glomerulonephritis 
occurring in HIV-infected patients who lack lupus serologies 
or other systemic features of SLE (487–490).

Pathogenesis of Systemic Lupus Erythematosus 
and Lupus Nephritis
The pathogenesis of SLE is still not fully understood and is the 
subject of ongoing intensive study in multiple fields, including 
genetics, immunology, and cell biology. Details of this complex 

0002062077.INDD   610 5/29/2014   12:15:44 PM



 Chapter 14 | Connective Tissue Diseases 611

topic are beyond the scope of this chapter and are summarized 
in several recent reviews (277,491,492). The prevailing para-
digm of lupus pathogenesis invokes the interaction of multi-
ple genetic predisposing factors with environmental triggers, 
which result in loss of tolerance to autoantigens and formation 
of autoantibodies to double-stranded (ds) DNA and other self-
antigens. The pathogenesis of lupus nephritis involves depo-
sition of these autoantibodies in the kidney, which triggers 
an inflammatory response that can lead to chronic fibrosing 
injury and irreversible organ damage. This section focuses on 
the key genetic, molecular, and cellular events involved in the 
pathogenesis of lupus nephritis.

Murine Models of SLE
Our understanding of the pathogenesis of lupus nephritis has been 
informed considerably by the study of spontaneous and induced 
murine models of lupus (493). The classic models of spontaneous 
SLE are NZB, New Zealand White (NZW), (NZB × NZW) F1 
(NZB/W), New Zealand Mixed (NZM)2410 and NZM2328, 
(Swiss Webster [SWR] × NZB) F1 (SNF1), BXSB/MpJ, and 
MRL/lpr. Induced models of SLE include chronic graft-versus-
host disease (cGVHD) and injection of hydrocarbon oils, such 
as pristane. Numerous transgenic and knockout models have 
also been developed to investigate the role of specific genes. The 
inbred stains all produce high levels of ANA and develop variable 
features of lupus nephritis and other features of SLE, including 
joint manifestations, lymphadenopathy, autoimmune cytope-
nias, and vasculitis. Although none of these strains model human 
SLE completely, there is considerable genetic and functional 
overlap in the murine and human disease (494).

nzb/W and nzm modelS

Both NZB and NZW mice develop only mild autoimmu-
nity, whereas NZB/W hybrids and NZM develop a disease 
that more closely mimics lupus nephritis (494). The disease in 
NZB/W mice is of greater severity and earlier onset in females 
and is characterized by high titers of ANA, anti-dsDNA 
IgG (mostly IgG2a and IgG3), and antibodies to ssDNA, 
dsRNA, tRNA, histones, and polynucleotides; elevated lev-
els of circulating immune complexes; and hypocomplement-
emia. Immunologic abnormalities include B-cell hyperactivity 
which is T-cell dependent, elevated type 1 interferon-induced 
gene expression, elevation of B-cell–activating factor (BAFF), 
and defective Fc-mediated clearance of immune complexes. 
The most severe clinical manifestation is a diffuse prolifera-
tive glomerulonephritis associated with deposits of IgG (pre-
dominantly complement-fixing IgG2a) and C3 in GBMs, 
mesangium, tubular basement membranes, and interstitium. 
The development of clinical nephritis is preceded by mesangial 
deposition of antichromatin (i.e., antinucleosomal) antibod-
ies, and transition to more severe nephritis is associated with 
selective down-regulation of renal DNAse-1 (495). Nephritis is 
heralded by the development of proteinuria at 5 to 7 months of 
age, followed by uremia leading to death by 8 to 12 months of 
age (496,497). Other disease manifestations such as lymphade-
nopathy, splenomegaly, and autoimmune hemolytic anemia are 
less prominent than the nephritis. The disease in NZM2410 
strain displays equal severity of nephritis in males and females, 
whereas the NZM2328 strain has a female predominance and 
develops renal disease in two stages, acute and chronic, which 
are regulated by different genetic factors (498).

Antibodies eluted from the kidneys have variable character-
istics, with a predominance of IgG anti-DNA (499–501), anti-
RNA polymerase (502), and anti-gp70 of the murine leukemia 
virus (503,504). Antibodies to dsDNA appear to be the most 
nephritogenic, because passive transfer of monoclonal IgG2a 
anti-dsDNA antibodies from NZB/W into normal BALB/c 
mice can induce nephritis (505). Polyclonal B-cell activation 
depends on T cell help from CD4+CD8− and CD4−CD8− 
cells. The renal phenotype in both sexes can be modulated by 
hormonal manipulation (506–508). For example, orchiectomy 
or administration of estrogens to male NZB/W mice causes an 
earlier switch from IgM to IgG anti-DNA antibodies with the 
development of more rapid and severe nephritis. Conversely, 
females administered androgens or submitted to oophorec-
tomy have dampened nephritis and prolonged survival (506).

Multiple genes involving both MHC and non-MHC loci 
control the development of autoantibodies, loss of B-cell tol-
erance, and nephritis. Several susceptibility (Sle1-3) and sup-
pressive loci (Sles1) for glomerulonephritis have been identified 
by linkage analysis in NZM mice, some of which are linked 
to the MHC (493). Importantly, congenic strains carrying the 
Sle loci demonstrate that coexpression of all three major loci 
is necessary and sufficient for the development of fully pen-
etrant disease, whereas none of these lupus susceptibility loci 
alone leads to full disease expression (509). Human orthologs 
of these susceptibility genes include FCGR2B and FCGR3B 
(510), complement receptor 2 (CR2) (511), signaling lympho-
cyte activation molecule (SLAM) (512), and kallikrein gene 
variants (513). Deletion of Stat6, a transcription factor that 
mediates responses to type 2 cytokines such as IL-4, reduces 
the development of glomerulosclerosis in NZM2328 mice but 
has no effect on anti-dsDNA levels or renal IgG deposition, 
whereas germ-line deletion of Stat4 (a transcription factor for 
type 1 cytokines) suppresses anti-dsDNA IgG production but 
does not reduce the incidence of nephritis (514).

Snf1 model

The (NZB × SWR) F1 hybrid (also known as SNF1) mouse 
differs from the NZB × NZW hybrid in that one parent, the 
SWR, is entirely healthy and without evidence of autoimmune 
serologic abnormalities. This hybrid is an excellent model of 
lupus nephritis, with a 50% female mortality from uremia by 
6 months of age (515). The glomerulonephritis resembles that 
of the NZB/W morphologically but is distinguished immuno-
logically by the oligoclonality of the IgG anti-dsDNA antibod-
ies deposited in the kidney, which consist predominantly of 
IgG2b cationic subclasses with restricted idiotypes (516,517). 
It has been postulated that the cationic charge of these antibod-
ies facilitates binding to the polyanionic glomerular capillary 
wall (518,519) to initiate nephritis. As in NZB/W mice, B-cell 
hyperactivity and anti-dsDNA antibody synthesis require 
T-cell participation from classic helper subsets (CD4+CD8−) 
bearing the (αβ) TCR or CD4−CD8− (γδ)–positive cells.

bxSb/mpJ model

The BXSB/MpJ mouse is an inbred strain that is distinguished 
by more severe expression in males (520). Fifty percent of 
affected males die of renal failure by 5 months with severe pro-
liferative glomerulonephritis; females develop a milder form of 
nephritis with a later onset and 50% mortality rate at 15 months. 
Castration of males or administration of androgen to females 
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had little effect on the renal phenotype, indicating that the gen-
der difference was not caused by sex hormones. Instead, this 
factor (originally termed Yaa, for Y-linked autoimmune accel-
eration) is largely related to duplication of the Tlr7 gene due to 
translocation of the telomeric end of the X chromosome to the 
Y chromosome (521). Following exposure to single-stranded (ss) 
RNA, the additional TLR7 copy causes release of proinflam-
matory IFN-α from plasmacytoid dendritic cells and enhanced 
antibody production by autoreactive B cells. Crossbreeding of 
BXSB with other lupus-prone mice demonstrates that the accel-
erated development of SLE in male mice is related to the Yaa 
factor. A recent candidate gene study in Japanese and Chinese 
subjects with SLE found an association with a polymorphism of 
the human ortholog, TLR7, located on the X chromosome, with 
a stronger effect in males than females (522).

mrl/lpr model

The MRL/lpr strain is autosomal recessive for a spontane-
ous mutation in the fas gene (523), which causes a distinctive 
phenotype of massive lymphadenopathy, necrotizing arteritis, 
proliferative glomerulonephritis, destructive inflammatory 
polyarthritis, and an autoantibody repertoire that includes 
anti-Sm, rheumatoid factors (RFs), anti-dsDNA, anti-ssDNA, 
and anti-gp70. The glomerulonephritis is characterized by 
subacute endothelial and mesangial proliferation with focal 
crescents and IgG and C3 deposits in capillary walls. The 
immunoglobulins deposited in kidney are largely IgG2a anti-
DNA, with less consistent deposits of anti-RNA polymerase 1 
and anti-gp70. Deposits of immunoglobulin and C3 are less 
consistently detected in the intima and media of arteries, arte-
rioles, and venules. The necrotizing arteritis has a particular 
predilection for coronary and renal beds (496) with the devel-
opment of myocardial infarction.

The Fas molecule, also designated CD95, is a member 
of the tumor necrosis factor (TNF) receptor family that binds 
Fas ligand (FasL) to mediate apoptosis. In the lpr mouse, the 
defective Fas receptor product is caused by insertion of a retro-
viral sequence into an intron of the fas gene, leading to reduced 
expression of Fas on the cell surface. The loss of Fas-FasL inter-
actions prevents normal deletion of autoreactive T-cell clones 
by apoptosis. Mutations in the human ortholog (FAS) cause 
autoimmune lymphoproliferative syndrome (Evans syndrome), 
an autosomal dominant disease characterized by failure to elimi-
nate activated lymphocytes following exposure to self-antigens 
or foreign antigens and characterized by lymphadenopathy, 
hepatosplenomegaly, and autoimmune cytopenias, but not SLE.

chronic GrafT VerSuS hoST diSeaSe model

cGVHD disease is produced by injecting parental lympho-
cytes into an F1 hybrid that is discordant for MHC at one 
locus. Injections shortly after birth result in a fatal runting 
disorder. If injections are delayed until 6 weeks of age, and the 
animal does not succumb to acute GVHD, a chronic condi-
tion resembling SLE results, with greater severity in females. 
Autoantibodies include anti-dsDNA, anti-ssDNA, and anti-
histone, with variable occurrence of glomerulonephritis in 
mice producing IgG anti-DNA antibody. Essential effector 
cells in this model are donor CD4+ T cells that recognize a for-
eign MHC antigen on recipient cells. Some parental offspring 
hybrids produce anti-DNA antibodies in high titer but will 
not develop nephritis in the absence of a susceptible haplotype 

in the MHC class II genes 1-A and 1-E (corresponding to DQ 
and DR in humans). Animals without nephritis have mesan-
gial IgG deposits only, whereas those with clinical nephritis 
also have capillary wall deposits.

SuScepTibiliTy GeneS idenTified in mouSe modelS

The genetic basis of murine models of spontaneous lupus has 
been studied intensively via the generation of congenic mice 
by backcrosses and intercrosses. Over 100 susceptibility loci 
have been identified in New Zealand mice on chromosomes 
1, 3, 4, 7, 12, 13, and 17, and the corresponding susceptibil-
ity genes in human disease have been identified for some of 
these loci (494). Fcgr2b is the ortholog of FCGR2B in human 
SLE and is involved in immune complex clearance. Slamf6 
(Ly108), located in the sle1b susceptibility focus on chromo-
some 1, has been directly implicated in B-cell tolerance (524) 
and corresponds to the signaling lymphocyte activation mol-
ecule family (SLAMF) gene in humans. Variants of SLAMF3 
and SLAMF4 have been identified in families with SLE and are 
associated with an increased number of CD8+ memory T cells 
and decreased proportion of CD4+ naive T cells and activated 
T cells (512). Kallikrein genes are underexpressed in NZW 
compared to B6 mice and have been associated with spontane-
ous lupus nephritis in a mouse model (513). An association 
between polymorphisms in KLK1 and the KLK3 promoter in 
humans with SLE or lupus nephritis has been reported (513). 
Mutations in Coro1A, the gene for a filamentous actin regula-
tor protein Coronin-1A, leads to altered T-cell activation and 
protects MRL-lpr mice from disease (525). Its role in human 
disease remains to be determined.

Other experimental approaches involve single-gene manip-
ulations that lead to lupus-like disease through gene knock-
outs or transgenic models. Such gene targeted approaches have 
been directed to products that cause defective apoptosis (such 
as Fas, FasL, and Bcl-2), defective clearance of apoptotic cells 
or immune complexes (such as serum amyloid P component, 
DNAse, secreted IgM, and C1q, and C4), abnormal matu-
ration and persistence of autoreactive B cells (such as BAFF 
(526)), dysregulated lymphocyte activation caused by receptors 
and their ligands (such as FcγRIIB, CD22, and TGF-βRII) or 
intracellular signaling molecules (such as SHP-1 and PKC-d), 
cytokine production abnormalities (such as TGF-β, IL-10, 
IFN-γ, and IL-4), and defective hormone signaling (such as 
estrogen receptor [ER]α) (527–530). Evidence suggests that 
even these single-gene lupus models are genetically complex, 
requiring the interaction of other strain-specific background 
loci for the development of the lupus phenotype.

Studies with transgenic or knockout mice have identified 
genes that were subsequently identified in human SLE (e.g., 
Fc gamma receptor 2B [FCGR2B] (510) and interleukin-10 
[IL-10] (531)). Conversely, orthologs of many of the genetic 
loci identified in human SLE have roles in immune function 
in murine models (494).

Genetic Factors
The importance of genetic factors in human SLE is supported 
by several lines of evidence including epidemiologic data, rare 
mendelian risk factors with high disease penetrance, and find-
ings from linkage and association studies, which together have 
identified more than 40 distinct genetic associations with SLE 
(531–543) (Table 14.11). As with other complex polygenic 
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diseases, genetic predisposition to SLE involves the interaction 
of multiple susceptibility or protective traits, each of which has 
a small contributory effect (typical odds ratio 1.5).

family STudieS

The relative risk of SLE occurring in siblings of an affected 
individual is approximately 8- to 20-fold that of the general 
population (544), and the concordance of SLE is 10-fold 
higher in monozygotic twins (40%) than in dizygotic twins 
or other siblings (2% to 5%). The incidence of SLE and other 
autoimmune disease is also higher in first- and second-degree 
family members of patients compared to controls (10% to 
12% vs. less than 1%) (544).

Gender

The higher prevalence of SLE in women (2- to 12-fold) 
likely reflects X chromosomal factors and exposure to sex 
hormones (see Role of Sex Hormones below). At least four 
SLE-associated genes (IRAK1 (538), MECP2 (539), TLR7, 
and TNFS5, encoding CD40 ligand (545)) are present on the  
X chromosome, suggesting a possible gene dosage effect (546). 
In addition, the prevalence of SLE in men with Klinefelter syn-
drome who carry an extra X chromosome is 14-fold higher 
compared to XY men (546). The female predominance of SLE 
may also reflect epigenetic modification of SLE-related genes 
on the X chromosome (as has been demonstrated for CD40 
ligand (545)) and microchimerism due to exposure to fetal 
stem cells during pregnancy, all of which may predispose to the 
development of autoimmunity. Although the incidence and 
prevalence of SLE and lupus nephritis are higher in females 
(547), males may develop more severe renal disease (548,549). 
Given that males and females develop similar disease manifes-
tations (albeit with different frequencies of some characteristics 
(549)), it appears that sex factors in lupus represent a thresh-
old effect that permits emergence of disease, rather than being 
directly causative.

race

The incidence and prevalence of SLE are higher in nonwhite 
populations compared to whites living in the same geographic 
area, supporting a role for genetic factors (547,550). The inci-
dence of SLE ranges from 0.4 to 38.6 cases per 100,000 per 
year (in white American men (550) and African American 
women (547), respectively), while the prevalence ranges from 
20 to 286.4 cases per 100,000 (547,551–554). In a study from 
Birmingham, United Kingdom, Johnson et al. (555) reported 
a sevenfold higher prevalence in Afro-Caribbean women com-
pared to the general population. Similarly, in a study of Medicaid 
enrollees in the United States, African American race was asso-
ciated with a twofold increase in prevalence and 1.74-fold 
increase in the incidence of SLE (547). SLE appears relatively 
rare among blacks in Western Africa but may be more com-
mon in individuals from Central or Southern Africa (556). A 
high prevalence of SLE has also been reported in Eastern Asians 
(67.4 cases per 100,000 persons in Taiwan) (557). In Hawaii, 
the incidence of SLE in whites was 5.8 cases per 100,000 whites 
compared with 17.0 cases per 100,000 Asians (558). Genes that 
have been linked to SLE in African American patients include 
those responsible for metabolism of reactive intermediates (e.g., 
glutathione reductase, NADH dehydrogenase, and nitric oxide 
synthase (559)) and for FcγR (560). In addition, genome-wide 
association studies (GWAS) have identified different risk allele 

profiles in different populations, supporting a role for genetic 
heterogeneity in the differences in racial prevalence of SLE.

The incidence and severity of lupus nephritis are also 
greater in non-Caucasian populations, including subjects 
of African and Asian descent. Genetic risk factors for lupus 
nephritis include HLA-DRB1*15 and DQA1*01 (561), 
STAT4 polymorphisms (in European (562,563) but not in 
Japanese (564) or Chinese subjects (565)), the CRP-A allele 
(in African Americans and Caucasians) (566,567), FCGRIIIA 
(in Asians (568) and Europeans (567)), FCGRIIA (in African 
Americans (560), Europeans (569), and Brazilians (570)), 
IRF7/KIAA1542 (in Chinese subjects (565)), ITGAM (in 
Europeans) (571), PPP2CA (in Asians, European Americans, 
and Hispanic Americans, but not in African Americans) (572), 
and nonmuscle myosin heavy chain-9 (MYH9) in European 
Americans but not in African Americans, Asians, Amerindians, 
or Hispanics (573). Of note, no association with nephropathic 
apolipoprotein L1 (apoL1) variants was identified in one study 
that included 407 African Americans (573).

eVidence from linkaGe and aSSociaTion STudieS

Beginning in the 1970s, serologic testing identified an asso-
ciation between SLE and HLA DR2 in all populations and 
HLA DR3 in Caucasian subjects. Subsequent DNA sequenc-
ing studies confirmed that the risk alleles in these regions 
were DRB1*1501 and DRB1*0301, respectively. DRB*1501 
and DQA1*0101 may predispose to lupus nephritis, 
whereas DQA1*0102 suppresses the nephritogenic effect of 
DRB1*1501 (561). HLA alleles have consistently shown the 
strongest association with SLE in GWAS. There is also evi-
dence that genes in the MHC class III region, such as MSH5 
(mutS homologue 5) and SKIV2L (535) may predispose to 
SLE, suggesting that some of the observed associations with 
DR and DQ might reflect linkage disequilibrium (535).

Since 2008, several GWAS have been reported in patients 
with SLE (494,532), with identification of more than 40 differ-
ent genes and susceptibility loci (see Table 14.11) (533–537). 
Importantly, the frequency of these risk alleles varies between 
different ethnic populations, some are protective rather than 
causative, some genes have more than one risk variant, and gene-
gene interactions have been described (574). In addition to risk 
alleles, genetic risk may reflect copy number variation (e.g., for 
FcγR IIIB and C4), epigenetic modification of gene expression 
(e.g., in response to environmental factors and genetic modi-
fiers) and altered microRNA levels (575,576). In addition, 
several of these loci have also been identified in other autoim-
mune diseases, implying a common immunogenetic pathway. 
Importantly, the genes identified thus far represent only a frac-
tion (less than 20%) of the total genetic contribution to SLE, 
indicating that other genetic factors remain to be discovered.

Most of the risk alleles associated with SLE have roles in 
IFN-α signaling and innate immunity, B and T lymphocyte 
function, and clearance of immune complexes, consistent with 
the central pathogenetic role of immune dysfunction in SLE 
(532). The most consistent risk loci include HLA-DR, inter-
feron regulatory factor (IRF)-5, signal transducer and activa-
tor of transcription 4 (STAT4), B lymphoid tyrosine kinase 
(BLK), and integrin-α M (ITGAM). STAT4 is necessary for 
interleukin-12 signal transduction and causes increased IFN-γ 
secretion in natural killer cells and increased Th1 activation. 
IRFs regulate IFN expression in response to TLR engagement. 
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Activated IRF5 promotes transcription of IFN-α and IFN-
responsive genes, and IRF5 levels are in turn induced by IFN-
α, suggesting a possible feedback loop whereby SLE-associated 
IRF5 polymorphisms might contribute to the up-regulation 
of IFN-related genes (“IFN signature”) seen in patients with 
active SLE disease (577). BLK is a member of the src family 
of tyrosine kinases that transduce signals downstream of the 
B-cell receptor. The BLK risk allele is associated with reduced 
expression of BLK mRNA in transformed B-cell lines (536), 
which might promote altered tolerance (536). ITGAM, also 
known as complement receptor type 3, is involved in immune 
complex clearance and leukocyte activation, adhesion and 
migration (535,536). Further characterization of genes whose 
function is as yet unknown may generate novel insights into 
the pathogenesis of SLE.

deficiencieS WiTh mendelian inheriTance in Sle
Mendelian risk factors are rare in SLE but have a high degree 
of penetrance. These include homozygous deficiencies of early 
complement pathway components and genes involved in regu-
lation of genomic DNA catabolism (e.g., 3′ repair exonuclease 
1 [TREX1] (578,579)) and deoxyribonuclease 1 [DNASE1] 
(580)). Inherited deficiencies of complement components in 
SLE most commonly involve C2 and C4 and may be homo-
zygous or heterozygous. C4A null allele is the most common 
inherited complement deficiency identified in SLE patients 
and is present across broad ethnic and racial lines (581). In 
SLE, 86% of patients have one C4A or C4B null allele, com-
pared with 42% of normal individuals, while 14% of SLE 
patients have both C4A and C4B null alleles, compared with 
only 1% of normal subjects (582). Antibodies to Ro are more 
common in SLE patients with genetic deficiencies of C4 (583). 
Inherited C2 deficiency in SLE is typically associated with 
mild disease, primarily confined to skin and joints and sparing 
the kidney (584). Deficiencies of C1 and CR1 (i.e., erythro-
cyte receptor for C3b), C3, C5, C6, C7, C8, and C9 have also 
been identified in a small number of SLE patients, but some of 
these associations may be coincidental (585). Because comple-
ment is encoded by genes on chromosome 6 between HLA-B 
and HLA-DR, these inherited complement deficiencies may 
arise through linkage disequilibrium with HLA genes, such as 
DR3 and DR2. Complement deficiencies are implicated in the 
pathogenesis of SLE through their regulatory effects on B-cell 
function, cytokine function, and on scavenging of necrotic and 
apoptotic cellular debris (586).

Although homozygous C1q deficiency is very rare, with 
only 40 cases reported, over 90% of patients develop SLE 
(587). Parenthetically, C1q-deficient mice with restricted 
genetic backgrounds have been reported to develop sponta-
neous glomerulonephritis with glomerular immune deposits, 
resembling lupus nephritis (588,589). A critical role for C1q 
in clearance of apoptotic cells has been proposed as a possible 
predisposing factor (588). In the setting of homozygous defi-
ciency of early classical complement pathway components, an 
accumulation of autoantigen-containing apoptotic cell debris 
due to defective complement-mediated clearance might lead 
to inappropriate presentation of these autoantigens to T cells, 
leading to the development of autoimmunity. Immature den-
dritic cells produce abundant C1q and are tolerogenic, whereas 
mature dendritic cells produce less C1q and are immunogenic. 
Thus, a genetic deficiency in C1q production might predispose 

to autoimmunity. In addition, complement has an important 
role in setting the threshold of B- and T-cell reactivity, and the 
absence of regulatory signals provided by activated comple-
ment fragments to B and T lymphocytes might permit self-
reactive B cells to escape from negative selection, resulting in 
the loss of tolerance to self-antigens.

Mutations in TREX1 were identified in 9 of 417 individu-
als with SLE and 0 of 1712 controls in one study (578) and 
in 0.5% of 8,370 patients with SLE in another study (579). 
Similarly, mutations in DNASE1 are uncommon (2 of 20 
patients in one study) (580) but are highly associated with SLE.

findinGS from TranScripTomal STudieS

The application of laser capture microdissection and micro-
array analysis to human renal biopsies of lupus nephritis has 
allowed the study of transcriptional profiles at the level of the 
glomerulus, independent of confounding factors in other renal 
compartments. We found considerable heterogeneity of gene 
expression in glomeruli from cases of class IV lupus nephri-
tis (590). Four main gene clusters were identified, linked to 
B cells, myelomonocytic cell lineage, fibroblast proliferation 
and extracellular matrix production, and expression of type I 
IFN-inducible genes. Not surprisingly, the fibrosis-related 
genes correlated with pathologic evidence of glomerulosclero-
sis. Interestingly, the expression of type I IFN-inducible tran-
scripts identified biopsies with milder pathologic features. In a 
murine model of lupus nephritis (12-week-old MRL/lpr mice) 
nephritis, 567 genes were up-regulated in MRL/lpr glom-
eruli compared to control congenic mice (591). These genes 
included complement components, adhesion molecules, che-
mokines and their receptors, and molecules related to antigen 
presentation. Over 130 genes were preferentially or exclusively 
expressed in hematopoietic cell lineages, possibly reflecting leu-
kocyte accumulation, and these changes were accompanied by 
increased mRNA expression of IFN-γ–inducible genes (591). 
More widespread use of this technology may help to identify 
clinically relevant subsets of nephritis.

Role of Exogenous Factors
The importance of exogenous factors in SLE is supported 
by the concordance rate of less than 50% in identical twins. 
Factors that have been implicated in initiating and exacerbat-
ing SLE include sex hormone, viruses, ultraviolet (UV) radia-
tion, cigarette smoking, chemicals, and drugs. Patients with 
SLE have increased circulating Epstein-Barr virus (EBV) viral 
loads compared to healthy controls and higher titers of anti-
bodies to EBV (592). Anti-EBV antibodies have been shown 
to precede the development of anti-Ro antibodies in patients 
with SLE (593). EBV infection may be a triggering event in 
pediatric SLE (594). Endogenous retroviruses have also been 
postulated to trigger lupus via structural and functional molec-
ular mimicry, with formation of antiretroviral antibodies that 
cross-react with nuclear antigens. UV radiation inhibits DNA 
methylation in CD4+ T cells, potentially causing autoreactivity 
via up-regulation of lymphocyte function–associated antigen 
1 (LFA-1) (595). UV radiation also induces apoptosis of kera-
tinocytes and release of cytokines that promote formation of 
lupus autoantibodies. Exposure to silica dust has been linked 
to development of SLE, especially in African American women 
(596,597). A possible role for cigarette smoking was suggested 
by a meta-analysis of nine studies (598), but this association 
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was not detected in two prospective studies (599,600). There 
is no apparent association with exposure to hair dyes, occupa-
tional solvents, or pesticides.

Importantly, environmental agents may contribute to 
lupus pathogenesis through epigenetic mechanisms that reg-
ulate gene expression, such as histone acetylation and DNA 
methylation, as evidenced most strongly in cases of drug-
induced SLE related to hydralazine and procainamide (dis-
cussed in Drug-Induced Lupus above).

Role of Sex Hormones
SLE is more common in females at all ages (2- to 12-fold), but 
the peak incidence and greatest discrepancy between the sexes 
occurs in the reproductive years, strongly suggesting that expo-
sure to female sex hormones is a risk factor. Onset or exacer-
bations of SLE during pregnancy, a period of peak hormonal 
activity, is common (601). Males with Klinefelter syndrome 
have a higher rate of SLE that may partly reflect abnormal 
metabolism of estrogen and excessive 16α-hydroxyesterone and 
estrol metabolites, resulting in a hyperestrogenic state. Males 
and females with SLE have abnormal androgen metabolism 
(602,603), with lower basal levels of testosterone and dehydro-
epiandrosterone (604,605), the levels of which correlate nega-
tively with disease activity (606). The use of estrogen-containing 
contraceptives and administration of estrogen to postmeno-
pausal women are both associated with an increased incidence 
of SLE. On the other hand, sex hormone levels in women with 
SLE are not increased compared to controls without autoim-
mune disease, arguing against a direct pathogenetic role (607). 
Men with SLE may have significantly higher frequency of 
autosomal risk alleles in the HLA region and in the interferon 
regulatory factor (IRF)-5 gene compared to women (608), indi-
cating that gender differences in the prevalence of SLE may not 
be solely due to X chromosomal or hormonal factors.

The importance of hormonal effects is supported by 
murine models of lupus nephritis, in which castration of 
female NZB/W mice, administration of the estrogen recep-
tor antagonist tamoxifen, or knockout of estrogen receptor -α 
result in decreased disease and prolonged survival (609). 
The mechanisms by which sex hormones may influence the 
immune system are complex and poorly understood. Effects of 
sex hormones on thymic development and involution, T-cell 
subsets, T-cell proliferative capacity, immunoglobulin synthe-
sis, and macrophage activation have been proposed.

Defective Apoptosis in SLE
The loss of tolerance to self-antigens and development of auto-
antibodies in SLE may reflect abnormal apoptosis. During 
apoptosis, the organized cleavage of chromatin leads to cluster-
ing of nucleosomes on the surface of apoptotic cells. Normally, 
these apoptotic bodies are efficiently cleared by scavenger cells 
without triggering an inflammatory reaction. In SLE, exces-
sive and/or impaired apoptosis may promote the formation 
of nucleosome-specific T cells and autoantibodies (610). This 
defect may reflect genetic variants of factors involved in apop-
tosis or clearance pathways (e.g., Fas, C3, C4, or DNAse-1) 
(611). Impaired apoptosis in SLE leads to secondary necrosis 
of nonphagocytosed apoptotic cells, resulting in the release of 
nucleosomal apoptotic fragments containing mobility group 
box protein 1 (HMGB1). This nonhistone nuclear protein acts 
as a stabilizing factor inside the cell and as a  proinflammatory 

cytokine when released from dying cells. Serum levels of 
HMGB1 and anti-HGMB1 antibodies are increased in 
patients with active lupus and lupus nephritis (612). HMGB1-
bound nucleosomes may promote dendritic cell maturation 
and release of proinflammatory cytokines via their engagement 
with TLR-2 and receptors for advanced glycation end prod-
ucts (RAGE). It is possible that tissue injury in lupus nephritis 
provides a source of apoptotic bodies that promote ongoing 
autoimmune activation.

Immunologic Abnormalities in SLE and Lupus 
Nephritis
SLE and lupus nephritis are characterized by a plethora of 
immunologic abnormalities that include autoantibody produc-
tion, B-cell hyperactivity, defective T-cell regulation, abnormal 
dendritic cell function, aberrant cytokine synthesis, and activa-
tion of the complement and coagulation systems. Although the 
molecular and immunogenetic characteristics of these abnor-
malities have been progressively elucidated, it remains unclear 
which of these defects are primary and which are secondary, 
as these systems are intricately interconnected in health and 
in disease. Some of these abnormalities are likely genetically 
determined, as discussed above.

role of auToanTibodieS in lupuS nephriTiS

SLE is characterized by the production of a host of autoan-
tibodies, some of which are involved in the pathogenesis of 
tissue injury (613–615). Many of these autoantibodies are 
directed to nuclear antigens (ANA) consisting of complexes of 
proteins and nucleic acids, suggesting that they are synthesized 
against large macromolecular particles that are processed and 
presented in concert by antigen-presenting cells. This would 
explain the existence of “linked sets” of autoantibodies that 
recognize structurally and spatially related epitopes of larger 
protein-nucleic acid complexes (616). Of note, autoantibody 
formation may precede clinical manifestations of SLE by sev-
eral years.

Lupus nephritis is defined pathologically by the presence 
of glomerular immune complex deposits, and an abundance of 
clinical and experimental evidence suggests a central pathoge-
netic role for autoantibodies with specificity for dsDNA and 
nucleosomes. Most patients with lupus nephritis have circulat-
ing anti-dsDNA antibodies, and these are frequently enriched 
in the kidney. In experimental animals, injection of anti-DNA 
antibodies derived from mice with lupus (160) or patients with 
lupus nephritis (617) can induce the development of lupus 
nephritis. Immune complexes containing anti-dsDNA may 
activate the adaptive and innate immune pathways, via engage-
ment of complement receptors and TLR, leading to inflamma-
tion and fibrosing injury. Autoantibodies may also have direct 
effects on intrinsic renal cells (618), inducing cell proliferation 
and release of proinflammatory cytokines, which contribute to 
the pathogenesis of lupus nephritis.

On the other hand, not all patients with high titers of 
circulating anti-dsDNA antibodies develop renal disease 
(619) and lupus nephritis occasionally occurs in the absence 
of circulating anti-dsDNA antibodies (620,621). The specific 
characteristics that make certain anti-dsDNA antibodies neph-
ritogenic remain poorly understood. IgG autoantibody clusters 
uncovered by glomerular proteome arrays include DNA/chro-
matin and laminin/myosin/heparan sulfate/vimentin (622).  
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In a murine model, injection of antibodies that recognize 
dsDNA in the context of PolIV, a bacterial DNA polymerase, 
are more pathogenic, suggesting differences in the fine specific-
ity of nephritogenic autoantibodies (617).

anTibody SpecificiTieS in Sle and lupuS nephriTiS

The production of ANA is a defining feature of SLE. Historically, 
the first clinically recognized manifestation of ANA (and the 
first diagnostic laboratory test for SLE) was the LE cell (10). 
This consists of neutrophil or monocyte that has phagocytosed 
a nucleus, producing a purplish inclusion. The in vivo equiva-
lent of the LE body is a “hematoxylin body,” sometimes seen in 
glomeruli and other tissue sites in patients with SLE (Fig. 14.12). 
Immunofluorescence assay for ANA, which is positive in approx-
imately 98% of patients with SLE, is the major initial serologic 
screening test for lupus (623). Originally performed using indi-
rect immunofluorescence on rodent liver or kidney, the preferred 
tissue substrates in the modern era are human cell lines, such as 
HEp-2 or KB tumor cells. Human cell lines yield a positive ANA 
test result for up to 98% of SLE patients, compared with 90% 
to 95% sensitivity using rodent tissues as substrate. Human cell 
lines have larger nuclei than rodent tissue, allowing greater reso-
lution of the immunofluorescence pattern produced by bind-
ing to subcellular organelles, such as deoxyribonucleoprotein 
(DNP), histone, chromatin, and rarely to DNA. Positive ANA 
has been found in approximately 32% of putatively healthy sub-
jects at 1:40 dilution but in only 3% at 1:320 dilution (624). In 
addition, low-titer positivity is common with a variety of nonlu-
pus conditions, such as aging, autoimmune thyroiditis, chronic 
liver disease, chronic infections, or malignancy.

The pattern of fluorescence (i.e., homogeneous, rim 
[peripheral], speckled, or nucleolar) in the interphase nucleus 
gives some clues about the ANA specificity but needs to be 
more finely characterized by hemagglutination, ELISA, immu-
nodiffusion, or Crithidia luciliae immunofluorescence studies 
for particular nuclear antigens. The peripheral or rim pattern 
is most specific for SLE and is most commonly observed with 
antibody to dsDNA and less commonly seen with antibodies 
directed to ssDNA, DNP, and histones. A speckled pattern can 
be observed with antibody to U1-ribonucleoproteins (RNP), 
Smith (Sm), Ro/SSa, La/SSB, and Ku antigens. This speckled 
pattern is also common in systemic sclerosis and is produced 
by anti-scl-70 antibody that has specificity for topoisomerase. 
Anti-Ro/SSa often gives unreliable ANA staining, thereby 
requiring more sensitive immunodiffusion studies for its detec-
tion in the face of a negative ANA screening test result.

Antibodies to dsDNA are the most specific for SLE and 
are detectable in 50% to 70% of patients. Anti-dsDNA anti-
bodies correlate highly with disease activity in many patients 
and may precede the onset of clinical disease by several years 
(625). Indirect immunofluorescence, using the kinetoplast of 
the hemoflagellate C. luciliae, and the Farr radioimmunoassay 
are both highly specific for anti-dsDNA but have been largely 
replaced in the modern era by enzyme-linked immunoassays 
(ELISA) and immunoblotting. High titers of anti-dsDNA 
antibody have more than 90% specificity for SLE. Rising titers, 
often associated with falling serum complements, are helpful 
clues to the occurrence of disease flares. Anti-ssDNA antibod-
ies are present in approximately 90% of SLE patients and are 
increased during flares; however, they are also found in a host 
of other rheumatologic diseases and are thus nonspecific.

Autoantibodies to the two major components of nucleo-
somes—histones and DNP—are present in approximately 
70% of SLE patients and typically give a homogeneous ANA 
pattern. Antihistone antibodies are even more prevalent (70% 
to 100%) in DIL. Antibodies are directed to all classes of his-
tones, particularly H1 and H2B in primary SLE and H2A-H2B 
or H3-H4 in DIL. Specificity for SLE is poor, as antihistone 
antibodies have been detected in up to 80% of patients with 
RA or juvenile rheumatoid arthritis. It has been suggested that 
release of nucleosomes in the course of sun exposure, neutro-
phil apoptosis, or other forms of cell injury may provide an 
important source of antigen that stimulates antinucleosomal 
antibody production.

Antibodies to RNP are detected in up to 30% of SLE 
patients, and one of these, anti-Sm, named after a prototype 
serum identified by Tan and Kunkel in 1966 (626), is a par-
ticularly useful diagnostic marker (627). These antibodies are 
predominantly reactive with uridine-rich small nuclear ribo-
nucleoproteins (UsnRNP) (628), comprised of complexes of 
RNA and protein. The most abundant of these are the U1, U2, 
U4/U6, and U5 RNP, which all share associations with other 
polypeptides to form larger RNA-protein complexes known as 
Sm core proteins (629). These are distinct from the intranucle-
olar RNP of the U3, U8, and U13 series.

The Sm core proteins bind U RNA at a distinct highly 
conserved binding site known as the Smith-binding site. The 
Sm snRNP are assembled in the cytoplasm and then enter the 
nucleus, where they regulate pre-mRNA splicing. Anti-Sm 
antibodies are detected in 20% to 76% of SLE sera (630,631). 
Eighty-three percent of patients with anti-Sm antibody have 
SLE (631), indicating a high specificity for SLE. The pres-
ence of anti-Sm has been included in the revised ACR criteria 
for the diagnosis of SLE (273). In SLE, antibody to U1-RNP 
rarely occurs alone but is almost always found in association 
with anti-Sm antibodies (reactive with U2, U4, U5, and U6). 
Anti-U1-RNP antibodies without anti-Sm are most com-
monly found in patients with mixed connective tissue disease 
(MCTD) (632,633), typically in high titers. Anti-U1-RNP 
have also been described in some patients with scleroderma, 
Sjögren disease, polymyositis, and RA. Antinucleosomal anti-
bodies have equal specificity (94.9% vs. 94.2%) and higher 
sensitivity (59.9% vs. 52.4%) compared to anti-dsDNA anti-
bodies for the diagnosis of SLE, but these do not appear to 
correlate with lupus nephritis (634).

First described by Anderson et al. (635) in Sjögren syn-
drome (SS) as antibodies to SS A and B antigens, antibodies 
to Ro (SSA) and La (SSB) are identified in 60% and 24% of 
SLE patients, respectively (636). These antibodies are helpful 
diagnostic markers of SLE in patients who are ANA negative 
by indirect immunofluorescence (637). The 46k-d Ro/SSA 
autoantigen has homology with calreticulin, a high-affinity, 
calcium-binding protein located in the endoplasmic reticu-
lum (638). The 48-kd La/SSB polypeptide has some sequence 
homology with RNAs from EBV, adenovirus, and vesicular 
stomatitis virus, suggesting a source for molecular mimicry 
(639). All patients with anti-La also have anti-Ro positivity, 
suggesting that these are linked autoantibodies (similar to anti-
U1-RNP and anti-Sm).

Clinical associations of anti-Ro (SSA) include photosensi-
tive skin rash, interstitial pneumonitis, and thrombocytopenia. 
Anti-Ro is common in SLE patients with early complement 
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deficiencies, particularly C2. Anti-La has been associated with 
the absence of nephritis, although the biologic basis for this 
protective role is not understood (640). The presence of both 
antibodies may precede the diagnosis of SLE and has been 
associated with the development of congenital heart block and 
dermatitis in infants with congenital lupus caused by transpla-
cental transfer of maternal antibodies.

Serum anti-C1q autoantibodies are found in up to one 
third of patients with SLE and in two thirds of those with lupus 
nephritis (641,642). Increased titers of C1q antibody corre-
late with periods of clinical renal involvement and may predict 
clinical renal flares (641–646). These antibodies bind epitopes 
within the collagen region and the globular domain of C1q, 
inhibiting its binding to CRP and FcγR and leading to impaired 
immune complex clearance (647). These autoantibodies have 
been shown to augment renal immune deposits by binding to 
C1q in situ (648). A meta-analysis has shown that measurement 
of anti-C1q antibodies is sensitive and specific for the diagnosis 
of lupus nephritis (58% and 75%, respectively) and for distin-
guishing active lupus nephritis from inactive disease (75% vs. 
77%, respectively) (644). The observation that both congenital 
C1q deficiency and acquired anti-C1q antibodies that inhibit 
C1q function are associated with lupus nephritis is intriguing.

Some of the autoantibodies detected in SLE patients have 
RF or cryoglobulin activity. IgM RFs are detectable in 20% to 
60% of SLE patients, mostly at low to modest titers (271). In 
a study by Miyazaki, RFs of IgM, IgA, and IgG classes could 
be detected in the sera of five patients with active diffuse pro-
liferative lupus nephritis but were undetectable in membra-
nous lupus nephritis (649). Moreover, fluoresceinated normal 
human IgG and Fc fragments but not F(ab′)2 fragments bound 
to the glomerular deposits of patients with diffuse proliferative 
but not membranous lupus nephritis, suggesting that RF activ-
ity might promote accretion of glomerular immune deposits.

Mixed cryoglobulinemia (polyclonal IgM and IgG  
[type III] or monoclonal IgM and polyclonal IgG [type II]) 
occur in patients with SLE. In one study of 122 patients with 
SLE, cryoglobulins were detected in 25% of patients but less 
frequently (9%) in titers greater than 5%; the latter cases all 
had type II cryoglobulins. Cryoglobulinemia was significantly 
associated with RF, hypocomplementemia, hepatitis C virus 
infection (for subjects with cryocrit greater than 1%), and 
cutaneous vasculitis (650). Antibodies with cryoglobulin or RF 
activity may influence the pattern of murine or human lupus 
nephritis (651,652), due to trapping in the subendothelial 
region because of their size or physical characteristics or bind-
ing to previously deposited immunoglobulin.

Antiendothelial antibodies are detected in up to 80% of 
patients with SLE (653–656). Administration of antiendothe-
lial antibodies to normal mice induces a glomerulonephritis 
that resembles lupus nephritis (657). Perry reported a corre-
lation between antiendothelial antibody levels and severity of 
lupus nephritis (658). One potential endothelial cell autoan-
tigen identified by molecular cloning strategy is ribosomal P 
protein P0 (659). In vitro studies suggest that some antiendo-
thelial antibodies may be internalized into glomerular endo-
thelial cells by interaction with surface integrins via fibronectin 
(660). Injection of these antibodies in vivo generates electron-
dense deposits in the glomerular endothelial cytoplasm and 
subendothelial regions of SCID mice and produces large wire-
loop deposits in MRL/gld lupus-prone mice (660).

ANCA have been associated with spontaneous and drug-
induced SLE (661–665). The incidence of ANCA in SLE 
ranges from 21% to 39% (661,663,665). ANCA specificities 
by ELISA include myeloperoxidase, lactoferrin, and elastase. 
ANCA may be pathogenetically related to a subgroup of lupus 
nephritis with necrotizing and crescentic features and sparse 
immune deposits (342).

A host of other autoantibodies occur in SLE patients, some 
of which are associated with extrarenal disease manifestations 
and some of which may indirectly promote lupus nephritis. 
Up to 65% of SLE patients have antierythrocyte antibodies, 
as indicated by a positive direct Coombs test result (666), 
although most of these have no clinical evidence of hemolysis. 
The subset of patients with immune hemolytic anemia primar-
ily manifests warm-reactive IgG antibodies to erythrocytes. 
Antierythrocyte antibodies of the IgG1 and IgG3 subclass are 
most deleterious, due to their avidity for macrophage Fc recep-
tors. Antiplatelet antibodies may give rise to a clinical syn-
drome of immune thrombocytopenic purpura. At least some 
of these pathogenic antibodies appear to have specificity for 
the GP IIb-IIIa glycoprotein receptor on the surface of plate-
lets (667). Platelet-associated immunoglobulin is probably het-
erogeneous in nature, representing a combination of specific 
antiplatelet antibody, APL antibody, and bound immune com-
plexes. Antineutrophil antibodies do not correlate well with the 
development of neutropenia. In contrast, antilymphocyte anti-
body titers correlate with lymphopenia (668). Antilymphocyte 
antibodies could alter T-cell function through receptor block-
ade or receptor modulation that stimulates or suppresses cell 
function (669).

immunoGlobulin characTeriSTicS in lupuS nephriTiS

The specific characteristics that render some anti-dsDNA anti-
bodies nephritogenic are not well understood, but there is evi-
dence from experimental and human studies that anti-dsDNA 
antibodies in the kidney are qualitatively different from cir-
culating anti-dsDNA antibodies, in terms of heavy chain 
restriction, oligoclonality, and avidity, supporting a direct 
pathogenetic role.

Antibodies eluted from the kidney in cases of lupus 
nephritis demonstrate isotype and subclass restriction and 
increased avidity compared to circulating autoantibodies. In 
murine and human lupus nephritis, the predominant immu-
noglobulin isotype in glomerular deposits is IgG, although 
other immunoglobulin classes (IgM, IgA, and IgE) frequently 
codeposit. In humans, the IgG subclasses most commonly 
identified in proliferative lupus nephritis are IgG1, IgG2, and, 
IgG3, which comprise the most effective complement-fixing 
subclasses (670–675). In a study of renal biopsy samples of 80 
SLE patients, we have found that IgG1 (81%), IgG2 (89%), 
and IgG3 (96%) were the predominant subclasses in all classes 
of lupus nephritis (672). By contrast, IgG4 was detected in 
only 36% of samples. The frequency of genotypes contain-
ing the low-binding IgG2 allele, FcγRIIa-R131, was greater 
in patients with class III or class IV lupus nephritis and in 
patients with intense IgG2 deposition, suggesting that this 
genotype may predispose to disease pathogenesis by impaired 
removal of immune complexes (672). Iskandar et al. (676) 
also reported a predominance of IgG3 in patients with pro-
liferative lupus nephritis. Imai confirmed that all IgG sub-
classes are deposited in the glomeruli of patients with lupus 
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nephritis, but noted stronger staining for IgG1 and IgG2 
(673). Haas et al. reported a predominance of IgG4 in cases 
of primary membranous glomerulonephritis, whereas IgG1 
and IgG3 were seen in cases of membranous lupus nephri-
tis (673,677). There is only a poor correlation between IgG 
subclass profile in serum and the type or severity of nephritis 
(671,675,678,679). Overall, IgG1 and IgG3 tend to predomi-
nate in the serum of patients with severe nephritis. In humans, 
a rise in IgG2 antinucleohistone antibodies and IgG1 anti-
dsDNA antibodies in the serum has been reported to herald 
the development of renal relapses (680). On the other hand, a 
significant rise in antinucleosomal antibodies of IgG3 subclass 
has been reported in lupus patients experiencing renal flares 
(681). In MRL/lpr mice, IgG3 appears to be the major sub-
class detected in kidney eluates, although IgG2a predominates 
in serum (682). This discrepancy may be related to the pro-
pensity for IgG3 to form RF or cryoglobulins that, because of 
their size, are more likely to become deposited in glomerular 
capillaries (683).

There are few human studies on the avidity of immune 
complexes eluted from glomeruli in lupus nephritis (684,685). 
Asano found the avidity to be higher in patients with subendo-
thelial and mesangial deposits than in those with subepithelial 
deposits (684). Winfield (685) also found that antibody eluted 
from human lupus kidneys bound dsDNA more avidly than 
serum antibodies of the same specificity, but these findings 
were based on studies of only four patients. In contrast, the 
antibodies eluted from kidneys of NZB/W mice have included 
high- and low-avidity antibodies (686).

Studies in human disease and murine models (687) have 
revealed considerable heterogeneity of charge in lupus autoan-
tibodies, without consistent isoelectric patterns. Monoclonal 
anti-DNA antibodies of various charges are capable of initi-
ating nephritis when passively transferred to normal mice. 
Analysis of human anti-DNA autoantibodies has revealed 
highly cationic germ-line Vκ genes that confer the cationic 
charge, whereas somatic mutations induce affinity maturation 
(688,689). The nephritogenic potential of lupus autoantibod-
ies appears to reside in the variable region of the heavy chain 
(VH) gene sequence, with silent and replacement substitu-
tions in the VH germ-line gene complementarity-determining 
regions (CDR) that were not present in the patient’s germ-line 
DNA (690). These findings support that B-cell clones undergo 
somatic mutations in response to exogenous stimuli, whose 
identity remains to be determined. In summary, these findings 
suggest that charge characteristics may play a role in the local-
ization of immune deposits in lupus nephritis, but they are not 
the major determinant of susceptibility to nephritis.

Mechanisms of Immune Complex Deposition in Lupus 
Nephritis
Three major mechanisms of immune deposition in the kidney 
have been proposed: (a) binding of autoantibodies to autoanti-
gens that have been planted in the glomerulus; (b) binding of 
autoantibodies to intrinsic glomerular antigens; (c) deposition 
of preformed circulating immune complexes. These mecha-
nisms are not mutually exclusive, and there is evidence for 
all three pathways in murine lupus nephritis. However, there 
is little if any evidence to date that deposition of preformed 
immune complexes plays a major pathogenetic role in human 
lupus nephritis (277).

in SiTu immune complex formaTion in lupuS nephriTiS

Autoantibodies may bind to nonglomerular autoantigens, such 
as nucleosomes, that become “planted” within the glomeru-
lus through charge or other physical interactions. Necrosis of 
glomerular cells is a potential source for these antigens. Once 
planted in the glomerulus, these antigens bind with circulat-
ing autoantibodies to form immune complexes in situ. This 
hypothesis, initially proposed by Izui (691) in 1976, has been 
supported by data suggesting an affinity of DNA for collagen, 
fibronectin, and laminin (692–694), all components of the 
glomerular matrix, and the demonstration that DNA is con-
centrated in the glomerular electron-dense deposits of human 
lupus nephritis (695).

Low molecular weight DNA of less than 200 base pairs 
(bp) appears to display a particularly high affinity for GBM. 
The most nephritogenic size of DNA, 120 to 200 bp, which 
was observed by Fournie (696), falls within the predicted range 
of the DNA that is bound to histones within nucleosomes. 
Histones have long been considered an excellent candidate pro-
tein for planting of glomerular antigen, because they are highly 
cationic and have high affinity for anionic components of the 
glomerular capillary wall such as heparan sulfate (697–701). 
If histones are first injected through the renal artery, followed 
by DNA alone and subsequently anti-DNA antibody alone, a 
membranous pattern with subepithelial deposits is produced 
(694). By contrast, perfusion of DNA alone into the rat renal 
artery, followed by the administration of anti-DNA antibody, 
produced mesangial immune deposits in vivo (694). Stockl 
et al. (702) were able to demonstrate histone antigen in the 
glomeruli of 65% of the 48 cases of lupus nephritis but in only  
2% of nonlupus controls. Histones have also been demon-
strated in the glomerular immune deposits of murine lupus 
(703). Anti-dsDNA antibodies, anti-ssDNA antibodies, and 
antihistone/DNA (nucleosomal) antibodies have been detected 
in the glomerular immune deposits from human and murine 
lupus, often with higher concentrations in kidney eluates than 
in simultaneous serum samples (496,500,501,687,704–712). 
Other autoantibodies that may be enriched in the glomeruli 
in lupus nephritis demonstrate specificity for Sm, RNP, his-
tone, SSA, SSB, and C1q (713,714). One study found that 
nucleosome-restricted autoantibodies were detectable before 
anti-dsDNA antibodies or antihistone antibodies in the serum 
of MRL/lpr mice and were also detectable in the glomerular 
eluates, supporting an initiating role for antinucleosomal anti-
bodies (704).

Antinucleosomal antibodies may bind to dsDNA-histone 
complexes that are liberated into the circulation when cells die 
through apoptosis. Once liberated from apoptotic cells, nucleo-
somes bind to negatively charged cell surfaces or matrix com-
ponents, providing a source for planted nucleosome antigen 
and in situ immune complex formation (715). In two strains of 
mouse, the MRL/lpr and BXSB mouse, antibodies specific for 
nucleosomes can be detected in the circulation before the appear-
ance of anti-dsDNA or antihistone antibodies in the course 
of lupus nephritis, suggesting that anti-dsDNA antibodies 
arise as a subset of antinucleosomal antibodies (264,716,717). 
Antinucleosomal antibodies have been eluted from the kidney 
(264,717), and nucleosomes, antinucleosome autoantibod-
ies, and nucleosome-Ig complexes alike have been identified 
in the glomerular immune deposits (610,718,719). Using 
a colocalization TUNEL and immunoelectron microscopy 
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technique, Kalaaji et al. (720) have demonstrated that the 
 electron-dense deposits in lupus nephritis contain chroma-
tin and anti-DNA antibodies, supporting a primary role for 
binding of autoantibodies to planted autoantigens, not cross- 
reactivity to intrinsic glomerular structures.

croSS-reacTiViTy To inTrinSic Glomerular anTiGenS in 
lupuS nephriTiS

Glomerular anti-DNA antibodies exhibit a broader range of 
cross-reactivities than serum anti-DNA antibodies, including 
for polynucleotides, phospholipids, and proteins (687,713). 
These cross-reactivities include normal glomerular constitu-
ents, such as heparan sulfate and chondroitin sulfate pro-
teoglycans (721–723), phospholipids (724–726), laminin 
(711,727,728), type IV collagen (727,729), podocyte and 
proximal tubular brush border proteins such as dipeptidyl 
peptidase IV (727,730), cytoskeletal proteins such as vimentin 
(731) and α-actinin 4 (732,733), and cell surface antigens on 
mesangial and endothelial cells (618,734–736). Interestingly, 
most nephrophilic (glomerular-binding) antibodies in the 
glomerular deposits of SNF1 mice are polyreactive ANAs that 
have the potential to bind both dsDNA and glomerular anti-
gens like laminin directly, without the need for nuclear anti-
genic bridges (711). Circulating cationic anti-DNA antibodies 
from humans with SLE have also been shown to exhibit cross-
reactivity with dextran sulfate, chondroitin sulfate, and hyal-
uronic acid in vitro (737,738). The levels of antibody reactive 
with heparan sulfate appear to correlate with periods of active 
renal disease in human lupus (739).

These findings suggest that lupus autoantibodies may bind 
in situ to normal glomerular cellular or matrix components and 
that these cross-reactivities may play a role in the development 
of nephritis. Krishnan et al. demonstrated that only anti-DNA 
antibodies that bound to basement membrane could activate 
complement and induce proteinuria when injected into mice, 
suggesting that direct binding of anti-DNA antibody to anti-
gens in the GBM or mesangial matrix may be necessary to 
initiate lupus nephritis (723). In these experimental models, 
the pattern of glomerulonephritis and localization of immune 
deposits (i.e., whether mesangial, subendothelial, or subepi-
thelial) may depend on the specificity of these cross-reacting 
antibodies. For example, in the murine GVHD model, Bruijn 
et al. (727) demonstrated that early in the course of the disease, 
there is a predominance of antibodies to laminin and type IV 
collagen, producing a linear pattern of fluorescence. Later in 
the disease, a granular subepithelial distribution of immune 
deposits occurs with the appearance of antibodies to brush bor-
der enzyme dipeptidyl peptidase type IV that cross-react with 
an epitope expressed on the surface of visceral epithelial cells. 
Based on studies in MRL/lpr mice, Van Bruggen et al. have 
hypothesized that the initial event in lupus nephritis consists 
of direct binding of antiglomerular autoantibodies, followed 
by deposition of antinuclear antibodies that recognize planted 
antigens (e.g., nucleosomes) (710).

Role of Complement in Lupus Nephritis
The importance of the complement system in the pathogenesis 
of SLE and lupus nephritis reflects not only its role in mediat-
ing inflammation but also its central role in clearing immune 
complexes and apoptotic fragments and its regulatory effects on 
immune cell function (59,585). Complement serves as a bridge 

linking the innate and adaptive immune responses and is an 
important amplifier of the inflammatory responses that cause 
tissue injury in SLE. Decreased serum levels of complement 
correlate strongly with disease activity and with lupus nephri-
tis, reflecting consumption at sites of immune complex depo-
sition. This phenomenon should be distinguished from the 
rare occurrence of hypocomplementemia due to homozygous 
deletions of the early components of the classical complement 
pathway (notably C1q, C4, and C2), which are discussed above 
(see section Deficiencies With Mendelian Inheritance in SLE).

In patients with SLE, the complement profile typically 
reveals depressed CH50, with more frequent depressions of 
early complement components C1 and C4 than C3, although 
many patients have reductions in all of these. In one study 
(740) of lupus patients with active nephritis, CH50 was reduced 
in 87%, C1q and C4 in 80%, and C3 in 68%. Complement 
reductions were less marked in patients without nephritis 
(CH50, 50%; C1q, 50%; C4, 62%; and C3, 37%). Others 
have observed better correlations of periods of disease activity 
with C3 than C4 levels (741). Low C1q levels have been asso-
ciated with proliferative lupus nephritis and may predict the 
occurrence of renal flares (742).

A variety of catabolic complement components may be 
elevated in lupus sera, including C2a, C3a, C3d, C4d, Bb, and 
Ba, and these have been shown to correlate with disease activ-
ity and predict lupus flares (743,744). Serial monitoring of 
complement, anti-dsDNA antibody and circulating immune 
complex levels may help predict periods of disease exacerbation 
(586). Of note, more intense glomerular C4d deposition has 
been associated with the presence of microthrombi in lupus 
nephritis, both with (745) and without (94) evidence of APL 
syndrome, suggesting that complement activation via the clas-
sical pathway may contribute to endothelial injury and throm-
botic microangiopathy in SLE.

Role of Immune Cells and Soluble Factors in SLE and 
Lupus Nephritis
B-cell hyperactivity is a key feature of SLE. Immunoglobulin 
production is increased, reflecting increased numbers of 
Ig-secreting B cells in the peripheral blood (746), even though 
the number of total B lymphocytes in the peripheral blood is 
often reduced. During periods of active disease, the number 
of immunoglobulin-secreting B cell approaches 50-fold greater 
than that of controls, and serum immunoglobulin levels are 
correspondingly increased. Evidence from mice and humans 
with lupus suggests that this B-cell hyperactivity results ini-
tially from antigen-independent polyclonal B-cell stimulation, 
followed by more selective expansion of a subset of B cells 
producing particular autoantibodies (747–749). For example, 
in early murine lupus, mice have a generalized increase in 
the numbers of B cells and hypergammaglobulinemia before 
the selective emergence of autoantibody-secreting clones that 
become progressively more selective over time (750–753). In 
murine lupus, these autoantibody-secreting B cells undergo a 
process of affinity maturation, isotype switching, and idiotype 
selection, as expected in antigen-driven antibody responses. 
Moreover, the ratio of replacement nucleotides to silent nucle-
otides in the hypervariable region of the autoantibody combin-
ing site suggests a progressive selection of high-affinity clones 
that is antigen driven. B-cell maturation and survival depend 
on interactions between two cytokines of the TNF family, 

0002062077.INDD   621 5/29/2014   12:15:46 PM



 Heptinstall’s Pathology of the Kidney622

BLyS/BAFF and a proliferation inducing ligand (APRIL), and 
their receptors on B cells. BLyS is produced by neutrophils, 
dendritic cells, and macrophages in response to TLR signaling 
and IFN, both of which are up-regulated in SLE. Excessive 
levels of BLyS may lead to enhanced survival of autoreactive 
B cells and contribute to perpetuation of SLE by a variety of 
mechanisms. Belimumab, a fully human recombinant mono-
clonal antibody to BLyS, has shown efficacy in cases of SLE 
that are refractory to standard therapy (see section on treat-
ment above).

B-cell hyperactivity may result in part from failure to elim-
inate autoreactive B cells due to defective apoptosis. The role of 
fas in the acquisition of self-tolerance has been described in the 
MRL/lpr mouse, in which there is a mutation in the fas gene, 
which encodes for the fas cell surface molecule involved in the 
induction of apoptosis (523). Mice transgenic for bcl-2, which 
enhances cell survival through inhibition of apoptosis, over-
express bcl-2 and display polyclonal B-cell expansion, leading 
over several months to the development of a lupus-like autoim-
mune state (754).

A variety of B-cell signaling defects have been identified, 
including higher fluxes of intracellular calcium and cytosolic 
protein tyrosine phosphorylation. Expression of complement 
receptor 2 (CR2) and of the inhibitory receptor FcγRIIIB 
expression are both decreased on SLE B cells, and this defect 
may be genetically determined, as a polymorphism causing 
reduced expression of FcγRIIIB has been identified in SLE 
patients (755). The expression of the protein tyrosine kinase 
Lyn is reduced in the cytoplasm of B cells in two thirds of 
patients with SLE, and this may impair signaling from inhibi-
tory cell surface molecules such as C22 and FcγRIIBI, thereby 
contributing to B-cell overactivity (756).

In addition to their role in antibody production, B cells 
serve as antigen-presenting cells for activation of autoreactive 
T cells through cell-cell contacts that involve MHC class II 
and costimulatory molecules. B cells also secrete a number 
of cytokines and chemokines that contribute to inflamma-
tory injury including IL-2, IL-6, IL-10, TGF-β, IFN-γ, and 
TNF-α (757). Studies have shown a high frequency of charged 
recurrent motifs in the TCR CDR loops of Th clones from 
murine and human SLE through presumed recombination 
events (758,759). These findings suggest that there is selective 
expansion of particular Th clones recognizing charged autoan-
tigens (759). Through antigen processing and presentation to 
B cells, these restricted Th clones presumably drive autoanti-
body production.

Abnormalities of T-cell function in SLE result in exces-
sive B cell help and insufficient suppressor function (491). 
Absolute numbers of T lymphocytes are reduced in the periph-
eral blood, with a particular reduction in CD8+ suppressor 
T-cells (760,761), whereas CD4+ helper T cells are increased. 
Moreover, CD8+ cells from patients with SLE are often unable 
to down-regulate polyclonal immunoglobulin production and 
synthesis of autoantibodies (762). The cause of this suppres-
sor defect is uncertain but may be related to a preponderance 
of naive CD8+ cells with helper function (763). This relative 
deficiency in suppressor cell function may be mediated in part 
by defective CD4+ T-cell function, because naive CD8+ T cells 
mature in response to various cytokines such as IL-2 and IFN-γ 
produced by CD4+ T cells (764). The number of double- 
negative (CD4−CD8−) T cells is significantly increased in SLE; 

these cells induce anti-DNA antibody formation by autoreac-
tive B cells, produce IL-17, and are present in the kidney in 
lupus nephritis (53).

Other T-cell–mediated abnormalities in SLE include 
altered cytokine synthesis. Decreased IL-2 synthesis reflects 
an imbalance between two molecules that bind to the IL-2 
promoter region—cyclic AMP–responsive element-binding 
protein (CREB) and cyclic AMP–responsive element modu-
lator (CREM)—due to enhanced transcription of CREM (a 
negative regulator). Reduced levels of IL-2 may underlie the 
impaired number and function of CD4+FoxP3+ T reg cells 
in SLE, which are needed to prevent autoimmunity. On the 
other hand, T cells in SLE produce an excess of the inflamma-
tory cytokine IL-17. Serum IL-17 levels correlate with disease 
activity, and IL-17–producing T cells (either CD4+ Th17 or 
CD4−CD8− cells) are present in the kidney in lupus nephritis 
(765). IL-17 recruits inflammatory cells and aids in germinal 
center formation.

A broad range of signaling abnormalities have been identi-
fied in T cells in SLE, including defective TCR zeta (ζ) chain 
synthesis and increased FcRγ synthesis, increased lipid raft clus-
tering, impaired ERK signaling, increased calcium response, 
decreased protein kinase C (PKC) activity, decreased protein 
kinase A (PKA) levels and activity, and reduced DNA meth-
yltransferase (DNMT) 1 (766). Replacement of the TCR ζ 
chain by FcγR leads to signaling via spleen tyrosine kinase 
(Syk) instead of the canonical ζ–associated protein (ZAP-70), 
resulting in decreased IL-2 production and an increased IL-17 
synthesis (767–769). This defect in TCR ζ chain expression 
may be genetically determined (768–770). Kammer et al. 
(771) demonstrated that the defect in PKA-catalyzed protein 
phosphorylation was caused by deficient PKA type 1 isozyme 
in lupus T cells. This was the first enzyme deficiency to be 
demonstrated in SLE and may be a heritable trait. The net 
result of these signaling abnormalities is altered T-cell function, 
with impaired production of regulatory T cells and enhanced 
inflammation.

There is growing evidence that DNA hypomethylation, 
via either inhibition of DNMT1 function or suppression of its 
expression, is associated with overexpression of methylation-
sensitive genes in T cells from SLE patients (772). Methylation-
sensitive gene products that are overexpressed in lupus T cells 
include CD11a (ITGAL), a component of leukocyte function 
antigen (LFA)-1, which contributes to T-cell autoreactivity; 
CD70 (TNFS7), a B-cell costimulatory molecule; perforin 
(PRF1), a cytotoxic molecule that is expressed on CD4+ T 
cells in patients with active but not inactive lupus; and CD40 
ligand (TNFS5), a B-cell costimulatory molecule that has been 
shown to stimulate overproduction of autoantibodies in vitro. 
Of note, CD40L is encoded on the X chromosome gene and 
therefore relatively overexpressed in women, thereby possibly 
contributing to the female predominance of SLE.

Recent findings from genetic studies and transcriptomal 
studies (590) strongly support a role for dendritic cells, type 
1 interferon signaling, and the innate immune system in the 
pathogenesis of SLE and lupus nephritis. Dendritic cells in SLE 
have a mature phenotype, characterized by increased expres-
sion of activating Fcγ receptors and costimulatory molecules 
that make them more immunogenic and proinflammatory 
than immature dendritic cells. Engagement of pathogen-
associated molecular patterns (such as viral and bacterial RNA 
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and DNA) with pattern recognition receptors on plasmacytoid 
dendritic cells leads to release of proinflammatory cytokines 
that promote the activation of leukocytes and intrinsic renal 
cells, thereby contributing to lupus nephritis.

Both immune and nonimmune cells express inflammatory 
cytokines and chemokines in response to activation of TLRs 
by specific ligands. TLR7 and TLR9, expressed on plasmacy-
toid dendritic cells, bind dsRNA and unmethylated cytosine- 
guanosine dinucleotide (CpG) DNA, a stimulatory motif found 
in bacterial and viral DNA which is rare in mammalian DNA. In 
SLE, TLR9 expression is increased on peripheral B cells, plasma 
cells, and plasmacytoid dendritic cells, and abnormal TLR7 and 
TLR9 signaling (in response to RNA and DNA), respectively, 
may predispose to formation of autoantibodies by B cells and 
release of IFN-α by plasmacytoid dendritic cells. In MRL lpr/
lpr mice, Escherichia coli DNA and synthetic hypomethylated 
CpG-DNA stimulated a rise in serum anti-dsDNA antibody 
titers (773). Interestingly, patients with DIL have higher serum 
levels of hypomethylated CpG-DNA, presumably because these 
drugs are potent inhibitors of DNMT activity (774).

Inflammatory cells and intrinsic renal cells also play 
important roles in amplifying the initial inflammatory response 
and promoting tissue injury in lupus nephritis. Deposition of 
immune complexes in the glomerulus leads to activation of 
the complement system and of cytokine networks that pro-
mote leukocyte recruitment, cellular proliferation, and matrix 
production. These pathways are activated via engagement of 
Fcγ receptors on the surface of macrophages, dendritic cells, 
neutrophils, and intrinsic renal cells. The importance of renal 
influx of FcR-bearing effector cells in lupus nephritis has been 
demonstrated by attenuation in a knockout model (775). 
NZB/W mice that are deficient in FcγR are protected from 
the development of severe nephritis, although their glomeruli 
accumulate immune complex deposits and activate comple-
ment (775). In addition, DNA and RNA in these immune 
complexes (or released from apoptotic renal cells in the form of 
chromatic particles) are potent self-antigens for TLR signaling 
and downstream activation of IFN-α (350,773).

Neutrophil and monocyte recruitment to glomeruli are 
particularly marked in diffuse proliferative lupus nephritis, 
reflecting up-regulation of chemokine expression. In murine 
lupus nephritis (776), mesangial colony–stimulating fac-
tor type 1 (CSF-1) expression increases in glomeruli before 
the accumulation of macrophages, and exogenously admin-
istered CSF-1 has an inductive effect on the nephritis (777). 
Monocyte chemoattractant protein type 1 (MCP-1) is present 
in the urine of patients with active lupus nephritis and likely 
plays an important role in monocyte recruitment (778). Other 
chemoattractants, such as colony-stimulating factor, vascular 
cell adhesion molecule 1, ICAM-1, RANTES, CX3CL1 (frac-
talkine), and osteopontin, have been identified in the kidneys 
of MRL/lpr mice (777,779–782). Class II (DR) and intercel-
lular adhesion molecule type 1 (ICAM-1) expression on tubu-
lar epithelial cells precedes renal injury in the MRL/lpr mouse 
(56,57,783). VCAM-1 expression in glomeruli, tubules, and 
vascular endothelium is also up-regulated in active murine 
nephritis, suggesting a role in the adherence of infiltrating leu-
kocytes (781). Renal tubular expression of ICAM-1, DR, and 
costimulatory molecule CD40 has also been correlated with 
active lupus nephritis in humans (59,784). Up-regulation of 
MHC class II molecules (DR and DQ) has been demonstrated 

in the glomerular endothelium of patients with active glomeru-
lar lesions (785) and correlated with glomerular activity index 
and serum levels of IFN-γ. These findings suggest that cyto-
kines play a role in up-regulating MHC class II expression in 
multiple renal compartments, potentially augmenting autoim-
mune reactivity and the inflammatory response in human and 
murine lupus nephritis.

Interstitial infiltration by T cells, B cells, dendritic cells, 
macrophages, and neutrophils likely contribute directly to 
the pathogenesis of lupus nephritis via autoimmune reactiv-
ity, local autoantibody production, direct cytotoxicity (via T 
cells, macrophages, and neutrophils), and release of proinflam-
matory and fibrogenic cytokines. Neutrophils release neutro-
phil extracellular traps (NET) containing DNA and histones, 
which activate plasmacytoid dendritic cells and produce type 
1 IFN (786). Infiltrating plasma cells may be a source of local 
autoantibody production in lupus nephritis in NZB/W mice 
and human lupus (52,787). In a study of 68 biopsies of lupus 
nephritis, Chang et al. identified three patterns of interstitial 
T- and B-cell infiltration: (a) diffuse infiltrates (48%); (b) well-
circumscribed aggregates of T and B cells (46%), which con-
tained CD138(+)CD20(low/−) plasmablasts; and (c) germinal 
centers (6%), which contained CD21+ follicular dendritic 
cells and CD138(−)CD20(+) centroblasts (51). The latter two 
organized forms were associated with tubular basement mem-
brane immune complex deposits, suggesting a pathogenic role 
in their synthesis. Winchester et al. described several patterns 
of T-cell infiltration, including CD4+ dominant periglomeru-
lar aggregates, mixed CD4+ and CD8+ periglomerular aggre-
gates, and CD8+ dominant interstitial infiltrates. CD4+ T cells 
were prominent in nearly two thirds of SLE biopsy samples 
and were distributed as broad periglomerular aggregates or 
intermixed with CD8+ T cells forming periglomerular caps 
(50). Infiltrating T cells showed oligoclonal expansion. CD8+ 
T cells predominated in cases showing tubulitis or adherence 
of lymphocytes to the basal portion of tubular epithelium and 
the Bowman capsule. In addition, CD8+ cells showed features 
consistent with participation in an adaptive immune response, 
namely CD28 null memory-effector phenotype, trafficking of 
the expanded clonotype to different regions of the kidney, and 
clonal persistent for years in repeat biopsy samples. These find-
ings suggest that the presence of T cells in the kidney in lupus 
nephritis is not simply a generalized response to inflammation 
but instead reflects an adaptive immune response, either to 
glomerular immune complexes or possibly to renal antigens 
induced by intrarenal inflammation. Interestingly, CD28 null 
memory-effector T cells are present in the urine of patients 
with active lupus nephritis but are decreased in the circulation, 
suggesting migration to the kidney (788). There are increased 
numbers of T cells expressing CD40 ligand (CD40L) in the 
kidney, and CD40 is up-regulated on intrinsic renal cells in 
lupus nephritis. CD40L-CD40 binding promote B-cell clonal 
expansion, immunoglobulin class switching, and plasma cell 
differentiation (789). In addition, binding of CD40L to CD40 
on tubular cells might promote release of proinflammatory 
cytokines, including MCP-1, RANTES, and IL-8, as has been 
demonstrated by in vitro coculture experiments (790).

Cytokines play a major role in amplifying the inflamma-
tory response in murine and human lupus (reviewed in (791)). 
IL-17 levels and IL-17–producing T cells (double-negative 
CD4−CD8− and CD4+Th17+) are increased in the  peripheral 
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blood and renal biopsies of patients with lupus nephritis 
(765). IL-17 is a proinflammatory cytokine that recruits effec-
tor cells and promotes survival and proliferation of B cells and 
formation of germinal centers, thereby possibly contributing 
to lupus nephritis. The differentiation of IL-17–producing T 
cells requires priming by TGF-β in the presence of inflam-
matory cytokines such as IL-6 and IL-21, which are both 
increased in patients with SLE. Production of IL-2 is defec-
tive in T cells of patients with SLE, which may lead to defec-
tive regulatory T-cell function. Urinary levels of IL-2 receptor 
and IL-6 are increased in patients with active lupus nephritis, 
consistent with origin from the inflamed renal parenchyma 
(792,793). Moreover, urinary IL-6 levels decline after therapy, 
suggesting that this may be a useful marker to monitor disease 
activity.

There is also considerable evidence that TNF-like weak 
inducer of apoptosis (TWEAK) plays a role in lupus nephri-
tis. TWEAK is synthesized by inflammatory cells and renal 
tubular epithelial cells, and its levels are increased in the kid-
ney and urine in active lupus nephritis (794). Engagement of 
TWEAK with its receptor, fibroblast growth factor–induc-
ible 14 receptor (Fn14), activates several pathways, notably 
NF-κB, in mesangial and tubular cells, with diverse functional 
effects including release of proinflammatory cytokines and 
chemokines (795). In lupus nephritis, TWEAK is predomi-
nantly expressed on infiltrating inflammatory cells, and Fn14 
is up-regulated on mesangial cells, podocytes, endothelial cells, 
and interstitial fibroblasts. TWEAK/Fn14 signaling may also 
induce cell proliferation, promote cell survival or cell death, 
and promote fibrosis. Deficiency of Fn14 (due to gene knock-
out) or use of a neutralizing anti-TWEAK monoclonal anti-
body results in reduced renal damage in murine models of 
lupus nephritis (795).

Coagulation Abnormalities in Lupus Nephritis
Evidence of coagulation in lupus nephritis includes increased 
serum and urinary levels of fibrin degradation products (796), 
increased plasma levels of fibrinopeptide A (797), and enhanced 
fibrinogen catabolism (798). Monocytes probably contribute 
to these procoagulant effects through the production of mono-
cyte procoagulant capable of direct activation of prothrombin 
(799). Reduced fibrinolysis also perturbs this equilibrium, as 
evidenced by reduced levels of plasminogen activator, increased 
levels of plasminogen activator inhibitor, and increased levels 
of α2-antiplasmin (800,801). Renal thromboxane production 
is increased in murine lupus nephritis (802), and thromboxane 
A2 synthase inhibition (803), and thromboxane receptor block-
ade (804) have a beneficial effect on murine lupus nephritis, 
suggesting a role for thromboxane A2–mediated platelet aggre-
gation. Platelet activation through immune and coagulation 
pathways has the direct effect of promoting thrombosis and 
release of vasoactive amines and platelet-derived growth fac-
tor, which affects the growth and proliferation of glomerular 
mesangial cells. Platelet cationic proteins have been detected 
in glomeruli of patients with lupus nephritis, suggesting local 
activation (805).

As noted previously, classical complement pathway acti-
vation, as evidenced by more intense glomerular C4d deposi-
tion immunohistochemically, may have a pathogenetic role in 
the development of endothelial injury and microthrombosis in 
cases of lupus nephritis (94,745).

MIXED CONNECTIVE TISSUE DISEASE
Introduction
MCTD is a syndrome characterized by overlapping clini-
cal features of SLE, systemic sclerosis (scleroderma) and 
polymyositis, and autoantibodies to the uridine-rich small 
nuclear ribonucleoprotein (U1-snRNP) spliceosome com-
plex (806). This entity was first described in 1972 by Sharp 
et al. (806) in 25 patients who had overlapping clinical fea-
tures of SLE, scleroderma, and polymyositis and high titer 
autoantibodies to RNAse-sensitive extractable nuclear anti-
gen (ENA). The antigen was subsequently characterized as 
U1-snRNP, a complex containing U1 RNA linked noncova-
lently to three polypeptides, 70 kd, 33 kd (A′), and 22 kd (C) 
(807). Although characteristic of MCTD, anti-U1-snRNP 
antibodies are not specific as these may also occur in SLE 
and scleroderma. Moreover, many cases of MCTD will over 
time fulfill criteria for a defined connective tissue disease 
(most commonly SLE or scleroderma and rarely RA or SS) 
(808,809). However, a majority of patients will continue to 
have features of MCTD, supporting that this is a distinct 
clinical entity (810).

The etiology and pathogenesis of MCTD are unknown, 
but these are presumed to involve autoimmunity to the 
U1-RNP complex. This process likely involves autoantigen 
modification (e.g., during apoptosis) leading to increased 
immunogenicity, engagement of the innate immune system via 
TLRs, generation of autoantibodies, and activation of B and 
T lymphocytes (807). Genetic studies have demonstrated that 
patients with antibodies to a 70-KD component of U1-RNP 
share a common epitope in the antigen-binding groove of their 
DR molecules, suggesting that the acquisition of anti-U1-RNP 
antibodies may be antigen driven (807,811,812). Of note, 
MCTD is associated with HLA-DR4 and HLA-DR2, whereas 
SLE is associated with HLA-DR3 and systemic sclerosis with 
HLA-DR5, suggesting that the clinical phenotype is at least in 
part genetically determined (813).

Whether MCTD is actually a distinct “disease” remains 
unproven, given the absence of a specific etiology or a demon-
strated pathogenetic role for anti-U1-RNP. However, it is gen-
erally accepted that MCTD is a useful concept, as it identifies a 
subset of patients with connective tissue disease who share sim-
ilar serologic and clinical characteristics (810,812,814,815).

Clinical Features of MCTD
MCTD may occur at any age but typically begins in the sec-
ond or third decade of life. The incidence is 16-fold higher 
in females than males. The overall clinical course is similar in 
children and adults, but there may be a greater preponder-
ance of SLE features in children (816). Common clinical fea-
tures include Raynaud phenomenon, arthralgias, and arthritis 
(sometimes erosive or deforming); swelling or sclerodermatous 
changes of the hands; restrictive lung disease (which may be 
asymptomatic); myositis; and esophageal dysmotility. Other 
common features include cutaneous lesions (i.e., alopecia, 
digital and oral ulcers, digital gangrene and vasculitis, discoid 
lupus, malar erythema, and photosensitivity), mitral valve pro-
lapse, hepatosplenomegaly, serositis, and lymphadenopathy 
(808,810,817,818). Secondary SS may occur in up to 50% of 
patients. Trigeminal neuralgia occurs in approximately 25% of 
cases and may be an early manifestation.
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Importantly, these clinical features typically occur at dif-
ferent times during the course of the disease. Central nervous 
system and renal manifestations affect a minority of patients 
but may have significant morbidity (815). In the initial report 
of MCTD, renal disease and CNS manifestations were rare, 
and most patients had a good initial response to corticosteroid 
therapy, suggesting a benign clinical course (806). However, 
later studies (812,819,820) demonstrating major organ 
involvement, including lung, kidney, and CNS, indicate a 
more guarded prognosis (812).

There are several different classification criteria for 
MCTD, all of which include positive anti-U1-RNP and pres-
ence of at least three clinical criteria (814). The criteria pro-
posed by Alarcon-Segovia and Cardiel (821) are the simplest, 
consisting of anti-RNP titer greater than 1:1,600 (by hem-
agglutination assay) and the presence of at least three of the 
following clinical manifestations: hand edema, synovitis, myo-
sitis, Raynaud phenomenon, and acrosclerosis. These criteria 
have a reported sensitivity of 62.5% to 99.6% and specificity 
of 86.2% to 100% for the diagnosis of MCTD (821,822).

Antibodies to U1-snRNP and to heterogeneous nuclear 
ribonucleoprotein (hn-RNP)-A2 are the hallmark of MCTD 
and produce speckled ANA of high titer (often greater than 
1:1000 or even 1:10,000) and hypergammaglobulinemia 
(815,823). RF may be present in 70% of patients, but comple-
ment levels are usually normal (815). Antibodies to Ku and 
U2-RNP have identified a group with features of polymyositis 
and scleroderma, and anti-Jo-1 identifies a group with features 
of polymyositis and pulmonary fibrosis. Anti-Sm antibod-
ies are associated with SLE features and renal involvement. 
Anti-Ro/SSA positivity is associated with neurologic and pul-
monary involvement; anti-scl70 with esophageal involvement; 
anticentromere positivity with sclerodactyly; and anti-dsDNA 
and anti-Ro/SSA with serositis (810). APLAs (usually IgM iso-
type) may be present in 15% of cases and are associated with 
pulmonary involvement.

Clinical Renal Presentation
While initially the incidence of renal disease in MCTD was 
thought to be low (806), over time this has been revised. Two 
of the original 25 patients in the series of Sharp et al. (819) 
died of renal disease, and a third patient had low-grade renal 
disease. Kitridou et al. (818), in reviewing the published series, 
described renal involvement in 10% to 26% of adults and  
33% to 50% of pediatric cases. In their own series, 12 of 30 (40%) 
MCTD patients developed proteinuria greater than 0.5 g/d, 9 of 
whom had nephrotic syndrome (818). In a recent large multi-
center study of 161 MCTD patients, approximately 10% devel-
oped renal disease over a mean follow-up of 8 years (810).

Renal involvement has variable clinical manifestations and 
may be asymptomatic. The percentage of patients with cryptic 
renal disease is unknown but may be higher in children. Ito 
et al. reported no urine abnormalities in four of six pediat-
ric MCTD cases undergoing renal biopsy and 28% of cases 
in the literature (824). Kobayashi et al. (825) described four 
patients with subclinical renal disease, with mesangial pro-
liferative glomerulonephritis in three cases and membranous 
glomerulonephritis in one. One patient reported by Kitridou  
et al. had normal kidney function and trace proteinuria but was 
discovered to have membranous glomerulonephritis at autopsy 
(818). A few patients present with marked  hypertension, 

microangiopathic hemolytic anemia, and acute renal failure, 
similar to the clinical presentation of “scleroderma kidney” (see 
Chapter 18) (826,827).

There is no correlation between the titer of anti-RNP 
and the development of renal disease. The presence of anti-Sm 
antibody (810,818,828) or anti-dsDNA antibody increases the 
likelihood of renal disease (818,828), but significant renal dis-
ease may occur in the absence of both. Similarly, some reports 
suggest that hypocomplementemia is more common in those 
with renal disease (829), whereas others found that hypocom-
plementemia is equally common in patients without renal dis-
ease (818).

Pathologic Findings
Most renal biopsies display immune complex glomerulone-
phritis similar to lupus nephritis (818,824,825). In a review by 
Bennett of 100 patients with MCTD and renal histologic anal-
ysis reported up to 1990, 36% had membranous glomerulo-
nephritis, 35% mesangial disease, 22% severe vascular disease, 
15% interstitial disease, 10% proliferative glomerulonephritis, 
and 12% normal renal histology (830). An autopsy study from 
Japan reported clinical renal disease in 16 (64%) of 25 cases 
(831). Membranous glomerulonephritis was the most common 
finding (11 cases), followed by mesangial proliferative (3 cases), 
focal proliferative (1 case), and membranoproliferative (1 case) 
glomerulonephritis. Nine of twenty-five cases had no obvious 
glomerular lesion. Arterial intimal thickening was a common 
finding, even in patients without glomerular disease (831).

Similar to lupus membranous glomerulonephritis, 
MCTD-associated membranous glomerulonephritis may be 
accompanied by mesangial deposits and mesangial hyper-
cellularity. Immunofluorescence studies reveal granular capil-
lary staining for IgG and C3, and occasionally IgA and IgM 
(818). IgA and IgM more often show predominantly mesangial 
staining, with complement components in the same distribu-
tion. One study reported that cases of membranous glomeru-
lonephritis in patients with anti-RNP show a predominance 
of IgG-2 heavy chain, whereas lupus membranous nephritis 
typically stains for all four heavy chains, suggesting that these 
conditions have a different pathogenesis (832).

The remaining cases display a variety of proliferative 
lesions, of which diffuse mesangial hypercellularity accompa-
nied by mesangial deposits of IgG and C3 is the most com-
mon pattern (818). Focal or diffuse proliferative changes are 
accompanied by subendothelial deposits of IgG, IgM, C3, 
and occasionally IgA. Fibrinoid necrosis and crescent forma-
tion are rare (818). Tubular basement membrane deposits 
have been described, albeit rarely. Probably because MCTD 
patients usually have very high titers of circulating anti-RNP 
antibodies, immunofluorescence microscopy often reveals con-
spicuous speckled ANA staining of nuclei in biopsy specimens. 
Endothelial TRIs, similar to those in SLE, have been described. 
If a “fingerprint” substructure is identified, the possibility of 
cryoglobulinemia should be considered.

As with lupus nephritis, progression from one glomeru-
lar lesion to another may be seen in serial biopsies, including 
from mesangial glomerulonephritis to membranous glomeru-
lonephritis and from membranous glomerulonephritis to focal 
proliferative glomerulonephritis (818). In addition to immune 
complex glomerulonephritis, several cases of pauci-immune 
crescentic glomerulonephritis, often associated with positive 
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anti-MPO ANCA serologies, have been reported in patients 
with MCTD (833–836). Rare cases of minimal change 
nephrotic syndrome (837), collapsing glomerulopathy (838), 
and secondary amyloidosis (839) have also been described.

Arterial disease is common, even in biopsies with immune 
complex glomerulonephritis. The predominant change is inti-
mal sclerosis, affecting arcuate to arteriolar-size vessels. Medial 
hyperplasia may be present, but fibrinoid necrosis is rare. Some 
patients (819,840) have had severe hypertension or renal fail-
ure, apparently on the basis of these lesions. There are also 
reports of concurrent pulmonary hypertension and renal cri-
sis (841,842), much like the presentation of systemic sclerosis 
kidney (843). Morphologically, the arterial lesions have much 
in common with those of systemic sclerosis, with predominant 
findings of intimal mucoid edema and fibrous sclerosis at the 
interlobular artery level (Fig. 14.76). As in systemic sclerosis, 
renal infarcts may also occur (844). Burdt et al. described arte-
rial intimal proliferation and medial hypertrophy in multiple 
organs in 4 patients undergoing autopsy. Of note, two of these 
patients had anticardiolipin antibodies, suggesting a possible 
pathogenetic role for APL antibodies in some cases (812).

To summarize, the glomerular lesions in MCTD parallel 
those in SLE, with a predominance of membranous glomeru-
lonephritis and mesangial proliferative glomerulonephritis, 
and the vascular lesions are similar to those in systemic sclerosis 
(scleroderma). Thus, renal disease in MCTD indeed presents 
a mixed picture.

Clinical Course, Prognosis, Therapy, and 
Clinicopathologic Correlations
Most groups have employed corticosteroids in various doses in 
patients with MCTD who have significant organ involvement. 
Steroids are effective in suppressing the inflammatory and 
often the arthritic symptoms, but they do not usually alter the 
sclerodermatous-type lesions (819). Cutaneous lesions often 
progress from the initial edematous, puffy appearance to a pro-
gressively tighter, hide-bound appearance. Similarly, Raynaud 
phenomenon and gastrointestinal motility changes are likely 
to persist (810,819). Treatment directed to the glomerular 

diseases is similar to that used for the corresponding class of 
lupus nephritis. In patients with a systemic sclerosis renal crisis 
presentation, angiotensin-converting enzyme inhibitors and 
intravenous prostacyclin are indicated (814).

In some patients, the syndrome of MCTD is a way station 
in the evolution of connective tissue disease. The longer the dis-
ease progresses, the smaller is the proportion of patients whose 
illness can still be characterized as MCTD alone. Nimelstein et 
al. (819) found in follow-up of Sharp’s original group that only 
6 of the 17 patients for whom data were available could still 
be regarded as MCTD, whereas the others evolved to systemic 
sclerosis (8 patients), SLE (2 patients), or RA (1 patient). On the 
other hand, in a study of 161 cases with an initial diagnosis of 
MCTD, Cappelli et al. (810) reported that over half remained 
classified as MCTD after a mean follow-up of 7.9 years, sup-
porting that this is a distinct clinical entity. However, using the 
Alarcon-Segovia classification criteria, only 7.5% of patients had 
MCTD alone at last follow-up, whereas 42.4% had MCTD plus 
features of another connective tissue disease (SLE, SS, or RA); 
the remainder had evolved into SLE (9%), SS (16.9%), or RA 
(1.6%), had an undifferentiated disease (18.5%), or an overlap 
syndrome (4.1%) that did not fulfill criteria for MCTD (810).

Although MCTD was initially thought to have a benign 
course, 8 of the 25 patients in Sharp’s original series had died on 
follow-up assessment, with one death caused by hypertensive 
crisis related to systemic sclerosis kidney and three others due 
to cardiovascular disease (819). Other investigators have found 
mortality rates in the range of 10% to 20% (818,840,845). 
Pulmonary hypertension is the main cause of mortality (815).

Kitridou et al. (818), summarizing series comprising  
76 cases, found an incidence of chronic renal failure of 14%. If 
the marked intimal vascular lesions in the patients of Singsen  
et al. (840) are representative, over the years, significant mor-
bidity and mortality likely ensue from these lesions, particu-
larly those of the coronary and intrarenal arteries. Thus, the 
ultimate prognosis in MCTD must be viewed as guarded.

SJÖGREN SYNDROME
Introduction
In 1933, the Swedish ophthalmologist Henrik Sjögren first 
described the ophthalmologic manifestations of keratocon-
junctivitis sicca that characterize the syndrome that bears his 
name (846). The characteristic features of this condition are a 
chronic inflammatory cell infiltration of the exocrine salivary 
and lacrimal glands causing a “sicca complex” of xerostomia 
and xerophthalmia. SS most commonly occurs as a primary 
form (70%), while approximately 30% of cases are associated 
with systemic diseases, such as SLE, RA, or MCTD (847). The 
reported incidence of primary of SS is approximately four to 
five cases per 100,000 population (847–849). In most cases of 
primary SS, inflammation is limited to the salivary and lacri-
mal glands, but 25% of patients will have other organ involve-
ment, including kidneys, lungs, esophagus, thyroid, stomach, 
and pancreas (850).

The etiology and pathogenesis of SS are unknown, but 
these likely involve a genetically determined predisposition and 
autoimmunity to ribonucleoprotein components Ro/SS-A and 
La/SS-B. Infection with EBV may also play a role (851,852), as 
anti-EBV antibody titers are elevated in patients with SS, and 

FIGURE 14.76 Mixed connective tissue disease. In this patient, the 
features were primarily those of scleroderma, with onion skin mucointimal 
thickening of interlobular arteries and ischemic-type glomerular retraction 
and tubular atrophy.
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EBV DNA has been isolated from renal proximal tubules in 
cases with kidney involvement (853).

The reported frequency of SS in other autoimmune diseases 
ranges from 2% to 30% in SLE, 5% to 31% in RA, 17% to 29% 
in systemic sclerosis, and 42% to 56% in MCTD (815,854). 
In patients with SLE, SS is associated with age greater than  
25 years and presence of anti-Ro/SSA antibodies (855). Less fre-
quently, this syndrome is associated with other collagen vascular 
or inflammatory disorders such as polymyositis, primary bili-
ary cirrhosis, Crohn disease, systemic vasculitis, and fibrosing 
alveolitis (856). Patients with SS are at greatly increased risk for 
the development of lymphoma (857,858), particularly B-cell 
lymphomas and Waldenström macroglobulinemia (859,860). 
Vasculitis of the skin, muscle, and nerve may occur in 10% to 
15% of patients with primary or lupus-associated SS, and this 
may also involve the kidney, albeit rarely (854).

Common serologic abnormalities in patients with SS 
include hypergammaglobulinemia (present in almost 100% 
in the older literature and in 22% to 42% in modern series) 
(854); positive ANA (homogeneous or speckled pattern) in 
70% of patients; and anti-Ro/SSA and anti-La/SSB in greater 
than 60%, especially those with severe extraglandular disease. 
RF is present in 40% to 60% of primary SS and may have cryo-
globulin activity (854). Importantly, the presence of cryoglob-
ulins is associated with extraglandular disease, severe vasculitis, 
and development of non-Hodgkin lymphoma (854). APL anti-
bodies may be present in up to 20% of primary SS, but fewer 
than 10% of these patients meet criteria for the diagnosis of 
APL syndrome (861). In addition, some patients have organ-
specific antibodies, including antibodies to thyroid microsome 
(i.e., thyroid peroxidase), thyroglobulin, salivary duct epithe-
lium, and gastric parietal cells. Antibodies to fodrin, α-amylase, 
and carbonic anhydrase have also been demonstrated (862). 
Although there are often high levels of circulating immune 
complexes, hypocomplementemia occurs in only 10% to 25% 
of primary SS patients (854) but may be more common in 
association with SLE and overt lupus nephritis.

Standard criteria for the diagnosis of SS were defined by 
the American-European Consensus Group in 2002 (863). 
These include presence of ocular and oral symptoms, objec-
tive measures of tear and salivary dysfunction, minor salivary 
gland histopathology, and positivity for anti-Ro/SSA or anti-
La/SSB antibodies (863). A revised definition based entirely on 
objective tests was recently proposed by the ACR and Sjögren 
International Collaborative Clinical Alliance (SICCA) in 
2012 (864). The ACR/SICCA classification requires the pres-
ence of at least two of the following three objective features:  
(a) positive serum anti-Ro/SSA and/or anti-La/SSB or (positive 
RF and ANA titer greater than 1:320), (b) keratoconjunctivi-
tis sicca (based on fluorescein and lissamine green stains), or 
(c) labial salivary gland biopsy showing at least 1 focus with  
50 lymphocytes per 4 mm2 of glandular tissue (864). Exclusion 
criteria include history of head and neck radiation treatment, 
hepatitis C infection, AIDS, sarcoidosis, amyloidosis, graft ver-
sus host disease, and IgG4-related disease (864).

Clinical Renal Features
The prevalence of overt renal disease in patients with pri-
mary SS ranges from less than 1% (865) to approximately 5% 
(866,867). However, subclinical renal abnormalities may be 
present in up to 30% of patients (868). In a series of 7276 

patients with primary SS followed over a 40-year period at 
Mayo Clinic, only 24 subjects (0.3%) underwent renal biopsy 
for evaluation of kidney disease (869). Skopouli et al. described 
cumulative incidences of 10% for tubulointerstitial nephritis 
and 2% for glomerulonephritis in 261 Greek patients with pri-
mary SS who had a mean follow-up of 3.6 years (870).

Clinical renal manifestations are heterogeneous and 
reflect the type of renal pathologic lesion (e.g., tubuloint-
erstitial, glomerular, vascular) encountered on renal biopsy. 
Tubulointerstitial disease is by far the most common manifesta-
tion, glomerular disease is less common, and renal vasculitis is 
rare. The most common functional abnormality is distal (type 
I) RTA (in 15% to 73% of patients) (867,871,872). Distal 
RTA may be clinically silent and only revealed when an acid 
loading test unmasks impaired urinary acidification. When 
overt, distal RTA is characterized by hyperchloremic metabolic 
acidosis with an anion gap, hypokalemia, hypercalciuria, and 
reduced urinary titratable acidity that does not respond to 
exogenous acid load. Distal RTA is accompanied by impaired 
renal concentrating ability in up to 50% of patients, which 
can be documented by failure to respond to fluid deprivation 
or exogenous administration of vasopressin. Patients may pres-
ent with isolated distal RTA years before other clinical fea-
tures of SS become manifest (873). Because of hypercalciuria, 
up to 30% of patients may develop osteomalacia and neph-
rocalcinosis with an increased risk of nephrolithiasis (874). 
Distal RTA may produce profound hypokalemia and paraly-
sis (875). Proximal tubular defects such as proximal (type II) 
RTA and Fanconi syndrome have been reported less fre-
quently (876). Renal insufficiency is generally mild but may 
manifest as marked acute, subacute, or chronic renal failure 
(867). More commonly, patients with RTA or concentrating 
defects have a normal serum creatinine. Measures of tubular 
injury and dysfunction include increased urinary excretion 
of β2-microglobulin and brush border enzymes. In a study 
of 78 patients with primary SS from Finland, factors predic-
tive of development of distal RTA included higher levels of 
serum total gamma-globulin, total serum protein and serum 
β2-microglobulin (877).

Whereas tubulointerstitial disease tends to be an early 
manifestation of SS, glomerulonephritis is usually a later 
development (878). Renal functional impairment, hematuria, 
proteinuria (with occasional nephrotic syndrome), cryoglobu-
linemia, and hypocomplementemia are more commonly iden-
tified in patients with glomerular disease.

Necrotizing arteritis of the kidney and other viscera has 
been reported, particularly with antibody to Ro/SSA (879). In 
patients with renal vasculitis, renal insufficiency, microhema-
turia, and hypertension may be present. Patients with vasculitis 
may have circulating terminal complement components C5b-9, 
suggesting a central role for complement activation (880). 
There are also multiple reports of anti-MPO ANCA-associated 
pauci-immune crescentic glomerulonephritis in patients with 
SS (881–885).

Pathologic Findings
The most common renal biopsy finding is tubulointerstitial 
nephritis (867–869). This usually has the histologic features 
of a chronic but active process with patchy densely cellu-
lar infiltrates of lymphocytes, monocytes, and plasma cells, 
accompanied by varying degrees of tubulitis, tubular atrophy, 
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interstitial edema, and interstitial fibrosis (Fig. 14.77). In the 
Mayo Clinic series of 24 biopsies in primary SS, 71% showed 
tubulointerstitial nephritis and most (65%) of these were 
chronic (869). Immunophenotyping reveals that most of the 
interstitial cells are T cells of a helper/inducer (CD4) subset 
(886). Infiltrates rich in polymorphonuclear leukocytes (887) 
and granulomatous inflammation have rarely been described 
(869) Eosinophils are typically absent. Nephrocalcinosis may 
be seen. Nonspecific glomerular sclerosis, mesangial sclero-
sis, GBM thickening and wrinkling, and Bowman capsular 
thickening may be found in those examples with more chronic 
and severe tubulointerstitial damage (888). In some cases, the 
tubulointerstitial nephritis causes sudden renal enlargement, 
presenting as unilateral renomegaly (889), pseudolymphoma 
(890), or pseudotumor (891). Pseudolymphoma of the renal 
pelvis may produce hydronephrosis (892).

Immunofluorescence and electron microscopy typically 
reveal no immune deposits, although tubular basement mem-
brane deposits of IgG and C3 have been reported in a few 
cases (893,894) (Fig. 14.78). IgG has been described in the 
cytoplasm of tubular epithelial cells and also in the cytoplasm 
of infiltrating interstitial plasma cells (895). The possibility 
that antitubular antibodies mediate the renal injury in some 
patients with SS is supported by the report of neonatal induc-
tion of renal tubular dysfunction by transplacentally acquired 
IgG from a mother with SS (896). Such antibodies may have 
specificity for the renal tubular plasma membranes (897). 
Circulating antibodies to carbonic anhydrase (862) and com-
plete absence of H(+)-ATPase in the intercalated cells have also 
been described in some cases (898).

Less commonly, patients with SS have an immune 
complex–mediated glomerular disease, occurring as an iso-
lated lesion or in association with tubulointerstitial nephritis 
(867–869,872). The most common patterns are membrano-
proliferative glomerulonephritis (with or without features of 
cryoglobulinemic glomerulonephritis) and membranous glo-
merulonephritis (867,870,899–903). Crescentic glomerulone-
phritis, coexistent either with membranous glomerulonephritis 
(904–906) or of the pauci-immune type (907) has also been 
described. Many of the cases of pauci-immune crescentic 

 glomerulonephritis are associated with circulating anti-MPO 
ANCA (881–885,906). Several cases of IgA nephropathy have 
been described in patients with SS (908–912). In some cases, 
IgA nephropathy was present for several years prior to the diag-
nosis of SS (909,910) suggesting coexistent, unrelated diseases. 
On the other hand, at least two of these cases showed crescentic 
IgA nephropathy and were accompanied by signs of cutaneous 
vasculitis (911,912), suggesting a shared pathogenetic mecha-
nism. Of note, cryoglobulins were not detected in either of 
these cases. Two cases were associated with low C4 levels and 
glomerular C4 deposits, and one case was associated with con-
current autoimmune hepatitis (911). There are also two reports 
of minimal change disease with mesangial IgA nephropathy 
(869,913) and one report of amicrobial pustulosis associated 
and SS and mild IgA nephropathy in a Japanese man (914). Of 
note, all but two of these cases occurred in East Asian patients, 
reflecting the higher prevalence of IgA nephropathy in these 
populations. There were no cases of IgA nephropathy in the 
largest renal biopsy series (24 cases) of primary SS from a pre-
dominantly Caucasian population followed at Mayo Clinic, 
United States (869), or in a series of 18 biopsies performed in 
patients from Greece (867).

In secondary SS associated with SLE, all the patterns 
of lupus nephritis have been described, including mesan-
gial proliferative, focal proliferative, diffuse proliferative or 
membranoproliferative, and membranous glomerulonephri-
tis. Interestingly, renal disease appears to be less common in 
SLE patients with SS compared to those who do not have SS 
(915,916). In some cases, glomerulonephritis (documented 
on repeat renal biopsy) developed several years after isolated 
tubulointerstitial nephritis was identified on an initial renal 
biopsy (917). Immune deposits in mesangial, subendothelial, 
and subepithelial locations have been documented by immu-
nofluorescence and electron microscopy, corresponding to the 
histologic pattern of glomerular injury. Dominant staining for 
IgG is typically seen, but IgM tends to predominate in the 
cases of membranoproliferative glomerulonephritis associated 
with cryoglobulinemia. In cases of combined glomerulone-
phritis and tubulointerstitial nephritis, immune deposits are 
typically found in both the glomerular and tubulointerstitial 
compartments.

FIGURE 14.77 Sjögren syndrome. There is tubulointerstitial nephritis 
with interstitial inflammation by lymphocytes and plasma cells with mild 
focal tubulitis. (H&E, × 250.)

FIGURE 14.78 Sjögren syndrome. Immunofluorescence micrograph 
shows semilinear tubular basement membrane deposits of IgG. (× 600.)
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There are rare case reports of other glomerular diseases in 
patients with primary SS, including type III membranoprolif-
erative glomerulonephritis (903), membranoproliferative glo-
merulonephritis with podocytic infolding (918), membranous 
glomerulonephritis associated with EBV-positive diffuse large 
B-cell lymphoma (919), FSGS, minimal change disease (869), 
and secondary amyloidosis (920).

Clinical Course, Prognosis, Therapy, and 
Clinicopathologic Correlations
Patients with mild renal involvement due to tubulointersti-
tial nephritis may not require specific therapy for their renal 
disease. Those patients with severe RTA and serum bicarbon-
ate concentrations of less than 20 mM complicated by osteo-
malacia or nephrocalcinosis may respond to low-dose steroid 
therapy (921). Attention to adequate fluid intake is required 
to avert episodes of volume depletion from diabetes insipidus. 
High-dose oral or intravenous steroid therapy, with or with-
out a cytotoxic agent, is reserved for cases of tubulointersti-
tial nephritis with evidence of renal insufficiency or a rapidly 
progressive course (922,923) and is efficacious in the major-
ity of cases (868). Patients with lupus-like glomerulonephri-
tis should be treated in an appropriate manner for the class 
of lupus nephritis identified by renal biopsy. The subgroup of 
patients manifesting renal vasculitis or pauci-immune crescen-
tic glomerulonephritis may benefit from aggressive immuno-
suppressive or cytotoxic therapy in a similar regimen to that 
used in microscopic polyangiitis (882).

RHEUMATOID ARTHRITIS
Introduction
RA is an autoimmune inflammatory disease of the joints that 
may be accompanied by extra-articular manifestations, includ-
ing rheumatoid nodules, mononeuritis multiplex, pericarditis, 
pulmonary nodules, pulmonary interstitial fibrosis, episcleritis, 
and systemic vasculitis. Renal disease associated with RA falls 
into three major categories: secondary amyloidosis related to 
amyloid A protein (AA amyloidosis), complications of drug 
therapy, and renal disease related to RA itself or to overlap with 
other autoimmune conditions (924–926). In addition, coinci-
dental renal disease unrelated to RA or its therapy may occur. 
Compared with other collagen vascular diseases, the incidence 
of renal disease directly attributable to RA is relatively low. 
Nonetheless, such renal complications may cause significant 
morbidity and mortality (927,928).

The etiology and pathogenesis of RA are unknown but 
both genetic and environmental factors, notably cigarette 
smoking, play a role (929). RF and anticitrullinated peptide 
antibodies (ACPA) are highly specific for RA, and ACPA are 
enriched in the synovial fluid, suggesting local production 
or entrapment at sites of synovial inflammation (930,931). 
Certain HLA haplotypes increase susceptibility to RA, consis-
tent with oligogenic influences (932). In the majority of cases 
(approximately 80%) that have RF and ACPA, there is a strong 
association with certain HLA-DRB1 alleles that share a con-
served amino acid sequence at positions 67–74 (the “shared 
epitope”). ACPA-negative RA, on the other hand, is associated 
with HLA-DR3 alleles and interferon regulatory factor gene 
variants (933).

Morphologically, the first detectable abnormality in RA 
is infiltration of the synovial membrane by macrophages, fol-
lowed by influx of B cells, T cells, and neutrophils; prolifera-
tion of blood vessels; and progressive thickenings of the synovial 
membrane, forming pannus (934,935). There is extensive class 
II antigen expression by macrophages, type A synoviocytes, 
dendritic cells, lymphocytes, and endothelial cells, as well as 
up-regulation of integrins, creating an immunologically acti-
vated environment (936). Macrophages can mediate carti-
lage destruction directly through protease release or indirectly 
through release of IL-1, which stimulates chondrocytes to release 
lysosomal enzymes (937). Because erosive and destructive joint 
disease can occur early in the course of RA, early diagnosis and 
initiation of treatment with disease modifying antirheumatic 
drugs (DMARD) are needed to prevent chronic injury.

Diagnosis of Rheumatoid Arthritis
The 1987 revised ACR criteria for the classification of RA 
include the following seven criteria: morning stiffness in and 
around the joints, arthritis of three or more joint areas (includ-
ing PIP, metacarpophalangeal, wrist, elbow, knee, ankle, and 
metatarsophalangeal joints), arthritis of hand joints, symmet-
ric arthritis, rheumatoid nodules, serum RF, and radiographic 
changes such as erosions or bony decalcification adjacent to 
involved joints. The first four features must be present for at 
least 6 weeks to confirm the diagnosis.

The 2010 ACR and EULAR criteria were designed to 
identify features that are present at earlier stages of the disease 
(i.e., less than 6 weeks duration) prior to onset of persistent 
and/or erosive disease, with the goal of identification of patients 
most likely to benefit from early intervention with DMARD 
(938). These criteria include synovitis in at least one joint, with 
no alternative diagnosis better explaining the synovitis, and a 
score of 6 or more (of a possible 10) from the individual scores 
in the following four domains: number and site of involved 
joints (range 0 to 5); serologic abnormality (positive RF and/or 
ACPA [range 0 to 3]); elevated acute phase response (range 0 
to 1); and symptom duration (less than or more than or equal 
to 6 weeks; range 0 to 1) (938). In a recent meta-analysis, the 
ACR/EULAR criteria showed good sensitivity (73% to 80%) 
and specificity (61% to 74%) for classifying cases of early RA 
(939). Compared to the 1987 ACR criteria, the 2011 ACR/
EULAR criteria are more sensitive but less specific for detec-
tion of RA (940).

Renal Disease in Rheumatoid Arthritis
The historical spectrum of RA-associated renal disease reflects 
the tissues studied (e.g., biopsy vs. autopsy, with or without 
immunofluorescence and electron microscopy), prevailing ther-
apies, availability of serologic tests (e.g., for ANCA), and chang-
ing disease definitions. The role of intercurrent or terminal 
events such as infection, rheumatic fever, or overlap with other 
collagen diseases cannot be ascertained from historical reports. 
In the modern era, the commonest renal biopsy findings in RA 
patients consist of mesangial proliferative glomerulonephritis, 
membranous glomerulonephritis, AA amyloidosis, focal prolif-
erative glomerulonephritis, minimal change disease, and acute 
tubulointerstitial nephritis (926,941). It is highly likely that cur-
rent guidelines (942) recommending earlier use of nonbiologic 
and biologic DMARD to control inflammation will lead to fur-
ther evolution in the spectrum of RA-associated renal disease.
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Pathologic Findings
Secondary (AA) Amyloidosis
Secondary amyloidosis, characterized by extracellular fibril-
lar deposits composed of SAA protein, is a complication of 
diverse chronic inflammatory and infectious disorders (see  
Chapter 22). RA continues to be the single most common 
cause of AA amyloidosis in North America and in Northern 
Europe (943–945). AA amyloidosis may affect multiple organs, 
including heart, gastrointestinal tract, and liver, but renal 
involvement is the most common manifestation (present in up 
to 95% of patients), and this tends to dominate the clinical 
course, with a significant negative impact on patient survival.

The incidence of AA amyloidosis in RA patients is 
unknown. The prevalence in cross-sectional biopsy stud-
ies ranges from 0% to 5% but has exceeded 50% in series 
where proteinuria was the major biopsy indication (946–950). 
Autopsy prevalence rates range from 6% to 61% (average 15%) 
(946). Importantly, studies with fat pad and gastrointestinal 
biopsies in RA patients have shown that AA amyloidosis may 
be clinically silent in up to 50% of cases (951,952). Clinically 
symptomatic amyloidosis is usually associated with a duration 
of RA exceeding 10 to 15 years (953,954). The incidence of 
RA-associated amyloidosis appears to be decreasing (955,956), 
possibly reflecting better control of inflammation. In a study of 
1666 RA patients who died in Finland during 1989, the preva-
lence of amyloidosis was 5.8% (941). However, one Japanese 
study reported that the renal biopsy prevalence of AA amy-
loidosis in RA patients remained unchanged between 1979 to 
1988 (18%) and 1989 to 1996 (19%) (957).

Clinical manifestations include proteinuria and the 
nephrotic syndrome. Renal insufficiency is also common, par-
ticularly in cases with more advanced disease. Amyloidosis may 
affect glomeruli, tubular basement membranes, interstitium, 
and blood vessels in any combination. In general, proteinuria 
correlates best with glomerular involvement, and patients with 
predominantly vascular amyloid deposits may have little or no 
proteinuria. Cases with prominent tubulointerstitial involve-
ment, including the medullary interstitium and tubular base-
ment membranes, may develop specific tubular defects such as 
RTA or impaired concentrating ability leading to nephrogenic 
diabetes insipidus (958). Morphometric studies have shown a 
correlation between the parenchymal area replaced by amyloid 
and the degree of renal functional impairment (959).

By light microscopy and electron microscopy, 
RA-associated AA amyloidosis is indistinguishable from other 
causes of AA amyloidosis. By definition, amyloid deposits 
demonstrate Congo red positivity. Glomerular amyloid typi-
cally causes acellular mesangial expansion, sometimes with 
nodular features, and thickening of GBMs. Amyloid deposits 
characteristically have a pale eosinophilic hyaline appearance, 
are weakly PAS positive, trichrome gray, and nonargyrophilic 
in routine stains (Fig. 14.79). Rare cases of crescentic glo-
merulonephritis associated with AA amyloidosis have been 
described (960). The amyloid deposits react for SAA protein 
by immunohistochemical or immunofluorescence techniques 
performed on formalin-fixed or frozen tissue. By immunofluo-
rescence microscopy, AA amyloidosis either is entirely nega-
tive or demonstrates weak smudgy reactivity with antisera to 
immunoglobulins and albumin, due to nonspecific trapping 
of plasma proteins in the amyloid deposits. Aspirated abdomi-
nal fat or rectal biopsy have been used successfully to diagnose 

systemic amyloidosis, but the sensitivity of these techniques 
for diagnosing renal AA amyloidosis is less than that of renal 
biopsy (fat pad, 58%; rectal biopsy, 82%; renal biopsy, 100%) 
(943). Moreover, interpretation of AA immunostains in aspi-
rated fat samples is complicated by background staining. The 
presence of AA amyloid in fat pad biopsies can be confirmed 
by Western blot (961) and quantitated by ELISA (962). More 
recently, laser microdissection and mass spectrometry mass 
have emerged as valuable tools for classifying amyloid deposits, 
including AA amyloid (963). Radiolabeled serum amyloid P 
component, a serum protein codeposited in amyloid deposits, 
has been used as an imaging technique to determine the distri-
bution of systemic amyloid deposition (964).

The clinical outcome of RA-associated AA amyloidosis 
with renal disease is poor. In the study by Couverchel, the 
mean age of diagnosis of renal amyloidosis in a group of 34 
patients with RA was 57 years, with a mean interval of 13.7 
years from initial diagnosis of RA to the diagnosis of amyloi-
dosis (954). Fifty percent of patients had renal insufficiency at 
the time of diagnosis of amyloidosis. During a 4-year follow-up 
period, 20 of the 34 patients died, and 95% of mortalities were 
related to renal failure in these patients, of whom 45% were on 
dialysis. Another study from the Netherlands (965) confirmed 
the bleak prognosis of RA patients with secondary amyloido-
sis and end-stage renal disease. The median patient survival of  
13 RA patients with amyloidosis on dialysis was only 11 months, 
compared with 29 months for RA patients with end-stage renal 
disease due to other causes. Cardiovascular causes of death and 
problems with vascular access were especially common in the 
group with amyloidosis. Recurrence of AA amyloidosis in the 
renal allograft occurs in up to 14% of cases and is associated 
with significantly decreased patient survival, with deaths mainly 
due to infections and acute cardiovascular events (966).

There is no specific therapy for AA amyloidosis, but 
control of the underlying inflammation leads to better out-
comes. Improved renal survival has been reported in patients 
treated with cyclophosphamide or with cyclophosphamide 
plus prednisolone, AZA, or the alkylating agent chlorambucil 
(954,967,968). Combined therapy with prednisolone and 

FIGURE 14.79 Rheumatoid arthritis. An elderly woman with a 15-year 
history of RA developed nephrotic syndrome. Renal biopsy revealed 
 amyloidosis with large amorphous weakly PAS-positive deposits in the 
glomerular mesangium and in adjacent arterial walls.
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methotrexate has also been successful in inducing a remission 
of nephrotic syndrome in some cases (969). More recently, the 
anti-TNF-α agents etanercept (970,971), infliximab (972), 
and tocilizumab (a humanized anti-IL-6 receptor antibody) 
(973) have shown efficacy in the treatment of RA-associated 
AA amyloidosis. Eprodisate, a small negatively charged, sul-
fonated molecule that interferes with interactions between 
amyloidogenic proteins and glycosaminoglycans, was shown to 
reduce progression in AA amyloidosis in a randomized, dou-
ble-blind, placebo-controlled trial of 183 patients (974).

Treatment-Related Renal Disease
The spectrum of RA-associated renal disease attributed to 
medications has changed over time, reflecting evolving stan-
dards of care. Thus, analgesic nephropathy and kidney disease 
related to gold salts are no longer commonly encountered and 
have mainly historical significance.

analGeSic nephropaThy

Analgesic nephropathy, characterized by papillary necrosis and 
chronic tubulointerstitial nephritis, was featured in historical 
reports of RA-associated renal disease, but this complication 
has largely disappeared in the modern era. This likely reflects 
greater awareness of the nephrotoxic risk of analgesic agents, 
less frequent use of combination analgesic compounds, and 
removal of analgesic compounds containing phenacetin from 
the market. However, there are rare reports of renal papillary 
necrosis occurring in patients treated with the selective cyclo-
oxygenase 2 (COX-2) inhibitor celecoxib (975).

nephroToxiciTy of nonSTeroidal anTi-inflammaTory 
aGenTS

NSAIDs may cause acute tubulointerstitial nephritis, with or 
without associated minimal change disease (see Chapter 25). 
The combination of minimal change nephrotic syndrome 
and acute tubulointerstitial nephritis is specific to this class 
of drugs. Patients usually present after many months or years 
of drug exposure with acute onset of the nephrotic syndrome, 
pyuria and microscopic hematuria, and variable renal insuffi-
ciency. However, unlike other forms of drug-induced allergic 
tubulointerstitial nephritis, hypersensitivity features, including 
rash, fever, eosinophilia, and eosinophiluria, are usually lacking. 
Membranous glomerulonephritis is a less common complication 
of NSAID therapy (976). The membranous glomerulonephritis 
and proteinuria usually resolve following drug withdrawal (976).  
A similar spectrum of renal toxicities, including acute tubuloin-
terstitial nephritis and membranous glomerulonephritis, can 
occur in patients treated with selective COX-2 inhibitors (977).

In some patients with RA, use of NSAIDs may precipitate 
episodes of acute renal failure due to inhibition of cyclooxygen-
ase and reduced renal synthesis of vasodilatory prostaglandins. 
Patients at risk for this complication have underlying condi-
tions that tend to jeopardize renal perfusion, such as volume 
depletion, congestive heart failure, ascites, or any form of 
intrinsic renal disease.

nephroToxiciTy of cycloSporine

Cyclosporine-induced nephrotoxicity includes vasoconstric-
tion, causing a reversible functional reduction in the GFR, and 
intrinsic reversible or irreversible renal parenchymal disease, 
including tubular, interstitial, and vascular toxicities (978).  

As discussed in Chapter 29, these renal toxicities include iso-
metric tubular vacuolation, interstitial fibrosis (which may be 
patchy [i.e., “stripe-like”] or diffuse), thrombotic microangi-
opathy, and hyaline arteriolopathy.

Coadministration of NSAIDs is a risk factor for cyclo-
sporine toxicity (979). Cyclosporine therapy exacerbates the 
decrement in the GFR caused by treatment with sulindac and 
naprosyn (980).

A biopsy study of 41 patients with RA treated with 
cyclosporine for mean of 16 months at a maximum dose of 
4.6 ± 1.2 mg/kg/d showed morphologic evidence of cyclospo-
rine toxicity in four patients (10%), including moderate focal 
interstitial fibrosis and tubular atrophy, often accompanied by 
arteriolar lesions (981). Cyclosporine nephrotoxicity was most 
likely to occur in those receiving cyclosporine doses greater 
than 5 mg/kg/d and those with elevated initial serum creati-
nine levels at the outset of therapy. No patient younger than  
50 years of age developed nephrotoxicity, suggesting an increased 
susceptibility to nephrotoxicity in older patients (981). Three 
(75%) of the four patients with biopsy-documented cyclospo-
rine nephrotoxicity had received concurrent NSAID therapy, 
compared with 17 (46%) of 37 without NSAID therapy (981).

In a biopsy study of the Canadian Multicentre 
Rheumatology Group (982), 14 patients with severe RA and 
normal renal function after treatment with low-dose (less than 
5 mg/kg/d) cyclosporine therapy for 6 months were subjected 
to surveillance renal biopsy. The renal biopsy findings were 
minimal and consisted of focal glomerular obsolescence (five 
cases), mild interstitial fibrosis (four cases), and intimal arte-
rial thickening (nine cases). Only one biopsy was considered 
to demonstrate pathologic findings relatively specific for cyclo-
sporine toxicity. Although no controls were studied, this study 
suggests that the incidence of irreversible renal toxicity due to 
low-dose cyclosporine in RA patients is relatively small. In a 
study of 22 RA patients receiving starting doses of cyclosporine 
less than 4 mg/kg/d and followed for up to 87 months, none 
developed cyclosporine nephrotoxicity (983), further under-
scoring the dose-dependent nature of the toxicity.

nephroToxiciTy of Gold SalTS and penicillamine

The most common renal complication of treatment with gold 
salts and d-penicillamine is membranous glomerulonephritis. 
This is usually heralded clinically by the development of severe 
proteinuria or full nephrotic syndrome. Proteinuria complicates 
gold therapy in from 1% to 10% of treated patients (984–990) 
over a wide age range (2 to 73 years) with parenteral (990,991) 
or oral gold (986) administration. About 50% of patients 
develop proteinuria within the first 6 months of treatment 
and 85% by 24 months, with the peak onset between 3 and  
6 months of the initiation of gold therapy (990–992). The 
severity of proteinuria ranged from 0.7 g to greater than 30 g 
daily according to one report (990), and in one third of cases, 
it was accompanied by the nephrotic syndrome. As previously 
noted, gold salts are no longer used routinely for the manage-
ment of RA, and therefore, this complication is unlikely to be 
encountered in the modern era.

There appears to be no correlation between the total 
cumulative dose of gold received and the likelihood of develop-
ing proteinuria. Cumulative doses of gold before development 
of membranous glomerulonephritis have ranged from 10 to 
6,000 mg (988,993–995). The outcome after discontinuation 
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of gold therapy varies. In one study (990), remission of 
 pro teinuria was achieved in 36% of patients by 6 months 
after discontinuing gold therapy, in 62% by 1 year, in 86% by  
2 years, and in 100% by 3 years. However, according to some 
reports, proteinuria may persist in a minority of cases despite 
drug withdrawal (988,996–1000).

The subepithelial deposits in gold-associated membra-
nous glomerulonephritis may be segmental in distribution. 
These deposits stain for IgG and C3, with occasional code-
posits of IgM and IgA. In most cases, the glomerulus appears 
normal in cellularity, but mild mesangial hypercellularity may 
be seen. Most biopsies demonstrate early-stage membranous 
glomerulonephritis, either lacking spikes (stage 1) or exhibiting 
widespread spike formation (stage 2). Morphologically, gold-
induced membranous glomerulonephritis is indistinguishable 
from idiopathic membranous glomerulonephritis. Unlike 
other secondary forms of membranous glomerulonephritis 
related to SLE or hepatitis B infection, no mesangial deposits 
are observed. A characteristic feature of gold-induced membra-
nous glomerulonephritis is the ultrastructural demonstration 
of gold inclusions forming electron-dense filamentous strands 
within proximal tubular epithelial cells, glomerular epithelial 
cells, and mesangial cells (988,996,1000).

d-Penicillamine induces proteinuria in a larger percentage 
of treated patients (up to 30%) (946,1001) and is associated 
with a higher frequency of the nephrotic syndrome. The risk 
of developing proteinuria may (1001) or may not (1002,1003) 
be dose related. The onset of proteinuria is usually recognized 
within the first 6 months of therapy and is rarely observed after 
1 year (1001,1004–1006). In most cases, proteinuria resolves 
spontaneously with discontinuation of the drug (1001). 
Morphologically, membranous glomerulonephritis associated 
with d-penicillamine is indistinguishable from primary mem-
branous glomerulonephritis.

A less common complication of penicillamine therapy is 
the development of focal segmental necrotizing and crescen-
tic glomerulonephritis (1007–1016). Many of these patients 
present with a pulmonary-renal syndrome of hemoptysis 
and rapidly progressive renal failure resembling Goodpasture 
syndrome. However, anti-GBM antibodies and linear GBM 
deposits have not been identified. Morphologically, there are 
scant or no glomerular immune deposits of IgG, IgM, IgA, 
and C3, consistent with pauci-immune crescentic glomerulo-
nephritis. Of note, anti-MPO ANCA have been reported in 
many of these cases (1015,1016). One case displayed mixed 
features of ANCA-associated crescentic glomerulonephritis 
and membranous glomerulonephritis (1015). In most of these 
cases, it is impossible to determine whether the association of 
ANCA-positive crescentic glomerulonephritis is pathogeneti-
cally linked to penicillamine therapy or represents an autoim-
mune complication of RA itself.

Bucillamine, a cysteine derivative with close structural 
resemblance to d-penicillamine, has been widely prescribed 
in Japan for treatment of RA and is also associated with the 
development of proteinuria and membranous glomerulone-
phritis (1017,1018). At least 30 cases of bucillamine-associated 
nephrotic syndrome have been reported (1017–1020) with 
membranous glomerulonephritis in most biopsied cases, and 
single cases of minimal change disease and crescentic glomeru-
lonephritis. By electron microscopy, electron-dense deposits 
were sometimes observed in the subepithelial and mesangial 

regions. Proteinuria usually resolves within 6 months after 
 discontinuation of therapy.

The cause of membranous glomerulonephritis related 
to gold, penicillamine, and bucillamine therapy is uncertain. 
There is an increased association with HLA-DRw3 and HLA-
B8 (1021–1025), suggesting predisposition to an autoim-
mune response. Because gold is known to be a tubular toxin in 
experimental animals, it has been proposed that release of renal 
tubular epithelial antigens might promote an autoantibody 
response to related podocyte antigens, similar to experimen-
tal models of Heymann nephritis. Gold-sulfur complexes have 
been demonstrated by x-ray microanalysis in proximal tubular 
epithelium but not in the glomerular capillary wall, support-
ing that the pathogenesis may involve renal tubular epithelial 
antigens, rather than gold acting as a hapten (1026). Although 
early studies of experimental gold nephropathy in guinea pigs 
and rats detected renal tubular epithelial antigens by indirect 
immunofluorescence in the glomerular immune complexes 
(1027) and the renal eluates (1028), such a mechanism has not 
been proved in humans.

nephroToxiciTy of bioloGic aGenTS

Anti-TNF-α agents used in the management of RA include 
etanercept, a soluble TNF-α receptor; infliximab, a chimeric 
monoclonal IgG1 anti-TNF-α antibody; and adalimumab, 
golimumab, and certolizumab, which are fully humanized 
monoclonal antibodies. Immune dysregulation caused by these 
agents is associated with the development of autoantibod-
ies, including ANA, anti-dsDNA antibodies, anticardiolipin 
antibodies, and ANCA. In addition, there are several reports 
of new onset renal disease in RA patients while undergoing 
treatment with these agents (471,1029,1030). Renal manifes-
tations include membranous glomerulonephritis, proliferative 
lupus-like nephritis (associated with positive lupus serologies 
and hypocomplementemia in most cases), pauci-immune nec-
rotizing and crescentic glomerulonephritis (with or without 
ANCA seropositivity), anti-GBM disease, IgA nephropathy, 
and renal vasculitis (471,1029–1041). There is a single case 
report of systemic vasculitis and rapidly progressive glomeru-
lonephritis associated with new development of anti-GBM 
antibodies and rising titer of MPO-ANCA in a patient receiv-
ing adalimumab for RA (1037). Following discontinuation of 
adalimumab and treatment with plasmapheresis, cyclophos-
phamide and steroids, both antibody titers declined rapidly 
but renal function did not recover (1037). In one case of mem-
branous glomerulonephritis, the proteinuria resolved after ces-
sation of anti-TNF-α treatment and relapsed after rechallenge 
(1042). In addition, several cases of IgA nephropathy (1038) 
and Henoch-Schonlein pupura nephritis (1039–1041) have 
also been reported in patients receiving anti-TNF-α agents 
(1038). The strong temporal association between the onset of 
new renal disease and anti-TNF-α therapy in these patients 
with longstanding RA and the improvement in clinical and 
laboratory abnormalities after drug withdrawal and initiation 
of immunosuppressive therapy in most cases strongly support 
a pathogenetic role for anti-TNF-α agents.

One case report describes new onset of a lupus-like focal 
proliferative glomerulonephritis (with “full-house” immuno-
fluorescence staining for IgG, IgM, IgA, C3, C4, and C1q) 
during treatment of RA with tocilizumab, an anti-IL-6 mono-
clonal antibody (1043). On the other hand, tocilizumab has 
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shown efficacy in treating cases of RA-associated vasculitis, 
including two cases with necrotizing crescentic glomerulone-
phritis (1044,1045). Therefore, it appears that anti-IL-6 agents 
may precipitate or ameliorate some forms of RA-associated glo-
merulonephritis. There is also a single case report of mesangial 
proliferative IgA nephropathy developing after treatment of 
RA with abatacept, a recombinant human fusion protein that 
inhibits T-cell activation (1046). Following discontinuation of 
abatacept and treatment with corticosteroids, renal symptoms 
improved, suggesting a possible pathogenetic role.

immune complex GlomerulonephriTiS durinG 
STaphylococcal a proTein immunoadSorpTion

Iglesias et al. reported a case of immune complex glomeru-
lonephritis developing in a patient with RA while under-
going apheresis by immunoadsorption to staphylococcal 
A protein (1047). Renal biopsy showed diffuse endocapil-
lary proliferative glomerulonephritis with protein thrombi. 
Immunofluorescence showed staining for IgG, IgM, IgA, 
C3, kappa, and lambda, with slightly stronger staining for 
IgA (2-3+), compared to IgG (2+) and IgM (1+). Electron 
microscopy revealed granular immune-type mesangial and 
subendothelial electron-dense deposits, without an orga-
nized substructure. Serum C4 level was decreased, but 
repeated cryoglobulin studies and anti-dsDNA serology 
were negative. The authors identified four additional cases, 
from the literature and from information supplied by the 
drug manufacturer, of immune complex glomerulonephritis 
developing in patients undergoing staphylococcal A protein 
immunoadsorption, including three cases with features of dif-
fuse proliferative glomerulonephritis and one case of crescen-
tic glomerulonephritis. The pathogenesis of immune complex 
glomerulonephritis in these cases is unknown, but 3 of the 5 
patients had a history of leukocytoclastic vasculitis, suggesting 
that this was a significant risk factor for the development of 
glomerulonephritis.

Rheumatoid Arthritis-Related Nephropathies
The existence of renal disease secondary to RA itself, indepen-
dent of drug effects, has been a matter of considerable con-
troversy. A diverse group of glomerular lesions that cannot be 
clearly linked to adverse complications of therapy have been 
reported, albeit rarely, in patients with RA  (924,926,957,1048–
1052). These include mesangial proliferative glomerulonephri-
tis, membranous glomerulonephritis, and pauci-immune focal 
necrotizing and crescentic glomerulonephritis. There are also 
reports of FSGS, minimal change disease, diabetic nephrop-
athy, fibrillary glomerulonephritis (442,1053), and IgA 
nephropathy (924,926), some of which may represent coexis-
tent glomerular diseases not directly related to RA.

Mesangial Proliferative Glomerulonephritis
Among 23 patients with mesangial proliferative glomerulone-
phritis followed by Korpela, presentations included isolated 
hematuria in 10, isolated proteinuria in 6, and combined 
hematuria and proteinuria in 7 (1050). The researchers deter-
mined that the mesangial lesion presenting with proteinuria 
was more likely to be related to antirheumatic therapy (six 
for gold, two for penicillamine, one for auranofin) and was 
often reversible on drug withdrawal. In contrast, the mesangial 
 proliferative lesion presenting as isolated hematuria could not 

be linked to any particular therapy and was typically persistent 
after discontinuation of antirheumatic therapy. Renal function 
was normal in most of these patients (1050,1054).

By light microscopy, there is typically only mild 
mesangial hypercellularity and increased matrix without 
compromise of the glomerular capillary lumina. By immuno-
fluorescence in 40 cases reported by Helin (926,1049), IgM 
was the sole immune reactant (12 specimens) or occurred with 
lesser amounts of C3 (4 specimens), IgA (6 specimens), C1q 
(1 specimen), IgG and C3 (1 specimen), or IgA and C3 (1 
specimen). This form of “RA-associated IgM nephropathy” 
appears to be distinct from IgM nephropathy associated with 
idiopathic nephrotic syndrome, which falls within the mini-
mal change disease/FSGS disease spectrum (1055). In a series 
of 158 Japanese patients with RA undergoing renal biopsy, 
mesangial proliferative glomerulonephritis was diagnosed 
in 54 patients, two thirds of whom had not received disease 
modifying drugs. Interestingly, 59% of these cases had IgA 
nephropathy, reflecting the frequency of this disease in the 
Japanese population (957). The ultrastructural findings and 
degree of foot process effacement have not been well docu-
mented. Small paramesangial electron-dense deposits may be 
seen. In one study, Korpela (948) observed that RA patients 
with mesangial glomerulonephritis were more likely to have 
high serum IgA and IgM concentrations compared with 
RA patients without nephropathy. An association between 
mesangial glomerulonephritis and high RF titers has also been 
described (1049,1056).

Membranous Glomerulonephritis
Membranous glomerulonephritis may occur in some patients 
with RA who have never been treated with gold, penicillamine, 
or related therapeutic agents (957,1052,1057). In a series 
of four such patients reported by Honkanen, presentations 
included the nephrotic syndrome in two, persistent proteinuria 
and hematuria in one, and isolated hematuria in one (1057). 
One patient had received gold therapy 16 years before the 
development of proteinuria. The duration of RA before onset 
of renal disease varied from 3 to 22 years. Morphologically, 
three cases had exclusively subepithelial deposits and one had 
combined subepithelial and mesangial deposits. IgG and C3 
were the sole or predominant immune reactants. Only one case 
had codeposition of IgM, IgA, and C1q.

Honkanen identified at least 18 other cases of membra-
nous glomerulonephritis occurring in patients with RA that 
were unrelated to treatment (1057). Many of these patients 
were positive for RF. On follow-up, none developed evidence 
of SLE, suggesting that this lesion does not represent an overlap 
with lupus nephritis. Adu (924) reported five additional cases 
of membranous glomerulonephritis associated with RA. Only 
two of the five patients had received gold that was discontinued 
13 and 18 years before the development of the nephrotic syn-
drome. They concluded that these cases could not be directly 
linked to therapy.

Focal Necrotizing and Crescentic Glomerulonephritis
There have been numerous reports of pauci-immune focal seg-
mental necrotizing and crescentic glomerulonephritis occur-
ring in patients with RA who had not been exposed to gold, 
penicillamine, or anti-TNF-α agents (924,1058–1068). Many 
of these patients also had cutaneous or multisystem vasculitis. 
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Although ANCA serologies were not tested systematically in 
earlier reports, most such cases diagnosed in the modern era 
have been anti-MPO ANCA seropositive (1061,1063,1065–
1068). In a series of 246 RA patients studied by Mustila et 
al., including 149 subjects who had renal disease, 52 patients 
(21%) had positive P-ANCA, and there was a highly signifi-
cant association between the development of nephropathy and 
positive P-ANCA serology (1061). P-ANCA was not signifi-
cantly associated with any particular pattern of renal disease 
but was positive in three of four (75%) cases with focal prolif-
erative glomerulonephritis; however, the presence of crescents 
in these biopsies was not noted. In comparison to patients 
without RA, anti-MPO ANCA-associated crescentic glomeru-
lonephritis in RA tends to occur at a younger age and demon-
strates fewer extrarenal manifestations, a longer duration from 
onset of symptoms to renal biopsy confirmation, and more 
advanced glomerular scarring (834). These data suggest that 
focal segmental necrotizing and crescentic glomerulonephritis 
in RA patients is pathogenetically related to MPO-ANCA in 
most cases, consistent with the high prevalence of anti-MPO 
antibody in RA.

Other Renal Lesions in RA
There are rare cases of rheumatoid vasculitis involving large 
renal arteries, some with associated aneurysm formation 
(950,1069). There is a single report of concurrent renal amy-
loidosis and crescentic glomerulonephritis with multisystem 
vasculitis (1070) and a few cases of fibrillary glomerulonephri-
tis (442,1053). There are also case reports of membranopro-
liferative glomerulonephritis with monoclonal IgM deposits 
in the setting of coexistent Waldenström macroglobulinemia 
(1071) as well as renal thrombotic microangiopathy related to 
coexistent APL syndrome (1072).
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BACKGROUND INFORMATION
Anti-GBM Disease
In 1919, Ernest Goodpasture (1) reported an 18-year-old male 
patient who developed hemoptysis and acute renal failure after 
a flu-like illness. The patient died and at autopsy was found to 
have massive pulmonary hemorrhage and glomerulonephritis 
with “fibrinous exudates in the Bowman space” and necrotiz-
ing vasculitis in the spleen and gut. Four decades later, Stanton 
and Tange (2) coined the eponym Goodpasture syndrome for 
the association of pulmonary hemorrhage with glomerulone-
phritis. This eponym was initially used to indicate any form 
of glomerulonephritis combined with pulmonary hemor-
rhage. The use of the term Goodpasture syndrome now should 
be confined to those examples of pulmonary-renal syndrome 
that are caused by anti–glomerular basement membrane (anti-
GBM) antibodies (3). Glomerulonephritis that is caused by 
anti-GBM occurs not only as a component of Goodpasture 
syndrome but also in the absence of pulmonary disease. In this 

setting, it should not be diagnosed as Goodpasture syndrome 
but simply as anti-GBM glomerulonephritis. A few patients 
have anti-GBM–mediated pulmonary hemorrhage without 
glomerulonephritis (4). Anti-GBM disease is the generic term 
for any clinical expression of disease caused by anti-GBM 
antibodies and includes Goodpasture syndrome, isolated anti-
GBM glomerulonephritis, and isolated anti-GBM pulmonary 
hemorrhage (5). Grouping these clinically distinct syndromes 
in a unifying disease category is justified based on the finding 
that patients with these varied expressions of disease have auto-
antibodies with specificity for the identical portion of the α3 
chain of type IV collagen in vascular basement membranes (6).

The term Goodpasture syndrome is used in this chapter 
only for anti-GBM antibody–mediated pulmonary-renal syn-
drome. However, the patient whom Goodpasture described in 
his publication probably did not have anti-GBM antibody–
mediated pulmonary-renal syndrome. He more likely had pul-
monary-renal syndrome caused by antineutrophil cytoplasmic 
antibodies (ANCA) because the pulmonary alveolar capillaries 
had more intense neutrophilic infiltration than is usually seen 
with anti-GBM disease, and, even more compelling, there was 
a necrotizing small-vessel vasculitis in the spleen and gut (7).

Anti-GBM antibodies were first detected by immuno-
fluorescence microscopy using antibodies to immunoglobu-
lins that revealed linear localization of IgG along GBMs in 
patients with pulmonary hemorrhage and crescentic glomeru-
lonephritis (CGN) (Fig. 15.1). Scheer and Grossman, in 1964 
(8), reported the linear immunostaining for γ globulin along 
the GBMs of two additional patients with Goodpasture syn-
drome. The next year, Sturgill and Westervelt (9) reported 
linear staining of pulmonary as well as glomerular capil-
lary basement membranes for γ globulin in a patient with 
Goodpasture syndrome. This was followed by the landmark 
article by Lerner et al. (10) that established anti-GBM anti-
bodies as a cause for pulmonary-renal syndrome as well as 
for CGN in the absence of pulmonary hemorrhage. In 1971, 
Martinez and Kohler (3) proposed that the term Goodpasture 
syndrome should be used only for patients with anti-GBM 
antibody–mediated pulmonary-renal vasculitic syndrome. 
At that time, it was clear that other pathogenic mechanisms 
could cause concurrent glomerulonephritis and pulmonary 
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hemorrhage. Unless Goodpasture syndrome is restricted to 
one pathogenic category, the term does not specify a clinically 
and pathogenetically distinct entity.

Once immunofluorescence microscopy became a routine 
method for examining renal biopsy specimens, glomerulone-
phritis with intense linear staining of capillary walls that was 
indicative of anti-GBM disease was noted to be associated with 
glomerular crescent formation and thus CGN. CGN is not a 
specific disease but rather is a morphologic manifestation of 
severe glomerular injury that can be caused by many different 
etiologic and pathogenic mechanisms, one of which is anti-
GBM disease. The definition of a glomerular crescent that is 
endorsed by the World Health Organization (WHO) is two or 
more layers of cells that are partially or completely filling the 
Bowman space (Fig. 15.2). The term crescentic glomerulonephritis 

often is used generically for glomerulonephritis with any degree 
of crescent formation; however, it is advisable to use this term on 
the diagnostic line only when 50% or more of glomeruli have 
crescents (11). Lesser degrees of crescent formation should be 
stated in the diagnosis as the percentage of glomeruli involved. 
By this approach, a specimen with anti-GBM glomerulonephri-
tis that has crescents in 70% of glomeruli would be diagnosed 
as crescentic anti-GBM glomerulonephritis, whereas a specimen 
with anti-GBM glomerulonephritis that has crescents in 15% of 
glomeruli would be diagnosed as anti-GBM glomerulonephritis 
with 15% crescents.

Crescentic Glomerulonephritis
Glomerular crescents have been described in the medical lit-
erature since the 19th century. For example, Langhans (12) 
and Purdy (13) provided excellent illustrations of glomerular 
crescents in publications that appeared in 1879 and 1886, 
respectively. By the turn of the century, a number of investi-
gators, including Volhard and Fahr (14), had recognized that 
glomerular crescents often correlated with poor outcome. This 
association was confirmed by many investigators, and the close 
relationship between rapid clinical progression of glomerulo-
nephritis and the pathologic finding of glomerular crescents 
became well established. The term “rapidly progressive glomer-
ulonephritis” has become the standard designation for clinical 
manifestations that suggest severe glomerulonephritis. Most 
patients with this clinical syndrome have severe glomerulone-
phritis with crescent formation, but some have other diseases 
that can mimic CGN, such as thrombotic microangiopathy. A 
conclusive diagnosis of CGN can be made only by evaluation 
of a renal biopsy specimen.

With the advent of immunofluorescence microscopy and 
electron microscopy, the heterogeneity of the glomerular dis-
eases that cause crescent formation was recognized (15,16). 
This allowed Steen Olsen (15) to conclude that CGN “might 
constitute a common final and fatal pathway of several etiologi-
cally and pathogenetically different glomerular diseases.” Thus, 
the light microscopic recognition of CGN in a renal biopsy 
specimen is only the beginning of an adequate pathologic anal-
ysis. Further elucidation of pathogenic mechanisms that are 
causing the glomerulonephritis is equally or more important 
in predicting the prognosis and selecting the appropriate treat-
ment strategy for the patient. A pathologic diagnosis of CGN 
is incomplete unless the disease is categorized further, which 
usually requires immunofluorescence microscopy (or immu-
nohistochemistry) and electron microscopy. Accurate and 
prompt categorization of CGN is critical for optimal patient 
outcome, because one of the major positive prognostic factors 
in the most aggressive forms of CGN, including anti-GBM 
glomerulonephritis, is rapid institution of immunosuppressive 
treatment (17).

CGN is categorized by immunohistology into anti-GBM 
CGN with linear GBM staining for immunoglobulin, immune 
complex CGN with granular staining of glomeruli for immu-
noglobulin or complement, or crescentic glomerulonephritis 
with little or no glomerular staining for immunoglobulin or 
complement (i.e., pauci-immune CGN) (Fig. 15.3) (18,19). 
These three immunopathologic categories are sometimes des-
ignated types I, II, and III, respectively; however, this termi-
nology is not widely used and thus may not be understood 
when used in a diagnosis. Anti-GBM disease is a special form 

FIGURE 15.1 Global linear staining for IgG indicative of diffuse binding 
of anti-GBM antibodies to type 4 collagen in glomerular basement mem-
branes. (FITC anti-IgG.)

FIGURE 15.2 Anti-GBM glomerulonephritis with a large cellular 
crescent forming a cap over the glomerular tuft. Note also the edema 
and inflammation in the periglomerular interstitium. (H&E.)
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of immune complex disease caused by in situ binding of anti-
GBM antibodies to GBM antigens, but it is traditionally sepa-
rated from other forms of immune complex glomerulonephritis 
when categorizing CGN. Throughout this chapter, the term 
immune complex glomerulonephritis is used for glomerulone-
phritis caused by immune complexes other than anti-GBM 
immune complexes.

Crescents also occur in categories of glomerular injury that 
are not included in the three major categories of anti-GBM, 
immune complex, or ANCA disease. For example, C3 glomer-
ulopathy (including dense deposit disease and C3 glomerulo-
nephritis), which is caused by dysregulated alternative pathway 
complement activation rather than immune complexes, may 
have crescent formation (20). Rarely, crescents occur with 
thrombotic microangiopathy and diabetic glomerulosclerosis 
apparently caused by capillary injury that results directly from 
these diseases. However, whenever crescents are observed in the 
context of a glomerular disease that rarely has crescents, the 
possibility of a concurrent disease (e.g., ANCA disease) that 
may be causing the crescents should be considered.

Table 15.1 lists the frequency of the categories of CGN 
among patients whose renal biopsies were evaluated in the 
University of North Carolina Nephropathology Laboratory 
(18). Anti-GBM glomerulonephritis is uncommon at any age, 
accounting for about 15% of CGN. Pauci-immune CGN is 
the most common category of glomerulonephritis in patients 
who have more than 50% of glomeruli involved by crescents. 
Approximately 90% of patients with pauci-immune CGN 
have circulating antineutrophil cytoplasmic autoantibodies 
(ANCA) (21). Pauci-immune CGN (i.e., ANCA-CGN) is by 
far the most common category of CGN in older patients (18). 
In contrast, immune complex glomerulonephritis with cres-
cents is more common in younger patients, which is not sur-
prising considering that many of the most common immune 
complex glomerulonephritides occur most frequently in chil-
dren or young adults, such as IgA nephropathy, IgA vasculitis 
(Henoch-Schönlein purpura), lupus nephritis, poststreptococcal 

glomerulonephritis, and membranoproliferative glomerulo-
nephritis. For example, in an analysis in London of 30 chil-
dren with CGN, Jardim et al. (22) identified IgA vasculitis 
(Henoch-Schönlein purpura) glomerulonephritis in 9, mem-
branoproliferative glomerulonephritis in 7, poststreptococcal 
glomerulonephritis in 2, and lupus glomerulonephritis in 1. 
The remaining patients had microscopic polyangiitis (MPA) in 
four, granulomatosis with polyangiitis (GPA) (Wegener granu-
lomatosis) in one, anti-GBM disease in two, and idiopathic 
(pauci-immune) CGN in four.

Although reports from North America and Europe are 
generally in agreement with the data in Table 15.1 (23–25), 
the relative frequency of different types of CGN may vary 
substantially in different geographic locations. For example, 
a study of 172 patients with CGN from China noted 8.7% 
anti-GBM CGN, 22.7% pauci-immune CGN, and 68.6% 
immune complex CGN (half of which were lupus nephritis) 
(26). Another study of a cohort of 106 patients with CGN 
from China, although more recent and from a more indus-
trialized region, observed 16% anti-GBM disease, 40.6% 
immune complex disease, and 43.4% pauci-immune disease 
(27). An analysis of 28 patients with CGN from the Republic 
of Macedonia identified 22 cases of poststreptococcal glomeru-
lonephritis, 1 case of poststaphylococcal glomerulonephritis, 1 
case of anti-GBM glomerulonephritis, and 4 cases of ANCA-
positive pauci-immune CGN (28). This higher proportion of 
immune complex CGN from some regions may be caused by 
a higher frequency of nephritogenic infections in this region.

Even in the same country, demographic differences in 
cohorts affect the frequency of different causes for CGN. For 
example, in a study from India of all patients (predominantly 
adults) with ≥50% crescents, 72% (33/46) had pauci-immune 
CGN (29), whereas another study from India of only children 
(≤18 years old) with ≥50% crescents found that 86% (19/22) 
had immune complex glomerulonephritis (30).

In general, anti-GBM glomerulonephritis and ANCA 
glomerulonephritis have a higher frequency and severity of 

FIGURE 15.3 Immunofluorescence microscopy patterns of glomerular staining for IgG that are indicative of anti-GBM 
(A), immune complex (B), and pauci-immune (C) glomerulonephritis. Note the linear staining of anti-GBM disease compared 
with the granular staining of immune complex disease and the scanty background staining of pauci-immune disease. (FITC anti-IgG.)

A B C
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crescent formation than immune complex glomerulonephritis  
(Table 15.2 and Fig.15.4) (18,19). This finding suggests that 
the pathogenic mechanisms that underlie anti-GBM and 
ANCA glomerulonephritis are more destructive than the 
mechanisms that underlie immune complex glomerulone-
phritis. However, some categories of immune complex glo-
merulonephritis tend to have a greater frequency of crescent 
formation than do others. In general, the extent of glomeru-
lar subendothelial, as opposed to subepithelial or mesangial, 
immune complex localization correlates with severe inflam-
mation and crescent formation among patients with immune 
complex glomerulonephritis. This suggests that the proxim-
ity of subendothelial immune complexes to the inflammatory 
mediator systems in the circulation is more effective at caus-
ing the glomerular injury that results in crescent  formation 

than are immune complexes in the mesangium or subepithe-
lial zones of glomeruli. This could in part explain the severity 
of anti-GBM glomerulonephritis because the autoantibod-
ies form immune complexes in situ with the GBM antigens 
at the subendothelial interface between the GBM and the 
plasma.

This chapter reviews the clinical and pathologic features 
of anti-GBM disease, including Goodpasture syndrome and 
anti-GBM glomerulonephritis in the absence of pulmonary 
disease. In the context of this discussion of an archetype of 
CGN, the pathogenesis of crescent formation that is ini-
tiated by many aggressive forms of glomerulonephritis in 
addition to anti-GBM disease is summarized. The specific 
pathogenic events that are unique to anti-GBM disease are 
reviewed.

TABLE 15.1 Frequency of different types of Crescentic Glomerulonephritisa in renal biopsy specimens 
evaluated by the University of North Carolina Nephropathology Laboratory

Age 
(years) n

Anti-GBM  
crescentic  

glomerulonephritis (%)

Pauci-immune 
 crescentic 

 glomerulonephritis (%)

Immune complex   
crescentic 

 glomerulonephritis (%)

Other  
crescentic  

glomerulonephritis (%)

All 632 15 60 24 1
1–20 73 12 42 45 0
21–60 303 15 48 35 3
61–100 256 15 79 6 0

aAnti-GBM crescentic glomerulonephritis was defined as glomerulonephritis with ≥50% crescents and ≥2+ linear GBM staining for IgG by direct immunofluorescence 
microscopy. Pauci-immune crescentic glomerulonephritis was defined as glomerulonephritis with ≥50% crescents and ≤2+ staining of glomeruli for any immunoglobulin. 
Immune complex crescentic glomerulonephritis was defined as glomerulonephritis with ≥50% crescents and ≥2+ nonlinear GBM staining for any immunoglobulin by 
direct immunofluorescence microscopy. Crescentic membranoproliferative and postinfectious glomerulonephritis, which typically have substantial staining for C3 but little 
or no staining for immunoglobulin, also were included in the immune complex category. The other category includes all other glomerular diseases, such as thrombotic 
microangiopathy, diabetic glomerulosclerosis, monoclonal immunoglobulin deposition disease, and so on.

Modified from Jennette JC. Rapidly progressive crescentic glomerulonephritis. Kidney Int 2003;63:1164.

TABLE 15.2 Frequency of glomerular crescents, necrosis, and endocapillary hypercellularity in different 
types of glomerular disease evaluated by the University of North Carolina Nephropathology 
Laboratory

Type of glomerular disease

% With  
any 

crescents

% With 
>50% 

crescents

Average % 
glomerular 
crescentsa

Glomerular 
necrosis 

(0–4+)

Glomerular 
hypercellularity 

(0–4+)

Anti-GBM glomerulonephritis 97.1 84.8 77 1.7+ 0.8+
ANCA glomerulonephritis 89.5 50.3 49 1.2+ 0.8+
Lupus glomerulonephritis (III and IV) 56.5 12.9 31 1.7+ 2.2+
Henoch-Schönlein purpura glomerulonephritis 61.3 9.7 27 0.4+ 1.5+
IgA nephropathy 32.5 4.0 21 0.1+ 1.4+
Postinfectious glomerulonephritis 33.3 3.3 19 0.3+ 2.7+
Type I membranoproliferative glomerulonephritis 23.8 4.6 25 0.2+ 2.8+
DDD/C3 glomerulopathy 43.8 18.8 48 0.2+ 1.8+
Fibrillary glomerulonephritis 22.8 5.0 26 0+ 0.6+
Monoclonal immunoglobulin deposition disease 5.6 0 13 0+ 0.3+
Thrombotic microangiopathy 5.6 0.9 26 0.4+ 0.3+
Diabetic glomerulosclerosis 3.2 0.3 20 0+ 0.3+
Nonlupus membranous glomerulopathy 3.2 0.1 15 0+ 0.1+

aANCA glomerulonephritis was defined as glomerulonephritis with ≤2+ staining of glomeruli for any immunoglobulin in a patient who is positive for MPO-ANCA or PR3-
ANCA by ELISA.

Modified from Jennette JC. Rapidly progressive crescentic glomerulonephritis. Kidney Int 2003;63:1164.

0002062078.INDD   660 5/28/2014   11:59:30 AM



 Chapter 15 | Anti–Glomerular Basement Membrane Glomerulonephritis and Goodpasture Syndrome 661

CLINICAL PRESENTATION
Anti-GBM disease is rare with an incidence of approximately 
1/1,000,000 (compared to greater than 1/100,000 for ANCA 
disease), an equal male-to-female ratio, and a broad bimodal 
age of onset with one peak in older children and young adults 
and another in older adults (31–38). Anti-GBM GN is rare in 
children but does occur (39). Glomerulonephritis is the most 
common initial clinical manifestation of anti-GBM disease. 
Anti-GBM glomerulonephritis usually manifests with rapidly 
progressive glomerulonephritis, and renal biopsy reveals more 
than 50% glomerular crescents in most patients. For exam-
ple, a cohort of 28 patients with anti-GBM but no ANCA 
(see Table 15.2) had more than 80% of patients with cres-
cents in 50% or more of glomeruli in the initial renal biopsy 
(18). Multiple other studies confirm that more than 80% of 
patients with anti-GBM disease have more than 50% of glom-
eruli with crescents in the initial renal biopsy (34–38). The 
data in Tables 15.2 and 15.3 demonstrate that anti-GBM glo-
merulonephritis is pathologically and clinically the most severe 
form of glomerulonephritis (18). Hematuria is virtually always 
present. Proteinuria is common. Although most patients with 
anti-GBM disease present with severe renal disease, severe 
pulmonary disease, or both, patients will rarely present with 

hematuria and proteinuria in the absence of renal insufficiency 
or pulmonary hemorrhage (40).

The frequency of pulmonary hemorrhage among patients 
with anti-GBM disease varies among cohorts, but most series 
show a frequency of 50% ± 15% (33–38). For example, in 
a cohort of 71 patients from the United Kingdom evaluated 
by Savage et al. (33), 35% had Goodpasture syndrome at pre-
sentation, although approximately 50% eventually had some 
pulmonary hemorrhage. In a cohort of 53 North American 
patients with native kidney anti-GBM disease reported by 
Wilson and Dixon (31), 60% had Goodpasture syndrome. 
In a series of 40 patients from Ireland, 62% had pulmonary 
involvement (34). In a large cohort from China, 45% (80/176) 
of patients with anti-GBM disease had hemoptysis (37). 
Pulmonary involvement typically causes hemoptysis, dyspnea, 
rales, and rhonchi. Most patients with extensive pulmonary 
hemorrhage have pallor because of anemia. Many patients have 
a history of a recent flu-like illness or other infection before 
the onset of anti-GBM disease (8,31,37,41), and a minority of 
patients have a history of hydrocarbon exposure although this 
frequency is higher than in the general population (42–44). 
Patients have a higher frequency of cigarette smoking than does 
the general population. For example, in a study of 23 anti-
GBM disease patients from New Zealand, 50% were regular 

Average % glomeruli with crescents when present
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FIGURE 15.4 Frequency of glomerular crescents in 
different types of glomerular disease evaluated in 
the University of North Carolina Nephropathology 
Laboratory. For each category of disease, the data are 
expressed as (i) the % of patients who had any crescents in 
biopsy specimens, (ii) the average % of crescents in specimens 
that had crescent formation, and (iii) the % of patients who had 
specimens with ≥50% crescents. (Data derived from Jennette 
JC. Rapidly progressive crescentic glomerulonephritis. Kidney 
Int 2003;63:1164.)

TABLE 15.3 Features at the time of presentation of different types of Crescentic Glomerulonephritisa 
Evaluated by the University of North Carolina Nephropathology Laboratory

 Mean age Male:female Creatinine Proteinuria (g/24 h)

Anti-GBM crescentic 
glomerulonephritis

52 ± 21 (14–84) 1:1.0
45:47

9.7 ± 7.2 (0.8–50) 1.67 ± 3.35 (0.20–16.20)

Pauci-immune crescentic 
glomerulonephritis

56 ± 20 (2–92) 1:0.9
202:177

6.5 ± 4.0 (0.8–22.1) 1.94 ± 2.95 (0.11–18.00)

Immune complex crescentic 
glomerulonephritis

33 ± 17 (4–77) 1:1.6
61:95

4.9 ± 3.8 (0.8–21.7) 4.39 ± 4.77 (0.30–22.00)

aAnti-GBM crescentic glomerulonephritis was defined as glomerulonephritis with ≥50% crescents and ≥2+ linear GBM staining for IgG by direct immunofluorescence microscopy. 
Pauci-immune crescentic glomerulonephritis was defined as glomerulonephritis with ≥50% crescents and ≤2+ nonlinear staining of glomeruli for any immunoglobulin. Immune 
complex crescentic glomerulonephritis was defined as glomerulonephritis with ≥50% crescents and ≥2+ nonlinear GBM staining for any immunoglobulin by direct immunofluo-
rescence microscopy (plus membranoproliferative and postinfectious glomerulonephritis).

Jennette JC. Rapidly progressive crescentic glomerulonephritis. Kidney Int 2003;63:1164.
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smokers compared to 17% of the general population, and only 
14% had never smoked compared to 56% of the general popu-
lation (P < 0.001) (38). Savage et al. (33) observed that there 
is a tendency for young men with anti-GBM disease to present 
with Goodpasture syndrome (i.e., combined pulmonary hem-
orrhage and nephritis) and for older women to present with 
glomerulonephritis alone. We have observed a similar pattern 
in the patients at the University of North Carolina. Overall, 
however, the male-to-female ratio is equal (see Table 15.3). 
Anti-GBM glomerulonephritis is rare in African Americans.

Approximately one quarter to one third of anti-GBM patients 
have ANCA, usually MPO-ANCA (Table 15.4) (18,37,45–49). 
Most patients with concurrent anti-GBM and ANCA have renal 
limited disease or microscopic polyangiitis (MPA); however, some 
have granulomatosis with polyangiitis (GPA) (Wegener’s) (50) or 
eosinophilic granulomatosis with polyangiitis (EGPA) (Churg-
Strauss) (51). In a study of anti-GBM patients from China, 
patients who were 65 years or older at the time of diagnosis were 
more often ANCA positive (46.0% vs. 14.6%; P < 0.001) and 
had less hemoptysis (26.0% vs. 46.2%; P = 0.01) (52).

With current antirejection regimens, anti-GBM disease 
only very rarely recurs in transplants (53). Alport posttransplan-
tation anti-GBM glomerulonephritis, which is mediated by allo-
antibodies against the GBM antigens that are lacking in Alport 
patients, occurs after kidney transplantation in a minority of 
patients with Alport syndrome (54,55). The clinical presentation 
is the same as new onset of disease, and patients have positive 
serology for anti-GBM antibodies, although the epitope specific-
ity of the anti-GBM alloantibodies in Alport patients is different 
from that of the autoantibodies in recurrent disease (55).

PATHOLOGIC FINDINGS
Gross Pathology
As with all severe forms of glomerulonephritis, during the 
acute phase, the kidneys are of normal size or slightly enlarged 
and have tiny red dots scattered over the outer and cut  cortical 
 surfaces, referred to as a flea-bitten appearance (Fig. 15.5). 
Most of these red dots correspond to blood within tubular 
lumens or within the Bowman capsule. However, in severe 

necrotizing disease, a few spots are caused by rupture of the 
Bowman capsule with hemorrhage into the adjacent intersti-
tium. Advanced chronic disease is characterized by progressive 
shrinkage and scarring of the cortical parenchyma.

The lungs from patients with pulmonary involvement have 
focal to diffuse dark red consolidation caused by intra-alveolar 
hemorrhage. Chronic pulmonary injury has a paler consolida-
tion caused by fibrosis and may be rust colored from the accumu-
lation of hemosiderin. Discrete nodule formation or cavitation 
should raise the possibility of concurrent GPA (Wegener’s).

Light Microscopy
Glomeruli
Glomerular fibrinoid necrosis and crescent formation are the 
histologic hallmarks of acute anti-GBM glomerulonephri-
tis (18,19,32,36,56). Even though anti-GBM antibodies are 
bound diffusely to intact GBMs, glomerular tuft necrosis more 
often is segmental rather than global (Figs. 15.6 and 15.7). 
Foci of glomerular fibrinoid necrosis are characterized by 
replacement of the normal architecture by ragged, deeply aci-
dophilic fibrinoid material. Special stains that demarcate GBM 
(e.g., periodic acid–Schiff [PAS], Jones silver methenamine) 
are helpful for identifying glomerular necrosis by demonstrat-
ing areas of GBM rupture and also are helpful for identifying 
crescent formation by demarcating where the glomerular tuft 
ends and the crescent begins (Figs. 15.6 to 15.9). Masson tri-
chrome stains are useful for differentiating between areas of 
fibrinoid necrosis, which are red (fuchsinophilic), and areas of 
sclerosis, which are blue or green depending on the counter-
stain used (Fig. 15.10). Masson trichrome staining can be use-
ful in identifying small segmental foci of necrosis that might 
be overlooked on hematoxylin and eosin (H&E)–stained sec-
tions (Figs. 15.10 and 15.11). Some biopsy specimens from 
patients with anti-GBM antibody–mediated pulmonary 
 disease,  especially from patients with little or no renal dysfunc-
tion, have normal light microscopic histologic patterns when 
immunofluorescence microscopy documents extensive diffuse 
global staining for anti-GBM antibodies (4). Fuchsinophilic 
fibrin occurs not only in foci of fibrinoid necrosis but also in 
glomerular capillary thrombi and in the interstices between the 
cells of crescents (Fig. 15.12).

TABLE 15.4 Frequency of serum ANCA, anti-GBM, and anti-GBM plus ANCA in crescentic glomerulo-
nephritis with linear GBM IGG (anti-GBM glomerulonephritis) versus a paucity of immuno-
globulin (pauci-immune glomerulonephritis) evaluated by the University of North Carolina 
Nephropathology Laboratory

 
Anti-GBM–positive, 

ANCA-negative
Anti-GBM–positive, 

ANCA-positive
ANCA-positive, 

anti-GBM–negative
ANCA-negative, 

anti-GBM–negative

Linear IgG (anti-GBM)  
crescentic glomerulonephritis

60.9% 26.1% (26.1% MPO-ANCA, 
0.0% PR3-ANCA)

0% 13.0%

Pauci-immune crescentic 
glomerulonephritis

1.5% 6.8% (4.5% MPO-ANCA, 
2.3% PR3-ANCA)

77.7% (52.2% MPO-
ANCA, 20.5% 
PR3-ANCA)

18.9%

Data in all columns were derived from patients with ELISA serology results for MPO-ANCA, PR3-ANCA, and anti-GBM. Pauci-immune crescentic glomerulonephritis  
(n = 132) was defined as glomerulonephritis with ≥50% crescents and ≤2+ nonlinear staining of glomeruli for any immunoglobulin. Linear IgG crescentic  glomerulonephritis 
(n = 46) was defined as glomerulonephritis with ≥50% crescents and ≥2+ linear GBM staining for IgG by direct immunofluorescence microscopy.
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FIGURE 15.5 Kidney from a patient with Goodpasture syndrome 
who died of massive pulmonary hemorrhage and was found to 
have crescentic anti-GBM glomerulonephritis. Notice the tiny dark 
dots on the surface that correspond mainly to blood in tubular lumens and 
in the Bowman spaces. A few of the dots correspond to periglomerular 
hemorrhage at sites of severe disruption of the Bowman capsules.

FIGURE 15.6 Anti-GBM glomerulonephritis with segmental fibri-
noid necrosis manifesting as irregular, deeply acidophilic material 
replacing the normal architecture of about a third of the glomerular 
tuft. There are reactive changes in the adjacent podocytes but no well-defined 
crescent formation. There is slight periglomerular interstitial edema. (H&E)

FIGURE 15.7 Anti-GBM glomerulonephritis with segmental fibri-
noid necrosis and a circumferential cellular crescent. There are 
dark fragments of karyorrhectic debris in the area of necrosis. The crescent 
appears to have an admixture of epithelial cells and leukocytes, including 
some neutrophils. There is a greater degree of periglomerular interstitial 
edema and inflammation than in Figure 15.5. (H&E)

Even in glomeruli with crescents, the histologic changes 
in capillary tufts vary from little or no change (see Fig. 15.2) 
to extensive necrotizing destruction of the tuft (see Fig. 15.8). 
Foci of glomerular fibrinoid necrosis may contain scattered 
karyorrhectic debris (see Fig. 15.7). Glomerular neutrophilic 
infiltration is variable. Extensive neutrophilic infiltration is 
uncommon and is usually seen with severely necrotizing disease 
(see Fig. 15.9). Unlike many forms of immune complex CGN, 
the intact capillary walls in anti-GBM glomerulonephritis 
often have normal thickness (see Figs. 15.2, 15.10, and 15.11) 
because there is no bulky accumulation of immune complex 
deposits. Thus, the best-preserved glomerular tufts help pre-
dict the immunopathologic category because immune complex 
CGN typically has marked hypercellularity and  thickening 
of capillary walls in the intact tufts, whereas  anti-GBM or 
ANCA-CGN typically has capillary walls of normal thickness 
and minimal hypercellularity in the most intact segments and 
glomeruli.

More than 90% of patients with anti-GBM disease who 
undergo renal biopsy are found to have some degree of cres-
cent formation (see Table 15.2) (18). When there are crescents, 
on average, about 80% of glomeruli have crescents; how-
ever, this ranges from less than 5% to 100%. The  percentage 

0002062078.INDD   663 5/28/2014   11:59:43 AM



 Heptinstall’s Pathology of the Kidney664

crescents correlate with serum creatinine level at the time of 
biopsy (36). Biopsy specimens without crescents typically 
have focal segmental fibrinoid necrosis that is relatively mild  
(see Fig. 15.11). Crescents may be segmental (see Fig. 15.9) 
or large and circumferential (see Fig. 15.12). Breaks in the 

Bowman  capsule may accompany crescent formation and can 
be identified best with special stains that highlight the base-
ment membrane of the Bowman capsule, such as Jones silver 
methenamine or PAS (Fig. 15.13). The proliferative changes 
that form crescents occasionally extend into the origin of the 
proximal tubule (Fig. 15.14). The appearance of crescents in 
anti-GBM glomerulonephritis ranges from relatively orderly 
layers of cells with features consistent with epithelial cells (see 
Figs. 15.7, 15.8, and 15.12) to very disorderly crescents con-
taining mainly cells with features consistent with macrophages 
or other leukocytes, occasionally including multinucleated 
giant cells (57) (Fig. 15.15).

Magil and Wadsworth (58) observed that macrophages are 
more common in the crescents of anti-GBM glomerulonephri-
tis than in the crescents of immune complex glomerulonephri-
tis. Disorderly crescents with numerous macrophages occur in 
glomeruli with disruption of the Bowman capsule (59) and 
often are accompanied by and continuous with periglomeru-
lar inflammation that may have a granulomatous appearance. 
Both anti-GBM glomerulonephritis and ANCA glomerulone-
phritis often have extensive fibrinoid necrosis, focal destruction 
of the Bowman capsule, disordered crescents, and occasional 
periglomerular giant cells (58,60). In contrast, immune com-
plex CGN typically has little or no fibrinoid necrosis, more 
orderly crescents, and intact Bowman capsules. Thus, the 
identification of severe necrotizing glomerulonephritis with 
disorderly crescents and periglomerular inflammation favors a 
diagnosis of anti-GBM glomerulonephritis, ANCA glomerulo-
nephritis, or concurrent anti-GBM and ANCA disease rather 
than immune complex glomerulonephritis.

Periglomerular interstitial inflammation may accompany 
severe glomerular injury, especially when there is disruption 
of the Bowman capsule (see Fig. 15.15). This infiltrate often 
contains numerous monocytes and macrophages, with variable 
numbers of admixed neutrophils and lymphocytes. In a few 
specimens, the periglomerular inflammation includes multi-
nucleated giant cells (59–61). Periglomerular granulomatous 
inflammation occurs in anti-GBM glomerulonephritis with 
concurrent ANCA and also in anti-GBM glomerulonephri-
tis without ANCA. In a study by Rutgers et al. (45), periglo-
merular granulomas were identified in 11% of patients with 
MPO-ANCA, 40% of patients with concurrent MPO-ANCA 
and anti-GBM, and in 0% of 13 patients with anti-GBM 
but no ANCA. However, other investigators have observed 
 periglomerular granulomas in anti-GBM glomerulonephri-
tis alone (36,57). In a study of 80 patients with anti-GBM 
glomerulonephritis, 13% had periglomerular granulomatous 
inflammation (36). We also have observed this phenomenon 
in patients with anti-GBM but no ANCA. Interstitial eosino-
philic infiltrates also have been reported with anti-GBM glo-
merulonephritis, but this is rare and could be secondary to 
concurrent hypersensitivity tubulointerstitial nephritis (57).

Histologically, anti-GBM glomerulonephritis with con-
current ANCA is of intermediate severity between anti-GBM 
glomerulonephritis without ANCA, which is more severe, and 
ANCA glomerulonephritis without anti-GBM, which is less 
severe. Table 15.5 shows that in our cohort, anti-GBM glo-
merulonephritis with concurrent ANCA has on average 67% 
of glomeruli with crescents compared with 84% in anti-GBM 
glomerulonephritis without ANCA and less than 50% in 
ANCA glomerulonephritis without anti-GBM. Rutgers et al. 

FIGURE 15.9 Periodic acid–Schiff (PAS)–stained glomerulus 
from a patient with anti-GBM glomerulonephritis showing a large 
cellular crescent that contains an unusually prominent component 
of neutrophils. The PAS stain allows the identification of segments that 
have extensive dissolution of glomerular basement membranes. Note also 
the prominence of neutrophils within some capillaries, especially in seg-
ments with extensive necrosis.

FIGURE 15.8 Jones silver methenamine stain with an H&E 
counterstain of a glomerulus from a patient with anti-GBM glo-
merulonephritis showing a large cellular crescent and extensive 
glomerular necrosis with disruption of glomerular basement mem-
branes. The horizontal arrows point to fragments of GBM with “ends” 
that indicate GBM rupture. The vertical arrow points to fibrinoid material 
in the glomerular tuft that corresponds to an area of fibrinoid necrosis. 
Tinctorially identical fibrinoid material (fibrin) also is admixed with some 
of the crescent cells.
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(45) reported similar results with anti-GBM glomerulonephri-
tis with concurrent ANCA having on average 58% of glomeruli 
with crescents compared with 72% in anti-GBM glomerulone-
phritis without ANCA and less than 45% in ANCA glomeru-
lonephritis without anti-GBM.

The acute necrotizing glomerular lesions evolve into scle-
rotic lesions, ranging from segmental sclerosis with adhesions 
to the Bowman capsule to global sclerosis, depending on the 
severity of the antecedent acute injury. Sclerotic lesions may be 

present along with necrotizing lesions in the same specimen 
(see Fig. 15.10); however, the degree of activity versus chronic-
ity often is relatively synchronous. This differs from ANCA 
glomerulonephritis, which more often has an admixture of 
active necrotizing lesions and sclerotic lesions. Acute cellular 
crescents (see Figs. 15.2, 15.7, and 15.12) evolve into fibrocel-
lular (see Fig. 15.10B) and fibrous crescents (Fig. 15.16) as the 
cellular components are progressively replaced by collagen. The 
initial cause of injury may be difficult to discern with advanced 
global sclerosis. Special stains that highlight residual basement 
membranes are helpful because they can demarcate disrup-
tion of GBMs or the Bowman capsule (see Fig. 15.16), which 

FIGURE 15.10 Masson trichrome staining of two different glomeruli from the same patient with anti-GBM disease. One 
glomerulus (A) has segmental fibrinoid necrosis with an adjacent cellular crescent. The necrosis is marked by dark red (fuchsinophilic) 
staining. The other glomerulus (B) has segmental sclerosis with adjacent epithelial proliferation and an adhesion to the Bowman 
capsule. The collagenous matrix of the sclerosis stains blue.

A B

FIGURE 15.11 Masson trichrome stain demonstrating a very small focus 
of fuchsinophilic fibrinoid necrosis (arrow) in a glomerulus from a patient 
with Goodpasture syndrome who had a renal biopsy that demonstrated 
intense diffuse global linear GBM staining for IgG by immunofluorescence 
microscopy but had only slight segmental fibrinoid necrosis in 25% of 
glomeruli and no crescents.

FIGURE 15.12 Masson trichrome–stained glomerulus from a patient 
with anti-GBM disease showing a large circumferential cellular crescent 
with strands of fuchsinophilic fibrin interspersed with the cells of the cres-
cent. Note also the periglomerular interstitial edema and inflammation.
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FIGURE 15.13 Jones methenamine silver–stained glomerulus that 
shows the demarcation between the glomerular tuft basement mem-
branes, which are stained black, and the large cellular crescent in a patient 
with anti-GBM glomerulonephritis. Note also the focal disruption of the 
Bowman capsule (arrow).

FIGURE 15.14 Jones methenamine silver–stained glomerulus that 
shows the proliferation of epithelial cells extending into the proximal 
tubule in a patient with anti-GBM glomerulonephritis.

FIGURE 15.15 Masson trichrome–stained glomerulus from a 
patient with anti-GBM disease showing a very disordered cellular 
crescent with multinucleated giant cells (horizontal arrows). The 
giant cell on the left is in a zone of periglomerular inflammation that is 
continuous with the crescent through a large gap in the Bowman capsule 
that begins at the point of the vertical arrow. This patient had intense 
linear GBM staining for IgG by immunofluorescence microscopy and defini-
tive serologic results for anti-GBM antibodies; however, multiple serologic 
tests for ANCA before and after renal biopsy all were negative.supports the conclusion that the glomerular scarring has been 

caused by necrotizing inflammation rather than less destructive 
processes, such as ischemia, which has more wrinkling and col-
lapse of GBMs rather than segmental fragmentation of GBMs.

Tubules
In mild or early disease, tubules typically are normal or have focal 
acute injury as indicated by epithelial flattening (simplification) 
and interstitial edema. With more severe acute disease, there is 
more pronounced acute tubular injury with associated intersti-
tial influx of leukocytes. Epithelial flattening is caused primarily 
by sloughing of apical cytoplasm. Flattening caused by atrophy 
is usually accompanied by interstitial fibrosis. The acute tubular 

epithelial flattening and necrosis may closely resemble ischemic 
acute renal failure (“acute tubular necrosis”) and may be caused, 
at least in part, by impaired perfusion in peritubular capillaries 
as a consequence of severe obstruction to blood flow through 
glomeruli. Focal acute tubulitis may occur, but this is usually 
mild. Breaks in tubular basement membranes and tubulitis may 
develop, especially in patients who have linear staining of glomer-
ular and tubular basement membranes by immunofluorescence 
microscopy (62). Epithelial cells at the origins of proximal tubules 
occasionally proliferate in concert with other epithelial cells in the 
crescents (62) (see Fig. 15.14). As acute anti-GBM glomerulone-
phritis evolves to chronic disease, tubules in areas of severe injury 
undergo atrophy and some disappear (Figs. 15.17 and 15.18).

Interstitium
Various degrees of interstitial inflammation and subsequent 
fibrosis occur and usually parallel the severity, activity, and 
chronicity of the glomerular disease. Andres et al. (62) reported 
that patients who have anti-GBM antibodies that bind to glo-
merular and tubular basement membranes have more severe 
tubulointerstitial inflammation than those who have antibod-
ies that bind only to glomeruli.

With acute disease, interstitial edema is more pronounced 
(Figs. 15.19 and 15.20), whereas with chronic disease, intersti-
tial fibrosis predominates (see Figs. 15.17 and 15.18). Masson 
trichrome staining is helpful in distinguishing interstitial 
edema from interstitial fibrosis because the latter has more col-
lagen, which causes more blue (or green) staining.

Interstitial infiltrates are composed of neutrophils, eosino-
phils, lymphocytes, monocytes, and macrophages (36,62,63). 
Lymphocytes are most numerous and are predominantly 
CD4 lymphocytes (63). There are occasional interstitial 
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 multinucleated giant cells (62). Accentuated periglomerular 
inflammation, which occasionally has a granulomatous appear-
ance, occurs around glomeruli with extensive disruption of the 
Bowman capsule (see Fig. 15.15). This may have a starburst 
appearance because of the epithelioid macrophages palisading 
around the inflamed glomerulus. As noted earlier, periglomer-
ular granulomatous inflammation with multinucleated giant 
cells may occur (45,57,61). Interstitial fibrosis begins while the 
glomerulonephritis is still active and becomes pronounced in 
those kidneys that sustain severe injury (see Fig. 15.17).

Blood Vessels
Glomerular fibrinoid necrosis and inflammation occasionally 
extend into the most proximal part of contiguous hilar arteri-
oles. Otherwise, acute inflammation of renal vessels, other than 
glomerular capillaries, is not typical for anti-GBM glomerulone-
phritis, unless the patient has concurrent ANCA (47). Patients 
with anti-GBM and ANCA can manifest the pathologic features 
of ANCA disease, including necrotizing small-vessel vasculitis in 
the kidney (Figs. 15.21 and 15.22). Any of the expressions of 
ANCA small-vessel vasculitis can occur in the kidneys of patients 
with concurrent anti-GBM and ANCA disease, including nec-
rotizing arteriolitis, necrotizing arteritis, and leukocytoclastic 
medullary angiitis. The presence of necrotizing small-vessel vas-
culitis affecting vessels other than glomerular or alveolar capil-
laries in a patient with anti-GBM antibodies should raise the 
possibility of concurrent ANCA disease (Fig. 15.21).

Lungs
Alveolar hemorrhage is the dominant histologic feature of 
acute lung disease (41,64) (Fig. 15.23). Some investigators 
have not been impressed by inflammatory changes in alveo-
lar septa (41), but others have found neutrophilic infiltra-
tion and leukocytoclasia in the septa (64). In our experience, 
alveolar septal neutrophilic infiltration and leukocytoclasia are 
much less conspicuous in anti-GBM disease than in ANCA 
pulmonary disease. Thus, if neutrophils are conspicuous in 
a lung specimen from a patient with anti-GBM pulmonary 
disease, ANCA testing should be performed. The number of 
 hemosiderin-laden macrophages in the areas of hemorrhage is 
an index of chronicity and/or recurrence.

Additional patterns of pulmonary injury include alveolar 
septal edema and hyaline membrane formation. An uncom-
mon finding is a general pattern of diffuse alveolar damage 
with hyaline membrane formation with only focal areas of 
alveolar hemorrhage (64). The later phases of anti-GBM lung 
injury are characterized by progressive loss of intra-alveolar 
blood and a reciprocal increase in hemosiderin-laden macro-
phages. Intra-alveolar and septal fibrosis may develop but usu-
ally are relatively mild.

Immunofluorescence Microscopy
The characteristic immunohistologic finding in anti-GBM 
glomerulonephritis is linear staining of GBMs for IgG (Figs. 
15.1, 15.24, and 15.25), usually accompanied by much lesser 
amounts of granular to discontinuous linear staining for C3 

TABLE 15.5 Comparison of clinical and pathologic features of glomerulonephritis in patients with different 
ANCA and anti-GBM (AGBM) serology findings evaluated by the University of North Carolina 
Nephropathology Laboratory

 
Anti-GBM–positive, 

ANCA-negative
MPO-ANCA–positive, 
anti-GBM–negative

PR3-ANCA–positive, 
anti-GBM–negative

Anti-GBM–positive, 
ANCA-positive

 n = 28 n = 102 n = 52 n = 25
Age 41 ± 21 62 ± 15 54 ± 18 68 ± 13
Creatinine 10.0 ± 9.1 6.9 ± 7.7 5.6 ± 4.6 9.6 ± 5.3
Anti-GBM titer 579.7 <20 <20 350.5
ANCA titer <20 86.0 ± 22 92.9 ± 39 72.3 ± 25
More than 50% crescents 93% 44% 38% 62%
Mean % crescentsa 84 ± 21 48 ± 29 46 ± 30 67 ± 32
Glomerular necrosisb 2.1+ 1.2+ 1.8+ 2.1+
Glomerular sclerosisb 1.1+ 1.7+ 1.3+ 1.2+

aMean percentage of crescents when crescents are present.
bMean of scores of 0 to 4+, with 0 being none and 4+ being severe.

FIGURE 15.16 Chronic anti-GBM glomerulonephritis with exten-
sive sclerosis of the glomerular tuft and an adjacent fibrotic cres-
cent. The Bowman capsule has been almost totally destroyed. There is 
marked periglomerular interstitial fibrosis and chronic inflammation. This 
destructive, asymmetric pattern of sclerosis is not consistent with isch-
emic sclerosis. (PAS.)
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FIGURE 15.17 Chronic anti-GBM glomerulonephritis with global 
sclerosis of three glomeruli, marked interstitial fibrosis and tubu-
lar atrophy, and focally variable interstitial infiltration by chronic 
inflammatory cells. In some areas, there has been total disappearance 
(dropout) of tubules. (Masson trichrome stain.)

FIGURE 15.18 Higher magnification of the same specimen as in 
Figure 15.16 showing slight residual cellularity in a mostly fibrotic 
crescent and a few residual glomerular cells in the adjacent seg-
ment of the tuft. In the segment with residual cellularity, there is a small 
focus of red (fuchsinophilic) material representing slight residual fibrinoid 
necrosis. (Masson trichrome stain.)

FIGURE 15.19 Acute anti-GBM CGN with widespread tubular 
epithelial flattening (simplification), diffuse interstitial edema, 
mild interstitial infiltration of mononuclear leukocytes, and red 
blood cell casts in a few tubular lumens. Note the hemorrhage that is 
admixed with the cells of the crescent. (H&E.)

FIGURE 15.20 Masson trichrome stain of subacute anti-GBM CGN 
with focal tubular epithelial flattening (simplification), focal tubu-
lar atrophy, diffuse interstitial edema, and marked focal interstitial 
infiltration of mononuclear leukocytes. The lack of substantial blue 
staining in the interstitium indicates that the expansion is caused by edema 
rather than fibrosis. Contrast this with the bluer interstitium in Figure 15.16.

(Fig. 15.26) (3,30–33,36,56,65,66) (Table 15.6). Biopsy 
specimens from patients with anti-GBM antibody–mediated 
pulmonary disease that have no clinical evidence for renal dis-
ease nevertheless have diffuse global linear staining for IgG 
along GBMs but no lesions by light microscopy (4). In most 
instances, however, the linear staining is accompanied by exten-
sive necrotizing glomerulonephritis that causes varying degrees 
of disruption of GBMs. Occasional specimens have such severe 
destruction of GBMs that a misdiagnosis of pauci-immune 
CGN may be made because no glomerular staining is observed 

(see Fig. 15.25). Intact GBMs must be identified by carefully 
examining the background fluorescence before concluding that 
there is no glomerular staining. The mesangial matrix does not 
contain the α3 chain of type IV collagen, which is the target 
antigen of anti-GBM, and thus does not stain. Distal tubular 
basement membranes, which contain type IV collagen with α3 
chains, may have linear staining as well (62,67), which may 
induce tubulointerstitial injury.

Table 15.4 shows the serologic results in 46 patients 
with CGN who had 2+ or greater linear staining of GBMs by 

0002062078.INDD   668 5/28/2014   12:00:22 PM



 Chapter 15 | Anti–Glomerular Basement Membrane Glomerulonephritis and Goodpasture Syndrome 669

FIGURE 15.21 Necrotizing vasculitis affecting a small inter-
lobular artery in a patient with anti-GBM glomerulonephritis and 
ANCA. Note the PAS-positive fibrinoid material in the vessel wall and the 
perivascular leukocyte infiltration with leukocytoclasia.

FIGURE 15.22 Necrotizing vasculitis affecting an arcuate artery 
in a patient with anti-GBM glomerulonephritis and ANCA. Note the 
fuchsinophilic (red) zone of fibrinoid necrosis. (Masson trichrome stain.)

FIGURE 15.23 Massive pulmonary intra-alveolar hemorrhage with 
a few hemosiderin-laden macrophages and scattered neutrophils in a 
patient with Goodpasture syndrome. (H&E.)

FIGURE 15.24 Linear immunofluorescence for IgG along the 
glomerular capillary walls in a patient with anti-GBM glomeru-
lonephritis. The tuft is displaced to one side of the Bowman space by a 
crescent that does not stain for IgG. (FITC anti-IgG.)

 immunofluorescence microscopy. Enzyme-linked immunosor-
bent assay (ELISA) testing for anti-GBM was positive in 87% 
but negative in 13%. This is similar to another North American 
cohort of 32 patients with typical  immunofluorescence 
 microscopy and light microscopy features of anti-GBM dis-
ease who were 84% positive and 16% negative for anti-GBM 
antibodies by standard ELISA (36). However, when multiple 
highly sensitive assays are used, approximately 95% of patients 
with typical pathologic and immunofluorescence microscopy 
features of anti-GBM disease have positive serology for α3 
chains of type IV collagen in at least one assay system although 
approximately 10% are negative in at least one assay (68). 
The serologically negative patients probably have CGN that 
is mediated by anti-GBM antibodies that are not detected in 

the standard ELISA, possibly because they had specificity for 
cryptic α3 chain determinants that were not displayed in the 
substrate (69) or had specificities for other GBM constituents, 
such as entactin (25).

Linear staining for IgM and IgA occurs, but is less com-
mon and rarely as intense as the staining for IgG (see Table 
15.6) (31,33,36,66). This staining usually is less than 1+ inten-
sity on a scale of 0 to 4+. However, rare patients with anti-GBM 
disease have linear glomerular staining only for IgA and have 
circulating IgA anti-GBM antibodies in the absence of IgG 
anti-GBM antibodies in the serum or deposited in glomeruli 
(36,70–74). In a series of 80 specimens, linear IgA-dominant 
staining was observed in one specimen (36). Borza et al. (72) 
reported an interesting patient with monoclonal IgA-kappa 
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anti-GBM antibodies that were specific for the α1/α2 chains 
of type IV collagen. This patient not only developed end-stage 
renal disease caused by anti-GBM disease but also developed 
recurrent crescentic glomerulonephritis and pulmonary hem-
orrhage after renal transplantation.

The predominant IgG subclass in glomeruli in anti-GBM 
glomerulonephritis is IgG3 (66). In a study of 46 patients, lin-
ear GBM deposits were positive for IgG3 in 100%, IgG2 in 

48%, IgG1 in 20%, and IgG4 in 15% (66). IgG3 also had the 
greatest average intensity. The subclass distribution of circulat-
ing anti-GBM antibodies is less restricted (66).

Although discontinuous linear or granular staining for 
C3 is observed in most specimens (see Fig. 15.26), glomerular 
staining for C3 is negative for some specimens. Wilson and 
Dixon (31) observed no glomerular staining for C3 in 4 of 22 
specimens. We observed C3 staining in 96% of specimens with 
anti-GBM glomerulonephritis; however, the intensity of stain-
ing usually is much less that for IgG (see Table 15.6), and the 
distribution may be segmental rather than global.

Foci of glomerular necrosis and cellular crescents have 
irregular staining for fibrin (Figs. 15.27 and 15.28). These foci 
correspond to the fuchsinophilic (red) material that is high-
lighted by Masson trichrome staining (see Figs. 15.10A and 
15.12). As crescents become fibrotic, they progressively lose 
staining for fibrin.

Linear staining of distal tubular basement membranes 
for IgG occurs in some patients with anti-GBM disease  
(Fig. 15.27). Tubular basement membrane staining typically is 
restricted to distal tubules that express the α3 chain of type IV 
collagen. For example, Lehman et al. (67) observed this in 79% 
of 47 patients, Andres et al. (62) in 50% of 18 patients, and 
Qu et al. (66) in 67% of 46 patients.

Rare specimens will have anti-GBM disease combined 
with another disease that has an additional distinctive pat-
tern of glomerular immunofluorescence staining. The most 
common concurrent process, other than ANCA disease, is 
membranous glomerulonephritis (75–80). Membranous glo-
merulonephritis can be confirmed by electron microscopic 
demonstration of numerous subepithelial electron-dense depos-
its (Fig. 15.28A). With concurrent anti-GBM and  membranous 

A B

FIGURE 15.25 These two levels of section of a glomerulus from a patient with anti-GBM glomerulonephritis show that at one level 
of section (A), only a minute fragment of GBM is staining and could be missed, resulting in a misdiagnosis of pauci-immune glomeru-
lonephritis, whereas at another level of section (B), more fragments of GBM with linear staining for IgG are observed. (FITC anti-IgG.)

FIGURE 15.26 Segmental low-intensity granular staining for C3 in 
the same specimen with anti-GBM glomerulonephritis illustrated 
in Figure 15.24. The tuft is displaced to the center of the Bowman space 
by a large circumferential crescent that does not stain for C3. (FITC anti-C3.)
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 glomerulonephritis, careful examination at high magnification 
reveals inner linear and outer granular staining (Fig. 15.28B). 
Both diseases may be present on the initial biopsy, or an initial 
process may show only one disease, usually anti-GBM disease, 
and a later biopsy shows concurrent disease.

Linear staining of glomerular and tubular basement mem-
branes for IgG and other plasma proteins, which may be very 
intense, is a frequent feature of diabetic glomerulosclerosis and is 
not indicative of anti-GBM antibodies. Nondiagnostic, low-level, 
linear IgG staining of GBMs is observed in older patients, espe-
cially those with arteriosclerosis, and it is accentuated in autopsy 
material. Fivush et al. (81) also observed linear GBM staining for 
IgA in patients who had no evidence for anti-GBM disease.

Direct immunofluorescence microscopy of lung tissue 
from patients with anti-GBM disease reveals linear to discontin-
uous linear staining of alveolar capillary basement membranes, 
predominantly for IgG (Fig. 15.29A), with less frequent, more 
granular, and lower-intensity staining for C3 (32,82). Alveolar 
spaces often contain masses of fibrin that stain intensely with 
antifibrin antibodies (Fig. 15.29B). Interpretation of lung 
immunofluorescence microscopy results is more difficult than 
for renal immunofluorescence because the pattern of IgG 
staining is more irregular and is scattered diffusely through 
the tissue, rather than showing the well-defined localization to 
glomerular and tubular basement membranes that is observed 
in the kidney. Lung tissue also has more autofluorescence and 
more nonspecific background staining caused by tissue and 
plasma immunoglobulin than kidney tissue.

Electron Microscopy
The characteristic ultrastructural features of anti-GBM glo-
merulonephritis are segmental necrosis and crescent forma-
tion in the acute phase and sclerosis in the chronic phase 
(32,36,56,65). The ultrastructural appearance of anti-GBM 
CGN is indistinguishable from that of pauci-immune CGN, 
but it differs from immune complex glomerulonephritis by the 
absence of any discernible glomerular immune complex–type 
electron-dense deposits, except in specimens with concurrent 
anti-GBM and immune complex disease.

During the acute phase, there often is focally and segmen-
tally variable endothelial swelling, mild lucent expansion of the 
subendothelial zone (lamina rara interna) (Fig. 15.30), rupture 
of GBMs (Figs. 15.31 and 15.32) and the Bowman capsule, 
focal effacement of epithelial foot processes, and accumula-
tion of epithelial cells and macrophages in the Bowman space. 
Neutrophils may be present, especially in and adjacent to sites 
of necrosis and at sites of capillary endothelial denudation. 
Any profile of GBM or Bowman capsule basement membrane 
that comes to an end (see Figs. 15.31 and 15.32) is indica-
tive of GBM rupture because the normal GBM is endless. The 
GBM extends uninterrupted around all the capillary loops 
and paramesangial regions, is continuous with the Bowman 
capsule at the hilum, and eventually transitions into the base-
ment membrane of the proximal tubule. The breaks in GBMs 
that are observed by transmission electron microscopy can be 
identified rather dramatically by scanning electron microscopy 
of isolated glomeruli that have had the cells removed by deter-
gents (83). Occasionally, neutrophils are identified in capillar-
ies, especially at sites where there is disruption of GBMs (see 
Fig. 15.32).

Electron-dense fibrin tactoids are found within capillary 
lumens at sites of thrombosis, in zones of fibrinoid necrosis, 
and between crescent cells in the Bowman space (Fig. 15.33). 
The fibrin tactoids are very electron dense, irregular, curvilin-
ear masses of polymerized fibrin that may have periodicity of 
approximately 10 nm. These accumulations of fibrin tactoids 
correspond to fuchsinophilic (red) deposits seen in Masson tri-
chrome stains (see Fig. 15.12) and areas of positive staining 
for fibrin by immunofluorescence microscopy (Figs. 15.34 and 
15.35).

The presence of immune complex–type electron-dense 
deposits in a patient with anti-GBM glomerulonephritis indi-
cates a concurrent immune complex glomerulonephritis. The 
form of immune complex glomerulonephritis that most often 
accompanies anti-GBM glomerulonephritis is membranous 
glomerulonephritis with numerous subepithelial dense depos-
its (75–80) (see Fig. 15.28). In patients who have membranous 
glomerulonephritis before the onset of anti-GBM disease, the 
pathogenic link may be release of immunogenic GBM antigens 

FIGURE 15.27 Linear immunofluorescence for IgG along distal tubular 
basement membranes in a patient with anti-GBM glomerulonephritis.

TABLE 15.6 Immunofluorescence microscopy findings in 58 patients with anti-GBM glomerulonephritis 
evaluated in the University of North Carolina Nephropathology Laboratory

 IgG IgA IgM Kappa Lambda C3 C1q

Percentage of specimens positive 100 39 55 100 100 96 10
Mean intensity when positive 3.4+ 0.9+ 0.8+ 2.9+ 2.5+ 1.6+ 0.7+
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by membranous glomerulonephritis that induce an anti-GBM 
immune response. Care should be taken not to misinterpret 
electron-dense fibrin tactoids at sites of necrosis or electron-
dense insudative lesions at sites of sclerosis as immune  complex–
type electron-dense deposits. If dense material at sites of severe 
injury suggests immune complex deposition, try to confirm 
this in the most structurally intact glomerular segments.

Unbanded collagenous matrix material progressively 
replaces foci of glomerular necrosis and the cellular elements 
of crescents as the glomerulonephritis evolves into a chronic 
phase. In more intact segments, GBMs become thickened and 
wrinkled and the mesangial matrix expands.

ETIOLOGY AND PATHOGENESIS
The pathogenesis of anti-GBM glomerulonephritis begins 
with the induction of the anti-GBM autoimmune response 
followed by the mediation of vascular inflammation. Although 
the initiation of the inflammatory process is different for 
 anti-GBM disease, immune complex disease, and ANCA 
disease, the pathogenic pathways eventually converge to a 
substantial degree with a final common pathway of injury  
(Fig. 15.36) that results in acute glomerular inflammation and 

crescent formation. The following review will first consider the 
development of CGN in general and then the events that are 
specific to anti-GBM glomerulonephritis. The pathogenesis of 
ANCA disease will be reviewed in detail in Chapter 16.

Mediation of Crescentic Glomerulonephritis
There has been controversy about the origin of the cells that 
constitute crescents. Some investigators have contended that 
the major cell type is epithelial, and others have argued that the 
major cell type is derived from monocytes. Part of the prob-
lem derives from the fact that the composition of crescents 
varies over time in a given disease (e.g., macrophages initially 
followed by epithelial cells and fibroblasts) and varies among 
pathogenetically different human diseases and experimental 
disease models. For example, crescents in immune complex–
mediated glomerulonephritis are composed predominantly of 
epithelial cells, whereas crescents in severe necrotizing anti-
GBM glomerulonephritis and ANCA glomerulonephritis, 
which have extensive disruption of the Bowman capsule, have 
a high content of macrophages (60,84).

Because of the histologic appearance of the cells within 
crescents, they were initially considered to be composed of 
epithelial cells (12–14). This conclusion is supported by elec-
tron microscopic evidence, which has demonstrated  distinctive 

FIGURE 15.28 A: Subepithelial electron-dense deposits (arrows) in a patient with concurrent membranous glomerulonephritis and 
anti–glomerular basement membrane glomerulonephritis (×9000). B: Double-contour capillary wall staining in the same patient. The 
inner linear staining is caused by anti–glomerular basement membrane antibodies bound to the glomerular basement membrane, and 
the outer finely granular staining is caused by the subepithelial deposits (arrows). (×1200.) (From Jennette JC, Lamanna RW, Burnette 
JP, et al. Concurrent anti–glomerular basement membrane antibody and immune complex mediated glomerulonephritis. Am J Clin 
Pathol 1982;78:381.)
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ultrastructural epithelial features such as cell junctions in cells 
within crescents and the absence of macrophage features such 
as distinctive lysosomes (58,85–87). Electron microscopy 
revealed an association between crescent formation and breaks 
in GBMs and documented the presence of fibrin within cres-
cents. Fibrin within crescents also has been observed by light 
microscopy and immunofluorescence microscopy (88).

Immunohistologic studies of human renal biopsy speci-
mens have confirmed the epithelial phenotype of most cells 
in some but not all mature cellular crescents (60,84,89–92), 
although even when epithelial cells predominate, at least a few 
cells are macrophages and other leukocytes (60,84,89,90,93). 
Even when monocytes and macrophages are not the major cell 
type comprising mature crescents, they probably are impor-
tant, if not necessary, for mediating crescent formation. In 
general, macrophages have accounted for a higher proportion 
of crescent cells in experimental animal models of CGN than 
in human CGN, particularly in experimental models of dis-
ease induced by anti-GBM antibodies. Crescents in patients 
with anti-GBM glomerulonephritis and ANCA glomerulone-
phritis, especially when there is extensive disruption of the 
Bowman capsule, have a higher proportion of macrophages 
than crescents in patients with immune complex glomeru-
lonephritis, which usually has little or no disruption of the 
Bowman capsule (60,84). For example, in an immunohisto-
logic study of human CGN by Boucher et al. (84), 55% to 
95% of crescent cells were epithelial cells when the Bowman 
capsule was intact. When the Bowman capsule was ruptured, 

epithelial cells were outnumbered by mononuclear leuko-
cytes, especially macrophages. Glomeruli in patients with 
CGN who have extensive disruption of the Bowman capsule 
also are more likely to have a periglomerular granulomatous 
reaction (59,94).

One of the earliest detailed hypotheses about the patho-
genesis of crescent formation was formulated by Arnold Rich 
in the 1950s (95). He proposed that crescents resulted from 
the proliferation of glomerular capsular epithelial cells into 
clotted blood within the Bowman space. Fibrin often can be 
demonstrated between the cells of crescents by immunofluo-
rescence microscopy (see Fig. 15.35). Prevention of crescent 
formation in experimental models of CGN by anticoagulation 
and defibrinogenation using pit viper venom, streptokinase, 
or tissue plasminogen activator has supported the importance 
of fibrin in the morphogenesis of crescents (96–99). Within 
the Bowman capsule, fibrin probably acts as a scaffolding and 
stimulus for the proliferation of epithelial cells, as it does at 
sites of wound healing. The absence of fibrin in the Bowman 
space may prevent crescent formation because of the absence 
of supporting and mitogenic effects. Prevention of crescent 
formation, however, does not reduce inflammatory injury to 
glomerular capillaries, because crescent formation is a manifes-
tation rather than a cause of glomerular inflammation.

The ubiquitous presence of fibrin in the Bowman space in 
CGN indicates that there has been a breach of capillary integ-
rity that has allowed plasma proteins, including coagulation 
proteins, to enter the Bowman space. As a result of destructive 

FIGURE 15.29 Linear immunofluorescence for IgG along pulmonary alveolar capillary basement membranes in a patient with 
Goodpasture syndrome (A) and irregular intra-alveolar staining for fibrin in the lung of the same patient (B).
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inflammation, the coagulation proteins contact procoagulant, 
or thrombogenic, surfaces and molecules, such as those gener-
ated by tissue necrosis (e.g., collagen fragments) and activated 
cells (e.g., epithelial cells, monocytes, macrophages) includ-
ing tissue factor (100–104). Epithelial cells and macrophages 
release procoagulant tissue factors (102–104). Once fibrin 
polymerizes within the Bowman space, it is not removed as 
efficiently by fibrinolytic mechanisms as is fibrin in vascular 
thrombi, and it persists and participates in crescent formation 
(104,105).

The presence of fibrin in the Bowman space is an effector 
of crescent formation and a marker that other molecular and 
cellular inflammatory mediator systems have been activated 
within the Bowman space. These activated molecular and cel-
lular mediator systems generate factors that stimulate epithe-
lial proliferation, such as thrombin generated by coagulation 
(106) and growth factor cytokines released by  monocytes and 
platelets (107). Cytokines, such as epidermal growth factor,  
interleukin-1, and interleukin-2, probably play a role in orches-
trating crescent formation and evolution (107–111). The epi-
thelial cells within crescents form a relatively cohesive mass by 
interactions between up-regulated surface membrane adhesion 
molecules, such as integrins and immunoglobulin superfamily 
adhesion molecules (112,113).

Transmission (see Figs. 15.31 and 15.32) and scanning 
(83) electron microscopy (see Fig. 15.31) have demonstrated 
that CGN has holes in the GBMs. These holes probably are the 
doorways for molecular and cellular inflammatory mediators to 
enter the Bowman space, resulting in stimulation of epithelial 
proliferation. In severe necrotizing glomerulonephritis, which 
occurs most often with anti-GBM glomerulonephritis and 
ANCA glomerulonephritis, gaps in the Bowman capsule can 
allow leukocytes, especially macrophages, to enter the Bowman 
space from the interstitium. Perforation of the Bowman cap-
sule may be caused by leukocytes within the Bowman space 
and by periglomerular inflammatory cells (114).

Activated neutrophils and monocytes are the likely cul-
prits for causing the perforations through GBMs and the 
Bowman capsule that are associated with crescent formation. 
Proinflammatory and injurious factors generated by acti-
vated neutrophils and monocytes include granule enzymes  
(e.g., elastase, collagenase, proteinase 3, cathepsins, myeloper-
oxidase), oxygen metabolites (e.g., superoxide, hydroxyl radi-
cal, hydrogen peroxide, hypochlorous acid), lipid metabolites 
(e.g., eicosanoids, platelet-activating factor), and cytokines 
(e.g., interleukin-1, interleukin-8, tumor necrosis factor, trans-
forming growth factor–β) (115,116). Proteinases such as elas-
tase, cathepsin G, PR3, and collagenase can digest basement 

FIGURE 15.30 Electron micrograph of tissue from a patient with 
Goodpasture syndrome. No electron-dense immune deposits are seen, 
but there is an electron-lucent zone on the endothelial side of the glomeru-
lar basement membrane. (×10,000.) (Courtesy of Dr. T. Antonovych, Armed 
Forces Institute of Pathology, Washington, DC.)

FIGURE 15.31 Glomerular basement membrane from a patient 
with Goodpasture syndrome showing a break in the continuity 
between the two arrows. (×10,000.) (Courtesy of Dr. T. Antonovych, 
Armed Forces Institute of Pathology, Washington, DC.)
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membranes in glomerular capillaries and the Bowman capsule. 
This is facilitated by inactivation of antiproteinases by oxygen 
metabolites.

Over time, cellular crescents resolve through apoptosis 
or evolve into fibrocellular and fibrotic (see Figs. 15.16 and 
15.17) crescents (87,107,112,117,118). This process involves 
collagen synthesis by epithelial cells (119) and, in some 
patients, collagen synthesis by fibroblasts that infiltrate from 
the periglomerular interstitium through gaps in the Bowman 
capsule (120,121). In CGN, fibronectin, initially derived 
from the plasma but later from epithelial cells, appears to be 
an important fibroblast chemotactic factor (117), and trans-
forming growth factor–β enhances collagen production and 
fibrosis (107,112,122,123). Type IV collagen, laminin, fibro-
nectin, and thrombospondin are matrix materials in crescents 
that are produced by epithelial cells (124,125), and type I 
and type III collagen are matrix materials produced by fibro-
blasts from the interstitium (120,121). Transforming growth 
factor–β enhances fibrosis and inhibits epithelial proliferation, 
promoting transformation of epithelial crescents to fibrous 
crescents (107). As the fibrosis develops, the epithelial cells are 
removed by apoptosis (118). Macrophages play a major role 

in  orchestrating the progression from acute inflammatory to 
chronic sclerosing glomerular lesions (126).

For neutrophils and monocytes to attack and perforate glo-
merular capillary walls during the initiation phase of CGN, the 
stereotypic sequence of events that mediates all forms of acute 
microvascular inflammation must be initiated. This involves 
leukocyte adhesion to glomerular capillary followed by activa-
tion with release of injurious products that disrupt the capil-
lary walls (116). Many different pathogenic mechanisms share 
this final common pathway of microvascular injury. The three 
major factors that initiate this final common pathway of injury 
in patients with CGN are anti-GBM antibodies, immune 
complexes, and ANCA.

Etiology and Pathogenesis of Anti-GBM Disease
In 1967, Lerner et al. (10) reported that the serum of kid-
neys of patients with Goodpasture syndrome and of some 
patients with CGN without pulmonary hemorrhage con-
tained antibodies that reacted with the GBM of humans 
and animals. They also demonstrated that these anti-GBM 
antibodies caused glomerulonephritis when injected into 
monkeys (10).

FIGURE 15.32 Electron micrograph of a glomerulus from a patient with anti-GBM glomerulonephritis demonstrating a 
break in the glomerular basement membrane (between curved arrows). A neutrophil (N) with two nuclear lobes is in the gap 
between the GBM ends. (×6000.)
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Even before the pathogenic potential of anti-GBM anti-
bodies was recognized in humans, it had been documented in 
experimental animals (124–128). The pathologic and experi-
mental data support a pathogenic mechanism that entails 
binding of anti-GBM antibodies to the NC1 domain of type 
IV collagen in GBMs, activation of complement, recruitment 
of neutrophils and monocytes, destruction of glomerular capil-
lary walls, and initiation of the final common pathway of cres-
cent formation that was reviewed earlier.

The pathogenicity of anti-GBM antibodies is illustrated 
in experimental models and in patients with Alport hereditary 
nephritis who develop anti-GBM glomerulonephritis in trans-
planted kidneys (129–132). The allografts express an antigen 
that is not expressed in the defective GBMs of Alport patients 
(54,55). These patients have a mutation in the genes for α3, 
α4, or α5 chain of type IV collagen. No matter which chain 
is defective, the whole type IV collagen molecule cannot be 
assembled, and thus the anti-GBM epitope on the α3 chain is 
not displayed to the immune system (54,55). The transplant 
recipient develops antibodies to this “foreign” GBM antigen 
(alloantigen); the antibodies bind to the GBMs of the renal 
allograft and induce glomerulonephritis. This is compel-
ling evidence for the pathogenicity of an anti-GBM immune 
response. However, only a few hereditary nephritis patients 
who receive renal transplants develop anti-GBM disease in 
the allograft, which suggests that a genetic  susceptibility must 

exist to allow the development of the anti-GBM immune 
response. The anti-GBM antibodies that develop in trans-
planted patients with hereditary nephritis are accessible on 
the surface of type IV collagen, whereas those in patients with 
spontaneous anti-GBM disease are cryptic epitopes that are 
inaccessible to binding to anti-GBM antibodies (55). This sug-
gests that some synergistic pathogenic process must alter the 
GBM to allow the development of anti-GBM disease.

The search for the target antigen of the anti-GBM anti-
bodies was progressively narrowed to the α3 chain in the 
C-terminal noncollagenous globular domain of type IV col-
lagen (α3NCI) (54,133–137) and to a lesser degree, on the 
α5NC1 (55). In patients with anti-GBM disease, approxi-
mately 1% of total IgG is anti-NC1 antibodies, and 90% 
of these antibodies are specific for α3NC1 chains, although 
80% of patients have low levels of antibodies to other α chains 
(136). The target antigen of anti-GBM is in the kidney, in the 
lung, and in several other tissues, such as the choroid plexus 
and eye (138).

Collagen type IV has a lattice-like structure composed of 
triple helices of α3, α4, and α5 collagen chains, terminating in 
short globular noncollagenous domains (NC1 and NC2). The 
αNCI epitopes are sequestered within the cross-linked struc-
ture of the collagen and are not available to initiate an immune 
response or interact with anti-GBM autoantibodies and thus 
are cryptic epitopes. A pathogenic event, such as disruption of a 

FIGURE 15.33 Capillary lumen containing electron-dense fibrin in a patient with anti–glomerular basement membrane 
crescentic glomerulonephritis. There are also accumulations of fibrin in the Bowman space between the epithelial cells of a 
crescent. (×5000.)
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molecular bond, is required to produce a modified conformation 
(conformer) that incites the autoimmune response and allows 
binding of the autoantibodies and initiation of pathogenic 
events. Anti-GBM disease thus is a “conformeropathy” (55).

Although autoantibodies against conformational collagen 
IV epitopes clearly are very important in pathogenesis, patients 
with anti-GBM disease also appear to have antibodies directed 
against linear type IV collagen epitopes (139).

The pathogenic importance of an alteration in the qua-
ternary conformation of type IV collagen is consistent with 
the observation that certain environmental factors are associ-
ated with risk for anti-GBM disease. A role for hydrocarbons 
in the induction of anti-GBM disease is suggested by patients 
in whom an intense exposure to hydrocarbons, such as glue 
or solvent sniffing, is accompanied by the development of   

anti-GBM disease (42–44). This finding raises the pos-
sibility that the solvents expose or alter type IV collagen in 
GBMs resulting in the exposure of cryptic epitopes, causing 
an immune response to the previously sequestered antigens 
and accessibility to binding by pathogenic autoantibodies 
(54,55). The antigen specificity is identical in patients with 
Goodpasture syndrome compared with those with anti-GBM 
glomerulonephritis without associated pulmonary hemorrhage 
or pulmonary hemorrhage without glomerulonephritis (6). 
Factors other than the antigen specificity of the autoantibodies 
therefore must be responsible for these different phenotypes of 
anti-GBM disease. Hydrocarbon exposure and cigarette smok-
ing may influence the development of pulmonary involvement 
(38,43,140,141). In an analysis of 51 patients with anti-GBM 
disease by Donaghy and Rees (141), all 37 patients who 
smoked cigarettes had pulmonary and renal disease, but only 
2 of 10 nonsmokers had pulmonary involvement. This suggests 
that hydrocarbons or some other noxious component of the 
smoke predisposed the lung tissue to attack by the anti-GBM 
antibodies. Once again, a possible mechanism is damage to 
alveolar capillary basement membranes, for example, by toxic 
oxygen radicals, resulting in the exposure of pathogenic cryptic 
epitopes. Alternatively, injury to pneumocytes could result in 
production of altered basement membranes or greater access to 
basement membranes by autoantibodies in the plasma.

An association between extracorporeal shock wave litho-
tripsy and anti-GBM disease is rare but intriguing (142,143). 
Conceptually, shock waves could disrupt the GBM collagen to 
produce the pathogenic conformers.

Conceptually, anti-GBM antibodies must be present 
prior to the onset of anti-GBM disease. In fact, many healthy 
individuals appear to have low titers of natural anti-GBM 
autoantibodies that can only be detected by highly sensitive 
analytical methods (144). Another study demonstrated preex-
isting antibodies in patients who developed anti-GBM disease 
(145). Serum samples from the Department of Defense Serum 
Repository from 30 patients prior to the onset of anti-GBM 
disease and from 30 matched healthy controls were tested for 
anti-GBM antibodies. Low levels of anti-GBM antibodies were 
detected in at least one serum sample prior to disease onset in 
70% of anti-GBM patients versus 17% of controls (P < 0.001). 
Only anti-GBM patients had detectable anti-GBM levels in 
multiple samples before diagnosis (50% vs. 0%, P < 0.001). 
The shift from nonpathogenic to pathogenic anti-GBM anti-
bodies may result from a qualitative or quantitative shift from 
preexisting natural to pathogenic autoantibodies.

Genetic factors appear to play a role in susceptibility to 
anti-GBM disease. This is supported by the strong association 
between anti-GBM disease and DR and DQ human leuko-
cyte antigens, including in the patients who develop anti-GBM 
disease following lithotripsy (146–148). This association sug-
gests a role for antigen-specific T cells in either the immu-
nogenesis or the pathogenesis of anti-GBM disease, or both. 
HLA-DRB1*1501 is strongly associated with anti-GBM dis-
ease (147,148). In Chinese patients, the combined presence of 
DRB1*1501 and absence of DPB1*0401 might have an even 
higher risk to anti-GBM disease than HLA-DRB1*1501 alone 
(148) suggesting a protective effect by DPB1*0401.

There is evidence that T lymphocytes and macrophages 
are involved in the induction and mediation of anti-GBM dis-
ease (149–152). Peripheral CD4+ T cells in anti-GBM patients 

FIGURE 15.34 Segmental irregular immunofluorescence staining for 
fibrin in a patient with anti-GBM glomerulonephritis corresponding to foci 
of segmental necrosis and early crescent formation. (FITC antifibrin.)

FIGURE 15.35 Irregular immunofluorescence staining for fibrin in a large 
circumferential crescent in a patient with anti-GBM CGN. (FITC antifibrin.)
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FIGURE 15.36 The initiation of vascular inflammation by anti-GBM 
antibodies (A), immune complexes (B), and ANCA (C) is different 
although each leads to a final common pathway of vascular inflamma-
tion. A: Anti-GBM antibodies bind to specific epitopes on the α3 and α5 chains 
of type IV collagen and incite inflammation. Both activation of complement and 
engagement of activating Fc receptors on leukocytes (especially monocytes and 
neutrophils) are required to induce anti-GBM antibody–mediated acute inflam-
mation. B: Immune complex–mediated vascular inflammation results from sub-
stantial accumulation (by deposition or in situ formation) of pathogenic immune 
complexes in vessel walls where they induce inflammation by activation of 
complement and engagement of activating Fc receptors. C: ANCA-mediated 
vascular inflammation involves direct interaction of the pathogenic autoanti-
bodies with leukocytes and accumulation of a paucity (but not absence) of anti-
bodies and complement components in vessel walls. Proinflammatory cytokines 
prime neutrophils to display enough autoantigens (MPO or PR3) at the cell sur-
face to allow interaction with ANCA followed by activation of neutrophils (and 
monocytes) by Fab′2 and Fc receptor engagement at the leukocyte cell surface. 
Activated neutrophils release factors that activate the alternative complement 
pathway with production of C5a that is chemotactic for more neutrophils, primes 
neutrophils for more activation by ANCA, and feeds the alternative complement 
pathway inflammatory amplification loop. C
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are responsive to the same autoantigen of α3NC1 that is the 
target for anti-GBM antibodies (151). Because the anti-GBM 
immune response is predominantly IgG, T-cell help must be 
involved for the shift to γ heavy-chain usage. T lymphocytes are 
found at sites of glomerulonephritis, but this could be owing to 
the recruitment of T cells with no specificity for GBM as part 
of the innate inflammatory response to injury. A more direct 
role is suggested by experimental models of anti-GBM disease 
in which T lymphocytes seem to be critically important for 
induction of injury (150–166).

Animal models have helped elucidate pathogenetic 
mechanisms involved in anti-GBM disease. Many species 
have been used, but mice and rats have been used most often 
(152–167). Nephrotoxic models are induced by intravenous 
injection of anti-GBM antibodies (nephrotoxic antibodies) 
from one species (e.g., rabbits or sheep) into another species 
(e.g., rats or mice) causing two phases of glomerular injury. 
The first phase (the heterologous phase) is transient and is the 
direct effect of the heterologous anti-GBM antibodies bind-
ing to the GBM. The second phase (the autologous phase) is 
the result of production of antibodies in the recipient  animal 

against the foreign anti-GBM antibodies. These  antibodies 
bind to the foreign anti-GBM antibodies that already are 
planted in the glomerular capillary walls. Thus, the secondary 
autologous phase is more like immune complex disease than 
human anti-GBM disease. Although this difference between 
human anti-GBM glomerulonephritis and glomerulonephri-
tis induced by heterologous anti-GBM antibodies must be 
kept in mind, this model is a useful tool for investigating the 
role of various inflammatory mediators in the induction of 
glomerulonephritis.

Mice that are deficient in C3 and C4 are protected from 
the development of glomerulonephritis after injection of heter-
ologous anti-GBM, suggesting an important role for both the 
classic and the alternative complement pathway activation in 
this model (161). In accord with this animal model observa-
tion, there is evidence for complement activation in patients 
with active anti-GBM disease (167). Although plasma C3 and 
C4 levels are normal, levels of C5a and SC5b-9 were increased 
in plasma in 15% and 30% of patients respectively, and they 
were increased in urine from almost all patients (100% and 
92%). The levels of plasma SC5b-9 and urinary C5a were 
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positively correlated with the serum creatinine at presentation  
(P = 0.01, P = 0.02, respectively) and the percentage of 
 glomerular crescents (P = 0.005; P = 0.005, respectively) (168).

Once IgG binds to antigen, the Fc region can engage Fc 
receptors on leukocytes, resulting in stimulation or inhibition 
of inflammatory events. The absence of the IgG Fc receptors 
that cause activation of inflammation when engaged (i.e., 
Fc gamma RIII) results in less severe anti-GBM antibody– 
mediated disease in mice, whereas the absence of IgG Fc recep-
tors that cause inhibition of inflammation when engaged (i.e., 
Fc gamma RIIb) leads to more severe disease (162–164). This 
exacerbation is the result of the absence of FcgRIIb on myeloid 
cells and results in more glomerular neutrophils and crescents 
in nephrotoxic nephritis (164).

In some respects, the nephrotoxic model, especially in 
the autologous phase, is more analogous to immune complex 
disease than to anti-GBM disease. Alternative models of anti-
GBM disease have been developed using direct immuniza-
tion of mice and rats with GBM antigens. For example, Sado 
et al. (165,166) and Kohda et al. (167) have induced anti-
GBM glomerulonephritis and pulmonary hemorrhage in rats 
immunized with bovine GBM. Anti-GBM glomerulonephritis 
could be induced by the passive transfer of anti-GBM anti-
bodies from immunized to naïve rats, supporting the ability 
of antibody alone to cause CGN (166). Anti-GBM glomeru-
lonephritis and pulmonary hemorrhage have been induced in 
rats by injection of monoclonal anti-GBM antibodies (167). 
These studies also demonstrated that the severity of renal and 
pulmonary disease was dependent on the titer and subclass of 
nephritogenic anti-GBM antibodies.

Kalluri et al. (155) and Hopfer et al. (154) induced anti-
GBM glomerulonephritis by immunizing susceptible strains 
of mice with the noncollagenous domain of the α3 chain of 
type IV collagen. Lymphocytes or anti-GBM antibodies were 
harvested from mice that developed glomerulonephritis and 
were transferred into syngeneic recipient mice. Transfer of both 
antibodies and T cells resulted in glomerulonephritis; however, 
transfer of the anti-GBM antibodies alone failed to cause glo-
merulonephritis. These observations suggest that anti-GBM 
antibodies required assistance from T lymphocytes to induce 
disease (155). This may be related to the production by the 
activated T cells of cytokines that augment the inflammatory 
events (154).

Wu et al. (152,153) have reported even more compel-
ling evidence for the involvement of T cells in the induction 
of anti-GBM glomerulonephritis in experimental animals. 
They immunized rats with a synthetic peptide for the noncol-
lagenous domain (NC1) or the α3 chain of type IV collagen. 
They generated from these immunized rats a CD4+ T-cell line 
with specificity for this antigen, which thus had anti-GBM 
specificity. They injected these anti-GBM–specific T cells into 
unimmunized rats and observed the development of glomeru-
lonephritis with crescents but no immunoglobulin deposits 
(152). Thus, at least in this animal model, T cells with specific-
ity for GBM antigens appear to be nephritogenic. Wu et al. 
(153) also were able to induce severe CGN by immunizing 
rats with a synthetic peptide that represented a single T-cell 
epitope.

Even though some effector T cells may be involved in 
mediating or facilitating anti-GBM injury, other regulatory 

T cells may be able to suppress the development of  anti-GBM 
disease. Wolf et al. (157) have provided evidence for this in 
a mouse model of accelerated anti-GBM glomerulonephritis 
that was induced by injecting rabbit anti-GBM into mice 
that had been immunized against rabbit IgG. Mice that 
receive regulatory CD4+/CD25+ T cells during the immu-
nization with rabbit IgG but before the injection of anti-
GBM developed less severe disease than mice that received 
CD4+/CD25− T cells. This observation suggests that regula-
tory T cells are involved in maintaining tolerance for GBM 
antigens and that a disturbance in regulatory T cells may 
be involved in the induction of the anti-GBM autoimmune 
response. The relevance of this experimental animal obser-
vation to human disease is supported by the observation 
of Salama et al. (156) that a population of CD25+ T cells 
emerges in patients following acute anti-GBM disease and is 
able to diminish the responsiveness of GBM-specific effector 
T cells.

DIFFERENTIAL DIAGNOSIS
The two major clinical presentations for anti-GBM disease are 
pulmonary-renal syndrome and rapidly progressive glomeru-
lonephritis without pulmonary hemorrhage. Isolated pulmo-
nary hemorrhage is a much less common presentation. The 
differential diagnosis for pulmonary-renal vasculitic syndrome 
is analogous to that for CGN and includes anti-GBM disease 
(Goodpasture syndrome), immune complex disease, and pauci-
immune disease (169). Goodpasture syndrome accounts for 
only a minority of patients with a presentation of concurrent 
pulmonary hemorrhage and rapidly progressive glomerulone-
phritis. For example, in a study of 88 patients with pulmo-
nary-renal vasculitic syndrome by Niles et al. (169), 55% had 
ANCA without anti-GBM antibodies, 7% had anti-GBM 
without ANCA, and 8% had ANCA and anti-GBM antibod-
ies. The proportion of patients with anti-GBM antibodies who 
also have ANCA varies among series, but it is approximately 
one third (47–49). Immune complex–mediated pulmonary-
renal syndrome is a very rare manifestation of a number of 
systemic immune complex diseases, including systemic lupus 
erythematosus, Henoch-Schönlein purpura, and cryoglobuli-
nemia. Pathologic evaluation of renal biopsy specimens is usu-
ally much more definitive than lung biopsy in distinguishing 
among the various causes of pulmonary-renal syndrome.

Anti-GBM CGN must be distinguished from immune 
complex CGN and ANCA-CGN. Of course, immunohistol-
ogy is a better means for resolving this differential diagnosis, 
but findings by light microscopy can indicate the most likely 
diagnosis. The light microscopic appearance of the glomeru-
lar tufts in immune complex CGN is dictated by the underly-
ing type of immune complex glomerulonephritis. Histologic 
examination of relatively intact glomeruli or glomerular seg-
ments may suggest that the glomerulonephritis is immune 
complex mediated and suggest what type of immune complex 
glomerulonephritis is most likely. For example, IgA nephropa-
thy and lupus nephritis usually have focal to diffuse glomeru-
lar hypercellularity with variable thickening of capillary walls; 
poststreptococcal glomerulonephritis has marked diffuse global 
endocapillary hypercellularity with conspicuous  neutrophils; 
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 membranoproliferative glomerulonephritis has lobular accen-
tuation with thickening of capillary walls and marked mesangial 
expansion and subendothelial interposition; and membranous 
glomerulonephritis has thick capillary walls with little or no 
endocapillary hypercellularity. There is a greater degree of 
glomerular tuft necrosis in crescentic immune complex glo-
merulonephritis than in immune complex glomerulonephritis 
without crescents; however, immune complex CGN only very 
rarely has as much fibrinoid necrosis as is typically observed 
in active anti-GBM and ANCA glomerulonephritis. In other 
words, the glomerular hypercellularity and thickening of capil-
lary walls that are characteristic of immune complex CGN are 
more pronounced than in anti-GBM CGN and ANCA-CGN, 
whereas glomerular fibrinoid necrosis is more pronounced in 
anti-GBM CGN and ANCA-CGN than in immune complex 
glomerulonephritis (see Table 15.2) (18).

The crescents of immune complex glomerulonephritis 
tend to be more compact and demarcated by an intact Bowman 
capsule, whereas those of anti-GBM and ANCA glomerulo-
nephritis tend to be disorderly because of disruption of the 
Bowman capsule (59). The disruption of the Bowman capsule 
also results in more conspicuous periglomerular inflammation 
in anti-GBM and ANCA-CGN compared with immune com-
plex CGN. The cellular crescents of immune complex CGN 
may evolve into fibrocellular crescents and fibrotic crescents.

Linear GBM staining for immunoglobulin also occurs in 
diabetic glomerulosclerosis and monoclonal immunoglobulin 
deposition disease; however, these diseases have diagnostic clini-
cal manifestations and characteristic pathologic findings that 
readily distinguish them from anti-GBM disease. Pathologically, 
both have nodular sclerosing glomerular lesions rather than nec-
rotizing and CGN. A rare differential consideration is a nodu-
lar sclerosing glomerular lesion with intense polyclonal GBM 
staining in patients who have no diabetes and lack circulating 
autoantibodies to type IV collagen α3NCI. These patients may 
have an autoantibody against other GBM constituents.

CLINICAL COURSE, PROGNOSIS, THERAPY, 
AND CLINICOPATHOLOGIC CORRELATIONS
Anti-GBM glomerulonephritis, whether it is a compo-
nent of Goodpasture syndrome or occurs alone, is almost 
always an aggressive disease that requires rapid institution of 
intense immunosuppressive therapy for optimum outcome 
(19,34,37,170–173). Treatment typically includes high-dose 
corticosteroids, cytotoxic drugs, and plasma exchange (apher-
esis). Unlike many autoimmune diseases, anti-GBM disease, 
with rare exceptions, has one major episode rather than a 
relapsing and remitting course. Anti-GBM antibodies become 
undetectable within months of institution of therapy and, even 
without therapy, disappear after several years (156).

In a study from China of 221 anti-GBM patients, the 
addition of plasmapheresis to treatment with corticosteroids 
and cyclophosphamide had an overall beneficial effect on both 
patient survival (HR for patient mortality, 0.31; P = 0.001) 
and renal survival (HR for renal failure, 0.60; P = 0.032), par-
ticularly patient survival for those with Goodpasture syndrome 
(HR for patient mortality, 0.29; P = 0.004) and renal survival 
for those with anti-GBM nephritis with initial serum creatinine 
over 6.8 mg/dL (HR for renal failure, 0.52; P = 0.014) (37).

The role of targeted B-cell therapy (e.g., anti-CD20 
monoclonal antibody) in anti-GBM disease has not been well 
defined, but anecdotal reports suggest a possible role (174).

The severity of renal injury and the serum creatinine at 
the time treatment is begun are the best predictors of outcome 
(37,171,173). In a study of 71 patients with anti-GBM glo-
merulonephritis who were treated with prednisolone, cyclo-
phosphamide, and plasma exchange (173), patients with initial 
creatinine level less than 5.7 mg/dL had 95% renal survival and 
100% patient survival at 1 year. Patients with creatinine levels 
greater than 5.7 mg/dL and not requiring dialysis at the time of 
presentation had renal and patient survival of 82% and 83% at 
1 year. Patients who required dialysis at presentation had renal 
and patient survival of 8% and 65% at 1 year.

Segelmark et al. (35) correlated clinical outcome with anti-
GBM titer and affinity in 79 patients with anti-GBM disease. 
Better renal survival correlated with lower titers of anti-GBM 
antibodies and a lower proportion of antibodies with specific-
ity for an immunodominant GBM epitope. In a subset of 57 
patients with renal biopsy data available, serum creatinine was 
greater than 600 mol/L (6.8 mg/dL) at the time of biopsy in 
100% of 25 patients who had more than 80% crescents com-
pared with 41% of patients with less than 80% crescents.

Anti-GBM glomerulonephritis has a worse prognosis 
than immune complex glomerulonephritis or pauci-immune 
(ANCA) glomerulonephritis. Surprisingly, in one study, a 
patient with anti-GBM disease who has a positive ANCA has 
a better prognosis than an anti-GBM patient with a negative 
ANCA (47). This is consistent with the pathologic findings at 
the time of presentation as indicated in Table 15.5. Patients 
who were anti-GBM–positive and ANCA-negative had cres-
cents in an average of 84% of glomeruli, whereas patients who 
were positive for both anti-GBM and ANCA had crescents in 
an average of 67% of glomeruli. However, this still was worse 
than patients who were ANCA positive but anti-GBM nega-
tive who had crescents in less than 50% of glomeruli. Rutgers 
et al. (45) reported similar results with an average of 72% of 
glomeruli with crescents in patients who had anti-GBM with-
out ANCA, 58% in patients who had anti-GBM and ANCA, 
and 45% in patients who had ANCA without anti-GBM. The 
respective renal survival at 1 year in their three groups was 15%, 
10%, and 65%. Thus, they did not observe the same inter-
mediate survival for concurrent anti-GBM and ANCA disease 
that was reported by Bosch et al. (47) but rather observed that 
anti-GBM disease with ANCA had an outcome more like that 
of anti-GBM alone and significantly worse than ANCA disease 
alone (45).

Once the initial episode of acute injury enters remission, 
recurrence of active disease is uncommon but may occur even 
many years later (156,175–178). Anti-GBM glomerulonephri-
tis can recur in renal allografts (179), but this is uncommon 
if transplantation is delayed until anti-GBM antibodies are 
undetectable in serum.

There is general agreement that renal outcome is best if 
treatment is started before patients are dialysis dependent and 
before the serum creatinine is 5 mg/dL or higher (34,171,173). 
Some studies have found a correlation between the degree of 
crescent formation and renal outcome (34,171,180), but oth-
ers have not (181). In a study of 40 patients with anti-GBM 
disease by Daly et al. (34), the odds ratio for needing dial-
ysis for a 10% increase in crescent formation was 1.8 ± 1.3  
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(P = 0.02), which further substantiates the critical impor-
tance of timely diagnosis and timely institution of appropri-
ate immunosuppressive therapy. In a retrospective study of 29 
patients with anti-GBM disease, Herody et al. (180) concluded 
that predictors of poor outcome included a high serum cre-
atinine, oliguria, absence of normal glomeruli on renal biopsy, 
high percentage of circumferential cellular crescents, and high 
titer of circulating anti-GBM antibodies. Some histologi-
cally normal glomeruli were present in 100% of patients with 
a good renal outcome compared with only 10% of patients 
with a poor renal outcome. Circumferential cellular crescents 
affected a mean of 15% of glomeruli in patients with a good 
renal outcome compared with 81% of glomeruli in patients 
with a poor renal outcome.
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A landmark publication in 1979 by Stilmant et al. (1) reported 
that many if not most patients with crescentic glomerulone-
phritis did not have evidence for anti–glomerular basement 
membrane (anti-GBM) antibodies or immune complexes in 
glomeruli. Of 46 patients with crescentic glomerulonephri-
tis, 16 (35%) had no substantial glomerular immunoglobulin 
deposits, 10 (22%) had linear IgG deposits indicative of anti-
GBM disease, 19 (41%) had immune complex disease, and 
1 had malignant hypertension (1). This category of crescentic 
glomerulonephritis with no evidence for mediation by anti-
GBM antibodies or deposited immune complexes has been 
called idiopathic crescentic glomerulonephritis or primary cres-
centic glomerulonephritis; however, the most widely used term 
currently is pauci-immune crescentic glomerulonephritis, which 
is based on the paucity of glomerular staining for immuno-
globulins. Pauci-immune crescentic glomerulonephritis occurs 
as a renal-limited disease and as a component of systemic nec-
rotizing small-vessel vasculitis (2–8). In fact, most patients 
with pauci-immune crescentic glomerulonephritis have at least 

some constitutional signs and symptoms that raise the possibil-
ity of systemic vasculitis, and approximately 75% have overt 
evidence for systemic vasculitis. Some have advocated calling it 
renal-limited vasculitis (RLV) because the glomerular lesion in 
patients with necrotizing small-vessel vasculitis, such as micro-
scopic polyangiitis (MPA) and granulomatosis with polyangi-
itis (GPA; Wegener granulomatosis), is indistinguishable from 
that seen in patients with pauci-immune crescentic glomerulo-
nephritis in the absence of systemic vasculitis (4,5).

In 1988, Falk and Jennette (6) demonstrated that most 
patients with pauci-immune crescentic glomerulonephritis 
have antineutrophil cytoplasmic autoantibodies (ANCA), 
including patients with and without systemic vasculitis (6). 
This has been confirmed by many investigators (2,5,7–13). 
Approximately 85% to 95% of patients with active untreated 
pauci-immune crescentic glomerulonephritis are found to be 
ANCA positive (11,13–20). Crescentic glomerulonephritis 
that is not associated with ANCA and does not have evidence 
for immune complex or anti-GBM mediation is rare and 
accounts for no more than 5% of all crescentic glomerulone-
phritis (5,21).

Pauci-immune crescentic glomerulonephritis (i.e., ANCA 
crescentic glomerulonephritis) is the most common cause of 
crescentic glomerulonephritis (i.e., with crescents in 50% or 
more of glomeruli) (Fig. 16.1) (7,21,22). Pauci-immune cres-
centic glomerulonephritis is most prevalent in older patients. 
For example, pauci-immune crescentic glomerulonephritis was 
the category of crescentic glomerulonephritis found in 79% 
(201 of 256) of patients older than 60 years of age, compared 
with 48% (145 of 303) of patients 21 to 60 years old and 42% 
(31 of 73) of patients younger than 21 years of age (21). Most 
patients with pauci-immune crescentic glomerulonephritis are 
ANCA positive, and approximately 90% of ANCA-positive 
patients who have glomerulonephritis have crescent formation 
(21). The pathologic and clinical features of disease, including 
the association with systemic vasculitis, are similar in patients 
with pauci-immune crescentic glomerulonephritis who are 

Clinical presentation 686
Signs and symptoms 686
ANCA serology 688

Pathologic findings 690
Gross pathology 690
Light microscopy 690
Immunofluorescence microscopy 700
Electron microscopy 701

Etiology and pathogenesis 703

Differential diagnosis 706

Clinical course, prognosis, therapy, and 
clinicopathologic correlations 707

C H A P T E R  16
Pauci-Immune and Antineutrophil 
Cytoplasmic Autoantibody–Mediated 
Crescentic Glomerulonephritis and 
Vasculitis

J. Charles Jennette • David B. Thomas

0002062079.INDD   685 5/28/2014   12:13:13 PM



 Heptinstall’s Pathology of the Kidney686

ANCA positive compared with those who are ANCA negative 
(23). ANCA-associated pauci-immune crescentic glomerulo-
nephritis is the most common cause for the renal component 
of pulmonary-renal vasculitic syndrome (24,25). For example, 
in a study of 88 patients with pulmonary-renal syndrome by 
Niles et al. (24), 48 (55%) had ANCA, 6 (7%) had anti-GBM 
antibodies, and 7 (8%) had both. Thus, 63% of patients with 
pulmonary-renal syndrome had ANCA.

The systemic vasculitides that may be accompanied by 
pauci-immune crescentic glomerulonephritis include granu-
lomatosis with polyangiitis (GPA, Wegener granulomatosis), 
microscopic polyangiitis (MPA), and eosinophilic granulo-
matosis with polyangiitis (EGPA, Churg-Strauss syndrome) 
(3,22,26,27). In a patient with pauci-immune crescentic glo-
merulonephritis, a diagnosis of GPA is appropriate when there 
is evidence for necrotizing granulomatous inflammation but 
no asthma. A diagnosis of EGPA is appropriate when there is 
a history of asthma and eosinophilia and there is granuloma-
tous pulmonary disease. And a diagnosis of MPA is appropriate 

when there is systemic necrotizing small-vessel vasculitis with 
no evidence for granulomatous inflammation or asthma (Table 
16.1) (26). Clinical or pathologic evidence of renal disease is 
seen in approximately 90% of patients with MPA, 80% of 
patients with GPA, and 45% of patients with EGPA (Table 
16.2) (28–36). EGPA syndrome has the lowest incidence of 
renal disease, but, when present, it is pathologically indis-
tinguishable from the renal injury caused by MPA and GPA 
(22,37,38). The proportion of patients with renal involvement 
varies among cohorts in part based on the subspecialty interests 
of the investigators, with cohorts studied by nephrologists hav-
ing a higher frequency of renal disease than those studied by 
pulmonologists and otolaryngologists.

Godman and Churg (39) recognized the relatedness 
of MPA, GPA, and EGPA in 1954, and this conclusion is 
supported by the association of these three disorders with 
ANCA (13–20). MPA, GPA, and EGPA also share patho-
logically indistinguishable pauci-immune systemic vasculitis 
that involves many different vessels, such as alveolar capillar-
ies, dermal venules, sinus mucosal venules, and arterioles and 
arteries in peripheral nerves, skeletal muscles, and most viscera 
(22,26,27). The major pathologic difference in the kidneys is 
the occurrence of interstitial granulomatous inflammation in 
GPA and EGPA; however, identification of interstitial granulo-
matous inflammation in renal biopsy specimens from patients 
with GPA or EGPA is rare.

CLINICAL PRESENTATION
Signs and Symptoms
Patients with pauci-immune crescentic glomerulonephritis 
usually present with rapidly progressive glomerulonephritis 
with hematuria, proteinuria, and elevated serum creatinine 
(11,21,39–54). These patients have the typical necrotizing and 
crescentic glomerulonephritis that is classically associated with 
ANCA disease. A smaller subset of patients have smoldering 
disease and on renal biopsy have glomerular sclerosis either 
alone or accompanied by focal active lesions with necrosis and 
crescents (12).

FIGURE 16.1 Frequency of immunopathologic categories of glo-
merulonephritis in native kidney biopsies evaluated by immu-
nofluorescence microscopy in the University of North Carolina 
Nephropathology Laboratory. Data are derived from 540 patients with any 
crescents, 195 patients with ≥50% crescents, and 37 patients with arteritis 
in the biopsy (137). The anti-GBM patient with arteritis was ANCA positive.

TABLE 16.1 Definitions of ANCA-associated vasculitis, microscopic polyangiitis, granulomatosis with 
polyangiitis, and eosinophilic granulomatosis with polyangiitis based on the 2012 Chapel Hill 
Consensus Conference on the Nomenclature of Systemic Vasculitis

ANCA-associated vasculitis 
(AAV)

Necrotizing vasculitis, with few or no immune deposits, predominantly affecting small vessels (i.e., capillaries, 
venules, arterioles, and small arteries), associated with MPO-ANCA or PR3-ANCA. Not all patients have 
ANCA. Add a prefix indicating ANCA reactivity, for example, PR3-ANCA, MPO-ANCA, ANCA-negative.

Microscopic polyangiitis 
(MPA)

Necrotizing vasculitis, with few or no immune deposits, predominantly affecting small vessels (i.e., capillaries, 
venules, or arterioles). Necrotizing arteritis involving small and medium arteries may be present. Necrotizing 
glomerulonephritis is very common. Pulmonary capillaritis often occurs. Granulomatous inflammation is absent.

Granulomatosis with 
 polyangiitis (GPA)

Necrotizing granulomatous inflammation usually involving the upper and lower respiratory tract and  necrotizing 
vasculitis affecting predominantly small to small vessels (e.g., capillaries, venules, arterioles, arteries, and 
veins). Necrotizing glomerulonephritis is common.

Eosinophilic granuloma-
tosis with polyangiitis 
(EGPA)

Eosinophil-rich and necrotizing granulomatous inflammation often involving the respiratory tract and  necrotizing 
vasculitis predominantly affecting small to medium vessels and associated with asthma and eosinophilia. 
ANCA is more frequent when glomerulonephritis is present.

Modified from Jennette JC, Falk RJ, Bacon PA, et al. 2012 Revised International Chapel Hill Consensus Conference Nomenclature of Vasculitides. Arthritis Rheum 
2013;65:1–11.
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At the time of biopsy in a cohort of over 300 pauci-
immune crescentic glomerulonephritis patients evaluated in 
the University of North Carolina Nephropathology Laboratory 
(21), the mean age was 56 ± 20 years with a range of 2 to 92, 
male:female ratio was 1.0:0.9, mean serum creatinine was 6.5 ±  
4.0 with a range of 0.8 to 22.1 mg/dL, and proteinuria was 
1.94 ± 2.95 with a range of 0.11 to 18.00 g/dL. Patients with 
pauci-immune crescentic glomerulonephritis had less severe 
clinical and pathologic manifestations of disease than patients 
with anti-GBM crescentic glomerulonephritis but more severe 
disease than patients with immune complex crescentic glomer-
ulonephritis (21).

Approximately 75% of patients with ANCA glomerulo-
nephritis have manifestations of systemic small-vessel vasculitis 
at the time of initial presentation (44). Many patients report a 
recent “flu-like” illness prior to the onset of symptoms of renal 
disease or systemic vasculitis (44). Patients with ANCA disease 
who initially manifest only crescentic glomerulonephritis may 
later have manifestations of systemic small-vessel vasculitis. For 
example, Woodworth et al. (51) reviewed 19 patients who ini-
tially presented with crescentic glomerulonephritis alone and 
developed features of GPA 4 to 78 months after renal biopsy.

MPA, GPA, and EGPA share certain clinical features of 
small-vessel vasculitis, but each also has distinctive characteris-
tics (28,33,34,44,52,53). Shared features include fever, arthral-
gias, myalgias, purpura, and peripheral neuropathy. These 
features occur at different frequencies in the different ANCA 
small-vessel vasculitides (see Table 16.2) (22). Cutaneous vas-
culitic lesions, especially palpable purpura and nodules, occur 
in approximately 40% of patients with MPA and GPA and in 
approximately 60% of patients with EGPA. Cutaneous nodules 
are caused by subcutaneous or dermal arteritis or granuloma-
tous inflammation. Cutaneous nodules caused by granuloma-
tous inflammation are more common in EGPA than in GPA. 
Peripheral neuropathy caused by vasculitis in epineural arteri-
oles and arteries occurs in approximately 30% of patients with 
MPA, in 50% of patients with GPA, and in 70% of patients 
with EGPA. Clinical manifestations of vasculitic gastrointes-
tinal involvement, such as abdominal pain, occur in approxi-
mately one half of the patients with each of the three categories 
of pauci-immune small-vessel vasculitis.

EGPA is distinguished from the other two pauci-immune 
small-vessel vasculitides by a history of asthma or severe  allergic 

rhinitis (rhinosinusitis and/or polyposis) and blood eosino-
philia (26,27,37,38,40–42,55,56). EGPA has an incidence 
of 1 to 5 per million compared to 1 to 10 per 100,000 for 
the other ANCA diseases (41). The vasculitic phase of the dis-
ease is typically preceded by eosinophilic inflammatory disease 
involving the lungs (eosinophilic pneumonia) or gut (eosino-
philic gastroenteritis). The time interval between the onset of 
asthma and the onset of vasculitis varies from a few months 
to 30 years, but averages 3 to 4 years (42). The heart may be 
involved, and heart failure is the most common cause of death 
(56). Pulmonary, neural, and cutaneous disease are common, 
although the pulmonary involvement is usually eosinophilic 
pneumonia and granulomatous inflammation rather than cap-
illaritis (41). Renal disease is usually mild, and it is much less 
frequent than in GPA and MPA (38). However, depending 
on the patient cohort, the frequency of renal involvement var-
ies from 10% to 80% (40–42). The high frequency probably 
resulted from biased referrals to nephrology centers.

The typical histologic glomerular lesion is a pauci-
immune necrotizing glomerulonephritis identical to the injury 
in patients with MPA or GPA. Extravascular granulomatous 
inflammation and eosinophilic infiltrates were uncommon 
(40). Pathologically, the glomerulonephritis in patients with 
EGPA tends to be less severe, but severe crescentic disease can 
occur (38). GPA usually has major involvement of the upper 
or lower respiratory tract or both by necrotizing granuloma-
tous inflammation, with or without identifiable vasculitis 
(31,33,34,39). Destructive lesions in the cartilage and bone of 
the nose may cause collapse with saddle nose deformity. Acute 
and chronic pansinusitis is common, sometimes with extensive 
destruction of soft tissue and bone. Ocular and ear inflamma-
tion may occur. Subglottic stenosis may develop secondary 
to inflammation and scarring. Pulmonary involvement often 
results in radiographic evidence of pulmonary nodules, which 
may cavitate. These nodules are caused by necrotizing granu-
lomatous inflammation. Pulmonary hemorrhage from the 
granulomatous inflammation, pulmonary arteritis, or alveolar 
capillaritis can be a major problem. Extrarenal manifestations 
may occur before the onset of nephritis or vice versa.

MPA shares pathologic and clinical vasculitic features with 
GPA and EGPA (see Table 16.2), but it lacks the granuloma-
tous inflammation of GPA and the prodromal asthma of EGPA 
(2,22,44,52). Upper respiratory tract disease occurs in about 

TABLE 16.2 Comparison of approximate frequency of manifestations of microscopic polyangiitis to several 
other forms of small-vessel vasculitis

 MPA (%) GPA (%) EGPA (%) IgA vasculitis (HSP) (%) Cryoglobulinemic vasculitis (%)

Renal 90 80 45 50 55
Pulmonary 50 90 70 <5 <5
Cutaneous 40 40 60 90 90
ENT 35 90 50 <5 <5
Musculoskeletal 60 60 50 75 70
Neurologic 30 50 70 10 40
Gastrointestinal 50 50 50 60 30

MPA, microscopic polyangiitis; GPA, granulomatosis with polyangiitis; EGPA, eosinophilic granulomatosis with polyangiitis; HSP, Henoch-Schönlein purpura; ENT, ear, 
nose, and throat.

From Jennette JC, Falk RJ. Small-vessel vasculitis. N Engl J Med 1997;337:1512.
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one third of patients with MPA, and pulmonary involvement 
occurs in about one half, although, by definition, it is caused 
by vasculitis alone (usually alveolar capillaritis) rather than by 
granulomatous inflammation. Thus, clinical signs and symp-
toms of respiratory tract disease alone are not adequate for dis-
tinguishing between MPA and GPA. In a given patient, it may 
be difficult or impossible to confirm or rule out granuloma-
tous inflammation; thus, it is not always possible to distinguish 
confidently between MPA and GPA. This problem is offset by 
the knowledge that the treatment of both expressions of small-
vessel vasculitis is similar in the presence of active major organ 
damage, such as crescentic glomerulonephritis or pulmonary 
capillaritis; therefore, if a diagnosis of ANCA-associated pauci-
immune small-vessel vasculitis can be made, treatment can 
proceed even if it is not clear whether the patient has MPA or 
GPA. For clinical management, including selection of treat-
ment regimen and prognostication, in addition to diagnostic 
classification of patients with ANCA disease based on clinico-
pathologic features into MPA, GPA, EGPA, and renal-limited 
disease, the ANCA antigen specificity should be included in 
the diagnosis (e.g., MPO-ANCA MPA, PR3-ANCA MPA, or 
ANCA-negative MPA) because the ANCA specificity corre-
lates as well or better than the clinicopathologic category with 
clinical outcomes, such as response to treatment, likelihood 
of relapse, renal survival, and patient survival (27,50,57). In 
addition, a genome-wide association study (GWAS) revealed 
the strongest genetic associations with antigenic specificity of 
ANCA, not with the clinicopathologic syndrome (57). PR3-
ANCA was associated with HLA-DP and the genes encoding 
α(1)-antitrypsin (SERPINA1) and proteinase 3 (PRTN3); and 
MPO-ANCA was associated with HLA-DQ (57).

Relapsing polychondritis is a rare presenting feature of 
patients with pauci-immune crescentic glomerulonephri-
tis (58). At least some patients with relapsing polychondritis 
have ANCA (59), but the relationship of ANCA to crescen-
tic glomerulonephritis in such patients has not been clarified. 
Other patients with crescentic glomerulonephritis and relaps-
ing polychondritis have evidence for immune complex media-
tion of the glomerulonephritis (59). In some patients, relapsing 
polychondritis is a manifestation of MPA, along with pauci-
immune crescentic glomerulonephritis and ANCA (60).

A minority of patients with ANCA glomerulonephritis 
give a history of exposure to a drug that is known to induce 
ANCA and pauci-immune crescentic glomerulonephritis 
(61). This has been reported most often with propylthiouracil 
(62–64), penicillamine (65,66), hydralazine (67), and mino-
cycline (68). Because penicillamine can induce membranous 
glomerulopathy, some patients with penicillamine-induced 
ANCA and crescentic glomerulonephritis also have concurrent 
membranous glomerulopathy (69). Cocaine cut with levami-
sole, an antihelminthic, can induce ANCA vasculitis charac-
terized by extremely high titers of MPO-ANCA, PR3-ANCA, 
and ANCA specific for elastase (70,71). Dual positivity for 
MPO-ANCA and PR3-ANCA should raise the possibility of 
cocaine-induced disease. Cocaine/levamisole-induced vasculi-
tis has frequent cutaneous leukocytoclastic angiitis and upper 
respiratory tract involvement, but renal and lung involvement 
are uncommon (70). However, McGrath et al. (71) identified 
proteinuria, hematuria, or RBC casts in 8 of 30 patients with 
cocaine-induced ANCA vasculitis, two of whom had severe 
glomerulonephritis.

Patients with ESRD caused by ANCA disease have 
patient and renal transplant survival rates comparable to con-
trol groups (72). Recurrence rate is very low although patients 
with GPA have a higher relapse rate. In the published medical 
literature, the recurrence rate ranges between 0.08 and 0.006 
per patient per year (72). Positive ANCA serology at the time 
of transplantation does not increase the risk of recurrent disease 
in the transplant (73,74).

ANCA Serology
Pauci-immune crescentic glomerulonephritis is almost synony-
mous with ANCA crescentic glomerulonephritis, because 85% 
to 90% of pauci-immune crescentic glomerulonephritis occurs 
in ANCA-positive patients and 80% to 90% of the crescentic 
glomerulonephritis that occurs in ANCA-positive patients is 
pauci-immune (5,7–11,13,21,75,76). Serologic detection of 
ANCA is a useful diagnostic marker not only for renal-limited 
pauci-immune crescentic glomerulonephritis but also for MPA 
and GPA, and to a lesser extent EGPA. As with all serologic 
markers, however, ANCA are not absolutely specific or sensi-
tive and thus must be interpreted in light of the other avail-
able data. Approximately 90% to 95% of patients with active 
untreated GPA or MPA, and approximately 45% of patients 
with EGPA, are ANCA positive (30). Thus, ANCA serology 
is least sensitive for EGPA; however, three quarters or more 
of EGPA patients with evidence for glomerulonephritis have 
ANCA (77).

ANCA are specific for proteins in the cytoplasmic granules 
of neutrophils and the lysosomes of monocytes (6,14,17,18,78). 
Davies et al. (79) first reported ANCA in the serum of patients 
with systemic small-vessel vasculitis and pauci-immune necro-
tizing glomerulonephritis. This association was confirmed by 
Hall et al. (80) in 1984. ANCA did not receive much atten-
tion until 1985 when a collaborative European group reported 
a strong association between ANCA and active GPA (81). 
Subsequent investigations revealed that ANCA also are associ-
ated with MPA, EGPA, renal-limited pauci-immune crescentic 
glomerulonephritis, and certain forms of drug-induced vascu-
litis (2,6,9,63,82–84).

Although ANCA are far more frequent in pauci-immune 
small-vessel vasculitis and glomerulonephritis, ANCA are iden-
tified in the serum of approximately one third of patients with 
anti-GBM disease (21,85–90). Compared with patients with 
anti-GBM alone, patients with both autoantibodies are older, 
often have features of systemic small-vessel vasculitis, and have 
a better prognosis for renal survival with treatment (85). The 
concurrent anti-GBM and ANCA specificity of serum is the 
result of two different antibody populations rather than one 
cross-reacting population (88,91), and the antigen specificities 
of anti-GBM antibodies are the same in patients with anti-
GBM antibodies alone compared to those with ANCA and 
anti-GBM antibodies (91).

Two major antigen specificities for ANCA are seen in 
patients with pauci-immune crescentic glomerulonephritis and 
small-vessel vasculitis. These two specificities cause two staining 
patterns, cytoplasmic (c-ANCA) and perinuclear (p-ANCA), 
when ANCA are detected by indirect immunofluorescence 
microscopy using alcohol-fixed neutrophils as substrate. The 
perinuclear distribution of antigen is an artifact of substrate 
preparation that results from redistribution of the antigen from 
the cytoplasm to the nucleus during substrate  preparation (92). 
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More precise determination of antigen specificity is accom-
plished by enzyme immunoassay. The most common cANCA 
specificity is for proteinase 3 (PR3-ANCA) (93–95), and the 
most common p-ANCA specificity is for myeloperoxidase 
(MPO-ANCA) (6). p-ANCA that do not have specificity for 
MPO are associated with various inflammatory diseases, such 
as ulcerative colitis, sclerosing cholangitis, autoimmune hepati-
tis, rheumatoid arthritis, and Felty syndrome (18). Thus, a pos-
itive p-ANCA result in this context is a “false-positive” result 
with respect to pauci-immune crescentic glomerulonephritis 
even though it is an analytically true positive result and is a 
true positive result for inflammatory bowel disease. Because of 
this and other instances in which a positive indirect immuno-
fluorescence microscopy assay (IFA) result does not correspond 
to a positive MPO-ANCA or PR3-ANCA, an international 
consensus conference recommendation is to perform both IFA 
for p-ANCA and c-ANCA and enzyme-linked immunosor-
bent assay (ELISA) for MPO-ANCA and PR3-ANCA when 
testing for the presence of pauci-immune crescentic glomeru-
lonephritis or small-vessel vasculitis (96). When both a posi-
tive IFA and positive ELISA are required to conclude that the 
ANCA serology is positive, this positive result has a sensitiv-
ity of approximately 81% and a specificity of approximately 
96% for pauci-immune crescentic glomerulonephritis (with or 
without systemic vasculitis) (16). Figure 16.2 shows the cal-
culated predictive value of an ANCA serology result with this 
sensitivity and specificity. As with all diagnostic testing, the 
positive and negative predictive values of the test are depen-
dent on the pretest likelihood of the disease, which in turn is 
determined by the prevalence of the disease in patients with the 
signs and symptoms of the patient being tested. As noted in 
Figure 16.1, pauci-immune crescentic glomerulonephritis has 
a prevalence of approximately 50% in all patients with cres-
cents and an even higher prevalence when there are more than 
50% of glomeruli with crescents. Assuming a prevalence (pre-
test likelihood) of 50%, a positive ANCA result in a patient 
with signs and symptoms of rapidly progressive glomerulone-
phritis would yield a posttest likelihood of the disease (positive 
predictive value) of 95%, and a negative result would yield a 
posttest likelihood of no disease (negative predictive value) of 
85%. The negative predictive value in this instance is very close 
to the percentage of all patients with pauci-immune crescentic 
glomerulonephritis who in fact are ANCA negative using first-
generation ANCA immunoassays. When there is low pretest 
likelihood of pauci-immune crescentic glomerulonephritis, for 
example, in patients with hematuria and proteinuria but no 
renal insufficiency, the major value of ANCA testing is to rule 
out ANCA disease or to increase the suspicion for ANCA dis-
ease to a level that will prompt more extensive and rapid diag-
nostic evaluation (e.g., renal biopsy). In this setting, a negative 
result provides a negative predictive value mathematically at 
essentially 100%. Although a positive result in this setting has 
a very low positive predictive value that certainly would not 
warrant immediate institution of immunosuppressive therapy, 
it does increase the likelihood of this life-threatening disease to 
a level that would warrant more careful and timely diagnostic 
evaluation.

The antigen specificity of ANCA correlates to a degree 
with the category of pauci-immune small-vessel vasculitis, 
although overlap is so great that antigen specificity alone 
cannot be used to differentiate between them. Patients with 

active GPA  usually have PR3-ANCA. In North America and 
Europe, patients with MPA have slightly more MPO-ANCA 
than PR3-ANCA, and patients with EGPA and renal-limited 
pauci-immune crescentic glomerulonephritis have predomi-
nantly MPO-ANCA (Fig. 16.3). ANCA specificity correlates 
with clinical symptoms independent of the clinicopathologic 
variants, for example, 90% of patients with ANCA who have 
destructive upper respiratory tract disease (e.g., saddle nose 
deformity) have PR3-ANCA, whereas most patients with 
exclusively or predominantly renal involvement have MPO-
ANCA (50). Dual positivity for both MPO-ANCA and PR3-
ANCA is rare (13) except in the setting of drug-induced ANCA 
(71). It is extremely important to note that some patients 
with otherwise absolutely classic disease have pauci-immune 
crescentic glomerulonephritis, MPA, GPA, or EGPA, but are 
ANCA negative. Thus, a negative ANCA result by no means 
rules out these diseases, and patients who are ANCA negative 
have the same prognosis and should receive the same treatment 
as ANCA-positive patients (23).

Roth et al. (97) studied the epitope specificity of MPO-
ANCA IgG using a highly sensitive assay. They detected low 
titer MPO-ANCA natural autoantibodies in healthy controls 
directed against a limited set of epitopes. In patients with 
MPO-ANCA disease, autoantibodies against greater than 20 
MPO epitopes were identified. MPO-ANCA IgG in patients 

FIGURE 16.2 Predictive value of ANCA serology for pauci-immune 
crescentic glomerulonephritis in adults with clinical evidence for 
glomerulonephritis (e.g., dysmorphic hematuria and proteinuria) 
and different degrees of renal insufficiency. In a patient with RPGN, the 
pretest likelihood of pauci-immune crescentic glomerulonephritis is approxi-
mately 50%, increases to 95% with a positive result, and falls to 15% with 
a negative result. By comparison, in a nephritic adult with normal renal func-
tion, the pretest likelihood of ANCA disease of less than 5% increases to 
only approximately 30% with a positive result but is essentially 0% with a 
negative result; however, the positive result increases the likelihood enough 
to warrant expeditious further evaluation including renal biopsy. RPGN, rap-
idly progressive glomerulonephritis with rapid loss of GFR and overt active 
urinary finds of glomerulonephritis; PPV, positive predictive value; NPV, nega-
tive predictive value. (Data derived from Lim LC, Taylor JG III, Schmitz JL,  
et al. Diagnostic usefulness of antineutrophil cytoplasmic autoantibody 
serology: Comparative evaluation of commercial indirect fluorescent anti-
body kits and enzyme immunoassay kits. Am J Clin Pathol 1999;111:363.)
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with active disease reacted with a restricted set of epitopes 
that were not recognized by IgG from patients in remission. 
Interestingly, this assay method detected MPO-ANCA in 
ANCA-negative disease that reacted against a sole linear MPO 
epitope. This reactivity could only be detected using IgG rather 
than serum because serum contains a ceruloplasmin fragment 
that binds to MPO and blocks detection of these autoantibod-
ies by routine serologic methods (97). Thus, some ANCA-
negative patients appear to in fact have MPO-ANCA that is 
not detected by first-generation clinical ANCA assays; how-
ever, this experimental observation has not been confirmed, 
and an assay to detect these masked ANCA is not commer-
cially available at this time.

Kain et al. (98,99) have reported that lysosomal mem-
brane protein 2 (LAMP2) is another major ANCA autoantigen 
in addition to MPO and PR3 in patients with pauci-immune 
small-vessel vasculitis and glomerulonephritis. LAMP2-ANCA 
were detected in patients with either MPO-ANCA, PR3-
ANCA, or ANCA-negative pauci-immune crescentic glomeru-
lonephritis. LAMP2 is homologous to a bacterial adhesin called 
FimH, and LAMP2-ANCA have been hypothesized to arise 
through molecular mimicry caused by infection with fimbri-
ated Gram-negative bacteria. To support this hypothesis, Kain 
et al. reported induction of crescentic glomerulonephritis in 
rabbits immunized with FimH. However, our research group 
has not been able to reproduce these results (100).

PATHOLOGIC FINDINGS
Gross Pathology
In patients with severe disease, the kidneys are normal or 
slightly increased in size. When acute pauci-immune crescen-
tic glomerulonephritis is extensive and severe, the subcapsular 

 surface and cut surfaces have scattered small red dots caused 
by blood within the Bowman spaces and in tubular lumens. 
Slightly larger irregular petechial lesions may be present and 
represent hemorrhage from necrotic glomeruli and small inter-
lobular arteries. Occasionally, pale or hemorrhagic nodular 
inflammatory lesions can be discerned in arcuate arteries and 
interlobar arteries. However, grossly discernible nodular and 
aneurysmal lesions in interlobar and larger arteries are rare in 
the pauci-immune small-vessel vasculitis, unlike the higher fre-
quency of such lesions in polyarteritis nodosa and Kawasaki 
disease (see Chapter 17). When grossly identifiable arterial 
lesions are present, they are usually in the arcuate and interlo-
bar arteries and may manifest as pale nodules or foci of hemor-
rhage. One may see cortical infarcts, which are usually small. In 
Heptinstall’ series (101) of 18 patients with systemic arteritis 
and glomerulonephritis, which was consistent with MPA, 16 
patients had arteritis in the kidney at postmortem examina-
tion, 4 had grossly identifiable aneurysms, and 7 had infarcts. 
Therefore, the presence of grossly identifiable aneurysms does 
not differentiate between the pauci-immune small-vessel vas-
culitides and polyarteritis nodosa, although such aneurysms are 
much more frequent in the latter.

A few patients, especially those with GPA, have focal hem-
orrhagic papillary necrosis that is caused by leukocytoclastic 
angiitis affecting the medullary vasa recta (3,102,103). The 
lesions usually appear as fan-shaped hemorrhagic areas in the 
inner medulla. Watanabe et al. (102) observed papillary necro-
sis in 5 of 23 autopsies of patients with GPA.

Grossly apparent granulomatous inflammation is rare in 
the kidneys of patients with GPA. It causes irregular pale to 
hemorrhagic zones that may involve the cortex or medulla.

Hydronephrosis caused by ureteral obstruction from 
vasculitic and granulomatous lesions is a rare complication 
of GPA (104,105). Ureteral involvement by granulomatous 
inflammation has been a rare problem in renal transplants in 
patients with GPA (106). Even when ureteral obstruction is 
not present, careful examination of the ureter may reveal areas 
of hemorrhage or nodularity that prove to be vasculitic or gran-
ulomatous lesions when they are examined microscopically.

Pauci-immune small-vessel vasculitis can affect any organ 
of the body and may produce gross lesions in these organs. 
Favored sites, in addition to the kidney, include the skin, 
respiratory tract, gastrointestinal tract, skeletal muscle, and 
peripheral nerves. Small foci of hemorrhage at sites of vascular 
rupture caused by necrotizing inflammation are the most fre-
quent manifestation of vasculitis. A variation on this theme is 
the more extensive pulmonary hemorrhage that can result from 
alveolar capillaritis. Grossly, the granulomatous inflammation 
of GPA and EGPA, which most often affects the respiratory 
tract, typically produces irregular pale zones with varying 
degrees of hemorrhage. Granulomatous inflammation in the 
lungs may produce cavities, and granulomatous inflammation 
in the nose may cause perforation of the nasal septum or col-
lapse of the bridge of the nose.

Light Microscopy
Glomeruli
The hallmark histologic lesions of acute pauci-immune ANCA 
glomerulonephritis are crescents and fibrinoid necrosis (Figs. 
16.4 to 16.7), which occur at the same frequency irrespective 

FIGURE 16.3 Approximate frequency of MPO-ANCA and PR3-
ANCA in patients with active untreated GPA, MPA, EGPA, or renal-
limited pauci-immune crescentic glomerulonephritis (RLV). GPA 
patients have a lower frequency of ANCA-positivity if there is no renal 
involvement. EGPA patients are greater than 75% ANCA-positive when glo-
merulonephritic is present. These data are for patients in North America and 
Europe. Patients in Asia have a marked predominance of MPO-ANCA in all 
clinicopathologic variants. MPA, microscopic polyangiitis; GPA, granuloma-
tosis with polyangiitis; EGPA, eosinophilic granulomatosis with polyangiitis.
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of the presence or absence of associated systemic vasculitis 
(2,3,11,12,21,22,36,70,71,107). The glomerular inflamma-
tion is accompanied by proportional nonspecific tubuloin-
terstitial inflammatory lesions (107). In an analysis of 45 
ANCA-positive patients with glomerulonephritis and systemic 
small-vessel vasculitis, renal biopsies demonstrated crescents 
in 93% of patients and glomerular necrosis in 98% (2). In a 
study of 32 renal biopsies from patients with MPA, Savage et 
al. (36) identified glomerular segmental necrosis in 100% and 
crescent formation in 88%. Likewise, in a study of 20 renal 
biopsies in MPA by D’Agati et al. (108), 80% of 20 specimens 

had segmental glomerular necrosis, and 85% had crescents. 
The severity of acute lesions ranges from focal segmental fibri-
noid necrosis and crescent formation affecting less than 10% 
of glomeruli to severe diffuse necrotizing and crescentic glo-
merulonephritis with global necrosis of virtually all glomeruli. 
On average in a given renal biopsy specimen, 45% to 55% of 
glomeruli have crescents, and 20% to 25% of glomeruli have 
fibrinoid necrosis (12). The fibrinoid necrosis usually is accom-
panied by crescent formation. For example, Hauer et al. (109) 
identified fibrinoid necrosis in the absence of extracapillary 
hypercellularity in only 1 of 87 glomeruli from renal biopsy 
specimens of pauci-immune crescentic glomerulonephritis that 
were examined by serial section. Eisenberger et al. (23) com-
pared glomerular crescents, necrosis, and sclerosis in patients 
with ANCA-negative pauci-immune glomerulonephritis and 
patients with ANCA-positive pauci-immune glomerulone-
phritis and found no significant difference, which corresponds 
to our experience.

The extent of crescent formation is not different between 
patients with PR3-ANCA versus MPO-ANCA. Jennette (21) 
observed a mean of 48% glomerular involvement with cres-
cents in patients with MPO-ANCA (n = 102) versus 46% with 
PR3-ANCA (n = 52), Hauer et al. (12) observed 46% with 
MPO-ANCA (n = 58) versus 50% with PR3-ANCA (n = 63), 
and Vizjak et al. (11) observed 44% with MPO-ANCA (n = 
74) versus 39% with PR3-ANCA (n = 55).

Fibrinoid necrosis is fuchsinophilic (red) with trichrome 
staining (Figs. 16.5A and 16.6A), a feature that distinguishes it 
from the sclerosis (blue or green) that develops at sites of scar-
ring caused by fibrinoid necrosis. Special stains for basement 
membranes, such as Jones silver methenamine (Fig. 16.6B) 
and periodic acid–Schiff (PAS) (Fig. 16.6C), reveal disruption 
of the GBM, and often the Bowman capsule as well, in the 
areas of fibrinoid necrosis. Fibrin thrombi often are present 
in glomerular capillaries adjacent to necrotic zones (110) and 
have the same tinctorial properties as the fibrinoid material in 
necrotic segments and the fibrin between crescent cells. Foci 

FIGURE 16.4 Segmental fibrinoid necrosis that is deeply acido-
philic surrounded by early crescent formation. Note that the nonne-
crotic segments are relatively unremarkable with thin capillary walls and no 
hypercellularity. Also note the acute tubulointerstitial changes including inter-
stitial edema and tubular epithelial cell simplification (e.g., of the tubule in 
the upper left that has flat epithelium and cellular debris in the lumen). (H&E.)

FIGURE 16.5 Glomerulus from a patient with MPO-ANCA renal-limited pauci-immune crescentic glomerulonephritis stained with 
Masson trichrome (A) and PAS (B) showing a well-formed cellular crescent on the left and a well-defined irregular focus of segmental 
fibrinoid necrosis on the right that stains red with the Masson trichrome stain (A). Most capillary lumens are patent, but there are a 
few neutrophils in some capillaries, for example, at the top of the tuft in (B). Note also the edema in the periglomerular interstitium.

A B

0002062079.INDD   691 5/28/2014   12:13:19 PM



 Heptinstall’s Pathology of the Kidney692

FIGURE 16.6 Glomerulus from the same patient as in Figure 16.5 
stained with Masson trichrome (A), Jones silver methenamine (B), and 
PAS (C) showing a small focus of fibrinoid necrosis with adjacent early 
crescent formation. The fibrinoid material is bright red (fuchsinophilic) 
with the trichrome stain (A) and is associated with breaks in the glo-
merular basement membrane that can be seen best with the Jones stain 
(arrow in B).

A B

C

FIGURE 16.7 Glomerulus from a patient with microscopic poly-
angiitis showing segmental fibrinoid necrosis with an adjacent 
relatively small cellular crescent. The PAS stain allows demarcation 
of focal dissolution of Bowman capsule basement membrane (arrows). 
Glomerular basement membranes and mesangial matrix have been 
destroyed in the area of fibrinoid necrosis. Note the periglomerular tubu-
lointerstitial inflammation and edema.

FIGURE 16.8 Glomerulus from a child with cANCA GPA showing severe 
fibrinoid necrosis of the glomerular tuft, extensive disruption of Bowman 
capsule basement membrane, and prominent periglomerular granuloma-
tous inflammation with multinucleated giant cells (arrows). (PAS stain.)
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of fibrinoid necrosis in pauci-immune crescentic glomerulo-
nephritis often contain neutrophil granule constituents indi-
cating that there has been extensive neutrophil activation 
and degranulation at these sites. For example, using double 
immunohistochemical staining procedures, Bajema et al. (111) 
identified PR3, MPO, elastase, and lactoferrin at sites of glo-
merular fibrinoid necrosis.

Crescent formation appears to begin adjacent to foci of 
segmental necrosis (Figs. 16.4, 16.6, and 16.7) (109), but it 
can extend to surround most, if not all, of the tuft forming 
a circumferential crescent. Breaks in the Bowman capsule, 
which are identified best with special stains such as PAS or 
Jones silver methenamine, are common in pauci-immune cres-
centic glomerulonephritis (75,76) (see Fig. 16.7). There may 
be extensive dissolution of the Bowman capsule with severe 
necrotizing glomerular injury, resulting in continuity between 
the glomerular inflammation and pronounced periglomerular 
inflammation (Fig. 16.8). This extremely lytic necrosis is simi-
lar to focal lytic lesions in many other small vessels in ANCA 
disease (112). Periglomerular interstitial infiltrates of leuko-
cytes sometimes have a granulomatous appearance (11,113). 
Vizjak et al. (11) observed periglomerular granulomatous 
inflammation more often in MPO-ANCA disease than in 
PR3-ANCA disease, which indicates that this reaction is not 
related to the type of granulomatous inflammation that cor-
responds to GPA. Hauer et al. (12) observed no difference in 
the extent of periglomerular granulomatous inflammation in 
patients with GPA versus MPA or in patients with PR3-ANCA 
versus MPO-ANCA. Occasional specimens have multinucle-
ated giant cells in the glomerular or periglomerular infiltrates. 
The multinucleated giant cells seem to localize preferentially to 
sites of fragmentation of the Bowman capsule. Which is cause 
and which is effect, if either, is unknown. When there are only 
a few residual fragments of glomerular structure remaining, 
care must be taken not to mistake this destructive glomerular 
inflammation for purely interstitial necrotizing granulomatous 
inflammation. This may require examination of the specimen 
at multiple levels of section with special stains that highlight 
residual fragments of GBM and the Bowman capsule.

Periglomerular granulomatous inflammation probably is 
not specific for pauci-immune crescentic glomerulonephritis 
or ANCA glomerulonephritis, but this is controversial. Some 
investigators have reported periglomerular granulomatous 
inflammation only in patients with ANCA. For example, 
Rutgers et al. (89) identified periglomerular granulomas in 
11% of patients with MPO-ANCA, 40% of patients with 
concurrent MPO-ANCA and anti-GBM, and in 0% of 13 
patients with anti-GBM but no ANCA. However, periglomer-
ular granulomas have been reported in anti-GBM glomerulo-
nephritis without ANCA by other investigators (114,115). We 
also have observed periglomerular granulomas in specimens 
from patients with anti-GBM but no ANCA.

In the acute phase, glomeruli may have total destruction 
of some segments by fibrinoid necrosis, whereas adjacent seg-
ments are histologically unremarkable or contain only a few 
neutrophils (see Figs. 16.4 to 16.6). Occasional specimens 
with acute lesions will have numerous neutrophils in capillary 
lumens adjacent to the foci of segmental necrosis (Fig. 16.9). A 
similar clustering of neutrophils at sites of glomerular necrosis 
has been observed in a mouse model of pauci-immune cres-
centic glomerulonephritis caused by anti-MPO ANCA (116). 

Within days, mononuclear leukocytes become predominant in 
the necrotizing lesions, and collagenous matrix progressively 
replaces the fibrinoid material. Thus, at the time of biopsy, 
macrophages often are the predominant cell types in glomeruli 
and are accompanied by varying numbers of neutrophils and T 
lymphocytes (117,118). Glomerular lesions in various phases 
of evolution often are present in the same renal biopsy speci-
mens indicating recurring episodes of acute glomerular injury. 
In some specimens, a careful search of multiple levels may be 
required to identify an active necrotizing lesion among many 
glomeruli with more advanced lesions. A few specimens from 
patients presenting to a nephrologist for the first time will have 
a marked dichotomy between focal chronic sclerotic lesions 
and focal acute necrotizing lesions, suggesting that the patient 
has had an earlier episode of active disease that remitted with-
out treatment. This finding is more common in repeat biopsies 
from patients who have been treated for pauci-immune cres-
centic glomerulonephritis, enter remission, and later are rebi-
opsied because of a clinical relapse.

The finding of severe fibrinoid necrosis adjacent to rela-
tively normal glomerular segments is similar to the features 
of acute anti-GBM glomerulonephritis, but contrasts with 
immune complex crescentic glomerulonephritis, which typi-
cally has more glomerular endocapillary hypercellularity, less 
glomerular necrosis, little or no disruption of the Bowman 
capsule, and less periglomerular inflammation (75,76). The 
histologic features of renal-limited pauci-immune crescentic 
glomerulonephritis are indistinguishable from those of pauci-
immune crescentic glomerulonephritis that occurs as a compo-
nent of systemic vasculitis (2,3,26,44).

When the histologic glomerular features of an immune 
complex glomerulonephritis, such as endocapillary hyper-
cellularity or thick capillary walls, are observed in an ANCA-
positive patient with glomerular fibrinoid necrosis or crescent 
formation, the possibility of concurrent immune complex and 

FIGURE 16.9 High magnification of a glomerular segment from the same 
specimen as in Figure 16.5 showing prominent influx and margination of 
neutrophils (arrows) and a site of necrosis with adjacent fibrinous material 
(F ) spilling into the Bowman space where it is associated with cells that 
probably include disrupted epithelial cells and infiltrating monocytes and 
macrophages. (PAS stain.)
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ANCA disease must be considered. This will be revealed con-
clusively by immunofluorescence and electron microscopy. 
Likewise, if a renal biopsy specimen with confirmed immune 
complex disease has more extensive necrosis or crescent for-
mation than would be expected given the type of immune 
complex disease, such as membranous glomerulopathy with 
exclusively subepithelial deposits or IgA nephropathy with 
exclusively mesangial deposits, the possibility of concurrent 
immune complex and ANCA disease must be considered, and 
the patients should be tested serologically for ANCA. Not sur-
prisingly given their relative frequency, the immune complex 
diseases that have been reported most often in association with 
ANCA are membranous glomerulonephritis (119–123), IgA 
nephropathy (124–128), diabetic glomerulosclerosis (129), 
and lupus glomerulonephritis (122,130).

With time, the necrotic glomerular lesions of pauci-
immune crescentic glomerulonephritis heal as segmental or 
global sclerosis (Fig. 16.10). In a study that compared initial 
renal biopsy specimens to follow-up biopsy specimens by 
Hauer et al. (131), the follow-up specimens had fewer cellu-
lar crescents (30% vs. 57%), less glomerular fibrinoid necrosis 
(8% vs. 22%), and more glomerular sclerosis (39% vs. 12%). 
The proportion of normal glomeruli did not change (30% 
in follow-up and 29% in initial biopsies), suggesting that no 
glomeruli were recruited into the disease process after therapy 
was initiated. The proportion of sclerotic glomeruli at the time 
of biopsy tends to be higher in MPO-ANCA glomerulonephri-
tis than in PR3-ANCA glomerulonephritis. Hauer et al. (12) 
reported glomerular sclerosis in a mean of 25% of glomeruli in 
MPO-ANCA disease compared with 15% in PR3-ANCA dis-
ease (P = 0.02). Similarly, Vizjak et al. (11) reported global or 
segmental glomerular sclerosis in a mean of 37% of glomeruli 
in MPO-ANCA disease compared with 18% in PR3-ANCA 
disease (P < 0.01).

Because there are no well-defined immune deposits to 
mark the initial pathogenic mechanism, the glomerular scar-
ring may be confused with chronic injury caused by some 
other process, such as focal segmental glomerulosclerosis or 
arterionephrosclerosis. Special stains may reveal fragmented 
basement membranes embedded in the amorphous collag-
enous scar, a finding that attests to the necrotizing injury that 
preceded the scarring. As with other forms of crescentic glo-
merulonephritis, the crescents evolve from cellular to fibrocel-
lular to fibrotic phases (discussed in detail in Chapter 15). The 
progressive fibrosis of crescents usually is accompanied by a 
comparable degree of progressive sclerosis of the underlying 
glomerular tuft.

Although glomerular necrosis and crescents are the most 
common and most distinctive histopathologic features of 
ANCA pauci-immune crescentic glomerulonephritis at the 
time of renal biopsy, a spectrum of acute and chronic lesions 
can be observed in renal tissue from patients with ANCA 
disease who undergo renal biopsy (11,12,132). In an analy-
sis of 232 renal biopsy specimens with ANCA-positive pauci-
immune renal disease who were evaluated at the University 
of North Carolina Nephropathology Laboratory, 75% had 
both glomerular necrosis and crescent formation, and this 
involved over 50% of glomeruli in 48% of specimens (132) 
(Fig. 16.11). Comparatively mild, possibly early, acute disease 
with focal necrosis but no crescents was observed in only 3% 
of specimens. Extensive crescent formation involving more 
than 50% of glomeruli in the absence of active necrosis was 
seen in 4%. Either focal (4%) or diffuse (12%) sclerosing glo-
merulonephritis with no necrosis and no cellular crescents was 
seen in 16% of specimens, presumably representing a chronic 
phase of disease. Many of the specimens with cellular crescents 
and necrosis also had minor populations of sclerotic glomeruli. 
Rare biopsy specimens from patients with clinical evidence 
for ANCA glomerulonephritis had no lesions identified by 
light microscopy (1%) or only tubulointerstitial inflammation 
(1%). These patients may have had focal ANCA glomerulo-
nephritis that was not sampled in the renal biopsy specimen. 
However, Lockwood (133) proposed that some patients might 
have ANCA disease characterized by tubulointerstitial nephri-
tis in the absence of glomerulonephritis.

ANCA pauci-immune crescentic glomerulonephritis can 
be classified based on the predominant pattern of injury at the 
time of biopsy. Several groups have investigated the predictive 
value of a classification system initially developed using speci-
mens from European Vasculitis Study Group (EUVAS) patient 
cohorts (49). This classification system categorizes ANCA 
pauci-immune glomerulonephritis into 4 classes based on the 
histopathologic glomerular findings, that is, focal, crescentic, 
sclerotic, or mixed based on the criteria given below. Of 100 
biopsies with ANCA pauci-immune glomerulonephritis, 13 
were classified as sclerotic (≥50% globally sclerotic glomeruli), 
16 as focal (≥50% normal glomeruli), 55 as crescentic (≥50% 
of glomeruli with cellular crescents), and 16 as mixed (greater 
than 50% of glomeruli with lesions but no predominance of 
crescentic or sclerotic glomeruli). Renal survival correlated 
with these classes. Renal survival at 1 year was 93% for the 
focal class, 84% for crescentic class, 69% for the mixed class, 
and 50% for the sclerotic class. Renal survival at 5 years was 
93% in the focal class, 76% in crescentic class, 61% in mixed 
class, and 50% in sclerotic class. Several additional validations 

FIGURE 16.10 Glomerulus from a patient with chronic pauci-
immune crescentic glomerulonephritis showing global glomerular 
sclerosis and a fibrotic crescent. There is extensive dissolution of the 
Bowman capsule (beginning at the arrow). Note that there is diffuse tubu-
lointerstitial inflammation with interstitial influx of mononuclear leuko-
cytes, focal tubulitis, tubular atrophy, and interstitial fibrosis. (PAS stain.)
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of the classification system have confirmed its utility with the 
focal class consistently having the best outcome and the scle-
rotic class the worst outcome (134–136).

Renal Vessels Other Than Glomeruli
Arteries, arterioles, and medullary vasa recta should be care-
fully examined in a specimen that has pauci-immune crescentic 
glomerulonephritis because of the possibility of accompanying 
necrotizing small-vessel vasculitis that can cause renal arteritis, 
arteriolitis, and medullary angiitis (43,113,137). The interlob-
ular arteries are the most commonly affected arteries, but any 
artery may be involved. Hilar arteriolar necrosis may be con-
tinuous with glomerular necrosis. If vasculitis is identified in 
addition to the pauci-immune crescentic glomerulonephritis, 
clinical, serologic, and other pathologic data should be evalu-
ated to determine the appropriate clinicopathologic diagnosis 
for the vasculitis. The presence of intrarenal vasculitis increases 
the likelihood of systemic vasculitis, but a minority of patients 
will have renal extraglomerular vasculitis with no evidence for 
systemic vasculitis.

The characteristic acute arterial and arteriolar lesion in the 
kidney and elsewhere in pauci-immune small-vessel vasculitis 
is segmental fibrinoid necrosis with associated mural and peri-
vascular infiltration of neutrophils or mononuclear leukocytes 
or both (Fig. 16.12) (2,3,11,43). The necrotizing arteritis of 
pauci-immune small-vessel vasculitis is histologically indistin-
guishable from the necrotizing arteritis of polyarteritis nodosa 
(see Chapter 17) (3,22). In the kidney, the presence of glo-
merulonephritis indicates that an arteritis is a component of 
a small-vessel vasculitis instead of a medium-sized vasculitis, 
such as polyarteritis nodosa (3,26). Jennette and Thomas (2) 
identified arteritis in 13% of renal biopsies from 45 patients 
with ANCA glomerulonephritis, Savage et al. (36) identified 
vasculitis in 19% of 32 renal biopsies from patients with MPA, 
and Vizjak et al. (11) identified active vasculitis in 23% of 55 
patients with PR3-ANCA glomerulonephritis and 23% of 74 
patients with MPO-ANCA glomerulonephritis. This is an 
underestimate of the frequency of arteritis because the lesions 
always are focal, and renal biopsy specimens provide only a 
very small sampling of renal arteries.

The acute arterial lesions have segmental fibrinoid necro-
sis with varying degrees of neutrophilic and mononuclear 

 leukocyte infiltration. On hematoxylin and eosin (H&E)–
stained sections, fibrinoid necrosis is deeply acidophilic, often 
with a coarsely fibrillary texture and ragged margins especially 
at the interface with the perivascular interstitium (see Fig. 
16.12A and B). The fibrinoid necrosis is accentuated in red 
with a Masson trichrome stain (see Fig. 16.12C and D), a fea-
ture that facilitates differentiation from sclerosis, which stains 
blue or green with this stain (Figs. 16.13 and 16.14).

Initially, the intramural and perivascular infiltrate con-
tains many neutrophils, often with karyorrhexis (leukocytocla-
sia). However, by the time lesions are examined pathologically, 
they often have predominantly mononuclear leukocytes 
(primarily macrophages and T cells), usually with admixed 
neutrophils and eosinophils. Numerous eosinophils may be 
present in the vascular and perivascular infiltrates of all types 
of pauci-immune small-vessel vasculitis and thus are not spe-
cifically diagnostic for EGPA. However, numerous eosinophils 
should at least heighten suspicion for EGPA. Thrombosis may 
be present at sites of vascular inflammation and necrosis. At 
sites of severe mural necrosis and thrombosis, determination 
of where thrombus ends and fibrinoid necrosis begins may not 
be possible.

The perivascular inflammatory infiltrate that occurs 
adjacent to necrotic segments of arteries may have a granu-
lomatous appearance with a predominance of macrophages 
that sometimes form a palisade around the vessel and may 
contain multinucleated giant cells (Fig. 16.15). This perivas-
cular inflammatory response is analogous to the periglomeru-
lar granulomatous response that occurs around some severely 
injured glomeruli in pauci-immune crescentic glomerulone-
phritis. Perivascular granulomatous inflammation is most fre-
quent in patients with GPA but also may occur in patients 
with MPA or EGPA and thus is not as diagnostic for GPA as 
is granulomatous inflammation arising in the interstitium not 
adjacent to vasculitis or glomerulonephritis.

Over time, the acute necrotizing arterial lesions develop 
progressive sclerosis that evolves into segmental vascular scar-
ring with or without associated mononuclear leukocytes, espe-
cially T cells and macrophages. With the initial progression 
to sclerosis, a Masson trichrome stain will reveal residual red 
(fuchsinophilic) fibrinoid material admixed with proliferat-
ing spindle cells (fibroblasts and myofibroblasts) and blue 

FIGURE 16.11 Categorization of the pathologic 
findings in 232 renal biopsy specimens from ANCA-
positive patients who underwent renal biopsy 
evaluation at the University of North Carolina 
Nephropathology Laboratory because of clinical 
evidence for renal disease. Patients categorized as 
having necrotizing and crescentic glomerulonephritis often 
also had some degree of glomerular sclerosis. Patients cat-
egorized as having sclerosing glomerulonephritis had no 
necrosis, and any crescents were fibrocellular or fibrotic.
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FIGURE 16.12 Lower (A)- and higher (B)-magnification photomicrographs of a renal biopsy specimen from a patient with micro-
scopic polyangiitis showing extensive necrotizing arteritis affecting an interlobular artery. The fibrinoid necrosis is deeply acidophilic 
in these H&E-stained sections. The muscularis of the artery is essentially totally destroyed. The perivascular infiltrate has a somewhat 
granulomatous appearance with vague palisading of macrophages adjacent to the necrosis. Note also the more diffuse tubulointersti-
tial inflammation farther away from the vessel. Lower (C)- and higher (D)-magnification photomicrographs of the same specimen with 
the fibrinoid necrosis highlighted in red by a Masson trichrome stain.
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FIGURE 16.13 Interlobular artery in a renal biopsy specimen from a 
patient with microscopic polyangiitis showing subacute arteritis with 
obliteration of the lumen by edematous intimal thickening (double arrows) 
and residual fibrinoid necrosis in the muscularis demarcated in red with 
this Masson trichrome stain. There is still a relatively intense perivascular 
inflammation composed predominantly of mononuclear leukocytes.

FIGURE 16.14 Interlobular artery in a renal biopsy specimen from 
a patient with microscopic polyangiitis showing chronic arteritis 
with fibrosis of the intima and media. This Masson trichrome stain 
reveals no residual fuchsinophilic fibrinoid necrosis. There is still a rela-
tively mild perivascular inflammation composed predominantly of mono-
nuclear leukocytes with some admixed eosinophils.
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(or green) collagenous extracellular matrix (see Fig. 16.13). 
Eventually, the fibrinoid material disappears leaving behind 
a distorted vessel wall usually with a thickened intima and 
fibrotic muscularis (see Fig. 16.14). Vizjak et al. (11) identi-
fied lesions consistent with chronic scarring secondary to 
arteritis in 9% of 55 PR3-ANCA glomerulonephritis renal 
biopsy specimens and 12% of 74 MPO-ANCA specimens. In 
a patient with the sclerotic phase of pauci-immune crescen-
tic glomerulonephritis, sclerotic lesions in arteries should be 
examined carefully for evidence of prior arterial inflammation. 
Asymmetrical scarring that extends into the muscularis and is 
associated with extensive disruption of the internal elastica is 
evidence for earlier active arteritis.

Patients with ANCA pauci-immune crescentic glomerulo-
nephritis occasionally have a necrotizing, leukocytoclastic angi-
itis affecting the medullary vasa recta (Fig. 16.16) (2,102,103). 
Watanabe et al. (102) observed papillary necrosis with med-
ullary angiitis in 5 of 23 autopsies of patients with GPA, all 
of whom had severe necrotizing and crescentic glomerulo-
nephritis. This lesion is seen much less often in renal biopsy 
specimens. We have observed this lesion not only in patients 
with GPA but also MPA and pauci-immune crescentic glomer-
ulonephritis with no evidence for systemic disease. If a renal 
biopsy specimen from an ANCA-positive patient contains 
only medulla and no cortex, the presence of medullary angi-
itis supports a diagnosis of small-vessel vasculitis. Because of 
the conspicuous neutrophils, at first glance, medullary angiitis 
can be mistaken for acute tubulointerstitial nephritis, especially 
acute pyelonephritis. The inflammation may spill into tubules, 
causing epithelial injury and luminal accumulation of neutro-
phils and cellular debris. However, careful examination reveals 
that most of the inflammation is centered on the peritubular 
vasa recta and is accompanied by focal interstitial hemorrhage. 
Leukocytoclasia usually is very conspicuous. This extensive 
neutrophil nuclear fragmentation is similar to the leukocyto-
clastic angiitis that often affects dermal venules in patients with 

ANCA small-vessel vasculitis. The severity of medullary angi-
itis does not correlate with the severity of glomerulonephritis 
or the presence of cortical vasculitis (103). Severe medullary 
angiitis results in ischemia and coagulative necrosis that may 
lead to sloughing of the necrotic papillary tip.

Tubules and Interstitium
Interstitial edema, focal tubular epithelial flattening from acute 
simplification, and acute tubulointerstitial inflammation are 
common with severe acute pauci-immune crescentic glomeru-
lonephritis (Fig. 16.17) (104). Tubular lumens may contain 
numerous dysmorphic red blood cells. Interstitial infiltration 

FIGURE 16.15 Interlobular artery in a renal biopsy specimen from 
a patient with MPA showing necrotizing arteritis with a well-
defined collar of granulomatous inflammation with palisading epi-
thelioid macrophages. The lumen and zone of fibrinoid necrosis contain 
some neutrophils. This patient was ANCA negative and had no respiratory 
tract disease and no evidence for extrarenal granulomatous inflammation.

FIGURE 16.16 Medullary angiitis in an autopsy specimen from a patient 
with GPA. Note the marked leukocytoclasia, which imparts an appearance 
reminiscent of dermal leukocytoclastic angiitis. (H&E stain.)

FIGURE 16.17 Low magnification of a renal biopsy specimen from a 
patient with pauci-immune crescentic glomerulonephritis showing typical 
acute tubulointerstitial changes that include diffuse edema, slight leuko-
cyte infiltration, focal simplification (flattening) of proximal tubular epithe-
lial cells, and red blood cells in tubular lumens. Note also the glomerulus 
with segmental fibrinoid necrosis and crescent formation. (H&E stain.)
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by leukocytes is common and is most pronounced adjacent to 
severely inflamed glomeruli or vessels. Tubulitis with lympho-
cytes infiltrating the epithelial side of tubular basement mem-
branes may occur in areas of interstitial inflammation (104). 
Occasional interstitial infiltrates, usually with severe acute dis-
ease, contain conspicuous neutrophils. Interstitial eosinophils 
often occur in EGPA (38), but these are not specific because 
they also occur, although less frequently, in MPA, GPA, and 
renal-limited pauci-immune crescentic glomerulonephritis. 
Focal zones of tubular coagulative necrosis in a specimen with 
pauci-immune crescentic glomerulonephritis should raise 
the possibility of an accompanying vasculitis that has caused 
thrombosis and infarction.

Pauci-immune crescentic glomerulonephritis, especially as 
it progresses, is accompanied by interstitial leukocyte infiltra-
tion that has two patterns that usually coexist: tubulointersti-
tial and periglomerular. The tubulointerstitial pattern is not 
oriented around glomeruli but rather is associated with acute 
or chronic tubular changes such as tubulitis, simplification 
(acute) or atrophy (chronic). Tubular atrophy and tubuloin-
terstitial inflammation always is accompanied by interstitial 
fibrosis. Interstitial leukocyte infiltration and interstitial fibro-
sis tend to be more pronounced with MPO-ANCA glomerulo-
nephritis than with PR3-ANCA glomerulonephritis (11).

Periglomerular inflammation, as the name implies, is 
oriented adjacent to glomeruli. Periglomerular interstitial 
inflammation usually consists predominantly of lympho-
cytes, monocytes, and macrophages with varying numbers of 
admixed neutrophils and eosinophils (118). Periglomerular 
inflammation often is associated with breaks in the Bowman 
capsule (Fig. 16.18) (76,114). Most periglomerular infiltrates 
have a predominance of T lymphocytes (118). Macrophages, 
including epithelioid macrophages, may be conspicuous, and 
they may have a palisading orientation around the glomeru-
lus. Multinucleated giant cells may be in the periglomerular 
infiltrates (see Fig. 16.8). When epithelioid macrophages, 
especially accompanied by multinucleated giant cells, are 
present, the periglomerular infiltrates have a granulomatous 
appearance. Granulomatous periglomerular inflammation is 
more common in GPA, but it also occurs in MPA, EGPA, and 
anti-GBM glomerulonephritis (114). Periglomerular granulo-
matous inflammation, however, is rare in glomerulonephritis 
other than ANCA glomerulonephritis, so its presence should 
raise the possibility of ANCA glomerulonephritis or ANCA 
small-vessel vasculitis.

Periglomerular granulomatous inflammation secondary to 
severe necrotizing glomerular injury should not be confused 
with the rare occurrence in patients with GPA and EGPA of 
interstitial necrotizing granulomatous inflammation that is not 
centered on glomeruli but rather is a component of the systemic 
necrotizing granulomatosis (Fig. 16.19). These granulomatous 
lesions typically have a central zone of necrosis surrounded 
by a loose infiltrate of mononuclear leukocytes, neutrophils, 
and scattered multinucleated giant cells. At low magnification, 
the granulomatous inflammation often has an irregular, jag-
ged outline, whereas the periglomerular inflammation usually 
has a more spherical configuration. Special stains for basement 
membranes, such as periodic acid–Schiff or methenamine 
silver stains, may be required to detect residual GBMs at the 
center of a periglomerular granuloma to distinguish it from 
interstitial granulomatous inflammation.

Perivascular interstitial inflammation occurs adjacent to 
sites of segmental necrotizing inflammation in cortical arter-
ies and arterioles and in medullary vasa recta (see Figs. 16.12, 
16.15, and 16.16). The cortical perivascular infiltrates occa-
sionally contain numerous neutrophils; however, mononuclear 

FIGURE 16.18 Glomerulus affected by pauci-immune crescentic 
glomerulonephritis with a portion of the tuft on the left having no 
significant histologic changes, whereas the portion on the right has 
extensive necrosis with an associated cellular crescent and disrup-
tion of the Bowman capsule. Also note that the tubulointerstitial tissue 
adjacent to the intact portion of the tuft on the left has only minimal inflamma-
tion, whereas the tubulointerstitial tissue adjacent to the inflamed portion of 
the tuft and the ruptured Bowman capsule is intensely inflamed. (PAS stain.)

FIGURE 16.19 Focus of granulomatous interstitial inflammation in 
a renal biopsy specimen with no apparent relationship to a glom-
erulus or vessel. There is a central zone of necrosis surrounded by an 
admixture of neutrophils and mononuclear leukocytes and a few multi-
nucleated giant cells (arrow). (H&E stain.)
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leukocytes usually predominate. Eosinophils are often present 
and occasionally are numerous. Many eosinophils in the vascu-
litic and perivasculitic infiltrates can occur in MPA and GPA 
as well as in EGPA. Therefore, a diagnosis of EGPA cannot be 
made on the basis of numerous eosinophils in the vasculitic 
infiltrate, but rather, it requires a history of asthma and blood 
eosinophilia.

The medullary angiitis typically has extensive adjacent 
interstitial infiltration by neutrophils, marked leukocytoclasia, 
and hemorrhage (see Fig. 16.16). Medullary interstitial nec-
rotizing granulomatous inflammation and papillary necrosis 
also occur in patients with pauci-immune small-vessel vascu-
litis (103) but are uncommon and are rarely identified in renal 
biopsy specimens.

As acute disease progresses, the interstitial edema is replaced 
by interstitial fibrosis. Focal tubular atrophy with flattening of 
epithelium and thickening of tubular basement membranes 
often develops. Areas of interstitial fibrosis and tubular atro-
phy have interstitial infiltration of chronic inflammatory cells 
with T lymphocytes predominating (see Fig. 16.10). Varying 
numbers of macrophages, plasma cells, and eosinophils are 
admixed. Atrophic tubules may have infiltrating lymphocytes 
on the epithelial side of the tubular basement membranes. 
Eisenberger et al. (23) compared the severity of tubulointer-
stitial disease in patients with ANCA-negative pauci-immune 
glomerulonephritis or ANCA-positive pauci-immune glomer-
ulonephritis and found no significant difference.

Extrarenal Pathology
The pathologic features of the necrotizing vasculitis lesions of 
MPA, GPA, and EGPA are the same in other organs as they 
are in the kidney. For example, leukocytoclastic angiitis affect-
ing vasa recta resembles that in dermal venules, the necrotizing 
capillaritis in glomeruli is analogous to that in alveolar capil-
laries, and the necrotizing arteriolitis and arteritis in arteries 
within the kidney is histologically identical to the necrotizing 
arteriolitis and arteritis elsewhere in the body, such as epineu-
ral arteritis causing peripheral neuropathy, gastrointestinal 
arteritis causing focal ulceration and hemorrhage, and skeletal 
muscle arteritis causing myalgias. Histologic demonstration 
of necrotizing vasculitis alone, however, is not diagnostic for 
pauci-immune small-vessel vasculitis or for a specific category 
of ANCA small-vessel vasculitis without additional serologic, 
clinical, or pathologic data. For example, histologically indis-
tinguishable necrotizing arteritis in a biopsy specimen from 
skeletal muscle, peripheral nerve, or skin can be caused by poly-
arteritis nodosa, MPA, GPA, and EGPA. Similarly, histologi-
cally indistinguishable leukocytoclastic angiitis in the dermis 
can be caused not only by the ANCA small-vessel vasculitides 
but also by IgA vasculitis (Henoch-Schönlein purpura [HSP]), 
cryoglobulinemic vasculitis, lupus vasculitis, serum sickness 
vasculitis, rheumatoid vasculitis, and other small-vessel vasculi-
tides. Based on a biopsy specimen alone, a pathologist can pro-
vide only a descriptive diagnosis (such as necrotizing arteritis or 
leukocytoclastic angiitis) along with a differential diagnosis of 
categories of vasculitis that could be causing the lesions.

The necrotizing granulomatous inflammation of GPA 
most often affects the upper and lower respiratory tract (39), 
but it can occur elsewhere, for example, in the dermis and sub-
cutaneous tissue, resulting in red, tender cutaneous nodules. 
The earliest lesions may contain predominantly neutrophils 

in essence forming a microabscess. The necrotizing lesions 
are characterized histologically by an irregular central zone of 
necrosis that may have an amphophilic or bluish hue because 
of finely dispersed nuclear debris. At low magnification, the 
multiple foci of irregular necrosis may impart an irregular geo-
graphic pattern. At the center of small lesions, and at the edge 
of the necrotic zone in larger lesions, one often sees numerous 
neutrophils, many undergoing leukocytoclasia. The periph-
ery of the lesions has an admixture of mononuclear leuko-
cytes, neutrophils, and occasionally eosinophils, with scattered 
multinucleated giant cells. Epithelioid macrophages may be 
numerous, but they do not have the compact arrangement seen 
in more prototypical granulomas, such as those of sarcoidosis. 
As the granulomatous inflammation matures, palisading elon-
gated macrophages align at the interface between the inflam-
mation and the central necrotic or sclerotic core. More chronic 
lesions have extensive fibroblastic proliferation and ultimately 
evolve into dense fibrotic scars. For a specimen that contains 
necrotizing granulomatous inflammation, the major nonvas-
culitic differential diagnostic considerations are mycobacterial 
and fungal infections.

The necrotizing granulomas of EGPA are similar to those 
of GPA, but they have predominantly eosinophils rather than 
neutrophils at the centers of early acute lesions, and the central 
zone of necrosis often is more acidophilic (37,56). The necrotic 
zone may contain numerous brightly acidophilic eosinophil 
granules and Charcot-Leyden crystals formed from annealed 
granule constituents. The granulomatous lesions of EGPA 
occur most often in the lungs and skin. In the latter loca-
tion, nodular lesions are indistinguishable from those caused 
by GPA except for the tendency to contain more eosinophils. 
Nodular inflammatory skin lesions can be caused not only by 
vasculitis-associated granulomatous inflammation but also by 
arteritis in the dermis or subcutaneous tissue (dermal venuli-
tis causes purpura rather than nodules). Therefore, cutaneous 
nodules can be a manifestation of not only GPA and EGPA 
but also any form of vasculitis that causes necrotizing arteritis. 
Cutaneous nodules caused by arteritis are more common in 
polyarteritis nodosa than in MPA.

Hemorrhagic necrotizing pulmonary alveolar capillaritis 
is a frequent, and often life-threatening, feature of GPA and 
MPA, but is uncommon in EGPA. As a consequence, the 
ANCA small-vessel vasculitides, primarily MPA and GPA, are 
the most common causes of pulmonary-renal vasculitic syn-
drome (24). The acute alveolar capillaritis is characterized by 
marked neutrophil infiltration in involved alveolar septa, often 
with leukocytoclasia. Special stains, such as methenamine sil-
ver, demonstrate extensive capillary basement membrane dis-
ruption. In general, the hemorrhagic capillaritis of anti-GBM 
disease (Goodpasture syndrome) has less conspicuous neutro-
phils and less destruction of alveolar capillary basement mem-
branes than ANCA-associated alveolar capillaritis.

The focal nature of acute vasculitic and granulomatous 
lesions complicates diagnosis by biopsy because, even at sites 
of active acute injury, the biopsy specimen may contain tissue 
with only nonspecific acute and chronic inflammatory changes. 
For example, in a study of 126 head and neck biopsy speci-
mens from patients with GPA, Devaney et al. (138) observed 
vasculitis with necrosis and granulomatous inflammation in 
16%, vasculitis with granulomatous inflammation in 21%, 
and vasculitis with necrosis in 23%. The more distinctive acute 
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 vasculitic and granulomatous lesions evolve into more nonspe-
cific chronic sclerotic lesions, for example, pulmonary intersti-
tial fibrosis and bronchiolitis obliterans (139). Therefore, acute 
necrotizing vasculitis and necrotizing granulomatous inflam-
mation, although the most specific, are not the only pathologic 
findings in a lung biopsy specimen that support or raise the 
possibility of ANCA small-vessel vasculitis. Nonspecific acute 
and chronic inflammation and fibrosis, especially if associated 
with hemosiderin-laden macrophages, are consistent with but 
are not diagnostic of ANCA-associated pulmonary injury.

Immunofluorescence Microscopy
By definition, pauci-immune crescentic glomerulonephritis 
does not have immunofluorescence microscopy findings that 
would be diagnostic for anti-GBM disease or immune complex 
disease. However, the term pauci-immune rather than nonim-
mune staining is used because many patients have a low level 
of staining for immunoglobulin (i.e., less than 2+ on a scale of 
0 to 4+) as well as complement components (140). The pau-
city of staining for immunoglobulin is seen in renal-limited 
ANCA-associated necrotizing and crescentic glomerulonephri-
tis as well as ANCA-associated systemic small-vessel vasculitis. 
Ronco et al. (141) were among the first investigators to report 
this observation. They detected glomerular staining for immu-
noglobulins in less than 20% of patients with GPA and in less 
than 10% of patients with “polyarteritis nodosa.” Most of the 
latter group met the current definition for MPA because they 
had glomerulonephritis. Savage et al. (36) reported glomerular 
IgG in 15%, IgA in 10%, and IgM in 5% of 20 renal biopsies 
from patients with MPA. Jennette and Thomas (2) reported 
higher than 1+ staining for any immunoglobulin in only 14% 
of 71 patients with ANCA glomerulonephritis. D’Agati et al. 
(108) noted better than 1+ staining for immunoglobulin in 
5% of 20 patients with MPA. Haas and Eustace (142) observed 
that many but not all patients with ANCA crescentic glomeru-
lonephritis who have low-intensity staining for immunoglobu-
lin by immunofluorescence microscopy also have scattered, 
usually small, electron-dense deposits by electron microscopy.

There is no standard criterion, however, for where to draw 
the line between pauci-immune crescentic glomerulonephri-
tis and immune complex crescentic glomerulonephritis with 
respect to the amount or intensity of glomerular staining for 
immunoglobulin. There is an inverse relationship between the 
amount of staining for immunoglobulin in a specimen with 
crescentic glomerulonephritis and the frequency of ANCA 
positivity (Fig. 16.20). For example, in a study of 213 patients 
with more than 50% glomerular crescents (excluding patients 
with lupus glomerulonephritis or anti-GBM glomerulonephri-
tis), 92% with no immunofluorescence staining for glomerular 
immunoglobulin were ANCA positive, 82% with trace to 1+ 
staining were ANCA positive, 23% with more than 2+ stain-
ing were ANCA positive, and 8% with higher than 3+ staining 
were ANCA positive (140). Thus, the more pauci-immune the 
specimen is, the more likely the patient is to have ANCA glo-
merulonephritis. However, ANCA-positivity does not influ-
ence the pathologic diagnosis or clinical management because 
ANCA-negative pauci-immune glomerulonephritis has the 
same pathologic and clinical features as ANCA-positive pauci-
immune glomerulonephritis (23).

An important distinction to make when examining a 
specimen with pauci-immune crescentic glomerulonephritis 

is the staining in glomeruli or portions of glomeruli that do 
not have necrosis or sclerosis versus staining in glomeruli or 
portions of glomeruli that do have necrosis or sclerosis. As in 
other glomerular diseases, areas of glomerular sclerosis have 
irregular staining for C3, C1q, and IgM (11). Foci of glomeru-
lar necrosis also have variable staining for C3 and immuno-
globulins and marked staining for fibrin (Fig. 16.21). Likewise, 
foci of fibrinoid necrosis in extrarenal vessels stain for fibrin. 
Crescents also stain for fibrin that is located in the interstices 
between cells (Fig. 16.22). The fibrin is the product of the 

FIGURE 16.20 Graph showing the relationship between the like-
lihood of a positive ANCA serology and identification of immune 
complex–type electron-dense deposits by electron microscopy 
on the y-axis as a function of the amount of staining for immuno-
globulin on the x-axis. The data are derived from 213 patients with cres-
centic glomerulonephritis (≥50% glomerular crescents) evaluated in the 
University of North Carolina Nephropathology Laboratory. Patients with 
anti-GBM disease and lupus nephritis were excluded from the study.

FIGURE 16.21 Glomerulus from a patient with pauci-immune crescen-
tic glomerulonephritis showing staining by immunofluorescence micros-
copy for fibrin at a site of segmental fibrinoid necrosis (small arrow) and 
a second focus of fibrin that appears to extend out from a site of fibrinoid 
necrosis into an adjacent crescent (large arrow). (Fluorescein isothiocya-
nate [FITC] antifibrin.)
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activation of the coagulation system proteins in plasma that 
has spilled out of injured vessels into the perivascular tissue or 
into the Bowman space where they contact thrombogenic sub-
stances, such as tissue factor. Thus, fibrin staining is a marker 
for severe inflammatory injury to vessels. The staining for 
immunoglobulin and especially complement often is accentu-
ated and may only be observed in areas of segmental necrosis 
or sclerosis. This greater correspondence with sites of injury 
differs from immune complex–mediated glomerulonephritis 
and anti-GBM glomerulonephritis in which the staining for 
immunoglobulin and complement is as strong if not stronger 
in glomeruli and glomerular segments that do not have injury. 
This may result from the difference in pathogenesis with 
immune deposits preceding the initiation of inflammation in 
immune complex and anti-GBM disease, versus initiation of 
immunoglobulin binding and complement activation only at 
the sites of injury in ANCA disease.

As noted earlier, the definition of “pauci-immune” is some-
what arbitrary (140). Most pathologists use a staining inten-
sity of 2+ or less as the cutoff point. Using this definition for 
pauci-immune (i.e., 2+ or less staining), Vizjak et al. (11) deter-
mined that 96% of 135 patients with ANCA-associated glo-
merulonephritis were pauci-immune. In this study, there was 
no difference in the extent of staining for immunoglobulins or 
complement in patients with MPO-ANCA versus PR3-ANCA. 
When staining for immunoglobulins is present, it may be for 
any combination of IgG, IgM, or IgA. Staining for IgM is most 
frequent (11). The staining usually is confined to or predomi-
nantly in the mesangium (Fig. 16.23); however, the distribu-
tion is extremely variable. When the IgA staining is dominant 
or codominant, the possibility of concurrent ANCA disease 
and IgA nephropathy is a consideration. Some patients have 
very convincing features for concurrent ANCA glomerulone-
phritis and IgA nephropathy (124–128), but others have only 
very low-level staining that if seen in isolation in a renal biopsy 
specimen would not warrant a diagnosis of IgA nephropathy. 
Our arbitrary approach is to make a diagnosis of pauci-immune 
crescentic glomerulonephritis if there is  IgA-dominant  staining 

that is less than 2+ intensity in the setting of glomerular necrosis 
and crescents and to make a diagnosis of concurrent ANCA glo-
merulonephritis and IgA nephropathy if there is 2+ or greater 
IgA-dominant staining in a patient with necrosis, crescents, 
and ANCA. If the patient has IgA nephropathy with exten-
sive necrosis and crescents but is ANCA negative, one can only 
conjecture about the possibility of concurrent ANCA-negative 
glomerulonephritis with the IgA nephropathy. Similarly, a cut-
off must be established between pauci-immune crescentic glo-
merulonephritis with minor granular staining for IgG caused 
by subepithelial immune complex deposits versus ANCA glo-
merulonephritis concurrent with membranous glomerulone-
phritis (120–122,125,143). Our arbitrary approach is to make 
the latter diagnosis only if 50% of glomeruli have over 50% of 
the tufts involved with 2+ or greater granular staining for IgG 
in a patient with necrosis, crescents, and ANCA.

The presence of intense linear staining of glomeruli in 
an ANCA-positive patient with crescentic glomerulonephritis 
raises the possibility of concurrent anti-GBM disease (86–88). 
The presence of ANCA in these patients appears to alter the 
phenotype of disease; for example, patients with both ANCA 
and anti-GBM antibodies may have systemic small-vessel vas-
culitis that is not expected with anti-GBM disease alone. Thus, 
testing for ANCA may provide useful information not only in 
patients with pauci-immune glomerulonephritis and vasculitis 
but also in patients with anti-GBM glomerulonephritis or cres-
centic immune complex glomerulonephritis.

Electron Microscopy
As would be expected from the results of immunofluorescence 
microscopy, most patients with pauci-immune crescentic glo-
merulonephritis, MPA, GPA, and EGPA have no or scanty 
glomerular or vascular immune complex–type electron-dense 
deposits (2,108,110,144). This absence or paucity of immune 
complex–type electron-dense deposits is a feature of pauci-
immune crescentic glomerulonephritis that differentiates it 
from immune complex crescentic glomerulonephritis. As with 
immunofluorescence microscopy findings, however, a small 

FIGURE 16.22 Glomerulus from a patient with pauci-immune crescentic 
glomerulonephritis showing staining by immunofluorescence microscopy 
for fibrin in a large circumferential crescent. (FITC antifibrin.)

FIGURE 16.23 Glomerulus from a patient with pauci-immune crescentic 
glomerulonephritis showing irregular predominantly mesangial staining by 
immunofluorescence microscopy for IgG. (FITC anti-IgG.)
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amount of scattered electron-dense material may be tolerated 
in the pauci-immune category (142). By electron microscopy, 
pauci-immune crescentic glomerulonephritis with no elec-
tron-dense deposits cannot be distinguished from anti-GBM 
glomerulonephritis, which also lacks electron-dense deposits. 
Extensive immune complex–type electron-dense deposits are 
not consistent with a diagnosis of pauci-immune glomerulo-
nephritis; however, this does not rule out an ANCA-positive 
glomerulonephritis because ANCA-positivity, with associated 
glomerular necrosis and crescent formation, can be superim-
posed on immune complex glomerulonephritis that has con-
spicuous electron-dense deposits (119–128,142,143).

The ultrastructural features of pauci-immune crescentic 
glomerulonephritis are the same in patients with renal-lim-
ited disease as those in patients with systemic vasculitis (108). 
Breaks in GBMs and the Bowman capsule occur frequently. 
These can be identified in diagnostic transmission electron 
microscopy preparations (Fig. 16.24) and have been more dra-
matically demonstrated by scanning electron microscopy of 
basement membranes after removal of cellular elements (Fig. 
16.25). Capillaries may have endothelial swelling or necrosis, 
thrombosis, and margination of neutrophils and monocytes. 
Crescents contain varying mixtures of fibrin tactoids, epithelial 
cells, and macrophages.

A thorough report of the ultrastructural features of pauci-
immune crescentic glomerulonephritis and small-vessel vascu-
litis is provided in a study of MPA by D’Agati et al. (108). Early 
glomerular ultrastructural changes include focal endothelial 
swelling, focal expansion of the subendothelial zone, and focal 
endothelial necrosis and denudation of the GBM with throm-
bus formation containing fibrin tactoids and platelets (Figs. 
16.26 and 16.27). Marginated neutrophils and monocytes 
may be present (Figs. 16.27 and 16.28). At sites of GBM rup-
ture, the fibrin extends across the ruptured capillary walls into 
the Bowman space, usually in association with crescent forma-
tion (see Fig. 16.28). The fibrin typically is very electron dense 
and may have a fibrillary texture or fine periodicity. Elongated 

curvilinear aggregations of fibrin often are referred to as “fibrin 
tactoids.” If extensive rupture of the Bowman capsule occurs, 
fibrin also is observed in the periglomerular interstitium, where 
it is accompanied by leukocyte infiltration. Electron-dense 
fibrin tactoids frequently occur in the interstices between the 
cells of cellular crescents (Fig. 16.29), which corresponds to the 
staining for fibrin in crescents that is seen by immunofluores-
cence microscopy (see Fig. 16.22).

The proportion of specimens with pauci-immune cres-
centic glomerulonephritis or ANCA glomerulonephritis that 
have glomerular electron-dense deposits will vary depending 
on the definitions and criteria used for case selection. For 
example, specimens with crescentic glomerulonephritis that 
have no staining for immunoglobulins by immunofluores-
cence microscopy will have a lower frequency (less than 5%) 
and smaller electron-dense deposits than patients who have 1+ 
to 2+ staining for immunoglobulin. In the cohort of patients 
with crescentic glomerulonephritis shown in Fig. 16.20, glo-
merular immune complex–type electron-dense deposits were 
identified in 2% (2 of 92) of specimens with no staining for 

FIGURE 16.24 Transmission electron micrograph showing extensive 
breaks (arrows) in the capillary wall glomerular basement membrane in 
a renal biopsy specimen from a patient with pauci-immune crescentic 
glomerulonephritis.

FIGURE 16.25 Scanning electron micrograph of glomerular base-
ment membranes from a patient with pauci-immune crescentic 
glomerulonephritis after digestion of all cellular elements. A large 
gap and several small gaps can be seen. (From Bonsib SM. Glomerular 
basement membrane discontinuities: Scanning electron microscopic study 
of acellular glomeruli. Am J Pathol 1985;119:357.)
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 immunoglobulins by immunofluorescence microscopy, 10% 
(7 of 72) of specimens with trace to 1+ staining, 74% (14/19) 
of specimens with 2+ staining, and 100% (30 of 30) of patients 
with greater than 2+ staining. Likewise, Haas and Eustace 
(142) retrospectively evaluated 126 renal biopsy specimens 
from ANCA-associated crescentic and/or necrotizing glomeru-
lonephritis who were ANCA positive or had necrotizing arteri-
tis in the biopsy specimen. When no dense deposits were seen 
by electron microscopy, none of the patients had more than 2+ 
staining for immunoglobulin or complement, and only 22% 

had 1+ staining. However, when electron-dense deposits were 
observed, which usually were scanty, 87% had some staining 
for immunoglobulin or complement, although only 12% had 
greater than 2+ staining. Thus, immune complex–type elec-
tron-dense deposits, especially if they are small and scattered, 
do not rule out pauci-immune crescentic glomerulonephritis 
or ANCA glomerulonephritis.

Ultrastructural changes observed by D’Agati et al. (108) 
in inflamed arterioles and arteries parallel those seen in glom-
eruli. The earliest changes are endothelial swelling and necrosis 
with expansion of the subendothelial zone or accumulation of 
fibrin beneath endothelial cells. The basement membrane of 
arterioles and the internal elastica of arteries are disrupted as 
the inflammation progresses. Medial changes begin with inter-
cellular edema and fibrin formation and progress to myocyte 
necrosis associated with mural infiltration by mononuclear leu-
kocytes and neutrophils. Irregular electron-dense material con-
sistent with fibrin is present in areas of medial degeneration, 
but no immune complex–type dense deposits are identified in 
most specimens. “Healed” vascular lesions have accumulations 
of granular dense material consistent with protein insudation 
that would correspond to hyalinosis by light microscopy and 
extensive deposition of elastic and collagenous material.

ETIOLOGY AND PATHOGENESIS
As early as 1954, Godman and Churg (39) concluded that 
MPA, GPA, and EGPA were closely related pathogenetically as 
well as morphologically. The strong association of these three 
variants of small-vessel vasculitis as well as renal-limited pauci-
immune crescentic glomerulonephritis with ANCA now sup-
ports this insightful conclusion. There are a number of lines 
of clinical and experimental evidence for the pathogenicity of 
ANCA IgG in the induction of pauci-immune crescentic glo-
merulonephritis and small-vessel vasculitis.

Clinical observations in patients with pauci-immune 
small-vessel vasculitis that support a pathogenic role for ANCA 
include the high frequency of ANCA in the blood; the gen-
eral correlation of ANCA titers with disease activity (12,15,18) 
especially if sensitive capture assays are used (19,20); the 
increased risk for disease when there are higher levels of ANCA 
antigens on the surface of circulating neutrophils (145,146); 
the absence of evidence for other known pathogenic mecha-
nisms (such as vascular wall immune complex localization) (2); 
the induction of ANCA as well as pauci-immune crescentic 
glomerulonephritis and small-vessel vasculitis by certain drugs, 
including propylthiouracil, penicillamine, minocycline, and 
hydralazine (61–68,147); and the efficacy of plasmapheresis 
and targeted B-cell therapy (discussed in detail later). There is 
one interesting report of a neonate who apparently developed 
glomerulonephritis and pulmonary hemorrhage as a result of 
transplacental passage of MPO-ANCA IgG from the mother 
to the fetus (148), but no additional examples have been 
reported, and there is one report of successful pregnancy and 
delivery of a healthy newborn despite transplacental transfer of 
MPO-ANCA from a mother with MPA (149).

The most compelling experimental evidence is the induc-
tion of pauci-immune crescentic glomerulonephritis and 
small-vessel vasculitis in experimental animals (150,151). Xiao 
et al. (152) induced a strong anti-MPO immune response 

FIGURE 16.26 Transmission electron micrograph of a glomerular capil-
lary loop from a patient with pauci-immune crescentic glomerulonephritis 
showing acute endothelial disruption, adherence of platelets (P ), and for-
mation of fibrin (F ) in the capillary wall.

FIGURE 16.27 Transmission electron micrograph of a glomerular capil-
lary loop from a patient with pauci-immune crescentic glomerulonephritis 
showing a neutrophil (N ), endothelial swelling (E ) and focal denudation, 
and fibrin (F ) thrombus formation.
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in MPO knockout mice that were immunized with purified 
mouse MPO. Injection of this anti-MPO IgG (MPO-ANCA) 
into wild-type mice resulted in the development of a pauci-
immune glomerulonephritis with segmental fibrinoid necrosis 
and crescent formation that closely resembled human ANCA 
glomerulonephritis. In addition, some but not all mice that 
received anti-MPO IgG developed small-vessel vasculitis, 
including alveolar capillaritis and necrotizing arteritis that was 

histologically indistinguishable from human ANCA disease. A 
few mice even developed necrotizing granulomatous inflam-
mation mimicking GPA. The importance of neutrophils in this 
animal model was demonstrated by completely blocking the 
induction of glomerulonephritis and vasculitis by depletion of 
circulating neutrophils (116).

Little et al. (153) developed a model of ANCA disease 
in rats immunized with human MPO. The rats develop anti-
MPO antibodies that cross-react with rat MPO, focal pauci-
immune necrotizing and crescentic glomerulonephritis, and 
pulmonary capillaritis. The glomerulonephritis also can be 
induced by passive transfer of the antibodies by intravenous 
injection.

Numerous in vitro and in vivo experiments support the 
hypothetical pathogenic sequence of events depicted in Figure 
16.30. Incubation of ANCA IgG with cytokine-primed neu-
trophils induces the release of toxic reactive oxygen species and 
the release of granule enzymes, some of which have lytic or 
toxic properties (154,155). Neutrophil priming by cytokines 
causes the expression of small amounts of ANCA antigens at 
the surface of neutrophils, where they can interact with ANCA 
(155). In ANCA disease patients, ANCA antigens are present 
on the surface of circulating neutrophils, and the amount cor-
relates with disease activity (145,146). Conceptually, ANCA in 
the circulation can interact with ANCA antigens (MPO, PR3) 
on the surface of primed neutrophils in vivo and cause them to 
adhere to and injure vessel walls.

MPO and PR3 are not only in neutrophils but also in 
monocytes (81,156). As with neutrophils, incubation of 
monocytes with ANCA IgG causes activation with release of 
oxygen radicals (157) and inflammatory cytokines (158,159). 
Thus, activation of monocytes as well as neutrophils by ANCA 
could be involved in the pathogenesis of vascular injury in 
ANCA disease.

FIGURE 16.28 Transmission electron micrograph 
of the edge of a glomerular segment (left ) from a 
patient with pauci-immune crescentic glomeru-
lonephritis. The capillary lumens contain multiple 
neutrophils (N ). The glomerular basement membrane is 
disrupted (between the two arrows). Electron-dense fibrin 
(F ) appears to be spewing from the ruptured capillary into 
the Bowman space on the right.

FIGURE 16.29 Transmission electron micrograph of a cellular 
crescent from a patient with pauci-immune crescentic glomeru-
lonephritis. The edge of the glomerular tuft is on the left. There are 
electron-dense tactoids of fibrin (arrows) between the large epithelial/
epithelioid cells of the crescent.
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Data indicate that activation of primed neutrophils 
involves both Fc receptor engagement (160,161) and Fab′2 
binding to cell surfaces (162,163). Thus, ANCA-induced leu-
kocyte activation may use multiple pathways. For example, 
immune complexes containing ANCA IgG and ANCA anti-
gens could form in the microenvironment around neutrophils 
and monocytes and could engage Fc receptors, or ANCA could 
bind directly to ANCA antigens on neutrophil and monocyte 
cell membranes and transduce an activation signal (164).

Neutrophils that have been activated by ANCA kill primed 
endothelial cells in vitro (165,166). This could explain why 
endothelial necrosis appears to be an early event in the devel-
opment of the pathologic lesions of pauci-immune small-vessel 
vasculitis (108). Endothelial cell killing by ANCA-activated 
neutrophils requires adhesion of the neutrophils to endothelial 
cells by β2-integrins (167). Cytokine-receptor interactions also 
are involved in the interaction of ANCA-activated neutrophils 
with endothelial cells (168–172).

ANCA also could react with antigens (e.g., MPO and 
PR3) passively adsorbed onto endothelial cells, thus, in 
essence, forming immune complexes in situ on the vessel wall. 
Vargunam et al. (171) showed that MPO binds to cultured 
endothelial cells in vitro by a charge-dependent mechanism 
and can subsequently react with ANCA to form immune com-
plexes in situ. If immune complexes are forming on the surface 
of endothelial cells in ANCA vasculitis, this must be at low lev-
els that are not demonstrable by standard immunofluorescence 
microscopy, because ANCA vasculitis typically has little or no 
vascular staining for immunoglobulins.

Observations in the murine model of anti-MPO–induced 
disease (66–69), immunohistologic studies of pauci-immune 
crescentic glomerulonephritis in patients with ANCA disease 
(75,78), and detection of complement activation fragments in 
the plasma of patients with ANCA disease indicate that activa-
tion of the alternative complement pathway is critically impor-
tant for ANCA-induced vascular inflammation. Although 
typically there is a relative paucity of immunoglobulin and 
complement at sites of inflammatory injury in ANCA disease, 
there are localized deposits of immunoglobulin, especially 
components of the activated alternative pathway, at sites of 
inflammation, including glomerular lesions (173–175). One 
group has reported evidence for alternative pathway comple-
ment activation in the circulation of patients with ANCA 
disease (176). They observed that plasma levels of C3a, C5a, 
soluble C5b-9, and Bb were significantly higher in active dis-
ease than in remission, while plasma levels of properdin were 
significantly lower. There was no significant difference in the  
plasma levels of C4d between active stage and remission. 
The plasma level of Bb correlated with % cellular crescents and 
the Birmingham Vasculitis Activity Scores.

Studies using the anti-MPO–induced murine model of 
MPO-ANCA glomerulonephritis have convincingly demon-
strated a critical pathogenic role for alternative complement 
pathway activation (177–180). Anti-MPO glomerulonephritis 
can be prevented by blockade of the alternative pathway but not 
the classic or lectin pathways (177). Activation of C5 is the criti-
cal step (178–180), which results in engagement of neutrophil 
C5a receptors by C5a. Two inflammatory amplification loops 
are established. Activation of neutrophils by ANCA releases fac-
tors that activate the alternative complement pathway, which 
in turn recruits and activates more neutrophils (see Fig. 16.30).

Thus, the clinical and experimental evidence support the 
following pathogenic mechanism. ANCA small-vessel vascu-
litis occurs in patients with circulating ANCA who develop 
a synergistic inflammatory process, such as a viral respiratory 
tract infection, that primes neutrophils and monocytes so they 
can be activated by ANCA. Engagement of receptors on neu-
trophils by cytokines enhances the availability of ANCA anti-
gens at the surface of neutrophils for interaction with ANCA. 
Neutrophils are activated by both Fc receptor engagement and 
Fab′2 binding to antigens on the neutrophil surface. Fc recep-
tors can engage ANCA bound to antigen at the cell surface 
or can engage Fc receptors on ANCA bound to antigens in 
immune complexes that form in the microenvironment adja-
cent to the activated neutrophils, including small amounts of 
immune complexes formed in situ at sites of inflammation. 
Activated neutrophils release factors that activate the alterna-
tive complement pathway, which amplifies the inflammation 
and attracts and activates more neutrophils. Activated neutro-
phils adhere to endothelial cells via adhesion molecules and 
release toxic factors that cause vessel wall necrosis.

Approximately 90% of patients report a “flu-like illness” 
shortly before the onset of the signs and symptoms of ANCA 
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FIGURE 16.30 Diagram depicting a hypothetical sequence of 
pathogenic events through which ANCA IgG induces neutrophils 
to cause vascular inflammation and necrosis. Beginning in the upper 
left, engagement of cytokine receptors by cytokines stimulates the presen-
tation of more ANCA antigens at the surface of neutrophils. These anti-
gens then interact with ANCA in the microenvironment of neutrophils and 
activate neutrophils both by Fc receptor engagement and by Fab′2 binding 
to antigen on the cell surface. Fc receptors can engage ANCA bound to 
antigen at the cell surface or can engage Fc receptors on ANCA bound 
to antigens adsorbed onto the tissue (i.e., localized immune complexes 
formed in situ). Once activated by ANCA, neutrophils release factors that 
activate the alternative complement pathway, which generates C5a that 
attracts more neutrophils and primes neutrophils to be activated by ANCA. 
Activated neutrophils adhere to endothelial cells via adhesion molecules 
and release toxic factors that cause vessel wall necrosis (lower right).
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small-vessel vasculitis (44). This finding could be an indication 
that high levels of circulating cytokines, for example, secondary 
to a viral infection, are causing the fever, aches, and pains of 
“flu.” High levels of circulating cytokines would prime neutro-
phils and monocytes to express ANCA antigens on their sur-
faces that would interact with circulating ANCA. This concept 
is supported by the observation that the glomerulonephritis in 
mice induced by the injection of anti-MPO IgG is worsened 
by injection of bacterial lipopolysaccharide, which results in 
increased levels of circulating tumor necrosis factor–α (172).

The review of the pathogenesis thus far provides convincing 
evidence that ANCA can cause glomerulonephritis and vasculi-
tis and suggests some of the mechanisms. But why do patients 
develop an autoimmune response against neutrophil proteins? 
Pendergraft et al. (181) have made intriguing observations that 
suggest that an immune response to microbial pathogens might 
be the immunogenic trigger. They serendipitously discovered 
that patients with PR3-ANCA disease not only have circulat-
ing antibodies that react with PR3 but also circulating antibod-
ies that react with peptides that are complementary to PR3. A 
complementary peptide is the product of the antisense strand of 
DNA that is complementary to the sense strand. In other words, 
patients with PR3-ANCA have antibodies not only to peptides 
made by the sense strand of the PR3 gene but also have a separate 
set of antibodies against peptides made by the antisense strand 
that is complementary to the sense strand. In addition, antibod-
ies against complementary PR3 peptides (anti-cPR3) bind to 
anti-PR3 antibodies. In fact, anti-PR3 and anti-cPR3 comprise 
an anti-idiotypic pair. Further, certain infectious pathogens that 
are known to be associated with PR3-ANCA disease, such as 
Staphylococcus aureus, Ross River virus, and Entamoeba histolyt-
ica, contain proteins that have peptides that closely mimic the 
complementary peptides of PR3. These observations were the 
basis for a theory for the immunogenesis of the ANCA auto-
immune response that proposes that the initiating event, in a 
predisposed individual, is an immune response to an infectious 
pathogen (such as Ross River virus) that carries a peptide that 
is a close mimic of the complementary (antisense) peptide of 
cPR3. The individual then makes anti-idiotypic antibodies in 
response to the anti-cPR3. Unfortunately, these anti-idiotypic 
antibodies recognize the sense peptides that are complementary 
to the antisense peptides (cPR3), and these sense peptides are 
part of the PR3 molecule. Pendergraft et al. (181) obtained addi-
tional support for this theory by immunizing mice with human 
cPR3 and observing that the mice developed antibodies not only 
against cPR3 (anti-cPR3) but also against PR3 (anti-PR3) and 
demonstrated that these antibodies were an idiotypic pair. A 
historical note of interest is that the very first report of ANCA 
in 1982 by Davies et al. (79) was titled “Segmental necrotising 
glomerulonephritis with antineutrophil antibody: possible arbo-
virus aetiology?” Davies suggested this etiology because all of his 
patients with c-ANCA also had positive serology for Ross River 
virus. Ross River virus contains a peptide that is a close mimic of 
a complementary peptide of PR3 (181).

DIFFERENTIAL DIAGNOSIS
Pauci-immune crescentic glomerulonephritis and pauci-immune 
small-vessel vasculitis must be distinguished from immune  
 complex–mediated glomerulonephritis and small-vessel vasculitis  

and anti-GBM disease. This may be difficult or impossible by 
light microscopy alone; however, immunohistology and serology 
usually result in an actionable diagnosis.

Immune complex glomerulonephritis, whether limited 
to the kidney or a component of a systemic small-vessel vas-
culitis, typically has more glomerular hypercellularity, often 
with thickened capillary walls, in contrast to pauci-immune 
crescentic glomerulonephritis, which often has little or no 
hypercellularity and no thickening of capillary walls in nonne-
crotic segments and glomeruli. By light microscopy, anti-GBM 
glomerulonephritis is indistinguishable from pauci-immune 
crescentic glomerulonephritis because it, too, typically has 
conspicuous fibrinoid necrosis and crescent formation in the 
absence of substantial endocapillary hypercellularity or thick-
ening of capillary walls. The accumulation of immune com-
plexes in the glomeruli of patients with immune complex 
glomerulonephritis stimulates more endocapillary prolifera-
tion and less necrosis than the activation of neutrophils within 
glomeruli by ANCA or anti-GBM antibodies.

Immune complex–mediated vasculitides that affect the 
kidneys and must be distinguished from ANCA small-vessel 
vasculitis include IgA vasculitis (HSP), cryoglobulinemic vascu-
litis, and lupus vasculitis (22). Immune complex vasculitis can 
be induced by autoimmune responses, as in lupus vasculitis, or 
by immune responses to exogenous agents, such as viral anti-
gens (182,183). The immune complex vasculitides that most 
often affect the kidneys are discussed in detail in other chapters 
of this book, so they are only briefly reviewed here, primarily 
to compare and contrast them with the pauci-immune ANCA-
associated small-vessel vasculitides. The reader is referred to the 
appropriate chapters for detailed descriptions of the immune 
complex small-vessel vasculitides. IgA vasculitis (HSP) is dis-
cussed in Chapter 12, renal vasculitic lesions of lupus nephritis 
are discussed in Chapter 14, and cryoglobulinemic vasculitis is 
discussed in Chapters 22 and 23.

The clinical and light microscopic manifestations of the 
various types of immune complex–mediated small-vessel vas-
culitis overlap with each other as well as with the manifestations 
of pauci-immune small-vessel vasculitides (see Table 16.2). For 
example, a patient with nephritis, arthralgias, abdominal pain, 
purpura, and leukocytoclastic angiitis observed in a skin biopsy 
specimen could have IgA vasculitis (HSP), cryoglobulinemic 
vasculitis, lupus vasculitis, or an ANCA small-vessel vasculitis 
such as MPA. Although this patient meets the historical clini-
cal criteria for a diagnosis of IgA vasculitis, the modern defi-
nition of this syndrome requires that the vasculitis be caused 
by IgA-dominant immune complexes (26,27). This additional 
criterion is important for separating IgA vasculitis from other 
small-vessel vasculitides that have different prognoses and 
appropriate treatments. For example, if the patient described 
in this paragraph, in fact, has IgA vasculitis, the prognosis is 
good, and supportive care without immunosuppressive treat-
ment is appropriate in most patients; however, if the patient 
has ANCA-positive MPA, the prognosis is grave unless aggres-
sive immunosuppressive treatment is instituted. Thus, the 
diagnostic differentiation among different types of small-vessel 
vasculitis is important to patient care.

Immune complex vasculitis most often affects venules, 
especially dermal venules, and capillaries, especially glomerular 
capillaries. Therefore, purpura and nephritis are frequent clini-
cal manifestations of immune complex vasculitis, along with 
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nonspecific constitutional symptoms of systemic inflamma-
tion, such as fever, arthralgias, and myalgias.

Immune complex localization in arterial walls can cause 
necrotizing lesions that are identical to those of arterial involve-
ment by the pauci-immune ANCA small-vessel vasculitides. 
The vascular inflammation results from activation of many 
humoral and cellular inflammatory effector systems, with com-
plement and neutrophils playing major roles (184). Immune 
complex arteritis tends to affect smaller arteries, for example, 
in abdominal viscera and peripheral nerves, causing abdominal 
pain and peripheral neuropathy, respectively. Leukocytoclastic 
angiitis, for example, in dermal vessels, has the same basic light 
microscopic histologic features whether caused by immune 
complexes or associated with ANCA. A distinguishing patho-
logic feature is the presence of immune complex–type deposits 
by immunofluorescence microscopy and electron microscopy 
in the former and their absence in the latter. For example, IgA-
dominant immune deposits indicate IgA vasculitis, and IgM-
dominant deposits raise the possibility of cryoglobulinemic 
vasculitis.

The glomerulonephritis that is a component of systemic 
immune complex small-vessel vasculitis typically has much 
more hypercellularity and much less necrosis than the glo-
merulonephritis seen with pauci-immune small-vessel vascu-
litis. For example, the glomerulonephritis of IgA vasculitis is 
pathologically indistinguishable from IgA nephropathy (185) 
and thus has a spectrum of proliferative expressions including 
ranging from focal to diffuse. The most common phenotype of 
glomerulonephritis that occurs as a component of cryoglobuli-
nemic vasculitis is type I immunoglobulin-positive membrano-
proliferative glomerulonephritis, sometimes with a distinctive 
microtubular ultrastructure in the dense deposits and often 
associated with hepatitis C infection (183,186).

Exceptions to the proposition that proliferative glomeru-
lonephritis and thick capillary walls suggest immune complex 
disease rather than pauci-immune disease are the instances of 
apparent concurrent immune complex and ANCA disease. 
This has been reported most often for membranous glomeru-
lonephritis (119–121,143) and IgA nephropathy (125–128), 
diabetic glomerulosclerosis (129), and lupus glomerulone-
phritis (122,130). The concurrent ANCA disease apparently 
is contributing to disease induction because the clinical course 
and the severity of crescent formation and necrosis is more 
severe in patients with combined immune complex glomerulo-
nephritis and ANCA compared with the usual presentation of 
the disease in the absence of ANCA.

A particularly problematic differential diagnosis arises in 
patients who are ANCA positive and have severe glomeru-
lonephritis, sometimes with systemic small-vessel vasculitis, 
but are found to have immune complex glomerulonephritis 
rather than pauci-immune glomerulonephritis. For example, 
well-documented examples of concurrent infectious endo-
carditis, immune complex glomerulonephritis, and ANCA 
(typically PR3-ANCA) have been reported (187–191). Most 
of these have responded well to antibiotic therapy and have 
not required immunosuppression. Given the circumstances, 
immunosuppressive therapy may have been detrimental to 
patient outcome.

However, the differential diagnostic considerations in 
patients with infectious endocarditis are even more complicated 
because some patients, who usually are ANCA negative, have 

a pauci-immune crescentic glomerulonephritis (190,191). For 
example, in a series of nine renal biopsy specimens and seven 
autopsy specimens with infectious endocarditis glomerulone-
phritis, Majumdar et al. (191) observed focal pauci-immune 
necrotizing (“vasculitic”) glomerulonephritis in 11, acute dif-
fuse proliferative glomerulonephritis in 3, and type I membra-
noproliferative glomerulonephritis in 2. Thus, in their series, 
pauci-immune glomerulonephritis was more common than 
immune complex glomerulonephritis and had an appearance 
that was indistinguishable from ANCA glomerulonephritis. 
Some patients with ANCA-negative, endocarditis-associated, 
pauci-immune crescentic glomerulonephritis seem to do well 
with antibiotic therapy alone; however, at least some may 
require immunomodulatory therapy (190).

Segmental necrotizing lupus glomerulonephritis also is 
in the differential diagnosis for ANCA glomerulonephritis 
and pauci-immune crescentic glomerulonephritis. This pat-
tern of glomerular injury in lupus nephritis was first reported 
by Schwartz et al. (192). Some lupus patients have substan-
tial segmental necrosis and crescent formation with only mild 
hypercellularity and scanty immune deposits, thus resem-
bling ANCA pauci-immune crescentic glomerulonephritis. 
These patients usually are ANCA negative; however, Masani 
et al. (123) reported a patient with pauci-immune crescen-
tic glomerulonephritis who was MPO-ANCA–positive and 
apparently represented concurrent lupus and ANCA disease. 
Approximately 20% of patients with systemic lupus erythema-
tosus have a positive ANCA, almost always p-ANCA rather 
than c-ANCA and usually specific for myeloperoxidase (MPO-
ANCA) or lactoferrin (LF-ANCA) (123,193). Although there 
are a few intriguing anecdotes (123), multiple studies have 
provided conflicting findings but have not proven a frequent 
role for ANCA in the pathogenesis of glomerulonephritis in 
patients with systemic lupus erythematosus. The differential 
diagnosis for pauci-immune crescentic glomerulonephritis, 
especially if there is a positive antinuclear antibody test with-
out overt systemic lupus erythematosus, includes drug-induced 
ANCA disease. The renal pathologic features of drug-associ-
ated ANCA disease are indistinguishable from those of idio-
pathic ANCA disease. An unusually high titer of MPO-ANCA 
should raise suspicion of drug-induced disease (70,71,147). 
Propylthiouracil, hydralazine, methimazole, minocycline, and 
a number of other drugs apparently induce circulating MPO-
ANCA and pauci-immune crescentic glomerulonephritis and 
systemic small-vessel vasculitis (61–71,147,194). Cocaine-
induced ANCA disease is most likely caused by admixed 
levamisole (70).

CLINICAL COURSE, PROGNOSIS, THERAPY, 
AND CLINICOPATHOLOGIC CORRELATIONS
Pauci-immune crescentic glomerulonephritis, with or without 
accompanying systemic vasculitis, is an aggressive renal disease 
that warrants aggressive immunosuppression; however, remis-
sion can be induced in most patients with expeditious treat-
ment (35,44,195–203). Without treatment, pauci-immune 
crescentic glomerulonephritis and small-vessel vasculitis have 
a 1-year mortality of 80%, whereas with treatment, there is 
a 75% 5-year patient and renal survival (200). Treatment has 
three phases: remission induction, remission maintenance, and 
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relapse treatment (198). Cyclophosphamide combined with 
corticosteroids is the most commonly used induction therapy 
(196,200). Corticosteroids often are begun as intravenous 
pulses of methylprednisolone followed by tapering with oral 
prednisone. Cyclophosphamide is given either orally or intra-
venously. The intravenous route is as effective as the oral route 
at inducing remission and has less leukopenia and fewer infec-
tious complications; however, there are more relapses (200). 
Combination therapy with cyclophosphamide and corticoste-
roids results in improvement in more than 90% of patients and 
complete remission in approximately 75% (33,35,44). After 
remission is achieved, which usually occurs within 3 months, 
corticosteroids and cyclophosphamide often are discontinued. 
Many patients have relapses that require additional immuno-
suppressive treatment (35,196). A regimen similar to that used 
for induction often is used for relapses. Approximately 70% of 
patients with relapses enter remission with retreatment (35). 
The 10% or so of patients who are resistant to conventional 
therapy are problematic. Various alternative induction thera-
pies have been tried including administration of intravenous 
gamma globulin, anti–B-cell antibodies, and plasma exchange 
(196,200–204).

In a study of 70 patients with ANCA-positive pauci-
immune crescentic glomerulonephritis, Falk et al. (44) obtained 
75% overall renal survival at 24 months using high-dose corti-
costeroids or corticosteroids combined with cyclophosphamide. 
There was no difference in renal survival between patients with 
renal-limited disease and those with systemic vasculitis. Oral 
cyclophosphamide and intravenous cyclophosphamide were 
equally effective for inducing remission. In a follow-up study 
by the same group that evaluated remission and relapse in 107 
patients with ANCA pauci-immune crescentic glomerulone-
phritis, patients treated with corticosteroids alone had a lower 
remission rate and three times greater risk for relapse compared 
with patients treated with corticosteroids combined with cyclo-
phosphamide (35). In a parallel study of the same cohort, serum 
creatinine levels at the time of diagnosis and institution of treat-
ment were the best predictor of outcome (53), which highlights 
the importance of rapid pathologic diagnosis of ANCA crescen-
tic glomerulonephritis so that appropriate treatment can begin 
promptly. Bomback et al. (54) have shown that immunosup-
pressive therapy is beneficial to renal and patient survival even 
in patients greater than 80 years old.

The EUVAS has provided extremely important data on 
the treatment of ANCA glomerulonephritis and vasculitis. 
Studies by this collaborative group have concluded that cyclo-
phosphamide is an effective drug for induction of remission but 
that cumulative toxicity should be reduced by using alternative 
potentially less toxic drugs for maintenance of remission, such 
as mycophenolate mofetil and azathioprine (196,197,200).

Plasmapheresis appears to improve outcomes in patients 
with pulmonary hemorrhage and severe renal failure at the time 
of diagnosis (205–207). The EUVAS investigated the efficacy 
of plasma exchange versus intravenous methylprednisolone 
as induction therapy in patients with substantial renal failure 
(207). Plasmapheresis improved the rate of recovery from renal 
failure. Patient survival and adverse events were similar in both 
groups. Plasmapheresis was associated with a 24% reduced risk 
of progression to ESRD (43% to 19% at 1 year).

The effectiveness of induction therapy with an anti–B-cell 
antibody has been tested in patients with ANCA disease using 

rituximab (Rituxan), which is a chimeric monoclonal anti-
body against the CD20 (201–203). Two randomized control 
trials demonstrated noninferiority of rituximab versus cyclo-
phosphamide (201–203). There was no reduction in adverse 
events with Rituxan in either study. An extension of one of 
these studies demonstrated that rituximab was as effective as 
conventional immunosuppressive therapy for the induction 
and maintenance of remissions for 18 months (208).

Patients with MPO-ANCA may have a better prognosis 
than those with PR3-ANCA (10,53,204) even though they 
have more extensive and more chronic renal disease at presen-
tation (11,200). Patients with PR3-ANCA have more extrare-
nal organ manifestations and respiratory tract granulomatous 
inflammation (204) and a greater relapse rate after induction 
of remission (209). Even in the absence of granulomatous dis-
ease, patients with PR3-ANCA have a worse prognosis with 
more rapid deterioration of renal function and higher mortal-
ity (53,204). This is in spite of the observation that patients 
with MPO-ANCA have more extensive chronic renal disease 
at the time of initial renal biopsy (11,12). More chronicity of 
the renal disease in the initial biopsy may be related to delayed 
diagnosis and treatment as a result of fewer extrarenal mani-
festations in MPO-ANCA disease patients compared with 
PR3-ANCA patients. Vizjak et al. (11) estimated that duration 
of disease prior to renal biopsy was 14.8 ± 26.6 months in 
patients with PR3-ANCA compared with 8.5 ± 12.3 months 
in patients with MPO-ANCA.

Patients with ANCA crescentic glomerulonephritis 
have a better response to treatment than patients with anti-
GBM glomerulonephritis, even when they have similar initial 
degrees of renal dysfunction and glomerular histologic changes 
(10,89,195). Patients with both ANCA and anti-GBM disease 
have a prognosis that is more like that of anti-GBM disease and 
thus is worse than ANCA disease (89,205).

Factors that independently correlate with an overall poor 
outcome include older age, higher serum creatinine at presen-
tation, and pulmonary hemorrhage (53,200). Respiratory tract 
disease and PR3-ANCA (vs. MPO-ANCA) are predictors of 
greater relapse rate (47). In a study by Bajema et al. (47), the 
pathologic finding that correlated best with renal function at 
the time of biopsy and during follow-up was the percentage of 
histologically normal glomeruli. Other features that correlated 
with renal function included glomerular sclerosis, interstitial 
leukocyte infiltration, tubular necrosis, and tubular atrophy 
(47). A study by the same group (46) concluded that the glo-
merular filtration rate (GFR) at 18 months after diagnosis corre-
lated best with interstitial fibrosis and tubular atrophy, whereas 
glomerular crescents and necrosis correlated with the extent of 
recovery of renal function (i.e., the GFR at 18 month minus 
the GFR at diagnosis). As discussed earlier, pathologic classi-
fication based on the proportions of normal, crescentic, and 
sclerotic glomeruli helps predict renal outcome  (49,134–136), 
with patients with ≥ 50% normal glomeruli having the best 
outcome and patients with ≥ 50% globally sclerotic glomeruli 
having the worst outcome. Berden et al. (107) also evaluated 
the importance of tubulointerstitial inflammation in pre-
dicting outcome among patients treated with a rituximab-
based regimen in the Randomized Trial of Rituximab versus 
Cyclophosphamide in ANCA-Associated Vasculitis trial. Both 
CD3(+) T-cell tubulitis and tubular  atrophy correlated with 
estimated GFR at 12 months; tubular atrophy remained an 
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independent predictor of renal outcome at 24 months (P < 
0.01).

Several studies conclude that chronic injury at the time 
that treatment is begun is irreversible and is likely to result 
in a poor renal outcome if it is severe enough, whereas active 
inflammatory lesions may be suppressed or reversed by treat-
ment and thus are predictors that there will be a response to 
anti-inflammatory and immunosuppressive treatment.
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BACKGROUND
Nomenclature of Systemic Vasculitis
Vasculitis is vessel wall inflammation. Perivascular leukocyte 
infiltration alone is not vasculitis. Diapedesis of leukocytes 

through the walls of vessels, usually postcapillary venules, that 
does not cause pathologic vessel wall injury is not vasculitis. 
The chronic phase of vasculitis may be characterized by sclero-
sis without inflammation; thus, in this instance, a diagnosis of 
vasculitis is made based on evidence indicating that the sclero-
sis was preceded by inflammation. Nonspecific chronic inflam-
mation with infiltration by predominantly lymphocytes in the 
setting of arteriosclerosis should not be considered vasculitis.

Vasculitis can affect any type of vessel in any organ and 
thus results in a broad range of clinical signs and symptoms. 
Because the kidneys have numerous and diverse vessels, they 
are a frequent target for many types of vasculitis, especially 
those that affect predominantly small vessels such as capillar-
ies, venules, arterioles, and small arteries. The medullary vasa 
recta can be affected by small-vessel vasculitides. Renal veins 
are rarely if ever involved directly by noninfectious vasculitides.

No approach to classifying vasculitides is universally 
accepted. Different names have been used for the same type 
of vasculitis, and specific types of vasculitis have been given 
multiple names. The approach used in this chapter is the 2012 
Chapel Hill Consensus Conference Nomenclature System 
(Table 17.1; Fig. 17.1) (1), which is a modification of the 1994 
Chapel Hill Consensus Conference Nomenclature System (2) 
that was used in the previous edition of this book. Three major 
categories of vasculitis are large-vessel vasculitis, medium- vessel 
vasculitis, and small-vessel vasculitis. Although these names 
imply that the size of the vessels affected by inflammation is 
the major basis for categorizing vasculitides, this is a gross over-
simplification because many factors must be taken into con-
sideration to classify a vasculitis precisely, including the type 
of vessel involved, the pattern of inflammatory injury, distri-
bution of organ involvement, immunopathologic findings in 
the tissue and blood, and clinical features. As demonstrated in 
Figure 17.1, substantial overlap exists among categories with 
respect to the size of involved vessels. Therefore, diagnostic 
categorization requires a relatively complex integration of not 
only pathologic data but also immunologic and clinical data to 
reach the most appropriate diagnosis.

In the kidney, small-vessel vasculitides, such as IgA vas-
culitis (Henoch-Schönlein purpura), cryoglobulinemic vas-
culitis, anti–glomerular basement membrane (GBM) disease, 

Background 715
Nomenclature of systemic vasculitis 715
Historical background of necrotizing arteritis 718
Historical background of large-vessel vasculitis 720

Polyarteritis nodosa 721
Clinical presentation 721
Pathologic findings 721
Etiology and pathogenesis 725
Differential diagnosis 726
Clinical course, prognosis, therapy, and 

clinicopathologic correlations 726
Kawasaki disease 727

Clinical presentation 727
Pathologic findings 727
Etiology and pathogenesis 728
Differential diagnosis 729
Clinical course, prognosis, and therapy 730

Takayasu arteritis 731
Clinical presentation 731
Pathologic findings 731
Etiology and pathogenesis 732
Differential diagnosis 732
Clinical course, prognosis, and therapy 733

Giant cell arteritis 733
Clinical presentation 733
Pathologic findings 733
Etiology and pathogenesis 735
Differential diagnosis 735
Clinical course, prognosis, and therapy 736

C H A P T E R   17
Renal Involvement in Polyarteritis 
Nodosa, Kawasaki Disease, Takayasu 
Arteritis, and Giant Cell Arteritis

J. Charles Jennette • Harsharan K. Singh

0002062080.INDD   715 5/29/2014   12:56:25 PM



 Heptinstall’s Pathology of the Kidney716

TABLE 17.1 Names and definitions adopted by the 2012 Chapel Hill Consensus Conference on the 
Nomenclature of Vasculitis

CHCC 2012 namesa CHCC 2012 definitions

Large-vessel vasculitis (LVV) Vasculitis affecting large arteries more often than other vasculitides. Large arteries are 
the aorta and its major branches. Any size artery may be affected.

Takayasu arteritis (TA) Arteritis, often granulomatous, predominantly affecting the aorta and/or its major 
branches. Onset usually in patients younger than 50

Giant cell arteritis (GCA) Arteritis, often granulomatous, usually affecting the aorta and/or its major branches, 
with a predilection for the branches of the carotid and vertebral arteries. Often 
involves the temporal artery. Onset usually in patients older than 50 and often 
associated with polymyalgia rheumatica

Medium-vessel vasculitis (MVV) Vasculitis predominantly affecting medium arteries defined as the main visceral  
arteries and their branches. Any size of artery may be affected. Inflammatory  
aneurysms and stenoses are common.

Polyarteritis nodosa (PAN) Necrotizing arteritis of medium or small arteries without glomerulonephritis or  
vasculitis in arterioles, capillaries, or venules; not associated with ANCA

Kawasaki disease (TA) Arteritis associated with the mucocutaneous lymph node syndrome and predominantly 
affecting medium and small arteries. Coronary arteries are often involved. Aorta and 
large arteries may be involved. Usually occurs in infants and young children

Small-vessel vasculitis (SVV) Vasculitis predominantly affecting small vessels, defined as small intraparenchymal 
arteries, arterioles, capillaries, and venules. Medium arteries and veins may be 
affected.

ANCA-associated vasculitis (AAV) Necrotizing vasculitis, with few or no immune deposits, predominantly affecting small 
vessels (i.e., capillaries, venules, arterioles, and small arteries), associated with 
MPO-ANCA or PR3-ANCA. Not all patients have ANCA. Add a prefix indicating 
ANCA reactivity, for example, PR3-ANCA, MPO-ANCA, ANCA-negative.

Microscopic polyangiitis (MPA) Necrotizing vasculitis, with few or no immune deposits, predominantly affecting small 
vessels (i.e., capillaries, venules, or arterioles). Necrotizing arteritis involving small 
and medium arteries may be present. Necrotizing glomerulonephritis is very com-
mon. Pulmonary capillaritis often occurs. Granulomatous inflammation is absent.

Granulomatosis with polyangiitis (Wegener) 
(GPA)

Necrotizing granulomatous inflammation usually involving the upper and lower respira-
tory tract and necrotizing vasculitis affecting predominantly small vessels (e.g., 
capillaries, venules, arterioles, arteries, and veins). Necrotizing glomerulonephritis 
is common.

Eosinophilic granulomatosis with polyangiitis 
(Churg-Strauss) (EGPA)

Eosinophil-rich and necrotizing granulomatous inflammation often involving the 
 respiratory tract, and necrotizing vasculitis predominantly affecting small to medium 
vessels and associated with asthma and eosinophilia. ANCA is more frequent when 
glomerulonephritis is present.

Immune complex vasculitis Vasculitis with moderate to marked vessel wall deposits of immunoglobulin and/or 
complement components predominantly affecting small vessels (i.e., capillaries, 
venules, arterioles, and small arteries). Glomerulonephritis is frequent.

Anti-GBM disease Vasculitis affecting glomerular capillaries, pulmonary capillaries, or both, with  
basement membrane deposition of anti–basement membrane autoantibodies. 
Lung involvement causes pulmonary hemorrhage, and renal involvement causes 
 glomerulonephritis with necrosis and crescents.

Cryoglobulinemic vasculitis Vasculitis with cryoglobulin immune deposits affecting small vessels (predominantly 
capillaries, venules, or arterioles) and associated with cryoglobulins in serum. Skin, 
glomeruli, and peripheral nerves are often involved.

IgA vasculitis (Henoch-Schönlein) Vasculitis, with IgA1-dominant immune deposits, affecting small vessels 
 (predominantly capillaries, venules, or arterioles). Often involves skin and gut and 
frequently causes arthritis. Glomerulonephritis indistinguishable from IgA nephropa-
thy may occur.

Hypocomplementemic urticarial vasculitis  
(Anti-C1q vasculitis)

Vasculitis accompanied by urticaria and hypocomplementemia affecting small  vessels 
(i.e., capillaries, venules, or arterioles) and associated with anti-C1q antibodies. 
Glomerulonephritis, arthritis, obstructive pulmonary disease, and ocular inflamma-
tion are common.
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TABLE 17.1 Names and definitions adopted by the 2012 Chapel Hill Consensus Conference on the 
Nomenclature of Vasculitis (Continued)

CHCC 2012 namesa CHCC 2012 definitions

Single organ vasculitis (SOV) Vasculitis in arteries or veins of any size in a single organ that has no features that 
indicate that it is a limited expression of a systemic vasculitis. The involved organ 
and vessel type should be included in the name (e.g., cutaneous small-vessel vascu-
litis, testicular vasculitis, central nervous system vasculitis). Vasculitis distribution 
may be unifocal or multifocal (diffuse) within an organ. Some patients originally 
diagnosed with SOV will develop additional disease manifestations that warrant 
redefining the case as one of the systemic vasculitides (e.g., cutaneous arteritis 
later becoming systemic polyarteritis nodosa).

Vasculitis associated with systemic  
disease

Vasculitis that is associated with and may be secondary to (caused by) a systemic 
disease. The name (diagnosis) should have a prefix term specifying the systemic 
disease (e.g., rheumatoid vasculitis, lupus vasculitis).

Vasculitis associated with probable etiology Vasculitis that is associated with a probable specific etiology. The name (diagnosis) 
should have a prefix term specifying the association (e.g., hydralazine-associated 
microscopic polyangiitis, hepatitis B virus–associated vasculitis, hepatitis C virus– 
associated cryoglobulinemic vasculitis).

aThe Variable Vessel Vasculitis category, which includes Behcet disease and Cogan syndrome, is not included in this table because renal disease is not a significant 
component of this category.

From Jennette JC, Falk RJ, Bacon PA, et al. 2012 revised International Chapel Hill Consensus Conference Nomenclature of Vasculitides. Arthritis Rheum 2013;65:1–11.

Medium-vessel vasculitis

Polyarteritis nodosa
Kawasaki disease

Cryoglobulinemic vasculitis
IgA vasculitis (Henoch-Schönlein)
Hypocomplementemic urticarial vasculitis

Microscopic polyangiitis
Granulomatosis with polyangiitis (Wegener)
Eosinophilic granulomatosis with polyangiitis (Churg-Strauss)

Anti-GBM
disease

Takayasu arteritis
Giant cell arteritis

Large-vessel vasculitis

Aorta
Main Renal

artery

Interlobar
artery Interlobular

artery
Arcuate
artery

Immune complex small-vessel vasculitis

ANCA-associated small-vessel vasculitis

FIGURE 17.1 Diagram of the renal vasculature with brackets indicating the predominant distribution 
of vessel involvement by different forms of vasculitis (and an arrow indicating that anti-GBM disease 
only affects glomeruli). Notice that arteries can be affected by large-, medium-, and small-vessel vasculitis. 
ANCA-associated vasculitis more often affects arteries than does immune complex small-vessel vasculitis. If glo-
merulonephritis is a component of a systemic vasculitis, by definition, the vasculitis is a small-vessel vasculitis.

0002062080.INDD   717 5/29/2014   12:56:33 PM



 Heptinstall’s Pathology of the Kidney718

 microscopic polyangiitis (MPA), and granulomatosis with 
 polyangiitis (GPA) (Wegener granulomatosis), most often 
affect glomerular capillaries and thus cause glomerulonephri-
tis (1,3,4). Renal involvement by small-vessel vasculitis usually 
manifests as nephritis with hematuria, proteinuria, and renal 
insufficiency. Different small-vessel vasculitides have different 
frequencies of arterial involvement; for example, IgA vasculitis 
and cryoglobulinemic vasculitis rarely affect intrarenal arteries, 
whereas MPA and GPA more often affect intrarenal arteries 
although this may not be sampled in a renal biopsy specimen. 
The interlobular arteries are the arteries most often affected by 
small-vessel vasculitis. The small-vessel vasculitides are discussed 
in detail in several other chapters in this book, including Chapter 
16 (antineutrophil cytoplasmic autoantibodies [ANCA] small-
vessel vasculitis), Chapter 12 (IgA vasculitis), and Chapter 22 
(cryoglobulinemic vasculitis), and thus are mentioned in this 
chapter only in the context of the nomenclature and differential 
diagnosis of medium- and large-vessel vasculitis.

Medium-vessel vasculitis, such as polyarteritis nodosa (PAN) 
and Kawasaki disease (KD), may affect any of the renal arteries 
but most often involves the interlobar and arcuate arteries (2). 
Clinically significant renal involvement is more common with 
PAN than with KD; however, postmortem examinations reveal 
that both PAN (5) and KD (6) often affect the kidneys. PAN and 
KD are forms of necrotizing arteritis characterized by segmental 
transmural necrosis, often with aneurysm formation. This necro-
sis may result in rupture and hemorrhage, although partial or 
complete occlusion with resultant ischemia is more common and 
may cause infarction. The narrowing or obliteration of lumina 
is caused by various combinations of inflammation, thrombosis, 
and sclerosis. Renal involvement by medium-vessel vasculitides 
often causes abdominal pain from visceral inflammation and isch-
emia. Renal rupture with hemorrhage into the  retroperitoneum or 
peritoneal space is an uncommon but potentially life- threatening 
complication. Hematuria (resulting from renal infarction and 
hemorrhage from inflamed arteries rather than glomerulonephri-
tis) is a frequent consequence of renal involvement by medium-
vessel vasculitis, but renal insufficiency and substantial proteinuria 
are less frequent than in the small-vessel vasculitides.

In literature prior to the 1990s, polyarteritis nodosa 
(PAN) was not uniformly separated from microscopic poly-
angiitis (MPA) (formerly called microscopic polyarteritis or 
microscopic periarteritis) (2). In the Chapel Hill Nomenclature 
System approach to classification used in this book, the pres-
ence or absence of glomerulonephritis is a major distinguish-
ing feature between PAN and MPA (1,2). According to this 
classification system, PAN affects only arteries and thus does 
not cause glomerulonephritis, whereas MPA has a predilection 
for vessels other than arteries (especially venules and capillar-
ies) and frequently causes necrotizing glomerulonephritis. This 
approach of separating PAN from MPA is supported by the 
strong association of ANCA with MPA but not PAN (7).

Large-vessel vasculitides, such as giant cell arteritis (GCA) 
and Takayasu arteritis, affect predominantly the main renal 
artery or its aortic ostium, although they also may involve 
intraparenchymal renal arteries (8,9). These chronic inflamma-
tory and sclerosing vascular diseases often cause narrowing of 
arterial lumens with distal ischemia, but alternating segments 
with stenosis and dilation may occur. Pathologic involvement 
of renal vessels may be clinically silent or cause renovascular 
hypertension, especially in patients with Takayasu arteritis (10).

Before discussing in detail the pathologic features of vas-
culitides in the kidneys, some of the historical background that 
underlies our understanding of the pathology and classification 
of vasculitides is reviewed.

Historical Background of Necrotizing Arteritis
Most medium-vessel vasculitides and small-vessel vasculitides 
have extensive vascular necrosis during the acute phase, a find-
ing that differs from the more indolent and granulomatous 
inflammation of the large-vessel vasculitides. In other words, 
the initial arterial involvement by small- and medium-vessel 
vasculitides is a necrotizing arteritis and that of the large-vessel 
vasculitides is a chronic granulomatous inflammation (11). 
Unlike the large-vessel vasculitides, which rarely affect vessels 
within the kidney parenchyma that are sampled in renal biopsy 
specimens, the medium-vessel vasculitides and especially the 
small-vessel vasculitides often involve the kidney parenchyma, 
with the latter frequently causing significant renal dysfunction. 
The necrotizing vascular inflammation is characterized by seg-
mental fibrinoid necrosis with neutrophilic infiltration (11,12). 
The neutrophils rapidly undergo apoptosis and necrosis with 
nuclear fragmentation (leukocytoclasia). This light microscopic 
lesion is similar in arteries, arterioles, capillaries, venules, and 
veins (12). By definition, a major distinction between the 
medium-vessel vasculitides and the small-vessel vasculitides is 
that the former involve only arteries, whereas the latter may 
involve arteries, arterioles, capillaries, and venules (1,2). Thus, 
in a patient with systemic vasculitis, the presence of glomerulo-
nephritis is diagnostic for some form of small-vessel vasculitis.

Both infectious and noninfectious vasculitides cause acute 
necrotizing inflammation of vessels. Infectious vasculitis may 
affect any type of vessel, although particular infections have 
a predilection for certain types of vessels. Direct infection of 
vessel walls, for example, by Rickettsia or Neisseria, incites 
inflammation. Infections also can cause vasculitis by generat-
ing pathogenic immune complexes, for example, mixed cryo-
globulin immune complexes induced by hepatitis C virus 
(HCV) infection and resulting in cryoglobulinemic vasculitis 
(discussed in detail in Chapter 22). Infectious vasculitis caused 
by direct invasion of vessel walls is not discussed in this chapter.

Noninfectious necrotizing inflammation of arteries was 
first recognized in the context of PAN (13), whereas noninfec-
tious necrotizing inflammation of vessels smaller than arteries 
(i.e., arterioles, capillaries, and venules) was first appreciated in 
patients with purpura (14).

The initial recognition of necrotizing arteritis began with 
the gross observance of nodular aneurysmal lesions in arteries.  
Rokitansky (15) gave one of the first gross descriptions of sys-
temic necrotizing arteritis in a report on arterial aneurysms in 
1852; however, Kussmaul, who was a clinician who studied 
pathology under Rokitansky and Virchow, and the pathologist 
Maier published the first definitive report in 1866 (13). Their 
patient had fever, anorexia, muscle weakness, myalgias, pares-
thesias, abdominal pain, and oliguria. He died, and an autopsy 
revealed nodular inflammatory lesions in medium-sized and 
small arteries throughout the body. These authors observed 
white-yellow nodular arterial lesions in the kidneys that were 
most conspicuous at the corticomedullary junction. They also 
noted the presence of infarcts. Thus, their patient had features 
very similar to those in Figure 17.2. Kussmaul and Maier (13) 
named the disease periarteritis nodosa to emphasize what they 
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perceived as predominantly perivascular inflammation that 
produced focal nodular vascular lesions.

In 1903, Ferrari (16) introduced the term polyarteritis to 
emphasize the involvement of multiple arteries and to do away 
with the misleading term periarteritis because he recognized the 
transmural character of the disease and illustrated this beau-
tifully with color drawings in his publication. This term was 
advocated further by Dickson in 1908 (17), who also noted the 
frequency of renal involvement by arteritis resulting in throm-
bosis and infarction. Currently, the name polyarteritis nodosa is 
generally used, rather than periarteritis nodosa (1).

Until distinctive subcategories of necrotizing arteritis were 
recognized, PAN became a wastebasket diagnostic category. In 
essence, any patient with necrotizing arteritis was said to have 
PAN, although many of these patients had different clinical and 
pathologic features (18–21). Unfortunately, for many years after 
the recognition of pathologically and clinically distinct subcat-
egories of necrotizing arteritis, some pathologists continued to 
lump different variants of necrotizing arteritis under the term 
PAN. Many studies, however, have clearly demonstrated that 
histologically identical necrotizing arteritis occurs as a compo-
nent of many clinically, pathologically, and pathogenetically dis-
tinct types of vasculitis, some of which have concurrent  vasculitis 
in vessels smaller than arteries (i.e., the small-vessel  vasculitides) 
(1). The natural history, prognosis, and most appropriate 

 treatment differ among these categories of necrotizing vasculitis. 
Thus, their recognition is not merely an academic exercise, but 
rather has major implications for prognosis and treatment.

By the 1920s, a variant of systemic necrotizing vasculitis 
with arteritis as well as inflammation of small vessels includ-
ing small arteries, arterioles, venules, and capillaries was recog-
nized (20,21). One of the earliest pathologic features found to 
distinguish among clinically distinctive categories of necrotiz-
ing vasculitis was glomerulonephritis. In 1930, Arkin (5) pub-
lished one of the best early pathologic descriptions of systemic 
necrotizing arteritis and observed two basic forms, one with a 
predominance of grossly visible vascular nodules and a second 
“microscopic form” in which the vasculitis could be identified 
only with the aid of microscopy. Arkin pointed out that the 
kidneys were a major target organ for both the gross and micro-
scopic forms of arteritis. In a 1948 publication, Davson et al. 
(22) focused on renal involvement in patients with necrotizing 
arteritis and concluded that an important feature that divided 
the microscopic form of arteritis from the form with conspicu-
ous grossly identifiable arterial nodules was the presence in the 
former but not the latter of extensive necrotizing glomerulone-
phritis. Also in 1948, Zeek et al. (23) published similar obser-
vations. These investigators noted that one group of patients 
had extensive necrotizing arteritis with grossly discernible nod-
ules and no glomerulonephritis, whereas another group had 

FIGURE 17.2 Kidneys removed from a patient with polyarteritis 
nodosa during postmortem examination. A: Capsular surface of one 
kidney showing scattered dark hemorrhages and pale infarcts (arrow) that 
have dark hemorrhagic borders. B: Cross sections of both kidneys. The red 
arrow points to a site of renal rupture that resulted in fatal retroperitoneal 
hemorrhage. The black arrows point to cross sections through two of the 
many aneurysms (pseudoaneurysms) that are filled with thrombotic mate-
rial. The location of the pseudoaneurysms suggests that they are involving 
predominantly interlobar and arcuate arteries. The white arrows point to 
multiple pale infarcts caused by the thrombosis of arteries at sites of nec-
rotizing arteritis and aneurysm formation.

A

B
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 microscopic arteritis that was accompanied by necrotizing glo-
merulonephritis. They considered the former to be true PAN, 
and they called the latter hypersensitivity angiitis because they 
thought it could be caused by an allergic response possibly to a 
drug (23,24). The term hypersensitivity angiitis has subsequently 
been used for many different patterns of vasculitis, including 
relatively nonspecific cutaneous manifestations of drug hyper-
sensitivity. As a consequence, this name has little diagnostic 
utility and probably should be abandoned as a diagnostic term.

Thus, by the 1940s, strong evidence indicated that 
patients with necrotizing arteritis could be divided into two 
major categories: those with systemic necrotizing arteritis with 
conspicuous gross nodular inflammatory arterial lesions but 
no glomerulonephritis and those predominant involvement 
of small arteries as well as involvement of vessels smaller than 
arteries, such as glomerular capillaries. This latter category was 
variable called microscopic polyarteritis, microscopic periarteritis, 
or hypersensitivity angiitis. In an analysis of 38 autopsy cases 
with necrotizing arteritis, Heptinstall (25) confirmed the use-
fulness of the presence or absence of glomerulonephritis as a 
criterion for separating PAN from microscopic polyarteritis. 
Using clinical, renal biopsy, serologic, and angiographic data, 
Guillevin et al. (7,26) have demonstrated that this distinction 
between PAN and MPA not only is possible and appropriate 
but also is of major value in guiding patient management.

While microscopic polyarteritis was emerging as a discrete 
diagnosis, two other variants of vasculitis were separated from 
PAN: Wegener granulomatosis and Churg-Strauss syndrome. 
Although these diseases frequently have vasculitis in vessels 
other than arteries, both had initially been included in the PAN 
category because patients often had necrotizing arterial lesions 
that were histologically identical to those in patients with PAN. 
Klinger (27) initially reported granulomatosis with polyangiitis 
(GPA) in 1931 as a “borderline type of periarteritis nodosa.” 
This disease subsequently was described in more detail by his 
former schoolmate Wegener (28), which prompted widespread 
adoption of the term Wegener granulomatosis until this term 
was replaced by granulomatosis with polyangiitis (29). In a 
landmark publication, Godman and Churg (19) published the 
definitive description of GPA in 1954. They recognized the 
following triad of features: necrotizing “angiitis,” necrotizing 
inflammation of the respiratory tract, and necrotizing glomer-
ulonephritis. Subsequently, patients with limited expressions 
of GPA were recognized who did not manifest all the features, 
such as patients with no glomerulonephritis (30).

Another variant of necrotizing vasculitis was reported 
by Churg and Strauss in 1951 (18). In this same article, the 
authors also pointed out that what was called periarteritis nodosa 
was a heterogeneous group of vasculitides. They described 13 
patients with asthma, eosinophilia, granulomatous inflamma-
tion, necrotizing vasculitis (including necrotizing arteritis), 
and focal necrotizing glomerulonephritis. They noted that 
similar patients had previously been reported as having PAN 
occurring in patients with asthma. This distinct variant of nec-
rotizing vasculitis has been called Churg-Strauss syndrome, but 
the name proposed by the Chapel Hill Consensus Conference 
is eosinophilic granulomatosis with polyangiitis (EGPA) (1).

In their landmark 1954 article that elucidated the features 
of GPA, Godman and Churg (19) concluded that MPA, GPA, 
and EGPA are closely related to each other and are distinct from 
PAN. More recent data support this conclusion, for example, 

the strong association of MPA, GPA, and EGPA (when glo-
merulonephritis is present), but not PAN, with ANCA and the 
strong association of a subset of PAN with hepatitis B infection 
(7,26,31–34), but not MPA, GPA, or EGPA.

The 1994 Chapel Hill Consensus Conference proposed 
that the term microscopic polyarteritis be replaced with the 
term microscopic polyangiitis because many patients with this 
category of vasculitis have inflammation in vessels other than 
arteries, such as arterioles, capillaries, and venules (1). When 
this approach is used, MPA is a more frequent diagnosis than is 
PAN, especially in patients who are seen by nephrologists and 
nephropathologists.

The major necrotizing arteritis in the medium-vessel vas-
culitis category other than PAN is Kawasaki disease (KD). The 
mucocutaneous lymph node syndrome (MCLNS), which is 
the hallmark of KD, was first described by Tomisaku Kawasaki 
in 1967 (33) and consists of polymorphous erythematous 
rash, erythema of the palms and soles, indurative edema of 
the extremities followed by desquamation, erythema of the 
oropharyngeal mucosa, conjunctivitis, and nonsuppurative 
lymphadenopathy (34,35). In a study of autopsy cases, Tanaka, 
Naoe, and Kawasaki determined that necrotizing arteritis 
involving medium and small arteries is an important compo-
nent of KD and may affect the kidneys, especially the inter-
lobar arteries (6,36). Because KD usually occurs in children 
younger than 5 years of age and is associated with necrotizing 
arteritis, some examples have been reported under the designa-
tion infantile PAN (34,37). However, KD is easily separated 
from PAN by the characteristic MCLNS. Necrotizing arteritis 
caused by PAN, as well as arteritis as a component of a small-
vessel vasculitis, such as MPA, occasionally occurs in children 
and should not be misdiagnosed as KD.

In summary, evaluation of patients with necrotizing arte-
ritis has revealed multiple clinically and pathologically distinc-
tive entities, some that affect predominantly, if not exclusively, 
arteries (i.e., medium-vessel vasculitides) and others that affect 
not only arteries but also vessels smaller than arteries (i.e., 
small-vessel vasculitides). In fact, many patients with small- 
vessel vasculitis have involvement exclusively of vessels other 
than arteries, for example, glomerulonephritis, pulmonary 
alveolar capillaritis, and cutaneous dermal venulitis.

Historical Background of Large-Vessel Vasculitis
Large-vessel vasculitides affect the aorta and its major branches 
more often than does small-vessel vasculitis or medium-vessel 
vasculitis (see Fig. 17.1 and Table 17.1) (1,38). Renal paren-
chymal involvement is less frequent with large-vessel vasculitis 
compared to medium- and small-vessel vasculitis. Nevertheless, 
large-vessel vasculitides can affect any type of artery in the 
kidney although the main renal arteries and their first- and 
 second-order branches are affected most often. Takayasu arteri-
tis and giant cell arteritis are the two major categories of large-
vessel vasculitis. Both cause chronic inflammation in arteries 
that is characterized by mononuclear leukocyte infiltration 
with a predominance of monocytes, macrophages, and T lym-
phocytes (11,38). Often, but not always, the inflammation 
has a granulomatous character with numerous macrophages, 
sometimes with multinucleated giant cells. Advanced disease is 
characterized predominantly by sclerosis rather than by inflam-
mation, a finding that may complicate pathologic diagnosis 
because it can be confused clinically and pathologically with 
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arteriosclerosis and atherosclerosis. The arterial inflammation 
and resultant scarring cause narrowing of lumina that, in turn, 
causes ischemic symptoms, for example, pulselessness, claudi-
cation, and renovascular hypertension.

A comprehensive clinical description of Takayasu arteritis 
was made by Savory in 1856 (39), although patients with pulse-
less disease had been reported in the medical literature since 
the mid-eighteenth century (40). The disease is named after 
Mikito Takayasu, a Japanese ophthalmologist who reported the 
ocular complications of this disease in 1908, even though he 
did not recognize the underlying vasculitic features (41). The 
reduced vascular perfusion caused by the narrowing of arteries 
initially led to the realization that this disease affects arteries 
and also is the basis for another designation for this disease, 
“pulseless disease.”

The temporal artery involvement of GCA brought this 
disease to the attention of Hutchinson in 1890 (42). Over the 
next 50 years, the widespread aortic and arterial distribution 
and the granulomatous nature of this disease became apparent 
(43), and shortly thereafter, the association with polymyalgia 
rheumatica was recognized (44,45). The term giant cell arteri-
tis is more appropriate than temporal arteritis for this category 
of vasculitis because not all patients with GCA have tempo-
ral artery involvement, and vasculitides other than GCA (e.g., 
PAN, MPA, GPA) can cause temporal artery inflammation 
(2,46). Glomerulonephritis is not a feature of GCA; thus, if 
a patient has clinical evidence of glomerulonephritis and tem-
poral artery inflammation, the diagnosis is probably not GCA, 
but rather some form of small-vessel vasculitis with temporal 
artery involvement.

The subsequent sections of this chapter review the clinical 
and pathologic features of PAN, KD, Takayasu arteritis, and 
GCA, in this order, with an emphasis on the renal involve-
ment. Various forms of immune complex small-vessel vasculitis 
are reviewed in multiple chapters, and ANCA small-vessel vas-
culitis is reviewed in Chapter 16.

POLYARTERITIS NODOSA
Clinical Presentation
The literature prior to 1990 that describes the clinical and 
pathologic features of PAN is problematic because, as pointed 
out in the previous section, some investigators studied cohorts 
that included patients with both PAN and MPA. In this chap-
ter, the Chapel Hill Consensus Conference Nomenclature, 
which defines PAN as necrotizing arteritis of medium and 
small arteries without glomerulonephritis, will be followed (see 
Table 17.1 and Fig. 17.1) (1). Not only do PAN and MPA 
differ by vessel involvement and serology but also in natural 
history, prognosis, and response to treatment (7,31,32,47).

Arkin (5) concluded that the major clinical manifestations 
of PAN are fever, peripheral neuropathy, myalgias, abdominal 
pain, and signs and symptoms of renal disease. These con-
tinue to be major manifestations today (31,47). As with the 
literature on pathologic features, one must determine whether 
data on clinical manifestations are derived from patients with 
PAN alone (as defined in this chapter) or from patients with 
PAN and MPA in this chapter. The former has a much more 
restricted spectrum of clinical manifestations than the latter. 
Guillevin et al. (26,31) and others (47,48) have elucidated the 

differences between the clinical manifestations of these two 
variants of necrotizing vasculitis (Table 17.2 ). The data in this 
table show that the presence of ANCA is a strong marker for 
MPA versus PAN.

When defined by the Chapel Hill Nomenclature System, 
the prevalence in Europe of PAN is approximately 31 per mil-
lion compared with 25 per million for MPA, 24 per million 
for GPA, and 11 per million for EGPA (49). Most patients 
with PAN present with nonspecific constitutional symptoms, 
such as fever, malaise, arthralgias, myalgias, and weight loss 
(47). Peripheral neuropathy, typically in the form of mono-
neuritis multiplex, is a common clinical manifestation of arte-
ritis that occurs with both medium- and small-vessel vasculitis 
(26). Peripheral neuropathy occurs in approximately 75% of 
patients with PAN (47), which is caused primarily by inflam-
mation of small epineural arteries. Signs and symptoms of 
gastrointestinal involvement occur in approximately half of 
PAN patients, for example, abdominal pain and blood in the 
stool. Bowel infarction is uncommon, and perforation is rare. 
The major cutaneous manifestations of PAN are inflammatory 
nodules, infarction, and livedo reticularis, whereas purpura is 
the most common cutaneous manifestation of MPA and other 
small-vessel vasculitides (50). Overall, skin involvement is less 
common in PAN than in MPA (50). Renal involvement by 
PAN manifests as flank pain and hematuria and rarely as ret-
roperitoneal hemorrhage from rupture of an aneurysm. Pain 
caused by rupture of a renal aneurysm in PAN can be severe 
enough to present as an acute abdomen (51). Renovascular 
hypertension occurs in up to one third of patients, but it is 
only rarely malignant. Arterial aneurysms may be detected by 
imaging in patients with PAN, but this is not specific because 
any necrotizing arteritis that affects arteries large enough to be 
resolved by imaging can produce detectable aneurysms.

Table 17.2 shows some of the clinical distinctions between 
PAN and MPA (47). A major distinction between PAN and 
MPA is the presence of glomerulonephritis in MPA but not 
PAN (22,25,31,48). Other distinguishing clinical features are 
the typical absence of clinical manifestations of vasculitic pul-
monary disease in PAN and frequent involvement of the lungs 
in MPA and other ANCA-associated small-vessel vasculitides 
as a consequence of alveolar capillaritis or necrotizing granu-
lomatosis. As early as 1957, Rose and Spencer (52) realized 
that the presence or absence of pulmonary disease distinguishes 
among distinctive forms of necrotizing arteritis, just as Dickson 
(17), Davson et al. (22), and Heptinstall (25) determined that 
the presence or absence of glomerulonephritis is a distinguish-
ing feature. In both instances, clinical evidence of necrotizing 
capillaritis (alveolar or glomerular) is used as a marker for MPA 
that is not shared by PAN.

Pathologic Findings
Gross Pathology
The kidneys, along with the gastrointestinal tract and the 
heart, are frequently involved in PAN. The gross abnormali-
ties in the kidneys are the result of arterial aneurysms, throm-
bosis, infarction, and hemorrhage (Fig. 17.2). The aneurysms 
often are pseudoaneurysms in that they are not the result of 
vessel wall dilation but rather result from erosion of necrotizing 
inflammation through the vessel wall into the perivascular tis-
sue. In Heptinstall’s series (25) of 20 patients with PAN, 5 had 
aneurysms, 12 had infarcts, and 1 had a perirenal hematoma.
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Viewed through the capsular surface, infarcts are pale 
with hemorrhagic borders (see Fig. 17.2A). Viewed on the cut 
surface of the kidney, renal infarcts usually are roughly wedge 
shaped, with their bases touching or almost touching the cap-
sular surface of the cortex (see Fig. 17.2B). The lesions are 
pale yellow after the reddish pigments have leached out of the 
necrotic cells. There often is a peripheral zone that is red to 
white, depending on the relative content of hemorrhage ver-
sus neutrophils, respectively. This is subsequently replaced by a 
thin rim of granulation tissue that is red and somewhat glassy. 
Acute infarcts may bulge slightly above the renal surface, but as 
the lesions age, they become depressed, especially once scarring 
has developed.

Any type of artery in the kidney can be affected by PAN, 
from the main renal artery to the smallest interlobular arter-
ies, although the main renal artery is rarely involved. The 
interlobar that course in the renal sinus and enter the paren-
chyma through the columns of Bertin and the arcuate arter-
ies that arise from the interlobar arteries are involved most 
often. When larger arteries are involved, nodular inflamma-
tory lesions and pseudoaneurysms can be observed grossly (see 
Fig. 17.2B), but if only small arteries are affected (i.e., inter-
lobular arteries), the arteritis will be observed only microscopi-
cally. The vascular origin of the nodular lesions is seen best 
when vessels are cut longitudinally or obliquely because they 
appear as focal swellings. The inflammation has a predilection 
for arterial branch points (25,26). Arterial lesions are observed 
most often at the corticomedullary junction and in the renal 
sinus tissue adjacent to the columns of Bertin because of the 

predilection for involvement of arcuate and interlobar arter-
ies, respectively. Lesions that are composed predominantly of 
fibrinoid necrosis and leukocyte infiltration are pale, whereas 
aneurysms, especially when they contain thrombi, are dark red 
(see Fig. 17.2B). Inflamed arteries with pseudoaneurysms also 
may be thrombosed.

An uncommon but potentially lethal renal complication 
of PAN is rupture of an aneurysm with retroperitoneal or peri-
toneal cavity hemorrhage (51,53–55). This complication may 
be confined to a small perirenal hematoma, or it may result in 
exsanguination into the peritoneal cavity or retroperitoneum as 
was the case with the patient whose kidney is shown in Figure 
17.2. The presence of perirenal hemorrhage should prompt a 
search for a ruptured aneurysm.

Light Microscopy
The light microscopic features of PAN vary over time. Lesions 
of different ages may be observed simultaneously (Fig. 17.3). 
They begin with fibrinoid necrosis and acute inflammation, 
evolve through chronic inflammation and fibroplasia, and cul-
minate in varying degrees of vascular sclerosis. Although pub-
lished in 1930, the description of the pathologic changes in 
PAN made by Arkin (5) has stood the test of time. He described 
an acute phase, a healing phase, and a healed phase. The acute 
phase has fibrinoid necrosis and infiltration of predominantly 
neutrophils with varying numbers of admixed eosinophils (Fig. 
17.4). The necrosis and inflammation are initially confined to 
the inner portion of the arterial wall but eventually may become 
transmural, with extension of the necrosis and  inflammation 

TABLE 17.2 Comparison between polyarteritis nodosa and microscopic polyangiitis with respect to  
clinical features and outcomes

Polyarteritis nodosa (n = 36) Microscopic polyangiitis (n = 36) P

Clinical feature
Male/female 24/12 21/15 0.47
Age 54.8 ± 15.1 yr 60.3 ± 16.4 yr 0.18
Fever 53% 56% 0.81
Weight loss 69% 64% 0.74
Myalgias 56% 56% 0.89
Arthralgias 44% 56% 0.28
Positive ANCAa 4% 58% <0.0001
Peripheral neuropathy 75% 56% 0.08
GI involvement 53% 22% 0.007
Skin involvementa 28% 53% 0.03
Testicular disease 21% 5% 0.19
Renal involvement 22% 19% 0.77
Renal insufficiency 19% 25% 0.57
Cardiac involvement 17% 17% 1.0
Pulmonary diseasea 6% 22% 0.04

Outcome
Death 36% 33% 0.73
Relapse 17% 36% 0.06
Number of relapsesa 0.19 ± 0.47 0.58 ± 1.09 0.03

aFeatures with a statistically significant difference (P < 0.05) between polyarteritis nodosa and microscopic polyangiitis and thus are of greatest value in differential 
diagnosis. Note that ANCA is by far the most significant difference.

Data from Agard C, Mouthon L, Mahr A, et al. Microscopic polyangiitis and polyarteritis nodosa: How and when do they start? Arthritis Rheum 2003;49:709.
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into the perivascular tissue. The inflammatory and necrotizing 
arterial lesions are segmental. Thus, they may be present in a 
specimen but missed in some planes of section. As illustrated in 
the diagram in Figure 17.5, the level of artery wall that appears 
to be involved by the necrotizing  inflammation is affected by 

the plane of section. The necrosis and inflammation appear to 
spread out laterally along the artery wall once they penetrate 
the muscularis and extend into the adventitia. Thus, at some 
planes of section (e.g., level C in Fig. 17.5), the inflammation 
and necrosis appear to be perivascular rather than vascular. 
This may have been why Kussmaul and Maier (13) named the 
disease “periarteritis nodosa.”

This erosion of vascular and perivascular tissue by the 
necrotizing process is the basis for the “aneurysm” formation 
(see Fig. 17.5). These areas of luminal dilation thus are not 
true aneurysms with dilation of the vessel wall, but rather, 
they are pseudoaneurysms caused by destruction of the vessel 
wall. The lesions are segmental with intervening segments of 
normal artery walls; therefore, multiple levels of section may 
be required to identify the vasculitis when it is sparse. The 
fibrinoid necrosis is deeply acidophilic on hematoxylin and 
eosin–stained sections and fuchsinophilic (red) on trichrome-
stained sections. The latter distinguishes fibrinoid material 
from the collagen that will replace it in the healed phase and 
will stain green or blue depending on the counterstain used in 
the Masson trichrome stain. Fibrinoid necrosis looks like fibrin 
because it has a high content of fibrin, as can be documented 
by immunohistologic examination using antifibrin antibodies 

FIGURE 17.3 Postmortem kidney from a patient with polyarteri-
tis nodosa showing involvement of two arteries with two different 
phases of necrotizing arteritis. The artery in the upper left (which is shown 
at higher magnification in Fig. 17.4) has circumferential fibrinoid necrosis 
with marked perivascular inflammation, whereas the artery in the lower right 
has marked fibrosis of the intima and media surrounded by a lesser degree 
of residual fibrinoid necrosis and inflammation. Note also the simplification 
(flattening) of the proximal tubular epithelium in the lower left corner of the 
photomicrograph indicative of acute tubular epithelial injury. (H&E.)

FIGURE 17.4 Higher magnification of the specimen illustrated in 
Figure 17.3 showing bright red ragged fibrinoid necrosis that has 
virtually replaced the destroyed muscularis. The surrounding inflam-
matory infiltrate includes neutrophils, eosinophils, lymphocytes, mono-
cytes, and macrophages. (H&E.)

FIGURE 17.5 Diagram depicting the histologic distribution of fibri-
noid necrosis (dark red material) in the walls of arteries (pink) and 
perivascular tissue. Because the necrotizing lesions are segmental, the 
plane of section will influence the appearance of the lesion (top). For exam-
ple, at level C in the diagram, the necrosis appears to be perivascular. The 
bottom view illustrates that the dilation of an artery lumen that is caused 
by necrotizing arteritis is primarily by erosion of the necrosis through the 
vessel wall and into the perivascular tissue. Thus, this is a pseudoaneurysm 
rather than a true aneurysm even though it is an aneurysm by convention.
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(Fig. 17.6). The fibrinoid material accumulates as a result of 
plasma constituents, including fibrinogen and the other coagu-
lation proteins, spilling into the zones of necrosis, where the 
coagulation factors contact thrombogenic material resulting 
in fibrin formation (11). When this happens in the arterial 
lumen, it is designated thrombosis, and when it occurs within 
the zones of tissue necrosis, it is fibrinoid necrosis.

In addition to the perivascular inflammation at sites of 
arteritis (see Fig. 17.4), the major renal tubulointerstitial his-
tologic finding is coagulative necrosis secondary to infarction 
(Figs. 17.7 and 17.8). This has the same histologic features as 
any renal infarct. In the acute phase, coagulative necrosis is evi-
dent, which may have a peripheral zone of acute inflammation  

with neutrophilic infiltration (see Fig. 17.8). In a needle biopsy 
specimen, this can be mistaken for acute tubulointerstitial 
nephritis. Glomeruli immediately adjacent to the infarcts may 
have reactive changes, including hypercellularity, necrosis, and 
rarely even reactive epithelial changes that mimic true crescent 
formation. This picture should not be confused with the glo-
merulonephritis that is a component of small-vessel vasculitis 
such as MPA. The coagulative necrosis of an infarct is ulti-
mately replaced by fibrous tissue. The narrowing of arteries by 
the lesions of PAN may cause sublethal ischemia that results 
in tubular epithelial simplification in the acute phase (see Figs. 
17.3 and 17.4) and tubular atrophy and interstitial fibrosis 
in the chronic phase. Such ischemia may be the basis for the 

FIGURE 17.6 Immunofluorescence microscopy of an arcuate artery from 
a postmortem kidney from a patient with polyarteritis nodosa showing 
irregular circumferential transmural staining for fibrin that would corre-
spond to a histologic picture similar to that in Figure 17.4. (Fluorescein 
isothiocyanate [FITC] antifibrin.)

FIGURE 17.7 Postmortem kidney from a patient with 
polyarteritis nodosa showing an aneurysm (pseudoaneu-
rysm) filled with a thrombus (A), a zone of infarction with 
coagulative necrosis (N), and zone of acute inflammation 
at the interface between the infarct and viable cortical 
parenchyma (arrow). (H&E.)

FIGURE 17.8 Postmortem kidney from a patient with polyarteritis nodosa 
showing a zone of infarction with coagulative necrosis on the left and a 
zone of acute inflammation in the middle at the interface between the 
infarct and viable but congested cortical parenchyma on the right. (H&E.)
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hypertension that often accompanies PAN. The hypertension 
may reach the malignant range and may produce superimposed 
microangiopathic changes caused by the malignant hyperten-
sion (22). These effects of malignant hypertension may include 
fibrinoid necrosis of arterioles and segmental necrosis of glom-
eruli that should not be misinterpreted as a component of 
the vasculitis. In a patient with malignant hypertension, the 
absence of leukocytes or leukocytoclasia at sites of microvascu-
lar necrosis suggests a hypertensive origin for the necrotizing 
small-vessel injury.

The acute phase evolves into a healing phase with fibrous 
tissue formation replacing the fibrinoid necrosis and throm-
bosis and mononuclear leukocytes replacing the neutrophils. 
Marked intimal thickening often is a component of the mes-
enchymal remodeling in the arterial wall (Figs. 17.3 and 17.9). 
The healed stage has progressively denser collagen in the 
fibrotic arterial wall and perivascular tissue. Thrombosed arter-
ies may be recanalized. The arterial sclerosis of healed arteritis 
is distinguished from that of advanced benign hypertensive 
arteriosclerosis by disruption of the internal elastic lamina and 
the replacement of medial smooth muscle cells by fibrous tis-
sue (22). In the early phase of arterial fibrosis, there may be 
residual foci of fibrinoid necrosis that reveal the initial cause of 
injury (see Fig. 17.7). Arteries with advanced sclerosis caused 
by necrotizing arteritis may be difficult to distinguish from 
severe arteriosclerosis caused by hypertension unless a stain 
is used to demarcate the elastica and identify fragmentation 
caused by the necrotizing inflammation (Fig. 17.10).

Immunofluorescence and Electron Microscopy
Most published immunofluorescence microscopy and elec-
tron microscopy data pertain to MPA, rather than to PAN. 
Although immune complexes have been suggested as a possible 
cause for PAN, immunofluorescence microscopy and elec-
tron microscopy typically do not reveal evidence of vascular 

immune complex deposition. Even in PAN that is associated 
with hepatitis, glomeruli typically have no significant immune 
complex–type staining for immunoglobulin by immunofluo-
rescence microscopy and no immune complex–type electron-
dense deposits by electron microscopy (56,57). In acute lesions, 
immunofluorescence microscopy demonstrates staining of 
fibrinoid material and thrombi with antisera specific for fibrin 
(see Fig. 17.6). The necrotic lesions also often have irregular 
staining for complement components and immunoglobulins, 
especially IgM, as is true for all fibrinoid necrosis irrespective 
of cause. Histologically unremarkable arterial walls adjacent to 
the inflamed segments have no staining for immunoglobulins 
or complement.

Etiology and Pathogenesis
The etiology and pathogenesis of PAN are incompletely 
understood. There appear to be multiple causes and patho-
genic mechanisms that can result in a pattern of arteritis con-
sistent with PAN. Some patients with PAN have hepatitis B 
virus infection, a finding that has raised the possibility of an 
infection-induced immune complex pathogenesis (31,58,59). 
However, overall, less than 10% of patients with PAN have 
serologic evidence for hepatitis B infection (59). Hepatitis 
B infection also is associated with some forms of secondary 
membranous glomerulonephritis and proliferative glomeru-
lonephritis and with small-vessel vasculitis that often causes 
dermal leukocytoclastic angiitis (58). The evidence that hepa-
titis B infection induces vascular immune complex deposition 
is much stronger in the hepatitis-associated glomerulonephri-
tis and small-vessel vasculitis than in PAN. In fact, patients 
with hepatitis B infection who have PAN but no glomerulo-
nephritis have no immune complex–type deposits in glom-
eruli (57). Other infections that have been rarely associated 

FIGURE 17.9 Arcuate artery from a postmortem kidney from a 
patient with polyarteritis nodosa showing extensive narrowing of 
the lumen by marked fibrotic intimal thickening. The muscularis is 
poorly defined and has focal fibrosis as well as focal residual red ragged 
fibrinoid necrosis (arrows). There is a relatively scanty associated infiltra-
tion of predominantly mononuclear leukocytes. (H&E.)

FIGURE 17.10 Severely sclerotic artery with occlusion of the 
lumen and disruption of the internal and external elastica caused 
by earlier PAN-induced necrotizing inflammation. At this late stage, 
the histopathology does not allow differentiation between a medium- or 
small-vessel vasculitis versus a large-vessel vasculitis. (Jones silver stain.)
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with PAN include hepatitis C, HIV, and parvovirus B19 (60).  
In one study of 161 patients with HCV-associated vasculitis, 
HCV-PAN accounted for approximately 20% and cryoglobu-
linemic vasculitis for 80% (61).

ANCA are frequent in patients with MPA and appear to 
play a pathogenic role; however, ANCA are not frequent in 
patients who have arteritis that is not accompanied by inflam-
matory involvement of capillaries or venules (7,26,31,32). 
Thus, ANCA are not incriminated in the pathogenesis of 
PAN, and the prevalence of ANCA in MPA, but not in PAN, 
indicates that these diseases are etiologically different.

Differential Diagnosis
PAN must be distinguished not only from MPA but also any 
of the many other forms of vasculitis that cause necrotizing 
arteritis. The clinical manifestations at the time of presen-
tation often do not allow differentiation between PAN and 
MPA unless there is overt clinical evidence for glomerulone-
phritis or pulmonary capillaritis, or a positive ANCA, either 
of which essentially rules out PAN (7,47,48,56). Extensive 
pulmonary hemorrhage caused by capillaritis rules out PAN 
in favor of MPA, and pulmonary hemorrhage caused by nec-
rotizing granulomatous inflammation rules out PAN in favor 
of GPA or EGPA (1). Asthma and blood eosinophilia in a 
patient with arteritis supports a diagnosis of EGPA; however, 
eosinophilia alone can be seen with PAN. In a young child 
with necrotizing arteritis with renal involvement, evidence for 
the MCLNS should be sought to distinguish between PAN 
and KD (37). In addition, the histologic pattern of arteritis 
can help distinguish between PAN and KD. The acute lesions 
of PAN typically have extensive fibrinoid material, whereas 
the acute lesions of KD have lesser amounts of fibrinoid mate-
rial and more edema (11).

In a renal biopsy specimen, or in a specimen from other 
tissue for that matter, the necrotizing arteritis of PAN cannot be 
distinguished from necrotizing arteritis caused by many other 
forms of vasculitis, for example, MPA, GPA, and EGPA (3,11). 
This usually is not a problem because histologic evidence for 
glomerulonephritis is identified in more than 90% of renal 

biopsy specimens from patients with MPA and GPA who have 
clinical evidence for renal disease. However, rare renal biopsy 
specimens from patients with MPA and GPA, especially if they 
are small, contain only arteritis. A definitive diagnosis of PAN 
should never be made on the sole basis of identifying necrotiz-
ing arteritis in a renal biopsy specimen. The same holds true for 
any other type of biopsy, such as nerve, muscle, skin, or gut.

The differential diagnosis for necrotizing arteritis in the 
kidney and elsewhere also includes arteritis secondary to a sys-
temic autoimmune disease, for example, systemic lupus ery-
thematosus and rheumatoid arthritis (1,62). The association 
between necrotizing arteritis in a renal biopsy specimen and 
lupus usually is apparent because of the concurrent pathologic 
features of lupus glomerulonephritis (Fig. 17.11). Unlike idio-
pathic PAN, immunohistology reveals that lupus-associated 
arteritis has immune complex immunoglobulin and comple-
ment in vessel walls.

During gross inspection of a postmortem or nephrectomy 
kidney that has been sectioned, large aneurysms (pseudoan-
eurysms) from which blood or thrombus has been lost dur-
ing sectioning can be mistaken for infectious cavitary lesions 
(see Fig. 17.2B). Histologic examination readily resolves this 
misinterpretation.

Clinical Course, Prognosis, Therapy, and 
Clinicopathologic Correlations
PAN is treated with corticosteroids and cytotoxic drugs, usu-
ally cyclophosphamide (31,59,60). The 10-year survival rate 
with treatment is approximately 70% to 80%. Relapses are 
rare in patients with PAN, unlike the more frequent relapses 
in MPA (31,60). Table 17.2 indicates that only 17% of the 
36 PAN patients in the cohort developed a relapse. Relapse is 
more likely if diagnosis and treatment are delayed (47).

PAN that is associated with hepatitis B requires special-
ized treatment aimed at controlling both the arteritis and the 
hepatitis (59,60). One approach (60) uses initial administra-
tion of corticosteroids to control the most life-threatening 
manifestations of the PAN, which are most severe during 
the first weeks of the disease. Corticosteroids are stopped to 

FIGURE 17.11 Renal biopsy specimen from a patient with systemic lupus erythematosus that demonstrated a necrotizing arteritis in 
the cortex along with diffuse proliferative and sclerosing class IV-G A/C lupus glomerulonephritis (A) (Masson trichrome stain) as well 
as necrotizing arteritis in the perirenal adipose tissue (B) (H&E stain).

A B
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 facilitate immune defense against the hepatitis, which is moni-
tored by seroconversion from hepatitis B e antigen positivity to  
hepatitis B e antibody positivity. Recovery from the hepatitis 
also is enhanced with antiviral agents (59,60).

Although not a component of standard care, surgical 
intervention may be required in rare circumstances such as 
bowel infarction, life-threatening rupture of an aneurysm, or 
uncontrollable hypertension caused by renal artery involve-
ment (60,63). In the latter instance, renal artery repair and 
autotransplantation have been successful (63).

KAWASAKI DISEASE
Clinical Presentation
Kawasaki disease is an acute febrile illness that almost always 
occurs in children, with a peak incidence in the first year of 
life (64–66). The incidence of KD is highest in children of 
Japanese ancestry. In North America, the incidence is approxi-
mately 32/100,000 in children of Asian ancestry; 17/100,000 
African Americans; 11/100,000 Hispanics; and 9/100,000 
Caucasians (65). Approximately 80% to 85% of children are 
younger than 5 years of age at the time of onset (64).

The hallmark of KD is the mucocutaneous lymph node syn-
drome (MCLNS), which includes polymorphous erythematous 
rash, erythema of the palms and soles, indurative edema of the 
extremities followed by desquamation, erythema of the oropha-
ryngeal mucosa, conjunctivitis, and nonsuppurative lymphade-
nopathy. KD often has a component of necrotizing arteritis that 
can be mistaken for PAN (36,37,66–69). This feature has resulted 
in some confusion over the relationship of the so-called infantile 
polyarteritis nodosa with KD. Most cases reported as infantile 
PAN are, in fact, KD (34,37). Differentiation of KD from PAN is 
important because KD usually is effectively controlled with aspirin 
and intravenous γ-globulin therapy (64,65), whereas PAN requires 
corticosteroids and possible immunosuppressive drugs (59,60).

Clinically significant renal disease in patients with KD 
is rare, although postmortem examination reveals inflamma-
tory lesions in renal arteries in one fourth (67) to three fourths 
(6) of patients. The difference in frequency of renal involve-
ment pathologically may be a result of different sampling 
times because the frequency of the visceral vasculitic lesions of 
KD peaks during the first week of the illness and is markedly 
reduced after 1 month (6). Anecdotal reports exist of glomeru-
lonephritis and hemolytic-uremic syndrome in patients with 
KD (70), but these reports may reflect chance associations. 
Renovascular hypertension caused by postvasculitic stenosis of 
the renal artery is a rare renal complication (71). There is one 
report of hydronephrosis resulting from obstruction of the pel-
viureteric junction caused by KD arteritis (72).

Pathologic Findings
Gross Pathology
The arteritis of KD affects small- and medium-sized arter-
ies, and it has a predilection for the coronary arteries (6,67–69, 
73–75). Aneurysms (pseudoaneurysms) and thrombosis may 
occur. Thrombosis of inflamed coronary arteries in patients with 
KD is the most common cause of childhood myocardial infarction.

The kidneys are second to the heart in frequency of vas-
culitic lesions, affecting the kidneys of 50% to 75% of patients 
who die from KD (6,75). In the kidneys, vasculitic lesions 

usually affect interlobar arteries, occasionally affect main renal 
and arcuate arteries, and only rarely involve interlobular arter-
ies (6). Therefore, the nodular inflammatory vascular lesions 
are observed most often in the renal sinus tissue adjacent to 
the calyces and columns of Bertin and within the columns of 
Bertin. The lesions appear as pale yellow or dark red nodules 
depending on the degree of inflammation versus thrombosis, 
respectively.

Light Microscopy
The acute arteritis of KD is a necrotizing process, but it typi-
cally has less conspicuous fibrinoid change and more edema 
than does PAN (Figs. 17.12 to 17.14) (6,65,68,75). Early 
inflammatory changes are most pronounced in the intima 
and media. The intima is thickened by infiltrating leukocytes. 
The media develops edema, vacuolization of myocytes, disas-
sociation of myocytes, and focal rupture of the internal elas-
tic lamina. During the first few days, neutrophils are most 
conspicuous (6), but even in the acute phase, monocytes and 
macrophages may predominate (76). The arteritis eventually 
becomes transmural in some segments with necrosis and exten-
sive disruption of elastic laminae in the most severely inflamed 
areas. Weakening or total destruction of the muscularis may 
result in aneurysm formation (see Figs. 17.13 and 17.14). 
Thrombosis may occur at sites of arteritis, resulting in distal 
ischemia. Myocardial infarction is a well-recognized complica-
tion of KD coronary arteritis, but renal infarction is rare (75).

An analysis of seven kidney specimens from children who 
died from KD revealed that inflammatory infiltrates at sites 
of arteritis in interlobar arteries contained an extremely high 
proportion of monocytes/macrophages (CD68-positive cells), 
most with the morphology of macrophages (Fig. 17.15A) (73). 
Early intimal lesions had almost exclusively CD68-positive 
cells immediately beneath the endothelium (Fig. 17.15B). 
Most infiltrates in the intima, muscularis, and adventitia had 
approximately 90% CD68-positive cells. The few  remaining 

FIGURE 17.12 Interlobar artery from the kidney of an infant who 
died from Kawasaki disease showing segmental infiltration of the 
intima, muscularis, and adventitia by predominantly mononuclear 
leukocytes. Note the marked edema at the site of necrosis of the muscu-
laris and the absence of significant fibrinoid material. (H&E.)
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cells were mostly CD3-positive T lymphocytes, and more 
often were CD8-positive rather than CD4-positive. CD20-
positive B lymphocytes were rare. An unexpected finding was 
increased numbers of CD68-positive monocytes/macrophages 
in glomeruli (Fig. 17.15C). Specimens with severe arteritis 
had 1.4 CD68-positive cells/glomerulus, moderate arteritis 
specimens had 2.3 CD68-positive cells/glomerulus, and mild 
arteritis specimens had 0.04 CD68-positive cells/glomerulus. 
Even though immunohistology demonstrated increased mac-
rophages in glomeruli, no glomerular hypercellularity could 
be discerned by light microscopy in routinely stained sections. 
Theoretically, the glomerular macrophages may have broken 
away from the inflamed surface of larger arteries and embolized 
to the glomerular capillaries.

Renal tubulointerstitial lesions in KD are absent or non-
specific. Focal intestinal mononuclear cell infiltrates with 
prominent IgA-positive plasma cells have been described in 
kidneys of patients undergoing autopsy; however, IgA-positive 
plasma cells are more conspicuous in the coronary arteries and 
respiratory tract (77).

As with other forms of arteritis, acute inflammatory 
lesions evolve into sclerotic lesions that often are accompanied 
by intimal thickening and gaps in the elastic laminae (68).

Etiology and Pathogenesis
The etiology and pathogenesis of KD are unknown (64–66). 
Although most cases are sporadic, a tendency for the disease 
to occasionally manifest endemic and epidemic characteristics 

FIGURE 17.13 A: Whole mount of a PAS-stained cross section of a post-
mortem kidney from an infant with Kawasaki disease showing multiple 
sites of necrotizing arteritis (arrows) that are all involving interlobar arter-
ies. Note that there is a dilation of the artery in the box (aneurysm) relative 
to the caliber of the uninvolved segment of the artery just outside the box. 
B: Higher magnification of the arteritis demarcated by the box in showing a 
darkly staining, partially disrupted muscularis; irregularly thickened intima; 
and prominent perivascular infiltrate. C: Higher magnification of the arteri-
tis demarcated by the box showing transmural inflammation that has com-
pletely destroyed the muscularis on the right. The muscularis on the left 
is partially destroyed and has focal edema and slight focal accumulation 
of fibrinoid material. The infiltrate contains predominantly mononuclear 
leukocytes that are primarily monocytes and macrophages. (PAS stain.) 
(Courtesy of Shiro Naoe and Kei Takahashi of Toho University, Japan.)
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raises the possibility of an etiologic role for an infectious patho-
gen or environmental antigen or toxin, but no such agent has 
been identified. Bell et al. (78) carefully studied two epidem-
ics in the United States, but these investigators were unable to 
identify evidence of person-to-person transmission or common 
exposures to potential etiologic agents.

Immune mechanisms have been implicated in the patho-
genesis of KD because of several immunologic abnormalities, 
such as decreased circulating CD8 T lymphocytes, increased 
circulating CD4 T lymphocytes with activation markers, 
increased circulating CD14 monocytes/macrophages, increased 
circulating cytokines, and hyperactive B lymphocytes with 
increased immunoglobulin secretion (65,79,80). Circulating 
anti–endothelial cell antibodies have been reported in patients 
with KD (81–85). This finding has prompted the hypothesis 
that these autoantibodies cause the vascular injury of KD by 
producing in situ immune complex formation with endothelial 
cell antigens. Binding of these antibodies to endothelial cells 
may be able to induce monocyte adhesion (84), which would 
be in line with the observation of monocytes in the intima of 
early lesions in patients (76) and the reduction of circulating 
monocytes by intravenous immunoglobulin therapy that is 
known to be an effective therapy for KD (80).

The presence or absence of ANCA in patients with KD has 
been controversial. The current predominant view is that no 
significant association exists between KD and ANCA, and this 

has been our experience as well with samples from 25 patients 
with KD. The first of two publications on this issue by Savage 
et al. (86) concluded that the frequency of ANCA in patients 
with KD was high, but a subsequent publication by Nash et al. 
(87) using more refined methodology concluded that no sig-
nificant occurrence of ANCA is seen in patients with KD.

Takahashi et al. (88) created an animal model of arteritis 
that has pathologic features that are remarkably similar to the 
arteritis of KD by injecting an extract of Candida albicans into 
the peritoneum of mice. All susceptible strains of mice develop 
an arteritis with a distribution and histologic appearance that 
mimics KD. Duong et al. (89) have created a similar model 
by injecting extracts from Lactobacillus casei into mice. These 
animal models raise the possibility that the human disease is 
the result of a genetic predisposition to develop a pathogenic 
innate or acquired immune response to a pathogenic organ-
ism. The predominance of monocytes rather than T cells in the 
early lesions favors an innate rather than an acquired immune 
response.

Differential Diagnosis
The vasculitis of KD shares many pathologic features with 
other forms of systemic vasculitis; however, it has a number of 
distinctive characteristics that clearly set it apart. These include 
(a) a unique association with the MCLNS although MCLNS 
may not be completely expressed in all patients, (b) a strong 

FIGURE 17.14 A: Masson trichrome stain of the same Kawasaki 
disease kidney illustrated in Figure 17.13 showing multiple sites of 
necrotizing arteritis in interlobar arteries (arrows). B: Higher mag-
nification of the arteritis demarcated by the box showing a histo-
logically unremarkable segment of an interlobar artery on the right, 
leading into a severely inflamed segment of artery on the left. Note 
that there is a dilation (aneurysm) of the inflamed segment of the 
artery. C: Higher magnification of the arteritis demarcated by the box 
showing transmural inflammation that extends from the markedly 
thickened intima (left), through the edematous and necrotic muscu-
laris, to the inflamed perivascular adventitia (lower right). Irregular 
accumulations of fibrinoid material are red (fuchsinophilic).
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predilection for the coronary arteries although many other 
arteries may be involved, and (c) a pattern of inflammation 
in arteries that shares features with other forms of necrotizing 
arteritis but has distinctive characteristics of its own.

KD arteritis and PAN both cause systemic arteritis. Before 
KD was clearly recognized, some patients with this disease 
were diagnosed as “infantile polyarteritis nodosa.” However, 
most cases reported in the literature as infantile PAN are, in 
fact, KD (37). Necrotizing arteritis also may occur in MPA, 
GPA, and EGPA. Although these vasculitides share some 
pathologic features with KD arteritis, the overall clinical man-
ifestations, as well as some characteristics of the pathologic 
lesions, allow confident differentiation of KD from these sys-
temic vasculitides. For example, MPA, GPA, and EGPA often 
have clinical and pathologic evidence for involvement of cap-
illaries (e.g., glomerulonephritis and pulmonary capillaritis) 
and venules (e.g., dermal leukocytoclastic venulitis) that does 
not occur with KD. The acute arteritis of PAN, MPA, GPA, 
and EGPA are indistinguishable from each other histologi-
cally but are distinct from KD in that the acute lesions of KD 
have less neutrophil infiltration, more mononuclear leukocyte 
infiltration, more edema of the muscularis, and less fibrinoid 
necrosis.

There is no problem distinguishing acute KD arteritis 
from the two major forms of large-vessel vasculitides, that is, 
Takayasu arteritis and GCA. However, the chronic sclerotic 

sequelae of KD arteritis are more difficult to distinguish from 
the sclerotic phase of large-vessel vasculitis. Distinguishing 
chronic sclerotic KD arteritis from chronic Takayasu arteritis 
is most problematic because both occur in children. A careful 
clinical history is most helpful in making this distinction.

Clinical Course, Prognosis, and Therapy
KD usually is an acute process with an excellent progno-
sis if treated appropriately (64–66). KD usually is effectively 
 controlled with aspirin and intravenous γ-globulin therapy 
(64–66). Aspirin reduces systemic manifestations of inflam-
mation (e.g., fever) and inhibits platelet aggregation, but does 
not prevent the development of coronary arteritis or aneurysms 
(65). Intravenous γ-globulin therapy, especially if given dur-
ing the 10 days after the onset of fever, reduces the frequency 
and severity of coronary artery disease (64–66). If not treated 
early in the course of the disease, approximately 15% to 25% 
of patients will have serious cardiovascular damage such as 
myocardial infarction or sudden death (64). Less than 5% 
of children with KD who receive therapy with intravenous 
gamma globulin develop coronary artery aneurysms (64). 
Nevertheless, KD has surpassed rheumatic fever as the lead-
ing cause of cardiac disease in children in the United States. 
If disease manifestations do not improve with intravenous 
γ-globulin therapy, corticosteroids, immunosuppressive drugs, 
and plasma exchange may be of value (64–66).

FIGURE 17.15 Immunohistochemical staining for monocytes/
macrophages using an antibody specific for CD68 in a kidney speci-
men from an infant who died of Kawasaki disease and was found to 
have renal arteritis. A: Extensive infiltration of CD68-positive cells into a 
thickened intima, media, and adventitia of an interlobar artery. B: Infiltration 
of CD68-positive cells beneath the endothelium of an interlobar artery.  
C: CD68-positive cells in glomerular capillaries.
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TAKAYASU ARTERITIS
Clinical Presentation
Takayasu arteritis is a large-vessel vasculitis characterized by 
granulomatous inflammation that most often affects the aorta 
and its major branches, but it also can affect the pulmonary 
arteries (38,46,90–92). The disease also has been called aortic 
arch syndrome and pulseless disease because it often affects the 
aortic arch and the arteries arising from it and frequently causes 
diminished or absent pulses, especially in the upper extremi-
ties, because of arterial narrowing. Takayasu arteritis has been 
reported most often in Asia, but it occurs worldwide. Takayasu 
arteritis has a strong female predilection, with a female-to-male 
ratio of approximately 9:1. Affected individuals are usually 
between 10 and 20 years old, and it rarely occurs after 50 years 
of age. This age distribution is in marked contrast to GCA, 
which rarely occurs before 50 years of age. In fact, patient age is 
the most useful distinguishing feature between Takayasu arte-
ritis and GCA because the other clinical manifestations and 
pathologic changes overlap (1). The differences in age distri-
bution, demographic characteristics, and vascular distribution 
warrant considering these to be different forms of vasculitis.

Takayasu arteritis can be arbitrarily divided into four 
types: type I, limited to the aortic arch and its branches; type 
II, confined to the descending thoracic and abdominal aorta; 
type III, with combined features of types I and II; and type IV, 
with pulmonary artery involvement with or without combined 
features of other types (90). Type III is most common, occur-
ring in 65% of 107 patients with Takayasu arteritis studied by 
Lupi-Herrera et al. (93).

In addition to nonspecific constitutional symptoms 
such as fever, arthralgias, and weight loss, the major clini-
cal manifestations of Takayasu arteritis are reduced pulses, 
vascular bruits, claudication, and renovascular hypertension 
(46,88,90,91,93,94). Hypertension is a common mode of pre-
sentation, and Takayasu arteritis is the most common cause of 
renovascular hypertension in children and young adults in some 
parts of Asia and the Middle East (94–96). Of the 107 patients 
studied by Lupi-Herrera et al. (93), 96% had reduced periph-
eral pulses, 94% had vascular bruits, and 72% had hyperten-
sion, which was attributed to renal arterial involvement in 62% 
of patients. In an American College of Rheumatology study of 
63 patients (46), 98% had reduced pulses, 98% had claudica-
tion, and 90% had subclavian or abdominal bruits.

Renovascular hypertension is a major cause of morbidity 
and mortality in patients with Takayasu arteritis (10,95–97). 
The major cause is renal ischemia secondary to renal artery 
stenosis, aortic coarctation, or both, although reduced aortic 
elasticity and impairment of carotid artery baroreceptors may 
play a role in some patients (10). Adequate control of renovas-
cular hypertension may not be possible medically, and these 
patients may require surgical vascular repair (10,97) or translu-
minal angioplasty (98).

Pathologic Findings
Gross Pathology
Gross aortic lesions include segmental stenosis (80% of 
patients), dilation without overt aneurysm (60%), aneurysm 
(20%), and dissection (10%) (94). The abdominal aorta is the 
most common segment of the aorta involved. Arteries affected 
by Takayasu arteritis typically have segments with thickened, 

firm walls and narrowed lumens (90). In some instances, the 
lumen may be completely obliterated, usually by firm pale 
fibrous material rather than acute thrombus. Kidneys may 
show signs of hypertensive nephrosclerosis (94).

Light Microscopy
Active Takayasu arteritis has transmural inflammation with a 
predominance of mononuclear leukocytes, often with admixed 
multinucleated giant cells histologically indistinguishable from 
GCA (38,90,94). Takayasu arteritis often results in marked 
intimal thickening and resultant stenosis of the lumen (Fig. 
17.16), which is the basis for the ischemic clinical manifesta-
tions. The active phase of Takayasu arteritis is characterized by 
irregular focal areas of infiltration of predominantly mononu-
clear leukocytes, sometimes with a granulomatous appearance, 
in the adventitia, media, and intima (Figs. 17.17 and 17.18) 
(90). The inflammatory infiltrates contain predominantly 
lymphocytes and macrophages with varying numbers of multi-
nucleated giant cells. In some specimens, apparently in earlier 
phases of the disease, the inflammation is more pronounced in 
the media and adventitia. In the aorta, there is patchy destruc-
tion of medial elastic lamellae by the inflammation.

In the chronic phase of the disease, the inflammation is 
replaced by fibrous scars with only a few scattered chronic 
inflammatory cells. The sclerotic changes, including marked 
intimal thickening, often result in luminal narrowing, which 
can be made worse acutely by thrombosis. Quiescent disease 
may be difficult to identify histologically. Residual destruc-
tion of the elastica supports earlier active arteritis (Fig. 17.19). 
Exacerbation of active granulomatous inflammation may be 
superimposed on sclerotic lesions (94).

The kidney parenchyma may show histologic evidence 
for chronic hypertensive nephrosclerosis or, rarely, malignant 
hypertensive nephropathy (94,95).

FIGURE 17.16 Elastic tissue stain of a renal artery from a nephrec-
tomy specimen taken from a patient with Takayasu arteritis show-
ing a grossly thickened intima and markedly narrowed lumen. At 
the time of nephrectomy, there is minimal inflammation. There is slight 
focal fragmentation and fraying of the internal elastic lamina; however, 
important in the differentiation from primary hypertensive arteriosclerosis, 
there is no replication of silver-positive laminae within the thickened intima.
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If Takayasu arteritis has caused persistent renal artery 
stenosis, the renal cortex typically will have a characteristic 
pattern of ischemic atrophy. The cortical tubulointerstitial 
compartment is markedly reduced in volume by shrinkage 
of the tubules resulting in what is called “endocrinization” 
because the tubules take on the appearance of endocrine acini. 
Unlike arterionephrosclerosis, there is little or no interstitial 
fibrosis or interstitial inflammatory cell infiltration. Glomeruli 
are crowded together because of the reduction in the tubuloin-
terstitial volume.

There are reports of various glomerular lesions in patients 
with Takayasu arteritis (99–103). The diverse patterns of glo-
merular disease observed at least raise the possibility that they 
are coincidental or idiosyncratic occurrences. The most com-
monly described lesion is mesangial hypercellularity (103) and 
the most distinctive lesion that has been reported is nodular 
mesangial matrix expansion and mesangiolysis (99).

No definitive data are available on the evaluation of the 
arteritis of Takayasu arteritis by immunohistology or electron 
microscopy.

Etiology and Pathogenesis
The etiology and pathogenesis of Takayasu arteritis are 
unknown (90,91). A relationship with tuberculosis has been 
suspected but not substantiated. As with many idiopathic 
inflammatory diseases, current pathogenic theories incriminate 
genetically determined autoimmune mechanisms, but no data 
strongly support this possibility. One theory of pathogenesis 
proposes that the inflammation begins in the adventitia and 
secondarily extends into the media and intima (91); however, 
there is inconclusive evidence to support this.

Differential Diagnosis
The differential diagnosis of renal involvement by Takayasu 
arteritis includes atherosclerotic disease, fibromuscular dyspla-
sia, and GCA. The histologic features of Takayasu arteritis are 
indistinguishable from those of GCA (1,92); thus, clinical data, 
especially patient age, presence or absence of polymyalgia rheu-
matica, and the distribution of the vasculitis, must be taken 
into consideration when deciding whether chronic granulo-
matous and sclerosing aortitis and arteritis are more likely to 
represent GCA or Takayasu arteritis. Arteriosclerotic changes 
in arteries can mimic the sclerotic changes of Takayasu arteritis 
and giant cell arteritis, especially in older patients many years 
after the initial active phase of the disease. Extensive fragmen-
tation of the internal and external elastica rather than extensive 

FIGURE 17.17 Renal artery from a nephrectomy specimen 
affected by Takayasu arteritis. The internal elastica is running verti-
cally near the center of the image with a markedly thickened intima on the 
right and the lumen at the far right. There is a sprinkling of mononuclear 
leukocytes throughout the artery wall with concentrations of leukocytes 
near the internal elastic lamina and around the boundary between the 
media and the adventitia at the left of the image. (H&E stain.)

FIGURE 17.18 Higher magnification of the specimen illustrated 
in Figure 17.15 showing infiltration of mononuclear leukocytes 
around the boundary between the intima and media. The internal 
elastic lamina can be seen as a corrugated hyaline line running horizontally 
through the center of the field of view. (H&E stain.)

FIGURE 17.19 Interlobar artery from the same nephrectomy specimen 
illustrated in Figures 17.14 to 17.16 showing modest fibrotic thicken-
ing of the intima and extensive focal destruction of the internal elastic 
lamina. This indicates earlier arteritis that was quiescent at the time of 
nephrectomy.
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replication of the internal elastica supports arterial sclerosis 
caused by arteritis versus hypertension or aging. Syphilitic aor-
titis and arteritis can mimic Takayasu arteritis and should be 
excluded by clinical and serologic data.

Clinical Course, Prognosis, and Therapy
The most dangerous clinical outcome is central nervous sys-
tem involvement caused by involvement of the carotid or ver-
tebral arteries resulting in transient ischemic attacks, blindness, 
amaurosis fugax, or stroke (91). Up to half of patients develop 
aortic insufficiency. Renal artery stenosis with renovascular 
hypertension develops in 30% to 75% of patients (91,94).

Corticosteroids are the standard first-line therapy for 
Takayasu arteritis (91). More than half of patients will enter 
remission with steroid therapy although half will relapse with dis-
continuation of treatment. Addition of methotrexate to the regi-
men allows most of these patients to be tapered off of steroids. If 
disease still persists, additional immunosuppressive agents may 
be required, such as cyclophosphamide. Approximately 20% of 
patients will have only one episode of disease that does not recur 
after treatment. The remainder requires repeated therapy.

Control of renovascular hypertension is an important ele-
ment of management (9,91,103). However, reduction of hyper-
tension should be approached cautiously because rapid reduction 
may cause organ damage, including renal failure, because of 
reduced perfusion through stenotic arteries. Hypertension that 
is recalcitrant to medical management may require angioplasty 
or surgical intervention. This should be carried out during a 
period of disease quiescence. Surgical intervention with bypass 
or reconstruction probably is superior to angioplasty (88). 
Autotransplantation may be required in severe cases (104).

GIANT CELL ARTERITIS
Clinical Presentation
Giant cell arteritis often affects the aorta and its major branches 
(1). It has a predilection for the extracranial branches of the 
carotid artery, but it can affect arteries in almost any organ. 
GCA is primarily confined to arteries with elastic laminae. For 
example, Wilkinson and Russell (105) noted that involvement 
of the internal carotid and vertebral arteries ended at the site 
where they penetrated the dura mater, which is also the site at 
which the elastic laminae end. GCA also has been called tem-
poral arteritis, but this designation is not appropriate because 
all patients do not have temporal artery involvement, and 
patients with other types of vasculitis, such as PAN, GPA, and 
MPA, can have involvement of the temporal arteries (1). This 
latter problem accounts for some of the reported examples of 
necrotizing glomerulonephritis associated with “temporal arte-
ritis,” which in fact are examples of small-vessel vasculitis, such 
as GPA or MPA, affecting the temporal artery.

More than 95% of patients with GCA are older than 
50 years of age, and more than 50% have polymyalgia rheumat-
ica, which is characterized by stiffness and aching in the neck and 
the proximal muscles of the shoulders and hips (91,105–107). 
The mean age at onset is approximately 75 years old. The disease 
is most common in persons of northern European ancestry. The 
incidence of GCA in the population older than 50 years of age 
is approximately 17/100,000 in northern Europe and northern 
United States, but only approximately 1/100,000 in southern 

United States. Women are affected twice as often as men. The 
most common initial symptom is headache. Approximately one 
half of patients have temporal artery tenderness, nodularity, or 
decreased pulsation. Involvement of other extracranial branches 
of the carotid artery causes blindness, deafness, jaw claudica-
tion, and tongue dysfunction. Involvement of arteries to the 
extremities causes claudication and reduced pulses.

Clinically significant renal disease is rare in patients with 
GCA. In a study by Klein et al. (108) of 248 patients with GCA, 
34 patients had evidence of involvement of arteries in addition to 
the arteries of the head and neck. Six patients had hematuria with 
erythrocyte casts that correlated with systemic disease activity, but 
none had proteinuria or renal insufficiency. Three of the thirty-
four patients died and underwent postmortem examination. All 
three had involvement of intrarenal arteries by GCA. None of the 
patients had glomerulonephritis. Although the number of patients 
studied is small, this evaluation suggests that the proportion of 
patients with systemic GCA involving the renal arteries is high, 
even though one usually sees no clinical manifestations of renal 
dysfunction. This study also demonstrates that involvement of 
renal arteries by GCA in the absence of glomerulonephritis can 
cause hematuria. Vanderschueren et al. (109) detected microscopic 
hematuria with dysmorphic red blood cells in 48% of 42 patients 
with GCA. None of the patients with hematuria had hyperten-
sion, renal insufficiency, or significant proteinuria, and only one 
had red blood cell casts. The absence of these common features of 
glomerulonephritis suggests that the hematuria was caused directly 
by the arteritis rather than by glomerulonephritis. The hematuria 
cleared in 71% of patients following corticosteroid treatment.

In a review of organ involvement in patients with arte-
ritis in the temporal arteries, Sonnenblick et al. (8) compiled 
anecdotal reports of glomerulonephritis in patients with tem-
poral artery vasculitis. As noted earlier, not only GCA but also 
other forms of vasculitis can affect temporal arteries, includ-
ing forms of vasculitis known to cause glomerulonephritis. 
For example, Canton et al. (110) reported a patient who had 
necrotizing inflammation of the temporal artery in a tempo-
ral artery biopsy and pauci-immune necrotizing and crescentic 
glomerulonephritis and necrotizing arteritis in a renal biopsy. 
This case was published as “renal failure in temporal arteritis.” 
Such patients probably do not have GCA, but more likely have 
necrotizing vasculitis, such as GPA or MPA. Other reports of 
“giant cell arteritis” with extensive involvement of renal paren-
chymal arteries have atypical features that are difficult to cat-
egorize, such as the case described by Elling and Kristensen 
(111) with extensive necrotizing arteritis and arteriolitis with 
giant cells in a patient with polymyalgia rheumatica. Even 
manifestations of polymyalgia rheumatica are not enough to 
warrant a diagnosis of GCA because similar symptoms occa-
sionally occur in patients with ANCA small-vessel vasculitis.

In summary, typical GCA can affect the arteries of the kid-
neys. This rarely causes clinically significant disease although 
microscopic hematuria occurs in more than a third of untreated 
patients.

Pathologic Findings
Gross Pathology
The characteristic but nonspecific gross abnormality in 
involved arteries is segmental firm thickening of the vessel wall 
that gradually tapers into more normal segments. Vessel lumens 
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are narrowed or even obliterated at the sites of mural thicken-
ing. When it can be visualized grossly, the endothelial surface 
lacks the yellowish plaques and ulcerations typical for athero-
sclerosis, unless there is concurrent atherosclerosis. Aneurysm 
formation is rare except in the aorta (108). The main renal 
artery is affected most often, but any of the extrarenal or intra-
renal arteries may be affected.

Light Microscopy
The lesions of GCA, as is true of all vasculitides, are segmen-
tal (106,108,112). The lesions appear to begin in the media 
or adventitia but extend to involve the intima, thus producing 
panarteritis. The intramural inflammatory infiltrates consist pri-
marily of mononuclear leukocytes, with lymphocytes and mac-
rophages predominating (Figs. 17.20 to 17.22). Multinucleated 
giant cells are present in approximately half to two thirds of spec-
imens (Fig. 17.23). They are more often absent after corticoste-
roid treatment and in the chronic sclerotic phase of the disease. 
Eosinophils occasionally are prominent (112). Focal fibrinoid 
necrosis may occur, but it is usually mild. If necrosis is severe, the 
possibility of vasculitis other than GCA should be considered, 
for example, GPA, MPA, or PAN. The granulomatous inflam-
mation with giant cells often is centered on the internal elastic 
lamina and less often occurs on the external elastic lamina (112). 
Involved elastica often has fragmentation (see Fig. 17.21), and 
the fragments sometimes can be identified within the cytoplasm 
of macrophages, especially multinucleated giant cells. Medial as 
well as intimal expansion causes luminal narrowing. Unlike in 
the necrotizing vasculitides, thrombosis is uncommon.

Although GCA often is thought of as a disease that involves 
principally the head and neck and major branches from the 
aorta, pathologic evidence for GCA can be observed in many 
organs, including the female genital tract (113), breast (114), 
heart (106,112), lungs (112), thyroid (115), liver (116), small 
bowel (117), gallbladder (118), pancreas (119), esophagus 
(111), prostate (111), bone marrow (120), spinal cord (121), 
peripheral nerves (122), and kidneys (106,108,123–125). 
Not only large and medium arteries but also small parenchy-
mal arteries can be involved by GCA, including arteries small 
enough to be encountered in renal biopsy specimens (123,124) 
(see Fig. 17.22). Renal-limited GCA with typical pathologic 
changes in renal arteries may occur with no evidence for sys-
temic involvement (123,125).

As with Takayasu arteritis, if GCA results in persistent 
renal artery stenosis, the renal cortex will have the characteristic 
pattern of ischemic atrophy caused by renal artery stenosis (see 
Fig. 17.23). Glomeruli are crowded together because of the 
reduction in the tubulointerstitial volume and tubules shrink 
resulting in “endocrinization.”

Secondary AA amyloidosis can be a complication of GCA 
and may prompt renal biopsy (126,127). The pathologic find-
ings in the renal tissue are those of typical amyloidosis.

Temporal artery biopsy often is performed when a diag-
nosis of GCA is suspected, and results may show pathologic 
evidence of GCA even in the absence of clinical evidence of 
temporal artery involvement (91,111). For adequate sensitiv-
ity, the biopsy specimen should be 1 to 3 cm long and should 
be sampled at multiple levels because of the segmental distribu-
tion of GCA. The diagnostic sensitivity is reduced by cortico-
steroid treatment (128). Overall, approximately a half to two 
thirds of temporal artery biopsies in patients thought to have 

GCA show giant cells (91,112). However, other features often 
are present that are consistent with a diagnosis of GCA, such as 
intimal thickening with fragmentation of (gaps in) the internal 
elastic lamina (91). Together with the appropriate clinical find-
ings, such changes allow a confident diagnosis of GCA.

Immunofluorescence and Electron Microscopy
Limited reports of immunofluorescence microscopy of kidneys 
affected with GCA describe no glomerular, arterial, or tubu-
lointerstitial staining for immunoglobulins or complement 
(123,124).

Electron microscopy is of little value in the pathologic 
evaluation of GCA. In essence, the same features are seen at 
the ultrastructural level that are seen by light microscopy. In 
an ultrastructural analysis of one specimen, Shiiki et al. (129) 

FIGURE 17.20 Arteritis affecting the main renal artery in a 
nephrectomy specimen from a patient with giant cell arteritis. The 
narrowed lumen is on the right, and the muscularis is on the left. The intima 
is markedly thickened and infiltrated by mononuclear leukocytes. (H&E.)

FIGURE 17.21 Elastic tissue stain of the same renal artery shown in 
Figure 17.18 showing marked fragmentation of the internal elastic lamina. 
The thickened intima is above the elastica.
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observed macrophages and giant cells closely opposed to 
injured smooth muscle cells in the media.

Etiology and Pathogenesis
The etiology and pathogenesis of GCA are unknown (91, 
129–132). Based in part on the histologic appearance of the 
vascular inflammation, cell-mediated immunity has been 

 incriminated most often. This concept has been supported 
further by immunophenotypic analysis of the infiltrating leu-
kocytes (123,129–132). For example, in a lymphocyte pheno-
typing analysis of 24 temporal artery biopsy specimens from 
patients with GCA, Cid et al. (130) determined that the infil-
trating leukocytes were predominantly CD4 T lymphocytes 
and HLA-DR–expressing macrophages. Antigen-presenting 
interdigitating reticulum cells were observed in many speci-
mens. Interleukin-2 receptor expression was observed in 88% 
of specimens from patients with up to 4 days of corticosteroid 
treatment, but in only 14% of patients who had been treated for 
longer, even though the cellular composition of the infiltrates 
had not changed. Cid et al. (130) concluded that the presence 
of CD4 lymphocytes with activation markers (interleukin-2 
receptors) and associated interdigitating reticulum cells suggests 
an autoimmune cell-mediated immune response to an autoanti-
gen in the vessel wall. The disruption of the elastic laminae, the 
concentration of inflammatory infiltrates (especially the macro-
phages and giant cells) at the sites of disrupted elastic laminae, 
and the predilection for involvement of arteries with elastic lami-
nae have raised the possibility of an autoimmune response to the 
elastica material. Papaioannou et al. (118), however, were unable 
to demonstrate an in vitro cell-mediated or antibody-mediated 
response to elastin or other arterial wall antigens derived from 
the arteries of patients with GCA. The presence of activated 
T cell and macrophages also is consistent with a cell-mediated 
response to a foreign antigen that has become planted in the ves-
sel wall or an innate inflammatory response, for example, medi-
ated by activation of toll-like receptors by microbial products.

Weyand et al. (132) have proposed that the inflamma-
tion of GCA begins in the adventitia with the interaction of 
CD4-positive T lymphocytes with stimulated dendritic cells. 
However, the etiology of this stimulation has not been iden-
tified. According to this hypothesis, the inflammation then 
extends into the media and intima where induction of oxida-
tive injury and inflammatory cytokines causes the vessel wall 
injury. For example, macrophage-derived growth factors could 
stimulate the intimal proliferation that results in vascular 
 stenosis (131).

Differential Diagnosis
The American College of Rheumatology proposes that a 
patient can be classified as having GCA if he or she has any 
three of the following criteria: (a) artery biopsy from any site 
that shows arteritis with infiltration of predominantly mono-
nuclear leukocytes or granulomatous inflammation (giant cells 
are not required), (b) temporal artery tenderness or decreased 
pulsation unrelated to arteriosclerosis, (c) new onset of head-
ache, (d) elevated erythrocyte sedimentation rate, and (e) 
age at disease onset 50 years or older (106). The Chapel Hill 
Nomenclature System defines GCA as arteritis, often granulo-
matous, usually affecting the aorta and/or its major branches, 
with a predilection for the branches of the carotid and ver-
tebral arteries, which often involves the temporal artery, and 
with onset usually in patients older than 50 and often asso-
ciated with polymyalgia rheumatica (1). A major clinical and 
pathologic differential consideration is Takayasu arteritis, 
which can produce all the clinical and pathologic manifesta-
tions of GCA with the possible exception of polymyalgia rheu-
matica. Histologically, GCA and Takayasu arteritis cannot be 
distinguished (1,92). In fact, the feature that is most helpful 

FIGURE 17.22 Granulomatous inflammation of an arcuate artery in 
the kidney biopsy from a patient with giant cell arteritis. The demar-
cation between intima and muscularis is obliterated by fibrosis and infiltrat-
ing macrophages, including a few multinucleated giant cells (arrow). (H&E.)

FIGURE 17.23 Renal cortex from the same nephrectomy specimen 
with giant cell arteritis shown in Figures 17.18 and 17.19 showing 
classic changes of renal artery stenosis. The tubulointerstitial com-
partment is diminished, resulting in crowding of glomeruli. The tubules 
show “endocrinization” and resemble small acini rather than tubules. 
There is minimal interstitial fibrosis and inflammation. (PAS.)
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in differentiating GCA from Takayasu arteritis is the age of 
the patient (1). Thus, a patient who has clinical or pathologic 
features consistent with GCA or Takayasu arteritis who is older 
than 50 years of age should be considered to have GCA rather 
than Takayasu arteritis, and a patient who is younger than 
50 years of age should be considered to have Takayasu arteritis.

Especially given the older age of patients with GCA, a 
major differential consideration is arteriosclerotic and athero-
sclerotic arterial disease. Pathologically, the presence of exten-
sive replication of elastica in the intima supports the presence 
of arteriosclerosis, atheromatous changes support atherosclero-
sis, and fragmentation and mononuclear leukocyte or granulo-
matous mural inflammation support GCA.

Temporal artery inflammation is not diagnostic for GCA 
because other forms of systemic vasculitis can affect the tem-
poral arteries, including PAN, MPA, and GPA. GPA can be 
particularly problematic if the inflammation contains multinu-
cleated giant cells. Although focal fibrinoid material occasion-
ally occurs in GCA, the presence of extensive fibrinoid necrosis 
should raise concern for the presence of a variant of vasculitis 
other than GCA, such as PAN, MPA, or GPA.

Clinical Course, Prognosis, and Therapy
Corticosteroids are the mainstay of therapy for GCA (91,133). 
Prednisone at a dose of 40 to 60 mg for 2 to 4 weeks followed 
by tapering usually is adequate to induce clinical remission 
(91). Approximately one half to two thirds of patients experi-
ence one or more relapses that require retreatment. Serologic 
measurement of the erythrocyte sedimentation rate is useful in 
monitoring response to treatment and maintenance of remis-
sion. Untoward complications from the steroid therapy occur 
in approximately a quarter of patients and are a major cause 
for morbidity. GCA patients have frequent relapses, especially 
when daily doses of corticosteroids are reduced to less than 
10 mg. Relapses and poorly responding disease require increased 
corticosteroids, and some patients need long-term corticoste-
roid therapy at moderate to high doses. Corticosteroid-sparing 
therapy that has been used includes methotrexate, azathio-
prine, dapsone, hydroxychloroquine, cyclophosphamide, and 
TNF-α blockers, with variable results (133).

An uncommon but life-threatening complication is aortic 
aneurysm or dissection caused by giant cell aortitis (91). There 
are rare reports of acute renal failure caused by renal GCA, 
which is quickly and completely reversed by corticosteroid 
therapy (123,124).
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Thrombotic microangiopathy (TMA) is the pathologic 
term for a condition characterized by microvascular changes 
including thrombosis in association with laboratory abnor-
malities of microangiopathic hemolytic anemia (MAHA) and 
thrombocytopenia. In addition to the two flagship diseases 
of TMA, hemolytic-uremic syndrome (HUS) and throm-
botic thrombocytopenic purpura (TTP), there is a broad 
spectrum of other disorders and conditions with diverse eti-
ology and overlapping clinical manifestations that can also 
present with TMA. Such diseases and conditions include sys-
temic infections, autoimmune diseases, exposure to certain 
drugs,  pregnancy/postpartum states, eclampsia-preeclampsia, 
HELLP (hemolytic anemia, elevated liver enzymes, and low 
platelets) syndrome, solid organ and hematopoietic stem cell 
transplantation (HSCT), various glomerulopathies, malig-
nancies,  malignant hypertension, scleroderma renal crisis, 
and radiation  nephropathy. This chapter discusses all major 
forms of TMA including those of systemic sclerosis (SSc) with 
the exception of eclampsia-preeclampsia that are covered in 
Chapter 19.

HISTORICAL BACKGROUND AND 
NOMENCLATURE
In 1925, Moschcowitz (1) published a case report of a 
16-year-old girl who had a sudden onset of fever, anemia, and 
central nervous system involvement. After an episode of pul-
monary edema, she lapsed into coma and died. She did not 
have renal failure, and clinical findings were limited to traces 
of albumin, hyaline casts, and granular casts in the urine. 
At autopsy, hyaline thrombi were present in the capillaries 
and terminal arterioles of the heart, liver, and kidneys. This 
report was followed by the observations that thrombocyto-
penia was an additional feature in Moschcowitz disease and 
that the thrombi were composed predominantly of platelets 
(2). Singer et al. (3) were the first to use the term thrombotic 
thrombocytopenic purpura. The term thrombotic microangiopa-
thy was introduced in 1952 by Symmers (4) for the vascular 
lesions of TTP.

In 1955, Gasser et al. (5) coined the term hemolytic uremic 
syndrome to describe a syndrome encountered in five children 
that consisted of hemolytic anemia, thrombocytopenia, and 
acute renal failure. The patients had cortical necrosis of the 
kidneys, and cerebral symptoms were also present. HUS was 
considered a new syndrome distinct from TTP for the follow-
ing reasons: (a) HUS affected mostly infants, whereas TTP was 
primarily recognized as a disease of adults; (b) all patients with 
HUS presented with acute renal failure, whereas renal involve-
ment was not considered a characteristic feature of TTP; and 
(c) the dominating pathologic finding in HUS (renal corti-
cal necrosis) was different from findings observed previously 
in TTP. However, renal cortical necrosis is present only in 
some patients with HUS, and the characteristic glomerular 
and arteriolar changes of HUS were subsequently described 
by Habib et al. in 1958 (6). Shortly thereafter, Habib’s group 
proposed the term thrombotic microangiopathy, which they bor-
rowed from Symmers (4), to consolidate the vascular lesions 
of HUS and TTP. Since the original description of HUS, it 
has become apparent that HUS may also be seen in adults and 
that the severity of renal involvement may vary from patient to 
patient. In addition to TMA, Symmers (4) also used the term 
thrombotic microangiopathic hemolytic anemia for the cases he 
described. The term has now been shortened to microangio-
pathic hemolytic anemia and is used to describe the special form 
of anemia in both TTP and HUS.

The first comprehensive description of TTP with a review 
of all published cases until 1966 was published by Amorosi and 
Ultmann (7). This paper establishes the diagnostic criteria for 
TTP consisting of a “pentad” of characteristic clinical and lab-
oratory features, including fever, MAHA, thrombocytopenia, 
neurologic abnormalities, and renal failure, which occurred in 
88% to 98% of the 271 patients. The next major milestone 
was the documentation that plasma exchange is a highly effec-
tive treatment for TTP improving mortality from 90% to 
22% (7,8). Since the disease can be rapidly fatal, there is an 
urgency to initiate treatment, which led to the implementa-
tion of the current, less stringent clinical diagnostic criteria for 
TTP that includes only MAHA and thrombocytopenia with 
no  alternative etiology (9,10). In contrast, HUS is currently 
defined by the diagnostic “triad” of MAHA, thrombocytope-
nia, and renal impairment in the absence of associated diseases 
and TTP (11).

The microscopic features of HUS and TTP are simi-
lar to those seen in other conditions featuring TMA such 
as scleroderma renal crisis, some additional forms of auto-
immune diseases, malignant hypertension, eclampsia or 
preeclampsia, postpartum renal failure, HSCT, antibody-
mediated transplant rejection, HIV infection, and exposure 
to drugs, among others. Therefore, thrombotic microangiopa-
thy is an appropriate term to describe the pathologic findings 
in HUS, TTP, and related conditions and is in widespread 
use.

CLASSIFICATION
The classification of TMAs is quite complex mostly because 
there are multiple terms in use to describe overlapping clini-
cal syndromes with diverse etiologies and major differences in 
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prognosis and therapy. Current clinical classification is based 
primarily on the patient’s age, clinical presentation, and 
anticipated treatment rather than etiology. This is because 
there is an urgency to initiate treatment usually well before 
etiologic diagnosis is typically available. Once etiology is 
determined, treatment can be adjusted, if needed. However, 
the lack of etiologic information at the time of presentation is 
not the only barrier for the implementation of a purely etio-
logic classification. Etiologic diagnoses based on some of the 
key laboratory parameters, such as ADAMTS13 activity, may 
not be appropriate for the critical initial decision needed for 
treatment. For example, abnormally low ADAMTS13 activ-
ity does not identify all patients who will respond to plasma 
therapy (9). There is no uniformly accepted classification of 
TMAs in use. The clinical classification discussed below has 
four major diagnostic categories (Table 18.1), that is, clas-
sic HUS, atypical HUS (aHUS), TTP, and “other” TMAs. 
Because of historical as well as practical reasons, this clas-
sification also includes the secondary forms of aHUS (i.e., 
those other than familial and idiopathic forms) and the sec-
ondary forms of TTP (i.e., those other than congenital and 
idiopathic forms), under the aHUS and TTP categories, 
respectively. It should be emphasized that clinical  recognition 

of various subsets, including the secondary forms, within 
the major categories at the onset of the disease is often dif-
ficult or impossible. Therefore, the rule of thumb is that at 
the time of presentation, patients are presumptively assigned 
into one of the four major diagnostic categories to guide 
initial treatment. MAHA, thrombocytopenia, and renal 
impairment with a diarrhea prodrome caused by Shiga toxin 
(Stx)-producing Escherichia coli (E. coli) are the diagnostic 
hallmarks of classic HUS. Most of these patients are children 
under the age of 5. However, adults with a history suggest-
ing Stx-producing E. coli (STEC) infection are also treated 
with plasma exchange because the etiology cannot be cer-
tain when decision about plasma exchange needs to be made 
(12). Diagnosis of aHUS relies on the presence of MAHA, 
thrombocytopenia, and renal impairment, and exclusion of 
associated disease(s), Stx-associated HUS, and TTP (11). 
In most instances, however, aHUS cannot be distinguished 
from TTP at the time of presentation. Until recently, this 
had only limited therapeutic ramifications since the first line 
of treatment for aHUS has been plasmapheresis, similar to 
that of TTP. If additional clinical and laboratory data do not 
confirm the presumptive clinical diagnosis, the diagnosis is 
revised and treatment is readjusted, as needed. Those patients 
who fulfill the diagnostic criteria of TTP (MAHA, thrombo-
cytopenia, with or without renal or neurologic abnormali-
ties, and exclusion of systemic infections and other causes 
of TMA) are diagnosed as such and treated accordingly with 
plasmapheresis (9). The majority of patients diagnosed with 
TTP are adults; however, children without renal impairment 
can also be diagnosed with TTP. Those cases that do not fit 
into any of the aforementioned categories will be classified 
as “other TMAs” with a designation of associated disease(s) 
or condition(s). The current definition of aHUS limits 
the subgroups within the aHUS category to those familial 
and idiopathic forms (13), and all secondary forms are del-
egated to the “other TMA” category and designated as such 
(Tables 18.2 and 18.3). Some investigators further narrow 
the idiopathic group of aHUS to only those cases with com-
plement abnormalities (11) and refer to them, along with the 
familial forms with complement abnormalities, as “primary” 
HUS or “complement”-HUS. HUS caused by Streptococcus 
pneumoniae is classified as a form of aHUS by some and, as a 
separate category, often designated as S. pneumoniae–associ-
ated HUS by others (14–16). The term TTP is applied to 
only those cases in the congenital and idiopathic groups, 
while all other cases formerly considered as various subgroups 
of TTP (“secondary” TTPs) are now designated as “TMAs” 
or “other TMAs.” In this modified classification, the clinical 
diagnoses are better aligned with etiology in the HUS and 
TTP groups; however, the “other TMA” group is still quite 
heterogeneous. To avoid potential confusion due to terminol-
ogy, some experts prefer the all-inclusive morphologic term 
TMA instead of HUS and TTP, while others use the hybrid 
term HUS/TTP.

Classic HUS, Also Known as Diarrhea-Positive 
(D+) or Epidemic HUS
Classic or typical HUS is associated with prodromal 
bloody diarrhea. This form occurs mainly in young chil-
dren, accounts for most cases (90% to 95%) seen in North 

TABLE 18.1 Clinical classification of TMA

1. Classic HUS
2. Atypical HUS 

a. Familial
b. Sporadic (idiopathic)
c. Streptococcus pneumoniae associated
d. Cobalamin C (cblC) disorder
e. Secondary forms 

i. Infections
ii. Autoimmune disorders

iii. Drugs
iv. Pregnancy/postpartum
v. HELLP syndrome

vi. Other
3. TTP 

a. Congenital
b. Idiopathic
c. Secondary forms 

i. Infections
ii. Autoimmune disorders

iii. Drugs
iv. Pregnancy/postpartum
v. HELLP syndrome

vi. Other
4. Other TMAs 

a. Glomerulopathies
b. Malignant hypertension
c. Malignancies
d. Solid organ transplantation
e. Scleroderma renal crisis
f. Radiation nephropathy
g. HSCT
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America and Europe, and develops in isolated cases or as 
outbreaks  occurring mostly in the summer (17). Although 
the designation “epidemic” HUS is also used for the clas-
sic form of HUS, the majority of cases are indeed sporadic. 
Furthermore, gastroenteritis is a common trigger for the 
atypical form of the disease, and therefore the term D+ HUS 
can be misleading. In North America and Western Europe, 
most of the classic forms are associated with O157:H7 sero-
type of Shiga toxin–producing E. coli (STEC) infection 
(18–21). However, many other  serotypes of STEC have also 

been linked to classic HUS (20,22–26). Infection with Shiga 
toxin–producing Shigella dysenteriae serotype 1 has been a 
common cause of classic HUS in developing countries in 
Asia (27) and Africa (11,28–30), but not in industrialized 
countries (31). The annual incidence of classic HUS is esti-
mated to be 21 per 1 million with a peak incidence in chil-
dren under the age of 5 years (61 per 1 million) and the 
lowest rate in adults in the age group of 50 to 59 years (5 per 
1 million) (32). TMA in the classic form due to STEC infec-
tion is most often confined to the glomeruli, with a conse-
quently good prognosis.

Atypical HUS
Since prodromal bloody diarrhea, characteristic of classic 
(D+) HUS, is typically absent in aHUS, this type has also 
been designated as nonenteropathic or diarrhea-negative 
(i.e., postdiarrhea negative) (D−) HUS. It should, how-
ever, be pointed out that gastroenteritis is a common trig-
ger for at least some forms of aHUS (33,34), and therefore 
the term diarrhea-negative HUS is inaccurate. The atypical 
form affects both children and adults and in various reports 
accounts for approximately 5% to 12% of all cases of HUS 
(11,35). The onset is usually insidious, and marked protein-
uria and hypertension are characteristic features. The major-
ity of cases are sporadic, and approximately 20% to 30% are 
familial (34,36). Those classified as “idiopathic” (same as 
“sporadic”) are the nonfamilial cases with no apparent asso-
ciation with underlying diseases. Genetic or acquired abnor-
malities of the complement regulatory proteins have been 
identified as the most common etiology in the aHUS group 
(11,37–42). Although the precise incidence of aHUS with 
complement abnormalities is not known, the best available 
data indicate that genomic abnormalities account for 17% to 
60% (34,36,43) and autoantibodies for 6% to 10% of cases 
(44–46). However, in a significant proportion of patients, the 
etiology is still unknown.

TABLE 18.3 Thrombotic microangiopathies other 
than classic and aHUS and TTPa

Infections
Systemic infections, human immunodeficiency virus infection, 

H1N1 influenza, Salmonella typhi, others
Autoimmune diseases

SLE, APS, others
Drugs

Quinine, ticlopidine, clopidogrel, anti-VEGF agents, oral 
contraceptives, mitomycin C, interferon, gemcitabine, CNIs, 
sirolimus, and others

Pregnancy/postpartum
HELPP syndrome
Glomerulopathies
Malignant hypertension
Malignancies
Solid organ transplantation
Scleroderma renal crisis
Radiation nephropathy
HSCT

aThese are TMAs associated with underlying diseases and conditions. The 
 precise etiology for many of these forms remains uncertain.

TABLE 18.2 Classification of HUS and TTPa

Forms Subgroups Etiology Age at onset

Classic HUS  Shiga and verocytotoxin (Shiga-like toxin)-
producing bacteria

Mostly in children 
under the age of 5

Atypical HUSb Familial Genetic disorders of complement regulation In both children and 
adultsSporadic (former 

 idiopathic subset)
Genetic and acquired disorders of  

 complement regulation
Streptococcus pneumoniae– 

associated HUSc
 Streptococcus pneumoniae infection Mostly in children

Defective cobalamin   
metabolism–associated HUSc

 Cobalamin C (cblC) disease (hereditary  
defect of cobalamin metabolism)

Mostly in infants

TTP Congenital (Upshaw-
Schulman syndrome)

Inherited via ADAMTS13 mutations Neonatal onset

 Idiopathic Acquired, secondary to anti-ADAMTS13 
 autoantibodies, present in ~50% of cases

Mostly in adults

aTMAs in these forms have no associated underlying diseases or conditions, and the etiology is well defined in the majority of cases.
bThe term “primary” HUS is also used for a subset of these cases with disorders of complement dysregulation.
cIn some publications, these forms are classified under the atypical category of HUS.
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Historically, the term aHUS also encompasses the “sec-
ondary” forms of HUS related to a wide variety of triggers 
and etiologic agents, such as infections other than STEC, 
including S. pneumoniae, human immunodeficiency virus, 
and H1N1 influenza A, autoimmune diseases, drugs, preg-
nancy, HELLP syndrome, hematopoietic stem cell or solid 
organ transplantation, various glomerulopathies, malignant 
hypertension, malignancies, ionizing radiation, and, in chil-
dren, methylmalonic aciduria with homocystinuria and 
cblC type, a rare hereditary defect of cobalamin metabolism 
(47–59). Complement regulatory abnormalities, both genetic 
and acquired, are also seen in a variable but usually a small 
proportion of patients within various subgroups of “second-
ary” aHUS (34,36), currently classified in the “other TMA” 
category. In general, cases with “secondary” aHUS have no 
well-characterized specific etiology identified except those 
developing in association with S. pneumoniae infection and 
perhaps those rare cases with concurrent complement regula-
tory abnormalities.

Although most of the recent publications still include 
at least some “secondary” forms of HUS under the umbrella 
of aHUS (34–36,43), some limit the term of aHUS specifi-
cally to those cases related to complement regulatory abnor-
malities (11,60). However, sometimes it might be difficult to 
define the secondary forms and separate them from the idio-
pathic (sporadic) forms of aHUS. For example, a significant 
number of aHUS cases are associated with pregnancy; how-
ever, complement regulatory abnormalities are very common 
in these patients (61). Therefore, the cause is likely comple-
ment dysregulation, and pregnancy serves only as a trigger. 
The European Pediatric Research Group for HUS proposed 
a new simplified classification for HUS and TTP with only 
two major categories: one with well-defined underlying etiol-
ogy and the other with clinical associations but unknown eti-
ology (47). The evolving changes in the classification are the 
reflection of our better understanding of these complex dis-
eases with the pendulum shifting from purely clinical toward 
clinical- etiologic classifications.

The prognosis of aHUS is poor; the mortality rate is 
10% to 15% during the acute phase (35), and up to 50% 
of patients develop end-stage renal disease (ESRD) (11,34). 
Although the renal morphologic findings of TMA are sim-
ilar to those seen in the classic form, vascular (i.e., arterial 
and arteriolar) involvement is more common in the atypical 
forms.

Based on the clinical presentation, etiologic factors, and 
underlying diseases, the following subgroups of aHUS are 
distinguished:

Familial Forms
Familial occurrence of HUS was recognized nearly four 
decades ago by Kaplan (62). These forms represent approxi-
mately 20% to 30% of cases with aHUS (34). They occur 
in more than one member of the same family, may occur at 
any age, and may follow a recurrent pattern. The  transmission 
is either autosomal recessive or autosomal dominant (34). 
Abnormalities in the complement regulatory proteins with 
underlying hereditary genetic disorder(s) have been identi-
fied in approximately 70% of the affected patients and also 
in some asymptomatic family members (34,63). Changes are 

common in the renal arteries, hypertension may be present, 
and the disease is usually severe.

Sporadic (Noninfectious) Forms
Genetic or acquired deficiencies of some of the complement reg-
ulatory proteins have been identified in 41% to 80% of patients 
with these forms of aHUS (11,34). The morphologic changes 
are similar to those seen in the familial form, and the disease is, 
just like in the familial form, usually severe (11,34,36).

Streptococcus pneumoniae Infection–Associated 
Form (Pneumococcal HUS)
This form affects mostly children under the age of 2 (15,35). 
Pneumococcal HUS is a relatively rare complication of 
invasive S. pneumoniae infection. Of the 435 children with 
culture-confirmed invasive pneumococcal disease in Utah 
from 1997 through 2008, only 7 patients (1.7%) devel-
oped HUS (64). The incidence of pneumococcal HUS was 
0.015/100,000 child years averaged over the time period of 
the study, accounting for 5.6% of total HUS cases in Utah 
children (64). The relatively low incidence of pneumococcal 
HUS from 1997 to 2008 still represents a significant rise in 
the number of cases compared to those from 1971 to 1996 
when no pneumococcal HUS cases were identified (64). A 
similar rise in the rate of incidence for pneumococcal HUS 
was also reported from other countries, including the United 
Kingdom, during the same time period (65). The rise in the 
incidence of pneumococcal HUS might be related to the 
introduction of heptavalent pneumococcal conjugate vaccine 
(PCV-7) in 2000 (64), which changed considerably the epi-
demiology of invasive pneumococcal infections (66). Marked 
reductions in invasive pneumococcal disease because of vac-
cine serotypes and the emergence of nonvaccine serotypes 
might have influenced the epidemiology of pneumococcal 
HUS as well (64,66). In the most recent and largest series 
of pneumococcal HUS reported from North America, of the 
37 cases between 1997 and 2009, 76% of patients had com-
pleted their heptavalent pneumococcal conjugate vaccina-
tion (PCV7) series (15). Among 24 serotyped isolates in this 
series, 96% were non-PCV7 serotypes, most commonly 19A 
(50%) (15). In another study also from the United States, 
the pneumococcal HUS accounted for approximately 38% 
of all nonenteropathic cases of HUS (i.e., of all nonclassic 
forms) and 4.7% of all HUS cases (35). One study reported 
pneumococcal HUS as the most common form of pediatric 
HUS in Taiwan (16). This form of HUS carries an increased 
risk of mortality and renal morbidity compared with classic 
HUS according to some studies (15,67–69) but good long-
term prognosis according to others (35).

Forms Associated With Cobalamin C (cblC) Disorder
This form of aHUS occurs in association with a rare genetic 
abnormality of cobalamin metabolism (cblC) with autosomal 
recessive inheritance. Most of the patients present during early 
infancy; however, late-onset disease up until teenage years has 
also been documented. Only a small number of cases have 
been described in the literature with mostly poor prognosis 
and high mortality rate (56,70). However, a few cases with 
early  treatment and renal functional recovery have also been 
reported recently (56,70).
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Thrombotic Thrombocytopenic Purpura
The great majority of patients diagnosed with TTP are adults 
featuring MAHA and thrombocytopenia, with or without 
renal or neurologic abnormalities (9). Children can also be 
affected, although rarely (71). In the rare congenital form 
(Upshaw-Schulman syndrome), the onset is during the neo-
natal period in about 75% of cases (71). The clinical diagnosis 
of TTP requires exclusion of other etiologies, such as systemic 
infection or another cause of TMA. TTP defined as such, 
that is, without an alternate cause that mimics TTP, is also 
referred to as idiopathic TTP. Severe deficiency of the activity 
of ADAMTS13 (A disintegrin-like and metalloprotease with a 
thrombospondin type 1 motif 1), a protease that cleaves von 
Willebrand factor (vWF), has been detected in 48% and 69% 
of idiopathic cases in two large registries from the United States 
and Japan, respectively (9,72). Since deficiency of ADAMTS13 
results in elevated plasma levels of ultralarge vWF multimers 
(ULvWF), which are prone to induce platelet aggregation, sig-
nificantly deficient ADAMTS13 activity is believed to play a 
key role in the development of at least some forms of TTP.

Similar to that of aHUS, historically the term TTP also 
incorporated the secondary forms of TTP, such as those asso-
ciated with hematopoietic stem cell and solid organ trans-
plantation, pregnancy/postpartum period, exposure to drugs, 
autoimmune diseases, infections, malignant hypertension, 
malignancy, and multiorgan failure. Severe ADAMTS13 
deficiency is less common in the secondary forms than those 
with the idiopathic or congenital forms of the disease. In the 
Oklahoma Registry, the incidence of severe ADAMTS13 defi-
ciency among the secondary forms of TTP varied from 0% to 
21% (9).

Since renal involvement in TTP is typically mild, the renal 
prognosis is good. However, the mortality rates, although sig-
nificantly improved since the introduction of plasma therapy, 
are still in the range of approximately 8.5% to 30% (73,74).

Other TMAs (Formerly Secondary HUS and 
Secondary TTP)
These forms represent the most diverse group of all TMAs (see 
Table 18.3). Patients in this category develop morphologic fea-
tures of TMA with or without the characteristic clinical and 
laboratory manifestations in the background of other diseases 
and conditions, such as infections other than STEC, autoim-
mune diseases, exposure to drugs, pregnancy/postpartum states, 
HELLP syndrome, solid organ and HSCT, various glomeru-
lopathies, malignant hypertension, malignancies, scleroderma 
renal crisis, and ionizing radiation. The etiology of TMA in 
most of these cases is unknown; however, ADAMTS13 defi-
ciency or abnormality in complement regulation is suspected 
in some cases with such abnormalities present. These, along 
with other factors with potential pathogenetic significance, are 
discussed under pathogenesis.

Relationship Between Hemolytic-Uremic 
Syndrome and Thrombotic Thrombocytopenic 
Purpura
Although the morphologic lesions of these two conditions are 
thought by many to be virtually identical, certain clinical dif-
ferences have been enumerated. Chief among them are that 
TTP (a) occurs among adults, (b) affects the central nervous 

system more commonly, (c) exhibits less frequent and less 
severe involvement of the kidney, and (d) involves multiple 
organs and has a poorer prognosis. However, these differ-
ences are not absolute, and some differences are less consistent  
than others.

First, with regard to age, TTP is not restricted to adults, 
and appreciable numbers of cases are seen in infants and chil-
dren (71). Similarly, HUS is not confined to childhood, as was 
originally thought. Although the classic form of HUS is most 
common in infancy and childhood, many cases are reported 
in adults (17,75). The onset of the atypical form of HUS is 
more common during childhood (34,76); however, a signifi-
cant proportion of cases with aHUS manifest in adults and the 
majority of adult patients with HUS have the atypical form of 
the disease (11).

Second, severe central nervous system involvement can 
also be encountered in HUS. In a recent major outbreak of 
classic HUS in Europe caused by E. coli O104:H4 during the 
summer of 2011, severe neurologic involvement developed in 
26% of children (77), an incidence comparable to that reported 
by some prior series (18,78). In a subset of adult patients with 
HUS during the same outbreak, of 63 patients admitted to 
intensive care units, 12 patients (19%) developed severe neu-
rologic symptoms (79). One study from the United States and 
one from Norway reported an even higher incidence of neu-
rologic involvement in outbreaks caused by E. coli O111 (80) 
and O103:H25, respectively (80,81). However, the French 
national survey that included all classic HUS cases in France 
between 1993 and 2007 found a significantly lower prevalence 
of severe neurologic complications affecting approximately 
3% of patients (82). Differences in the inclusion criteria for 
neurologic involvement and differences in the type of bacterial 
infections causing HUS may account, at least in part, for the 
differences in the reported incidence for neurologic involve-
ment in various studies. In one of the largest reported series of 
52 patients with classic HUS and severe neurologic complica-
tions, 17% of the patients died due to neurologic complica-
tions, 23% survived with severe sequelae, and 50% had full 
neurologic recovery (82). In the Oklahoma Registry, the inci-
dence of major neurologic abnormalities was 37% among idio-
pathic TTP cases with no difference in the incidence between 
those with and without severe ADAMTS13 deficiency (9).

Third, clinical and morphologic renal abnormalities 
can be found in TTP and may occasionally be severe (9). 
Interestingly, the severity of renal involvement seems to cluster 
with ADAMTS13 activity. In a large series of 107 patients with 
idiopathic TTP, acute renal failure was present only in 6 out of 
51 (12%) patients with severe ADAMTS13 deficiency (9). In 
contrast, acute renal failure was observed in 50 out of 56 (89%) 
patients with normal ADAMTS13 activity (9).

Fourth, extrarenal involvement can be seen in HUS, as in 
TTP, including the colon, liver, pancreas, heart, and brain, as 
shown in two autopsy series (83,84).

In addition, a historical review of a series of patients with 
TTP showed that the classic pentad of symptoms, as defined 
by Amorosi and Ultmann (7) and consisting of fever, throm-
bocytopenic purpura, MAHA, neurologic manifestations, and 
renal dysfunction, was present in only 40% of patients during 
the course of their illness (85). The frequent clinical presen-
tation of TTP lacking the features of the classic pentad and 
the urgency to initiate treatment early in the disease led to the 
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implementation of MAHA and thrombocytopenia as the new 
diagnostic criteria for TTP in a proper clinical setting (86). In 
a recent publication relevant to the current clinical practice, 
the diagnostic pentad of TTP was only present in 3 out of 69 
patients (5%) with severe ADAMTS13 deficiency at the time 
of presentation (9). This change in the diagnostic criteria of 
TTP over time has further narrowed the differences between 
HUS and TTP. However, distinction between TTP and HUS 
has gained ground with the recognition that a significant pro-
portion of patients with TTP have very low ADAMTS13 activ-
ity, while many of the patients with the atypical form of HUS 
have complement regulatory factor abnormalities. Although 
these findings proved to be very helpful to our understand-
ing of the pathogenesis, abnormal ADAMTS13 activity is not 
diagnostic of TTP since patients with other conditions, such as 
systemic infections, might also have significantly diminished 
ADAMTS13 activity. Furthermore, the activity is normal in 
approximately 50% of cases with idiopathic TTP, and abnor-
mal ADAMTS13 activity does not identify all patients who will 
benefit from plasmapheresis (9,72). In regard to complement 
regulatory factor abnormalities, since penetrance is only 50% 
in those family members who carry the mutations, the muta-
tions seem to be risk factors rather than unique causes of the 
disease. In addition, mutations are only identified in approxi-
mately 50% of patients with idiopathic aHUS, further limiting 
the diagnostic and prognostic utility of the test. Finally, since 
the prevalence of the complement regulatory factor mutations 
in the general population is unknown, the finding of a muta-
tion in an asymptomatic patient is difficult to interpret.

Therefore, to many investigators and clinicians, the dis-
tinction between HUS and TTP appears to be less clear than 
has been generally claimed. Indeed, with the exception of clas-
sic and S. pneumoniae–associated HUS, there are no specific 
diagnostic criteria to distinguish TTP from HUS. Yet, demon-
stration of severely diminished ADAMTS13 activity or com-
plement dysregulation in proper clinical context is strongly 
supportive of the diagnosis of TTP and aHUS, respectively.

Microangiopathic Hemolytic Anemia and 
Thrombocytopenia
MAHA and thrombocytopenia are the two principal labora-
tory abnormalities of TMA required for the clinical diagno-
sis. MAHA is a nonimmune hemolytic anemia (hemoglobin 
less than 10 g/dL) characterized by deformed and fragmented 
erythrocytes (helmet cells, burr cells, schistocytes) in the 
peripheral circulation; the Coombs test is usually negative. 
Thrombocytopenia (platelets less than 150,000/mm3) is sec-
ondary to platelet consumption; small blood vessels, particu-
larly the renal arterioles and glomerular capillaries, show fibrin 
deposition in their walls and lumina. The microthrombotic 
lesions are “platelet rich” in TTP and “fibrin rich” in HUS. 
Investigators have suggested that the bizarre morphologic 
features of the red cells and the hemolytic anemia are due to 
mechanical red-cell fragmentation by shearing by fibrin strands 
at the site of vascular lesions. However, it has also been pointed 
out that in the early, and sometimes later, stages of HUS, 
thrombi in the glomeruli and arterioles are either absent or 
too scanty to be responsible for the mechanical destruction of 
red blood cells (87,88). Neuraminidase, secreted by bacteria 
or viruses, has been invoked as a possible cause of the damage 
to the red blood cells by its action on the cell membrane (89). 

There are also a number of well-documented cases of TMA in 
the literature with no evidence of MAHA and/or thrombocy-
topenia (11,90).

HEMOLYTIC-UREMIC SYNDROME
Epidemiology
Classic HUS
The reported mean annual incidence of classic HUS was 7.1 
cases per 1 million children less than 15 years of age and 18.7 
cases per 1 million children less than 5 years of age in a recent 
French study for years 1996–2006 (91). A similar incidence 
rate of 6.7 cases per 1 million children was reported from 
California for 1994–1999 for children of 17 years of age or 
less (92). In New Mexico, the incidence rate was 17 cases per 
1 million population in 2007 (93). Standardized incidence 
rates of HUS in 3 geographic areas from the 1990s were also 
comparable 2.7 per million person-years in the United States, 
2.1 per million person-years in the United Kingdom, and 
2.1 per million person-years in Saskatchewan (Canada) (94). 
However, the annual incidence rate of classic HUS in 2008 was 
substantially higher (170 cases per 1 million children less than 
5 years of age) in Argentina, a country where classic HUS is 
considered to be endemic (95). At least some data indicate that 
the incidence is higher in females than in males (77,78,94,96). 
The prognosis is relatively good with most patients fully recov-
ering, and the reported mortality rates are less than 5% for 
most studies (17,77,91,96,97).

Atypical HUS
The precise incidence of aHUS is not known. In the United 
States, it is estimated to be 2 per million, derived from the 
incidence of aHUS in children, including those with pneu-
mococcal HUS (11,35). However, according to the most 
recent data more than 1000 cases of aHUS have been 
reported mostly from Europe and also from the United States 
(11,33,34,43,46,76,98–102). In general, the outcome is sig-
nificantly worse, and the mortality is higher than in classic 
HUS (34). However, the outcome is closely related to the spe-
cific etiology of aHUS and is discussed below.

Clinical Presentation
Classic HUS
Although classic HUS is considered to be most preva-
lent in infants and young children, it can occur at any age 
(75,77,103,104). In a systematic review of the literature on 
classic (diarrhea-associated) HUS that included 49 studies con-
ducted between 1950 and 2001 with 3476 patients enrolled, 
the mean age of patients was 2.4 years (range 0.1 to 18 years at 
recruitment into studies) (105). The age of patients with clas-
sic HUS was comparable in more recent studies from France, 
Germany, Austria, Great Britain, and the United States with 
an average age of less than 5 years (18,78,106,107). Data from 
two large E. coli O157:H7 outbreaks in Japan in 1990 and 
in 1996 revealed slightly higher median age for patients who 
developed HUS (3.7 and 7 years, respectively) (108,109). In 
sharp contrast to these historical data, of the 845 patients with 
classic HUS in the most recent and largest ever E. coli outbreak 
during the summer of 2011 in Europe, 88% of patients were 
adults (i.e., older than 17 years of age) (75). The median age 
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of all patients with HUS during this outbreak was 44 years, 
and among those 101 pediatric patients (i.e., 17 years of age or 
younger), the median age was 11 years (75). It remains unclear 
whether the atypical age distribution in this most recent out-
break reflects the pattern of sprout consumption (the most 
likely vehicle for the infection) or is attributable to the specific 
properties of the serotype (O104:H4) of the causative E. coli 
strain (75).

The classic form of HUS usually begins with watery diar-
rhea and may progress rapidly to bloody diarrhea with hemor-
rhagic colitis. Clinically, the colitis may mimic appendicitis, 
diverticulitis, ulcerative colitis, regional enteritis, or intussus-
ception. However, concurrent appendicitis, intussusception, 
and volvulus may occur as a complication (95,109). In severe 
cases, pseudomembranous enterocolitis, necrosis, and perfora-
tion of the colon with subsequent peritonitis can also be seen. 
Some evidence suggests that the colonic changes are part of the 
TMA, with ischemia as the underlying mechanism. Vascular 
microthrombi have been described in surgically removed seg-
ments of colon, as well as in autopsy material (83,110,111). 
However, microthrombotic lesions are seen only in a few small 
vessels even when hemorrhagic colitis is extensive; therefore, 
Shiga toxin–producing E. coli (STEC) possibly cause direct 
endothelial damage in the colon leading to mucosal hemor-
rhage. It is also possible that the thrombi are secondary to tis-
sue ischemia and/or necrosis. The natural history of the colitis 
is usually favorable; it can, however, be fatal (95).

The second phase of classic HUS caused by STEC infec-
tion occurs abruptly within 3 to 4 days of the onset of gastroin-
testinal symptoms and is characterized by various combinations 
of acute renal failure, proteinuria, hematuria, anemia, bleeding 
abnormalities, central nervous system disorders (e.g., headache, 
altered consciousness, paresis, aphasia, syncope, seizures, visual 
changes, and dysarthria), and cardiovascular changes (e.g., 
hypertension and congestive heart failure). However, during 
a recent outbreak in Germany caused by a new hybrid strain 
of E. coli O104:H4, the incubation period from the onset of 
diarrhea to the development of HUS was longer than usual at 
8 days (75).

The characteristic renal manifestations include oliguria or 
anuria, hematuria, hemoglobinuria, proteinuria, various types 
of casts in the urine, hyperkalemia, and elevated blood urea 
nitrogen (BUN) and serum creatinine level. Approximately 
one half of the pediatric patients with classic HUS require 
dialysis; however, some series reported significantly higher rates 
of dialysis requirement mostly in association with non-E. coli 
O157 infections (77,78,80,97). Hematuria is usually micro-
scopic, hemoglobinuria is present in a few cases, and protein-
uria may be severe.

Manifestations of both anemia and a tendency to bleed 
include intense pallor, weakness, melena, hematemesis, hema-
turia, petechiae, and ecchymoses in the skin. Hemoglobin lev-
els are low—sometimes as low as 2 to 3 g/dL—with increased 
plasma bilirubin levels. The morphologic features of the red 
blood cells are abnormal, with the presence of helmet cells, 
burr cells, and fragmented cells (schistocytes) in the periph-
eral blood; reticulocytes are increased. The Coombs test is 
almost invariably negative. Leukocytosis is common in the 
early stages. Platelets are decreased to varying degrees, but 
megakaryocytes in the bone marrow are usually present in 
normal numbers. Additional laboratory findings include 

marked elevation in the serum lactic dehydrogenase level and 
concomitant reduction in the serum haptoglobin level, and 
in some cases, especially those with delay in diagnosis, hyper-
kalemia (≥6 mmol/L), acidosis (serum bicarbonate less than 
15 mmol/L), and hyponatremia (less than 125 mmol/L) may 
be observed. The results of coagulation studies in HUS are 
not strikingly abnormal; a slight prolongation in prothrombin 
time occurs in approximately 50% of patients. Prolongation of 
the partial thromboplastin time is less common; plasma fibrin-
ogen levels are variable, and accelerated fibrinolysis with fibrin 
split products in the circulation has been recorded. Various 
tests also indicate functional platelet impairment (112) and 
destruction (113).

Central nervous system disturbances such as irritability, 
restlessness, tremors, and ataxia occur. In more severe cases, 
coma, stupor, and decerebrate rigidity can also be seen. In 
most series, significant neurologic complications are reported 
in less than one third of the patients (18,77,78,80,81,97). 
Cardiovascular disturbances include hypertension and conges-
tive heart failure. Hypertension is present in many patients, 
but clinically apparent cardiac involvement is infrequent (114). 
Pancreatic involvement with the clinical features of acute pan-
creatitis is relatively frequent and has been recorded in 26% of 
cases in one series from Japan (109). Diabetes mellitus can also 
be seen (114).

In addition to the classic clinical presentation, incom-
plete forms of classic HUS have also been described in chil-
dren (115). These patients present either with bloody diarrhea, 
hemolytic anemia, and thrombocytopenia without renal failure 
or with bloody diarrhea, anemia, hematuria, or proteinuria but 
without azotemia or thrombocytopenia.

Verotoxin-Producing EschErichia coli infection

In the mid-1980s, verotoxin-producing E. coli (VTEC) 
clearly emerged as the major etiologic factor in the pathogen-
esis of classic HUS. The term VTEC refers to various strains 
of E. coli that produce one or two distinct bacteriophage-
mediated protein exotoxins, VT1 and VT2. Both VT1 and 
VT2 are composed of a single A subunit of 32-kDa and five  
7.7-kDa B subunits (116). These toxins are closely related to 
Shiga toxin (Stx), the exotoxin produced by S. dysenteriae (117), 
and therefore the terms VT and Stx are used interchangeably. 
VTEC bacteria are also referred to as STEC. Cattle and other 
farm and wild animals are the main reservoirs of many STEC 
serotypes, and cattle are considered to be the most important 
source of human infections (118). Human infection typically 
occurs through acquisition of the bacteria via consumption of 
contaminated food, water, or by person-to-person transmission 
(17). Most but not all STEC bacteria causing HUS have the 
capacity to colonize the intestinal mucosa with an attaching-
and-effacing (A/E) mechanism (119). The A/E lesion is medi-
ated by proteins encoded within a large pathogenicity island 
called the locus of enterocyte effacement or LEE, and this subset 
of STEC bacteria is referred to as enterohemorrhagic E. coli 
(EHEC) (120). The bacteria also possess mobile genetic ele-
ments carrying additional virulence genes such as plasmids, 
phages, and pathogenicity islands (e.g., O-I 122) (119). 
Unlike all other STEC strains linked to HUS, humans are the 
only known natural reservoir for the enteroaggregative hem-
orrhagic E. coli (EAHEC) O104:H4 responsible for a major 
HUS outbreak in Germany in 2011 (25). EAHEC is a highly 
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pathogenic hybrid organism possessing features common to 
both enteroaggregative E. coli (EAEC) and STEC (121–123). 
EAHEC strains have evolved from EAEC that cause watery 
diarrhea in children and travelers’ diarrhea, by acquiring genes 
for Stx2a and antibiotic resistance (121,122). Except for Stx2a, 
no other EHEC-specific virulence markers including the locus 
of enterocyte effacement (LEE) are present in EAHEC strains. 
EAHEC O104:H4 colonizes the bowel through aggregative 
adherence fimbrial pili encoded by the EAEC plasmid. The 
aggregative adherence fimbrial colonization mechanism substi-
tutes for the LEE functions for bacterial adherence and delivery 
of Stx2a into the colonic mucosa, ultimately resulting in HUS 
(25,121,122).

The clinical significance of STEC was first recognized by 
Riley et al. (124) in 2 outbreaks of hemorrhagic colitis and 
subsequently by Karmali et al. (125,126) in 11 of 15 cases 
of sporadic HUS. It is now well established that STEC, espe-
cially the O157:H7 serotype, cause enteric illness that results 
in a spectrum of outcomes including asymptomatic infec-
tion, uncomplicated diarrhea, hemorrhagic colitis, and HUS. 
Data from Western Europe and North America indicate that 
about 90% of children with HUS have some evidence of 
STEC infection, and the O157 serogroup is the most com-
monly involved, seen in up to 83% of the cases (18,114,127). 
Among various serotypes, the O157:H7 is the most common; 
however, geographic differences in the occurrence of vari-
ous serotypes are apparent. In the United States, 63% of 558 
patients with diarrhea- associated HUS in 1997–2009 tested 
for evidence of STEC were positive with the great majority 
belonging to the O157 serogroup (96). However, an emerg-
ing role of non-O157 serogroups has been reported from 
Europe (20,75,78) and non-O157:H7 STEC strains predomi-
nate in Australia (97). In the United States, serogroup STEC 
O111 was the second most common cause of classic HUS 
after STEC O157:H7 in 1983–2002 (128). A large outbreak 
in the United States in 2008 caused by STEC O111 infec-
tion affected mostly adults (80). The largest ever outbreak in 
Europe during the summer of 2011 was caused by the unusual 
STEC O104:H4 strain and also affected mostly adults (75). 
Worldwide, the serogroups O26, O103, O111, O118, O121, 
O145, and O157 are responsible for the majority of HUS 
cases (24). It should, however, be emphasized that compared 
with STEC O157 infections, identification of non-O157 
STEC infections is more complex. Currently, there are limited 
public health surveillance data on the occurrence of such infec-
tions, and many of the non-O157 STEC infections may go 
undiagnosed or unreported (http://www.cdc.gov/ecoli/2012/
O145-06-12/index.html).

The number of outbreaks of E. coli 0157 infections 
reported to the United States Centers for Disease Control and 
Prevention has increased dramatically, from 4 in 1992 to 46 
in 2002 (17). Out of the total of 350 outbreaks between 1982 
and 2002, there were 8598 cases of E. coli 0157 infection and 
354 (4.1%) patients developed HUS (17). The largest reported 
outbreak of STEC 0157 in North America affected 501 patients 
with 45 cases of HUS (approximately 9%) and 3 deaths (129). 
This outbreak was traced to undercooked hamburgers from 
a fast food restaurant chain in Washington State. One of the 
largest ever outbreaks of STEC O157 infection occurred dur-
ing the summer of 1996 in Japan and affected a total of 12,680 
patients (109). The probable source of the infection was lunch 

food supplied to elementary school children; 121 patients 
developed HUS (0.9%) and 3 children died. A survey report 
from the United Kingdom showed that 15% of 1275 patients 
with STEC 0157 infection developed HUS (130). The largest 
ever outbreak in Europe during the summer of 2011 caused 
by the enteroaggregative STEC O104:H4 strain affected 3816 
patients of which an unusually high proportion (22%) devel-
oped HUS and 54 patients (1.4%) died (75). Contaminated 
sprouted fenugreek seeds were the suspected primary vehicle of 
transmission (25,131).

Higher initial leukocyte count and antibiotic use are 
reported as risk factors for the development of oliguric HUS 
among those children with STEC O157:H7 infection (132). 
Antibiotics may potentiate the synthesis and release of Stxs 
from EHEC (133).

The type of Stx produced by bacteria may also play a 
significant role in the pathogenicity. Bacteria can possess one 
or more different stx alleles, and the different stx subtypes are 
associated with different clinical outcomes of infections (134). 
Certain Stxs, such as Stx2, Stx2c, and Stx2dactivatable, are asso-
ciated with severe disease such as HUS and bloody diarrhea, 
while other Stx2 variants have been mostly identified from 
patients with uncomplicated diarrhea or from asymptomatic 
shedders (134). However, in spite of the significant progress 
made in our understanding the biology of STEC infection, the 
virulence and the evolution of the different STEC serotypes 
have only been partially unraveled (119).

transmission

The main reservoir of the STEC is the intestinal tract of healthy 
cattle. Most outbreaks in the United States have resulted from 
transmission of the organism through the consumption of 
undercooked ground beef or dairy products including raw 
milk (17). Various other sources and modes of transmission 
have also been reported, including swimming in infected 
water, drinking water, consumption of lettuce, apple cider 
and apple juice, coleslaw, spinach, raw milk, melons, cookie 
doughs, and grapes (17,104,135–138). Outbreaks due to con-
taminated drinking water tended to be much larger than all 
other outbreaks (17). Outbreaks due to secondary transmis-
sion of the organisms from person to person by the fecal-oral 
route occurred at child day care centers, homes, and commu-
nities (17,136,139,140). Outbreaks due to animal contact are 
one of the more recently recognized transmission routes; they 
occurred at various settings including farms, county fairs, and 
petting zoos (17).

shigElla DysEntEriaE infection

In addition to STEC, infection with S. dysenteriae type 1 has 
also been identified as an etiologic factor for classic (D+) HUS. 
In 1978, Koster et al. (141) reported a series of HUS cases from 
Bangladesh in association with shigellosis, severe colitis, and 
endotoxemia. HUS associated with S. dysenteriae type 1 infec-
tion is clinically and morphologically similar, but not identi-
cal, to the classic (i.e., VTEC-associated) form of HUS (142). 
Morphologically, renal necropsy specimens from eight of nine 
patients with Shigella-associated HUS showed renal cortical 
necrosis, extensive glomerular thrombosis, or arterial throm-
bosis (142). Subsequently, several other reports confirmed the 
association of S. dysenteriae infection with HUS in both chil-
dren and adults (28,30,143,144).
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Atypical HUS
The clinical manifestations of aHUS are similar to those of 
classic HUS except that they typically develop without prior 
diarrhea and/or hemorrhagic colitis. The onset is usually sud-
den with general distress, fatigue, vomiting, and drowsiness. In 
most patients, the diagnostic triad of MAHA, thrombocytope-
nia, and renal impairment are present. Arterial hypertension is 
common sometimes accompanied by cardiac failure or neuro-
logic complications. Extrarenal manifestations are observed in 
approximately 20% of patients (33,34) with central nervous 
system involvement (10% of patients) being the most frequent. 
Less frequent complications include myocardial infarction in 
approximately 3% of patients, distal ischemic gangrene, and 
multiorgan failure secondary to localized or diffuse microvas-
cular thrombosis (33,34,145,146). Sudden death due to car-
diac involvement has also been reported (34,145).

In approximately one fifth of the patients with aHUS, the 
clinical onset is characterized by subclinical anemia and fluc-
tuating thrombocytopenia for weeks or months with preserved 
renal function at diagnosis (33). The course may alternate 
between remissions and acute relapses with hypertension and 
renal impairment developing over several weeks or months. 
Since anemia and thrombocytopenia are not uniformly pres-
ent, arterial hypertension, proteinuria, or progressive deteriora-
tion of renal function may be the only manifestations of renal 
TMA in these incomplete forms. Among patients with aHUS, 
approximately half of the children and the majority of adults 
need dialysis at admission (11).

Hereditary asPects—familial forms

Familial occurrence of HUS has been well documented, both 
in siblings and in related family members of different genera-
tions (34,62,147). Familial forms represent a subset account-
ing for approximately 20% to 30% of cases of aHUS in various 
reports (33,34,36). In a series of 82 patients with the famil-
ial forms of aHUS, gene mutations, mostly of complement 
regulatory proteins, were identified in 74% of patients (34). 
When compared with the sporadic forms of aHUS, the familial 
forms had a worse prognosis (34). In contrast with the 74% 
of patients in the familial group, only 49% of patients in the 
sporadic group died or developed ESRD at 3 years (34). Both 
autosomal dominant and recessive patterns of inheritance have 
been reported (11,62,148).

Patients with the autosomal recessive pattern of inheritance 
have gradual clinical onset of disease, frequent relapses, and 
renal disease characterized by vascular lesions; ESRD and death 
are common (149). The clinical and morphologic features of 
patients with autosomal dominant pattern of inheritance are 
similar to those of the patients with autosomal recessive inheri-
tance, except the onset is typically in adults, and death occurs 
even more frequently in patients with the autosomal dominant 
pattern of inheritance (greater than 90%) (149).

recurrences

Recurrent attacks of HUS in the same patient occur mostly 
in those with the atypical form of the disease. They have been 
described in patients with various forms of genetic abnor-
malities of the alternative complement regulatory proteins, 
thrombomodulin and C3 (34), in association with anti-factor 
H autoantibodies (34,44). Typical HUS may recur following 
reinfection with STEC (150). In addition, rare cases of atypical 

(D−) recurrences in patients with an initial episode of classic 
HUS have been reported (151). In one recent study, recur-
rences were more frequent in patients with membrane cofac-
tor protein (MCP) mutations than in patients either with CFI 
mutations or without mutations (34). However, despite the 
more frequent recurrences, patients with MCP mutations had 
a better outcome than those in the other groups (34).

triggering eVents

In a significant proportion of patients with aHUS, the  
onset of HUS is preceded by a triggering event or disease. 
Infections, mainly upper respiratory tract infections or diarrhea/ 
gastroenteritis, are the most common, reported in 50% to 80% 
of patients in various cohorts (33,34,152). Since diarrhea and 
gastroenteritis are present in up to 28% of patients preceding 
aHUS (33,34), the presence or absence of diarrhea cannot be 
used to distinguish the classic form of HUS from aHUS. Other 
infections, including H1N1 influenza, varicella, and interest-
ingly STEC, have also been reported in association with aHUS 
(51,153–155). The possibility of H1N1 influenza as a cause 
of aHUS rather than a trigger has also been entertained (51). 
Pregnancy is also a well-established risk factor for triggering 
aHUS (156). In approximately 20% of women with aHUS, the 
disease is linked to pregnancy, with the onset being most often 
during the third trimester or postpartum period (61,156). The 
presence of complement abnormalities in a significant propor-
tion of these patients is a strong argument for the pregnancy 
being a trigger rather than a specific cause of the disease.

THROMBOTIC THROMBOCYTOPENIC 
PURPURA
TTP is a rare disease with a reported incidence of 6 cases per 
million in the United Kingdom (73). The age-sex-race standard-
ized annual incidence rate of idiopathic TTP with ADAMTS13 
activity of less than 5% in the Oklahoma TTP-HUS registry 
was 1.7 cases per million (86). The relative incidence of acquired 
TTP is significantly higher among females than in males and 
also higher among African Americans and obese patients. The 
reported age-sex-race standardized incidence rate ratio for African 
Americans to non-African Americans was 9.3 and that for women 
to men was 2.7 (86,157), similar to the demographics of systemic 
lupus erythematosus (SLE) (158). The clinical features of TTP 
are similar to those of aHUS, and in most instances, TTP cannot 
be distinguished from aHUS at the time of presentation.

The congenital form of the disease (159,161) is due to an 
inherited deficiency of ADAMTS13, while the more common 
acquired (idiopathic) TTP (71,163) is due to the reduction of 
ADAMTS13 activity by anti-ADAMTS13 autoantibodies. 
Although common, severe deficiency in ADAMTS13 activity is 
not a universal feature of the acquired (idiopathic) form of the 
disease. The reported incidence of severe ADAMTS13 deficiency 
among patients with idiopathic TTP varies from 48% to 69% in 
three large registries, from the United States, South East England, 
and Japan (9,72,73). Importantly, measurements of ADAMTS13 
levels are not required for initial management decision to begin 
or not begin plasma exchange (9). Furthermore, since severe 
ADAMTS13 deficiency can also be seen in various conditions 
other than TTP, the presence of severe ADAMTS13 deficiency 
may not conclusively confirm the diagnosis of TTP (9).
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With the current clinical practice and revised diagnostic 
criteria that require only thrombocytopenia and MAHA to 
consider the diagnosis of TTP (10), the classic pentad (fever, 
MAHA, thrombocytopenia, neurologic abnormalities, and 
renal failure) is rarely seen and was present only in 5% of 
patients in the Oklahoma TTP-HUS registry (9). Importantly, 
major neurologic abnormalities, once considered to be one of 
the cornerstones of the diagnosis of TTP, may only be present 
in a minority of patients (164).

Mild renal manifestations with elevation of serum creati-
nine, proteinuria, and hematuria are not uncommon in TTP 
(73,164,165); however, acute renal failure is present only in a 
small proportion of patients (73,164,166). Additional clinical 
signs and symptoms at presentation include pallor, jaundice, 
fatigue, arthralgia or myalgia, chest pain, heart failure, hypo-
tension, and abdominal pain (165).

Some patients respond quickly to plasma exchange therapy, 
while others may have a prolonged course with multiple exacerba-
tions and complications. Relapses occur in up to 50% of patients 
who survive the first episode of TTP (167,168). However, recur-
rences are generally milder than the first episodes with fewer 
neurologic symptoms, lower mortality rates, and higher platelet 
count and hemoglobin levels (168). Although triggering events 
in TTP are considered to be relatively uncommon, underlying 
conditions, such as infections (169), acute pancreatitis (170), or 
pregnancy (156), may promote the onset of the disease. Some 
data indicate that pregnancy might be the initiating event in as 
many as 25% of cases with TTP including late-onset congenital 
forms and the idiopathic forms (73,171). Although historical 
data show an approximately 90% mortality rate for TTP (7), the 
current mortality rates of 8.5% to 30% are much lower due to 
the efficiency of plasma exchange therapy (73,74).

THROMBOTIC MICROANGIOPATHY IN 
ASSOCIATION WITH OTHER RENAL OR 
SYSTEMIC DISEASES
Historically, most forms of TMA developing in the back-
ground of other diseases or conditions were classified as sec-
ondary HUS or TTP. Such secondary forms of HUS and TTP 
may be seen in association with a wide array of renal and sys-
temic diseases and conditions, such as infections other than 
STEC, autoimmune diseases, exposure to drugs, pregnancy/
postpartum states, HELLP syndrome, solid organ and HSCT, 
various glomerulopathies, malignancies, malignant hyperten-
sion, scleroderma renal crisis, and ionizing radiation. In the 
current schema of TMA classification, most of these second-
ary forms of HUS and TTP are listed under the category of 
“other TMAs” (see Tables 18.2 and 18.3). However, it should 
be acknowledged that in some of these forms, such as those 
associated with pregnancy, distinction between “primary” and 
“secondary” may be difficult. It should also be emphasized that 
some forms of TMA, such as those associated with HSCT, 
malignant hypertension, scleroderma renal crisis, radiation 
nephropathy, antibody-mediated transplant rejection, as well 
as malignancies should always be designated as TMAs rather 
than secondary HUS or TTP. This is because names (i.e., 
diagnoses) have therapeutic ramifications and the diagnosis of 
HUS or TTP (even secondary forms) may prompt the imple-
mentation of unnecessary and potentially harmful therapies.

SSc, scleroderma renal crisis, radiation nephropathy, 
and HSCT are discussed in this chapter on pages 775–786. 
Hypertension and malignant hypertension are discussed in fur-
ther detail in Chapter 20.

Systemic Infections
Severe systemic infections can mimic the clinical features of 
TTP or HUS. Out of the 451 patients in the Oklahoma TTP-
HUS Registry, 31 (7%) had severe infections, 16 of which 
(52%) presented with the classic pentad of TTP, and 4 of 
them had severe ADAMTS13 deficiency with demonstrable 
inhibitor activity in 2 of them (172). A review of the literature 
conducted in conjunction with the analysis of the Oklahoma 
TTP-HUS Registry revealed a wide array of systemic infections 
in association with the clinical presentation of TTP. Although 
some of these infections, such as brucellosis, streptococcal infec-
tion with acute glomerulonephritis, angioinvasive fungal infec-
tions, cytomegalovirus (CMV), HIV, ehrlichiosis, and Rocky 
Mountain spotted fever, may cause microvascular injury, in the 
majority of the cases, the etiology of the MAHA is uncertain. 
The possibility that some of these cases may have severe sys-
temic infections with concurrent TTP or HUS, triggered by 
infection, has also been entertained (173). Well-documented 
association of certain infections and also inflammatory con-
ditions with TTP supports the role of severe infections as 
potential triggers for TTP (169,174). Since TTP can never be 
excluded with certainty in patients who are acutely ill and pres-
ent with MAHA and thrombocytopenia, these cases represent a 
difficult differential diagnostic and therapeutic challenge.

Human Immunodeficiency Virus
The reported frequency of HIV infection–associated TMA var-
ies greatly, from 0% to 83% in various series (175–187). Some 
of the very high frequencies of TMA in the background of 
HIV infection may reflect the high regional prevalence of HIV 
infection. Some studies seem to indicate that the frequency of 
HIV-associated TMA decreased since the advent of HAART 
(highly active antiretroviral) era (179,180). The clinical mani-
festations are those of TTP, or less frequently HUS. It can 
occur in patients with full-blown AIDS, as well as in patients 
with asymptomatic HIV infection.

The prognosis also varies significantly with reported mor-
tality as high as 100% in some series (180), and as low as 4%, 
in others (187). A study from France identified two distinct 
subsets of HIV-associated TMA on the basis of ADAMTS13 
activity (186). Those with severe ADAMTS13 deficiency 
were associated with less profound immune deficiency and a 
good prognosis. The possibility that a detectable ADAMTS13 
may be associated with a less favorable prognosis was raised. 
In a cohort of HIV-associated TTP patients from South East 
England, the mortality rate was only 4%, significantly better 
than in those with idiopathic TTP (187). The majority of the 
patients in this study had severely diminished ADAMTS13 
activity. However, the clinical laboratory manifestations of 
advanced HIV infection can be similar to that of TTP, includ-
ing those of MAHA, thrombocytopenia, abnormal renal func-
tion, and sometimes even severely diminished ADAMTS13 
activity (181,185,188,189). Therefore, the clinical diagnosis of 
TTP is often uncertain in these patients. It has been suggested 
that in some patients, HIV infection can trigger TTP, similar 
to that seen in association with other infections,  inflammatory 
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disorders, and pregnancy (185). In some, and perhaps a sig-
nificant proportion of patients, TTP can be mimicked by 
AIDS-related conditions, comorbidities, and multiple drugs in 
use. Also, the possibility of a specific HIV-associated form of 
TMA (other than HUS or TTP) has been hypothesized (190). 
Findings that may support the existence of such form of TMA 
include the presence of endothelial dysfunction in associa-
tion with HIV infection (191), and also human herpesvirus 8 
infection involving endothelial cells, common in HIV-infected 
patients (192). A number of other factors have also been impli-
cated as possible triggers or predisposing factors for TMA in 
HIV-infected patients. These include CMV infection, crypto-
sporidiosis, and AIDS-related malignancies (180,181,193).

Systemic Lupus Erythematosus
TMA may develop in patients with connective tissue diseases, 
among which SLE is the most common. TMA in patients 
with SLE can be seen in association with a variety of clinical-
laboratory manifestations, including those of lupus nephritis, 
antiphospholipid antibody nephropathy/lupus anticoagulant 
syndrome, HUS, or TTP. TMA can develop in any class of lupus 
nephritis and can be the sole finding in a kidney biopsy. The 
morphologic changes are those of classic TMA with glomerular 
and arteriolar and less frequently arterial involvement. Those 
forms associated with antiphospholipid antibodies are discussed 
in a separate paragraph and further discussed in Chapter 14.

Some data indicate that severely diminished ADAMTS13 
activity may correlate with the clinical features of TMA in 
patients with SLE. Severe ADAMTS13 deficiency was reported 
in 3 patients with SLE who had clinical evidence of TMA 
(194,195); however, none of the 36 patients with SLE but with-
out clinical signs of TMA had severely diminished ADAMTS13 
activity (196). Unfortunately, no morphologic data were avail-
able in either of these studies. In contrast, another study docu-
mented laboratory features of TMA with normal ADAMTS13 
activity in 3 patients with biopsy-proven severe proliferative 
lupus nephritis, but there was no morphologic evidence of 
TMA (197). It is unclear whether the lack of TMA in these 
biopsies was due to sampling error, timing of the biopsy, or 
perhaps some other factors. However, good clinical response 
to mycophenolate mofetil treatment and the lack of abnormal 
ADAMTS13 activity was interpreted as suggestive of lupus 
nephritis being the direct cause of clinically diagnosed TMA.

It is also important to emphasize that clinical distinction of 
TTP or HUS from SLE may be difficult since both disorders can 
present with similar clinical and laboratory manifestation (158).

Drugs
A number of drugs have been implicated to induce TMA with 
the clinical features of HUS or TTP (164,198–201). Among 
these drugs, quinine, various chemotherapeutic and targeted 
cancer agents, antiplatelet drugs, and calcineurin inhibitors 
(CNIs) are the most common and best characterized (201–204).

In the Oklahoma TTP-HUS Registry, quinine was 
responsible for 88% of drug-associated TMAs (198,205). 
Most of the patients with quinine-associated TMA are older, 
white women (198). The onset is usually explosive, and the 
clinical course is typically severe with high acute mortality. 
Acute renal failure is common and there is also a high risk for 
chronic renal failure. Neutropenia, liver toxicity, and relapses 
after quinine reexposure are often seen. The pathogenesis is 

considered to be immune mediated by the demonstration of 
quinine- dependent antibodies reactive with platelets as well 
as other cells (198,200,205,206). The ADAMTS13 levels are 
not severely decreased consistent with a different pathogenetic 
mechanism from that of idiopathic TTP (202).

The association of TMA with the thienopyridine-derived 
antiplatelet agents ticlopidine and clopidogrel is also well 
documented (200,207,208). The clinical presentation is that 
of TTP or rarely HUS. In FDA safety databases, ticlopidine 
and clopidogrel are the two most common drugs associated 
with TTP (208,209). Laboratory studies indicate that most 
cases of thienopyridine-associated TTP involve autoantibod-
ies to ADAMTS13, present with severe thrombocytopenia, 
and respond to plasma exchange (207,208,210). A minority of 
cases with thienopyridine-associated TMA present with severe 
renal insufficiency involve direct endothelial cell damage and 
are less responsive to plasma exchange (208,210).

Among various chemotherapeutic drugs, mitomycin C 
and gemcitabine are the most commonly reported (204,211–
213). The development of TMA is likely dose dependent with 
an incidence of 2% to 15% in mitomycin C and 0.25% to 
0.4% in gemcitabine-treated patients (201,204). The onset is 
usually insidious within a few weeks of the last dose of che-
motherapy. The typical clinical presentation includes severe 
MAHA, thrombocytopenia, renal failure, elevated bilirubin, 
and pulmonary edema. The course is potentially progressive 
even after discontinuation of the drug, and the prognosis is 
poor. Most patients die within a few months of diagnosis, 
either from pulmonary or renal failure or from underlying 
malignant disease (211–213). However, less aggressive forms 
in association with mitomycin C have also been documented 
with renal functional recovery using either rituximab or corti-
costeroid treatment (214,215). The pathogenesis is not clear; 
however, the effects are dose dependent pointing to direct tox-
icity (212,216). The role of decreased levels of prostacyclin, 
secretion of vWF, or exposure of the subendothelium have all 
been postulated as potential pathogenetic factors (201).

Based on biopsy and autopsy reports, the renal changes in 
mitomycin-associated HUS are those seen in the more severe 
forms of HUS, with cellular intimal thickening of renal inter-
lobular arteries and thrombotic glomerular lesions (217,218). 
Mesangiolysis can be severe. Autopsy studies indicate that 
the microvascular lesions are primarily found in the kidneys; 
however, fibrin thrombi in small vessels of the brain and fibro-
cellular intimal thickening of pulmonary arterioles and small 
arteries have also been described (218).

With the advent of targeted cancer agents, including those 
of immunotoxins, monoclonal antibodies, and tyrosine kinase 
inhibitors, TMA has emerged as a rare but potentially serious 
complication of these drugs (201,219). Of these, the antivas-
cular endothelial growth factor (VEGF) antibody treatment-
associated TMA is the best studied (54,55,201,220–224). The 
clinical presentation of TMA varies from mild renal involvement 
to severe disease with systemic manifestations (54,201,222). 
Improvement of the renal function was documented in at least 
some cases following discontinuation of the treatment (54). 
Cases have been observed with the use of various anti-VEGF 
agents that target the VEGF pathway by different mecha-
nisms, suggesting a potential class-wide effect (55,201,224). 
Glomerular capillary endothelial cell damage with the loss of 
fenestration is postulated to be the underlying cause for TMA 
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in patients treated with anti-VEGF agents (54). This is also sup-
ported by experimental evidence showing that local genetic abla-
tion of VEGF from podocytes in the mouse causes TMA similar 
to that seen in humans (54,219). TMA has also been described 
in association with various immunotoxins, such as Combotox 
(225), antibodies including Apolizumab (Hu1D10) (226), as 
well as the tyrosine kinase inhibitor Imatinib (Gleevec) (227).

There are a number of additional drugs that were doc-
umented in association with TMA, such as antibiotics, H-2 
receptor antagonists, hormones, interferons, nonsteroidal 
anti-inflammatory drugs, vaccines, and various chemotherapy 
agents including bleomycin, cisplatin, daunorubicin, cytosine 
arabinoside, cyclophosphamide, doxorubicin, bortezomib, and 
vincristine (198,200,217,228). Based on a limited number of 
detailed pathologic descriptions in these cases, the renal mor-
phologic features seem to be those of typical HUS.

TMA caused by the immunosuppressive agents, cyclospo-
rine, tacrolimus, and sirolimus, is discussed below under Solid 
Organ Transplantation.

Renal Transplantation
TMA with renal involvement is a well-known complication of 
solid organ transplantation including the kidney, lung, heart, 
liver, pancreas, and intestines. It is most commonly observed 
in renal transplants during the early posttransplant period 
(i.e., within the first 3 to 6 months); however, it may develop 
later. In renal transplants, it may occur either as a recurrent 
or as a de novo disease. De novo TMA in renal transplants 
has been linked to treatment with various immunosuppressant 
drugs, antibody-mediated rejection (AMR), viral infections, 
ischemia-reperfusion injury, and anticardiolipin antibodies. 
Recurrent posttransplant HUS is a complication of the post-
transplant course of patients whose original renal disease was 
HUS, mostly the atypical form. Among immunosuppressant 
drugs, the ones that are most commonly associated with TMA 
in kidney transplant patients are CNIs and mTOR inhibitors. 
Similarly, in patients with transplanted organs other than the 
kidney who develop TMA in their native kidneys, association 
with CNI and mTOR inhibitors is the most frequent.

In a historical cohort study of 15,870 renal transplant 
recipients from the United States Renal Data System (USRDS) 
between January 1, 1998, and July 31, 2000, the incidence 
of de novo TMA was 0.8% with a 1.26-year mean follow-up 
(229). The risk of TMA was highest for the first 3 months after 
transplant. Risk factors for de novo TMA included younger 
recipient age, older donor age, female recipient, and initial use 
of sirolimus. Patient survival rate was approximately 50% at 
3 years. In two more recent single-institution studies, the prev-
alence of de novo TMA among renal transplant recipients was 
6.1% and 3.4%, respectively (230,231).

Calcineurin Inhibitors
Cyclosporine-associated TMA was first recognized in bone mar-
row transplant patients, followed by descriptions in patients 
with solid organ transplants, including the kidneys (232–235). 
The precise incidence of cyclosporine-associated TMA is not 
well established. The frequency varies between 3% and 14% 
in various reports (236,237). The difference might, in part, be 
attributed to clinical variables, differences in biopsy practices, as 
well as differences in biopsy interpretation. Tacrolimus (FK506, 
Prograf ), another CNI and mainstream immunosuppressant in 

transplant patients, has also been associated with de novo TMA 
in renal transplants (237–239). According to some studies, the 
incidence of tacrolimus-associated TMA is somewhat lower 
than that associated with cyclosporine. However, other studies 
showed no differences between the rates of TMA with the use 
of cyclosporine versus tacrolimus (229). De novo TMA has also 
been linked to mTOR inhibitors (Sirolimus and its novel deriva-
tive Everolimus) in renal transplant recipients (229,240–242). 
The incidence of de novo TMA in renal transplant patients 
treated with mTOR inhibitors is low; however, when mTOR 
inhibitors are used in combination with CNI, a much higher 
incidence of TMA has been reported (up to 20.7%) (243). The 
relative risk of TMA was highest in those patients treated with 
cyclosporine in combination with sirolimus and the lowest in 
those on tacrolimus and mycophenolate mofetil (243). The 
morphologic findings of CNI and mTOR inhibitor-associated 
TMA are similar to those seen in other forms of HUS with both 
glomerular capillary and arteriolar and arterial lesions present.

Antibody-Mediated Rejection
AMR has emerged as a significant cause of de novo TMA 
post–renal transplantation (230,231,244,245). The reported 
incidence of de novo TMA in the background of AMR varies 
significantly from 3.2% to as high as 49.5% (230,231,245,246). 
Satoskar et al. (231) published a series of cases of de novo TMA 
in renal transplant recipients, in 55% of which TMA devel-
oped in association with C4d-positive AMR. The risk for de 
novo TMA was significantly greater in those patients with 
AMR. High panel reactive antibody status at the time of the 
biopsy also showed a strong correlation with the development 
of TMA. Interestingly, there were no significant differences in 
the outcome between the two groups. In contrast, only 16% of 
those cases with de novo TMA in a study by Meehan et al. (230) 
were associated with tubulointerstitial capillary C4d positivity. 
The incidence of de novo TMA in C4d-positive biopsies was 
also substantially different between the two studies with 3.3% 
in the study by Meehan et al. (230) and 13.6% in the study by 
Satoskar et al. (231). The probability of TMA with C4d posi-
tivity in early posttransplant biopsies (i.e., within the first 90 
days) was significantly greater than in C4d-negative biopsies 
in the study by Meehan et al. (230). Both studies identified 
differences in the morphologic features between C4d-positive 
and C4d-negative cases with TMA (230,231). In early post-
transplant biopsies, glomerular thrombi were more frequent in 
the C4d-positive group, while arteriolar lesions were seen with 
higher frequency in C4d-negative cases. At 1 year of follow-up 
after the biopsy, the median serum creatinine was significantly 
higher in C4d-positive patients with TMA compared with 
those without TMA (230).

Complement Regulatory Abnormalities
Recent data indicating a potential link between mutations in 
genes encoding for some of the complement regulatory factors 
and de novo HUS in renal transplants add further complexity 
to this issue (247). Heterozygous mutations of the factor H 
and factor I were detected in 29% of patients with de novo 
TMA raising the possibility that genetic susceptibility may trig-
ger TMA in this setting. TMA has also been described in a 
transplant patient with autoantibodies against factor H whose 
original disease was MPGN, with rapid recurrence in the first 
graft and TMA in the second graft (248).
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Viruses
Although less often than with CNIs or AMR, viral pathogenesis 
has also been implicated in the development of posttransplant 
HUS. Viral infections linked to de novo HUS include influ-
enza, CMV, hepatitis C virus, and parvoviruses (249–255). 
Both CMV and parvoviruses can cause endothelial injury that 
can be the trigger of HUS in this setting (249,251).

Recurrence
The recurrence rate of HUS in the transplanted kidneys is 
approximately 50% for those whose original disease was aHUS 
with an 80% to 90% risk for graft loss among them (34,256–
260). However, the risk of recurrence varies greatly depending 
on the underlying cause, most frequently genetic abnormality 
of the complement system. The recurrence rates are 15% to 
20% for patients with mutations in the gene encoding MCP 
and 50% to 100% in patients with mutations in the genes that 
encode the circulating regulators of complement: factor H and 
factor I (11). A recurrence rate of 40% to 100% has been docu-
mented in forms associated with C3 and complement factor 
B (CFB) mutations (11). Recurrence has also been described 
in at least one patient with thrombomodulin mutation and in 
those with high antibody titers against complement factor H 
(CFH). Some of these recurrences, especially those associated 
with factor H mutations, occur very early posttransplantation.

There are no specific morphologic features that can dis-
tinguish recurrent from de novo TMA in a kidney biopsy. The 
clinical history of HUS as the cause of ESRD in the native kid-
ney should cause one to entertain the possibility of recurrence; 
however, the possibility that in a given renal transplant, TMA 
is related to causes other than recurrence can never be excluded 
with certainty.

Clinical-Laboratory Features
The clinical-laboratory manifestations of TMA in renal trans-
plant patients show remarkable differences. In some patients, 
TMA is “localized” to the kidney without systemic manifes-
tations, that is, with no evidence of hemolysis and/or throm-
bocytopenia. In these patients, rising serum creatinine can be 
the only abnormal laboratory finding. Others might show 
the full or partial spectrum of classic laboratory manifesta-
tions with MAHA, thrombocytopenia, elevated LDH, and 
haptoglobin levels. Zarifian et al. (236) described 26 patients 
who developed biopsy-proven de novo HUS in renal trans-
plants attributed to CNI toxicity; however, only 2 of them 
showed thrombocytopenia and MAHA with elevated LDH. 
However, some more recent studies reported a high incidence 
of MAHA and thrombocytopenia, along with high LDH and 
low haptoglobin and hemoglobin levels in various forms of 
TMA in transplant patients, including those associated with 
CNIs, AMR, and complement regulatory factor abnormality 
(231,247,261,262). In some of these series, the incidence of 
microangiopathic anemia and thrombocytopenia was as high 
as 100% and 75%, respectively (231,262).

Other Solid Organ Transplants
Renal TMA is also a well-known complication of solid organ 
transplantation, other than the kidney, such as the lung 
(235,263,264), heart (265,266), liver (264,267), combined 
kidney and pancreas (268), and intestines (269). In a lung trans-
plant cohort of patients with cystic fibrosis, nearly all of those 

who underwent native kidney biopsy due to worsening renal 
function showed evidence of CNI toxicity (93.3%) and almost 
half of them revealed features of TMA (235). Interestingly, 
none of those with TMA developed thrombocytopenia or 
signs of intravascular hemolysis. The incidence of renal TMA 
was 5.7% (5/67) in another study of lung transplant patients 
on combined cyclosporine and everolimus therapy (263). 
However, none of those treated with only CNI (n = 445) devel-
oped TMA. The reported incidence of renal TMA was similar 
in patients with lung transplants (14%) versus those with liver 
transplants (13%) in a recent study from Germany (264).

Although the precise pathogenetic mechanisms of 
 cyclosporine-induced TMA are not known, there have been a 
number of observations, both in vitro and in vivo, that link 
cyclosporine to microvascular thrombosis (270). Direct endo-
thelial injury (271), shift of the endothelial anticoagulant prop-
erties to procoagulant phenotype (272), suppression of the 
protein C anticoagulant pathway (273), induced production 
of thromboplastin by mononuclear cells (274), and increased 
production and release of high molecular weight vWF multim-
ers from the endothelial cells (272) have all been implicated 
as potential contributing factors. In addition, cyclosporine but 
not tacrolimus induces renal hypoperfusion that can further 
perpetuate thrombosis in renal microcirculation (275).

Pregnancy
Eclampsia and preeclampsia, pregnancy-related TTP, and 
 pregnancy-related aHUS represent the spectrum of various 
forms of TMAs that develop during or soon after pregnancy. 
Although these are historically classified as secondary forms of 
aHUS and TTP (i.e., without specific underlying etiology), 
recent data indicate that in a significant proportion or per-
haps in the majority of patients with pregnancy-related aHUS, 
genetic abnormalities of the alternative complement regulatory 
pathway and/or C3 convertase are present (61). Furthermore, 
severe ADAMTS13 deficiency is suspected to be the major 
cause of TTP precipitated by pregnancy (9,86,277–279). 
Therefore, it is widely accepted that pregnancy is a trigger rather 
than the primary cause of TMA, and genetic abnormalities of 
the complement system and severe ADAMTS13 deficiency are 
the most common underlying etiologies. In up to 21% of adult 
female patients with aHUS, the disease is pregnancy associated 
with 79% of cases developing during the postpartum period 
(61,76). The prevalence of genetic abnormalities of the com-
plement system is very high, identified in up to 86% of patients 
in a recent study with pregnancy-associated aHUS (61). The 
risk of pregnancy-related aHUS was highest during the second 
pregnancy, and the outcome was poor with 76% of patients 
developing ESRD (61). Pregnancy-related TTP can also 
develop both antepartum and postpartum. However, in con-
trast to aHUS, the incidence of pregnancy-related TTP is high-
est during the second and third trimesters of pregnancy (279). 
Although maternal mortality of pregnancy-associated TTP 
has improved significantly since 1996, it is still relatively high 
(approximately 9%) (279). However, the renal involvement in 
pregnancy-associated TTP is less severe, and the renal outcome 
is substantially better than with pregnancy-associated aHUS 
(279). A good renal outcome and no mortality were reported 
in pregnancy-induced TTP in patients with the congenital 
form of the disease (i.e., Upshaw-Shulman syndrome) from 
Japan (276). However, TTP in patients with Upshaw-Shulman  
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syndrome during pregnancy was associated with a significant 
fetal loss (50%), an incidence substantially higher than that 
seen in the noncongenital forms of the disease (276,279). 
The presence of complement abnormalities during pregnancy 
is also a risk factor for fetal loss and preeclampsia; however, 
the incidence of such complications appears to be relatively 
low (4.8% and 7.7%, respectively) (61,280). There is a sig-
nificant overlap between the clinical and laboratory manifes-
tations of eclampsia-preeclampsia, pregnancy-associated TTP, 
and HELLP syndrome (hemolysis, elevated liver enzymes, and 
low platelets) (279). Since these conditions require different 
therapies, difficulty in differentiating these conditions from 
each other remains a significant clinical problem. Although 
abnormal ADAMTS13 activity is not specific for TTP, severe 
deficiency or absence of ADAMTS13 activity favors TTP over 
HELLP syndrome and preeclampsia-eclampsia (281).

Postpartum aHUS secondary to a genetic abnormality 
in factor H acquired through liver transplantation has also 
been reported (282). A new ADAMTS13 missense mutation 
(D1362V) in TTP diagnosed during pregnancy was described 
recently (277).

Mutations in complement regulatory proteins also predis-
pose to preeclampsia (280).

Glomerular Diseases
TMA has been described as a complication in a number of glo-
merular diseases, including IgA nephropathy, C1q nephropathy, 
membranous glomerulonephritis, postinfectious glomerulone-
phritis, antiglomerular basement membrane glomerulonephri-
tis, pauci-immune glomerulonephritis, and cryoglobulinemic 
glomerulonephritis, among others (283–292). Although one 
recent study reported a high frequency of TMA in association 
with IgA nephropathy, TMA is a relatively rare occurrence in 
other glomerular diseases including those of lupus nephritis. 
Laboratory evidence of TMA may not be present in a sig-
nificant proportion of patients with glomerulonephritis and 
superimposed TMA (284,292). In a series of 128 patients 
with IgA nephropathy 68 of whom had TMA, laboratory fea-
tures of TMA were present only in a minority of patients and 
almost exclusively in those with hypertension or malignant 
hypertension (284). However, patients with both morphologic 
and laboratory features of TMA had significantly worse renal 
outcome than those with only morphologic evidence of TMA 
(292). The presence of TMA in biopsies (including those cases 
without laboratory features of TMA) was still associated with 
a significantly worse outcome versus those with IgA nephropa-
thy but without TMA. Although TMA was more common in 
patients with hypertension or malignant hypertension, 33% of 
patients with TMA either were normotensive or had only mild 
hypertension arguing against a crucial role of severe hyperten-
sion in the etiology. This is in spite of the fact that the renal 
morphologic findings with mostly arteriolar and arterial lesions 
resembled those seen in malignant hypertension and sclero-
derma renal crisis.

TMA has also been described in a patient who presented 
first with membranoproliferative glomerulonephritis type 
1 with C3 and IgM glomerular deposits followed by aHUS 
2 years later (293). Interestingly, a novel heterozygous CFH 
mutation was identified in this patient along with three CFH 
polymorphisms, often associated with aHUS (294). This case 
exemplifies the etiologic-genetic complexity of aHUS and that 

certain genetic abnormalities can potentially manifest in vari-
ous renal abnormalities in the same patient.

Malignant Hypertension
The association between severe (“malignant”) hypertension and 
TMA has been well documented (297–300). The term primary 
malignant nephrosclerosis (297) has also been used for TMA sec-
ondary to severe hypertension. The renal pathologic features 
of severe hypertension (i.e., malignant-phase essential hyperten-
sion, malignant nephrosclerosis, or malignant hypertension, 
historically) are virtually identical to those seen in other forms 
of TMA, including that of HUS and TTP except that arterial 
and arteriolar involvement is more prevalent than glomerular 
involvement in association with malignant hypertension (298). 
However, serum levels of vWF factor were normal, and throm-
bocytopenia was present only in 24% of patients in a study with 
biopsy-proven malignant hypertension–associated TMA (298). 
In contrast, a recent study of patients with malignant hyperten-
sion showed positive correlation between elevated serum levels 
of vWF, prothrombin fragment 1 + 2, and  plasmin-antiplasmin 
complexes with markers of TMA (elevated LDH level, low 
platelet count, and presence of schistocytes), and renal dys-
function (301). Relevant to the pathogenesis, elevated levels 
of soluble P (sP)-selectin were not associated with markers of 
endothelial dysfunction (vWF and soluble tissue factor [TF]), 
and therefore sP-selectin more likely originated from activated 
platelets rather than endothelial cells (301).

Malignancy
Rarely, the course of malignant diseases can be complicated by 
TMA with the classic laboratory findings of MAHA and throm-
bocytopenia. Clinically, this may pose a differential diagnostic 
challenge especially when the underlying malignancy is not 
readily apparent. Malignancies documented in association with 
TMA include mucin-producing metastatic adenocarcinomas of 
stomach, small bowel, breast, pancreas, prostate, and lung and 
also squamous cell carcinomas as well as non-Hodgkin lym-
phomas and leukemias (302,303). Clinically, the onset can be 
abrupt, and the severity of anemia, thrombocytopenia, and neu-
rologic and renal abnormalities is similar to those of idiopathic 
TTP (302–304). ADAMTS13 activity is not severely deficient; 
however, it may be lower than normal in some patients due to 
high plasma levels of vWF (305). Usual autopsy findings are 
tumor emboli and/or fibrin microthrombi, mostly within small 
pulmonary vessels, including arterioles and capillaries (306).

PATHOLOGIC FINDINGS OF TMA
The histologic features of HUS and TTP are quite similar and 
are described together. Although minor differences in distribu-
tion of renal lesions in HUS and TTP are well documented, 
the renal biopsy findings alone cannot distinguish between 
the two. Generally, the clinical presentation of classic HUS is 
quite characteristic, and hence the historical clinicopathologic 
data are quite relevant even today. However, there is signifi-
cant overlap between atypical (D−) HUS and TTP presenta-
tions, and the etiologic and serologic features that help define 
these two entities have been better characterized only in the last 
decade or so. Hence, aHUS and TTP are often referred to in 
the literature as HUS/TTP syndrome.
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The pathologic features of TMA have been studied in 
renal biopsies and autopsy material (87,110,111,297,307–
309). The basic morphologic changes are similar in most 
cases regardless of cause. The severity of clinical disease rests 
mainly on the extent of involvement and, in particular, the 
presence of changes in renal arteries. Many data indicate that 
in aHUS (and TTP), the renal arterial involvement is more 
widespread and severe than in the classic form of HUS. This 
difference in the renal morphologic features between classic 
and atypical forms may explain the poorer prognosis seen in 
the atypical form. Certain morphologic features may be more 
pronounced in some forms of HUS, such as mesangiolysis 
in HUS associated with mitomycin and bone marrow trans-
plantation. Sometimes, changes of HUS may be superim-
posed on those of other glomerular or vascular diseases (e.g., 
lupus nephritis or vascular lesions in chronic hypertension or 
arteriosclerosis).

The characteristic morphologic lesions of the kidney in 
childhood HUS most likely represent only the most severe end 
of the spectrum since the usual course of HUS in children is 
relatively mild, and only those patients with the most severe or 
lingering clinical symptoms undergo biopsy or autopsy (<5% to  
10% of children with HUS). Most children with  classic HUS 
do not require a biopsy and recover with no or only minor 
residual renal symptoms.

The microscopic features of TMA have been traditionally 
divided into early (acute, within 2 months from initial pre-
sentation) and late (chronic) changes (309,310) (Table 18.4). 
We follow this approach in the microscopic description; how-
ever, some overlap between acute and chronic features may 
occur.

Gross Appearance
Renal cortical necrosis is a frequent finding in patients who 
die of HUS and is variable in its extent. Although large areas 
of necrosis can sometimes be seen, more often the necrosis is 
patchy and widespread, so the swollen kidney has a reddish, 
mottled appearance. Calcification may be apparent in the pre-
viously necrotic areas in patients who have survived for lon-
ger periods; this can be seen on x-ray of the abdomen. Other 
patients who die may have no apparent cortical necrosis, 
although petechial hemorrhages are seen in an enlarged, swol-
len kidney. The cortex is widened, with petechiae often visible 
on the pelvic mucosa as well. Bilateral nephrectomy specimens 
from patients who have developed irreversible renal failure with 
uncontrollable hypertension may be of normal or reduced size 
if the patient had an extended period of hemodialysis before 
nephrectomy. Reduction in size is partly a consequence of the 
damage inflicted by the disease itself, particularly if there has 
been extensive arterial narrowing; however, for patients who 
have undergone long-term dialysis, dialysis arteriopathy may 
also be observed. Focal scarring or areas of calcification may be 
seen corresponding to previous areas of necrosis.

Light Microscopy
Glomeruli
The glomerular morphologic features vary according to the 
severity and the duration of the disease and the presence or 
absence of arterial changes. The percentage of the glomeruli 
with pathologic changes may also vary; in some instances, only 
few glomeruli are involved, whereas in other cases, most of the 
glomeruli are affected.

TABLE 18.4 Renal morphologic features of TMA

Early lesions Late lesions

Light microscopy
Fibrin thrombi in capillary lumens, mesangium, and 

subendothelium
Reduplication of GBMs
Mesangiolysis
Arterial intimal fibrosis
Organization and recanalization of 

luminal thrombi
Glomerulosclerosis
Interstitial fibrosis

Endothelial swelling and subendothelial widening
“Bloodless” glomeruli with capillary luminal narrowing
Mesangiolysis
Fragmented RBCs in the subendothelium and mesangium
Glomerular capillary tuft collapse in the presence of 

 predominant arterial involvement
“Mucoid” intimal hyperplasia in arteries, fibrinoid necrosis  

Immunofluorescence microscopy
Fibrin deposition in the glomeruli and arterioles
Nonspecific weak IgM staining in the glomeruli and 

 arterioles; less frequent C3 and IgG

Nonspecific weak IgM staining  
in the glomeruli and arterioles; 
less frequent C3 and IgG 

Electron microscopy
Electron-dense fibrin fibrils in capillary lumens, mesangium, 

and subendothelium
Reduplication of the GBMs
Electron-dense depolymerized fibrin
Arterial intimal thickeningSubendothelial expansion by electron-lucent material/“fluff”

Endothelial cell swelling
Fragmented RBCs in the subendothelium and mesangium  
Mesangiolysis  
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In the early stages, the glomeruli may show thickening of 
the capillary walls, caused mainly by expansion (swelling) of a 
thin layer between the endothelial cells and the underlying base-
ment membrane. Severe swelling of the glomerular endothelial 
or interposed mesangial cells with subendothelial widening 
may occlude the capillary lumina (Fig. 18.1). The term blood-
less is used to characterize the glomeruli with complete or near 
complete closure of the capillary lumina (Fig. 18.2). Separation 
of the endothelium from the underlying basement membrane 
and production of new basement membrane–like material by 
endothelial or interposed mesangial cells result in the occa-
sional double contour appearance of the glomerular capillary 
walls best seen with silver or periodic acid-Schiff (PAS) stains 
(Fig. 18.3). Although double contours are  generally  considered 

to be a feature of a more advanced disease, they can also be 
seen during the relatively early stages of TMA. The glomerular 
capillary lumina may have fragmented red blood cells, fibrin, 
and platelet thrombi (Fig. 18.4). Fibrin is sometimes clearly 
detectable beneath the glomerular capillary endothelial cells. 
Larger localized areas of fibrin may be seen in the glomeru-
lar capillary tufts, particularly in continuity with thrombus 
or fibrinoid necrosis in the afferent arteriole as it enters the 
glomerulus (Figs. 18.5 and 18.6). The glomeruli may also be 
congested, containing red blood cells in dilated capillary loops, 
especially in cases with severe vascular involvement (Fig. 18.7). 
This feature is sometimes designated “glomerular paralysis.” 
This change is typical in patients in the early stages of cortical 
necrosis; frank glomerular necrosis usually develops later. Small 
crescents may occasionally be present. An increased number 

FIGURE 18.1 Hemolytic-uremic syndrome, classic form. The glom-
erulus is slightly hypocellular, and most of the glomerular capillary lumina 
are closed due to thickening of the capillary walls. Red blood cells and 
fragmented red blood cells are seen in the mesangial areas. The specimen 
is from a child with STEC infection. This type of glomerular change is typi-
cal during the acute stage of the disease. (H&E) (Courtesy of Dr. Vivette 
D’Agati.)

FIGURE 18.2 Hemolytic-uremic syndrome, atypical form. “Bloodless” 
glomerulus. The glomerular capillary walls are thickened, and the mesangial 
areas blend with the capillaries. (H&E) (From Kern WF, et al. Atlas of Renal 
Pathology. W.B. Saunders Company, Philadelphia, 1999, with permission.)

FIGURE 18.3 Hemolytic-uremic syndrome, atypical form. The mesan-
gial areas of the glomerulus have fibrillary appearance. Focal reduplication 
of the glomerular capillary basement membranes is also seen. A few intra-
capillary polymorphonuclear leukocytes are present. The specimen is from an 
adult patient without known etiology of HUS. (Periodic acid-Schiff reaction.)

FIGURE 18.4 Thrombotic microangiopathy, associated with cyclo-
sporine administration. Some of the glomerular capillary lumina are 
occluded by thrombi. No additional significant pathologic changes are pres-
ent. (Masson trichrome.)
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of polymorphonuclear leukocytes in the glomerular capillar-
ies can be seen in some cases; this feature may be prominent 
in patients with classic HUS (311). Capillary thrombi, endo-
thelial swelling, and congestion were identified as the typical 
glomerular findings in patients with severe classic HUS (311). 
The glomerular capillary thrombi in TTP are usually not very 
extensive (Fig. 18.8). On occasion, the majority of the glom-
eruli may be affected, but in general, the glomerular changes in 
TTP are usually not as dramatic as in HUS.

Mesangial abnormalities may also be present in TMA dur-
ing the early stages. A fibrillar or spongiform appearance of the 
glomerular mesangium is a characteristic feature, particularly 
in patients with narrowed arteries and arterioles (see Fig. 18.3). 
The reason for this fibrillar appearance is not obvious; collapsed 
glomerular capillary walls and mesangial edema may be contrib-
uting factors. Fibrin and fragmented red blood cells can also be 

seen in the mesangium (see Fig. 18.1). Mesangial cells, although 
often swollen and hypertrophic, are usually not increased in 
number during the acute phase of the disease. If mesangial cell 
proliferation occurs, it is usually slight, focal, segmental, and late.

Occasionally, mesangiolysis can also be seen. The term 
mesangiolysis was first used by Yajima (312) in 1956 in patients 
with nephritis associated with subacute bacterial endocarditis. 
However, the glomerular capillary cysts, one of the most typi-
cal features of mesangiolysis, were described earlier by Pearce 
(313) in an experimental model of glomerular lesion induced 
by Crotalus adamanteus venom. The term mesangiolysis refers 
to partial or complete dissolution of the mesangial matrix and 
cells. The affected glomerular lobules of mesangiolysis stain 

FIGURE 18.6 Thrombotic microangiopathy, secondary to abrup-
tio placentae. The dilated vascular pole is occluded by a thrombus. The 
change is similar to that seen on Figure 18.10, but no significant chronicity 
with reduplication of the basement membranes is present. (H&E)

FIGURE 18.5 Hemolytic-uremic syndrome, atypical form. Some 
of the glomerular capillary tufts are permeated by eosinophilic acellular 
material. This change is often described as fibrinoid necrosis. Intraluminal 
thrombi are also present. (H&E) (From Kern WF, et al. Atlas of Renal 
Pathology. W.B. Saunders Company, 1999, with permission.)

FIGURE 18.7 Thrombotic microangiopathy in a patient with primary 
antiphospholipid antibody syndrome. Some of the glomerular capillary 
lumina are occluded by fibrin thrombi; the rest of the capillaries are con-
gested. Glomerular capillary congestion in HUS is often referred to as “glo-
merular paralysis.” Mesangiolysis is also apparent. (Methenamine-silver.)

FIGURE 18.8 Thrombotic thrombocytopenic purpura. Most of 
the glomerular capillary lumina are occluded by homogenous eosino-
philic thrombi. The extent of the glomerular capillary thrombosis in TTP 
is variable; however, it is often mild and patchy. The specimen is from a 
40-year-old obese African American female who died a few days after ini-
tial presentation. Severe ADAMTS13 deficiency and a strong ADAMTS13 
inhibitor were demonstrated in her serum. (H&E)
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poorly because of mesangial edema. The borders of the dissolv-
ing mesangium are hazy, and the mesangial matrix is difficult to 
identify. No associated inflammatory reaction or fibrin deposi-
tion is usually seen (314). Eventually, the glomerular basement 
membranes become unanchored from the underlying dissolv-
ing mesangial mass, leading to markedly dilated, sometimes cys-
tic capillaries (Fig. 18.9). A particularly severe and widespread 
form of mesangiolysis can occur in aHUS after bone marrow 
transplantation or mitomycin therapy. However, in classic 
HUS, mesangiolysis has rarely been described. Mesangiolysis 
can also be seen in diabetes mellitus, various forms of glomeru-
lonephritis, and transplant glomerulopathy (315). “Healing” of 
mesangiolysis may lead to proliferating or sclerosing glomerular 
changes as the disease progresses. In the late stage of mesangiol-
ysis, the mesangium may be thickened by pale fibrillary (scle-
rotic) material. This process of healing and sclerosing may lead 
to a distinctive pattern of glomerular sclerosis (“bland sclerosis”) 
characterized by loss of glomerular cells and capillary lumina 
but with at least partial preservation of the lobular architecture.

Ischemic-type glomerular injury, characterized by col-
lapse of the glomerular capillary tuft and thickening and wrin-
kling of the capillary basement membranes, during the acute 
stage of TMA usually indicates severe vascular lesions such as  
(a) arteriolar or arterial thrombi, (b) acute thickening of the 
arterial or arteriolar intima, or (c) coexistent chronic hyper-
tensive vascular disease (arteriosclerosis). Focal necrotizing 
glomerular lesions can also be seen in TMA, albeit rarely. If 
present, they are usually small, affecting only a few capillary 
loops or a segment of the glomerulus. Sometimes, the necrotiz-
ing lesion is associated with arteriolar thrombosis and/or fibri-
noid necrosis of the arteriolar wall.

In the more advanced stages of TMA, glomerular changes 
differ from those seen early in the course of the illness. This stage 
is characterized by mostly chronic-type glomerular changes 
such as mesangial widening resulting from matrix accumula-
tion (mesangial sclerosis), thick capillary walls with occasional 
double contours, segmentally sclerotic lesions, and chronic isch-
emic glomerular injury. Activated mesangial cells can migrate 
along the glomerular capillary walls between the glomerular 

capillary endothelium and the lamina densa of glomerular base-
ment membranes, with resulting mesangial cell interposition. 
Production of glomerular basement membrane–like material 
by glomerular capillary endothelial and migrating interposed 
mesangial cells results in a double contour (“tram-tracking”) 
appearance of the glomerular capillary walls (Figs. 18.10 and 
18.11; see Fig. 18.3). The double contour is composed of new 
(inner) basement membrane and the original (outer) basement 
membrane. In the more advanced stage of TMA, the double 
contours with the mesangial sclerosis and occasional mild 
hypercellularity may give rise to a pattern of glomerular injury 
reminiscent of a membranoproliferative glomerular lesion (see 
Fig. 18.11). Double contours of the glomerular capillary walls 
may apparently persist for several months or years.

FIGURE 18.9 Thrombotic microangiopathy, associated with mito-
mycin administration. Ectatic glomerular capillary lumina are present as 
a result of mesangiolysis. Focal reduplication of the glomerular capillary 
basement membranes is also seen (arrowhead). (Methenamine-silver.)

FIGURE 18.10 Thrombotic microangiopathy, postpartum. The dilated 
infundibulum is occluded by homogenous eosinophilic material (intralumi-
nal thrombus). Extensive reduplication of the glomerular capillary base-
ment membranes indicates developing chronicity. (Methenamine-silver.)

FIGURE 18.11 Thrombotic microangiopathy with extensive redu-
plication of the glomerular capillary basement membranes. This 
pattern is usually interpreted as chronic or advanced stage of TMA and may 
resemble a membranoproliferative pattern of glomerular injury. It should be 
emphasized that such extensive reduplication of the basement membranes 
as shown on the photograph is rarely seen. (Periodic acid-Schiff reaction.)
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Segmentally sclerotic glomerular lesions can occasion-
ally be seen in cases with evolving chronicity of TMA. The 
lesions closely resemble those seen in idiopathic focal segmen-
tal glomerulosclerosis with focal and segmental collapse of the 
glomerular capillary lumina, mesangial matrix accumulation, 
and visceral epithelial cell hyperplasia overlying the sclerotic 
segments. These segmentally sclerotic changes may represent 
healed necrotizing glomerular lesions. Alternatively, chronic 
sclerosing-type glomerular injury with segmental features 
can also develop as part of evolving chronicity affecting the 
glomeruli.

Chronic ischemic-type glomerular injury is characterized 
by thickening and wrinkling of the glomerular capillary base-
ment membranes, simplification of the glomerular tuft, wid-
ening of the Bowman space between the collapsed glomerular 
loops and the Bowman capsule, and collagen accumulation 
internal to the Bowman capsule replacing the Bowman space. 
The ischemic changes may affect the glomeruli globally or 
segmentally. Simplification refers to shrinkage of the glomer-
ular capillary tuft accompanied by an apparent decrease in the 
number of normal glomerular lobules and by apparent loss of 
the mesangial matrix and cells. Accumulation of PAS-negative 
collagen material inside the Bowman capsule usually begins 
at the hilar region of the glomerulus, and eventually the col-
lagen may involve the entire circumference of the Bowman 
space. If the changes progress to complete glomerular isch-
emic obsolescence, the glomeruli appear as small, hypocel-
lular, compact eosinophilic masses (“tombstones” or globally 
sclerotic glomeruli). However, with PAS stain, the collapsed 
PAS-positive glomerular tuft can easily be distinguished from 
PAS-negative collagenization of the Bowman space. In TTP, 
focal glomerular capillary wall thickening, mild proliferation, 
and sclerotic changes may be observed, but overall the glo-
merular changes are minor when compared to classic HUS. 
In patients who have TMA superimposed on glomerulone-
phritis (e.g., lupus glomerulonephritis), the glomeruli may be 
markedly hypercellular in addition to the typical changes of 
HUS (Fig. 18.12).

Arteries and Arterioles
Various changes occur in the renal arteries and arterioles. 
Arteriolar and arterial changes are more common in patients 
with aHUS and TTP (87,309). In the early stages, renal arte-
rioles show swelling of the endothelial cells and subendothe-
lial space. The arteriolar lumen may be severely narrowed and, 
sometimes, fragmented red blood cells are seen in the thickened 
arteriolar wall. Infiltration of the arteriolar wall by fibrin may 
occur, a change often referred to as fibrinoid necrosis (Fig. 18.13). 
The term fibrinoid necrosis is probably a misnomer because 
little evidence indicates that cellular necrosis is a constant fea-
ture of the lesion. Fibrinoid necrosis is thought to be related 
to increased vascular permeability and nonspecific trapping of 
plasma proteins, including fibrin in arteriolar walls. Fibrinoid 

FIGURE 18.12 Thrombotic microangiopathy superimposed on lupus nephritis. A: The glomerulus is hypercellular with clo-
sure of some of the glomerular capillary lumina. There is a small thrombus in the arteriolar lumen. (Masson trichrome.) B: The arteriolar 
lumen is occluded by a thrombus. The glomerular capillary lumina are congested, but no capillary thrombi or cellular proliferation is 
present. Although this patient’s serum was positive for antiphospholipid antibodies, a similar picture can also be seen in patients who 
are antiphospholipid antibody negative. (Methenamine-silver.)

A B

FIGURE 18.13 Thrombotic microangiopathy with arteriolar fibri-
noid necrosis in a patient with systemic lupus erythematosus 
(SLE). In the setting of SLE, this finding is also referred to as lupus vas-
culopathy. Note the lack of inflammatory reaction in the vessel wall. Such 
finding can also be associated with intraluminal thrombosis affecting arte-
rioles and/or glomerular capillary lumina. (H&E)
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necrosis tends to occur only at the hilum of the glomerulus, 
and it may only involve the thickened intima of the arterioles. 
More often, however, the media of the arteriole is also affected. 
Unlike in true leukocytoclastic vasculitis, acute inflammatory 
cell infiltrate is rarely seen in fibrinoid necrosis with TMA. As 
the disease progresses, the involved arterioles tend to become 
hyalinized, losing the staining reactions for fibrin. Hyalinized 
arterioles show homogenous eosinophilic, refractile, strongly 
PAS-positive acellular material accumulated in the intima or 
media. Fibrin thrombi may also be seen in the afferent arteri-
oles, and these may continue into the glomerular capillary tuft 
(see Figs. 18.10 and 18.12). One of the most conspicuous fea-
tures of TTP is the presence of eosinophilic,  platelet-rich gran-
ular thrombi in terminal renal interlobular arteries, or more 
commonly, in afferent arterioles. The most common site is the 
junction of the afferent arteriole and the glomerular tuft, some-
times called the infundibulum (Fig. 18.14). The thrombotic 
material in the lumen may merge with the arteriolar wall; there-
fore, it is often difficult to distinguish between fibrinoid necro-
sis of the arteriolar wall and the fibrin thrombus in the lumen. 
Sometimes both fresh and organizing thrombotic lesions can 
be recognized. Aneurysmal dilatation of arterioles sometimes 
takes place, particularly in the hilar region of the glomerulus, 
in patients with TTP (4,316). In addition, the arterioles may 
show proliferation of cells assumed to be endothelial cells; 
this change was first reported by Baehr et al. (2) and was later 
confirmed by several authors. The cellular proliferation in the 
arterioles is sometimes a prominent feature, and the collec-
tions of cells, often concentrically arranged, may attain the size 
of glomeruli. Capillary channels with or without an edema-
tous extracellular matrix can sometimes be recognized. Lipid-
containing macrophages may be present in the intima of small 
renal arteries undergoing proliferative changes. Because these 
proliferations resemble glomeruli, they are referred to as glom-
era, or glomeruloid structures (317). Glomeruloid structures are 
typically described in TTP but may also be seen in HUS, SLE, 
and various forms of glomerulonephritis (317).

Interlobular renal arteries may show two major changes. 
One of the early abnormalities is swelling of the intima, which 

may be accompanied by a suffusion of red blood cells (some 
of which may be fragmented) or fibrin. Fibrin may appear 
deep in the intima and may permeate the wall extensively; as 
in arterioles, this lesion is also called fibrinoid necrosis. The 
second lesion is intimal swelling, which is usually sparsely 
cellular, containing mainly lucent amorphous material with 
a mucoid appearance (Fig. 18.15). This change is usually 
designated mucoid intimal hyperplasia; it may be severe, with 
marked narrowing of the lumen. Often, one sees a rapid 
proliferation of cells in the intima that might be regarded as 
organization of the intimal edema. The proliferating intimal 
cells are myointimal cells and are responsible for the cellu-
lar intimal thickening later during the course of the disease 
(Fig. 18.16). The cellular intimal proliferation may give rise 
to a pattern of change referred to as an “onion skin” lesion, 
which consists of concentric, ring-like layers of myointimal 

FIGURE 18.14 Thrombotic thrombocytopenic purpura. The infun-
dibulum (i.e., vascular pole) is occluded by a large thrombus. The glomeru-
lar capillary walls are thickened; however, the glomerular capillary lumina 
are patent. (Masson trichrome.)

FIGURE 18.15 Thrombotic microangiopathy secondary to malig-
nant hypertension. The small interlobular artery shows the edematous 
intima containing few myointimal cells (“mucoid intimal hyperplasia”). The 
patient presented with severe (“malignant”) hypertension and acute renal 
failure. (Lendrum stain.)

FIGURE 18.16 Hemolytic-uremic syndrome, atypical form. Prominent 
circumferential intimal cellular proliferation in a small interlobular artery in 
a nephrectomy specimen from a 5-year-old boy with aHUS. The child had 
severe hypertension. (H&E)
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cells and delicate connective tissue fibrils. The arterial changes 
may result in severe narrowing or occlusion of the vascular 
lumen with consequent reduction in blood flow. These severe 
vascular changes are associated with a poor prognosis (318) 
and are responsible for the secondary ischemic glomerular 
changes such as shrinkage of glomerular capillary tufts and 
wrinkling and thickening of the capillary walls. Fibrous 
replacement of the thickened intima is a later change in the 
interlobular arteries. Occasionally, thrombosis and recanaliza-
tion can also be seen in the interlobular arteries (Fig. 18.17). 
Changes similar to those seen in the interlobular arteries can 
also be present, although less frequently, in the larger (arcu-
ate and intralobar) arteries. Especially in older patients with 
preexisting chronic hypertension, the acute vascular lesions 
of TMA may be superimposed on chronic vascular changes 
such as intimal fibroplasia, medial hypertrophy, or arteriolar 
or arterial hyalinosis.

Tubules
The tubules frequently contain hyaline casts and red blood 
cells. Frank tubular epithelial necrosis may occur or acute 
tubular necrosis as is seen with ischemia may be present. Iron 
pigment and hyaline droplets in the cytoplasm of the proximal 
convoluted segment may be observed, with varying degrees of 
tubular loss. In later stages, tubular atrophy may be seen. In 
those cases with cortical necrosis, small patchy infarcts or larger 
necrotic areas are seen. Rarely, calcifications of the cortex can 
be widespread in chronic cases of cortical necrosis.

Interstitium
The interstitium may be edematous or fibrous, and in some 
cases, it contains mild mononuclear cell infiltration. Large 
numbers of red blood cells are present in the interstitium in 
areas of cortical necrosis.

Immunofluorescence Microscopy
In the glomeruli, the usual finding is the presence of fibrino-
gen or fibrin along the capillary loops in a continuous, bro-
ken linear or granular pattern; fibrinogen or fibrin is found 
less frequently in the mesangium (Fig. 18.18A). The depos-
its along the capillary walls may be accompanied by IgM, by 
C3, less frequently by IgG and only rarely by IgA (Fig. 18.19). 
Intracapillary thrombi also contain fibrinogen or fibrin and 
fibrin fragments.

Arterioles and small arteries often exhibit fibrinogen or 
fibrin in their walls, usually in a subendothelial position (see 
Fig. 18.18B). IgM positivity was described in vessel walls, as 
were C3, C1q, and IgG and IgA. Intravascular thrombi also 
show positive fluorescence for fibrinogen or fibrin.

Although the morphologic changes of TMA are similar in 
both TTP and HUS, some studies suggest that the composition 
of microthrombi in TTP might be different from those in HUS. 
On autopsy material from 23 patients with TTP, Asada et al. 
(319) showed strong immunohistochemical staining in the renal 
vascular thrombi as well as in the subendothelial hyaline depos-
its with factor VIII–related antigen, but only weak staining with 
fibrinogen or fibrin. This staining pattern was in contrast to the 
immunohistochemical results of thrombi in patients with dis-
seminated intravascular coagulation in which strong  fibrinogen 

FIGURE 18.17 Hemolytic-uremic syndrome, atypical form. The inter-
lobular artery shows luminal thrombus with nuclear debris in the arterial 
wall. The glomerulus exhibits ischemic features with thickening and wrin-
kling of the glomerular capillary basement membranes. The specimen is 
from an adult patient without known etiology of HUS. (Periodic acid-Schiff 
reaction.)

FIGURE 18.18 Hemolytic-uremic syndrome (TMA). The glomerular capillary walls and lumina (A) and the arterial wall (B) show 
strong fibrinogen positivity. The patient presented with severe (“malignant”) hypertension, acute renal failure, MAHA, and thrombo-
cytopenia. (Direct immunofluorescence.)
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or fibrin and weak factor VIII–related antigen staining was 
observed. Electron microscopic analysis showed numerous plate-
lets in the glomerular capillary thrombi in TTP. The authors 
concluded that thrombi in TTP are composed of platelets. The 
strong subendothelial factor VIII–related antigen positivity was 
interpreted by these investigators as suggesting that the hyaline 
deposits are not a result of increased vascular permeability, but 
rather platelet thrombi incorporated into the vascular wall. 
Similarly, a more recent autopsy study of 25 patients with TTP 
and 31 patients with HUS demonstrated the histochemical 
and immunohistochemical differences in thrombi (320). HUS 
lesions contained a large component of fibrin, highlighted by 
phosphotungstic acid-hematoxylin stain, but only a few platelets 
or vWF (320,321). On the other hand, TTP-associated arte-
rial thrombi had abundant platelets that stained for antibody to 
factor VIII. The TTP microthrombi were also rich in vWF but 
contained very little fibrin (322). Despite these apparent dif-
ferences in HUS and TTP microthrombi, given the extensive 
clinical overlap between aHUS and TTP, the histologic accuracy 
and validity of these findings are unclear.

Electron Microscopy
In the glomeruli, the most consistent change is a thickening 
of the capillary wall resulting from widening of the subendo-
thelial space and swelling of the endothelial cells. The acel-
lular subendothelial “fluff ” is pale and rarefied and contains 
irregular collections of electron-dense material (Fig. 18.20). 
This subendothelial material in the lamina rara interna of 
the glomerular basement membrane is usually granular and 
has a variable electron density. Sometimes, it has a fibrillar 
or beaded appearance, but usually it lacks the periodicity and 
electron density of fully developed fibrin. The exact nature of 
the subendothelial material is unknown, but it is thought to 
represent the breakdown products of intravascular coagulation 
or cell debris organized into the capillary wall. Signs of endo-
thelial damage may occur early during the course of TMA, 
with features such as swelling, localized areas of detachment 
of the endothelial cytoplasm from the basement membrane, 
and cytolysis. One may see intracapillary thrombi composed of 
amorphous osmiophilic material admixed with fibrin, platelets, 

and deformed red blood cells (Fig. 18.21). The platelets may 
be numerous and may fill the capillary lumen. Platelets can 
sometimes be seen between the endothelial cells; occasionally, 
the remnants of platelets are visible within the lamina densa 
of the glomerular capillary basement membrane. However, 
platelets are evanescent and may not be identified. Electron-
dense fibrillar fibrin wisps are sometimes a conspicuous fea-
ture in the lumina and rarely in the subendothelial space. The 
swollen mesangial matrix appears as a meshwork filled with 
 electron-dense, finely granular or fibrillar material similar to 
the subendothelial changes. Mesangiolysis may be seen, and 
this progressive disintegration results in capillary ectasia. One 
sees frequent visceral epithelial foot process effacement.

In the older lesions, wrinkling and collapse of the glomer-
ular basement membranes may occur and are conspicuous in 
some cases. Multiple layers of material resembling basement 
membrane are often seen in the capillary wall with cellular 
(mesangial) interposition (Fig. 18.22). Small, rounded particles 
that are 40 nm in diameter and are limited by a thin membrane 
have been described in the cytoplasm of the endothelial cells.

Arterioles and arteries show changes in the endothelial 
cells similar to those seen in the glomeruli. One sees swelling, 
cytolysis, and detachment of the endothelium from the under-
lying structures with a widening of the intima. The intima has 
a lucent appearance with strands or granules of greater electron 
density (Fig. 18.23). Structures consistent with fibrin are found 
at various depths of the vessel wall; luminal thrombi made up 
of platelets, fibrin, and electron-dense material may be present. 
In the later stages, elongated myointimal cells abound in the 
thickened intima.

Differential Diagnosis
The chronic stage of TMA with a membranoproliferative-type 
glomerular injury may raise differential diagnostic considerations, 
such as membranoproliferative glomerulonephritis, cryoglobuli-
nemic glomerulonephritis, glomerular lesions with paraprotein 
deposition, and in a transplant setting, transplant glomerulopa-
thy (323). Light microscopic differentiation of membranopro-
liferative glomerulonephritis from membranoproliferative-type 
glomerular injury of advanced TMA is usually straightforward; 
in TMA, the double contours of the glomeruli are usually 
sparse, and no or only minor mesangial hypercellularity is pres-
ent. In addition, electron microscopy does not disclose discrete, 
 electron-dense, immune-type deposits in advanced TMA.

There is a growing consensus among experts that trans-
plant glomerulopathy may represent a chronic smoldering form 
of glomerular TMA due to long-standing antibody- mediated 
injury. In renal transplant patients, the histologic demarca-
tion between glomerular manifestations of chronic AMR, 
i.e., transplant glomerulopathy, and hepatitis C–associated 
membranoproliferative glomerulonephritis might be blurred 
(254,324). In many instances, these entities coexist due to 
multiple pathways of injury in an allograft, causing diagnostic 
challenges. The presence of donor-specific antibodies and posi-
tive C4d staining favor humoral rejection; however, concur-
rent hepatitis C virus infection should raise consideration for 
hepatitis C–related glomerular disease. Hepatitis C– associated 
glomerular injury in an allograft may be altered due to immu-
nosuppression permitting excessive viral replication, but 
limiting antibody production. In such circumstances, the char-
acteristic immune complex deposits of membranoproliferative 

FIGURE 18.19 Thrombotic microangiopathy. IgM glomerular positiv-
ity in a patient with postpartum HUS. The arteriolar wall is also positive. 
(Direct immunofluorescence.)
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FIGURE 18.20 A: Diagram depicting one normal glomerular capillary (green, podocyte; dark gray, GBM; yellow, endothelial cell; red, 
mesangial cell; light gray, mesangial matrix). B: Diagram depicting a glomerular capillary in HUS with expansion of a lucent subendo-
thelial zone and a thrombus in the lumen containing platelets (purple). C: Electron micrograph of a glomerular capillary loop in HUS. 
The subendothelial zone is lucent and contains fluffy material (×6400).
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glomerulonephritis may be absent or reveal aberrant features. 
The relatively high incidence of hepatitis C virus infection in 
association with transplant glomerulopathy pattern glomerular 
injury posttransplantation (254) is suggestive of a potentially 
significant etiologic role of hepatitis C in this process. The sig-
nificance of hepatitis C infection in causing chronic TMA-like 
changes in an allograft may have been underestimated until 
recently (325,326).

Changes in Other Organs
Arteriolar and arterial changes may be confined to the kidney 
in HUS, but sometimes, small thrombi may also be seen in 
capillaries and arterioles or small arteries of other organs. An 
autopsy study of 65 pediatric patients with classic HUS showed 
that extrarenal pathologic changes were most common in the 
large bowel, followed by the CNS, the heart, and the pancreas 
(84). An earlier study found extrarenal microthrombi in eight 
of nine autopsies of children (83). The thrombi were associ-
ated with hemorrhagic colonic necrosis in six patients and with 
pancreatic islet cell necrosis in three patients; microthrombi 
were also present in the brain, heart, adrenals, and lung. In the 
colon, it was not possible to determine whether the capillary 
thrombi resulted from the primary process of HUS or whether 
they were secondary to nearby tissue necrosis. In another study, 
small infarcts of the liver or microscopic areas of cell death were 
described in association with fibrin thrombi in sinusoids, and 
small areas of infarction of the brain were recorded.

The distribution of lesions is not as well characterized in 
aHUS, especially given the extensive clinical overlap with TTP. 
Nevertheless, the microthrombi are mostly confined to the kid-
ney in aHUS, with less frequent (only in 6 of 31 cases) involve-
ment of other organs such as the pancreas, adrenal gland, and 
rarely brain and heart (320). Occasional reports of extrarenal 
vascular involvement in postpartum HUS include brain, liver, 
and central retinal artery damage (327,328). TMA induced by 
monoclonal antibodies against VEGF appears to be localized to 
the kidney (54). The blockade of VEGF production by podo-
cytes alters the local VEGF signaling needed for the integrity 
of glomerular endothelial cells and results in loss of endothe-
lial fenestrations and other characteristic morphology of TMA. 
In an autopsy series of 8 patients with HSCT-associated TMA, 
limited extrarenal manifestations of TMA were present in 
3 patients, involving the lung, heart, or the pancreas (738).

One of the features of TTP is the widespread distribution 
of microthrombi in arterioles throughout the body, particularly 
in the brain, myocardium, adrenals, pancreas, intestinal tract, 
and spleen (320). Myocardial damage and necrosis have been 
increasingly recognized in TTP, contributed to some extent 
with the introduction of highly sensitive troponin assays (329). 
Ischemic changes may be seen in relation to these lesions in var-
ious tissues. The thrombosed vessels may show remarkably few 
changes, although endothelial proliferation similar to that seen 
in the renal arteries may be present. Antiphospholipid antibody 
syndrome (APS) is frequently associated with widespread TMA 

FIGURE 18.21 Electron micrograph of a glomerular capillary loop from a renal transplant recipient with cyclosporine-
induced TMA. Fibrin and platelets in the capillary loop are clearly recognizable. The foot processes of the visceral epithelial cells 
reveal moderate effacement (×14,000). (From Laszik Z. Thrombotic microangiopathies. In: Silva FG, D’Agati V, Nadasdy T, eds. Renal 
Biopsy Interpretation. New York: Churchill Livingstone, 1996.)
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in addition to arterial and venous thrombosis, sometimes lead-
ing to a “catastrophic” clinical presentation; virtually, any organ 
can be affected by such microangiopathic changes (330).

Outcome and Prognostic Features
Until the 1970s, many children died during the acute anuric 
or oliguric stage in classic HUS. After the advent of hemodi-
alysis, the overall mortality rate has declined to 12% in cases of 
HUS overall, and it is only about 4% with classic HUS (331). 
Although acute renal failure manifests in up to 70% of patients 
with classic HUS, most patients recover (48). At this time, 
acute renal failure has practically been eliminated as a cause of 
death in the acute phase of HUS.

Many of the historical data about prognosis and outcome 
of aHUS rely on series either predating the advent of plasma 
exchange therapy or those that applied therapeutic modalities 
that are outdated now. However, information obtained by these 
studies is still useful for comparison with newer studies and also 
for establishing the natural course of the disease without mod-
ern therapy. Most studies indicate that pediatric patients with 
aHUS have a worse prognosis and renal outcome than those 
with classic HUS (332,333). However, a study from the west-
ern United States showed that children with atypical disease 
had milder nephropathy and, with the exception of those with 
recurrent disease, did not experience a worse outcome (334). 
The prognosis is also much better in infants than in children. 
However, age in itself at the onset of HUS is not a prognostic 
feature (105). The difference in outcome between children and 

infants is most likely related to the high incidence of the atypi-
cal subset of HUS in children greater than 3 years old, a subset 
that is uncommon in infants and carries a worse prognosis.

A number of clinical-laboratory features such as the 
severity of gastrointestinal tract symptoms (335), the longer 
duration of dialysis (336), the duration of anuria (337,338), 
hypertension (337), initial peripheral leukocytosis (339), and 
neurologic involvement during the acute phase (340) have 
been proposed as predictors for poor long-term renal outcome 
in pediatric patients with HUS. However, many of these pro-
posed prognostic factors have not been uniformly confirmed 
by various investigators. A large study from Italy that included 
387 children with HUS with a median age of 1.9 years indi-
cated concomitant absence of prodromal diarrhea and VTEC 
infection as the best indicators of poor renal prognosis (333).

Most patients with classic HUS survive the acute phase, 
but long-term follow-up suggests that it is not an entirely benign 
disease. Approximately 30% to 50% of such patients have sub-
sequent evidence of chronic kidney disease and/or hypertension 
(341,342). When compared to age- and sex-matched controls 
with only E. coli O157:H7 gastroenteritis, children who recov-
ered from classic HUS frequently have persistent microalbu-
minuria more than 3 years after the acute episode (343,344). 
A systematic review of the literature addressed the long-term 
prognosis of patients with classic HUS (105). Data on 3476 
patients (aged 1 month to 18 years at  recruitment) from 49 stud-
ies published between 1950 and 2001 with a mean follow-up of 
4.4 years revealed 12% incidence of death or permanent ESRD 

FIGURE 18.22 Electron micrograph from a patient with TMA. There is reduplication of the glomerular capillary basement mem-
brane with cellular interposition. Severe thickening of the glomerular capillary basement membrane with an inner granular, moderately 
electron-dense layer containing some membrane-bound circular elements is also seen (×14,000).
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(death: 9%, ESRD, 3%) and 25% incidence of long-term renal 
sequelae. However, the incidence of glomerular filtration rate 
lower than 80 mL/min per 1.73 m2, hypertension, and protein-
uria was extremely variable ranging from 0% to 64% in various 
studies. The higher severity of acute illness, particularly central 
nervous system symptoms and the need for initial dialysis, was 
strongly associated with worse long-term prognosis. It has been 
postulated that severe glomerular endothelial injury and conse-
quent renal ischemia results in permanent renal capillary dam-
age that predisposes to hypoxia-induced fibrosis (345,346).

In general, adults fare less well than children, likely influ-
enced to a large extent by higher prevalence of aHUS in adults. 
Approximately 50% of patients with aHUS progress to end-
stage kidney or have irreversible brain damage, and 25% may 
not survive the acute phase (35,309). In a French pediatric 
cohort, mortality during the acute phase of aHUS during the 
first episode was 8.6%, and 24% of those who survived devel-
oped ESRD (33). However, in an Italian cohort of aHUS with 
both adult and pediatric patients, the mortality at first episode 
was only 2% in adults and 12% in children, and 32% of survi-
vors developed ESRD (34).

Recent studies have demonstrated that the prognosis of 
aHUS may be determined by specific causative gene mutation. 
Patients with MCP mutations have better prognosis than patients 

with factor H mutations (76). Relapses with complete recovery 
are characteristic of children who have aHUS due to mutations 
involving MCP (33,34). Although data are limited and there is 
risk of uncontrolled complement activation due to surgery, correc-
tion of the genetic defect by a combined liver-kidney transplanta-
tion in patients with factor H mutations may prevent recurrences 
and be associated with favorable long-term outcome (347,348).

Until recently, aHUS could not be clearly distinguished 
from TTP and results from various studies likely reflect prog-
nosis of TMA due to both aHUS and TTP. A survey of cases of 
HUS/TTP in adults until 1973 revealed that 73% died of renal 
failure or had terminal renal failure requiring dialysis (349). 
In follow-up studies, the mortality rates in adult HUS/TTP 
were still relatively high, with ≤30% overall mortality (350–
353). However, the outcome and prognosis of HUS in adults 
are less clearly defined than in children because adult HUS is 
less common and more heterogeneous than childhood HUS.  
A study from Canada presented data from 37 adult patients 
with HUS/TTP (352). Eleven patients had a prodrome of coli-
tis, and in seven of these patients, VTEC infection was detected. 
In 10 patients, the HUS was related to underlying diseases, 
such as SLE or cancer. The remaining 16 patients had neither 
diarrheal illness nor an underlying disorder. The mortality 
rate was 30%; 14% developed chronic renal failure; and 24% 

FIGURE 18.23 Electron micrograph from a patient with TMA. The arteriolar lumen is obliterated, and the subintima is widened 
by a lucent zone containing electron-dense strands and granules (×6000). (Courtesy of Dr. Tatiana Antonovych.)
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had recurrent episodes. None of the patients with colitis died, 
and no recurrences were noted in the “colitis” group. Those 
patients who developed HUS without colitis had a less favor-
able survival and experienced recurrences. The findings of this 
study prompted the conclusion that the disease or trigger (such 
as infection) that gives rise to HUS/TTP is the most impor-
tant determinant of prognosis. These investigators also noted 
that most of these patients also had symptoms of TTP, thus 
making the separate prognostic evaluation of aHUS and TTP 
nearly impossible. Similarly, a wide variety of causes have been 
encountered for HUS/TTP in 55 adult patients seen between 
1990 and 1998 in a study from France (353). In patients with 
the “primary forms” of HUS (i.e., HUS without underlying 
diseases or conditions such as HIV infection, malignancy, kid-
ney, liver, or bone marrow transplantation, or nephropathies), 
the relatively low mortality rate (13.3%) and excellent renal 
outcome (73.3% of patients recovering normal renal function) 
were attributed to improved therapy (i.e., plasma infusions).

Relation of Pathologic Picture to Clinical 
Findings and Prognosis
A comprehensive study of HUS in childhood and infancy was 
carried out by Habib et al. (318). Pathologic changes were cor-
related with the clinical picture and outcome. Three pathologic 
categories were distinguished: cortical necrosis, predominantly 
glomerular involvement, and predominantly arterial involvement. 
The prognosis was best in the group with predominantly glo-
merular involvement and by far the worst in the group with pre-
dominantly arterial involvement. The one with predominantly 
arterial involvement tended to occur in children, as opposed to 
infants. This is also the type that is common in adults.

Another study, by Thoenes and John (87), also showed 
that the histologic changes of TMA could be assorted into one 
of three categories. In the first group, the glomeruli showed 
the classic changes of TMA, accompanied by relatively mild 
arteriolar changes. This form was most frequent in young chil-
dren, more susceptible to HUS rather than TTP. In the second 
group, severe obliterative changes predominated in the inter-
lobular arteries. Arterioles showed fibrinoid changes, and the 
glomeruli revealed thickening and wrinkling of capillary walls 
and occasional fibrinoid necrosis. This form was most common 
in a heterogeneous group of adults with the clinical features of 
malignant hypertension, postpartum renal failure, acute renal 
failure, and acute or subacute glomerulonephritis. The third 
group, which showed mixed glomerular and arterial lesions, 
was usually seen in older children. A study by Morel-Maroger 
et al. (308) confirmed the importance of vascular lesions in a 
large series of TMA in adults. The presence of arterial occlusion 
was a harbinger of poor prognosis. In a follow-up clinicopatho-
logic study of 34 pediatric patients with aHUS, renal arteriolar 
and/or arterial changes were identified in 15 patients (309); the 
presence of arterial disease correlated with a poor prognosis. 
This study emphasized the prognostic value of renal biopsy in 
aHUS. Another study from Iran (354) that semiquantitatively 
scored the histologic findings in the kidney biopsies of 29 chil-
dren diagnosed with aHUS from 1992 to 2005 confirmed the 
importance of vascular damage in predicting their long-term 
outcome and development of chronic kidney disease.

The impact of the renal biopsy findings on the long-term 
outcome of classic (typical) childhood HUS was addressed in a 
study from the Necker-Enfants-Malades Hospital in Paris, France 
(355). Twenty-nine patients were followed for 15 to 28 years, 

and the long-term outcome showed a close correlation with 
the original biopsy findings. Ten of eleven patients with cortical 
necrosis developed ESRD (n = 4), chronic renal failure (n = 3),  
or significant residual renal functional abnormalities (n = 3). 
The nine patients who had TMA involving less than 50% of the 
glomeruli were symptom free or had only mild renal sequelae.

However, a report from the Southwest Pediatric Nephrology 
Study Group (83) raised some doubt about the prognostic 
impact of renal biopsies from samples taken early after the onset 
of the disease. In this study of children, no arterial lesions were 
identified in renal tissues obtained during the first 16 days of 
hospitalization, as opposed to those biopsies from samples taken 
after 16 or more days of hospitalization. The explanation for the 
apparent absence of arterial lesions during the first 16 days was 
that arterial changes may evolve slowly over time and may not be 
recognizable at the light microscopic level in the early stages of 
the disease. Moreover, sampling error could be a significant fac-
tor in the interpretation of renal biopsy specimens from patients 
with HUS. Furthermore, only the most severely affected patients 
undergo biopsy, and greater than 90% of patients who do not 
undergo biopsy seem to be cases that spontaneously resolve.

In summary, the presence of renal arterial occlusive lesions 
determines the outcome in a given patient. As a rule, extensive 
glomerular changes in themselves may not necessarily signify a 
poor prognosis as long as the changes are confined to the glom-
eruli and are accompanied by only minor arteriolar changes. 
Exceptions to this rule exist, and extensive cortical necrosis 
may be seen in the presence of widespread glomerular lesions, 
but with sparing of the arteries. Information on the sequence 
of changes leading to chronic renal failure is scanty.

ETIOLOGY AND PATHOGENESIS OF 
HEMOLYTIC-UREMIC SYNDROME, 
THROMBOTIC THROMBOCYTOPENIC 
PURPURA, AND OTHER THROMBOTIC 
MICROANGIOPATHIES
The basic pathologic abnormalities of TMA are endothelial dam-
age, intimal thickening, coagulation both within the vessel wall 
and the vascular lumina, and the sequelae of vascular occlusion. 
Endothelial damage, characterized by swelling, cytolysis, and 
detachment of the endothelium from basement membranes, 
is seen in the glomeruli, arteries, and arterioles. Edema in the 
intima of small arteries and arterioles and the subendothelial zone 
of the glomerular capillaries, which suggests increased permeabil-
ity of the endothelial cells, is one of the most typical morphologic 
findings. The presence of fibrin in blood vessel walls is probably 
related to increased permeability, although it may also represent 
an intravascular fibrin thrombus that has been incorporated into 
the vessel wall. Coagulation may be a direct consequence of endo-
thelial damage. Platelets and fibrin are found in the glomeruli and 
small arteries and arterioles. Fibrin thrombi can also be seen in 
the glomerular capillaries and in the lumina of renal arterioles and 
small arteries. In addition, a particulate or flocculent electron-
dense material is present in the widened subendothelial region of 
the glomerular capillary wall. The exact nature of the subendo-
thelial material is not known, but it is clearly related to fibrino-
gen (or fibrin) or other coagulation proteins and probably some 
matrix proteins (e.g., fibronectin). In TTP, microthrombi are 
widely disseminated throughout the microvasculature  typically 
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affecting several organs. However, microthrombi can also be seen 
in HUS, both classic and atypical, in organs other than the kid-
ney, such as the colon, liver, pancreas, heart, and brain.

Endothelial Damage
Endothelial damage is the crucial feature that precedes the devel-
opment of additional vascular lesions. Injury to endothelium 
may result in switch of endothelial anticoagulant phenotype to 
procoagulant phenotype, decreased fibrinolytic activity, expo-
sure of thrombogenic subendothelial surfaces, platelet activa-
tion, imbalance between prostacyclin (PGI2) and thromboxane 
A2 (TXA2) production, release of unusually large vWF multim-
ers, cellular activation with up-regulation of adhesion molecules, 
chemokines, cytokines, and transcription factors, inhibition of 
protein synthesis, apoptosis, and cell death. All of these factors 
may contribute to platelet aggregation, thrombus formation, 
and impaired removal of fibrin with subsequent severe vascular 
and organ damage. Although the pathogenetic pathways of the 

endothelial injury for some of the causative agents have been 
well delineated, for most of the proposed causative agents, the 
exact mechanism by which the endothelium is injured is still 
not fully understood. Some factors thought to play a major role 
in the endothelial injury in the pathogenesis are discussed.

Classic HUS
Shiga toxins
Shiga toxins (Stxs) play a critical role in the pathogenesis of 
classic HUS primarily by mediating endothelial cell injury 
(Fig. 18.24). The Stx family comprises two main groups, Stx1 
and Stx2, each of which contains an increasing number of 
variants, such as Stx1c, Stx2c, Stx2d, Stx2e, Stx2f, and Stx2g 
(134). Structurally, both Stxs are composed of an enzymatically 
active A subunit of 32 kDa and a homopentameric 7.7-kDa B 
subunit that allows binding of the toxin to specific globotri-
aosylceramide (Gb3) cell surface receptors on susceptible host 
cells, including endothelial cells in the glomeruli, intestines, 
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FIGURE 18.24 The pathogenesis of microvascular thrombosis in classic HUS. Upon binding of Shiga toxin (Stx) 
to its specific endothelial receptor Gb3, the endothelial cells acquire a proinflammatory and prothrombotic phenotype, lead-
ing to endothelial injury and microvascular thrombosis (T). At low doses, Stx inflicts endothelial injury by NF-κB–dependent 
up-regulation of endothelial MCP-1, IL-8, and various adhesion molecules (A), such as E-selectin, ICAM-1, and VCAM-1, 
that promote leukocyte recruitment and adhesion to the endothelial cells. Shiga toxin also induces surface mobilization 
of endothelial P-selectin (P) and release of the UL von Willebrand factor (vWF/ULvWF) multimers from the Weibel-Palade 
(WP) bodies. P-selectin is implicated in vWF-dependent platelet (PL) deposition and also serves as a high-affinity receptor 
for C3b promoting alternative complement activation with additional C3a receptor–potentiated release of ULvWF multim-
ers, P-selectin, and tissue plasminogen activator (t-PA). Via t-PA–facilitated shedding of the endothelial thrombomodulin 
(TM) along with impaired cleavage of the ULvWF multimer-platelet strings and up-regulation of endothelial tissue factor 
(TF), microvascular thrombosis may develop. Additional factors promoting thrombosis include Stx-induced up-regulation of 
endothelial vitronectin receptor (VR) and release of cytokines and TF from activated monocytes. At high doses, Stx causes 
cessation of the protein synthesis with subsequent endothelial cell death, exposure of the subendothelial basement mem-
brane, matrix and TF, and activation of platelets and the coagulation cascade, culminating in intravascular clot formation.
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and brain, renal tubular epithelial cells, alveolar macrophages, 
and peripheral blood leukocytes (134,356). Binding to the 
receptor is followed by internalization of the toxin, trafficking 
via endosomes, and subsequent retrograde transport from the 
Golgi complex to the endoplasmic reticulum (357). Trafficking 
of the toxin from the endosomes to the Golgi can be blocked 
by manganese as shown recently (358).

From the endoplasmic reticulum, the A subunit is translo-
cated to the cytosol where it inhibits protein synthesis through 
depurination of a specific adenosine in 28S ribosomal RNA 
(359,360). Cessation of protein synthesis initiates a cascade of 
reactions called the ribotoxic stress response, resulting in cell 
death (361). It is also well documented that Stx can trigger pro-
grammed cell death signaling pathways in various cell types, 
including human microvascular endothelial cells (362,363). The 
apoptotic mechanism has also been entertained as a potential 
contributor to the pathogenesis of HUS caused by STEC (364).

However, there is also evidence that at concentrations with 
only minor effects on protein synthesis, Stx has a dramatic effect 
on endothelial cell gene expression and RNA metabolism alter-
ing the endothelial cell phenotype (365). Stx-treated human 
endothelial cells show up-regulation of genes encoding for cyto-
kines, chemokines, cell adhesion molecules, and transcription 
factors mediated by the nuclear factor–κB (NF-κB) and the 
tumor necrosis factor (TNF)/stress-related signaling pathways 
(366). Upon exposure to Stx, NF-κB–dependent up-regulation 
of monocyte chemoattractant protein-1 (MCP-1), IL-8, and 
fractalkine (FKN) promotes, along with various adhesion mol-
ecules, such as E-selectin, ICAM-1, and VCAM-1, leukocyte 
recruitment and adhesion to the endothelial cells (367–369). 
Exposure to Stx also renders the microvascular endothelial cells 
thrombogenic at high shear stress mediated by up-regulation 
of endothelial vitronectin receptor (αvβ3) that leads to plate-
let deposition via vWF-dependent bridging mechanism (370). 
Thrombus formation in this setting is also dependent on Stx-
induced up-regulation of endothelial P-selectin and PECAM-1, 
in part via interaction of these adhesion molecules with platelets. 
TNFα– and IL-1–induced up-regulation of Gb3, the endothe-
lial receptor for Stx, can further potentiate endothelial sensi-
tivity to Stx (371). Since TNFα, IL-1β, IL-6, and IL-8 can be 
released locally from monocytes and macrophages upon stimu-
lation with Stx (372), the inflammatory cytokines may play a 
significant role in augmenting Stx-mediated endothelial injury.

In vitro data also show that Stx can induce endothelial 
secretion of strings of unusually large vWF multimers (373). 
This finding, coupled with the observation of impaired 
cleavage of the unusually large vWF-platelet strings by 
ADAMTS13, in the presence of Stx is strongly suggestive of 
potential pathogenetic significance in classic HUS (373). It has 
also been reported that the B subunits of both Stx1 and Stx2 
are sufficient to stimulate the secretion of ultra large vWF and 
to support platelet adhesion on human endothelial cells (374) 
and that Stx1B and Stx2B use different signaling pathways to 
induce vWF secretion (375).

TF is an activator of the extrinsic pathway of coagulation 
that leads to the generation of thrombin, conversion of fibrino-
gen to fibrin, and the formation of insoluble fibrin clot. In 
vitro, Stx and TNF-α stimulate TF expression in human glo-
merular endothelial cells that can be further enhanced by exog-
enous angiotensin II (376). Induced endothelial expression of 
TF by Stx along with downstream generation of thrombin, a 

potent stimulator of platelet activation, can further augment 
the prothrombotic forces in the microcirculation, a feature rel-
evant to the pathogenesis of HUS.

Recent evidence indicates that complement activation may 
play a crucial role in the development of thrombotic complica-
tions in classic HUS. In vitro and in vivo data by Morigi et al. 
(377) showed Stx-induced alternative complement activation 
via P-selectin as a key mechanism of C3a-dependent micro-
vascular thrombosis in classic HUS. Complement activation 
in response to Stx generated an increased amount of C3a that 
caused further endothelial P-selectin expression, loss of endo-
thelial thrombomodulin, and thrombus formation (377). The 
authors also demonstrated in a murine model of HUS induced 
by Stx2 and LPS that up-regulation of glomerular endothelial 
P-selectin was associated with C3 and fibrin deposits, platelet 
clumps, and reduced thrombomodulin expression. Activation 
of the alternative complement system has also been detected in 
the plasma samples of children with acute-onset classic HUS 
(378). A study by Stahl et al. (379) revealed increased levels 
of C3 on platelet-leukocyte complexes in a patient with classic 
HUS suggestive of the pathogenetic role of inflammatory and 
thrombogenic events in classic HUS.

New data suggest that the CXCR4/stromal cell–derived 
factor 1 (SDF-1) chemokine pathway may also play a signifi-
cant role in the pathophysiology of classic HUS. In vivo and in 
vitro studies revealed up-regulation both the receptor (CXCR4) 
and its ligand (SDF1) upon stimulation with Stx (380). Under 
flow conditions, inhibition of the CXCR4/SDF-1 interaction 
prevented Stx-mediated adhesion of platelets to human micro-
vascular endothelial cells in an in vitro system. Inhibition of 
the CXCR4/SDF-1 interaction also restored platelets to basal 
levels and significantly attenuated Stx-mediated mortality in a 
mouse model of HUS induced by Stx (380).

Stx1 and Stx2 bind to different epitopes of the Gb3 
receptor with differences in the binding affinity and kinetics. 
Binding of Stx2 to the receptor is slower; however, dissociation 
from the receptor is also slower than for Stx1 allowing longer 
time for internalization (381). This might explain the signifi-
cantly higher in vitro toxicity of Stx2 on human endothelial 
cells. It has also been demonstrated that up-regulation of the 
genes encoding proinflammatory molecules is more efficient 
when mediated by Stx2 than Stx1 (366,382,383). In general, 
there is a higher association of more severe disease caused by 
bacteria producing Stx2 than those producing Stx1 (119). 
STEC bacteria can possess one or more different Stx alleles, 
and the different Stx subtypes are associated with different 
clinical outcomes (128,384–386).

Stxs gain access to systemic circulation via translocation 
across polarized intestinal epithelial cells, a process facilitated 
by neutrophil transmigration (387,388). In vitro data indicate 
that the toxin may induce IL-8 expression in the intestinal 
epithelium (389); local cytokine production may trigger an 
inflammatory response that then contributes to the tissue dam-
age and loss of colonic barrier function. Shiga toxin 2–induced 
up-regulation of endothelial IL-8 and MCP-1 production, also 
shown in vitro, may play a role in neutrophil adhesion and 
transmigration via endothelium (368). Although erythrocytes, 
platelets, and monocytes can all bind Stx, both in vitro and 
in vivo data seem to support polymorphonuclear leukocytes 
as the carriers of the toxin within the circulation (390,391). 
Transfer of Stx from the transporter (i.e., polymorphonuclear 
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leukocyte) to the endothelial cells is facilitated by the 100-fold 
higher affinity of the receptor on the endothelial cells (390). 
The extent of renal damage in children with STEC-associated 
HUS could depend on the concentration of Stx present on 
the polymorphonuclear leukocytes and presumably delivered 
by them to the kidney. Patients with high amounts of Stx on 
polymorphonuclear leukocytes showed preserved or slightly 
impaired renal function, whereas cases with low amounts of 
Stx usually presented evidence of acute renal failure (392). 
The authors of this paper hypothesized that high amounts of 
Stx could induce a reduced release of cytokines by the renal 
endothelium, with a consequent lower degree of inflamma-
tion. Conversely, low toxin amounts can trigger the cytokine 
cascade, provoking inflammation, thereby leading to more 
significant tissue damage. There is also in vitro evidence to 
show that under flow conditions, Stx2 up-regulates endothelial 
expression of MCP-1 and interleukin-8 (IL-8), both of which 
are important modulators of leukocyte adhesion and transmi-
gration (368).

Endothelial cells, mainly those of renal microvascula-
ture, are the primary target of Stx in STEC-associated HUS. 
Basal levels of Gb3 receptors were shown to be approximately 
50 times higher in renal endothelial cells than in the umbilical 
endothelial cells (393); differential expression of Gb3 receptors 
may be responsible for preferential involvement of the kidney 
in HUS. In vivo studies also suggest that the organ distribu-
tion of Stx receptors determines the localization of microvas-
cular lesions in rabbits injected with Stx1 (394). However, cells 
other than endothelial cells such as renal tubular epithelial cells 
expressing high levels of Gb3 may also be targeted by Stxs and 
may contribute to tissue injury (395).

Although Stx is clearly the most important pathogenetic 
factor in the classic form of HUS, factors other than Stx may 
also play a significant role in the development of the disease. 
In vitro synergism of cytotoxic potential has been described 
between lipopolysaccharide (LPS, endotoxin) and Stxs and also 
between TNFα and Stx (396,397). In a baboon model of Stx1-
induced HUS, coadministration of low doses of Stx1 with endo-
toxin augmented the response of otherwise subtoxic amounts 
of Stx (398). Endotoxemia has been described in patients with 
shigellosis-associated HUS (141,399), and specific antibodies 
to the LPS of Stx-producing organisms have been detected in 
children with classic HUS (400). In addition, Heyderman et 
al. (401) described decreased levels of core antibodies to LPS in 
patients with severe classic HUS. These investigators proposed 
that, in severe classic HUS, enteric inflammation results in the 
dissemination of LPS into the systemic circulation, consump-
tion of endotoxin core antibodies, activation of inflammatory 
cells, and disruption of endothelial function.

The potential role of anti-Stx antibodies in the pathogen-
esis and diagnosis of classic HUS have also been investigated. 
Anti-Stx antibodies can be detected in some healthy patients 
and at higher frequency in those with HUS (402). The inci-
dence and the specificity of the antibodies (i.e., anti-Stx2 vs. 
anti-Stx1 antibodies) in healthy children show significant 
variation from country to country (402–404). However, much 
higher antibody titers in patients with HUS, especially those 
with anti-Stx2 specificity, may help differentiation of patients 
with acute HUS from those without HUS when pathogenic 
bacteria are not isolated from the stool (402,403). The role 
of anti-Stx antibodies has also been hypothesized in the 

 development of neurologic complications as well as enhancing 
the toxic effects of Stx on the endothelial cells (79).

Atypical HUS
Complement Abnormalities
Complement dysregulation is the main cause of aHUS. 
Inherited and acquired abnormalities of the alternative comple-
ment system account for approximately 70% of cases, affect 
most patients with the familial and the sporadic forms of the 
disease, and also affect a few cases with the secondary forms 
(11,36,247). In approximately 30% of the cases with aHUS, 
the etiology remains unknown. The complement system is part 
of the innate immune system with a primary role of protect-
ing against infections. The three activation pathways— classic, 
lectin, and the alternative—converge to produce C3 and C5 
convertases that cleave C3 and C5, respectively, followed by 
the formation of membrane-attack complex (MAC). The 
alternative pathway in the plasma is continuously activated by 
hydrolysis of C3 (so-called “C3 tickover”) with the formation 
of anaphylatoxin C3a and the opsonic fragment C3b, which 
is being deposited onto plasma-exposed surfaces, including 
endothelial cells (405). If unchecked, complement activation 
that follows may lead to complement-mediated injury of the 
host cells mediated by MAC (Fig. 18.25). To prevent of such 
self-inflicted injury, the complement system is tightly regulated 
by plasma membrane-bound factors, including CFH, comple-
ment factor I (CFI), MCP (CD46), and thrombomodulin 
(TM). CFI down-regulates the alternative and classical comple-
ment pathways by cleaving the alpha-chains of C3b and C4b to 
inactive forms (i.e., iC3b, C4c, and C4d) and dissociating the 
multicomponent C3 and C5 activity in the presence of cofac-
tors, CFH, MCP, and TM. CFH binds to C3b in the fluid 
phase and also on membranes, and therefore it can regulate 
both fluid phase and membrane-bound alternative pathway 
amplification of C3b. Thrombomodulin, a transmembrane 
protein with anticoagulant and anti-inflammatory properties, 
regulates complement activation on cell surfaces (406). Genetic 
defects of each of these four complement regulatory proteins 
result in amplified production of C3 convertase, which leads to 
excess generation of C5 convertase and formation of C5a and 
MAC on the endothelial cell surface. Gain-of-function muta-
tions in genes encoding the alternative pathway C3 convertase 
components, C3 and CFB, also result in chronic alternative 
pathway activation. In rare cases, antibodies against CFH are 
responsible for impaired regulatory function of CFH (407). 
In addition, common genetic variants in CFH, CD46, and 
CFHRs genes are known risk factors for the development of 
aHUS (408). In all these forms, endothelial cell injury with 
acquired prothrombotic phenotype and exposure of the suben-
dothelial surface due to retraction or cell death trigger platelet 
activation, intravascular coagulation, and thrombus formation 
(409). Inflammation, also secondary to complement activa-
tion, as well as endothelial cell apoptosis, can further exacerbate 
the injury. The disease will only manifest in patients who have 
complement abnormalities coupled with a triggering event usu-
ally in the background of at-risk haplotypes (408). Hence, the 
penetrance is only 60% in the familial forms of the disease (76).

The specific forms of the alternative complement path-
way abnormalities associated with aHUS are summarized in 
Table 18.5 along with some of the clinical characteristics and 
are further detailed below.
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FIGURE 18.25 The pathogenesis of atypical HUS due to dysregulation of the complement alternative path-
way. In this pathway, C3b binds to factor B (CFB) and is cleaved by factor D (CFD) to form the alternative C3 convertase. 
Under normal circumstances, host cells are protected from local amplification of endothelial cell surface–bound C3b, pro-
duced by continuous alternative pathway activation in the plasma (a process known as “tickover”), by complement regula-
tory proteins complement factor I (CFI) and complement factor H (CFH), in the presence of cofactors, membrane cofactor 
protein (MCP), and thrombomodulin (TM). Abnormalities affecting any of these 4 components and also C3 and complement 
factor B (CFB) result in amplified production of C3 convertase, which leads to the excess formation of C3a, C3b, C5a, and 
the membrane attack complex (MAC). Upon concerted effects from C3a, C5a, and MAC, the endothelial cells acquire a 
proinflammatory and procoagulant phenotype coupled with platelet activation, recruitment of inflammatory cells, onset 
of coagulation cascade, and clot formation. The proinflammatory and procoagulant phenotype is characterized by induced 
expression of endothelial leukocyte adhesion molecules, stimulation of endothelial prothrombinase and TF activity, cytokine 
production, and secretion of vWF multimers. Retraction of the endothelial cells by C5a also exposes the subendothelial 
basement membrane with thrombogenic substances including vWF and TF that trigger coagulation. Lytic doses of MAC 
have similar effects.

TABLE 18.5 Clinical characteristics of patients with various subgroups of atypical hemolytic-uremic  
syndrome with complement dysregulation

Gene or 
subgroup 

Frequency 
in aHUS 

Minimal age  
at onset

Risk of death 
or ESRD at 

first episode or 
within <1 yr 

Risk of 
relapses 

Risk of 
 recurrence 
after renal 

transplantation 

Percentage 
of pts with 

low C3Children Adults

CFH 20%–30% Birth Any age 50%–70% 50% 75%–90% 30–50
CFI 4%–10% Birth Any age 50% 10%–30% 45%–80% 20–30
MCP 5%–15% >1 yr Any age 0%–6% 70%–90% <20% 0–27
C3 2%–10% 7 mo Any age 60% 50% 40%–70% 70–80
CFB 1%–4% 1 mo Any age 50% 3/3 not in ESRD 100% 100
TM 3%–5% 6 mo Rare 50% 30% 1 patient 50
Anti-CFH Ab 6% Mostly 7–11 y 30%–40% 40%–60% Yes if high Ab titer 40–60

CFH, factor H; CFI, factor I; MCP, membrane cofactor protein; CFB, factor B; TM, thrombomodulin; Ab, antibodies; ESRD, end-stage renal disease; pts, patients.

Adapted from Loirat C, Fremeaux-Bacchi V. Atypical hemolytic uremic syndrome. Orphanet J Rare Dis 2011;6:60.
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comPlement factor H
Among various mutations causing aHUS, those affecting CFH 
are the most common with more than 100 mutations identified 
so far (410). The mutation frequency of CFH is 40% to 45% in 
patients with the familial form of the disease and 10% to 20% 
in those with the sporadic forms (36). Most of the mutations are 
heterozygous clustering in the C-terminal of the molecule with 
diminished cofactor activity due to low binding of mutant forms 
to glycosaminoglycans on the endothelial cells or to surface-bound 
C3b (411,412). Reduced ability of C-terminal CFH mutants to 
bind C3b on platelets also leads to platelet activation and release 
of TF-containing microparticles promoting thrombosis (413). 
CFH levels are usually normal; however, the rare homozygous 
CFH mutations are associated with quantitative CFH deficiency 
and very low C3 levels (42). Plasma C3 level is decreased in 30% 
to 50% of patients with heterozygous mutations (11).

anticomPlement factor H antibodies

Autoantibodies against CFH account for approximately 6% to 
10% of cases with aHUS (11,36). Patients with the sporadic 
form of the disease are affected. The autoantibodies are directed 
against the C terminal of the molecule inhibiting CFH binding 
to C3b (414). The effects are similar to those with C-terminal 
FH mutations. Interestingly, about 90% of patients with 
anti-CFH autoantibodies have complete deficiency of factor 
H-related proteins (CFHR) 1 and 3 secondary to deletion of 
the CFHR1 and CFHR3 genes (415,416). Genetic abnormali-
ties of CFHR1, CFHR3, CFHR5, and CFHR1-CFHR4A have 
also been reported (417,418).

membrane cofactor Protein

Mutations of the gene encoding MCP have been described in 
5% to 15% of patients with aHUS, and they are more frequent 
in children than in adults (11,419). Most of the mutations 
are heterozygous and approximately 25% are homozygous 
or compound heterozygous. The mutant forms may show 
decreased C3b binding capability, decreased cofactor activity, 
or decreased expression on blood leukocytes (76,420).

comPlement factor i
Mutations of CFI account for 4% to 10% of patients with 
aHUS (11). Approximately 40 mutations have been reported, 
all heterozygous. The mutations result in low CFI levels in about 
50% of patients (421). Others disrupt cofactor activity with 
altered degradation of C3b/C4b in the fluid phase and on sur-
faces (421). Mutations involving more than one gene in various 
combinations, such as CFH-TM, CFH-CFI, CFH-CFI-MCP, 
CFI-MCP, and CFH-MCP, have also been described (34).

comPlement factor b
The rare heterozygous gain-of-function mutations of CFB 
account for approximately 1% to 4% of patients with aHUS 
(11,422). The mutated forms bind excessively to C3b, induce 
an increased stability and activity of the C3 convertase, with 
enhanced formation and deposition of C5b-9 complexes 
at endothelial cell surfaces (423). Permanent activation of 
the alternative pathway results in very low C3 levels in these 
patients. Plasma CFB levels may be normal or low.

c3
Heterozygous mutations of C3 account for about 4% to 10% 
of patients with aHUS (11). Most C3 mutations reduce C3b 
binding to CFH and MCP, leading to impaired degradation of 

mutant C3b and increased formation of C3 convertase (424). 
Plasma C3 levels are low in the majority of patients.

tHrombomodulin

In up to 3% to 5% of patients with aHUS, heterozygous muta-
tions of the thrombomodulin (TM) gene are identified (11). 
Thrombomodulin, a key component in the protein C antico-
agulant and anti-inflammatory pathway, facilitates complement 
inactivation by CFI in the presence of CFH (406). The mutant 
forms are less efficient in degrading C3b and in generating 
activated thrombin-activatable fibrinolysis inhibitor (TAFIa), 
a plasma carboxypeptidase B that cleaves C3a and C5a (406).

otHer considerations

Reduced penetrance and variable inheritance are also character-
istic features of aHUS with gene mutations. In two large inde-
pendent cohorts with 152 patients, the penetrance of disease 
phenotype was reported to be approximately 50% (424b). A 
possible explanation for the incomplete penetrance is that poly-
morphic changes in complement regulatory proteins may act as 
modifiers. Specific single nucleotide polymorphism (SNP) vari-
ants of both CFH and MCP genes were shown to be associ-
ated with aHUS with concurrent mutations of the same genes 
(294,424b). Caprioli et al. (294) showed that the association 
between aHUS and specific SNP variants of the CFH gene 
was also present in patients without CFH mutations. In one of 
the two cohorts of patients included in the study of Fremeaux-
Bacchi et al. (424b), the association between aHUS and spe-
cific SNP variants of the CFH gene was only present in those 
patients without known mutations in CFH, MCP, and IF genes. 
However, in the other cohort of patients from the same study, an 
association between aHUS and specific SNP variants of the CFH 
gene was only seen in those patients known to have a mutation.

Some patients may have complex genetic abnormalities. 
In two siblings described by Noris et al. (424c) who presented 
with recurrent familial TMA (one with exclusive neurologic 
symptoms and the other with severe renal involvement), both 
patients had severe ADAMTS13 deficiency as a result of two 
heterozygous mutations. In addition, a heterozygous mutation 
of factor H was found in the patient who developed chronic 
renal failure but not in her sister who presented with exclusive 
neurologic symptoms.

In summary, decreased levels or functional deficiencies of 
some of the complement regulatory proteins of the alternative 
pathway are associated with HUS in approximately 70% of 
patients with the atypical form of the disease. Currently, these 
heterogeneous abnormalities, both genetically determined and 
acquired, resulting primarily from the dysregulation of the 
alternative complement pathway, are considered to be pre-
disposing factors for aHUS. Precise molecular mechanisms 
leading to HUS in these patients have not been delineated. 
Steady complement activation on the surface of the endothe-
lial cells may result in endothelial cell activation and/or injury 
predisposing them to further injury leading to HUS in some 
patients. However, there are individuals with the predisposing 
genetic mutation(s) who remain asymptomatic pointing to 
additional extrinsic and/or intrinsic factors in the development 
of the disease. The familial forms with complement abnormali-
ties reveal genetic heterogeneity, and a significant proportion 
of the sporadic forms also have genetic abnormality. However, 
approximately 30% of patients with the atypical form of HUS, 
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including those with decreased complement levels, still remain 
without identified etiologic factors.

Streptococcus pneumoniae–Associated HUS
HUS may be associated with infections with neuraminidase-
producing organisms (15,16,64,65,425–433). Neuraminidase, 
which is produced by certain bacteria such as S. pneumoniae 
and possibly some viruses, has the potential to damage endo-
thelial cells, platelets, and also red blood cells. The  pathogenesis 
has been attributed to the action of neuraminidase to expose 
the usually hidden T-crypt antigen (Thomsen-Friedenreich 
antigen) by removing part of the protective glycocalyx (N- 
acetylneuraminic acid) from membrane surfaces (89). Because 
most people have preformed circulating IgM antibodies to this 
antigen, the antigen-antibody reaction followed by comple-
ment activation through the classical pathway damages endo-
thelial, red-cell, and platelet surfaces (89,434) and leads to 
intravascular thrombosis, hemolysis, and thrombocytopenia. 
Hemolysis caused by the direct action of neuraminidase on the 
red blood cells provides an explanation for those cases of HUS 
in which anemia occurs with scanty or no evidence of a TMA 
(9,20). The recent rise in the incidence of pneumococcal HUS 
has been attributed to the changing epidemiology of invasive 
pneumococcal infections since the introduction of heptavalent 
pneumococcal conjugate vaccine (PCV-7) (15,64).

Thrombotic Thrombocytopenic Purpura
von Willebrand Factor and ADAMTS13 Abnormalities
Endothelial cells are the primary source of circulating vWF 
multimers. However, vWF multimers that are produced by 
the endothelial cells are larger than those found in normal 
plasma. In normal circumstances, vWF-cleaving metalloprote-
ase (ADAMTS13) degrades the secreted multimers by cleaving 
vWF on the surface of the endothelial cells at the Tyr1605-
Met1606 peptide bond in the A2 domains of monomeric sub-
units (435,436). In addition, ADAMTS13 also cleaves vWF in 
the flowing blood (438) and at the sites of tissue injury (438b). 
Similar to that of vWF, the primary source of the ADAMTS13 
is the endothelium (438c). Genetic or acquired deficiencies of 
ADAMTS13 activity result in deficient cleavage and persistence 
of unusually large (UL) vWF multimers (i.e., multimeric forms 
of vWF, larger than that in normal plasma) in circulation. High 
shear stress rates favor the interaction of large vWF multim-
ers with platelet glycoprotein Ib-IX-V receptors that, in turn, 
activates platelets and promotes glycoprotein IIb-IIIa receptor–
dependent platelet aggregation and formation of platelet thrombi 
in the microcirculation (435). Genetic deficiencies are linked 
to homozygous or compound heterozygous mutations of the 
ADAMTS13 gene, while the more common acquired deficien-
cies are due to circulating inhibitory immunoglobulin G (IgG) 
autoantibodies against ADAMTS13 (71,163,205,441–443). 
The autoantibodies bind the spacer domain of ADAMTS13, 
a region critical for recognition and proteolysis of vWF (163).

The ULvWF multimers are secreted from the Weibel-Palade 
bodies of the endothelial cells upon stimulation and remain, at 
least transiently, anchored to the endothelial cell membrane, 
possibly via P-selectin (444). Without cleavage by ADAMTS13, 
the strings of ULvWF multimers that are highly adherent to 
platelet glycoprotein Ibα-IX-V surface receptors (445) may form 
the niduses of platelet-rich thrombi, typical of TTP (446). In 
vitro studies indicate that some of the inflammatory cytokines 
(IL-8 and TNFα) may stimulate the release of ULvWF from the 

endothelial cells and that IL-6 inhibits the cleavage of ULvWF 
(447). This observation links inflammation to the accumulation 
of hyperreactive ULvWF, both in the plasma and on the surface 
of endothelial cells that may contribute to platelet aggregation 
and adhesion on the vascular endothelium. Although trigger-
ing events are rarely identified in patients with idiopathic TTP, 
accentuated secretion of vWF multimers by inflammatory cyto-
kines may perhaps provoke the disease in some patients with low 
plasma ADAMTS13 activity (169).

However, in some patients who have ULvWF multimers 
in the circulation, the ADAMTS13 levels are normal (167). 
This raises the possibility that abnormalities of vWF-cleaving 
proteases other than ADAMTS13 or of disulfide isomerases 
may also be involved in the pathogenesis of some cases of TTP 
(448). Other patients may have persistent severe ADAMTS13 
deficiency, either congenital or acquired with a demonstrable 
autoantibody inhibitor, but have no clinical signs of TTP.

The relationship between clinical disease phenotype and 
deficient ADAMTS13 activity has been addressed in a number 
of studies in patients with TTP and HUS (448–452). Although 
some studies reported nearly perfect correlation between TTP 
and severe deficiency in ADAMTS13 activity (449,453), other 
studies showed that a significant proportion of patients with the 
clinical diagnosis of HUS (typical, atypical, and familial) can 
also have severe ADAMTS13 deficiency (432,452,454,455). 
Other studies show that up to 50% of patients with idiopathic 
TTP present without detectable severe ADAMTS13 deficiency 
(441,453). Among those with the diagnosis of idiopathic TTP 
and severe ADAMTS13 deficiency, the incidence of autoan-
tibodies was 62% in one study (453). Furthermore, severe 
ADAMTS13 deficiency has been well documented in patients 
with systemic infections and malignancies with and without 
concurrent ADAMTS13 inhibitors (172,302,456). Therefore, 
ADAMTS13 deficiency is not a reliable marker to distinguish 
TTP from HUS and is not specific for the diagnosis of TTP 
(74). Still, severe ADAMTS13 deficiency defines a subset of 
patients among TMA patients with distinct laboratory and 
clinical profiles (457). Patients with severe ADAMTS13 defi-
ciency and TMA showed more relapses and significantly lower 
platelet count, medium hematocrit levels, and serum creatinine 
versus those patients who had TMA but did not have severe 
ADAMTS13 deficiency (457). In contrast, neither the present-
ing features nor the clinical outcomes were different in another 
study in patients with idiopathic TTP/HUS who had severe 
ADAMTS13 deficiency from those who did not (164). Many 
patients in this study in both categories responded to plasma 
exchange treatment, a clear indication that severe ADAMTS13 
deficiency cannot be used as a basis for withholding plasma 
exchange treatment (164).

Some data indicate that ADAMTS13 levels and the pres-
ence of anti-ADAMTS13 antibodies during remission(s) may 
have prognostic ramifications for future disease recurrences. 
Patients with severely reduced levels of ADAMTS13 and/
or with anti-ADAMTS13 antibodies during remission had 
an approximately threefold greater likelihood of developing 
another episode of TTP than patients with higher protease 
activity and no antibody (448). Recent data also indicate that 
higher anti-ADAMTS13 antibody titers may have predictive 
value for acute episode severity in patients with TTP. Higher 
IgA, IgG1, and IgG3 antibody titers during the acute phase 
were reported to correlate with disease severity in patients with 
TTP (458).
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Complement Abnormalities
There are also some data supporting the potential role of com-
plement activation and polymorphonuclear leukocytes in the 
pathogenesis of TTP (459,460). In vitro, human microvascu-
lar endothelial cells showed C3 and MAC deposition and sur-
face expression of P-selectin upon treatment with serum from 
patients with TTP (459). Neutrophils isolated from patients 
during the acute phase of the disease released excessive amounts 
of reactive-oxygen species (ROS), N-derived oxidants, and 
proteinases and induced damage and thromboresistance loss 
in human microvascular endothelial cells ex vivo (459). Réti 
et al. (460) reported features of both classical and alternative 
complement activation in patients with TTP.

Systemic Infections
Severe systemic infections can mimic the clinical features of TTP 
or HUS. Out of the 451 patients in the Oklahoma TTP-HUS 
Registry, 31 (7%) had severe infections, 16 of which (52%) pre-
sented with the classic pentad of TTP, and 4 of them had severe 
ADAMTS13 deficiency with demonstrable inhibitor activity in 
2 of them (172). A review of the literature conducted in con-
junction with the analysis of the Oklahoma TTP-HUS Registry 
revealed a wide array of systemic infections in association with the 
clinical presentation of TTP. Although some of these infections, 
such as brucellosis, streptococcal infection with acute glomerulo-
nephritis, angioinvasive fungal infections, CMV, HIV, ehrlichio-
sis, and Rocky Mountain spotted fever, may cause microvascular 
injury, in the majority of the cases, the etiology of the MAHA is 
uncertain. The possibility that some of these cases may have severe 
systemic infections with concurrent TTP or HUS, triggered by 
infection, has also been entertained (173). Well-documented 
association of certain infections and also inflammatory condi-
tions with TTP supports the role of severe infections as potential 
triggers for TTP (169,174). Since TTP can never be excluded 
with certainty in patients who are acutely ill and present with 
MAHA and thrombocytopenia, these cases represent a difficult 
differential diagnostic and therapeutic challenge.

Platelet Activation and Aggregation
Platelet activation and aggregation is considered to be a major fea-
ture in the pathogenesis of both HUS and TTP. Thrombocytopenia 
is caused by consumption of activated platelets in microthrombi 
and mechanical destruction in peripheral, damaged microvessels. 
Activation of the platelets can be initiated by multiple mecha-
nisms, including endothelial damage, exposure of the subendo-
thelium, shear stress, binding of agonists such as thrombin or 
thromboxane A2, platelet alpha granule–derived chemokines, 
complement activation, Stx and LPS, bacterial virulence factors, 
monocyte and endothelium-derived chemokines, and ULvWF 
multimers (461). Platelet activation in TMA can be initiated by 
endothelial damage and thrombin generation, which is followed 
by platelet aggregation at the site of injury. Shiga toxin–induced 
endothelial cell activation can trigger platelet activation via 
induction of vitronectin receptor (αvβ3) with the participation 
of vWF (370). Recent data also indicate that platelet activation 
occurs upon direct exposure to Stx and LPS in classic HUS, due 
to abnormal complement activation on the surface of the platelets 
in aHUS, and via ULvWF multimers anchored to P-selectin on 
the surface of the endothelial cells in TTP (413,462,463). In vitro 
data suggest a potential role of EHEC LPS in platelet activation 
via toll-like receptor 4 (TLR4) and CD62 in classic HUS (462). 
The same study also showed O157 LPS on circulating platelets 

in patients with classic HUS. A role of CFH in modulating plate-
let structure and function has also been demonstrated in aHUS 
(413,463). A reduced ability of C-terminal CFH mutants to 
bind to platelets enables  complement activation on the surface 
of the platelets with subsequent platelet activation, which may 
contribute to the development of thrombocytopenia in aHUS. 
Platelet activation results in the release of various chemokines 
and cytokines, leading to endothelial cell activation, recruitment 
of inflammatory cells, and induction of TF expression by both 
platelets and monocytes (464).

Coagulation Disturbances
Although intravascular coagulation is an important feature of 
HUS and TTP, no apparent clinical or laboratory signs of dis-
seminated intravascular coagulation are usually present. The 
lack of disseminated intravascular coagulation in HUS and TTP 
may be due to an organ-limited activation of coagulation (i.e., 
kidney in HUS), or low-grade coagulation. Thrombotic changes 
in HUS and TTP can be explained on the basis of imbalance 
between fibrin formation and its removal. A defect in fibrin 
removal has been shown in human HUS by the demonstration 
of a plasma inhibitor of glomerular fibrinolysis. The circulating 
inhibitor of fibrinolysis in HUS has been identified as plasmino-
gen activator inhibitor type 1 (PAI-1); normalization of plasma 
PAI-1 levels in children with HUS correlated with improvement 
in renal function (465). Elevated plasma levels of PAI-1 were 
later confirmed by another study of patients with classic HUS 
(466). Additional laboratory features of altered coagulation that 
had preceded the clinical onset of HUS included elevations in 
plasma concentrations of prothrombin fragment 1 + 2, tissue 
plasminogen activator (t-PA) antigen, t-PA-PAI-1 complex, 
and d-dimer levels. These findings were suggestive of thrombin 
generation and inhibition of fibrinolysis that precede and may 
also be the cause of renal injury in classic HUS. Up-regulation 
of PAI-1 was also shown in the glomeruli and arterial walls on 
renal biopsies from patients with TMA (467).

The potential role of TF in abnormal coagulation in classic 
HUS has been addressed by some studies. Elevated serum levels 
of TF and tissue factor pathway inhibitor (TFPI) were reported 
in patients during the acute phase of classic HUS (468). 
Thrombin activity in the circulating blood was inferred from 
the increase in thrombin antithrombin-III complex, and there 
was a correlation between plasma TF levels and plasma soluble 
thrombomodulin levels, a marker of endothelial cell injury.

A more recent study reported an increased number of 
microparticles with surface-bound TF, mainly originating from 
platelets and monocytes, in the plasma of patients with classic 
HUS (469). These patients also showed functional TF activ-
ity in their serum. In vitro, TF-containing microparticles were 
released from monocytes and platelets upon stimulation with 
Stx and LPS, an effect that was augmented by simultaneous 
exposure of Stx and LPS and also high shear stress (469).

Inflammation
There is strong evidence indicating a significant role of neu-
trophils and monocytes in the pathogenesis of classic HUS. 
A high polymorphonuclear leukocyte count at presentation 
correlates with poor prognosis (339,470), and glomerular 
accumulation of mononuclear and polymorphonuclear leuko-
cytes has also been documented in the kidneys of patients with 
classic HUS (311). Significantly elevated circulating levels of 
neutrophil activator IL-8 were shown to correlate with both 
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serum α1-antitrypsin–complexed elastase (a marker of neutro-
phil  activation) and, in classic HUS, the circulating polymor-
phonuclear count (471).

Several lines of in vitro experimental evidence also support 
the pathogenetic role of neutrophils and monocytes in classic 
HUS. Upon stimulation with Stx, monocytes produce cytokines 
TNFα, IL-1β, IL-6, and IL-8 via transcriptional activation of 
NF-κB and AP-1 (372,472). Locally-produced cytokines can 
augment microvascular injury by up-regulation of the endothelial 
Stx receptor Gb3 and also via amplification of the inflammatory 
response (371). Direct interaction of the inflammatory cells with 
activated endothelial cells can further contribute to the endo-
thelial cell injury. Activated neutrophils can generate superox-
ide anions (O2

−) that, combined with endothelial-derived nitric 
oxide (NO), form the highly cytotoxic hydroxyl radical. Evidence 
indicates increased levels of oxidative stress during the acute stage 
of classic HUS in association with signs of elevated lipid peroxi-
dation (473). Polymorphonuclear leukocytes stimulated by Stx 
induce apoptosis in cocultured endothelial cells (474).

Antiphospholipid Antibodies
Antiphospholipid antibodies (i.e., lupus anticoagulants, anticar-
diolipin, and anti-β2-glycoprotein-1 antibodies) may prolong 
phospholipid-dependent coagulation times, but paradoxically, 
they are associated with an increased risk of venous and arterial 
thrombosis (475). Antiphospholipid syndrome (APS) is cur-
rently defined by the presence of at least one of two clinical 
criteria (vascular thrombosis or pregnancy morbidity) and at 
least one of three laboratory criteria (lupus anticoagulants, anti-
cardiolipin, and/or anti-β2-glycoprotein-1 antibodies) (476). 
Historically, APS has been divided into three main groups; the 
primary form occurs without underlying diseases, while the sec-
ondary forms develop in the background of other diseases, among 
which SLE is the most common. Catastrophic APS is charac-
terized by simultaneous vascular occlusions typically affecting 
small vessels of multiple organs (477,478). Antiphospholipid 
antibodies have also been described in association with micro-
vascular thrombosis in various clinical conditions, such as pri-
mary APS, SLE, lupus-like syndrome, postpartum renal failure, 
preeclampsia-eclampsia, HELLP syndrome, catastrophic APS, 
HUS, TTP, malignant hypertension, and SSc (479). The most 
common renal manifestations of APS are those of microvascular 
thrombotic lesions, that is, TMA; however, arterial and arterio-
lar intimal fibroplasia with or without luminal occlusion, orga-
nized arterial thrombi, cortical infarction, focal cortical atrophy, 
renal vein thrombosis, membranous and proliferative glomeru-
lonephritides, C3 nephropathy, pauci-immune crescentic glo-
merulonephritis, minimal change disease, and focal segmental 
glomerulosclerosis have also been described in association with 
APS (475,480–483). The term microangiopathic APS has been 
proposed for a subset of patients with APS who present with 
microvascular thrombotic complications (484).

The clinical presentation in patients with renal involve-
ment varies based upon the nature of the underlying pathology; 
patients with acute TMA may present with rapidly progressive 
renal failure, proteinuria, sometimes in the nephrotic range, 
and severe hypertension, often in the malignant range (480), 
MAHA and thrombocytopenia can also be seen. In patients with 
chronic TMA, the clinical presentation is more subtle; systemic 
hypertension is common but variably associated with renal insuf-
ficiency, proteinuria, or hematuria (483,485). It has also been 

well  documented that APS can lead to slow loss of renal function 
without history of apparent acute events. Chronic arterial and 
arteriolar changes with  intimal  fibroplasia, arterial and arteriolar 
fibrous and fibrocellular occlusions, features of chronic TMA, 
and nonspecific focal cortical atrophy are common findings in the 
kidney biopsies of these patients as shown in a study of primary 
APS (483). Renal TMA in patients with the secondary forms of 
APS develops in the background of various glomerular, vascular, 
and tubulointerstitial pathologies. Morphologic distinction of 
some of the APS-related chronic vascular changes from those sec-
ondary to hypertension could be challenging. Distinction might 
be aided by the apparent discrepancy between the morphologic 
severity of such lesions and the severity of the hypertension.

A systematic review of the literature identified 46 patients 
between 1983 and 2002 with antiphospholipid antibodies 
and thrombotic MAHA (486). More than half of the patients 
had primary APS (61%), one third had SLE (33%), while the 
remainder had either lupus-like syndrome (4%) or SSc (2%). 
The most common clinical manifestations were those of HUS 
(26%), catastrophic APS (23%), postpartum and pregnancy-
related acute renal failure (13%), malignant hypertension 
(13%), and TTP (13%). Morphologic findings that were 
available from 32 patients indicated fibrin thrombi in the glo-
merular capillaries, arterioles, and interlobular arteries in 75%, 
46%, and 33% of cases, respectively.

A detailed morphologic study by Nochy et al. (483) 
described a spectrum of small vessel vasoocclusive lesions, 
both acute and chronic, in patients with primary APS. These 
changes that include acute and chronic TMA, arterial and 
arteriolar intimal fibroplasia, vascular luminal occlusion, and 
focal cortical atrophy were also confirmed by other studies 
(485,487) and are now referred to as APS nephropathy.

However, the reports are somewhat conflicting about the 
relationship between antiphospholipid antibodies and the renal 
changes in SLE. Farrugia et al. (488) reported that the renal mor-
phologic changes in most patients who had lupus anticoagulant-
positive SLE and renal dysfunction were indistinguishable from 
those observed in patients with lupus anticoagulant-negative SLE 
and renal involvement. However, some of the lupus anticoagu-
lant-positive patients had renal TMA, which was accompanied 
by a worse prognosis. In contrast, Bhandari et al. (489) reported 
an association between the presence of anticardiolipin antibodies 
and serum as well as pathologic markers of disease activity in a 
study of 51 patients with SLE and biopsy-proven nephritis. The 
correlation between the presence of intraglomerular thrombi and 
anticardiolipin antibodies was also significant. Moreover, the 
presence of thrombi was associated with a worse outcome.

A number of more recent studies support the notion that 
antiphospholipid antibodies in patients with SLE have both 
pathologic and clinical significance. In a study by Daugas 
et al. (490) of the 114 patients with SLE, APS nephropathy 
was identified in 32% of patients who had renal biopsies. 
Antiphospholipid syndrome nephropathy was statistically 
associated with lupus anticoagulants, and it was also an inde-
pendent risk factor for more severely altered renal function. 
Another well-documented study of 151 patients with SLE 
reported a strong correlation between APS nephropathy and 
the presence of lupus anticoagulants (491). A more recent 
study from the same group also revealed that the frequency of 
chronic lesions of APS nephropathy was similar among those 
with SLE, primary APS, and catastrophic APS (485). A strong 
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association was found between lupus anticoagulant positivity 
and the development of chronic renal insufficiency in the long 
term in patients with SLE (492).

Catastrophic APS usually affects multiple organs simul-
taneously, with renal involvement being the most common 
(478). The lesions are typically those of severe acute TMA 
with an approximately 50% mortality rate. The onset of cata-
strophic APS is often triggered by various precipitating factors, 
including infections, surgical procedures, withdrawal of or 
inadequate anticoagulation, neoplasm, lupus flares, and drugs 
such as oral contraceptives (478).

Experimental data strongly suggest that antiphospholipid 
antibodies play a pathogenetic role in the thrombotic compli-
cations of APS via multiple pathways, including activation of 
endothelial cells, monocytes and platelets, inhibition of acti-
vated protein C and antithrombin activity, and complement 
activation (493). There is also evidence indicating that some 
of the antiphospholipid antibodies can hinder inactivation of 
procoagulant factors and resolution of clots by binding to pro-
teases involved in hemostasis and fibrinolysis, such as plasmin, 
tissue plasminogen activator, and activated factor X (493,494). 
Antiphospholipid antibodies can activate the endothelial cells 
and monocytes leading to induced expression of adhesion mol-
ecules by the endothelial cells and up-regulation of TF expres-
sion by both the endothelial cells and monocytes (493,495). 
Antiphospholipid antibody–induced activation of the platelets 
may initiate platelet adhesion and thrombosis (496). NF-κB 
and p38 mitogen–activated protein kinase (p38 MAPK) 
are important mediators of these processes (493,495,497). 
Activation of the endothelial cells, platelets, and monocytes 
sets the stage for thrombotic complications that can be trig-
gered by complement activation (498) perhaps in the presence 
of a second hit (493,499).

Animal Models
Animal models that fully recapitulate the entire spectrum of 
Shiga toxin–mediated HUS as seen in humans following oral 
ingestion of bacteria are lacking. In a baboon model developed 
by Taylor et al. (500), the animals show thrombocytopenia, 
MAHA, and glomerular TMA but only with intravenous infu-
sion of Stx 1. It has also been shown that 100 ng/kg of Stx 1 
administered as a single bolus dose results in severe HUS, while 
administering the same total amount of toxin as four 25 ng/kg 
doses every 12 hours does not (501), unless LPS is administered 
concurrently (398). However, intravenous administration of four 
25 ng/kg doses of Stx2 did cause HUS (147). These findings in 
baboons corroborate epidemiologic observations (119) and cell 
culture findings (366,383) regarding higher toxicity of Stx2.

There are also subprimate models of Stx-mediated HUS, 
including those in ferrets (502), canines (503), pigs (504), and 
mice (377,505). Ferrets were shown to develop glomerular 
lesions mimicking those seen in HUS following oral infection 
with E. coli O157:H7 (502). Also, oral infection of gnotobiotic 
pigs with E. coli 157:H7 or O26:H11 results in renal TMA 
with arteriolar and glomerular involvement similar to that 
seen in humans (504). However, thrombocytopenia, MAHA, 
and renal failure, typical of human disease, are lacking in this 
model. Intraperitoneal coinjection of purified Stx2 with LPS 
in C57BL/6 mice results in thrombocytopenia, hemolytic ane-
mia, and renal failure with glomerular microthrombi closely 
mimicking human HUS (506).

Administration of an extrinsic toxin (Stx) to ADAMTS13-
deficient mice with a genetic background of CASA/Rk (a 
mouse strain with elevated plasma vWF) triggers TTP (507). 
However, in ADAMTS13-deficient mice that were also either 
haploinsufficient (vWF+/−) or completely deficient (vWF−/−) in 
vWF, the lack of vWF resulted in complete protection from 
Stx-induced thrombocytopenia (508).

Summary of Pathogenesis
The pathogenesis of HUS and TTP is complex, but it appears 
best explained by regarding endothelial damage as the initial 
event. Predisposing factors for the development of the disease 
include hereditary and acquired deficiencies of various com-
plement regulatory proteins and the vWF-cleaving protease. 
Endothelial damage may be initiated by various factors includ-
ing Stx, neuraminidase, lytic antiendothelial cell antibod-
ies, apoptosis-inducing factor, cyclosporine, and mitomycin. 
Endotoxin, proinflammatory cytokines, and polymorpho-
nuclear leukocytes may also contribute to endothelial damage. 
Changes in the endothelial cell anticoagulant and procoagu-
lant properties, decrease in PGI2 formation, appearance of UL 
vWF multimers, and exposure of thrombogenic subendothelial 
surfaces lead to platelet activation and aggregation. In turn, 
these factors are responsible for the formation of thrombi and 
cellular proliferation in the glomeruli and arterioles. Red blood 
cell hemolysis is caused by mechanical disruption in traversing 
fibrin meshwork or by the direct action of neuraminidase and 
other circulating antibodies. Thrombocytopenia is produced in 
several ways, which include consumption in thrombi, circulat-
ing platelet-aggregating factors, Stx, neuraminidase, and vWF.

TREATMENT OF TMA
Up until very recently, the mainstay for the treatment of all 
adult patients who fulfilled the clinical diagnostic criteria of 
TMA has been plasma exchange (9). Especially in those patients 
with the possibility of autoantibodies blocking ADAMTS13 
activity adjuvant treatment with corticosteroids has also been 
applied. Some patients, especially those with an exacerbation 
after a response or a relapse after a remission, may also benefit 
from rituximab treatment (9). Inhibition of the terminal com-
plement complex formation by the monoclonal C5 antibody 
eculizumab is the newest treatment option for patients with 
some forms of TMA. Eculizumab has been successfully applied 
to patients with aHUS, classic HUS, and also in renal trans-
plants for recurrence of TMA (509–511). Combined liver-
kidney transplants have been performed to treat patients who 
developed ESRD due to aHUS with CFH or CFB mutations, 
with limited success (11).

SYSTEMIC SCLEROSIS (SYSTEMIC 
SCLERODERMA)
Classification
Systemic scleroderma, progressive systemic sclerosis, and systemic 
sclerosis are three terms used interchangeably to describe this 
rare systemic connective tissue disease of unknown origin. 
Although no single classification of SSc is universally adopted, 
the two disease subset model with diffuse and limited forms is 
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the most common in use (512). In the first, diffuse form (syn-
onym: diffuse cutaneous form), symmetrical skin involvement 
affects both the distal and proximal parts of the extremities and 
often the trunk and face. Rapid progression of skin changes 
and early appearance of visceral involvement are characteris-
tic. In the second, limited form (synonym: limited cutaneous 
form), a more confined symmetrical involvement of the skin, 
affects the distal part of the extremities (often restricted to the 
fingers) and the face. The progression of the sclerotic process 
is relatively slow and visceral manifestations take a much lon-
ger time to become manifest in this form. The terms CREST 
syndrome (calcinosis, Raynaud phenomenon, esophageal hypo-
motility, sclerodactyly, and telangiectasia), acrosclerosis, and 
acroscleroderma were also used for this more limited, relatively 
indolent, form of this disease (513). A three-cutaneous-subset 
classification system distinguishes a limited form, in addition 
to the limited cutaneous, and diffuse cutaneous forms of the 
disease (513,514). Patients with the limited form of SSc have 
Raynaud phenomenon and SSc-specific nailfold capillary 
changes and/or SSc-specific autoantibodies. A rare form with-
out skin involvement (“systemic sclerosis sine scleroderma”) 
also exists (515). “Overlap” syndromes, which include sclero-
dermatomyositis and mixed connective tissue disease, are also 
included under the general heading of SSc (516). The survival 
of patients with the limited form is much longer, and death is 
often caused by diseases other than SSc. The group with the 
diffuse form runs the risk of severe renal damage.

Scleroderma renal crisis is the term used to describe the most 
severe form of renal involvement in SSc (517,518). This disor-
der is characterized by rapidly developing acute renal failure 
that is often accompanied by elevation of the blood pressure, 
sometimes to "malignant" levels. However, in approximately 
10% of cases with scleroderma renal crisis, the disease devel-
ops in patients without elevated blood pressure (519). MAHA 
has been reported in 35% of patients with scleroderma renal 
crisis in a recent study (520), and thrombocytopenia can also 
be present (521). Proteinuria may be seen as part of sclero-
derma renal crisis, but it may occur independently of the crisis 
in certain patients. Apart from proteinuria, hypertension and 
azotemia also occur outside scleroderma renal crisis, and such 
patients have a more indolent course.

Epidemiology and Clinical Presentation
SSc is a condition that occurs predominantly in women, with 
an approximate female-to-male ratio of 6:1 to 10:1 (522,523). 
It may occur at all ages, but most patients are between 45 and 
64 years of age at clinical onset (522). The disease is rare in 
children (524). The annual incidence and prevalence of the 
disease vary largely among different surveys. A recent system-
atic literature review reported the prevalence ranging from 7/
million to 489/million and the incidence from 0.6/million/
year to 122/million/year (525). The prevalence is higher in 
the United States (276/million) and Australia (233/million) 
than in Europe (France: 158/million and England: 88/mil-
lion). In a recent study from Norway, the prevalence of SSc 
was 99/million, with estimated prevalences of 13/million, 69/
million, and 18/million for patients with limited SSc, lim-
ited cutaneous SSc and diffuse cutaneous SSc, respectively 
(526). However, it has been pointed out that interpretation of 
some of the epidemiologic studies might be hampered by the 
inconsistent use of classification criteria and subset definitions 

(527). Patients with the diffuse form of SSc have thickening 
and tightening of the skin as the earliest signs of the disease. 
The skin involvement starts in the fingers and then spreads 
to the forearms, upper arms, thighs, abdomen, and upper 
chest. The involved skin becomes increasingly shiny, taut, and 
adherent to the underlying subcutaneous tissue, with impair-
ment of mobility of muscles, tendons, and joints. In contrast, 
in the limited form, skin involvement is restricted to the 
fingers, hands, and face. Raynaud phenomenon is the most 
common manifestation of SSc and usually precedes changes 
in the skin (528). Esophageal involvement occurs with similar 
frequency in both diffuse and limited forms, but heart, lung, 
and renal involvement is considerably more common in the 
diffuse form (528).

Laboratory findings include anemia, hypergammaglobu-
linemia, positive rheumatoid factor in one fourth, and anti-
nuclear antibodies (ANA) in 80% to 98% of patients (529). 
Little, if any, correlation exists between the presence and titer 
of antinuclear antibodies and the clinical severity of the disease. 
There is no compelling evidence either that the antibodies play 
a direct role in the pathogenesis of the disease.

The major autoantibody response consists of anticentro-
mere, anti-topoisomerase I (also known as anti-Scl 70), anti-
RNA polymerase III, anti-U1RNP (U1RNP), anti-Th/To (Th/
To), anti-Pm/Scl (Pm/Scl), anti-Ku (Ku), and anti-fibrillarin 
(U3RNP) antibodies (530,531). These antibodies are reported 
to be mutually exclusive, and there is strong evidence of spe-
cific autoantibody clinical phenotype and autoantibody sur-
vival associations. Anticentromeric, anti-Th/To, and anti-Ku 
antibodies are more common in patients with the limited form 
of SSc, while anti-topoisomerase I and anti-RNA polymerase 
III antibodies are more common in those with the diffuse form 
of the disease (531,532). The presence of anti-topoisomerase 
I, anti-RNA polymerase III, and anti-U1RNP was associated 
with significantly reduced survival as compared with patients 
with anticentromeric antibodies in a recent study from 
Australia (531).

Renal Involvement
A European multicenter study reported renal involvement (as 
characterized by proteinuria, or hematuria, or increased creati-
nine) in 52 of 290 patients (18%) with SSc at the time of first 
observation (533). Historical data from the United States and 
Italy indicate a 19% and 12% incidence of scleroderma renal 
crisis in patients with the diffuse form of the disease, respec-
tively (534,535). More recent data show that the incidence 
of scleroderma renal crisis has decreased to less than 5% in 
patients with SSc and to less than 2% in those with the lim-
ited cutaneous form of the disease (532), possibly due to early 
aggressive treatment with ACE inhibitors. In up to 25% of 
patients, the diagnosis of scleroderma is made at the time of 
SRC presentation (521,536).

Steen et al. (537) compared 36 patients with the diffuse 
form of SSc and scleroderma renal crisis with 212 who had 
the diffuse form of disease without renal involvement. The 
first group had a shorter mean duration of disease—2.4 years 
versus 4.2 years—and had digital pitting scars less frequently. 
No other significant differences in clinical and laboratory 
findings were noted. Out of 60 patients with scleroderma 
renal crisis in this cohort, 47 patients had the diffuse form of 
the disease. Therefore, patients with the diffuse form of SSc 
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apparently are most prone to develop scleroderma renal crisis. 
In addition, scleroderma renal crisis more likely develops in 
those patients with the diffuse form of SSc who have a rela-
tively short history of the disease. Renal damage is rare in the 
limited form of SSc.

In patients with scleroderma renal crisis, headaches, 
blurring of vision, and dyspnea are characteristic findings 
and are sometimes accompanied by convulsions. These fea-
tures are related to the malignant hypertension that often 
accompanies scleroderma renal crisis (538). Some patients, 
however, do not develop hypertension, whereas others may 
have only modest elevations in blood pressure (538,539). 
Oliguria is a frequent early finding in scleroderma renal crisis. 
Levels of serum creatinine or BUN are consistently elevated 
and become relentlessly higher as the renal crisis progresses. 
Proteinuria and microscopic hematuria may be present, and 
MAHA is a feature in some cases (538). Renin levels are ele-
vated in the blood (538), usually in patients with malignant 
hypertension.

Other patients with SSc may have various combinations 
of proteinuria, azotemia, and modest degrees of hypertension, 
and some die of nonrenal causes. Increased morbidity among 
those patients with proteinuria has been reported (540).

Among patients with scleroderma renal crisis, the fre-
quency of anti-RNA polymerase III antibodies is 9.4% to 59% 
(518), and there is also a strong association of these antibod-
ies with scleroderma renal crisis (541–543). In the Australian 
Scleroderma Cohort Study, the risk for developing scleroderma 
renal crisis was 25% among patients who were anti-RNA poly-
merase III positive compared with a 2% risk in the absence of 
this antibody (541).

Among various connective tissue diseases, SSc shows the 
poorest prognosis. The mean 10-year survival rate in patients 
with SSc in studies published between 1991 and 2002 was 
72.0% ± 7.60% (534). More recent studies reported improved 
10-year survival rates varying between 75% and 88% (544–
547). In general, the presence of major organ involvement 
(lung, kidney, heart) is associated with lower survival rates, 
and lung and heart involvement are the leading causes of 
death among patients with SSc (548). In a large demographic 
study from Italy, the worse 10-year survival rate (34.8%) was 
observed in patients with scleroderma renal crisis and for a 
group of patients with simultaneous lung, heart, and kidney 
involvement (12.6%) (534). Among the patients who died 
during the mean follow-up of 7.1 years, the most common 
causes of death were cardiac (36%) and lung involvement 
(25%), followed by cancer (15%) and renal involvement 
(12%) (534). The 9-year cumulative survival rate of patients 
with the diffuse form of SSc with severe renal involvement 
was only 40% in a large study from the United States (535). 
However, when patients diagnosed with renal crisis before 
the availability of ACE inhibitors were excluded from the 
analysis, the survival rate was 68% (535). The leading causes 
of death 5 to 10 years after disease onset were comparable to 
those seen in the Italian study (534); however, when death 
occurred during the first 5 years from disease onset, renal 
involvement was the most common cause of death (30%) 
(535). In a recent study from Sweden, the 10-year sur-
vival rate was 76% for patients without scleroderma renal 
crisis but only 40% for those with scleroderma renal crisis 
(543). Another study reported a 35% scleroderma renal  

crisis–related mortality rate in a cohort of 606 patients, 20 
of whom developed scleroderma renal crisis (520). However, 
the scleroderma renal crisis–related mortality was only 10% 
among those who were treated with plasma exchange in addi-
tion to ACE inhibitors.

The increased survival and decreased mortality due to 
scleroderma renal crisis is likely related to better treatment(s) 
available. In a prospective observational cohort study by Steen 
(538), the 5- to 10-year outcomes of 145 patients with sclero-
derma renal crisis treated with ACE inhibitors were investi-
gated. Sixty-one percent of patients with scleroderma renal 
crisis had a good outcome that was similar to that of patients 
who did not have renal crisis. More than half of the patients 
who initially required replacement dialysis could discontinue 
dialysis 3 to 18 months later.

Certain patients with SSc and combinations of protein-
uria, hypertension, and azotemia pursue an indolent course, 
although they die earlier than those without any evidence of 
renal disease. Many die of nonrenal causes.

Pathologic Findings
Pathologic changes in the kidney in scleroderma renal crisis 
represent the acute renal changes of SSc, and this form is con-
sidered first. The changes are similar in those patients with and 
without hypertension.

Gross Appearance
The kidneys are usually of normal or slightly increased size, 
although some may be slightly or moderately reduced and 
scarred because of preexisting arterial narrowing. The subcap-
sular surface often shows petechial hemorrhages or paler areas 
(Fig. 18.26). On cut surface, the paler areas are seen to be 
minute, wedge-shaped infarcts, much smaller than the usual 
infarcts seen in the kidney. Certain kidneys show a mottled, 
yellowish-red cortex with extensive necrosis. In general, the 
changes are similar to those found in HUS and, in certain 
cases, to the malignant phase of essential hypertension.

FIGURE 18.26 Systemic sclerosis (scleroderma renal crisis). 
Autopsy kidney. The surface is finely granular, indicating preexisting renal 
disease secondary to hypertension. There are petechial hemorrhages 
beneath the capsule. (Courtesy of Dr. Jan Pitha.)
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Light Microscopy
glomeruli

The glomerular changes may vary considerably (Fig. 18.27). 
Some glomeruli may show little change, whereas others may be 
congested and infarcted. In some cases, one sees a thickening of 
the capillary walls with a double-contour appearance with silver 
or PAS methods, similar to that seen in HUS. The glomeruli in 
scleroderma renal crisis may have a fibrillar appearance identi-
cal to the changes seen in HUS. Accumulation of glomerular 
intracapillary eosinophilic material with the staining character-
istics of fibrin occurs; these fibrin thrombi are localized to the 
capillary lumina. In other instances, the eosinophilic areas are 
larger and are referred to as fibrinoid necrosis. The areas of fibri-
noid necrosis may contain nuclear debris and ruptured glo-
merular capillary basement membranes. Fragmented red blood 
cells can be identified in glomeruli, mostly when intravascu-
lar fibrin is present in the glomeruli and small blood vessels. 
These red blood cells reflect the MAHA that may be present. 
Occasionally, mild intracapillary or mesangial hypercellu-
larity can be seen. Mesangiolysis may also be present. Some 
glomeruli are sclerosed, either globally or partially, and others 
show ischemic changes consisting of wrinkling and thicken-
ing of the capillary walls with shrinkage and simplification of 
the glomerular tuft. Crescents are encountered rarely, as is the 
case in the closely related lesions of HUS and the malignant 
phase of essential hypertension. The juxtaglomerular appara-
tus is prominent, especially in those cases with severe occlusive 
arterial and arteriolar lesions. Focal C4d glomerular positivity 
reported in some of the biopsies in patients with scleroderma 
renal crisis correlated with tubulointerstitial capillary C4d pos-
itivity (549).

arteries and arterioles

Arteries of interlobular size, smaller arcuate arteries, and affer-
ent arterioles undergo severe changes, but larger arteries may 
be normal or show only nonspecific fibrous intimal thickening 
commensurate with the age of the patient and arteriosclerotic 
changes elsewhere.

The characteristic changes in interlobular arteries and 
smaller arcuate arteries consist of mucoid intimal thickening 
with concentrically arranged myointimal cellular proliferation 

(“onion skin” lesion). The intimal thickening typically produces 
considerable reduction of the arterial lumen (Figs. 18.28 and 
18.29). The mucinous intimal change, which is similar to that 
seen in severe hypertension, consists of acid mucopolysaccha-
rides of the hyaluronic acid type. It stains with Alcian blue and 
metachromatically with toluidine blue, but it is only slightly 
positive with the PAS reaction. Trichrome stain gives either clear 
reaction or only a weakly blue staining in the thickened mucoid 
intima indicating no or little mature collagen deposition. Often, 
eosinophilic material is present in the thickened intima of the 
smaller interlobular arteries (Fig. 18.30). This finding is con-
sistent with fibrin with phosphotungstic acid-hematoxylin and 
Fraser-Lendrum stainings and by immunohistochemical tech-
niques. Fibrin may be found immediately below the endothelial 
cells or deep in the thickened intima (Figs. 18.31 and 18.32). 
It represents infiltration of fibrin across the endothelial barrier, 
incorporation of an intraluminal thrombus into the vessel wall, 
or coagulation within the vessel wall. In addition, red blood cells 
or fragments of red blood cells (schistocytes) may be seen in the 
vascular lumina and permeating the vessel wall. The endothelial 

FIGURE 18.27 Systemic sclerosis (scleroderma renal crisis). The glomeruli may be unremarkable (A) (periodic acid-Schiff 
reaction) or may show ischemic features (B) with thickening and wrinkling of the glomerular capillary basement membranes. The lack 
of staining with methenamine silver (B) in some of the mesangial areas indicates mesangiolysis.

A B

FIGURE 18.28 Systemic sclerosis (scleroderma renal crisis). 
Mucoid intimal hyperplasia of the interlobular arteries with prominent 
luminal narrowing. The glomeruli are ischemic. (H&E)
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cells may be swollen or focally denuded. Eosinophilic granular 
thrombi may be present in the lumina of small arteries and arte-
rioles; they were present in all the cases in which MAHA was 
described (550). The internal elastic lamina is usually intact, 
but it may be slightly frayed with no major breaks or gaps. The 
media and the adventitia of the affected arteries are usually 
unremarkable; however, the media may be thinned by stretch-
ing around the extended intima, and the adventitia has been 
noted by some authors as being slightly fibrotic (439).

Fibrinoid necrosis of the afferent arterioles consists of fibrin 
in the arterial walls, as seen with small arteries, but the extent of the 
change is much greater, and the entire wall may be involved. The 
arteriolar wall may have a smudgy appearance because of swelling 
of endothelial cells and medial myocytes. Inflammatory cells are 
usually not seen in fibrinoid necrosis, but such cells may occa-
sionally be present. Sometimes, the arteriolar fibrinoid necrosis 
is accompanied by luminal thrombus, and on occasion, the pro-
cess continues into the hilar region of the glomerulus. Arteriolar 
thrombi were detected in greater frequency than glomerular 
thrombi in patients with scleroderma renal crisis (549). Diffuse 

or focal C4d positivity in the renal arteries and arterioles has also 
been shown in patients with scleroderma renal crisis (549).

Using morphometric techniques on autopsy kidneys, 
Trostle et al. (551) found greater intimal thickening of arteri-
oles and interlobular arteries in patients with diffuse SSc and 
renal crisis when compared with sex- and age-matched con-
trols. In the group of patients with diffuse SSc, those with renal 
crisis had greater intimal thickening of the vessels than those 
without renal crisis.

tubules

The tubular changes in SSc are secondary to vascular changes. 
Atrophy of the proximal convoluted segment is frequent. 
Tubules are necrotic in the infarcted areas, and sometimes 
enclaves of necrotic tubules may be found without necrosis of 
the nearby glomeruli.

interstitium

In many cases, no changes are noted in the interstitium, pre-
sumably because of the great rapidity of the process. However, 

FIGURE 18.29 Systemic sclerosis (scleroderma renal crisis). A: A small interlobular artery shows luminal narrowing due to 
pale mucoid intimal thickening and myointimal cellular proliferation. (H&E) B: On the trichrome-stained section, the intima is pale, 
indicating little if any collagen deposition. (Masson trichrome.)

A B

FIGURE 18.30 Systemic sclerosis (scleroderma renal crisis). 
Extensive (circumferential) fibrin insudation (fibrinoid necrosis) is seen in a 
small interlobular-size artery. (H&E)

FIGURE 18.31 Systemic sclerosis (scleroderma renal crisis). The 
arteriole reveals fibrin insudation within the wall. The glomerulus is isch-
emic. (Lendrum stain.)
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in patients with preexisting renal disease, extensive interstitial 
fibrosis may be seen (Fig. 18.33). Foci of chronic inflamma-
tory cells may be present in association with scars. In some 
cases, plasma cells may be conspicuous. Often, the small renal 
infarcts show dense infiltration with neutrophils. This find-
ing does not imply infection but simply represents the nor-
mal cellular reaction at the periphery of an infarct; because 
the infarcts are small, the neutrophilic infiltration appears 
extensive. Batal et al. (549) reported finely granular peritubu-
lar capillary C4d positivity in biopsies of patients with sclero-
derma renal crisis. The extent of the positivity correlated with 
worse clinical outcome and also with peritubular capillary 
leukocyte margination and mild interstitial inflammation.

Immunofluorescence Microscopy
Fibrin or fibrinogen can be observed along the glomerular 
capillary walls and sometimes in the mesangium. Glomerular 
immunostaining with IgM and with C3 is more frequently 
seen than staining with IgG, IgA, C1q, and C4.

Immunostaining of the interlobular arteries and arteri-
oles is often focal; fibrinogen staining is usually encountered 
in both arterioles—when fibrinoid changes are present—and 
the thickened intima of interlobular arteries (Fig. 18.34A). 
Immunoglobulins are often found in the same sites, and IgM 
invariably stains more intensely and is found more commonly 
than IgG and IgA (Fig. 18.34B). Complement factors C3 and 
C1q are found with the same frequency as IgM, and C4 also 
has been commonly reported.

Electron Microscopy
Few studies have noted the electron microscopic appearance 
of the kidney in SSc. Glomerular changes similar to those 
described earlier for HUS may be seen (Fig. 18.35). The broad 
electron-lucent widening between the endothelium and the 
lamina densa (i.e., lamina rara interna with electron-lucent 
“fluff ”) is the most characteristic feature and sometimes con-
tains scattered electron-dense granular or fibrillar material. 
This widening of the lamina rara interna corresponds to the 
thickened glomerular capillary walls seen by light microscopy. 
Thickening and occasional “reduplication” of the glomerular 

basement membranes and hyperplasia of mesangial cells have 
been described. In one case, scattered hyaline deposits with 
a periodicity of 9 to 12 nm were found in a subendothelial 
position in the glomerular capillaries. Glomerular intracapil-
lary thrombi, if present, are composed of fibrin and platelets 
frequently admixed with fragmented red blood cells.

The study by Pardo et al. (552) deals only with renal 
vascular lesions in the milder forms. Granular deposits were 
found in a subendothelial position in the arterioles and were 
indistinguishable from those seen in patients with hyperten-
sion. The main conclusion drawn was that the vascular lesion 
in SSc was not unique at this stage of its evolution. In the 
severe, acute form, the thickened intima of interlobular arter-
ies is composed of more or less parallel bands of material 
resembling basement membrane lying in a translucent, finely 
granular bed of ground substance (553–555). Fibrin tac-
toids and fragmented red blood cells can occasionally be seen 
embedded in the ground substance. Elongated myointimal or 
smooth muscle cells are present, but no discrete “immune-
type” electron-dense deposits corresponding to the positive 
immunofluorescence findings have been noted. However, dif-
ferentiation of “immune-type” deposits from areas of hyaline 
insudation may be difficult.

Chronic Forms
The kidneys of these patients lack distinctive pathologic fea-
tures and, when seen at autopsy, reveal fibrous intimal arterial 
thickening with areas of interstitial fibrosis or tubular atrophy. 
Although vascular changes such as arterial intimal fibroplasia 
or arteriolar thickening are nonspecific, in some instances, the 
arterial narrowing may be directly related to SSc. In an autopsy 
case-control study of 35 patients with one of two forms of SSc 
(CREST syndrome [n = 9] or diffuse form [n = 26]), Trostle 
et al. (551) showed that even without scleroderma renal cri-
sis, involvement of the renal arteries and arterioles is present. 
Seventeen patients with the diffuse form of SSc who had no his-
tory of acute renal failure had significantly more severe intimal 
thickening of small- and medium-sized intrarenal arteries than 

FIGURE 18.32 Systemic sclerosis (scleroderma renal crisis). 
Detachment of the endothelium from the underlying basement membrane 
is accompanied by subendothelial fibrin deposition in a small interlobular-
size artery. (Lendrum stain.)

FIGURE 18.33 Systemic sclerosis. There is significant chronicity with 
extensive tubulointerstitial fibrosis, ischemic glomeruli, and intimal fibro-
plasia of an interlobular size artery. The patient presented with sclero-
derma renal crisis; however, she had a long-standing history of systemic 
sclerosis. (Masson trichrome.)
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the age- and sex-matched controls. In patients with CREST 
syndrome, a significant intimal thickening of the small arteries 
was noted. However, the most severe intimal thickening was 
observed in patients with scleroderma renal crisis. In patients 
with longstanding SSc (and also in those patients who survive 
scleroderma renal crisis), the interlobular and arcuate arteries 

may show intimal fibrosis with roughly concentric reduplica-
tion of the elastic internal lamina, leading to severe narrow-
ing of the lumen. This pattern of chronic vascular change with 
reduplication of the elastic internal lamina may also be seen in 
patients with longstanding essential hypertension and in those 
with the late stage of severe hypertension; this vascular change 

FIGURE 18.34 Systemic sclerosis (scleroderma renal crisis). Photomicrograph shows strong fibrinogen positivity in an inter-
lobular size artery (A). IgM positivity is present in the arteriolar wall and also along some of the glomerular capillary walls (B). (Direct 
immunofluorescence.)

A B

FIGURE 18.35 Electron micrograph of a glomerulus from a patient with systemic sclerosis. A wide electron-lucent zone 
on the endothelial side of the capillary basement membrane is seen with mesangial cell interposition (×7000). (Courtesy of Dr. Ginette 
Lajoie.)
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has been frequently referred to as onion skin pattern. However, 
the term onion skin lesion is also used for the earlier stages 
of arterial changes in TMA characterized by concentric inti-
mal proliferation of myointimal cells embedded in the loose 
mucoid material.

Hypertension and Relationship to Vascular 
Changes
Hypertension is a common feature in SSc. Oliver and Cannon 
(556) found hypertension in 44 (52%) of their 84 patients 
with SSc. Of the 44 hypertensive patients, 11 presented 
with the abrupt onset of severe hypertension associated with 
rapid deterioration of renal function; they had a poor prog-
nosis—9 died within 2 months and the other 2 underwent 
bilateral nephrectomy and long-term dialysis. The remain-
ing 33 patients had mild to moderate hypertension, and only 
5 died during the  follow-up period, the mean of which was 
4.1 months. There was a longer interval between clinical onset 
of scleroderma and the development of hypertension in these 
33 patients. Presumably, the pathologic features of this group 
would correspond to what was described in the previous sec-
tion as the “chronic form,” but knowledge of the natural his-
tory and pathology of this disorder is limited.

The temporal relationship between hypertension and 
morphologic vascular changes (i.e., which comes first) has been 
the subject of debate since Volhard and Fahr (557). In SSc, the 
relationship of hypertension to vascular disease is certainly an 
intriguing question. Considerable evidence indicates that the 
vascular lesions in patients with scleroderma renal crisis may 
be the cause of the hypertension rather than the consequence. 
In a study published by Kovalchik et al. (558), renal biopsies 
were performed on nine patients with SSc whose blood pres-
sures and levels of serum creatinine were not elevated. Four 
patients had severe vascular changes, two had mild changes, 
and three had normal vessels. Plasma renin activity was raised 
in three of the four with severe vascular changes, and further 
elevation of activity took place in response to cold pressor test-
ing in these four patients, but not in the others. This study 

suggests that in SSc, the vascular changes may be primary and 
the cause of the hypertension. Other cases of SSc have been 
described with severe vascular changes in the kidney, usually 
accompanied by renal failure in the presence of a normal blood 
pressure (521,550,559). Such cases without hypertension have 
been associated with worse clinical outcomes than those with 
hypertensive scleroderma renal crisis (519,536). One study 
found no correlation between the vascular changes and the 
blood pressure in patients with scleroderma renal crisis (521).

Hypertension may be explained on the basis of severe arte-
riolar narrowing, which may stimulate the renin-angiotensin 
system to produce excessive amounts of renin and initiate 
hypertension. Those patients with severe hypertension almost 
invariably have high plasma renin concentrations or high levels 
of plasma renin activity (560).

Although endothelin is thought to play a significant role 
in the pathogenesis of SSc, plasma levels of endothelin are not 
significantly elevated in patients with SSc (561). However, 
overexpression of endothelin-1 has been documented by 
immunohistochemistry in the glomeruli and arterioles of 
patients with scleroderma renal crisis (562).

Etiology and Pathogenesis
Endothelial or vascular abnormalities, dysregulated cellular and 
humoral immune responses, and increased collagen synthesis 
are considered to be the major contributors in the pathogen-
esis of SSc (563–567) (Fig. 18.36). These pathogenic compo-
nents are thought to be closely interrelated through cytokines, 
growth factors, autoantibodies, and additional mediators 
derived from various sources such as inflammatory cells, endo-
thelial cells, epithelial cells, platelets, and fibroblasts. However, 
these alterations appear to be predominantly downstream 
events, and the initiating factors of the disease are not fully 
elucidated. There is evidence that the endothelial cell injury 
including apoptosis is an early event and possibly the primary 
trigger. The significance of genetic susceptibility is highlighted 
by the recent  identification of SSc-associated SNPs in genes 
encoding cytokines, chemokines, and extracellular matrix 
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FIGURE 18.36 The pathogenesis of sys-
temic sclerosis. Endothelial cell injury appears 
to be an early initiator of the cascade of events 
that eventually result in the clinical phenotype of 
systemic sclerosis. Increased vascular permea-
bility, inflammation, altered collagen deposition, 
various cytokines, oxidative stress, and genetic 
and environmental factors all play a role in this 
process.
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proteins (222,225). A strong linkage of certain HLA class II 
allelic variants to the clinical phenotype has also been described 
(96,568,569). In addition to genetic predisposition, several 
environmental or acquired factors have been implicated in the 
pathogenesis of SSc. These include various viruses (herpesvi-
ruses, CMVs, parvoviruses, and retroviruses), chemical and 
physical agents. The list of environmental exposures linked to 
SSc includes silica and metal dust, organic solvents, vinyl chlo-
ride, pesticides, and industrial fumes, among others. Although 
not rigorously tested, microchimerism is a novel concept in the 
pathogenesis of SSc. According to this hypothesis, fetal and 
maternal cells that cross the placenta during pregnancy may 
persist in the circulation and tissues of mother and child. These 
cells may become activated later with resultant graft versus host 
disease (GVHD) manifested as SSc. The similarities observed 
between SSc and chronic graft versus host disease and identi-
fication of allogeneic cells in the peripheral blood and skin of 
affected patients support this hypothesis (570,571).

Genetic and Epigenetic Factors
Both candidate gene and more recent genome-wide associa-
tion studies (96,118,569) have identified several genetic back-
grounds associated with SSc. The disease is more prevalent in the 
US than in European populations (295) with greater propensity 
to affect and cause more severe disease in Hispanics, African 
Americans, and Native Americans (296,296b). The presence of 
systemic sclerosis in a first-degree relative, especially a sibling, is 
associated with a several fold (≥15 fold) higher risk of developing 
systemic sclerosis than the general population (572). The asso-
ciation between HLA class II genotype and clinical phenotype 
including autoantibody profile such as anticentromere antibody 
or anti–topoisomerase I has been reported in several studies 
(96,221,573). The genome-wide association studies evaluating 
genotype-clinical phenotype correlations identified the stron-
gest HLA association with a locus in HLA*DQB1 (569). Single-
nucleotide polymorphisms in more than 40 HLA and non-HLA 
gene loci across the entire genome appear to increase the indi-
vidual susceptibility to systemic sclerosis. These include genes 
involved in the immune response (STAT4, TBX21, IRF5, MIF, 
PTPN22, BANK1, BLK, TNFSF4, CD247), fibrosis (CTGF, 
serotonin 5-HT2A receptor, IL1-α, IL1-β, MMP), and vascular 
disease (ENG, SDF-1/CXCL12, HIF1A, uPAR, VEGF, eNOS/
NOS3, KCNA5ET-1, fibrinogen) (222,225,226). It is  generally 
accepted that the inflammatory and autoimmune mechanisms 
predominate early in the course of the disease, while the fibrosis 
and vasculopathy are characteristic of the late stages of systemic 
sclerosis and have weaker genetic associations (244).

In addition to genetic polymorphisms, epigenetic modifi-
cations also alter the susceptibility and phenotype of the disease. 
Global DNA hypomethylation has been reported in CD4+ T 
cells from patients with systemic sclerosis, and such epigenetic 
modifications can alter collagen gene expression (245,574). 
With the advent of personalized medicine, these epigenetic 
changes may potentially serve as therapeutic targets (575).

Initial Injury
Endothelial cell injury leading to apoptosis in the microvascu-
lature appears to be an early initiator of the cascade of events 
that eventually result in the clinical phenotype of systemic 
sclerosis. Early skin biopsies in patients with systemic scle-
rosis show endothelial cell damage and apoptosis, and these 

changes precede fibrosis by several months or years (576,577). 
Morphologic findings in the kidneys in patients with sclero-
derma renal crisis also indicate severe endothelial injury similar 
to that seen in HUS. The specific trigger for such endothelial 
injury in a genetically predisposed individual remains elusive. 
Potential culprits include cross-reactive antibodies against 
CMV and other viral epitopes, antiendothelial antibodies, and 
oxidative stress–induced reactive oxygen species (246,577,578).

Antiendothelial antibodies are frequently detected in the 
sera of the patients with systemic sclerosis and also in several 
other autoimmune disorders. Although they can induce anti-
body-dependent endothelial cell apoptosis, it is unclear if anti-
endothelial antibodies are just an epiphenomenon rather than 
pathogenic factors (192,579). Irrespective of the trigger, early 
endothelial injury causes activation of endothelial cells and 
release of various cytokines that influence other pathogenic 
pathways of tissue injury in systemic sclerosis.

Vascular Abnormalities
endotHelial damage

Microvascular endothelial damage results in a chain of events 
including increased capillary permeability, platelet activation, 
coagulation abnormalities, and altered vasomotor activity. 
These changes eventually may lead to the typical morphologic 
and functional alterations seen in systemic sclerosis.

Nonspecific markers of endothelial injury in systemic scle-
rosis include elevated plasma levels of vWF, thrombomodulin, 
endothelin-1, thrombospondin, and VEGF (567,580–582). 
Overexpression of endothelin-1 protein in the glomeruli and 
arterioles of patients with systemic sclerosis and scleroderma 
renal crisis has also been documented (562). Activated endo-
thelial cells show up-regulated expression of adhesion molecules 
(E-selectin, VCAM-1, and ICAM-1) that promotes adhesion 
of activated lymphocytes to the endothelium (564,583). The 
apoptosis of endothelial cells also triggers the release of fibro-
genic mediators that activate fibroblasts and promote persistent 
myofibroblast differentiation (584). Endothelial cell damage is 
in turn exacerbated by cytokines and growth factors secreted 
by activated inflammatory cells, serum cytotoxic factors, and 
down-regulated complement regulatory proteins. Endothelial 
complement regulatory proteins normally protect endothelial 
cells from autologous complement. Down-regulation of pro-
teins such as MCP, decay-accelerating factor, and CD59 has 
also been shown in punch biopsies of skin from patients with 
systemic sclerosis (585), potentially contributing to endothelial 
damage. Direct cell-cell interactions between the endothelium 
and activated lymphocytes and endothelial cell release of solu-
ble mediators such as TGFβ and PDGF all point to a complex 
interplay between major pathogenic arms of disease process in 
systemic sclerosis.

increased Permeability

Studies of the nailfolds using in vivo capillary microscopy in 
systemic sclerosis patients have shown enlarged and deformed 
capillary loops surrounded by relatively avascular areas (586). 
Fluoresceinated tracers have revealed increased permeability of 
this capillary system (587). One study of skin lesions in systemic 
sclerosis revealed subendothelial edema as the earliest morpho-
logic abnormality, followed by intravascular platelet aggregation 
and dermal accumulation of CD4+ and CD8+ subsets of lym-
phocytes (576). Endothelial cell activation results in increased 
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expression of adhesion molecules and vascular permeability 
(588). Tissue fibrosis and decreased intensity of inflammation 
were recognized at later stages during disease progression.

Platelet actiVation and intraVascular coagulation

Various thrombotic lesions in the renal microvasculature shown 
in histologic sections of the kidney indicate platelet activation. 
Platelet activation in patients with systemic sclerosis was con-
firmed by demonstration of elevated levels of circulating platelet 
aggregates and impaired fibrinolysis (580). Most data seem to 
support the notion that platelet activation is secondary to endo-
thelial injury; however, the role of a primary platelet abnor-
mality in systemic sclerosis has also been suggested (589,590). 
Damaged endothelium may also trigger thrombosis through 
induced TF expression and decreased anticoagulant activity.

functional Vasoconstriction

Investigators have long known that Raynaud phenomenon is 
a common feature of systemic sclerosis, and it is exacerbated 
by cold. The exact mechanism causing the vasoconstriction 
that accompanies Raynaud phenomenon is not understood. 
The physiologic control of vascular tone seems to represent 
a dynamic interplay among neuropeptides, products of the 
endothelium, such as vasoconstrictor endothelin, vasodilator 
endothelial–dependent relaxation factor (NO), and PGI2, and 
platelet release products such as serotonin and TXA2. Complex 
abnormalities of normal vasoregulation were shown in patients 
with systemic sclerosis and Raynaud phenomenon. Elevated 
levels of vasoconstrictors endothelin-1 and TXA2 in the circula-
tion and platelet activation are well-known features in patients 
with systemic sclerosis (589,590). Neuropeptides, present in 
the sympathetic, parasympathetic, and sensory nervous system, 
may have vasoconstrictor or vasodilator effects. The exact role 
of neuropeptides in the increased vascular tone in Raynaud 
phenomenon is not known; however, deficiency of vasodilatory 
neuropeptides has been suggested (591). The renin-angiotensin 
system is considered to play a significant role only during 
scleroderma renal crisis with malignant hypertension (592)

Vasoconstriction may also occur in certain viscera in 
patients with systemic sclerosis (439,593). Cannon et al. (439) 
performed renal blood flow studies and angiography of the kid-
neys in patients with and without renal failure. Patients with 
proteinuria and milder hypertension had evidence of renal cor-
tical vasoconstriction that can be accentuated by exposure to 
cold. These vasoconstrictive changes were more pronounced in 
the setting of severe hypertension and renal failure, accompa-
nied by angiographic changes suggestive of vasospasm of large 
renal arteries and obliteration of interlobular arteries. This 
renal vasoconstriction was probably mainly attributable to the 
effects of angiotensin II.

The contribution of functional vasoconstriction to kid-
ney damage is difficult to determine both in patients who have 
developed acute renal failure (scleroderma renal crisis) and in 
those who have not. In those patients with systemic sclerosis 
and acute renal failure, structural changes are invariably pres-
ent in the renal vasculature, and these changes in themselves 
are sufficient to explain the renal decompensation. Activation 
of the renin-angiotensin system with its vasoconstrictive 
consequences could well augment these organic changes. In 
the case of patients without renal failure, repeated attacks 
of vasoconstriction corresponding to episodes of Raynaud 

 phenomenon could possibly lead to tubular atrophy and other 
chronic changes seen at autopsy. Increased vascular resistance 
indices were demonstrated by color flow Doppler ultrasonog-
raphy in patients who had systemic sclerosis without clinical 
symptoms of renal damage (594). The resistance indices were 
significantly elevated in all three vascular sites (main arteries, 
interlobar arteries, and cortical arteries) that were explored, 
but more so in vessels distal to the interlobar arteries. These 
findings provide evidence of abnormal renal vascular function 
in patients with systemic sclerosis without clinical evidence of 
renal damage. Finally, the ability of vasoconstriction to cause 
structural changes in arteries and arterioles is not known. 
Possibly, prolonged periods of intense vasoconstriction could 
cause structural arterial changes, but we consider this unlikely 
in the absence of more compelling demonstrations of extreme 
vasoconstriction over long periods.

Abnormal Microvasculature: Impaired Angiogenesis 
and Vasculogenesis
Progressive endothelial injury and obliterative vasculopathy 
results in the paucity of capillaries in several organs including 
skin (563,576). This rarefaction of capillaries normally trig-
gers angiogenesis from preexisting vessels. Despite the up-
regulation of angiogenic factors (VEGF, PDGF, ET-1, CCL2) 
in systemic sclerosis patients, the vascular repair processes are 
impaired, resulting in dilated and malformed capillaries such as 
nailfold capillary abnormalities and telangiectasias on the skin 
and mucous membranes (447,586,595). These proangiogenic 
factors are also potent activators of vascular smooth muscle 
cells and stromal fibroblasts, thus potentially exacerbating the 
chronic fibrotic disease manifestations. In addition to angio-
genesis, the formation of new blood vessels, that is, vasculo-
genesis, is also aberrant, likely due to defective mesenchymal 
stem cells and endothelial progenitor cells derived from bone 
marrow in patients with systemic sclerosis (596,597). Animal 
models of systemic sclerosis have suggested that transcription 
factors such as Fra-2 and Fli1 play a role in the regulation of 
angiogenesis (437).

Arterial Intimal Hyperplasia
In addition to microvascular injury, proliferative macrovascular 
changes contribute to the pathogenesis of systemic sclerosis. 
These macrovascular changes appear to contribute to the plexi-
form arteriopathy seen in pulmonary hypertension and the 
intimal hyperplasia and edema in scleroderma renal crisis (564). 
The fibrotic intimal hyperplasia with resultant luminal nar-
rowing causes ischemia, potentially exacerbated by thrombotic 
events. These intimal changes may in fact precede Raynaud 
phenomenon. The pericytes in these blood vessels modulate 
the endothelial cells and might play an important role in angio-
genesis. It has been demonstrated that the pericytes in systemic 
sclerosis express PDGF receptor β, a marker of activation, and 
may in fact contribute to smooth muscle hypertrophy observed 
in blood vessels (440,598). By also transdifferentiating into 
myofibroblasts, pericytes constitute the cellular link between 
the microvasculature and fibrosis.

Inflammation and Immune Factors
Various features of activation of the humoral and cellular 
immune system frequently seen in patients with systemic scle-
rosis provide the conceptual basis for the immune hypothesis 
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of pathogenesis. The immune mediators are thought to pro-
mote both vascular changes and altered collagen production, 
which are the major features of systemic sclerosis. The list of 
these immune abnormalities in patients with systemic sclerosis 
is long and includes features of circulating B- and T-cell acti-
vation, various serum autoantibodies, increased serum levels 
of cytokines, up-regulation of various adhesion molecules on 
the vascular endothelium, lymphocytes, and fibroblasts, and 
increased expression of growth factors and growth factor recep-
tors (599–601).

The early skin lesions of systemic sclerosis demonstrate peri-
vascular cellular infiltrates composed of T cells, B cells, macro-
phages, and mast cells (576). Activated endothelial cells express 
adhesion molecules that promote perivascular inflammation 
(564,588). The T and B lymphocytes display an activated phe-
notype, and morphologic variation can be observed in relation 
to the clinical phase of disease such as early inflammatory or 
late fibroproliferative stage (567,576,602). The T lymphocytes 
in the skin and peripheral blood of systemic sclerosis patients 
show Th2 polarization with release of interleukin-4 and inter-
leukin-13, both profibrotic cytokines with effects on TGFβ pro-
duction (603). A more recently characterized IL-17–secreting 
Th17 CD4+ T-cell subset may be pathogenetically important 
in systemic sclerosis and several other autoimmune disorders. 
Greater numbers of IL-17–producing helper T cells and higher 
IL-17 levels were observed in peripheral blood and bronchoal-
veolar lavage cells in systemic sclerosis patients (603b).

Although the autoantibodies in systemic sclerosis correlate 
with the clinical phenotype, they do not predict the clinical 
course of disease or outcome. Nevertheless, their presence indi-
cates the involvement of the humoral immune system as does 
the presence of B-lymphocyte aggregates in the target tissues 
such as the skin and lung (162). B lymphocytes are efficient 
antigen-presenting cells and aid in the amplification of T-cell 
effector responses (604). Chronically activated B lymphocytes 
contribute to the pathogenesis of fibrosis by secreting inter-
leukin-6 and TGFβ (599–601,604). Recent studies suggest a 
critical role of innate immunity in systemic sclerosis involving 
both toll-like receptor (TLR) and non-TLR signaling (605–
607). TLRs are activated by pathogens and apoptotic mate-
rial, stimulate the production of inflammatory mediators from 
macrophages and dendritic cells, and also mediate fibrosis. In 
addition, plasmacytoid dendritic cells respond to TLR stimu-
lation and produce interferon-α, but the significance of the 
interferon signature in systemic sclerosis needs to be further 
investigated (605,606).

fibrosis

The increased deposition of the extracellular matrix is one of the 
major morphologic features in systemic sclerosis and accounts 
for late mortality in these patients. Changes in the composition 
of the extracellular matrix affect cellular functions such as cell 
migration, proliferation, and differentiation. Although fibrosis 
occurs in multiple organs including skin, lungs, gastrointestinal 
tract, and heart, most of the morphologic studies of abnormal 
matrix deposition have been carried out in skin, a frequently 
involved and easily accessible organ. The list of extracellular 
matrix components that are overexpressed in systemic sclerosis 
includes several collagens (e.g., types I, III, IV, V, VI), glycos-
aminoglycans, and noncollagenous glycoproteins such as fibro-
nectin, laminin, and tenascin (608). Alpha-smooth muscle 

actin-expressing myofibroblasts accumulate in the dermis, and 
progressive loss of capillaries is evident. The myofibroblasts 
accumulated in fibrotic areas can be derived from modified 
fibroblasts as well as several other sources such as transdiffer-
entiated epithelium or endothelium or pericytes, fibrocytes, 
and bone marrow stem cells (609). Fibrosis in systemic sclero-
sis represents dysregulated wound healing, and central to the 
enhanced extracellular matrix production are fibroblasts and 
their unopposed activation. Fibroblasts in systemic sclerosis 
may be inherently abnormal or are affected early in the course of 
disease as evidenced by gene expressional analysis of explanted 
dermal fibroblasts from lesional and nonlesional skin and from 
identical twins (610–612). Increased matrix synthesis is largely 
due to increased transcription of genes responsible for produc-
tion of collagen and other matrix components by fibroblasts. 
Overexpression of collagen genes has been demonstrated in skin 
biopsies of patients with systemic sclerosis, and microRNA may 
play a role in posttranscriptional regulation as well (613,614) 
Activation of fibroblasts with increased matrix production may 
be induced by various cytokines and growth factors released 
by inflammatory cells or aggregated platelets. It has been sug-
gested that activated mononuclear cells, frequently seen early in 
systemic sclerosis around the small blood vessels, may influence 
fibrotic and vascular events by direct cell-cell interaction and by 
the release of soluble cytokines. The infiltrating mononuclear 
cells are predominantly CD4+ T cells and express the activation 
marker class II MHC antigen DR (615). Induced expression 
of adhesion molecules has been demonstrated in skin biopsies 
of patients with systemic sclerosis. Mast cells are also known 
to be present in early scleroderma skin lesions, frequently in 
close association with fibroblasts and small vessels. Several of 
the mast cell–derived products are potentially relevant to sclero-
derma; these include histamine, platelet-activating factor, trypt-
ase, proteoglycans, and certain cytokines (616).

Both in vitro evidence and in vivo evidence support an 
important role of multifunctional growth factors, such as 
TGFβ, PDGF, CTGF, and ET-1 in skin lesions of systemic 
sclerosis (565,567). TGFβ plays a major role in systemic scle-
rosis by increasing collagen synthesis by fibroblasts and myo-
fibroblasts, which demonstrate up-regulated TGF-β receptor 
expression (617). Intracellular downstream TGF-β signaling 
includes primarily the Smad pathway with a lesser role for 
Smad-independent pathways (567,618). Recent studies indi-
cate that the tyrosine kinase c-Abl (of Philadelphia chromo-
some in chronic myelogenous leukemia) may mediate TGF β  
responses in fibroblasts, and systemic sclerosis patients may 
potentially benefit from its pharmacologic blockade by ima-
tinib (619). TGF-β is in turn synthesized by fibroblasts and 
myofibroblasts, thus enmeshed in an autocrine loop of increas-
ing fibrosis. T-cells, monocytes, macrophages, and platelets 
produce TGF-β as well, illuminating the complex interplay 
between inflammation and fibrosis. Several integrins also con-
trol TGF-β localization and activation. Among these, blocking 
TGF-β via inhibition of the αVβ6 integrin signaling has been 
recently entertained as a potential therapy for fibrosing lung 
disease in systemic sclerosis (39).

Other profibrogenic factors such as CTGF and ET-1 are 
also involved in autocrine loops with fibroblasts, and CTGF 
amplifies TGF-β signaling (607). PDGF is another growth 
factor that promotes extracellular matrix deposition and pro-
duces inflammatory cytokines (620). Produced by fibroblasts, 
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 myofibroblasts, platelets, and macrophages, PDGF is an impor-
tant player in fibrogenic responses. Anti-PDGF receptor anti-
bodies that stimulate the PDGF receptor have been detected 
in patients with systemic sclerosis (621). Vasoconstriction and 
ischemia observed in systemic sclerosis cause oxidative stress 
and release of reactive oxygen species that also activate TGF-β 
and PDGF.

It appears that the normal antifibrotic mechanisms in 
wound healing may be compromised in systemic sclero-
sis. Peroxisome proliferator–activated receptor-γ (PPAR-γ), 
involved in insulin and lipid homeostasis, can block the 
TGF-β–induced stimulation of collagen synthesis in vitro and 
may be aberrantly expressed in systemic sclerosis (622,623).

Although the abnormalities in collagen deposition may 
well be substantial in the pathogenesis of skin and lung lesions 
in scleroderma, the relevance of these abnormalities to the 
pathogenesis of renal lesions in scleroderma renal crisis is 
uncertain. Abnormal collagen synthesis may be more impor-
tant in the more chronic type of renal involvement with the 
coarser type of intimal arterial thickening.

Animal Models
Several animal models of systemic sclerosis have been described; 
however, no currently available models exhibit all the aspects 
of systemic sclerosis (624,625). The systemic manifestations 
in most models are the result of genomic DNA alterations (as 
in transgenic or knockout animal models), but fibrosis remi-
niscent of systemic sclerosis can be induced by subcutaneous 
injections of bleomycin or by hematopoietic cell transplan-
tation causing chronic sclerodermatous graft versus host dis-
ease. Severe tissue fibrosis is almost universal in these animal 
models, but small vessel vasculopathy can be studied only in 
UCD-200, UCD-206 chicken models, and the Fra-2 mouse 
model (626,627). One of the earlier and most extensively 
studied models of tight skin mice (TSK-1) have excessive 
extracellular matrix deposition, likely mediated by abnormal 
fibrillin activating the TGF-β cascade, and develop autoanti-
bodies against systemic sclerosis-specific antigens (624,625). 
However, these animals differ from the human disease with 
thickening of the hypodermis rather than dermal fibrosis, the 
development of emphysematous changes instead of lung fibro-
sis, and the lack of vasculopathy and prominent inflammatory 
infiltrates. A recently described transgenic mouse that consti-
tutively expresses the TGF-β receptor I in fibroblasts shows 
dermal fibrosis and extracellular matrix abnormalities indicat-
ing that active TGF-β signaling alone can result in the fibrotic 
phenotype of systemic sclerosis (628). The UCD-200 chicken 
model shows remarkable similarities to the morphologic, 
immunologic, and biochemical aspects of human systemic 
sclerosis. Endothelial cell apoptosis occurs in various organs 
(skin, esophagus, lung, and kidney) in this model during the 
initial and early inflammatory stage of the disease followed by 
mononuclear cell infiltrates and excessive collagen deposition 
in the skin and esophagus (629). In addition to developing 
an obliterative vasculopathy, the UCD-200 chicken model 
displays renal abnormalities. Glomerulonephritis is present in 
approximately 20% of the birds with glomerular deposition of 
IgG (626). Fra-2-transgenic mice demonstrate a vascular phe-
notype with TMA and pulmonary hypertension in addition to 
systemic fibrosis (624). The Fra-2 protein is a transcription fac-
tor implicated in cell proliferation, inflammation, and wound 

healing (630). Endothelial cell apoptosis precedes the loss of 
capillaries, and the complex interplay between epithelial cells, 
endothelial cells, and fibroblasts results in the full spectrum of 
the disease in these mice.

Summary of Pathogenesis of Scleroderma Renal 
Crisis
The most plausible explanation for the renal vascular changes 
in scleroderma renal crisis relates to endothelial damage of 
the arteries and arterioles in the kidney. Endothelial damage 
may result in undue permeability of the endothelial barrier, 
so various constituents of the blood gain access to the intima 
and, in the case of smaller arteries and arterioles, to the media. 
Initially, one notes edema of the intima, which then appears to 
undergo changes leading to the cellular or fine fibrous intimal 
thickening seen so commonly. Fibrin often penetrates the wall 
as part of the excessive permeability and is sometimes a promi-
nent feature; in the arterioles, fibrin may pervade the entire 
thickness, but in interlobular arteries, it is usually confined to 
the intima. Alternatively, coagulation may take place in the 
vascular lumen, followed by incorporation of fibrin into the 
wall by the intimal proliferative changes. The resultant pic-
ture could be one of fibrin deeply embedded in the intima. 
Endothelial damage may also initiate a chain of events lead-
ing to coagulation and release of factors that could stimulate 
smooth muscle cell or pericyte movement and proliferation 
into the intima. Microthrombi can be found in arterioles and 
small arteries, a finding suggesting an endothelial defect or a 
coagulation abnormality. The initiating factors and the pre-
cise mechanisms for endothelial damage are not fully charac-
terized. Overall, both macrovascular intimal hyperplasia and 
microvascular injury likely play a role in scleroderma renal 
crisis. Abnormalities in cellular and humoral immunity with 
increased cytokine activity and vasoactive agents may be con-
tributing factors.

RADIATION NEPHROPATHY
Inadvertent or unavoidable irradiation of the kidney during 
x-ray treatment of malignant tumors may cause damage to 
the organ with impairment of its function and a rise in blood 
pressure. The advent of total-body irradiation approximately 
30 years ago as treatment for some immunologically mediated 
diseases and as part of the conditioning treatment regimen uti-
lized in preparation for hematopoietic stem cell transplant has 
expanded the settings in which radiation injury to the kidney 
may occur. More recently, radiation-induced renal toxicity has 
also been observed in patients who underwent treatment with 
various radiolabeled substances, such as monoclonal antibod-
ies, antibody fragments, and low molecular weight oncophilic 
peptides. Awareness of the dangers of irradiation and the intro-
duction of techniques specifically designed to minimize acute 
organ toxicity have fortunately reduced the number of cases of 
radiation nephritis, and this disorder is now rare.

Radiation nephropathy is discussed in this chapter 
because of the significant overlap of renal morphologic changes 
between radiation nephropathy and various forms of TMA. 
Clinical findings and renal morphologic changes secondary to 
external beam irradiation, total-body irradiation, and radionu-
clide treatment are included.
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Historical Review
Early writings have been well reviewed by Redd (631) and 
Mostofi (631b), the latter author recording 120 cases up to 
1964. In the first decade of the 20th century, clinicians were 
aware of the occurrence of albuminuria and nitrogen retention 
in patients receiving roentgen-ray therapy, and they realized 
that care must be taken in its use. Domagk (631c) appears to 
have been the first to give an accurate picture of the irradiated 
human kidney; he described a 9-year-old girl whose abdomen 
was irradiated for tuberculous mesenteric lymph nodes. Four 
months after treatment, a raised temperature, oliguria, and 
albumin and casts in the urine were noted; death occurred 2 
months after these symptoms first appeared. At autopsy, the 
kidneys were reduced in size and showed glomerular hyalin-
ization or thickening of the Bowman capsule, tubular atrophy 
or necrosis, and hyaline material in the arterial walls. A short 
time later, Zuelzer et al. (632) described an unusual form of 
glomerulonephritis in three young children who had received 
heavy irradiation for either Wilms tumor or neuroblastoma; 
these investigators considered the condition in all probability 
to be radiation nephritis. Renal failure and hypertension devel-
oped within 3 months in these patients, and death occurred 
quickly. The glomeruli were severely involved by either capil-
lary wall thickening or necrosis; tubular loss, interstitial fibro-
sis, and areas of necrosis in afferent arterioles and small arteries 
also were found. Luxton (633) followed this report with a large 
series of 27 patients whose kidneys had been damaged after 
irradiation of abdominal lymph nodes as part of the treatment 
for seminoma of the testicle. He recognized various clinical 
syndromes (discussed in the next section) and described the 
pathologic changes. His work was supplemented by that of 
Russell (633b) from the same hospital. Since that time, other 
smaller series and single case reports have appeared that amply 
confirm these principal observations, although some modi-
fications to the conceptual formulations are needed to take 
account of the recorded clinical experience and the results of 
experimental studies performed since that time. In particular, 
the recognition of a syndrome of TMA associated with total-
body irradiation as used in HSCT procedures has come to be 
recognized as a unique clinicopathologic entity, as discussed 
on page 793.

Clinical Presentation and Clinical Course
The experience of Luxton is unique, and his initial article 
(633) and subsequent studies describing the long-term follow-
up records of 54 patients treated with abdominal irradiation 
for malignant testicular tumors (49 cases) and ovarian tumors 
(5 cases) (633,634) set out distinct clinical syndromes (acute 
radiation nephritis, chronic radiation nephritis, asymptomatic 
proteinuria, benign hypertension, and malignant hyperten-
sion) as described below. Subsequent descriptions of radiation 
nephropathy due to external beam radiation therapy also con-
firmed the acute and chronic clinical presentations with char-
acteristic renal pathologic findings (635,636).

Acute Radiation Nephropathy (Acute Radiation 
Nephritis)
Twenty of the 54 patients studied were classified as having acute 
radiation nephritis. Luxton used the term acute radiation nephri-
tis to describe a syndrome that developed over many months 
and whose pathologic manifestations, described later, lacked 

the inflammatory changes characteristic of other acute nephriti-
des (633,634). For this last reason, most experts (631,637) pre-
fer the terms acute radiation nephropathy and chronic radiation 
nephropathy for the syndromes that Luxton delineated.

Patients with acute radiation nephropathy, following a 
latent period of 6 to 12 months after irradiation, had a gradual 
onset of edema, hypertension, dyspnea on exertion, anemia, 
headaches, and urinary changes that included proteinuria and 
the presence of casts. The edema either was confined to the legs 
or was more generalized, with effusion into the pleural space 
and pericardial sac; it was absent in a few patients. Hypertension 
was constant and was commonly at its height within 6 months 
of the appearance of the first symptom. The raised blood 
pressure returned to normal levels in a certain proportion of 
patients; this took place even in some with malignant hyperten-
sion, which was present in almost half of these patients. Anemia 
was present in all patients and was of a severe normochromic, 
normocytic type. The blood urea level was raised early in some 
patients and either remained at a high level or fell.

Subsequent accounts confirmed Luxton’s description, 
and one or two additional features were pointed out. Anemia 
is common, and in several reports (638–640), it was of the 
microangiopathic hemolytic type; deformed red blood cells 
were seen in blood smears, and platelets were decreased in 
numbers. Fibrin degradation products were present in the cir-
culation in two accounts (639,640), and evidence of intravas-
cular coagulation was claimed in one (639). Currently, these 
findings would be considered indicative of a TMA as the 
basis for the patients’ renal dysfunction. Rare reports of the 
nephrotic syndrome associated with abdominal irradiation also 
have been described (641).

In general, the time required for acute-radiation nephrop-
athy to develop is 6 to 12 months, but certain patients have 
had an earlier onset, such as 3 or 4 months (642,643), or a few 
weeks (644,645). All of these latter patients had been treated 
with chemotherapeutic agents such as actinomycin D, doxoru-
bicin, bleomycin, vinblastine, dacarbazine, cyclophosphamide, 
and vincristine. These cases are of interest in view of the short 
interval between irradiation and the development of radiation 
nephropathy. Investigators have frequently suggested that che-
motherapeutic agents may increase the risk of radiation dam-
age to the kidney, as discussed in subsequent sections on dosage 
and HSCT.

In acute radiation nephropathy, Luxton related the imme-
diate prognosis to the presence of malignant hypertension, 
although the exact parameters he used to define this entity 
were not given. Of a total of 20 patients studied, malignant 
hypertension developed in 8, and 6 of the 8 died within 3 to 
12 months. The other two with malignant hypertension recov-
ered spontaneously, although one died later with chronic renal 
failure, and the other had some degree of chronic renal insuf-
ficiency after 12 years of follow-up. Of the total group of 20, 
another 2 developed chronic renal failure and died from it 7 to 
11 years after irradiation. One other patient died of a hyperten-
sive cerebrovascular accident, and another died of widespread 
metastases of an original ovarian cancer. The remaining nine 
were alive and active after an average of 10 years, but all had 
evidence of chronic nephropathy. In this syndrome, signs of 
a poor prognosis were considered to be generalized edema, 
hypertensive retinopathy, and a blood urea level greater than 
100 mg/100 mL during the first 3 months.
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Chronic Radiation Nephropathy (Chronic Radiation 
Nephritis)
Patients with chronic radiation “nephritis” (again, the term 
nephropathy is preferred to Luxton’s use of the term nephri-
tis) came from two main sources: (a) those who presented 
initially with acute radiation nephropathy and who contin-
ued with signs of chronic renal injury (e.g., the 14 patients 
described in the previous paragraph who did not die of 
malignant hypertension early in their course) and (b) those 
who gave no history of the acute syndrome but who had an 
indolent course and were found on later examination to have 
proteinuria and other evidence of renal damage. The symp-
toms in these two groups were referable to impairment of 
renal function, with some patients showing merely loss of 
energy and nocturia. Hypertension was present in some but 
not in others, and clearly, the prognosis was better in those 
patients with no rise in blood pressure. The long duration 
of chronic uremia was a feature of this syndrome, and blood 
urea levels of 100 to 250 mg/100 mL were borne for as long 
as 4 years.

Death in chronic renal failure could occur in either of the 
two groups of patients with chronic radiation nephropathy 
described in the foregoing paragraph. Although noting that the 
figures were small, Luxton gained the impression that patients 
whose cases followed an initial acute attack fared better than 
those without a preceding attack. Of the 14 patients whose 
chronic disease followed an acute attack, 9 were leading normal 
lives ≤12 years after irradiation; 5 of the 9 had impairment of 
renal function or hypertension (or both), whereas the other 
4 showed only protein in the urine. The five deaths were due 
to chronic renal failure in three patients, hypertensive cerebro-
vascular accident in one, and spread of tumor in the other. 
As to the group of 10 patients in whom chronic nephropathy 
appeared without an antecedent acute attack, 3 died of chronic 
uremia on average 7 1/2 years after irradiation and 1 died of 
malignant disease. Malignant hypertension developed in one 
patient after 10 years, and five patients were alive 10 years 
after irradiation, two with slowly diminishing renal reserve and 
three with compensated renal failure.

Asymptomatic Proteinuria
Thirteen of the 54 patients had renal dysfunction consist-
ing only of proteinuria after an average follow-up of 11 years 
after radiotherapy. The quantitation of proteinuria was not 
provided, and the only additional information provided was 
a statement that “standard renal function tests were normal.”

Benign Hypertension
Six of Luxton’s patients acquired a benign form of hyperten-
sion together with some proteinuria 2 1/2 to 5 years after irra-
diation. Two died of congestive failure, but the others were 
alive and without additional evidence of renal dysfunction at 
follow-up periods ranging from 9 to 13 years.

Malignant Hypertension
Of all the patients studied by Luxton, 15 (28%) acquired 
malignant hypertension. This complication either occurred as 
part of the syndrome of acute radiation nephropathy or devel-
oped independently 18 months to 11 years after irradiation. 
Many deaths occurred in this group.

Pathologic Findings
Gross Appearance
The kidneys may be normal in size or contracted. Capsular 
thickening may be found in the more contracted forms, and 
the thickened renal capsule fuses with sclerotic tissue surround-
ing the kidney. The normal-sized kidneys, which correspond 
to those with little tubular loss and no interstitial fibrosis, 
have smooth subcapsular surfaces, and on cut surface, they 
may show nothing more than vague mottling. The contracted 
kidneys, corresponding to those with interstitial fibrosis, have 
capsules that may be impossible to strip from the cortex, which 
is reduced and firm. When radiation damage is confined to the 
main renal artery, the kidney would be expected to be reduced 
in size, as in renal artery stenosis of any cause. The subcapsular 
surface would be smooth in younger patients with no intrare-
nal vascular disease, but it could be granular in older patients.

Light Microscopy
glomeruli

Most descriptions of glomerular alterations in clinical publica-
tions come from examination of the kidneys with advanced 
injury. These descriptions have not, in aggregate, resulted in 
the delineation of a distinctive histopathologic process. In the 
contracted kidneys, one may see considerable sclerosis of glom-
eruli, but even in this type of kidney, large numbers of glom-
eruli show little apparent change. In normal-sized kidneys, the 
glomeruli may show fibrinoid changes of tufts in continuity 
with similar changes in arterioles, segmental areas of glomeru-
lar scarring, and small fibrous crescents. Frequently, swelling 
of the glomerular capillary wall endothelium may progress 
to obliterate the capillary lumen. Thickening of the capillary 
walls is sometimes seen, and split, double-contoured glomer-
ular basement membranes can be observed. The mesangium 
may be increased, primarily as a result of increased accumula-
tions of matrix. Mesangiolysis, a term not in general use at the 
time some of these reports were written, can be identified in 
the illustrations of some of the early descriptions (632) (Fig. 
18.37A). Accumulations of fibrin within glomerular capillaries 
can be demonstrated using special stains.

The most consistently observed changes—endothelial 
swelling and reactive changes, glomerular capillary basement 
membrane thickening and splitting, and mesangial thicken-
ing—are characteristic of a chronic mesangiocapillary or mem-
branoproliferative form of glomerular injury. These changes 
may follow from diverse forms of primary injury, including 
the late manifestations of TMA. Indeed, some reports of radi-
ation-associated glomerular injury clearly delineate changes 
consistent with the advanced stages of TMA (639,641), 
although this impression results primarily from the electron 
microscopic findings in these cases. The abnormalities seen by 
light microscopy have included segmental fibrinoid necrosis 
of the glomerular tufts, occlusive intracapillary accumulations 
of PAS-positive material with enmeshed erythrocytes, mesan-
giolysis, endothelial swelling, and splitting of glomerular capil-
lary basement membranes, associated at times with correlative 
fibrinoid changes of the terminal afferent arterial vasculature. 
Only rarely have clinical laboratory findings been obtained to 
corroborate conclusively the presence of coagulation disorder 
consistent with TMA at the time of biopsy (639).

Appreciation of this potential congruence between TMA 
and radiation nephropathy is likely to be useful in unifying 
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 conceptually some of the various descriptions of radiation 
nephropathy in the older clinical literature with observations 
in experimental animals and with the special case of radia-
tion nephropathy/TMA that clearly may occur in association 
with BMT.

blood Vessels

No vascular pathologic alterations are unique to radiation 
nephropathy. The arterioles and small interlobular arteries 
often show fibrinoid change without a cellular component 
in both contracted and normal-sized kidneys. These changes 
occur with more modest rises in blood pressure than is the 
case with nonirradiated kidneys and severe hypertension. 
These arteries may also demonstrate an intima expanded by 
the accumulation of pale-staining, at times mucoid-appear-
ing, material that most likely represents a type of provisional 
matrix or loose connective tissue. Thrombotic lesions in the 
lumina may also be seen (Fig. 18.37B). Larger interlobular 
arteries often show fine collagenous or cellular intimal thick-
ening and sometimes a denser type of sclerosis. This inti-
mal thickening is usually a patchy process. Foam cells are 
often seen in the thickened intima of interlobular arteries 
(632,646). The origin of such cells remains unknown, but 
studies of foam cells in the arterial intima in human athero-
sclerosis have shown them to be predominately of macrophage 
origin, with a lesser population derived from smooth muscle 
cells. Arcuate, interlobar, and segmental arteries may show no 
changes, patchy fibrous intimal thickening, or more severe 
and extensive intimal sclerosing changes, especially when the 
kidneys are reduced in size. Because the microvascular injury 
may be focally distributed, its extent can be underappreciated 
in routine histologic sections.

tubules and interstitium

As in the glomeruli and blood vessels, no distinctive tubular 
or interstitial pattern of injury characterizes any form of radia-
tion nephropathy. Again, because much of the human material 
reported comes from cases with advanced injury, descriptions 
of the tubulointerstitial parenchyma emphasize the nonspecific 

features of interstitial fibrosis and tubular atrophy common to 
all forms of severe, chronic renal injury.

In the contracted kidneys demonstrating severe, chronic 
injury, considerable tubular loss is paralleled by extensive glomeru-
lar solidification. However, some degree of tubular loss and atrophy 
may occur in the absence of glomerular solidification, especially in 
laboratory animals subjected to irradiation. Nonspecific accumu-
lations of mononuclear leukocytes are often seen.

In the nonscarred kidneys, tubular loss may be negligible 
or may occur focally in those areas where glomerular damage 
has occurred. The interstitium may show no changes or only a 
slight apparent increase in interstitial tissue. Edema with dilated 
peritubular capillaries may occur in patients dying early (647), 
comparable with the early stages of experimental irradiation 
of the canine kidney (648). Proteinaceous casts may be found 
in the lumina of tubules, and patchy hyaline droplet change 
occurs, especially in those cases with the greatest proteinuria. 
Other nonspecific changes, such as tubular cell vacuolization 
and desquamation, have been observed.

Some studies in the experimental literature, primarily those 
involving rodent and canine models, suggest an important 
and perhaps primary toxic effect on the tubules by radiation 
as the basis for subsequent radiation nephropathy (649–651). 
Evidence indicates an acute tubular injury, corresponding to 
acute tubular necrosis that may occur in the aftermath of high-
dose irradiation (641). This injury appears to be followed by a 
reparative response of tubular regeneration and proliferation.

Immunofluorescence Microscopy
Two reports noted no immunoglobulins, complement, or 
fibrinogen in the glomeruli (639,646). A patient with acute 
radiation nephritis complicated by the nephrotic syndrome 
(641) had segmental and irregular staining for IgM, C3, C4, 
and Clq in the glomerular capillary loops and mesangium; 
trace amounts of IgG and IgA were found in a similar distribu-
tion. Another report described IgG, IgM, and fibrinogen along 
the glomerular capillary walls with a focal and segmental dis-
tribution (638). IgM and C3 were detected in arteriolar walls. 
No distinctive pattern was identified.

FIGURE 18.37 Radiation nephropathy. A: The glomerular capillary walls are diffusely thickened, and the capillary lumina are nar-
rowed. Some of the glomerular capillary lumina are obliterated. (H&E) B: There is prominent segmental mesangiolysis with formation 
of capillary microaneurysms. (H&E) (Courtesy of Dr. Tibor Nadasdy.)
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Electron Microscopy
In the glomeruli, one sees effacement of the visceral epithelial 
cell foot processes that is variable in its extent. The glomerular 
capillary walls usually show a widening of the subendothelial 
zone, which may contain electron-lucent or finely granular 
flocculent material. The glomerular endothelial cells are often 
swollen and contain increased numbers of organelles. In some 
accounts, these glomerular cells are described as detached from 
the endothelial aspect of the basement membrane. Mesangial 
cell cytoplasm or possibly entrapped endothelial cell cytoplasm 
is sometimes present in the capillary walls, and new glomerular 
basement membrane–like material may appear on the endo-
thelial aspect. These changes are responsible for the double 
contours seen on silver staining. Mesangial cells may be swol-
len, and their cytoplasm may extend along the capillary loops. 
Fibrin has been seen between the endothelial cells and the glo-
merular basement membranes. Fewer accounts note changes in 
tubules and arteries, but in arteries, swollen and hypertrophic 
endothelium has been recorded along with fibrin or hyaline 
material in the subendothelial zone.

Etiology and Pathogenesis
Experimental Studies
Virtually, all the morphologic changes described in human 
radiation nephropathy can be reproduced in experimental 
models. However, the morphologic presentation of radia-
tion nephropathy varies significantly between various species. 
In experimental animals, just like in humans, the radiation-
induced renal functional deterioration is associated with 
structural changes affecting all four renal compartments. In 
rats, x-ray doses equivalent to those used in treating human 
subjects cause renal failure in both the local and total-body 
irradiation models after a median time of 30 to 40 weeks 
(652,653). The rats develop proteinuria, azotemia, and pro-
gressive hypertension eventually leading to renal failure which 
is the only significant cause of morbidity and mortality in this 
model. Progressive glomerular changes with dominant endo-
thelial abnormalities similar to those described in the human 
kidneys with radiation nephropathy are the most character-
istic findings in rats, mice, pigs, and nonhuman primates 
(637,650,651–652,654–656). The glomerular capillary endo-
thelial changes include swelling, detachment from the underly-
ing basement membrane, and accumulation of subendothelial 
electron-lucent material on electron microscopy with subse-
quent collapse of the capillary loops and eventual glomerular 
obsolescence. The glomerular endothelial changes are detect-
able in less than 6 weeks after irradiation in all species. In addi-
tion to endothelial changes, accumulation of platelet thrombi 
within the glomerular capillary loops is also observed in rats, 
mice, and pigs (637,649–651,657–659). Mesangial sclerosis 
has also been described in all animal models and mesangiolysis 
in some. The tubulointerstitial changes in rats show tubular 
epithelial degeneration, necrosis, and tubular atrophy that 
precede the morphologic changes in the arteries and arteri-
oles suggesting direct toxicity of radiation to tubules (649–
651,659,660). Fibrinoid necrosis of small arteries is a feature 
of radiation injury in dogs (661). Vascular occlusive lesions— 
thrombotic and nonthrombotic—seem to be prevalent only 
in some experimental models of radiation nephropathy (650). 
Widespread glomerulosclerosis, severe tubular loss, and 
extreme interstitial fibrosis were the long-term  consequences 

of radiation injury to the kidney as shown in dogs that were 
irradiated in the neonatal period and died before the age of 
4 years (662–664). These various experimental models show 
involvement of all four renal compartments of the kidney in 
the evolution of radiation nephropathy. Although some stud-
ies seem to support the prominence of glomerular endothe-
lial injury in the pathogenesis, the relative contribution of 
the glomeruli, tubules, interstitium, and vessels in radiation 
nephropathy remains controversial. One traditional hypoth-
esis of the pathogenesis of radiation nephropathy emphasizes 
the significance of vascular injury (665). The other hypothesis 
holds that parenchymal injury, primarily tubular cell injury, is 
the key event in the pathogenesis (666).

Mature pigs may serve as useful models for human radia-
tion injury. In such models, when the pig kidneys are irradi-
ated at doses of ≤9.8 Gy, one sees a measurable and progressive 
decline in renal hemodynamic parameters such as glomerular 
filtration rate and renal plasma flow (654). Serial renal biopsies 
in such animals have revealed principally injury to the glomer-
ular peripheral capillary loops, initially characterized by leuko-
cyte influx and attachment to the endothelium, and narrowing 
of the capillary lumina by the combined processes of endo-
thelial cell swelling and intracapillary leukocyte stasis (654). 
These morphologic and functional changes can be identified 
as early as 3 to 6 weeks after irradiation. Immunohistochemical 
studies in this model using bromodeoxyuridine have detected 
an increase in glomerular cell proliferation as soon as 2 weeks 
after irradiation (667,668), before the appearance of overt 
morphologic injury. At subsequent periods of 2 months and 
later, the evolution of glomerular capillary wall abnormali-
ties includes progressive widening of the subendothelial space 
with accumulations of electron-lucent material when studied 
by electron microscopy. Features suggestive of mesangiolytic 
injury can be identified in the illustrations of some of these 
studies. These morphologic changes most closely resemble 
those of TMA as encountered in humans, and they correspond 
to the descriptions of glomerular radiation injury in humans, 
mice, and some studies of rats given earlier in this section. 
In this model, detectable increases in tubular cell proliferation 
follow those of glomeruli by a period of weeks, morphologic 
evidence of tubular injury is much more focally distributed 
than that of glomeruli, and this injury appears reversible over 
time (668).

Although the precise molecular mechanisms responsible 
for the development of radiation nephropathy are not known, 
a number of factors playing potentially important roles in this 
process have been identified. In addition to angiotensin II, 
which seems to have a central role in the pathogenesis, there 
is some in vitro and in vivo evidence that inflammation and 
factors such as nitric oxide, TGF-β, connective tissue growth 
factor, and PAI-1 may also be involved (669–676). There are 
conflicting data about the role of chronic oxidative stress in 
the pathogenesis of radiation nephropathy. Some experimental 
data suggest the presence of oxidative damage to DNA for up 
to 24 weeks postirradiation (677), while others failed to detect 
any evidence of radiation-related oxidative stress in the kid-
ney by the time there was physiologic evidence of renal injury 
(678). Recent experimental evidence also indicates that admin-
istration of dietary selenium is effective mitigating renal injury 
in a rat model of radiation nephropathy (679,680). Although 
the renoprotective effects of selenium in this model are not well 
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understood, the anti-inflammatory activity of selenium as well 
as selenoprotein-mediated antioxidant defenses may play a role.

Hypertension
Hypertension often occurs in irradiation injury usually in asso-
ciation with radiation nephropathy. In addition to anemia, 
edema, proteinuria, hematuria, elevated serum creatinine, and 
decreased glomerular filtration rate, hypertension is one of the 
most common clinical manifestations of radiation nephropathy 
(681–683). Although the precise mechanism of radiation-asso-
ciated hypertension is not readily understood, the renal origin 
seems undoubted. In several cases, removal of a single damaged 
kidney has resulted in a lowering of blood pressure, the first of 
these cases being reported by Dean and Abels (684). In this case, 
a woman received 4600 R (R, or roentgen, is a unit of radiation 
exposure introduced in 1928 but now replaced by other units 
of measurement; one roentgen = 2.58 × 10−4 coulomb/kg of air 
(685)) to the left upper quadrant over 25 days, and hyperten-
sion developed 7 years later. At nephrectomy, the left kidney was 
shrunken in its lower third and showed obliterative arteriopathy 
in this part. Cogan and Ritter (686) described a 14-month-old 
boy who received a total dose of 5300 R over 36 days to the 
left renal area for a neuroblastoma; hypertension developed 3 
months later. A left nephrectomy caused the blood pressure to 
fall. The excised kidney showed diffuse interstitial fibrosis, hya-
linization and necrosis of the glomerular tufts, and intimal pro-
liferative changes and thickening of arterial blood vessel walls. 
These investigators suggested that the hypertension was explain-
able by a “Goldblatt mechanism,” presumably meaning that 
the arterial narrowing in the radiated kidney was responsible. A 
number of additional cases have also been reported with reversal 
of hypertension after removal of the irradiated kidney (645,687).

However, the precise mechanism of the hypertension in 
such cases is not known. Few reports mention intimal thicken-
ing of large arteries (688). We have seen a number of cases with 
prominent intimal thickening of the interlobular and arcuate 
arteries; however, there were cases that exhibited little change 
in large arteries.

Of great interest in this regard are cases in which irradia-
tion is apparently responsible for narrowing of the main renal 
artery or for what has been called “hypoplasia” of the abdomi-
nal aorta and renal artery (689–692). In these cases, irradiation 
was usually performed during infancy or early childhood, and 
an interval of several years elapsed before hypertension became 
manifest. This interval was as long as 12 or 13 years in some 
instances. Unfortunately, reports on the pathologic features of 
the arterial changes are scanty, although in one of them (691), 
intimal and medial fibrosis with thrombosis in the narrowed 
renal artery was found. In two cases reported in one series 
(692), the patients were adults, and irradiation had been carried 
out at ages 15 and 27 years, respectively. Atheromatous plaques 
had developed in the proximal parts of the renal arteries. The 
immediate response to correction of the stenosis was good 
in some patients (690,691), a finding that suggests that the 
changes were more or less confined to the main renal artery or 
aorta with sparing of the intrarenal vasculature. Information on 
the pathologic features of the kidney is unfortunately sparse in 
this group, but ischemic changes were described in two patients 
(685), with no evidence of changes ascribable to radiation.

As described in Pathologic Changes (p. ) and Experimental 
Studies (p. ), it is quite apparent that the principal site of injury 

in clinically significant radiation nephropathy is the arterial 
and glomerular vasculature. The interstitial capillaries may 
also be prominently involved, but this feature is not as well 
established and is not always observed. As in other situations 
in which hypertension and lesions in small blood vessels coex-
ist, the relationships between the two are complex. By analogy 
with the malignant phase of essential hypertension, one may 
assume that the fibrinoid necrosis of arterioles and small arter-
ies that is frequently encountered in radiation injury is caused 
by the elevated blood pressure irrespective of mechanism. In 
contrast, necrosis in arterioles and small arteries may be found 
in the irradiated kidneys in the presence of only modest levels 
of blood pressure, a finding suggesting that the vascular changes 
are more likely related to the effects of radiation. The experi-
mental evidence is confusing. First, investigators have shown 
that hypertension can develop in the rat after irradiation with-
out any morphologically demonstrable vascular lesions (693). 
Second, Fisher and Hellstrom (694) showed that irradiation 
did exert an effect unrelated to any rise in blood pressure in 
the affected arteries. In this experiment, hypertension was pro-
duced in a series of rats by the application of a silver clip to 
one renal artery, the other renal artery being untouched. After 
irradiation of both the kidneys, vascular necroses were present 
on both sides. The arterial changes in the “nonclipped” kidney 
would be expected as a response to the elevated blood pressure, 
but such could not have been the case in the “clipped” kid-
ney, which would have been protected against the high blood 
pressure by the clip on the renal artery. The necrotizing lesions 
in the clipped kidney must therefore have been caused by the 
radiation. Third, Asscher et al. (695) demonstrated that arte-
riolar and arterial necrosis can occur after irradiation at levels of 
blood pressure that, by themselves, are unlikely to cause necro-
sis. In these experiments, the authors irradiated part of a loop 
of mesentery and, after producing hypertension by renal artery 
constriction, compared the irradiated mesentery with the nonir-
radiated mesentery. Necrotizing arterial changes occurred in the 
irradiated but not in the untreated mesentery. “Sensitization” of 
the mesenteric arteries to the damaging effect of hypertension 
was not established until 2 months after the irradiation. That 
radiation alone was unable to produce the necroses was shown 
by the absence of these lesions in rats that were irradiated but 
did not have hypertension. Two possible explanations for the 
vascular damage as a result of combination of irradiation and 
hypertension were considered. The first was that irradiation 
could so weaken the arterial vessel wall that mechanical disrup-
tion by the increased intravascular pressure could occur. The 
second stemmed from Byrom’s observation in the rat (696) that 
focal arterial spasm of cerebral and mesenteric vessels followed 
severe hypertension. It was suggested that this focal excessive 
vasoconstriction was a myogenic reaction to the increased intra-
vascular pressure and that it led to arterial necrosis.

Asscher et al. (695) speculated that irradiation could ren-
der arterial walls more susceptible to hypertensive damage by 
exaggerating the myogenic response to variations in intravascu-
lar pressure. In this way, excessive vasoconstriction could occur 
as a response to what are merely physiologic variations in blood 
pressure, with consequent necrosis of the wall. Moreover, 
according to this concept, the increased susceptibility to vaso-
constriction could cause ischemia, leading to the production of 
hypertension in the same way as occurs with organic occlusion 
of vessels.
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These seemingly contradictory experimental studies do 
not really help us to determine the relationship between vascu-
lar lesions in the kidney and hypertension in humans, but they 
do show at least that radiation has a profound effect on arte-
rial blood vessels with potential serious consequences for the 
kidney. More recent investigations of radiation-associated vas-
cular injury have identified the endothelium as a principal site 
of injury, but they have not further clarified mechanisms that 
result in the fibrinoid vessel wall lesions and injury to arterial 
smooth muscle cells that were a focus of early studies. Studies 
of the potential activity of specific growth factors and cytokines 
now known to be important in arterial wall injury, repair, and 
sclerosis in various settings are noteworthy for their absence in 
studies of radiation nephropathy at the present time.

Other studies in animal models of radiation injury are 
beginning to dissect broader physiologic mechanisms for the 
development of hypertension. Administration of the angioten-
sin-converting enzyme inhibitor class of antihypertensive drugs 
or angiotensin II-receptor blockers is effective in the treatment 
or prophylaxis of experimental radiation nephropathy (697–
700), whereas lowering of blood pressure to a similar degree 
with hydrochlorothiazide apparently has no similar beneficial 
effect (701). Studies by Juncos et al. (702) of the unilaterally 
radiated kidneys in rats revealed hypertension associated with 
elevated plasma renin levels at 12 weeks after radiation expo-
sure. These studies suggest that radiation-associated hyperten-
sion may be mediated by alterations of the renin-angiotensin 
system, thus leading to a hyperreninemic state. However, no 
activation of the renin-angiotensin system was observed in a rat 
model of radiation nephropathy during the first 10 weeks post-
irradiation (653,698), and development of hypertension was 
also preceded by significant proteinuria and azotemia in this 
model. Therefore, the possibility that radiation nephropathy 
might be mediated by normal activity of the renin-angiotensin 
system has been raised. There is also experimental evidence to 
indicate that renal irradiation causes endothelial dysfunction 
prior to the onset of hypertension (665).

The preceding observations also suggest that, at present, 
the link between renal radiation injury and hypertension may 
invoke mechanisms not necessarily directly resulting from 
the effects of radiation on the target tissue, but they can be 
the consequence of chronic or fibrosing renal injury that may 
occur long after the acute injury. The evidence to support this 
conclusion is at least threefold: (a) in most clinically reported 
cases, the occurrence of hypertension takes place many years 
after radiation exposure; (b) in most case studies document-
ing the reversal of hypertension after excision of an irradiated 
kidney, the removed kidneys are typically described in whole 
or in part as shrunken, scarred, fibrotic end-stage organs; and 
(c) several studies implicate changes in the renin-angiotensin 
system that result from diminished blood flow in the devel-
opment of postirradiation hypertension (i.e., Goldblatt-type 
mechanisms of injury), similar to changes that occur in other 
forms of advanced chronic renal injury.

A hyperreninemic state has been detected in some patients 
with radiation-associated hypertension, and this has been 
reversed with correction of blood pressure by removal of the 
damaged kidney, as published in isolated cases (645,691,703). 
In a prospective study of patients treated with high-dose 
abdominal irradiation for malignant diseases, approximately 
one half developed hypertension (704). The patients with 

hypertension demonstrated elevated peripheral plasma renin 
activity after oral administration of captopril compared with 
controls, and captopril renography was abnormal in five of the 
eight affected patients. Angiography in the five patients with 
an abnormal renogram demonstrated severe stenotic and tortu-
ous changes in small intrarenal arterial vessels in the irradiated 
kidneys without stenosis of the main renal artery.

In aggregate, microvascular injury leading to diminished 
blood flow and a compensatory increase in renin and angio-
tensin could account for some proportion of cases of radiation-
associated hypertension. Hypertension may also contribute to 
progressive vascular and parenchymal injury and the mainte-
nance of the hypertension.

Dosage of Irradiation
Early reports gave little idea of the level of dosage required to 
produce renal damage. Not until the investigations of Paterson 
(705) and Kunkler et al. (706) were published were limits of 
tolerance determined. Different methods of irradiation were 
considered with regard to the dose delivered to the kidney and 
the incidence of renal failure. Investigators showed with irra-
diation of the abdomen that (a) hypertension and renal failure 
may be caused when a homogeneous dose of 2300 R is deliv-
ered to the whole of both kidneys and (b) the risk of renal 
failure may be reduced when one third of the total volume of 
the kidneys is outside the irradiated field.

More current considerations of organ susceptibility to radi-
ation have stressed the concept of tolerance dose. The minimal 
tolerance dose and the maximal tissue tolerance dose refer to a 
severe, life-threatening complication rate of 5% and 50%, respec-
tively, occurring within 5 years of therapeutic radiation treatment 
(707). Few data define the tolerance doses of the human kidneys 
to a single dose of high-level radiation. Guidelines in this setting 
are frequently drawn from the studies of Glatstein et al. (637), 
who showed that in rats, a single dose of radiation of 19 Gy 
(a gray [Gy] being the Système International unit of absorbed 
radiation dose, where 1 Gy = 100 rad = 1 J of absorbed energy 
per kilogram of material (703)) to both the kidneys resulted in 
death from renal failure, whereas 90% of similarly irradiated rats 
survived at doses of 11 Gy. Although the perils of drawing exact 
correlations from the rat kidneys to the human kidneys are obvi-
ous, investigators have long recognized that dividing the total 
therapeutic radiation dose to be delivered into fractioned doses 
over a period of time considerably reduces the organ toxicity that 
would be engendered by a single dose of the same cumulative 
magnitude. Accordingly, more relevant tolerance doses are those 
that specify a specific regimen of fractionated dosing.

A recent comprehensive review of 12 studies reporting 
nephrotoxicity (i.e., increased serum creatinine or HUS after 
total-body irradiation) on 479 adult patients showed that on 
multivariate analysis, the radiation dose was the only significant 
factor associated with increased renal toxicity (708). Neither the 
dose rate nor the number of fractions played a significant role in 
the development of nephrotoxicity. However, when all the stud-
ies were considered except those with pediatric populations only 
(n = 916 patients), the number of radiation fractions became a 
significant factor, in addition to the total dose and dose rate. 
A dose of 9.8 Gy was associated with a 5% risk of kidney toxic-
ity, without nephrotoxic drugs, regardless of the fractionation 
scheme used (median dose, 12 Gy; range, 7.5 to 14; median 
fractions, 6; range 1 to 11, delivered once or twice daily).
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The renal minimal tolerance dose has been considered to be 
20 to 23 Gy when the kidneys are radiated bilaterally in fraction-
ated protocols delivered over 3- to 5-week periods (709,710). 
Even the most acute radiation injuries of the kidney identified 
in humans take weeks to months to develop, and some features 
of chronic nephropathy or hypertension have been identified 
years and even decades after radiation exposure (710). Few clini-
cal studies to ascertain tolerance doses have sufficient extended 
follow-up. A summary of such studies by Cassady (710) has 
identified a threshold radiation dose of 15 Gy, when fraction-
ated protocols are used, for eventual development of detectable 
renal dysfunction. Whereas the pig and monkey can provide 
particularly good models of renal radiation injury, they have not 
yet been fully exploited to guide the establishment of criteria for 
tolerance doses using fractionated schedules.

Unilateral radiation to the left kidney in gastric cancer 
patients resulted in a progressive decrease in left (vs. right) 
renal function 12 to 18 months after chemoradiotherapy, with 
an associated increase in serum creatinine (711). The volume 
of the left kidney receiving greater than 20 Gy and the mean 
left kidney dose were associated with increased risk of renal 
injury. Sensitivity to radiation-induced kidney injury is also 
increased in neonates. Doses of 12 to 14 Gy at 1.25 to 1.5 Gy/
fraction to an entire neonate kidney have been associated with 
a decreased glomerular filtration rate (712). For older children, 
the radiosensitivity of the kidney is similar to those seen in 
adults (710,713,714). A recent dose-volume analysis of radia-
tion nephropathy in children showed that radiation-induced 
kidney functional impairment is rare with the current pediatric 
multimodal treatment approaches (715).

One prospective study of the deleterious effects of radia-
tion on the kidney bears directly on the issue of radiation 
dose. In this study by Dewit et al. (716), several parameters 
of renal function (but not histopathologic features) were fol-
lowed for 3 to 5 years in patients following therapeutic radia-
tion for a variety of malignant diseases. In patients receiving 
the highest degree of radiation (40 Gy in fractionated doses 
over 5 1/2 weeks), creatinine clearances decreased approxi-
mately 20% over the 3- to 5-year interval. Patients receiving 
lesser doses of radiation (17 to 18 Gy in fractionated doses over 
3 1/2 weeks) had no comparable detectable decline in renal 
function over the same follow-up period. Certain other tests of 
renal function, including concentrating capacity (measured by 
urine osmolality), demonstrated no significant alterations as a 
result of radiation in any of the dosage ranges studied.

An additional point, stressed by Dewit et al. (716) in 
summarizing their work and that of others, is that an inverse 
relationship appears to exist between radiation dose and the 
length of the latency period before overt nephrotoxicity can 
be detected. Thus, although the patients receiving high-dose 
radiation had detectable abnormalities within 3 to 5 years after 
injury, those patients receiving lower doses may not show such 
effects until some additional years later. For example, renal dys-
function attributed to the consequences of radiation has been 
identified at periods of up to 19 years after unilateral renal 
radiation at doses of 15 to 20 Gy occurring in patients receiv-
ing radiation therapy for gastric ulcers (717). This point makes 
it virtually impossible to determine precise lengths of time 
needed to determine tolerance doses for the kidney.

A longstanding but unresolved area of concern is the extent 
to which augmentation of radiation damage in the kidney by 

concomitant or sequential administration of chemotherapeu-
tic agents or other drugs may occur (642,708,710,718,719). 
The mechanisms underlying such interactions are complex and 
poorly understood, but the effects are not due to simple addi-
tive cell killing of a common target cell population. Even when 
specific agents are directed against different cell populations, 
tissue sensitivity to both radiation (i.e., a lower tolerance dose) 
and the chemotherapeutic agents utilized may be enhanced. 
In other cases, chemotherapeutic agents may have direct renal 
toxicities, such as the tubular toxicities of cis-platinum, which 
may potentiate or add to the effect of radiation.

Because modern therapeutic radiation protocols frequently 
reduce radiation dosage or administer radiation sequentially when 
chemotherapy is being utilized in a given patient, serious compli-
cations of combined therapy are infrequent. Specific mechanis-
tic interactions between chemotherapeutic agents and radiation 
in individual case reports are difficult to evaluate because of the 
uncontrolled, anecdotal nature of such evidence. Actinomycin 
D, used in conjunction with radiation to treat Wilms tumor, 
can potentiate radiation injury in some tissues, although such an 
effect in the kidney has not been substantiated (710). In rats, cis-
platinum and the nitrosourea BCNU have both been shown to 
cause additional dose-related decreases in renal function beyond 
those attributable to radiation alone (719). In the comprehensive 
review by Cheng et al. (708), the use of cyclosporine and tenipo-
side in pediatric patients was associated with radiation-induced 
nephrotoxicity following total-body irradiation. In patients with-
out the concurrent use of these drugs, at doses ≤13 Gy, the inci-
dence of kidney toxicity was less than 8%. A recent dose- volume 
analysis of radiation nephropathy in children showed that radia-
tion-induced kidney functional impairment is rare with the cur-
rent pediatric multimodal treatment approaches (715).

Only limited information is available on the nature of renal 
tissue injury that may develop in the aftermath of an atomic or 
nuclear explosion. A follow-up study of children exposed to the 
atomic bomb explosion at Hiroshima (720) showed no greater 
incidence of nephritis or urinary abnormality in these patients 
than in children not exposed. The most recent general report 
on mortality in the Life Span Study (LSS) cohort of atomic 
bomb survivors from Japan showed an increased risk of non-
neoplastic diseases, including the circulatory diseases, but no 
increased risk for renal diseases (721). Early kidney failure due 
to high-dose irradiation (>20 Gy) has been described in radia-
tion accidents in Russia (722).

HEMATOPOIETIC STEM CELL 
TRANSPLANTATION–ASSOCIATED TMA
HSCT is a widely used therapy for hematologic, lymphoid, 
and some epithelial and mesenchymal malignant diseases, as 
well as for some nonneoplastic metabolic and genetic disorders. 
Although the hematopoietic stem cells can be derived from bone 
marrow (hence the historical term bone marrow transplanta-
tion–associated TMA), the most common source currently is 
peripheral blood. Total-body irradiation to ablate the recipient 
hematopoietic and lymphoid cells is an important aspect of 
HSCT. Several syndromes of acute renal insufficiency have been 
identified in these HSCT patients. Most of these syndromes 
occur early after HSCT (i.e., in the first 3 months) and are usu-
ally the result of sepsis, administration of nephrotoxic antibiotics 
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or other therapeutic agents, tumor lysis syndrome, or hepatore-
nal syndromes (723,724). They are not further discussed in 
this chapter. Of particular note is a clinical syndrome of late 
renal insufficiency, generally occurring greater than 3 months 
and with a peak incidence of 9 to 12 months after HSCT 
(724–731). This syndrome has long been recognized to dem-
onstrate clinical and morphologic features of TMA (728,732). 
Historical synonyms for this syndrome include BMT-associated 
TMA, radiation nephropathy after total-body irradiation, BMT 
nephropathy, TTP, or HUS following BMT and HUS/TTP 
after BMT. Although the toxicity committee of the Blood and 
Marrow Transplant Clinical Trials Network recommended the 
term posttransplantation TMA for this disorder (733), we prefer 
the term hematopoietic stem cell transplant (HSCT)-associated 
TMA to avoid confusion with other TMAs that develop in 
patients with solid organ transplants. Therefore, the term 
HSCT-associated TMA is used throughout this chapter.

Hematopoietic stem cell transplant-associated TMA can 
occur with autologous or allogeneic HSCT, in the presence or 
absence of graft versus host disease, with or without total-body 
irradiation and exposure to cyclosporine, and a triggering infec-
tion may or not be present. A systematic review of the litera-
ture from 1966 to 2003 revealed an 8.2% incidence of TTP/
HUS in 5423 allogeneic HSCT patients (728). However, the 
reported incidence varied by 125-fold from 0.5% to 63.6%. 
This great variation in the incidence underlines the difficul-
ties of the clinical diagnosis of HSCT-associated TMA. These 
patients can be critically ill with numerous comorbidities such 
as opportunistic infections, drug toxicity, radiation-related 
injury, and acute GVHD all of which can mimic the laboratory 
and clinical features of TMA. The slightly different guidelines 
put forth by two expert panels to define the diagnostic criteria 
have highlighted the difficulties in rendering a clinical diagno-
sis of posttransplantation TMA (733,734).

Clinical Presentation
The clinical presentation is either a rapid or a gradual decline 
in renal function manifested by increased BUN and serum cre-
atinine concentrations. In addition to hemolytic anemia and 

thrombocytopenia, hypertension, hematuria and red blood cell 
casts, proteinuria, consumptive coagulopathy and congestive 
heart failure are frequent findings. Anemia is disproportion-
ately worse than would be expected for the degree of azote-
mia. Individual patients may experience severe consequences 
as a result of these abnormalities, whereas in others, the disease 
process may be mild. However, there might be a significant 
discordance between the clinical and histologic diagnosis of 
TMA in this setting. Pathologic findings of TMA may be pres-
ent in the kidney as an isolated lesion in the absence of clini-
cal criteria for TMA, well documented in both autopsy and 
biopsy series (735–737). An autopsy study of 314 patients who 
died after HSCT reported a 20% incidence of renal TMA with 
little correlation between the clinical and tissue diagnosis of 
TMA (735). In contrast, another autopsy study of 20 patients 
with HSCT, 8 of whom had renal TMA, documented strong 
correlation between the clinical and morphologic diagnosis of 
TMA (738).

Pathologic Findings
The morphologic features encountered in renal biopsies or 
autopsies of affected patients are typical of a thrombotic micro-
angiopathic process such as HUS. These features are described 
in Pathologic Changes of TMA (p. 753–761) and are illustrated 
in Figs. 18.1 to 18.19, 18.37, and 18.38. Descriptions of the 
renal pathologic features in HSCT nephropathy are fairly uni-
form, despite variations in the conditioning regimen used to 
prepare patients for HSCT in different centers and in concur-
rent laboratory parameters of affected patients (737,739–741). 
Whether or not patients have clinical evidence of hemolytic 
anemia or thrombocytopenia, the renal lesions typically involve 
glomeruli and small arterial and arteriolar vessels. The light, 
immunofluorescent, and electron microscopic features are iden-
tical to the general description of TMA with progressive sclerotic 
changes observed with chronicity. Full morphologic resolution 
of the microthrombotic process has also been documented 
within months of the initial injury. In the series of Antignac 
et al. (742), in which two patients underwent repeat biopsy, the 
nephropathy was markedly progressive, with  features of global 

FIGURE 18.38 Thrombotic microangiopathy in a 19-year-old patient 6 months after bone marrow transplantation.  
A: A few of the glomerular capillaries show thrombotic lesions and many capillaries are congested. Focal reduplication of the glomeru-
lar capillary basement membranes is also noted. B: The finding of mesangiolysis and capillary microaneurysms is similar to that seen 
in radiation nephropathy. (Methenamine-silver.)

A B
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glomerular sclerosis, glomerular ischemia, and extensive tubular 
atrophy present in the second biopsy, but in which resolution 
of mesangiolytic changes and improvement in arteriolar lesions 
were also reported. In addition to renal involvement, HSCT-
associated TMA can occasionally affect other organs such as 
lung and gastrointestinal tract (738,743).

Etiology and Pathogenesis
The high incidence of this clinical and pathologic syndrome 
has led some investigators to identify it as a distinct entity, 
BMT nephropathy (now HSCT-associated TMA or HSCT 
nephropathy) (726,727). This syndrome was suspected to be 
a likely manifestation of radiation nephropathy at the time of 
its first description by Bergstein et al. (638), but in general, the 
difficulty in separating it from confounding contributions of 
concurrent drug therapy, infections, and other clinical variables 
present in these of extremely ill patients makes it difficult to 
establish this relationship conclusively (739,744).

However, the lines of evidence to support the role of 
radiation include (a) renal biopsy findings in affected patients 
that are virtually identical to those recognized as character-
istic of radiation nephropathy as described in Pathologic 
Changes (p. ), (b) similar latencies after exposure to radiation 
between development of clinical radiation nephropathy and 
HSCT nephropathy, (c) overlapping clinical findings between 
patients with TMA after HSCT and patients with radiation 
nephropathy and concomitant evidence of a coagulation dis-
order, (d) occurrence of TMA in HSCT patients who under-
went total-body irradiation and T-cell depletion but did not 
receive CNIs (745), and (e) an association between reduction 
of total radiation dose by partial shielding of the kidneys dur-
ing total-body irradiation and dramatic lowering of the inci-
dence of HSCT-associated HUS (746,747). In the series by 
Lawton et al. (747), this method for reducing the renal radia-
tion dose resulted in a decline of HSCT-associated HUS from 
26% to 6% in otherwise equivalent patient populations. This 
last observation in particular serves to establish the pathogenic 
role of renal irradiation in the development of this disorder. A 
variety of factors including radiation dose, volume and frac-
tionation, and patient factors such as preexisting disease and 
other risk factors determine the renal tolerance and suscepti-
bility to develop radiation nephropathy (707). It is generally 
recommended that during total-body irradiation, the kidneys 
be shielded to a biologically effective dose of less than 16 Gy; 
however, with a total of 12 Gy delivered in multiple fractions, 
the complication of radiation nephritis can be infrequent even 
without shielding the kidneys (748,749). Children and adults 
with comorbidities appear to tolerate lower doses of radiation.

However, note should be taken that TMA can also develop 
in HSCT patients who have not received total-body irradia-
tion as part of their conditioning regimen (738,739,750). In a 
series published by Elliott et al. (750), TTP developed in 2 of 
13 patients who underwent bone marrow transplantation after 
nonmyeloablative conditioning regimen. In our own series of 
HSCT-associated TMA, 4 of 8 patients with histologic evi-
dence of renal TMA had no total-body irradiation as part of the 
conditioning regimen (738). The renal morphologic changes of 
TMA in patients with prior irradiation were indistinguishable 
from those who developed TMA without irradiation (738).

The pathogenesis of this disorder, as in radiation nephrop-
athy unassociated with HSCT and total-body  irradiation, 

remains obscure. Analysis of clinical series reported to date 
reveals no predisposition for the development of this late 
nephropathy resulting from episodes of acute renal failure 
occurring early in the clinical course; that is, this form of radia-
tion nephropathy appears distinct from and is not potentiated 
by the renal effects of specific nephrotoxins, sepsis, or prior 
occurrence of a hepatorenal syndrome. Markers of endothelial 
injury, such as vWF and soluble thrombomodulin (TM) levels, 
were shown to be increased in patients with HSCT-associated 
TMA (751). UL vWF multimers, indicative of large-scale dis-
ruption of endothelial cells, have also been demonstrated in 
some patients with HSCT-associated TMA (750). Endothelial 
injury may result from multiple pathogenetic factors, includ-
ing chemotherapy, infections, GVHD, and cyclosporine treat-
ment potentiated by conditioning regimens (271,743,752).

Cyclosporine, a drug with known potential to cause HUS 
(209), is widely used to treat the graft versus host disease that 
frequently occurs in patients who have undergone HSCT. 
Accordingly, this drug, rather than total-body irradiation, has 
been suspected to contribute to or even to be the principal 
agent of HSCT nephropathy in some patients. However, early 
reviews in the literature showed that approximately one half of 
the affected patients who have undergone HSCT had no expo-
sure to cyclosporine, a finding making it most unlikely that this 
drug is the principal nephrotoxin in this disorder (724,731). 
When CNIs were combined with sirolimus following allogeneic 
HSCT, the incidence of TMA (10.8%) was significantly higher 
than in those patients treated without sirolimus (753). In this 
study, only the use of sirolimus and grade II to IV acute graft ver-
sus host disease were associated with TMA in regression analyses.

It has also been hypothesized that GVHD and endothelial 
injury due to cytokines, cytotoxic donor T lymphocytes, or cir-
culating antibodies may be involved in the pathogenesis of post-
transplantation TMA (735,743,754). In a recent autopsy study 
of patients who underwent hematopoietic stem cell transplanta-
tion, the risk of TMA was significantly increased in the presence 
of graft versus host disease and was independent of cyclosporine 
use (735). In suspected cases of chronic graft versus host disease–
induced posttransplantation TMA, glomerulitis and peritubular 
capillaritis with infiltrating cytotoxic T cells was demonstrated 
in addition to endothelial injury (755). In 4 of 7 cases, glo-
merular and peritubular capillary C4d staining was present, 
suggesting the involvement of chronic humoral- mediated graft 
versus host disease (755). There is also some evidence to sug-
gest a potential link between VEGF and the development of 
GVHD and TMA. Lower levels of VEGF have been associated 
with more severe forms of GVHD, and therefore endothelial 
injury mediated by low levels of VEGF might play a role in 
the development of TMA (735,756). TMA in the kidney may 
merely represent renal manifestation of GVHD. This hypoth-
esis of graft versus host disease-induced TMA has therapeutic 
implications as such patients may benefit from increasing rather 
than withdrawal of cyclosporine (735,743). Antibody-depleting 
therapies may be useful in the presence of C4d staining in kid-
ney biopsies from HSCT patients with TMA.

Animal Models
Some animal models, principally using rats and mice, have 
been designed to simulate the process of total-body irradiation 
used to prepare patients for HSCT (718,757,758). Several of 
these protocols further recapitulate the clinical protocols used 
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in patients by subsequent infusion of syngeneic bone marrow 
cells to avoid the confounding effects of hematopoietic fail-
ure that typically occur in this form of cytoreduction therapy. 
These studies have shown that such models can reproduce the 
glomerular and, at times, the hematologic features of glomeru-
lar injury and TMA described in human patients. These models 
have been used to dissect the additional effects on the kidney 
of several of the drugs commonly used in the course of HSCT. 
The results to date stand in some contrast to the human situ-
ation. Lawton et al. (718) concluded from studies in rodents 
that no additional nephrotoxic effects on renal function were 
noted beyond those of total-body irradiation alone for genta-
micin, amphotericin, or cyclosporine for periods of ≤6 months 
after HSCT. In this study, busulfan was the only drug tested 
that exerted an additional nephrotoxic effect. This finding con-
trasts with the situation in human patients undergoing HSCT 
in whom the use of gentamicin and amphotericin has been 
strongly implicated in the acute renal failure that may occur in 
the first few months after HSCT (724), although in humans, 
this effect may be mediated through mechanisms of a hepatore-
nal syndrome rather than by direct cytotoxicity to renal cells. 
These findings indicate possibly important limitations in the 
use of these rodent protocols to model the human situation.

Treatment
Treatment for radiation nephropathy in patients who have 
undergone HSCT remains supportive. Many patients exhibit 
only mild renal insufficiency, and such patients may recover 
renal function with improvement in concurrent hematologic 
abnormalities (731). More severe cases may require dialy-
sis; in such patients, mortality may be high (731). Plasma 
exchange, the principal treatment in the idiopathic forms of 
TMA in adults, seems to be ineffective in patients with HSCT-
associated TMA (759). The ineffectiveness of plasma exchange 
treatment in this setting has been attributed to the absence of 
ADAMTS13 deficiency in these patients (750,760). However, 
Vesely et al. (164) showed that severe ADAMTS13 deficiency 
does not identify all patients diagnosed with HUS/TTP who 
may respond to plasma exchange treatment.

Several studies in animal models and humans have con-
firmed the role of angiotensin-converting enzyme inhibitors and 
angiotensin II receptor antagonists in the prevention as well as 
treatment of HSCT and radiation nephropathy (697,761,762). 
While antihypertensive properties of these drugs are definitely 
beneficial, the primary mechanisms of renoprotection appear 
to be vasodilation of the glomerular arterioles with consequent 
lowering of intraglomerular pressures and through potential 
antioxidant properties (763). In addition to angiotensin II 
receptor blockers, amifostine, a potent free radical scavenger and 
antioxidant has been proposed as an agent to reduce radiation-
induced nephropathy (764). Although no definite increase in 
markers of chronic oxidative stress was identified in the kidneys 
of a rat model after total-body irradiation (678), suppression of 
renin-angiotensin system has been proven to be clinically useful 
in randomized controlled studies to limit the radiation nephro-
toxicity in hematopoietic transplantation (699,761). Individual 
studies suggest that administration of anticoagulant sulodexide 
(669) and the anti-inflammatory agent dexamethasone (765) 
also may diminish the nephrotoxic effect of radiation in experi-
mental systems, but such findings have not yet been translated 
into clinical trials in human patients.

RADIATION NEPHROPATHY DUE TO 
RADIONUCLIDE THERAPY
Radionuclide therapy targets tumors by delivering radioactive 
particles directly to tumor cells. This is achieved by attaching 
(chelating) beta, alpha, or gamma emitting radionuclides to 
monoclonal antibodies, antibody fragments, or low molecu-
lar weight oncophilic peptides. Delivery of radioactivity to 
the target tissue is governed by the specificity of the antibod-
ies or oncophilic peptides to antigenic epitopes or receptors 
expressed by tumor cells. Radiation injury to the kidney has 
been observed in association with some of these treatment 
modalities (766,767).

Conventional radioimmunotherapy uses radiolabeled anti-
bodies or Fab fragments that target tumor-associated epitopes, 
while the alternate approach, peptide-receptor radionuclide 
therapy (PRRT), utilizes radiolabeled peptides that bind to cell 
surface receptors expressed by tumors. Most clinical experi-
ence gained with PRRT so far has been with radiolabeled low 
molecular weight somatostatin-analogue (octreotide) octapep-
tides targeting tumors that overexpress somatostatin receptors. 
This particular therapy now has a well-established role in the 
treatment of metastatic neuroendocrine tumors (768). Binding 
of these octapeptides to somatostatin receptors is followed by 
receptor-mediated internalization and retention of the radio-
labeled substances in lysosomes that facilitates accumulation 
of radioactivity within tumor cells. High activity indium 111 
(111I)-diethylenetriamine-pentaacetic acid (DTPA) octreotide 
and beta and/or gamma particle emitters such as Yttrium 90 
(90Y) conjugated via tetraazacyclododecane-tetraacetic acid 
(DOTA) to Tyr3-octreotide (90Y-DOTATOC) or to lanreo-
tide (90Y-DOTALAN), and of lutetium 177 (177Lu) to Tyr3-
octreotate (177Lu-DOTATATE) are in use (769). The binding 
activity of various somatostatin octapeptides to various sub-
types of somatostatin receptors varies significantly, influencing 
the efficacy of the treatment. For example, the analogue octreo-
tate (DOTA, Tyr3-octreotate) has a ninefold higher activity for 
the somatostatin receptor subtype 2 as compared with octreo-
tide (DOTA, Tyr3-octreotide) (770). The main dose-limiting 
complications of PRRT include acute myelotoxicity and long-
term renal toxicity. The renal uptake of radioactivity follow-
ing intravenous administration of radiolabeled octapeptides is 
one of the highest among various organs making the kidney a 
potential target for radiation injury (771).

Nephrotoxicity secondary to treatment with the beta-
emitter 90Y-DOTATOC has been reported by various groups 
(643,772,773) and is dose related (774,775). A study by Moll 
et al. (772) indicates that patients receiving a cumulative dose 
of greater than 200 mCi/m2 of 90Y-DOTATOC for advanced 
neuroendocrine tumors may increase the risk of developing 
chronic renal failure. Renal biopsies from these patients with 
renal impairment show typical features of TMA with glo-
merular, arteriolar, and small arterial involvement. Dosimetry 
studies with 90Y-DOTATOC and 177Lu-DOTATATE have 
indicated that a biologic effective dose of less than 40 Gy is safe 
in the absence of preexisting renal disease, while a similar dose 
of greater than 45 Gy of 90Y-DOTATOC increases the risk of 
acute deterioration of renal function (774,776). No renal tox-
icity was observed in another trial that included 154 patients 
receiving cumulative doses up to 8.58 GBq (5.0 GBq/m2) of 
90Y-DOTALAN (486). Likewise, no renal toxicity has been 
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observed with 111In-DTPA-octreotide with cumulative doses 
up to 100 GBq and renal dose of 45 Gy (777).

No renal toxicity has been reported from clinical trials 
using various monoclonal antibodies, such as 131I-tositumomab 
or 90Y-ibritumomab (778–780). However, when rhenium 
188–labeled monoclonal antibodies (188Re-anti-CD66) were 
applied as part of combined chemotherapy and external beam 
total-body irradiation of 12 Gy prior to stem cell transplanta-
tion, 6 of 36 patients developed an increase in serum creatinine 
6 to 12 months after therapy (781). Radiation nephropathy 
was diagnosed morphologically in one of six cases.

The higher rate of nephrotoxicity (e.g., radiation nephrop-
athy) in patients treated with radionuclides chelated to small 
molecular weight peptides versus monoclonal antibodies is 
likely due to the high rate of renal catabolism of low molecu-
lar weight proteins (782). The low molecular weight proteins 
such as octreotide are filtered through the glomerular capil-
lary basement membranes followed by tubular reabsorption. 
The cationic or neutral radiolabeled molecules filter more effi-
ciently across the anionic GBM and are also better reabsorbed 
by proximal tubules. Multiple transport mechanisms appear 
to be involved in the proximal tubular reabsorption of these 
peptides (767). But in vitro studies suggest that the primary 
reabsorption mechanism is by receptor-mediated endocytosis, 
possibly involving megalin and cubilin receptors in proximal 
tubules (783). These peptides may also be actively secreted 
from the peritubular capillary blood into the tubular lumen 
(767). Proteolytic digestion of the peptides by tubular lyso-
somal enzymes results in breakdown products including radio-
nuclide-chelated amino acids. Entrapment of these chelated 
amino acids within the kidney tubules occurs by binding to 
intracellular metal-binding proteins.

Several studies indicate that development of radiation 
nephropathy after radionuclide therapy likely depends on mul-
tiple factors, such as dose of radiation, the type of isotope, the 
characteristics of the carrier monoclonal antibody or peptide 
used, such as size, charge, and clearance pathways, individual 
renal volume, dose rate, and fractionation. The severity of 
nephrotoxicity can be reduced by accurate pretreatment renal 
dosimetry, especially in the setting of renal impairment (784). 
Alpha emitters, such as 111In, have high ionizing properties over 
a short range that result in a high relative biologic effectiveness 
as compared to a similar dose of x-rays (785). The mean particle 
range of Auger electrons emitted by 111In is less than one cell 
diameter, while beta particles emitted by 90Y have much deeper 
penetration range (R95 5.7 mm). It has been hypothesized that 
the absence of significant radiation nephrotoxicity in patients 
treated with 111In-DTPA compared to 90Y-DOTATOC is due 
to the limited range of damage inflicted by 111In.

The nephrotoxicity can be reduced by several methods 
that limit tubular reabsorption of and damage by these radio-
labeled peptides. Structural changes to the peptide such as 
substitution, addition, or deletion of amino acids to alter the 
net charge can have significant effects on the renal uptake of 
these radionuclides (786–788). The pharmacokinetics of the 
peptides can also be altered by adding polyethylene glycol 
groups or albumin-binding sequences, with resultant renopro-
tection (789). The competition for the negative charges on the 
tubular basement membrane between the radiolabeled com-
pound and other cationic compounds may also inhibit renal 
tubular reabsorption (790,791), and radiolabeled monoclonal 

antibodies could be inhibited significantly by cationic amino 
acids (792). In rats, coinjection of 400 mg/kg l-lysine inhib-
ited renal uptake of 111In-DTPA octreotide by approximately 
40% (793). There are several human studies indicating that 
renoprotection during radionuclide therapy can be achieved by 
coinfusions of cationic, basic amino acids such as lysine and 
arginine (776,794,795). It has been shown that the maximum 
cumulative dose of 90Y-DOTATOC and 177Lu-DOTA-TYR3-
octreotate can be safely increased when such renal protec-
tion is used (790,791). Currently, coinfusion of basic amino 
acids is a standard renoprotective regimen in PRRT therapy. 
Nevertheless, there are some data indicating that the long-
term outcome of renal function in patients treated with PRRT 
may be less favorable even when renoprotective regimens are 
applied. A sustained decline in creatinine clearance with an 
average of 7.3% in patients treated with 90Y-DOTATOC and 
3.8% in those treated with 177Lu-DOTATATE was observed 
with a median follow-up of 2.9 years and 2.3 years, respectively 
(796). Eleven of sixty-five patients in this study had more than 
15% decline of creatinine clearance per year.

Although experimental, other protective modalities of 
proximal tubular reabsorption interference include disruption 
of endocytosis by reducing the energy supply using maleate 
that inhibits the citric acid cycle and blocking tubular trans-
porters by using probenecid (797). The oxidative stress caused 
by radionuclide-induced release of free radicals can be coun-
tered by using radioprotectors such as amifostine (798). Dose 
fractionation may give the normal tissue a chance to repair 
between the irradiation cycles without significantly altering the 
tumor response (798).

Although somatostatin analogs are most commonly used, 
many other radiolabeled peptides have been studied including 
gastrin, cholecystokinin, and exendin analogs that target gas-
trin receptor, cholecystin-2 receptor, and glucagon-like peptide 
receptors, respectively, expressed by various neuroendocrine 
and nonneuroendocrine tumors (799,800). Several other new 
peptides such as bombesin, VIP, NPY (Y1) can potentially be 
targeted in nonneuroendocrine tumors as prostate and breast 
carcinoma (769), expanding the therapeutic potential of 
PRRT, but also increasing the frequency of renal vulnerability.

In summary, radiation nephropathy occurs in patients 
with radionuclide therapy, especially those with PPRT. The 
toxicity depends on multiple factors, including the dose of 
radiation, type of radionuclide, and the physicochemical prop-
erties of the carrier molecules. Renal toxicity can be limited 
by various renoprotective modalities during therapy; however, 
gradual renal functional deterioration over long range may still 
be the consequence.
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