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The Pathology of Lupus Nephritis

Melvin M. Schwartz

Summary: An international working group of clinicians and pathologists met in 2003 under
the auspices of the International Society of Nephrology (ISN) and the Renal Pathology Society
(RPS) to revise and update the 1982 and 1995 World Health Organization classification of
lupus glomerulonephritis. This article compares and contrasts the ISN/RPS classification and
the antecedent World Health Organization classifications. Although systemic lupus erythem-
atosus is the prototypical systemic immune-complex disease, several non–immune-complex
mechanisms of glomerular injury and dysfunction have been proposed, and this article
summarizes the evidence supporting the pathogenic mechanisms of lupus vasculitis, glomer-
ular capillary thrombosis, and lupus podocytopathy. The most significant and controversial
feature of the ISN/RPS classification is the separation of diffuse glomerulonephritis into
separate classes with either segmental (class IV-S) or global (class IV-G) lesions. Several groups
have tested the prognostic significance of this separation, and this article discusses the
implications of these studies for the ISN/RPS classification.
Semin Nephrol 27:22-34 © 2007 Elsevier Inc. All rights reserved.
Keywords: Systemic lupus erythematosus, pathology, ISN/RPS classification, immune com-
plex disease, in situ immune complex disease, podocytopathy, collapsing FSGS, thrombotic
microangiopathy, vasculitis, TTP-like
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lemperer et al1 were the first to describe
the light microscopic renal pathology of
systemic lupus erythematosus (SLE) glo-

erulonephritis (GN) with cellular proliferation,
ire-loops, hematoxylin bodies, and fibrin

hrombi in autopsied patients dying with the un-
reated disease. However, informed by pathoge-
etic insights and the newer techniques of im-
unopathology and electron microscopy, the

nterpretation and the prognostic and thera-
eutic implications of the pathology have
volved. Early in the renal biopsy era, the
emonstration of immune deposits by fluores-
ence and electron microscopy led to the con-
lusion that all of the pathology observed in SLE
enal disease was immune-complex mediated.
owever, despite the strong evidence support-

ng the existence of DNA–anti-DNA immune
omplexes in the circulation and aggregates
ontaining DNA and anti-DNA antibodies in the
lomeruli, other mechanisms of glomerular in-
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Seminar2
ury have been described in patients with SLE.
his article focuses on 2 aspects of the renal
athology of SLE that are of concern both to the
linician, who uses the renal biopsy to assess
rognosis and to guide therapy, and to the

nvestigator, who uses the biopsy findings to
ain pathogenetic insight. The first is the re-
ently proposed classification of lupus glomer-
lar disease developed under the auspices of
he International Society of Nephrology and the
enal Pathology Society (ISN/RPS classifica-

ion).2,3 The second is the non–immune-com-
lex pathogenetic mechanisms proposed to be
perative in SLE renal disease.

HE ISN/RPS
LASSIFICATION OF GLOMERULAR DISEASE

arly renal biopsy studies in SLE patients
howed a spectrum of glomerular disease4 and
rognosis was a function of the underlying glo-
erular lesion,5 and the glomerular pathology

ncluded segmental (focal), diffuse (global), and
embranous forms of GN.6,7 According to
eening et al,2,3 Robert McCluskey codified
he first histologic classification of lupus ne-

s in Nephrology, Vol 27, No 1, January 2007, pp 22-34
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Pathology of lupus nephritis 23
hritis, and, after modification by the Pathol-
gy Committee of the International Study of
idney Disease in Children, it was published

n 1982 by the World Health Organization
WHO) (Table 1).8 Although the WHO classi-
cation provided the pathologic context for
any clinical studies, it was not universally

ccepted. The impetus to revisit the classifi-
ation was the concern that the 1982 classi-
cation and the 19959 version with 6 classes
nd many subclasses were too cumbersome
o apply, in certain aspects difficult to under-
tand, and key terms were undefined.

Table 1. Comparison Between the Modified W
Class Modified WHO (1982) Critiqu

I Normal glomeruli No norm
classifica) all techniques

b) EM/FM deposits
II Pure mesangial

alterations
No show

differen
classesa) Mild hypercellularity

b) Moderate
hypercellularity

III Focal segmental GN* 1) Proble
globa

2) No qu
defini

IV Diffuse GN* 1) Categ
widel
segm
lesion

2) No qu
defini

V Diffuse membranous GN 1) No de
clinica
betwe
and b

2) Mixed
comb
memb
active
III and

a) Pure
b) Plus class II
c) Plus class III
d) Plus class IV

VI Advanced sclerosing GN No quan
definiti

*Subcategories: active necrotizing, active and sclerosing, and
†Subcategories: active, active and chronic, and chronic lesio
Differences that are more fundamental were c
he interpretation and clinical implications of the
istinction between focal segmental (class III) and
iffuse (class IV) GN in the WHO classification.
o some, segmental GN represented a different

orm of glomerular pathology and a different
athogenetic mechanism from the diffuse
lobal lesion seen in many cases of class IV
upus glomerulonephritis. Others believed that
lass III and IV lesions represented quantitative
ifferences in the same pathologic process. Al-
hough distinguishing between classes III and
V by the proportion of glomerular involvement
ithout considering sample size leads to mis-

1982) and the ISN/RPS (2004) Classifications
HO 1982 ISN/RPS Classification (2004)

pathologic Minimal mesangial lupus
nephritis. Normal by LM.
EM/FM deposits

ical
tween

d b)

Mesangial proliferative lupus
nephritis with mesangial
proliferation of any degree

focal

ative
f focal

Focal lupus nephritis†
�50% glomerular involvement

omprise
ributed
and global

ative
f diffuse

Diffuse lupus nephritis† �50%
glomerular involvement

a) IV-S �50% of glomeruli
have segmental lesions

b) IV-G �50% of glomeruli
have global lesions3

strated
erence
asses a)

es

us with
ns in class
onfusing

Membranous lupus nephritis

a) With or without mesangial
proliferation or deposits

b) In biopsies with mixed
membranous and focal
(class III) or diffuse (IV) GN,
the glomerular lesions are
diagnosed separately

e
advanced

Advanced sclerosing lupus
nephritis �90% global
sclerosis without residual
activity

sing lesions.
HO (
e of W

al in
ation

n clin
ce be
a) an

m of
l GN
antit

tion o
ory c
y dist
ental
s
antit

tion o
mon
l diff
en cl
)
class

ining
rano
lesio
IV c

titativ
on of

sclero
ns.
lassification of a significant number of biopsy
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24 M.M. Schwartz
pecimens,10 the latter interpretation prevailed,
nd the ISN/RPS classification uses 50% glomer-
lar involvement as the cut-off level between
lasses III and IV. The implications of this deci-
ion are discussed later (see section “Applying
he ISN/RPS Classification”).

An international working group of clinicians
nd pathologists met under the auspices of the
SN and the RPS with “the major objective of
tandardizing definitions, emphasizing clini-
ally relevant lesions, and encouraging uniform
nd reproducible reporting between centers.”
he classification of lupus GN that was proposed

s based on the 1982 WHO classification. Table 1,
n which the 1982 WHO classification is com-
ared with the ISN/RPS classification, lists spe-
ific criticisms and problems that were of
oncern to the working group. This is a mor-
hologic classification of lupus GN that does
ot include coagulopathies, podocytopathy, or
on-immunoglobulin-mediated glomerular cap-

llary necrosis (vasculitis) (see later). If present,
he working group recommends separate diag-
oses for these glomerular lesions and nonglo-
erular vascular lesions, and tubulointerstitial

ephritis. The salient features of the 6 classes of
upus glomerular pathology in the ISN/RPS clas-
ification are presented below and in Table 1,
long with significant changes from the modi-
ed 1982 and 1985 WHO classifications.

SN/RPS Class I: Minimal
esangial Lupus Nephritis

he glomeruli are normal by light microscopy,
ut they must have mesangial immune deposits
y fluorescence microscopy or electron-dense
eposits by electron microscopy. This defini-
ion eliminates the normal glomeruli by all mor-
hologic modalities in category (IA) in the
HO classification, which is objectionable be-

ause a normal category should not be present
n a pathologic classification.

SN/RPS Class II: Mesangial
roliferative Lupus Nephritis

he glomerular pathology is limited to mesan-
ial hypercellularity of any degree or mesangial
atrix expansion by light microscopy with
esangial immune deposits seen by fluores-
ence microscopy or mesangial electron-dense I
eposits seen by electron microscopy. This def-
nition eliminates the distinction drawn be-
ween mild and moderate mesangial hypercel-
ularity (categories IIA and IIB) in the WHO
lassification because clinicopathologic studies
ave produced no outcome data to support the
eparation of mesangial lupus nephritis based
n the degree of mesangial cellularity.

SN/RPS Class III: Focal Lupus Nephritis

lass III is defined by the proportion of glomer-
li with any active lesion or scar involving less
han 50% of the glomeruli (Fig 1). It is not
efined by the character of the pathology or its

ntraglomerular distribution. Although most of
he active lesions seen in focal lupus nephritis
re, in fact, segmental in their intraglomerular
istribution, this strictly quantitative definition
eplaces the descriptive category III, “Focal seg-
ental GN,” in the WHO classification. It

hould be noted that morphologically identical
ocal segmental GN may be distributed more
idely, but when 50% or more of glomeruli are

nvolved, the biopsy specimen is classified as
iffuse lupus nephritis (see section “Class IV:

igure 1. Focal segmental glomerulonephritis. There is
segmental proliferative lesion that obliterates the glo-
erular architecture and involves at least 50% of the

uft. The uninvolved glomerular lobules show mesangial
xpansion and normal cellularity. Only 2 of 32 glomeruli
n the biopsy specimen were involved (ISN/RPS class

IIA). Hematoxylin and eosin, 66�.
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Pathology of lupus nephritis 25
iffuse Lupus Nephritis”). Class III has 3 subdi-
isions for active (III [A]), active and chronic
III [A/C]), and chronic (III [C]) lesions.

Table 2. Active Glomerular Lesions in SLE

Endocapillary hypercellularity with or without
leukocyte infiltration and with substantial
luminal reduction

Karyorrhexis
Fibrinoid necrosis
Rupture of glomerular basement membrane

(breaks)
Crescents, cellular or fibrocellular
Subendothelial deposits identifiable by light

microscopy (wire-loops)
Intraluminal immune aggregates (hyaline

thrombi)
Hematoxylin bodies2

NOTE. Although hematoxylin bodies are a classic feature
of active lupus glomerulonephritis, the ISN/RPS classifi-
cation does not include them among the active lesions.

Modified from Weening et al.2,3

igure 2. Focal segmental glomerulonephritis. (A) The
uft (arrow) and a focal fibrin exudate (arrowhead). The
atent capillaries and a mild increase in mesangial ma
lomeruli (59%) in the biopsy specimen. This biopsy spe
0% of the glomeruli are involved. Note the similarity of
han 80% of the tuft and similar lesions involved 30 o
egmental nature of the process indicated by the uninv
iffuse global (ISN/RPS IV-G [A]) because of the involvem

f the tuft. (A and B) Hematoxylin and eosin, 66�.
SN/RPS Class IV:
iffuse Lupus Nephritis

iffuse lupus nephritis (ISN/RPS class IV) is
efined by the proportion of glomeruli with any
ctive lesion or scar (Table 2) involving 50% or
ore of the glomeruli. This class contains cases
ith global endocapillary and extracapillary

crescentic) proliferative GN involving 50% or
ore of the glomeruli and the rare cases with
idespread subendothelial deposits (wire-

oops), unaccompanied by significant endocap-
llary proliferation, seen by light microscopy. It
lso includes biopsy specimens with segmental
esions in 50% or more of the glomeruli. The
SN/RPS distinguishes between these 2 types of
iffuse lupus nephritis and categorizes them
eparately as diffuse, segmental proliferative lu-
us nephritis (segmental lesions in �50% of
lomeruli) (Fig 2), and diffuse, global prolifera-
ive lupus nephritis (global lesions in �50% of
lomeruli) (Figs 2 and 3). The segmental glo-
erular lesions involve variable proportions of

segmental proliferative lesion that involves 20% of the
lved glomerular lobules show normal architecture with
d cellularity. Similar lesions were present in 13 of 22
is classified as ISN/RPS class IV-S (A) because more than
sion to Figure 1. (B) A proliferative lesion involves more
glomeruli (85%) in the biopsy specimen. Despite the
capillaries (arrow), this biopsy specimen is classified as
f more than 50% of the glomeruli and more than 80%
re is a
uninvo
trix an
cimen
the le
f 35

olved
ent o
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26 M.M. Schwartz
he tuft, but by definition the ISN/RPS limits and
efines segmental involvement as less than 50%
f the glomerulus. The distinction between
lasses IV-S and IV-G is based purely on the
ntraglomerular distribution of the lesion and
ot on the character of the inflammatory lesion.
lasses IV-S and IV-G are each divided further,
s are the focal lesions of category III, into 3
ubdivisions for active (IV-S [A] and IV-G [A]),
ctive and chronic (IV-S [A/C] and IV-G [A/C]),
nd chronic (IV-S [C] and IV-G [C]) lesions.

SN/RPS Class V:
embranous Lupus Nephritis

lobal or segmental subepithelial immune de-
osits or light fluorescence or electron micro-
copic findings that are the result of antecedent
ubepithelial deposits define ISN/RPS class V.
mall subendothelial deposits are allowed if
ire-loops are not visible by light microscopy.

n contrast to the modified WHO classification,
lass V may have any degree of mesangial pro-
iferation, but when class III or IV lesions occur
ogether with diffuse class V lesions (involving

igure 3. Diffuse global glomerulonephritis. The glo-
erulus shows a lobular pattern with every capillary

howing endocapillary proliferation. This is a classic dif-
use global glomerulonephritis (ISN/RPS class IV-G [A]),
ut contrast the pathologic process to the similarly clas-
ified lesion illustrated in Figure 2B. Hematoxylin and
osin, 66�.
50% of the glomeruli and �50% of the glo- t
eruli, respectively), they are diagnosed sepa-
ately. For example, membranous GN in which
5% of the glomeruli have segmental prolifera-
ive lesions or scars would be diagnosed as
embranous lupus nephritis (class V) and focal

upus nephritis (class III).

SN/RPS Class VI:
dvanced Sclerosing Lupus Nephritis

his class has 90% or more of glomeruli globally
clerosed without residual histologic activity.

PPLYING THE ISN/RPS CLASSIFICATION

he ISN/RPS classification is not simpler than the
HO classification. However, the pathology of

LE GN is heterogeneous, and 6 categories with
ubcategories are necessary to catalogue all cases
f lupus GN. The authors of the ISN/RPS classifi-
ation modified the 1982 and 1995 WHO classifi-
ations to remove ambiguity, to provide defini-
ions of pathologic terms, and to eliminate
ategories that have not shown diagnostic or
rognostic utility. For example, the category of
ormal by all modalities was removed from class
, the subclasses based on the degree of mesangial
roliferation were removed from classes II and V,
nd segmental and diffuse proliferative GN were
emoved from class V. Although a predetermined
roportion of glomerular involvement (50%) was
hosen as an easy and reproducible criterion for
eparating class III from class IV, the statistical
mplications of this division require careful exam-
nation.

In SLE, glomerular inflammation (glomerulo-
ephritis) may involve only some glomeruli (fo-
al), leaving the remaining glomeruli unin-
olved. The validity of the inference that the
roportion of glomeruli with lesions seen in a
iopsy specimen represent the proportion of

nvolved glomeruli in the kidneys can be tested
y representing the probability of finding 0, 1,
, . . . , n abnormal glomeruli in a biopsy spec-

men as a binomial distribution (Fig 4). It fol-
ows from these statistical considerations that
ichotomizing focal SLE GN with one class with

ess than 50% glomerular involvement and a
econd class with 50% or more glomerular in-
olvement will lead to misclassification of 10%

o 15% of the class III biopsy specimens as class
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Pathology of lupus nephritis 27
V, and the same proportion of class IV biopsy
pecimens will be incorrectly included in class
II. These statistically based errors of classifica-
ion will be exaggerated in biopsy specimens
ith small numbers of glomeruli. Furthermore,
y including the most severe class III lesions in
lass IV and downgrading the least severe class
V lesions to class III, the prognosis of both
roups will improve without changing the ac-
ual distribution of involved glomeruli in the
idneys or the overall outcome of the patients.
his overlap in the distributions of biopsy cat-
gories is analogous to the Will Rogers phenom-
non, which refers to misleading statistical out-
omes resulting from �stage migration” in the
lassification of cancer patients.11 To avoid er-
oneous classification, biopsy results must take
nto account these sampling problems. Practi-
ally speaking, a biopsy specimen with 10 glo-
eruli must have 8 involved glomeruli and a

iopsy specimen with 20 glomeruli must have
4 involved glomeruli to ensure that 50% of the
lomeruli in the kidneys will be involved. Users
f the ISN/RPS classification should be aware of
he problems associated with separating class
II from class IV on the basis of the proportion
f glomerular involvement and of the potential
or misclassification of some biopsy specimens
n this situation in which sample size is an
mportant consideration.

The ISN/RPS diagnostic categories allow the

igure 4. Binomial distribution of percentage of abnor-
al glomeruli in biopsy samples from kidneys with mild

10%), moderate (35%), and severe (60%) involvement.
eprinted with permission from S. Karger AG, Basel.10
nclusion of active lesions, representing current f
nflammation, and scars, related to past epi-
odes of disease activity. Classes III, IV, and V
ay contain active or chronic lesions or a mix-

ure of both, and the active and chronic lesions
ave very different prognostic and therapeutic

mplications. Therefore, the clinician should
bserve the caveat that the abbreviated symbols
or the ISN/RPS categories (eg, III, IV-S, and
V-G) are no substitute for an in-depth knowl-
dge of the extent and nature of the glomerular
nflammation and scars in the individual renal
iopsy specimen. Therapeutic decisions and
rognostication should be based on a pathology
eport that clearly states the number of glomer-
li, the proportions of active and sclerosing
lomerular lesions, the nature of the inflamma-
ory lesion (proliferation, necrosis, thrombosis,
rescents), and the distribution and pattern of
mmune deposits.

It was the consensus of the Working Group
hat the ISN/RPS classification is a work in
rogress, and the participants anticipated that
esting of the classification would lead to vali-
ation of some and elimination of other catego-
ies and definitions. After discussing the patho-
enetic implications of the renal biopsy findings,
present the studies that have appeared since the
ppearance of the ISN/RPS classification that in-
estigate the prognostic and pathogenetic signifi-
ance of classes IV-S and IV-G.

ATHOGENESIS OF SLE GN

t is my thesis that multiple pathogenetic mech-
nisms are capable of causing glomerular injury
n SLE, and this pathogenetic heterogeneity is
eflected in the variable patterns of injury seen
n renal biopsy and the different clinical pre-
entations of patients with lupus renal disease.
bundant data have accumulated concerning

he pathogenesis and etiology of lupus in ex-
erimental models, but I wish to consider only
he implications of pathologic observations in
uman beings. I begin by presenting 2 generally
ccepted pathogenetic mechanisms in lupus
ephritis and follow with evidence for 3 addi-
ional forms of glomerular injury.

irculating Immune-Complex Disease

mmune complexes deposited in the kidney

rom the circulation were the first pathogenic
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28 M.M. Schwartz
echanism described in glomerular injury in
LE.12 Serologic studies showing high levels of
irculating immune complexes, double-
tranded DNA, and other nuclear antigens and
onsumption of classic complement components
C1, C4, and C3)13,14 support an immune-com-
lex mechanism in patients with active lupus GN.
orphologic demonstration of glomerular im-
une reactants (immunoglobulins, comple-
ent components, and presumably antigens)

nd electron-dense deposits also are consistent
ith an immune-complex mechanism. Sero-

ogic findings associated with circulating im-
une complexes and activation of complement

orrelate best with large subendothelial depos-
ts seen by light microscopy as wire-loops.15-17

lthough injection of preformed immune com-
lexes into experimental animals gives, at best,
esangial immune deposits and never repro-

uces the massive subendothelial deposits of
upus glomerulonephritis,18 this remains the

ost widely acknowledged form of glomerular
njury in SLE. The histologic findings associated

ith immune-complex deposition including
ire loops, hyaline (nonfibrin, immune reac-

ant) capillary thrombi, and glomerular macro-
hages19,20 are signs of active glomerular in-
ammation (Table 2) and are seen only in ISN/
PS classes III and IV.
Furthermore, morphologic evidence of an

mmune-complex mechanism is more compel-
ing in ISN/RPS class IV-G (diffuse global) than
V-S (diffuse segmental). Najafi et al21 compared
he glomerular pathology of 35 biopsy speci-
ens with diffuse SLE GN with 24 biopsy spec-

mens with segmental GN in more than 50% of
he glomeruli (this classification only roughly
pproximates ISN/RPS classes IV-G and IV-S; see
ignificance of the Distinction Between Diffuse
egmental [ISN/RPS Class IV-S] and Diffuse
lobal [ISN/RPS Class IV-G] GN). Wire-loops,
yaline thrombi, and massive subendothelial
eposits seen by electron microscopy occurred
ith significantly greater frequency in class

V-G biopsy specimens. Mittal et al22 compared
iopsy specimens with ISN/RPS class IV-S with
SN/RPS class IV-G. Wire-loops and subendothe-
ial deposits were observed more frequently in
SN/RPS class IV-G, but differences from ISN/

PS class IV-S were not statistically different. m
ill et al23 observed that biopsy specimens from
atients with ISN/RPS class IV-G (n � 31) were
ore likely to have glomerular hyaline thrombi,

lomerular macrophage/monocytes, and suben-
othelial deposits than biopsy specimens from
atients with ISN/RPS class IV-S (n � 15). These
bservations imply that subendothelial im-
une-complex deposits activate complement

nd mediate SLE GN, and this type of injury is
ost common in ISN/RPS class IV-G.

n Situ Immune-Complex Disease

LE membranous GN (MGN) (ISN/RPS class V)
lso is immune-complex mediated, but the de-
osits seen in SLE MGN are not usually associ-
ted with glomerular inflammation. In fact, the
ubepithelial and intramembranous immune de-
osits in SLE MGN are in the same location as
he deposits seen in idiopathic MGN and the
xperimental model of MGN, Heymann nephri-
is, and in both of these conditions there is a
eavy load of immune deposits in the capillary
all without significant glomerular inflamma-

ion. The mechanisms responsible for the sub-
pithelial localization of immune complexes in
ome patients with SLE and the subendothelial
ocalization in others are not understood com-
letely, but the discrete patterns of immune-
omplex deposition have been attributed to
ifferences in antibody and antigen characteris-
ics and antigen location. However, there is
onsiderable experimental evidence that the
mmune deposits in Heymann nephritis are the
esult of the in situ reaction of unbound anti-
ody with antigen, and although the in situ
echanism is unproven in human beings, the
eight of experimental evidence supports

his mechanism in the pathogenesis of SLE
GN.24,25

Thus, there appears to be 2 discrete pathoge-
etic mechanisms of glomerular immune-com-
lex localization in SLE associated with the pro-

iferative (principally ISN/RPS class IV-G) and
embranous (ISN/RPS class V) forms of SLE GN.
his dichotomy also is important clinically be-
ause the therapy and prognosis for glomerular
athology associated with these 2 forms of im-

une-complex disease are very different.
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Pathology of lupus nephritis 29
asculitic Lupus GN

lomerular involvement in the pauci-immune sys-
emic vasculitides has a focal and segmental dis-
ribution, and these forms of GN are destructive
nflammatory lesions that are frequently necrotiz-
ng and crescent-forming.26 Likewise, a focal and
egmental distribution of glomerular pathology is
haracteristic of many biopsy specimens from pa-
ients with lupus GN including most ISN/RPS
lass 3 (focal GN) and many in ISN/RPS class 4
Fig 5).27 Although the pathogenesis of focal seg-
ental lupus GN has been attributed to glomeru-

ar mesangial immune deposits, glomerular capil-
ary thrombosis also has been invoked. Churg and
obin8 noted that immune “deposits are found in
early every case (of lupus glomerulonephritis) in
he mesangium and less consistently in the capil-
ary wall,” but the absence of deposits in the focal
egmental glomerular lesions of focal lupus ne-
hritis implies that they may not be produced by
he same mechanism as the diffuse form. A non–
mmune-complex mechanism was suggested by
he report of necrotizing and crescentic GN that
ccurred without significant glomerular immuno-
lobulin deposits.28 In addition to the character

igure 5. Lupus vasculitis in a patient who had a positive
ndergone fibrinoid necrosis (arrow) without associated en
he uninvolved capillaries have normal architecture with th
esangial matrix and cellularity. Although there were m

eriphery of the glomerular capillaries. (B) Fibrin in the sam

he segmental necrotizing nature of the lesion. (A) Hematoxylin
nd distribution of the glomerular lesions, the
resence of a positive antineutrophil cytoplasmic
utoantibody (ANCA) in more than one third of
atients with lupus GN, usually a P-ANCA sup-
orts a vasculitic mechanism in lupus GN. In
hese patients a P-ANCA correlates with histologic
ctivity. The significance of this observation has
een questioned because the target antigens are
ften different from myeloperoxidase that usually

s seen in the systemic vasculitides and include
athepsin G and lactoferrin.29-31 However, Hill et
l23 summarized the evidence concerning the
athogenesis of segmental proliferative SLE GN
nd concluded that the findings cast doubt on a
lassic immune-complex mechanism. Therefore,
here is morphologic and serologic support for a
auci-immune, pathogenetic mechanism in lupus
N, which is separate and distinct from lesions

hat may result from antigen–antibody complex
ormation in the glomerular capillary wall.

hrombotic Microangiopathy

lomerular fibrin thrombi are a histologic feature
f proliferative lupus GN,32 and in the presence of
evere glomerular inflammation, thrombus forma-

A (myeloperoxidase positive). (A) Several capillaries have
illary proliferation, and they contain karyorrhectic debris.

cate basement membranes, patent capillaries, and normal
ial immune deposits, they were not present around the
tribution as the lesions seen by light microscopy supports
P-ANC
docap

in deli
esang
e dis
and eosin, 163�. (B) Fibrin, 66�.
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ion can result from endothelial activation or dam-
ge with activation of the intrinsic coagulation
ystem. Thrombi also occur without other signs
f glomerular inflammation in the thrombotic
hrombocytopenic purpura (TTP)-like lesion that
s a rare complication of systemic lupus erythem-
tosus (Fig. 6).33 Glomerular thrombosis also oc-
urs in SLE in the absence of severe inflammation,
nd this suggests several additional pathoge-
etic mechanisms. A lupus anticoagulant or an-
iphospholipid antibody is present in a signifi-
ant proportion of patients with systemic lupus
rythematosus, and these autoantibodies, di-
ected against the phospholipid elements in the
ntrinsic clotting cascade, may arise by mecha-
isms analogous to antinuclear antibodies.34

ith the onset of the antiphospholipid syn-
rome, the patients may develop thromboses in
he arteries, veins, and glomerular capillaries. In
ddition, patients with SLE may acquire a defi-
iency of von Willebrand’s factor–cleaving pro-
ease (ADAMTS-13), and the resulting large mul-
imers of von Willebrand’s factor lead to
latelet aggregation and thrombosis.35 Auto-an-
ibody against ADAMTS-13 is a common cause
f acquired von Willebrand’s factor-protease

igure 6. Thrombotic microangiopathy. There is a
hrombus in the arteriole (arrow) that appears to extend
nto the glomerulus (between the arrowheads), and the
lomerular thrombus contains fragmented red blood cells.
he remaining capillaries are congested. Hematoxylin and
fosin, 66�.
eficiency in patients with TTP, and although
mmunoglobulin G anti–ADAMTS-13 antibody
s unusual in patients with SLE,36,37 the associa-
ion remains a potential cause of thrombosis.

odocytopathy

he nephrotic syndrome is a sign of renal in-
olvement in SLE, and it usually is attributed to
lomerular inflammation or disruption of capil-
ary wall function caused by immune deposits.
owever, there are cases of SLE in which the
ephrotic syndrome occurs in the absence of

nflammatory cell infiltrates, capillary wall im-
une deposits, and no or minimal mesangial

eposits.38,39 The glomerular pathology in these
atients is usually minimal change disease, but
here also are cases of collapsing focal segmental
lomerulosclerosis (Fig 7).40,41 The co-occur-
ence of 2 independent diseases, lupus and min-
mal glomerulopathy, could explain the ne-
hrotic syndrome, but Hertig et al39 showed
hat the nephrotic syndrome in this group of
atients was much more frequent than could
e explained by the chance association be-
ween minimal change glomerulopathy and
LE. Kraft et al40 showed that diffuse foot pro-
ess effacement is the only morphologic feature
hat distinguishes nephrotic and nonnephrotic
ange proteinuric SLE patients who did not
ave glomerular inflammation or necrosis or
eripheral capillary-wall immune deposits. The

nvestigators used the term podocytopathy to
mply that non–immune-complex–mediated in-
ury to the glomerular visceral epithelial cell
podocyte), rather than immune-complex–me-
iated glomerular injury, was responsible for
ephrotic range proteinuria. These observa-
ions raise the intriguing possibility that in this
roup of SLE patients a primary pathologic pro-
ess involving the glomerular visceral epithelial
ell causes the nephrotic syndrome.

The cause of idiopathic minimal change glo-
erulopathy is unknown, but the Shalhoub42

ypothesis holds that a product of aberrant
-cell function is responsible for glomerular ep-

thelial cell injury resulting in diffuse podocyte
ffacement. There is growing evidence that ac-
ivated T cells,43,44 abnormal T-cell cytokine ex-
ression,45,46 and an unidentified circulating
actor of presumed T-cell origin47-49 are in-
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Pathology of lupus nephritis 31
olved in the pathogenesis of podocyte diseases
n human beings that result in proteinuria and
he nephrotic syndrome. These findings raise
he question of whether activated T cells could
e implicated similarly in the pathogenesis of
he podocyte lesion seen in some patients with
LE. T-cell activation seems to play an impor-
ant role in the pathogenesis of SLE by altering
he production of cytokines and the expression
f cellular adhesion molecules, as well as induc-

ng B cells to produce autoantibodies.50 There-
ore, one might speculate that the underlying
echanism of SLE-related podocytopathy, as
roposed in idiopathic minimal-change glo-
erulopathy, could similarly be mediated by

ctivated T cells. The concurrent presentation
f clinical renal abnormalities (nephrotic syn-
rome) and evidence of active SLE in some
atients supports this hypothesis.
These different pathogenetic mechanisms

re recognized most easily when they occur in
solation. However, the glomerular pathology
een on renal biopsy often contains evidence of
ultiple types of injury, and it is important to

igure 7. Lupus podocytopathy. (A) There is diffuse co
zation, and periodic acid-Schiff (PAS)-positive absorptio
eposits of immunoglobulin G, this pattern of glome
lomerulopathy rather than diffuse proliferative glomerulo
rom the biopsy specimen illustrated in A. There is diffu
eposits in the peripheral capillary wall. (A) Periodic aci
onsider the possibility that more than one i
echanism may be active at one time. For ex-
mple, membranous lupus nephritis associated
ith subepithelial and intramembranous im-
une deposits (ISN/RPS class V) often co-exists
ith proliferative GN (ISN/RPS class IV-G [A]),
hich is associated with subendothelial im-
une deposits. In a similar fashion, the vascu-

itic lesions, podocytopathy, and thrombotic
icroangiopathy may be superimposed on im-
une-complex–mediated lupus GN and may

ontribute to the complexity of the pathology
nd the clinical manifestations.

IGNIFICANCE OF THE
ISTINCTION BETWEEN DIFFUSE
EGMENTAL (ISN/RPS CLASS IV-S) AND
IFFUSE GLOBAL (ISN/RPS CLASS IV-G) GN

he rationale for dividing ISN/RPS class IV into
iffuse segmental and diffuse global lupus ne-
hritis was based largely on the study pre-
ented by Najafi et al.21 This was a 10-year
ollow-up evaluation of patients with severe lu-
us GN who participated in a prospective clin-

of the glomerular capillaries with hypertrophy, vacuol-
plets in the podocytes. Although there were mesangial
njury is called the cellular lesion of FSGS or collapsing
itis. (B) Electron micrograph of 2 glomerular capillaries
t process effacement, and there are no electron-dense
ff, 66�. (B) Uranyl acetate and lead citrate, 7,000�.
llapse
n dro
rular i
nephr
se foo
cal trial conducted by the Collaborative Study
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32 M.M. Schwartz
roup. There were 24 SLE patients with active
egmental GN in 50% or more of the glomeruli
nd 35 SLE patients with diffuse GN. The clin-
cal parameters at study entry were not differ-
nt, and therapy was identical for the first 4
ears.51 After 10 years, the incidence of end-
tage renal disease was significantly greater in
atients with segmental GN of 50% or more
ompared with those with diffuse GN (9/24
38%] versus 5/35 [14%], P � .05), and the
ncidence of remission with stable renal func-
ion was greater in patients with diffuse GN
22/35 [63%] versus 9/24 [38%], P � .05).

Three studies, focusing on the prognosis of
lasses ISN/RPS IV-S and IV-G, have appeared
ince the publication of the ISN/RPS classifica-
ion,52 and none was able to show a significant
ifference in any outcome between patients
ith diffuse segmental (IV-S) and diffuse global

IV-G) nephritis. Two of these studies had small
umbers of patients, a relatively short follow-up
eriod, and uncontrolled and variable treat-
ent. However, it is possible that observed

ifferences in outcome between Najafi et al21

nd these 3 studies result from differences in
he way in which segmental and diffuse GN are
efined and marked differences in treatment
mong these cohorts.

Segmental GN is characteristic of the pathol-
gy in some biopsy specimens from patients
ith lupus GN, and in the definition used by
ajafi et al,21,53 segmental GN could involve
nly one glomerulus or virtually all the glomer-
li in a biopsy. Although there was no upper

imit to the extent of involvement within the
lomerulus, the segmental nature of the lesion
as discerned readily, prospectively, by a panel
f 4 experienced renal pathologists, in the pre-
erved architecture and patent capillaries seen
n a portion of the glomerulus.54 Although the
atients with segmental GN in 50% or more of
he glomeruli and diffuse GN of Najafi et al21

oughly correspond to ISN/RPS classes IV-S and
V-G, respectively, the categories are not con-
ruent, chiefly because segmental GN involving
ore than 50% of the tuft and more than 50% of

he glomeruli are included in ISN/RPS class
V-G, by definition, despite the clearly segmen-
al nature of the pathology. As a result, ISN/RPS

lass IV-G contains all of Najafi et al’s21 diffuse
esions and some of their segmental lesions that
nvolve more than 50% of the glomeruli. The
elegation of the most widely distributed seg-
ental lesions to ISN/RPS class IV-G could eas-

ly conceal differences in outcomes between
atients with class IV-S and IV-G lesions. There-

ore, the arbitrary limits of glomerular involve-
ent that define classes IV-S and IV-G in the

SN/RPS classification and that ignore the seg-
ental nature of widely distributed segmental

esions that involve 50% or more of the glomer-
li and more than 50% of the glomerular tuft
ay be incapable of detecting important clini-

al and biological differences between global
nd segmental forms of diffuse lupus GN.

ONCLUSIONS

he ISN/RPS classification of lupus nephritis elim-
nated some ambiguities from the antecedent

HO classification. However, it adds the math-
matic confusion of the meaning of an absolute
ercentage of abnormal glomeruli in a situation in
hich sample size is an important consideration.
ecause it is mainly a histologic and immune-
eposit–based classification of glomerular pathol-
gy, the ISN/RPS classification does not include
ither non–immune-complex–mediated glomeru-
ar pathology or extraglomerular renal pathology
f lupus. The appropriateness and prognostic use
f separating diffuse segmental (IV-S) from diffuse
lobal (IV-G) GN using the ISN/RPS definitions
emain to be proven.
he author is grateful for the critical review of the
anuscript by Edmund J. Lewis, MD.
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