Lupus Nephritis

Introduction/Clinical Setting

Systemic lupus erythematosus (SLE) is an autoimmune disease of unknown cause
that can occur at almost any age, although it affects mostly women in their 20s. The
annual incidence of SLE is 50-70 people per million of the population, and preva-
lence is 500 per million [1]. The incidence of new cases and the survival of patients
with SLE are both increasing [2]. The disease is characterized by a large variety of
organ disorders involving many different immune mechanisms. The spectrum of
kidney lesions predominantly involves the glomerulus and includes minimal mesan-
gial alterations to florid proliferative lesions with necrosis and crescents but also
extends to nonimmune complex lesions such as thrombotic microangiopathy (see
Chap. 11) and direct podocyte injury. Correspondingly, clinical manifestations and
course are equally diverse. Kidney disease develops in more than half of lupus
patients and represents the first clinical manifestation of SLE in 15-20 % [3, 4].
Moreover, renal alterations are found in almost 90 % of lupus patients at autopsy.
The lowest 5-year survival has been reported for patients with central nervous sys-
tem and renal involvement [1].

The diagnosis of SLE is based on the documentation of multisystem involvement
that meets at least 4 of 11 criteria established by the American College of
Rheumatology [5]. Lupus nephritis is typically manifest by proteinuria, ranging
from minimal to nephrotic and usually correlating with the histologic type of lesion.
Severe glomerular lesions cause hematuria, a telescoped urinary sediment (i.e., red
and white blood cells, as well as hyaline, granular, cellular, and broad casts), and
renal insufficiency. Hypertension usually develops later in the course of the
disease.

Classification of the renal pathology of lupus patients has been based on light
microscopic changes, combined with immunohistochemical/immunofluorescent
and ultrastructural observations. The classification was most recently revised in
2004 by a working group under the auspices of the Renal Pathology Society (RPS)
and the International Society of Nephrology (ISN) (Tables 8.1, 8.2, and 8.3) [6].
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Table 8.1 International Society of Nephrology/Renal Pathology Society (ISN/RPS) classifica-
tion of lupus nephritis [6]

Class I: minimal mesangial lupus nephritis
Normal glomeruli by light microscopy (LM) but mesangial immune deposits by
immunofluorescence (IF) and/or electron microscopy (EM)

Class II: mesangial proliferative lupus nephritis
Mesangial hypercellularity or mesangial matrix expansion by LM with mesangial immune
deposits; a few isolated subepithelial and/or subendothelial deposits may be present

Class III: focal lupus nephritis?
Active (A) and/or inactive chronic (C) focal, segmental, or global endocapillary or
extracapillary glomerulonephritis involving <50 % of all glomeruli

Class IV: diffuse lupus nephritis®
Active (A) or inactive chronic (C) diffuse, segmental (involving less than half of the
glomerular tuft), or global endocapillary or extracapillary glomerulonephritis involving
>50 % of all glomeruli
This class is divided into diffuse segmental (IV-S) lupus nephritis when >50 % of the
involved glomeruli have segmental lesions and diffuse global (IV-G) lupus nephritis when
>50 % of the involved glomeruli have global lesions
This class includes cases with diffuse wire-loop deposits but with little or no glomerular
proliferation

Class V: membranous lupus nephritis
Subepithelial immune deposits or their morphologic sequelae by LM and by IF or EM,
involving >50 % of glomeruli and >50 % of capillary loops, with or without mesangial
alterations
Class V lupus nephritis may occur in combination with class III or IV, in which case both
will be diagnosed

Class VI: advanced sclerosing lupus nephritis
>90 % of glomeruli globally sclerosed without residual activity

Note: See below Table 8.2 notes

Table 8.2 Abbreviated ISN/ Clags I Minimal mesangial lupus nephritis
RPS c.la.lssiﬁcation of lupus Class II Mesangial proliferative lupus nephritis
nephritis Class III Focal lupus nephritis?
Class IV Diffuse segmental (IV-S) or global (IV-G)
lupus nephritis®
Class V Membranous lupus nephritis®
Class VI Advanced sclerosing lupus nephritis

Note: Indicate the grade (mild, moderate, severe) of tubular atro-
phy, interstitial inflammation and fibrosis, severity of arterioscle-
rosis, or other vascular lesions

“Indicate the proportion of glomeruli with active and with scle-
rotic lesions

®Indicate the proportion of glomeruli with fibrinoid necrosis and/
or cellular crescents

¢Class V may occur in combination with class III or IV, in which
case both will be diagnosed
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Table 8.3 Active and chronic glomerular lesions in lupus nephritis

Active lesions

Endocapillary hypercellularity with or without leukocyte infiltration and with substantial

luminal reduction

Karyorrhexis

Fibrinoid necrosis

Rupture of glomerular basement membrane

Crescents, cellular or fibrocellular

Subendothelial deposits identifiable by LM (wire loops)

Intraluminal immune aggregates (hyaline thrombi)
Chronic lesions

Glomerular sclerosis (segmental or global)

Fibrous adhesions

Fibrous crescents

Pathologic Findings
Light Microscopy, Immunofluorescence, and Electron Microscopy

Mesangial Lupus Nephritis Classes | and Il

Classes I and II lupus nephritis refer to mesangial lupus nephritis. These patients
present clinically with mild hematuria, or proteinuria, or both. In general, this kid-
ney lesion has a good prognosis, and the histologic alterations remain stable in the
majority of cases. However, functional deterioration and progression of glomerular
lesions to more active or generalized proliferative forms occur in about 20 % of
cases. In the past decades, the availability of better supportive therapy and more
selective use of immunosuppressive agents have led to improved survival of patients
with mild forms of lupus glomerulonephritis, while new forms of immunosuppres-
sive therapy are being developed [7, 8].

Class I minimal mesangial lupus nephritis refers to biopsies showing normal
glomeruli by light microscopy but mesangial immune deposits by immunofluores-
cence and/or electron microscopy. Class II contains mesangial proliferative lesions
characterized by mesangial hypercellularity of any degree or mesangial matrix
expansion by light microscopy with mesangial deposits. In either class I or Il mesan-
gial forms of LN, there may be a few isolated subepithelial or subendothelial depos-
its by immunofluorescence and/or electron microscopy but without endocapillary,
sclerotic, or crescentic reactions (Fig. 8.1). If the latter changes are present, then a
diagnosis of focal LN (if less than half of glomeruli manifest these reactions) or
diffuse LN (more than half) is warranted.

Focal Lupus Nephritis Class Il

Focal lupus nephritis ISN/RPS class III entails focal (involving less than half of the
glomeruli available for inspection) proliferative, necrotizing, or sclerosing lesions.
These lesions may be either segmental (involving <50 % of the tuft area of the
affected glomeruli) or global (involving >50 % of the tuft area of the involved
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Fig. 8.1 Mesangial
proliferative lupus nephritis
ISN/RPS class II with
granular mesangial
immunoglobulin G (IgG)
(immunofluorescence)

Fig. 8.2 Focal lupus
nephritis ISN/RPS class 111
(A +C) with active
endocapillary proliferation
and an early necrotizing
lesion with rupture of the
glomerular basement
membrane and early crescent
formation in the middle
glomerulus and a small
adhesion and fibrocellular
crescent in the lower right
glomerulus. However, less
than half of the glomeruli
showed such lesions (Jones
silver stain)

glomeruli). A subdivision is made according to the predominance of active versus
sclerotic lesions as indicated in Table 8.1.

In the pathology report, the proportion of glomeruli with active and with scle-
rotic lesions and the proportion of glomeruli with fibrinoid necrosis or cellular cres-
cents should be indicated. The proliferative lesions include variable mesangial
proliferation and endocapillary proliferation with variable inflammatory cells.
Double contours of the GBM on silver stain may be present. Necrotizing lesions
with fibrinoid necrosis and crescent reaction are often present in active lesions
(Figs. 8.2 and 8.3). In these areas, there is nuclear debris as well as influx of inflam-
matory cells. The inflammatory process may also lead to disruption of the glomeru-
lar basement membrane and fibrinoid necrosis. Fibrinoid necrosis appears as
amorphous eosinophilic material staining bright red in trichrome staining, often
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Fig.8.3 Focal lupus
nephritis ISN/RPS class 111
(A) with active endocapillary
proliferation and an early
necrotizing lesion with
rupture of the glomerular
basement membrane (Jones
silver stain)

Fig. 8.4 Focal lupus
nephritis ISN/RPS class 111
with diffuse, chunky pattern
for IgG in mesangium and
along capillary wall. Some of
the capillary wall deposits
have a smooth outer contour,
reflecting their subendothelial
location
(immunofluorescence)

associated with GBM breaks and karyorrhexis. Interstitial inflammation may be
marked adjacent to glomeruli disrupted by crescents and/or necrosis, particularly if
Bowman’s capsule is ruptured by the destructive lesion. Segmental sclerotic scars
with broad-based adhesions to Bowman’s capsule can develop from focal crescents
with necrotic lesions. Tubular atrophy and interstitial fibrosis are proportional to
glomerular scarring.

Immunofluorescent staining shows the presence of immunoglobulin G (IgG),
IgM, IgA, and complement factors C3 and Clq (“full-house” immunofluorescence)
in chunky granular and globular depositions along the glomerular capillary walls
and in the mesangium (Fig. 8.4). These capillary wall deposits are largely subendo-
thelial, seen by their smooth outer contour as they are molded under the GBM, and
confirmed by electron microscopy. Although the light microscopic proliferative
changes are focal, the immunofluorescence is usually positive in all glomeruli.
Electron microscopy typically demonstrates deposits in the mesangium and also in
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Fig. 8.5 Subendothelial (below the glomerular basement membrane, GBM) and subepithelial
(above the GBM) electron dense deposits with irregular thickening of GBM and microvillous
transformation of podocytes in focal lupus nephritis ISN/RPS class III (electron microscopy)

the subendothelial area. There may be scattered subepithelial deposits, but if these
are extensive (i.e., >50 % of loops in most glomeruli), membranous LN should be
diagnosed in addition to the proliferative process (Fig. 8.5) [6].

Patients with focal lupus nephritis class III present almost invariably with pro-
teinuria and in the majority of cases with mixed findings of nephrotic and nephritic
syndromes. The lesions can transform to diffuse proliferative (class IV) or membra-
nous lupus nephritis class V.

Diffuse Lupus Nephritis Class IV

Patients with diffuse lupus nephritis class IV typically have increased renal dys-
function and significant proteinuria and active urine sediment. This class is the most
common and severe form of lupus nephritis detected in renal biopsies. The biopsy
shows diffuse segmental (IV-S) or global (IV-G) lesions, characterized by prolifera-
tive, sclerosing, and/or necrotizing lesions in more than 50 % of the glomeruli. The
lesions may thus be either active or inactive and have a segmental or global distribu-
tion. There is variable mesangial and endocapillary proliferation. Cellular crescents
and necrosis are frequently present in active cases, whereas broad-based adhesions
with segmental sclerosis and fibrocellular to fibrous crescents characterize the
chronic lesions. Some investigators revealed a poor outcome of diffuse “segmental”
necrotizing glomerulonephritis involving over 50 % of glomeruli, as compared to
other forms of class IV lupus nephritis [9]. Attempts to capture the possible signifi-
cance of these severe segmental lesions were therefore made by dividing class IV
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Fig.8.6 Diffuse proliferative
lupus nephritis ISN/RPS
class IV with cellular
crescent and segmental
endocapillary proliferation
and double contours of GBM
(Jones silver stain)

diffuse lupus nephritis 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 (Fig. 8.6) [6]. Furthermore, a subdivision is
made according to the presence of active versus chronic lesions as was indicated for
class I1I lesions (Table 8.1). However, the definition of “segmental” as <50 % of the
tuft is not congruent with that used by the original investigators, who considered
lesions “segmental” if even a single loop of the glomerular tuft was not involved.
Thus, the ISN/RPS S versus G lesions may not adequately capture this subgroup of
patients.

As in focal LN class III, the proportion of glomeruli with active and with scle-
rotic lesions and the proportion of glomeruli with fibrinoid necrosis or cellular cres-
cents should be indicated in the pathology report. “Wire-loop” lesions, that is, local
periodic acid-Schiff (PAS)-positive thickenings of the glomerular capillary walls,
are characteristic of this form of lupus nephritis (Fig. 8.7). This thickening of the
capillary walls is related to the presence of large, subendothelial electron dense
deposits. Glomerular lesions run the gamut from diffuse hypercellularity to severe
necrotizing “crescentic” glomerulonephritis or, in chronic cases, diffuse global glo-
merulosclerosis with loss of renal function. Tubular atrophy and interstitial fibrosis
are often more extensive in diffuse LN, class IV than in focal LN, class III. The
predictive value of these lesions with respect to renal function, however, is disputed
[10, 11]. The tubular epithelium shows cytoplasmic hyaline droplets, hydropic
degeneration, cytoplasmic vacuolization, hyaline protein cylinders, and, in more
advanced stages, disease glomerulosclerosis, tubular atrophy, and interstitial fibro-
sis. Arteries and arterioles may show varying lesions (see below).

Immunofluorescence in diffuse lupus nephritis class IV shows irregular “full-
house” deposits of immunoglobulins and complements along the glomerular capil-
lary walls and in the mesangium (Fig. 8.8). Ultrastructurally, electron dense deposits
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Fig. 8.7 Diffuse proliferative lupus nephritis ISN/RPS class IV with segmental endocapillary
proliferation on left with early cellular crescent (Jones silver stain)

Fig. 8.8 Diffuse lupus nephritis ISN/RPS class IV with large confluent predominantly subendo-
thelial IgG deposits along GBM, with smooth outer contours due to molding underneath the GBM
(immunofluorescence)
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are seen in the mesangium and subendothelially along the capillary walls, in larger
quantities than in the other classes. There is frequent interposition of mononuclear
cells with new GBM matrix laid down, resulting in double contours. By electron
microscopy, frequent mesangial and subendothelial deposits are confirmed. Foot
processes of podocytes are variably effaced.

Tubuloreticular inclusions (TRIs) (also called reticular aggregates) can be found
in the cytoplasm of endothelial cells. These TRIs are not specific for SLE but are
often seen in endothelial cells throughout the body in patients with AIDS and other
viral infections or in patients receiving exogenous interferon therapy, reflecting high
levels of interferon. Large and often confluent subendothelial deposits represent
the ultrastructural analogue of the “wire-loop” lesions seen light microscopically.
Variable subepithelial deposits are present but, if extensive, warrant concurrent diag-
nosis of additional membranous class V lupus nephritis (see below). As in the other
classes of lupus nephritis, the electron dense deposits can show a typical fingerprint-
like crystalline pattern, possibly representing the presence of cryoglobulins.

Patients with diffuse lupus nephritis class IV typically have marked proteinuria,
an active urine sediment and decreased renal dysfunction.

Membranous Lupus Nephritis Class V

Membranous class V lupus nephritis is characterized by diffuse subepithelial depos-
its, involving >50 % of the loops in >50 % of the glomeruli. Among patients with
lupus nephritis, the incidence of membranous nephritis varies between 8 and 27 %.
The prognosis of patients with membranous lupus nephritis is relatively favorable,
with a reported 10-year kidney survival of 91 % [12]. Still, one-third of patients
with membranous lupus nephritis progress to proliferative lupus nephritis [13].
Patients most often present with marked proteinuria.

By light microscopy, there is variable mesangial expansion with diffuse thicken-
ing of the glomerular capillary walls in hematoxylin and eosin and PAS stains. With
silver-methenamine staining, argyrophilic spikelike formations often can be seen
along the glomerular basement membrane, corresponding to basement membrane
reaction between and around the subepithelially localized immune deposits. By
immunofluorescence, granular deposits of immunoglobulins and complement are
present peripherally along the glomerular capillary walls and in the mesangium,
corresponding to the presence of subepithelial and mesangial electron dense depos-
its. Membranous lupus nephritis is distinguished from idiopathic membranous
nephropathy by full-house staining of deposits by immunofluorescence, reticular
aggregates by electron microscopy, and most often mesangial deposits [14, 15].
Absence of staining for the phospholipase A2 receptor in the deposits, the antigen
present in most cases of idiopathic membranous nephropathy, may also be useful
[16]. Foot processes are diffusely effaced by electron microscopy.

Class V membranous lupus nephritis may occur in combination with classes III
or IV (focal or diffuse lupus nephritis), in which case both are diagnosed. Patients
with pure membranous lupus nephritis experience a relatively benign course,
whereas those with mixed membranous and diffuse proliferative lesions have sur-
vival rates similar to those of patients with diffuse lupus nephritis alone. Likewise,
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in a study of membranous lupus nephritis, patients with additional proliferative
lesions had higher serum creatinine levels at entry and were more likely to experi-
ence a decline in renal function than those without proliferation [17].

Advanced Sclerosing Lupus Nephritis Class VI

This class refers to a late stage, resembling morphologically any late or end stage in
chronic glomerulonephritis with global or extensive segmental sclerosis of >90 %
of glomeruli without residual activity. Specific features of lupus nephritis are usu-
ally lacking. However, in patients with lupus nephritis such chronic end-stage glo-
merulosclerotic lesions are seldom seen. Patients with lupus nephritis who have
been treated for longer periods may show chronic glomerular lesions at autopsy.
These may be morphologically similar to other late stages of glomerulonephritis
and of focal global sclerotic lesions that occur invariably at an older age [18-20].

Lupus Podocytopathy

Some patients with SLE may have only mesangial lesions but widespread foot process
effacement and the nephrotic syndrome with extensive foot process effacement by EM
[21-23]. Some of these patients have responded rapidly to steroid therapy, suggesting
that the podocyte lesions are more like minimal change disease rather than related to
consequences of immune complexes. It is not established whether such podocyte injury
could reflect a second superimposed minimal change disease-type process or second-
ary injury related to cytokines activated by an immune complex process.

Vascular Lesions in SLE

Several types of vascular lesions may be seen in SLE patients [24]. Patients with SLE
are not protected from banal vascular lesions related to hypertension and thus may
show nonspecific sclerosis of arteries and arterials with associated hyaline.
Uncomplicated vascular immune deposits also occur commonly in lupus nephritis and
are highly specific for this condition (Fig. 8.9). Inmune deposits may be detected by
immunofluorescence and electron microscopy in arteries or arterioles within the media
or along the intimal basement membrane, with staining for immunoglobulins as well as
complement components, typically both C3 and Clq. These uncomplicated vascular
immune deposits are not associated with any particular clinical manifestations.

In contrast, necrosis of arterioles and occasionally larger arteries without inflam-
mation may occur in patients with severe lupus nephritis, a lesion called lupus vas-
culopathy. This fibrinoid material is present within the intima and stains eosinophilic
with a smudgy appearance. The fibrinoid material may expand to the lumen.
Vascular smooth muscle cells and endothelial cells often show necrosis, but there is
no true vasculitis in that there are no inflammatory cells associated with this lesion.
Immunoglobulins are detected by immunofluorescence. Electron microscopy has
documented both hyaline-type material with insudated plasma proteins and immune
deposits in addition to fibrin. This lesion has a poor prognosis [25, 26].

Patients with SLE may also have thrombotic microangiopathy with or without a
detectable circulating lupus anticoagulant or antiphospholipid antibody. These lesions
do not contain immune deposits but rather show fibrin within glomeruli and small
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Fig. 8.9 Bland vascular
deposits are evident in the
arteriole at the top,
documented to contain IgG
and C3 by
immunofluorescence. The
glomerulus shows segmental
endocapillary proliferation
and a fibrocellular crescent
with segmental adhesion and
sclerosis and double contours
of GBM in addition to
mesangial proliferation
(Jones’ silver stain)

Fig.8.10 Granular tubular
basement membrane deposits
staining for IgG are evident
(immunofluorescence)

arteries, often with glomerular involvement manifest as mesangiolysis with fibrin
thrombi in capillary loops. The glomerular capillary wall shows double contours in
the more chronic state. Acutely, there is intimal proliferation of arteries and arterials
and mucoid change with red blood cell fragments within the injured vascular walls.

Vasculitis is very rare in patients with SLE. This lesion is defined as fibrinoid
necrosis with associated inflammatory infiltrate through the vascular wall, with or
without immune complex deposits.

Tubulointerstitial Lesions in SLE

Deposits may be present along tubular basement membranes and can be diag-
nosed based on the presence of granular immunoglobulin and complement
deposition (Fig. 8.10). Corresponding electron dense deposits are then visual-
ized by electron microscopy. Such deposits are often, but not invariably,
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associated with interstitial inflammation comprised predominately of lympho-
cytes, with scattered monocytes and plasma cells [27-29]. Of note, interstitial
inflammation does not correlate directly with tubulointerstitial immune depos-
its. There may be active injury with tubulitis related to these deposits. More
frequently, significant tubulointerstitial inflammation is associated with areas of
glomeruli destroyed or injured by crescents. Tubular basement membrane
deposits are detected in about half of biopsied patients with lupus nephritis and
may be associated with any type of glomerular lesion but most frequently with
class IV diffuse lupus nephritis. Deposits may also be present in peritubular
capillaries [30].

Tubular atrophy and interstitial fibrosis develop most often in association with
severe glomerular disease with marked chronicity. These tubulointerstitial chronic
changes correlate well with degree of loss of GFR.

Additional Challenges

Although some incomplete definitions and distinctions of subclasses in previous
WHO classifications have been clarified in the newer ISN/RPS classification [31],
challenges and issues remain. The attempt to analyze segmental versus global class
IV lesions does not quite recapitulate the important findings of the group of Lewis
et al., in that the ISN/RPS classification divides segmental versus global lesions
depending upon whether less than half or more than half of the tuft is involved [6,
9]. In contrast, the original observations were based on definition of “segmental” as
a lesion where any part of the glomerulus was left uninvolved. When the original
cases were reexamined based on the current ISN/RPS classification, designating
classes as class IV segmental versus global indeed did not show significant differ-
ences in outcome. In contrast, when cases were divided according to the Lewis defi-
nition of segmental, meaning that only at least some part of the glomerulus remained
uninvolved by injury, distinct differences in renal survival were noted [32]. Of inter-
est, these segmental lesions have generally been found to have fewer immune
deposits, more necrosis, and more crescents and have been postulated to be more
vasculitic-like rather than immune complex driven, analogous to lesions of ANCA-
associated glomerulonephritis and polyangiitis, with important potential implica-
tions for therapy.

In addition, activity and chronicity indices have not yet been shown to be repro-
ducible and thus have not been incorporated into the ISN/RPS classification [11,
20]. Specific development of better indices of disease activity and chronicity is war-
ranted. A further conundrum arises when nonspecific segmental or global scars are
present in cases that otherwise show only mesangial or membranous-type lesions.
Clearly, sclerosis may develop nonspecifically with aging, and even idiopathic
membranous nephropathy may have segmental scars and global sclerosis. Whether
such sclerosed glomeruli warrant additional diagnosis of class III or IV chronic
lupus nephritis has not been established. Further, the assessment of whether more
than half or less than half of glomeruli are involved with significant lesions to
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differentiate class III versus class IV may be problematic with the presence of many
remotely globally sclerosed glomeruli. Particularly with small sample sizes, this
conundrum is amplified. Finally, the current classification does not account for
extraglomerular lesions (see above), which may be present and important in patients
with SLE.

Etiology/Pathogenesis

SLE has an autoimmune basis, and the disease can affect numerous organs, includ-
ing the skin, joints, serous membranes, lungs, central nervous system, and kidney.
SLE can affect the kidney in various ways. Lupus nephritis is used to describe the
lesions related to immune complex-mediated injury in patients secondary to SLE.
The commonly used classifications, including past World Health Organization
(WHO) and the current International Society of Nephrology/Renal Pathology
Society (ISN/RPS) classifications, only focus on the glomerular lesions. However,
immune complexes maybe present along tubular basement membranes and blood
vessels as well. Some renal lesions associated with SLE do not have an immune
complex deposition etiology. The sites and nature of immune deposits also may
vary, and disease manifestations may remit or flare, and the dominant pattern of
immune complex localization and the subsequent pattern of injury may change
either spontaneously or in response to treatment.

The precise etiology of SLE remains unknown. Autoimmunity is proposed to be
related to dysregulated apoptosis with ineffectual clearance of apoptotic cell frag-
ments [33]. There is important genetic susceptibility with increased risk if a family
member is affected and HLA associations to DR2, DR3, and B8. SLE-like condi-
tions and lupus nephritis-like immune complex deposits may also develop in
patients with HIV infection, illustrating the importance of dysregulated immunity in
the evolution of SLE and kidney disease. Immune complexes may be circulating
and deposit in specific locations based on size, charge, affinity, and avidity or may
form in situ in response to planted exogenous antigens with circulating immuno-
globulins reaching the planted antigens or local endogenous antigens of specific
cells. Circulating antibodies may also cross-react with antigens present within kid-
ney parenchyma. Numerous antigens, including histones, or DNA bound to histones
may be antigenic in SLE. When complexes are small and stable with high-affinity
antibodies, these tend to localize in the mesangium and elicit a limited mesangial
reaction with mesangial hypercellularity. Larger size or number of complexes with
high-avidity antibodies may spill over to the subendothelial area, where inflamma-
tory mechanisms are easily activated, including complement and leukocyte Fc
receptors, resulting in infiltration of inflammatory cells and proliferation of endog-
enous cells, filling up the capillary lumens, so-called endocapillary proliferation.
Over time, new matrix may be formed internal to the subendothelial deposits along
with infiltrating interposed cells, resulting in the double contour visualized by silver
stain. The presence of subepithelial immune deposits in lupus nephritis may result
from dissociation of low-avidity and/or low-affinity complexes that reassemble
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after passing through the GBM. These deposits activate complement and perturb the
adjacent podocyte, resulting in foot process effacement, a leaky capillary wall and
proteinuria, and a GBM reaction visualized as spikes by silver stain.

Clinicopathologic Correlations

Classification of lupus nephritis is considered useful to describe the patient’s clini-
cal status and for grouping patients with similar clinical profiles. For instance, mem-
branous and diffuse proliferative forms usually present with proteinuria, and severe
activity in a renal biopsy is usually associated with the clinical syndrome of a rap-
idly progressive glomerulonephritis. Moreover, the classification is related to prog-
nosis with respect to renal function and patient survival [4]. The use of the lupus
nephritis classification facilitates the ease and reliability with which nephrologists
and nephropathologists communicate information and has improved standardiza-
tion and reproducibility of biopsy interpretation [31]. In contrast, the prognostic
value of the so-called activity and chronicity indices used by some in lupus nephritis
is subject to discussion, and the utility of these indices is limited by concerns about
their irreproducibility [6, 10, 11]. Nevertheless, distinguishing “active” and “scle-
rosing” lesions (Table 8.3) may help determine prognosis and sensitivity to treat-
ment in both lupus and other glomerulonephritides [34-36]. In general, lesions that
are potentially sensitive to treatment and reversible show activity, characterized by
hypercellularity, leukocyte exudation, necrosis/karyorrhexis, cellular crescents,
hyaline deposits, and interstitial inflammatory infiltrate. More chronic lesions less
sensitive to treatment are glomerulosclerosis, fibrous crescents, tubular atrophy, and
interstitial fibrosis [37]. Persistent macrophages in second biopsies after therapy
portend worse prognosis [38]. Interstitial lesions are most severe in class IV.
Interstitial inflammation, tubular atrophy, and interstitial fibrosis each have been
independently associated with poor outcomes, and in turn, severe glomerular active
lesions correlated with more interstitial inflammation. Sclerosis of glomeruli also
correlated with tubular atrophy and interstitial fibrosis [29].

The persistence of subendothelial deposits has been associated with the progres-
sion of lupus nephritis, whereas a decrease in the amount of subendothelial and
mesangial deposits was linked to a lower risk for renal impairment in SLE. Thus,
patients with more proliferative lesions and more activity and chronicity had worse
long-term outcomes [39].

Lupus lesions may not remain static over time in many patients. The type of
glomerular lesion remains unchanged in about half of the cases. In the other half
transformation occurs to either more ominous or more benign histologic patterns,
the latter particularly under the influence of therapy. In patients with the most severe
forms of lupus nephritis, a remission of clinical renal abnormalities, usually in
response to aggressive treatment, is associated with dramatic improvement in long-
term patient and renal survival [20, 40]. With current management strategies, in
general the long-term outlook for patients with lupus nephritis has improved, but
only a minority of patients are able to stop treatment altogether, and the incidence



References 103

of serious complications is high [37, 41, 42], infection being the leading cause of
death. Trials are ongoing of novel immunomodulatory drugs such as rituximab,
which depletes B lymphocytes [43, 44]. Overall, only 10-15 % of patients with
lupus nephritis now go into end-stage renal failure, with 10-30 % of those with
class III, IV, or V reaching end-stage kidney disease within 15 years [4, 45].
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