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Systemic lupus erythematosus (SLE) is an inflammatory autoimmune disease affecting
multiple organs of the body including skin, joints, blood, heart, liver, lungs, kidneys and
central nervous system. The expression and clinical course of SLE vary enormously from
very mild, with arthralgias and skin rashes, to life threatening, when the renal and central
nervous system function are severely compromised; from complete quiescence to full blown
expression of the disease. Coexistence with other types of autoimmune disorders, such as
Sjogren's syndrome and mixed connective tissue disease can also occur. Among the various
organs affected in SLE, the kidney appears to be one of the most common, and at the same
time, more serious complication.

Clinical Features
The overall incidence of SLE ranges from 1.8 to 7.6 cases per 100,000 with a prevalence from
4 to 250 cases per 100,000 (1). The incidence of renal involvement is more variable and
depends upon the population studied and the diagnostic criteria used to identify renal
involvement (clinical vs. biopsy). In unselected lupus patients, abnormalities in urine or renal
function occur in about 25-50% early in the course of the disease (2). In the study of
Vlachoyiannopoulos et al renal disease manifested as proteinuria, microscopic hematuria,
decreased clearance of creatinine, increased creatinine levels, or the presence of casts was
found in about 50% of cases (3). In other published series, using similar defmitions, the
prevalence of renal disease ranged from 29 to 75%. (4,5). The general consensus is that 60%
oflupus patients will develop clinically relevant nephritis at some time in the course of their
illness. Most patients develop nephritis early in their disease and it is uncommon to have
onset of renal disease more than ten years after the appearance of SLE. A female phenotype
is the major risk factor for the development oflupus. The female:male ratio rises from 2:1 in
prepubertal children up to 4.5:1 in adolescence to the 8 to 12:1 reported in series of adult
onset patients, falling back to 2:1 in patients over 60 yr of age (6). Younger adults outmunber
older adults with over 85% of patients younger than 55 years. SLE is more likely associated
with severe nephritis in children and less likely in the elderly (1 ).
Proteinuria is considered the sine qua non of renal disease in lupus. In a comprehensive
review on lupus nephritis (LN), proteinuria was reported in 100% of patients, with nephrotic
syndrome in 45-65%; microscopic hematuria was found to occur in about 80% of patients
during the disease course (2). Microscopic hematuria is almost never present in isolation and
macroscopic hematuria is rare. Hypertension is not common but is present more often in
severe nephritis. About half will show a reduced GFR, and occasional patients present with
acute kidney injury. Renal tubular function is disturbed quite often resulting in urinary
excretion ofTamm-Horsefall proteins, light chains and ~2-microglobulin. Recently,
hyperkalemic renal tubular acidosis has been recognized as a manifestation of lupus (2)
Evidence of renal disease usually arises within the first three years after SLE diagnosis;
however, at that time decline of renal function is quite uncommon (7). In a recent
retrospective study, male sex, young age (<33 years), and non-European ancestry were found
to be determinants of earlier renal disease in patients with SLE, (8). About 10-15% of
patients with LN, despite treatment, progress to end stage renal disease (ESRD). (2).
Features predictive ofESRD in patients with severe LN included higher baseline serum
creatinine level, presence of anti-Ro antibodies, and failure to attain a remission (9). In
another retrospective analysis of 436 patients with SLE and renal disease, initial raised serum
creatinine levels, initial hypertension, non-French non-white origin, and proliferative lesions
in the initial renal biopsy determined adverse renal outcome. In the same study, it was found
that malar rash, psychosis, myocarditis, pericarditis, lymphadenopathy, hypertension, raised
anti-DNA antibodies, and low complement levels were more commonly associated with renal
disease (10). Asians, African-Caribbeans and African-Americans may have more nephritis
than other ethnic groups (2). The prevalence and mortality of lupus are both ten times higher

in African Americans than in whites; however, it is relatively rare in their progenitors in West
Africa. Familial clustering of SLE is present also, and monozygotic twins show a 25%
concordance. In addition, patients with lupus may have healthy family members who show
antinuclear and other autoantibodies (2). The implication of ethnic origin differences is also
supported by earlier data, which suggested that renal survival was significantly worse in black
subjects than in white patients with LN (11). Differences in renal outcome were independent
of age, duration of lupus, history of hypertension, hypertension control during treatment, and
activity or chronicity indices on renal biopsy. An explanation for the increased incidence and
severity noted in this racial group of patients may be provided by the implication of certain
genetic factors, which affect the clearance of immune complexes. These subjects are less
likely to express the immunoglobulin receptor allele Fcy-RIIa-H131, a receptor normally
expressed on macrophages which recognize IgG2 (12). Therefore, inappropriate deposition
in the kidney of circulating immune complexes composed of IgG2 antibodies occurs owing to
inadequate clearance by hepatic and splenic macrophages.
Laboratory Feature of Lupus Nephritis
Antinuclear Antibodies and complement
Presence of circulating autoantibodies is a hallmark of SLE. Antinuclear antibodies (ANA),
particularly those against dsDNA and the Smith (Sm) antigen, are strongly associated with the
presence of nephritis. ANA are present in more than 90% patients with SLE but are not
specific for SLE or LN. Anti dsDNA are more specific but less sensitive markers of SLE and
are present in less than 75% of untreated patients. The Smith (anti-Sm) antibody is highly
specific, but present only in 15 to 50% of patients with LN. Anti Ro/SSA and anti La/SSB
antibodies are present in 5-30% patients with SLE but are not specific for lupus and are found
in other collagen vascular diseases. In addition, lupus patients may develop antibodies
against histones, endothelial cells, phospholipids [anti-phospholipid (APA) and anticardiolipin antibodies), ribonuclear proteins (RNP) and anti-neutrophil cytoplasmic antibodies
(ANCA) (1,2).
Treatment may rapidly eliminate anti-dsDNA antibodies from the circulation, while the
positivity on the fluorescent antinuclear antibody (FANA) test remains. The various patterns
ofFANA (diffuse, speckled, etc.) are not reliable in distinguishing lupus from other
antinuclear factor-positive disease (1 ,2).
In a remarkable study of the epidemiology of lupus, it was found that the development of
autoantibodies antedates the onset of clinical features oflupus by many years (13). The
investigators used the US Department of Defense serum repository, which contains about 30
million samples from service personnel taken at baseline and on average alternate years. They
identified 130 individuals with systemic lupus erythematosus and reported that 115 (88%) had
at least one SLE autoantibody present on average 3.3 years and up to 9·4 years before the
clinical diagnosis. ANA, APA, anti-Ro and anti-La antibodies were present earlier than antiSm and anti-RNP (a mean of3.4 years vs. 1.2 years). Anti-dsDNA, with a mean onset of2.2
years before the diagnosis appeared between the other two groups of aforesaid antibodies.
The data suggests that appearance of antibodies in patients with SLE follows a predictable
course with a progressive accumulation of specific antibodies before the onset of clinical
disease.
It addition to the aforementioned antibodies, patients with active SLE, especially active renal
disease usually have decreased levels of total hemolytic complement (CH50) and complement
components. Levels of C3 and C4 often decrease before a clinical flare of lupus nephritis
(1 ,2). Serial monitoring of complement levels is more important than an isolated value. A
declining level would predict a lupus flare and an improvement or normalization of a
depressed complement level would suggest remission from an active disease. Isolated

complement deficiency states have been associated with SLE. These patients may have
persistently depressed complement levels despite inactive disease.

Blood Tests
Anemia of moderate degree is common, but a positive test for anti-red cell antibodies
(Coombs' test) can be obtained only in a minority of patients with lupus, and severe
hemolytic anemia are not often seen. Leukopenia (due to anti-white cell antibodies) is
common, with 50% of patients having a white cell count below 5000/ml, while
thrombocytopenia is found in one-quarter of patients (1,2). The origins of the
thrombocytopenia are complicated, resulting from accelerated destruction after binding of
antiplatelet antibody, sequestration of platelets in the kidneys, and lysis and/or phagocytosis
of circulating platelets by reaction of both antiphospholipid antibodies and immune
complexes (including dsDNA-anti-dsDNA complexes) with circulating platelets.

Diagnosis of Lupus Nephritis
Clinical Diagnosis

Clinically disease is evaluated by urinalysis, 24 hour urine protein and creatinine excretion or
spot urine protein to creatinine ratio, serum creatinine, anti-DNA titers, and serum
complement. Additionally, serum albumin and cholesterol can be used to help characterize the
nature of lupus renal disease. Common abnormal urinary findings in patients with active LN
include albuminuria, leukocyturia, hematuria, granular casts, hyaline casts, RBC casts, fatty
casts and oval fat bodies. Creatinine clearance in a 24 urinary sample is commonly used as an
estimate of GFR aside from clearance of infused exogenous filtration markers such as inulin
or iothalamate. To obviate the need for timed urine collection, which is cumbersome and
notoriously inaccurate, prediction equations have been developed and increasingly being used
to estimate GFR. In adults, creatinine clearance is usually estimated by Cockcroft-Gault
equation and GFR by Modification of Diet in Renal Disease (MDRD) (14,15). However
neither MDRD nor Cockcroft-Gault equation was developed for LN patients and reduced
performance would be expected for this population. The standard measure of urinary protein
excretion is obtained by 24 hour collection. While there is extensive experience with this
method, variable results over a short period of time may occur, likely indicating changes in
physical activity or collection errors. The latter problem can be identified by quantifying total
creatinine in the same 24 hour urine collection. The total creatinine measurement should
approximate values obtained in previous 24 hour collections for the same patient and should
be comparable to average values obtained in population studies of men (20 mg/kg/day) and
women (15 mg/kg/day) (16). Alternatively, the urinary protein excretion rate can be estimated
by measurement ofthe protein/creatinine ratio in a random daytime urinary sample (17). The
ratio approximates the total number of grams per day of proteinuria, but it would be optimal
to confirm the validity of the method in individual patients by comparing the ratio in a
random sample to the total protein measured in a standard 24 hour urine collection (16,17).
The urinary sediment is useful to characterize disease activity as the presence of hematuria,
leukocyturia or casts are typical only during periods of disease activity. Interestingly, in one
large series of 520 cases of SLE, red cell casts were only present in 39 cases or 7 .5%. In
descending order, the most common abnormal sediment findings are leukocyturia, hematuria,
granular casts and hyaline casts. As mentioned, a rising anti-DNA titer and
hypocomplementemia, especially with low C3, is a strong indicator or predictor of active

lupus renal disease. Hypoalbuminemia accompanied by significant proteinuria is a
component of the nephrotic syndrome which may accompany active lupus renal disease.
Hypercholesterolemia is another marker and clinical complication of the nephrotic syndrome
that can accompany active lupus renal disease.
There is increasing recognition oftubulointerstitial injury in LN. In the majority of cases, the
severity of interstitial inflammation parallels the degree of involvement of the glomerular
lesion. Tubular damage, fibrosis and atrophy can be associated with hyperuricemia and renal
tubular acidosis (2).

Histologic Diagnosis:
Kidney biopsy is the mainstay for the diagnosis of LN. Material obtained by renal biopsy is
evaluated by light microscopy, immunofluorescence and electron microscopy. In many cases,
it is instrumental in establishing the diagnosis of SLE as lupus nephritis can be the first
clinical manifestation of SLE in up to 15-20% of patients (1,2). However, in majority of
cases, the diagnosis of SLE is already established. In such situations, renal biopsy helps to
establish a precise diagnosis of lupus nephritis, determines the extent of chronicity and acuity,
helps to determine prognosis and serves as a guide for therapy. There are very few
contraindications for kidney biopsy. Any new appearance of "marker" for kidney disease
such as proteinuria, hematuria, active urinary sediment or rise in serum creatinine, in a patient
with SLE should prompt kidney biopsy. Moreover, one should consider a follow-up biopsy in
a stable patient with established lupus nephritis if the aforesaid markers re-appear or worsen.
Histologic Classification of LN
Because of extremely diverse histopathology ofLN, several classifications ofLN have been
proposed. The early classifications were based on light microscopy alone and recognized 3
major categories of glomerulonephritides: focal proliferative LN (lupus glomerulitis), diffuse
proliferative LN (active lupus glomerulonephritis) and membranous glomerulopathy (18,19).
With the advent of immunofluorescence and electron microscopy, a new classification was
introduced under auspices of the World Health Organization (WHO) in 1974 (20). This
classification addressed glomerular lesions only. Class I was applied to renal biopsies
showing no detectable glomerular abnormalities by light, fluorescence, or electron
microscopy. Class II was defined as purely mesangial immune deposition and was subdivided
into two subclasses depending on whether mesangial hypercellularity was present. Class III
lesions were defined as proliferative glomerulonephritis affecting fewer than 50% of the
glomeruli (i.e., focal), whereas class N was defmed as proliferative glomerulonephritis
affecting more than 50% of the glomeruli (i.e., diffuse). No qualitative differences between
class III and class N lesions were described. Membranous lupus nephritis was classified as
class V. Tubulointerstitial and vascular lesions were not included in the classification system.
This classification was further modified by the International Study of Kidney Diseases in
Children in 1982 (21) with introduction of a number of subclasses which made this
classification difficult to use. Moreover, Class VI was introduced to denote advanced
sclerosing glomerulonephritis, although the percentage of glomeruli requiring sclerosis was
not stipulated. Most controversial were the subclasses V c and V d which lumped mixed LN
with proliferative lesion (class III and N) and membranous lesions (class V) into Class V
category. These subgroups were deleted subsequently in the 1995 modification of the
classification (22).
In the interim, Austin et al (23) devised a system of applying semi quantitative scores for
activity and chronicity of LN by grading and adding the individual morphologic components
in a given biopsy as a guide to treatment and prognosis. Activity and chronicity scores are
used as an adjunct to the WHO classification of lupus nephritis by many practicing
pathologists, although the reproducibility and the predictability of these indices have been
questioned by some (24). Nevertheless, high chronicity scores are associated with poor

outcome and a lack of response to immunosuppression. High activity indices are associated
with poor outcomes, but may be reversible, especially with aggressive treatment (25).
In order to eliminate ambiguities and inconsistencies, introduce important modifications
concerning qualitative and quantitative differences between class Ill and IV LN, standardize
definitions and facilitate uniformity in reporting, the ISNIRPS (International Society of
Nephrology/ Renal Pathology Society) classification was formulated in 2002 by a group of 23
individuals comprising renal pathologists, nephrologists and rheumatologists (26,27). It
precisely defmes all classes and clearly delineates activity and chronicity. Normal kidney as
Class I in previous classifications have been deleted and replaced by minimal mesangial LN
(Table). Threshold for diagnosis of class VI lesions is clearly defined as presence ofmore
than 90% globally sclerotic glomeruli.
Two recent studies demonstrate superior reproducibility of ISNIRPS classification compared
to the WHO classification of LN. In a large study involving 20 centers in the UK, renal
pathologists classified cases of LN by the WHO system and then reclassified the same cases
by the ISN/ RPS 2003 classification 1 year later. A significantly higher inter-observer
reproducibility was observed for the ISN/RPS (2003) than the modified WHO (1982)
classification (28). The improved reproducibility of the ISNIRPS classification was ascribed
to clearer separations between the classes and the elimination of subgroups of class V.
Another study from Japan has confirmed the higher consensus in reporting among
pathologists using the 2003 ISNIRPS than the 1982 WHO classification (29).
Clinicopathologic correlation
There is some correlation between the pathologic type of lupus renal disease and the
aforementioned clinical features although with many exceptions (2). Mesangiallupus
nephritis is accompanied by normal diagnostic findings or with a mild degree of proteinuria
but typically absence of hypertension or abnormal urinary sediment. Focal and diffuse
proliferative lupus glomerulonephritis are often associated with the worst prognosis for renal
survival and can be accompanied by nephrotic syndrome, significant hypertension and
abnormal urine sediment. Membranous lupus nephritis often presents with proteinuria,
moderate to high grade, but usually normal urinary sediment in the absence of hypertension.
Although histologically more severe glomerular forms of nephritis have a tendency to result
in more severe clinical manifestations, renal histology cannot be predicted with any certainty
from the clinical picture. In untreated patients, biopsy class is a powerful determinant of
outcome. Interstitial changes correlate well with GFR at the time of biopsy, as well as with
outcome. Titers of anti-dsDNA antibody may vary with histologic groups but the differences
are not clinically useful.

Pathogenesis of SLE and lupus Nephritis

Lupus nephritis is characterized by deposition of immune complexes in glomeruli.
Proliferation of glomerular cells, and influx of inflammatory cells that accompany
immune complex deposition are thought to be linked to the pathogenesis but the precise
relationship of these findings to autoantibodies is not completely elucidated.
Role of T cell

Systemic lupus erythematosus is characterized by major defects in central and peripheral
immune tolerance through which response to self-antigens is prevented. Central tolerance
eliminates or inactivates lymphocytes that express receptors to self antigens (Ag) before
they mature into functional cells. However, this process is not totally effective and

autoreactive T cells are present in normal individuals. However, autoimmune diseases
occur rarely and immunological tolerance is maintained in the periphery due to passive
mechanisms, such as anergy, immunological ignorance, and deletion, as well as active
mechanisms supported by regulatory T cells such as CD4+CD25+ T regulator cells
(Tregs), natural killer T (NKT) cells and y8T cells. It happens, however, that in spite of
the existence of a wide set of protective mechanisms, the immune system targets selfconstituents leading to the development of autoimmune diseases. SLE is characterized by
an uncontrolled autoreactivity ofB and T lymphocytes leading to the production of
autoantibodies (autoAb) directed against self-Ag which are mainly of nuclear origin... The
precise origin of loss of self-tolerance is still poorly understood; it involves both intrinsic
and extrinsic factors (genetic predisposition, hormonal and environmental factors) with a
possible role of the Ag as, for example, a molecular mimicry between an autoAg and a
foreign component. Uncontrolled T and B cell activation and pathogenesis could also be
attributed to a deficiency of peripheral regulatory T cells (30,31).

Role of B cells
B cells pay a vital role in the pathogenesis of SLE by producing antibodies that bind
directly to glomerular antigens or form immune complexes which deposit in glomeruli
initiating inflammation. However, it is increasingly appreciated that B cells contribute to
the pathogenesis of glomerulonephritis in many other ways; They can function as potent
antigen-presenting cells (APCs), and thus become highly efficient activators of antigenspecific T cells. Furthermore, B cells may regulate T cells and dendritic cells (DCs)
through the production of cytokines or regulatory antibodies. Similar to T cell tolerance,
both central and peripheral mechanisms are developed to eliminate or neutralize
autoreactive B cells. During B cell development in the bone marrow, immature B cells
encountering antigen capable of cross-linking their B cell receptor are either eliminated
(clonal deletion), become unresponsive (anergic) or undergo revision of their B cell
receptor to eliminate self-reactivity (receptor editing) (32-34). Despite these mechanisms
of central tolerance, some autoreactive B cells escape deletion or anergy. Thus, a number
of mechanisms exist to preserve tolerance in the periphery. In many cases, B cells fail to
undergo T dependent activation due to the absence of appropriate T cell help (35).
Moreover, autoreactive B cells presenting antigen to CD4 + T cells can be eliminated by
delivery of a death signal from Fas ligand on T cells. (36). Once in germinal centers,
unwanted autoreactive B cell clones may be produced as a result of somatic
hypermutation. Those binding foreign antigen immobilized on follicular dendritic cells
(FDCs) are selected for survival, whereas those binding soluble antigen undergo
apoptosis, perhaps providing a mechanism for the deletion of autoreactive germinal centre
B cells (37,38). B cell activity is also kept in check by a number of negative regulatory
molecules for example, FcyRIIb and CD22. These molecules maintain a tonic inhibition
ofB cell responsiveness and play a role in enforcing tolerance (39). FcyRIIb is also
important in controlling bone marrow plasma cell persistence. In the absence ofFcyRIIb,
plasma cells are protected from apoptosis; thus, defects in this receptor in plasma cells
may well contribute to the production of autoantibody (40).

Breakdown of immune tolerance
One ofthe major abnormalities in the pathogenesis of SLE is a breakdown in the
mechanisms which maintain B cell tolerance leading to B cell activation and production
of increased amounts of immunoglobulin. The reasons for the over-activated status are
multiple. First, B cells may display intrinsic abnormalities, such as dysfunctional kinases;

second, they may be exposed consistently and for prolonged periods of time to stimulating
autoantigen; third, they may receive increased cognate help (through co stimulatory
pathways such as CD40-CD40 ligand) or non-cognate help through the action of
cytokines such as IL-4 and IL-6; fourth, B cells may express decreased amounts of surface
receptors which when engaged deliver negative signals such as FcRIIb; fifth they may
function uncontrollably because of decreased T cell regulatory function (41 ).
Autoantibodies and immune complexes in SLE
Once B cell tolerance is broken and autoantibodies form, some, but not all, patients
develop immune deposits within glomeruli initiating inflammation and disease. In a
number of animal models of SLE, anti-DNA antibodies have been shown to cause some
pathological features of lupus nephritis (42). Infusion of anti-DNA antibodies obtained
from lupus-prone mouse strains such as MRL, into normal mice, prompts the development
of a proliferative glomerulonephritis [43]. Intraperitoneal administration of a monoclonal
anti-DNA antibody-secreting hybridoma into control mice can also induce
glomerulonephritis, proteinuria and a dermal vasculitis [43]. In addition, mouse and
human anti-DNA IgG applied to the isolated perfused rat kidney binds avidly to glomeruli
and is associated with proteinuria and a reduction in inulin clearance [44]. However, in
humans, the severity of disease in lupus nephritis is variable and does not correlate well
with the levels of circulating anti-DNA antibodies [45,46]. This observation is likely a
result of differences in the specificity of autoantibodies, mechanisms of deposition and the
inflammatory response initiated as well as non antibody mediated mechanisms of disease.
Three theories have emerged as to how autoantibodies form immune deposits; Firstly,
through direct binding to glomerular antigens, secondly, binding to a circulating antigen
which had become deposited in the glomerulus and thirdly, deposition of pre-formed,
soluble; circulating immune complexes. It is possible that all three contribute to the
development oflupus nephritis.
In support of in situ mechanisms of immune complex formation are the observation that
antibodies eluted from the kidneys of patients with SLE, and from murine lupus kidneys,
react with a number of extracellular glomerular antigens including basement membrane
antigens, for example a-actinin (47,48). Others have shown that circulating nucleosomes
or low molecular weight DNA can act as "planted antigen" for the subsequent binding by
anti-DNA or anti-nucleosome antibodies, leading to in situ immune complex formation
(49-52). For example, collagen, laminin and fibronectin have binding sites for DNA and
could potentially capture and plant this antigen. (52). Defective mechanisms of circulating
immune complex clearance or processing may, thus, exacerbate lupus nephritis. Immune
complex formation is a physiological consequence of an adaptive humoral response.
Binding of antibody to antigen is designed to promote the removal of foreign antigens,
and this task is largely undertaken by the mononuclear phagocytic system of the spleen
and liver. Complement components frequently become incorporated into circulating
immune complexes and facilitate their transport via binding to CR1 on erythrocytes [53].
Tissue macrophages in the liver and spleen bear both FcyR and complement receptors,
CR3 and CR4. The FcyRs involved in immune complex clearance by these cells are
thought to be the low affinity FcyRII and FcyRIII [54,55]. Several studies have also
shown that clearance of IgG coated erythrocytes is delayed in patients with SLE compared
with controls [56,57]. The clearance of soluble immune complexes is also abnormal in
lupus patients, with reduced complement- and Fc-mediated uptake by the splenic
mononuclear phagocytic system [58,59]. Inherited deficiencies in the early classical
pathway components (C1q, C2, C4) can lead to SLE [60,61]. Complement components

are likely to be important in the disposal of apoptotic cells and in the removal of immune
complexes [62,63]. Fey receptors bind IgG-containing immune complexes and allow
internalization and clearance by cells of the reticuloendothelial system. FcyRIIa is a
single-chain activatory receptor which is unique to humans [64]. A large number of
studies have documented the frequency ofFcyRIIa polymorphisms in patients with lupus
[65]. Overall, it appears that the FcyRIIa-R/R131 allotype (which binds IgG2 and IgG3
containing IC less well) occurs with increased frequency in patients with SLE and in lupus
nephritis (particularly in patients with IgG2 anti-Clq antibodies) [66,67], suggesting that
reduced Fc-mediated IC clearance may contribute to disease pathogenesis. FcyRIII is
another activatory Fe receptor which plays an important role in the disposal ofiCs. There
are two isotypes, FcyRIIIa and FcyRIIIb. [68]. As with FcyRIIa, it is the lower affinity
FcyRIIIa-F158 allele or F/F158 genotype, which has been associated with SLE or lupus
nephritis in some populations. FcyRIIIb is found only in humans and is thought to mediate
neutrophil recruitment [69]. Studies ofFcyRIIIb polymorphisms in patients with lupus
have been conflicting, but most demonstrate an association of the HNA1b allotype with
disease susceptibility [65, 70]. About 0.1% of central Europeans do not express FcyRIIIb
on neutrophils due to gene deletion. Interestingly, Aitman et al. [71] have recently shown
that there is copy number variation in the human FCGR3B gene and that low copy number
was associated with lupus nephritis [72]. It may be that reduced neutrophil expression of
FcyRIIIb or the expression of the lower affinity FcyRIIIb-HNA1b receptor leads to
impaired glomerular clearance of immune complexes, thus, precipitating glomerular
inflammation.
The antibodies found within glomeruli in SLE may not arise solely from plasma cells in
secondary lymphoid organs. In the NZB/W mouse, high numbers of antibody secreting
cells are found within the kidneys of diseased mice [73]. As discussed previously,
abnormalities of plasma cell apoptosis have also been identified in murine lupus [40].
Together, these data suggest that in lupus nephritis, autoreactive plasma cells may
accumulate and persist within inflamed kidneys where they enhance the local
concentration of antibody and immune complex. Once deposited within glomeruli,
immune complexes may then induce tissue injury through the activation of complement or
via FcyR-mediated activation ofphagocytes and neutrophils. In support of this, deletion of
activatory FcyRs protects mice from antibody-mediated spontaneous or induced
autoimmune disease without altering titers of autoantibodies. This was demonstrated in
the FcRy- deficient NZB/NZW F1 mice which develop autoantibodies and have
significant immune complex deposition, but do not develop glomerulonephritis [74].
Processing of immune complexes internalized by FcyRs on matured APCs in an
inflammatory milieu propagates further inflammation and tissue damage and may even
expose additional autoantigens. In addition, local deposition of immune complexes can
initiate tissue damage via direct complement activation [75].
Role of apoptosis in the pathogenesis of SLE
Apoptosis is a tightly regulated process of programmed cell death. Normally, apoptotic cells
are rapidly engulfed by phagocytes like macrophages to prevent the release of potentially
immunogenic intracellular material from the dying cells (76) The generation ofnucleosomes
in vivo requires apoptosis (77), and during this process, intracellular antigens are expressed on
the surface of the apoptotic cell and exposed to the innate immune system (78), and to the
adaptive immune system if they are not immediately cleared (79). The disordered regulation
of both apoptosis and the clearance of apoptotic products have been implicated in the
pathogenesis of SLE and lupus nephritis. Mice that fail to express a functional Fas ligand
develop lupus-like manifestations, glomerulonephritis, and lymphopoetic malignancies (80).

Fas antigen physiologically transduces extrinsic signals that commit a cell to apoptosis.
Humans with Fas mutations develop a lymphoproliferative disease and rare patients with SLE
may have Fas ligand gene mutations. Furthermore, several studies suggest a link between
defective apoptosis in SLE and complement factor deficiencies (81). Previous studies [2--4]
have shown that the classical pathway component C 1q and mannose binding lectin (MBL)
bind to apoptotic cell surface blebs, which contain high concentrations of lupus autoantigens.
Deficiency of C 1q leads to autoimmunity associated with impaired clearance of apoptotic
cells by phagocytes and the appearance of glomerular apoptotic bodies. Indeed, mice with
homozygous Clq deficiency develop glomerulonephritis with immune complex deposits and
intraglomerular apoptotic cells (82). Moreover, about 90% of patients with C1q deficiency
develop SLE (83). Similarly, patients with C2 or C4 deficiency develop SLE at very high
rates. Furthermore, certain polymorphisms of the FcyRII and III genes are associated with
increased risk of developing lupus nephritis in certain population groups. Mutated FcyRII and
III display altered affinity for IgG and may contribute to decreased clearance of nucleosome
containing immune complexes (84). These results emphasize that defective clearance of
apoptotic bodies appears to be a significant factor in the pathogenesis of lupus nephritis. To
certain extent, apoptotic cell clearance may be genetically determined ...
Defective clearance of apoptotic bodies may lead to activation of immune system resulting in
production of autoantibodies. Experimental evidence suggests that apoptotic bodies
containing nucleic acid autoantigens can bind to Toll-like receptors on plasmacytoid
dendritic cell (pDC) and trigger secretion ofhigh levels of type I interferons (IFN-a/p)
(85,86). Type I IFNs are classically considered to promote Thl-mediated inflammation, and
skew self antigen presentation from promoting Th cell tolerance to Th cell autoimmunity (86).
Activated Th cells provide the necessary help for differentiation of naive B cells into
autoantibody producing plasma cells. Moreover, decreased clearance of apoptotic material
may yield a source for extracellular chromatin available for antibody binding and immune
complex formation. Consistent with this, anti-DNA antibodies from SLE patients form
complexes with nucleosomes that bind to rat glomeruli in vivo (87). The initiating event in
lupus nephritis may therefore be a local binding of anti-DNA/nucleosomes complexes to
glomerular sites, particularly in the subepithelial, subendothelial, or mesangial regions of the
GBM, followed by inflammation (88). Apoptotic/necrotic chromatin may reach glomeruli
through the circulation, or that they derive from, for example, apoptotic/necrotic capillary
endothelial cells. Two possibilities exist. Either nucleosomes initially bind glomerular
membranes, and serve as in situ target structures for antinucleosomal antibodies, or
alternatively nucleosomes and antibodies bind the glomerular membranes as preformed
immune complexes In a recent study using transmission electron microscopy (TEM), immune
electron microscopy (IBM), and high-resolution co localization IEM, and terminal
deoxynucleotidyl-transferase-mediated dUTP nick end-labeling (TUNEL) and caspase-3
assays for apoptosis, it was demonstrated that glomerular cells of nephritic mice are apoptotic,
and apoptotic chromatin fragments (or nucleosomes) are associated particularly with the
GBMs (89). Data from TEM, IEM, and co localization IEM demonstrate that electron dense
deposits (EDDs) are deposited in GBMs of nephritic mice. These EDDs are not inherent parts
of GBMs of nephritic kidneys but represent externalized chromatin particles because they
bind experimental antibodies to hi stones, dsDNA, and transcription factors, all of which co
localize with in situ-bound autoantibodies. Both autoantibodies and experimental antibodies
to chromatin constituents bound strictly to these ectopic chromatin structures. No antibody
interaction was seen with regular inherent basement membrane structures suggesting that
nephritogenic autoantibodies in nephritic B/W mice bind ectopic apoptotic nucleosomes
associated with GBMs and not other constituents of the glomerulus (89). Similar results were
later obtained in a subsequent study in human lupus nephritis further demonstrating that intraglomerular membrane-associated nucleosomes are targeted by anti-dsDNA autoantibodies in
human lupus nephritis (90).

Thus, in summary it appears that lupus nephritis may be the net effect of nucleosome derived
nephritogenic autoantibodies and immune complex deposits and their interactions with native
kidney cells in the appropriate genetic background.

Role of inflammatory cytokines and chemokines
As a consequence of renal immune complex deposition, inflammatory cells infiltrate the
kidney and mediate tissue injury and renal dysfunction. Chemotactic factors induced by
immune complexes are responsible for recruiting these inflammatory cells to the kidney.
One of the first abnormalities noted in the kidneys of lupus-prone mice is upregulation of
specific chemokines. MCP1 (monocyte chemoattractant protein 1, associated with
monocyte recruitment and an inflammatory infiltrate into the kidney) was expressed in the
kidney early in the course of murine LN [91] and was also upregulated in human LN [92].
Other mononuclear cell chemoattractants such as macrophage migration inhibitory factor
(MIF) and C5a are upregulated in the lupus kidney [93,94]. In a murine model ofLN,
another chemokine, BLC (B lymphocyte chemokine or CXCL13), was upregulated in
renal dendritic cells and was associated with recruitment ofB cells to the kidney [95].
Monocytes, macrophages, and T lymphocytes are the most conspicuous inflammatory cells to
enter the kidney during SLE nephritis, although neutrophils, B lymphocytes and plasma cells
can also be found. These infiltrating white blood cells injure the kidney through a variety of
mediators, including cytokines, eicosanoids, proteolytic enzymes, and reactive oxygen species
(96-98). Although the relative contribution ofTh1 versus Th2 cytokines to LN remains
controversial, several recent reports suggest that IFN and interferon-induced genes play a key
role in LN (99). Human lupus kidneys expressed primarily Th1 cytokines [100]. Class IV LN
subjects and more active disease had significantly more IFNy producing and CD40 expressing
cells in the glomerulus and in peripheral blood than healthy controls or class V subjects. In
MRL/lpr mice, both genetic and pharmacologic blockade ofiFNy ameliorated disease [101103]. These combined studies strongly suggest that IFNy plays a critical role in the
progression of proliferative LN. Because IL-12 can induce IFNy expression, its actions in
murine LN have been extensively studied. In MRL/lpr mice, IL-12 (either given by injection
or by implantation of IL-12 secreting cells) increased IFN y production and accelerated the
onset of spontaneous LN [ 104,1 05]. IL-12, via its stimulatory effect on IFN y production,
induced increases in measures of systemic nitric oxide (NO) production [105]. In addition to
IL-12, increased systemic and focal renal expression of IL-6 has been described in LN and the
level of IL-6 mRNA in PBMC from LN patients correlates with disease activity [ 106,1 07].
Levels ofiL-13 mRNA, an antiinflammatory T-cell-derived cytokine, in renal tissue are also
elevated in LN subjects. These levels correlate with serum creatinine and C3 as well as
histopathologic measures of disease activity [108]. It is unclear whether IL-13 ultimately
plays a pathogenic role or dampens the inflammatory response in LN.

TREATMENT OF LN
Renal involvement in SLE contributes both directly to morbidity and mortality of the patients
as well as indirectly through side effects of therapy directed at the renal lesions. Before the
advent of immunosuppressive regimens, a 2 year survival rate of less than 10% was observed
in patients with diffuse proliferative LN (PLN) treated with low dose steroids (109). Since
then patient and renal survival patients with PLN has improved considerably due to earlier
recognition of renal disease, aggressive immunosuppression, and improved supportive care.
(110-112). The 'standard' treatment for severe disease with cyclophosphamide (CYC) is
associated with multiple adverse toxicities. Newer treatments for severe LN show promise of

equivalent efficacy but less toxicity as well as the potential to treat resistant disease. The
optimal immunosuppressive regimen for proliferative LN remains the subject of research,
clinical trials, and intense debate.
Appropriate management of LN remains a challenge because of the heterogeneity of the
disease at presentation and its unpredictable course characterized by clinical exacerbations
and remissions making it difficult to predict the outcome. The therapeutic goals for a patient
with newly diagnosed lupus nephritis are: (1) to achieve prompt renal remission, (2) to avoid
renal flares, (3) to avoid chronic renal impairment, and (4) to minimize toxicity of the
treatment.
Although patient and renal survival rates have improved over the past decade (11 0), the
current immunosuppressive regimens still achieve suboptimal results. First, the rate of renal
remission after a first-line therapy is at best 81% in recent prospective studies (113-116).
Second, renal relapses occur in one third of LN patients (117), when many of the patients are
still immunosuppressed (118). Third, between 10 and 20% of LN patients experience ESRD 5
to 10 yr after disease onset, although these figures are lower (between 5 and 10%) in recent
studies (115,116,119). Finally, treatment-related toxicity remains a major concern, such as
metabolic and bone side effects ofhigh-dose glucocorticoids (GC) (120-122), severe
infections, or premature ovarian failure in women who receive high-dose CYC (123,124).
Numerous prognostic factors have been identified (125-127). Among others, nonwhite race
(e.g., black, Afro-Caribbean, Hispanic), poor socioeconomic status, uncontrolled
hypertension, a high activity and chronicity index on kidney biopsy, renal impairment at
baseline, poor initial response to therapy, and nephritic relapses have been associated with
poor outcome. Lack of adherence to therapy is an underestimated cause of treatment failure.
In a few cases, umecognized association of proliferative LN with a thrombotic
microangiopathy linked to the antiphospholipid clotting syndrome may further worsen the
prognosis (128). Taken together, LN still has a negative impact on lupus patients' survival as
indicated by the long-term data collected between 1990 and 2000 by the investigators ofthe
European Working Party on Systemic Lupus Erythematosus in a prospective series of 1000
European patients, whose overall survival rate at 10 yr was 88 and 94% for patients with and
without renal involvement, respectively (129).
Induction Therapies:
Intravenous cyclophosphamide (IV CYC)

After the reports of poor outcome with low dose steroids, Pollak et al. (109), showed better
efficacy of high-dose prednisone in the treatment ofPLN. However, high doses of
corticosteroids were often unable to control the progression of nephritis and were associated
with severe morbidity and elevated mortality. Therefore, a number of clinicians decided to
add either CYC or azathioprine (AZA) to CS both to reduce the doses and side effects of CS
and to slow the progression of renal disease. A meta-analysis of the available trials showed
that the risk of renal insufficiency and dialysis was lowered by the addition of
immunosuppressive drugs (130). This prompted NIH group to conduct a large randomized
trial in which 107 patients with LN were assigned to receive prednisone alone or moderate
doses of prednisone in combination with IV pulses ofCYC, oral CYC, azathioprine (AZA),
or a combination of oral CYC and AZA (131 ). The administration of IV pulses of CYC was
associated with a significantly improved 10-yr renal survival compared to that observed with
prednisone. However, there was not any significant difference in renal survival between IV
CYC and the other three immunosuppressive regimens. Since then IV CYC has become the
gold standard for the treatment ofPLN.
In the initial NIH trial, it was found that only patients who were given high-dose long-term IV
CYC (and not those who were given oral CYC, AZA, or a combination of both) had a lower

probability ofESRD compared with patients who were given oral CS alone (131). In a later
Nlli trial, combination therapy of IV methylprednisolone (MP) and IV CYC was shown to
achieve a higher rate of renal remission than IV MP alone (113). After a median follow-up of
11 yr, none of the 20 patients who received combination therapy experienced ESRD (119).
Despite excellent efficacy, IV CYC treatment is associated a high rate of premature ovarian
failure (ranging from 38 to 52% ofwomen at risk) (123,124), increased risk of severe
infections, significant percentage of treatment failures, and high rate of renal relapse
(113,132). In addition, as suggested by a recent survey, patients reluctant to receive high dose
IV CYC. Female lupus patients were asked which treatment they would prefer if they
experienced LN. A high proportion (98%) ofthem would choose AZA, instead ofCYC, if
AZA and CYC would confer an equal probability of renal survival. Ever if CYC offers 100%
renal survival at 5 yr-which is not true-still 31% of the patients would prefer AZA, given
the pregnancy issue (133).

LowdoseCYC
In order to reduce total CYC exposure and thus minimize toxicity, low dose intermittent IV
CYC was investigated as one possible alternative to the standard regimen by the Euro-Lupus
Nephritis Trial (ELNT) (115). These investigators hypothesized that European patients with
lupus nephritis might differ from the US patients because of their differing ethnic
backgrounds and that similar results with fewer side-effects might be achieved with a lower
dose of CYC. The ELNT compared a Nlli-like high-dose regimen of IV CYC (six monthly
pulses followed by two quarterly pulses); with the Euro-Lupus low-dose regimen (six pulses
of IV CYC every two weeks at a fixed dose of 500 mg). In both arms, AZA was started as
maintenance therapy two weeks after the last dose of CYC until at least month 30.5. The
majority of patients was Whites and had class IV diffuse proliferative lupus nephritis The
rates of renal remission (71% of the low-dose group and 54% of the high-dose group) or renal
flares (27% low-dose group and 29% high-dose group), were not statistically different
between the 2 groups , but treatment-related adverse effects were less frequent with the
reduced-dose regimen (15). After an extended follow-up (73 months), there was no significant
difference in the cumulative probability of reaching ESRD or doubling of the serum
creatinine level between groups. The best predictor of good long-term renal outcome was the
early favorable response to therapy at 6 months, defmed as a decrease in serum creatinine
level and proteinuria to 1 g/24 h (16). Limitations of the Euro-Lupus trial include a population
with relatively milder renal disease (mean creatinine 1-1.3 mg/dl; mean proteinuria 2.5-3.5
g/day for both groups). Moreover, almost 85% of the patients were Caucasian. Renal survival
has been found to be significantly worse in African-Americans than in Caucasians in virtually
every clinical study (134-138). Nevertheless, low dose IV CYC is an option, in particular for
low risk Caucasians with less severe PLN.

Non-CYC induction regimens: Mycophenolate mofetil (MMF)
Recently, MMF has emerged as a promising alternative therapy for both induction and
maintenance treatment for LN ... Mycophenolic acid (MPA), the active metabolite ofMMF, is
an inhibitor of the rate limiting enzyme (lonosine mono phosphate dehydrogenase) involved
in the de novo purine synthesis (139). As lymphocytes do not possess a salvage pathway for
the generation of these nucleotides, MMF results in selective blockade ofB- and T -cell
proliferation. Unlike CYC, MP A has little impact on other tissues with high proliferative
activity (i.e. neutrophils, skin, intestine, bone marrow, gonads), which possess a salvage
pathway for nucleotide synthesis. This accounts for its more favorable toxicity profile. These
properties make MMF an attractive therapy for treating LN.

The first of such trials by Chan et a1.30 randomized 42 patients with PLN to 6 months of
induction with MMF (2 g/day) or oral CYC (2.5 mg/kg/day), both with concurrent oral
prednisolone (114). During the maintenance phase, those in the MMF arm continued the drug
at a reduced dose (1 g/day) and those in the CYC arm switched to AZA (1.5 mg/kg/day) for 6
months. At 12 months, there were no differences in complete remissions (CR), partial
remissions (PRs), or relapses. Adverse events were more common in the CYC group,
although the rate of infectious complications was not statistically different (114). The study
was extended to a period of over 5 years with enrollment of an additional 22 patients. After a
median follow-up of 63 months, there was no difference in CR or PR (140). A total of 6.3%
in the MMF group and 10.0% ofCYC-AZA-treated patients showed doubling ofbaseline
creatinine (P=0.667) while 4 patients in the CYC-AZA group but none in the MMF group
reached the composite end point of endstage renal disease or death (P=0.06). At long-term
follow up, there was a similar rate of relapse and relapse-free survival in both groups.
Significantly, fewer patients administered MMF developed infections requiring
hospitalization. In addition, leukopenia was only observed with CYC, the only two deaths
were in the CYC group, and amenorrhea was more frequent with cytotoxic therapy (36 vs.
3.6%, respectively). This suggested that induction treatment with MMF was as effective as
oral CYC, but with fewer side effects (140). However, included only Chinese patients and
patients with some poor prognostic indicators including newly diagnosed DPLN, high Scr,
and substantial glomerular and tubulointerstitial disease were excluded from the study.
In another trial from China, Hu et al. compared the efficacy of 6 months of MMF to
conventional IV CYC for induction therapy in 46 patients with PLN (141). Patients
randomized to MMF had greater reduction of proteinuria, lupus serologic activity, urinary
sediment activity, and glomerular immune deposits on repeat biopsy while experiencing fewer
side effects. A more recent study by Ginzler et al. addressed the issue of efficacy ofMMF
induction in a high risk, multi-racial, American population in which 56% of the patients were
African-American (142). In this multi-center, prospective trial, 140 patients (the majority with
class IV LN) were randomized to standard six monthly pulses of IV CYC or MMF (target
dose 3 g/day) in conjunction with a tapering dose of corticosteroids. The study allowed
crossover at 3 months for treatment failure or toxicity. No maintenance regimen was specified
after the induction. The primary end point was CR at 24 weeks defmed as normal values of S
Cr, absence of proteinuria, and normal urine sediment. PR was defined as 50% improvement
in all renal parameters. At the 6-month end point, in an intention-to-treat analysis, there were
fewer treatment failures, and more complete and complete plus PRs with MMF (22 and 52%,
respectively) compared to CYC (4 and 30%, respectively). Crossover to the alternate arm was
more common with CYC than with MMF (20 vs. 8%, respectively). MMF was also
associated with a lower incidence of severe infections, and in general fewer, milder side
effects. At 3-year follow-up, there were no significant differences in time to first renal flare,
renal failure, or death. However, all tended to be lower in the MMF group. The results suggest
that that induction therapy with MMF is superior to IV CYC in inducing remissions of LN
and is better tolerated. Limitations of this study include the short duration of follow-up,
crossover design and no control over maintenance regimen. In addition, patients with rapidly
progressive renal failure, AKI and Scr more than 3 mg/dl or CrClless than 30 cc/min were
excluded. Notwithstanding these caveats, this study adds significant proof of efficacy for
MMF induction therapy in at least some high-risk patients, including African- Americans,
with proliferative LN.
In the ongoing Aspreva Lupus Management Study (ALMS), patients are randomized to
receive induction with MMF or IV CYC for six months. Patients with no response after six
months are withdrawn from the study, while patients with responses at six months are rerandomized to maintenance with MMF or AZA for up to three years. The results of this study
should provide more information about the place ofMMF in the management of patients with
LN.

Maintenance Therapies
Once a patient has attained a remission, maintenance immunosuppression is given to help
maintain remission, prevent relapse, and decrease the risk of developing ESRD. In the Nlli
trials, N CYC at 3 months interval for 18-24 months was used as maintenance therapy (131).
In the last decade, sequential regimens of short-term CYC induction therapy, followed by
either MMF or AZA maintenance, have been shown to be efficacious and safe and to reduce
the hazards of the long-term exposure to CYC
After induction with N CYC (0.5-1 g/m2 every month for four to seven months) and CS,
Contreras eta/. randomized 59 patients, most with diffuse proliferative disease with mean Scr
1.6 mg/dl and urine protein/ creatinine ratio, to receive N CYC (0.5-1 g/m2 every three
months; n=20), AZA (1-3 mg/day; n =19) or MMF (500-3000 mg/day; n =20) (116). All
patients received maintenance CS. AZA was superior to IV CYC in terms of survival and
MMF was superior to N CYC in reducing relapses. This study included a large number of
patients high risk non-Caucasian patients predominantly African-Americans and Hispanics.
Patients with rapidly progressive and crescentic disease were excluded. Nevertheless the
study strongly suggests a role for the less toxic oral agents such as MMF and AZA in
maintenance therapy ofPLN.
In light of these results and the ELNT, a randomized multi-center trial (MAINTAIN Nephritis
Trial) conducted by The European Working Party on Systemic Lupus Erythematosus is
currently underway to compare the efficacy and toxicity ofMMF and AZA as remissionmaintaining treatment for PLN following induction with a short course of IV CYC.

Adjunctive Therapy
With the advent of novel therapeutic regimens, there has been a significant improvement in
patient and renal survivals. Accelerated atherogenesis and coronary vascular disease are now
a major cause oflater mortality (143). Possible risk factors for this include hypertension,
hyperlipidemia, nephrotic syndrome, prolonged corticosteroid use, antiphospholipid antibody
syndrome, and in some, the added vascular risks of CKD (144, 145). This underscores the
importance of aggressive management of these modifiable risk factors. Although little data
are available specifically for patients with LN, it appears prudent to apply the knowledge
from the general population with CKD to this patient subset. Thus, tight blood pressure
control (130/80 or less), the use of angiotensin-converting enzyme inhibitors and/or
angiotensin receptor blockers, and correction of dyslipidemia are recommended. Moreover,
patients with CKD should be screened and treated for complications such as anemia and bone
and mineral disease (secondary hyperparathyroidism, hyperphosphatemia, vitamin D
deficiency). In addition, measures to prevent glucocorticoid-induced osteoporosis should be
taken, including use of calcium, vitamin D supplements, and bisphosphonates when
necessary.

Novel Approaches in the Treatment for PLN
Despite recent strides in the treatment ofLN, about 20% of patients do not respond and
progress to ESRD. Moreover, toxicity of the current immunosuppressive regimens remains
unacceptably high. With a better understanding of the molecular mechanisms of LN, several

newer and targeted therapeutic approaches are currently being tested, aiming at improved
efficacy and lower toxicity.
Recent studies have underscored the important role ofB cells in the pathogenesis of LN. B
cells are implicated both in the disease emergence and progression, not only as sources of
autoantibody, but also as antigen-presenting cells, and as initiators and regulators of
inflammation through cytokine secretion (146). Various abnormalities including B-cell
hyperreactivity, mediated by the recently identified B-cell-activating factor (147-149) and
aberrant interactions between B- and T -cells are critical to disease emergence and progression
(149).
New therapeutic agents that directly target abnormal immune B-cells responsible for
autoimmunity in SLE have been recently evaluated
LJP 394 (riquent, abetimus sodium) consists of four dsDNA helices conjugated to an inert
polyethylene scaffold. It is designed to selectively modulate autoantibody producing B cells
and reduce anti-dsDNA antibodies by crosslinking anti-dsDNA surface immunoglobulin
receptors on B cells leading to tolerance via anergy or apoptosis. In addition, it binds to
circulating antibodies, forming small soluble complexes that are subsequently cleared (150).
In a multi-center, placebo-controlled trial, 230 patients with LN (class III, IV, V) were
randomized to either LJP 394 or placebo for 76 weeks . Although anti-dsDNA titers decreased
and C3 levels increased with therapy, time to renal flare and the number of renal flares was
not significantly different in the two groups. In a subset analysis, time to renal flare was
prolonged in patients who had high affinity anti-dsDNA. (151). However, a subsequent trial
designed to confirm the efficacy ofLJP 394 specifically in patients with these high-affinity
antibodies failed to demonstrate a significant difference in renal flares between LJP and
placebo ..
Rituximab. CD20, a B-cell-specific surface molecule, plays an important role in B-cell
activation, proliferation, and differentiation. Rituximab, a chimeric antibody directed against
the CD20 antigen on B-lymphocytes (152), has emerged as a promising approach for patients
with SLE. Rituximab's mechanisms of action are incompletely understood. However, it is
conceived that rituximab binds to the CD20 antigen, and kills B-cells by complementmediated lysis, FcRy dependent antibody-dependent cell-mediated cytotoxicity and apoptosis.
In an open-label study undertaken to evaluate the efficacy ofrituximab in the treatment of
lupus nephritis, 10 patients (4 with focal disease and 6 with diffuse disease) received 4 weekly
infusions ofrituximab, 375 mg/m2, in association with oral CS (153). After a 12-month
follow-up period, the clinical, laboratory, and immunological data showed very encouraging
results: partial remission in 8 of 10 patients. Five of these 8 partial responders subsequently
established complete remissions, sustained in 4 cases even after a 1-year period. Independent
of the clinical outcome, serum concentrations of dsDNA autoantibodies decreased in all cases
and the tolerance to the treatment was excellent. Data on rituximab's role in the treatment of
lupus nephritis are, however, limited. Controversy exists, since a few anecdotal reports
described the inefficacy of this treatment in isolated cases of severe lupus glomerulonephritis
(154). Additionally, rituximab is significantly more expensive than CYC. Nevertheless, the
results of this and previous trials suggest a promising role for rituximab in the treatment of
SLE. A multi-center prospective randomized placebo-controlled trial (LUNAR by Genentech)
is currently underway to evaluate the additive benefit of rituximab to MMF for induction
therapy and maintenance in patients with proliferative LN.

Epratuzumab is a humanized monoclonal IgG antibody that specifically targets the CD22
antigen on B-cells. It achieves a peripheral B-cell-depleting effect similar to that of rituximab.
Belimumab (Lymphostat-B) is a fully humanized monoclonal antibody that directs against Blymphocyte natural immune stimulator or BlyS. Administration ofbelimumab leads to

depletion of circulating CD20-B cells. International multicenter randomized controlled trials
of epratuzumab and belimumab in SLE are underway. It is hoped that these B-cell-targeted
therapies may provide treatment options for SLE, especially manifestations that are refractory
to conventional therapies.

Another promising therapeutic strategy for the treatment of LN is blockade of the interactions
between B and T cells. T -cell activation requires two signals, one when the antigen is
presented to the T-cell receptor in the context of major histocompatibility complex class II
molecules on antigen presenting cells (APCs) and the second by the interaction of co
stimulatory molecules on T-lymphocytes and APCs (155,156). Disruption of the co
stimulatory signal results in the interruption of the immune response, leading to anergy. The
CD40:CD40L and CD28:B7 family of molecules is considered important co stimulatory
elements. Two different humanized anti-CD40L mAbs (BG9588 and IDEC-131) have been
used in clinical trials in patients with SLE. An open-label trial ofBG9588 (riplizumab)
showed reduction of serologic lupus activity and improvement of renal function in patients
(157) but the high prevalence of life-threatening thromboembolic events led to the premature
termination of trials with this agent. IDEC-131 also did not prove to be clinically effective in
human SLE despite being safe and well tolerated (158,159)
One of the most prominent and well-characterized T -cell co stimulatory signals is mediated
through the CD28-CD80/ 86 pathway, which regulates interleukin-2 production and
expression of antiapoptotic molecules, augments T -cell proliferation, and upregulates the
expression of other costimulatory molecules (155,160-162) CD28, present on most T cells,
binds to both CD80 (B7 -1) and CD86 (B7 -2), which are present on APCs. Cytotoxic Tlymphocyte antigen 4 (CTLA-4), a structural homolog of CD28, is also expressed on the
surface of activated helper cells and plays a crucial regulatory role in T -cell
response.(163,164) CTLA-4 competes with CD28 for the same B7ligands on APCs, but has a
higher avidity for them.(165-168) The capture ofB7 by CTLA-4 antagonizes CD28dependent costimulation. It also provides important inhibitory signals that permit long-term
tolerance.(169-173) The regulatory effects of interrupting CD28:B7 interactions by CTLA-4
have been exploited with the development of CTLA4-Ig, a recombinant molecule that fuses
the extracellular domain ofhuman CTLA-4 with the constant region ofthe human IgG1
heavy chain (174) In humans, two preparations ofCTLA4-Ig, abatacept and belatacept, have
been used clinically (175) Initial experience with these agents in both the autoimmune and
transplant arenas has been encouraging. There is animal data to support the efficacy of
CTLA4-Ig in lupus.(174,176). However, this approach has not yet been applied in human
LN ...
Other potential therapeutic targets include chamomiles, cytokines (i.e. interleukin-6,
interleukin-1 0, interleukin-18 (177), B-lymphocyte stimulator (178-180), tumor necrosis
factor (TNF) -a, interferon (181-183), Toll-like receptors (184-187), adhesion molecules,
and complement components. However, it will be of great importance to understand
interactions between the novel agents and the conventional immunosuppressive drugs as the
latter can potentially inhibit or enhance the function of the biologic agents.
TNF-a blockade. Experimental and pathological data have demonstrated that TNF-a, a
proinflammatory cytokine produced by T-lymphocytes, dendritic cells, and other sources,
plays a major role in the ongoing inflammation seen in SLE. TNF- a stimulates B-cell
growth, activates the pro-inflammatory effectors, and also can cause direct tissue damage.
TNF- a, which can be induced by immune complexes and antibodies to dsDNA, is
overexpressed in SLE, including LN (188-190). Since these actions ofTNF- a tilt the internal
balance in favor of autoimmunity, TNF-blockade has become an attractive therapeutic
strategy in this autoimmune disease. Two anti-TNF drugs are currently approved and

successfully used for the treatment of other immune-mediated conditions such as rheumatoid
arthritis: evanescent (Ember®, Amgen, Thousand Oaks, CA), a soluble TNF receptor, and
infliximab (Remicade®, Centocor, Malvern, PA), a chimeric monoclonal anti-TNF antibody.
An open-label study examined the efficacy and safety of TNF- a blockade induced either by
infliximab or by etanercept, in addition to immunosuppression with AZA or methotrexate
(MTX), in the treatment of patients with moderately active SLE (4 cases of LN and 3 with
arthritis refractory to other therapies) (191 ). All 3 patients with articular involvement
achieved remission. In the 4 patients with LN, there was a significant decrease of proteinuria
within 1 week after initiation of therapy. Proteinuria continued to ameliorate in the next 8
weeks, remaining stable at low levels for several months, until the end of the observation
period. The authors concluded that treatment with infliximab/etanercept in combination with
AZA and MTX could ameliorate the inflammatory manifestations of lupus, while being well
tolerated. Infliximab was also administered in a rare case of lupus nephritis associated with
Crohn's disease. The therapy was followed by a significant amelioration of both conditions:
reduction ofCrohn's Disease Activity Index, reduction of proteinuria, and improvement of
renal function tests (192). Despite these encouraging results, some risks associated with this
treatment have recently become apparent. Congestive heart failure and demyelinating diseases
are among the most severe complications (193). Recent observations have shown that
infliximab/etanercept can induce autoimmunity with antibody formation and the development
of glomerulonephritis by immune complex-renal deposits and even drug-induced SLE (194197). A case ofworsening subacute SLE induced by infliximab (administered for the
treatment of chronic inflammatory rheumatism) has been reported (198). Physicians and
patients should be alert to the development of these complications during treatment with the
selective cytokine antagonists. Future studies will establish their safety profile and indications
in lupus nephritis.

Leflunomide. Leflunomide is a selective inhibitor of de novo pyrimidine synthesis and ofTcell proliferation. Its antiinflammatory effects are realized by inhibiting nuclear factor (NF)
kB, required for the activation of genes for various inflammatory cytokines and
metalloproteinases. It also inhibits the production of pro-inflammatory cytokines TNF- a and
interleukin-1 b (199 ,200). Already used with encouraging results in patients with rheumatoid
arthritis (20 1), leflunomide has recently been evaluated as an induction of remission agent, in
association with CS, in PLN. The efficacy of orally administered leflunomide was compared
with that of intravenous CYC, after a 6-month follow-up period, in a prospective multicenter
controlled clinical trial that included 47 patients with biopsy-confirmed PLN. All the patients
had recent onset lupus and had not used immunosuppressive drugs previously. There was no
statistically significant difference between the leflunomide group (80 and 40%, partial and
complete remission rates, respectively) versus the CYC group (75 and 25%, respectively);
tolerance of the drug was good (202). The long-term safety and efficacy ofleflunomide in
renal function preservation remains to be clarified by larger controlled studies.
Treatment of resistant LN
The correlation between response to aggressive immunosuppressive treatment and outcomes
in patients with LN is well known. A recent study comprising 86 patients with diffuse PLN
showed that even patients who achieve a partial remission (PR) with treatment there was a
significant better patient and renal survival compared to those who has no remission (NR) to
the treatment. (203). The patient survival at 10 yr was 95% for complete remission (CR), 76%
for PR, and 46% for NR. The renal survival at 10 yr was 94% for CR, 45% for PR, and 19%
for NR, and the patient survival without end-stage renal disease at 10 yr was 92% for CR,
43% for PR, and 13% NR. This study underscores the importance of achieving remission in
patients with PLN

However, despite advent of novel immunosuppressive therapies, up to 20% of patients are
refractory to the initial induction therapy and 30 to 50% of patients with lupus nephritis still
progress to ESRD (125,126,134-138). They are more likely to be patients with multiple
unfavorable prognostic factors such as African ethnicity, delayed institution of CYC, poor
treatment compliance, impaired serum creatinine, arterial hypertension at presentation, and
the presence of active crescents and a higher degree of chronicity in renal histology. What are
the options for this difficult-to-treat category of patients?
MMF
In major randomized controlled trials ofMMF in lupus nephritis, patients with significantly
impaired renal function at baseline were excluded. However, literature is abundant with
uncontrolled studies reporting success of MMF treatment in adult and pediatric patients with
PLN that is refractory to CYC or other immunosuppressive agents (204). In majority of these
studies, improvement of renal disease is based on a significant change of the mean urine
protein excretion and serological markers after administration ofMMF for a variable period
of time. Thus, although the change in renal parameters is statistically significant, it may not
necessarily represent a clinically useful response. Moreover, as the entry criteria for refractory
lupus nephritis and the duration of treatment resistance are not explicitly mentioned, and
patients who are intolerant to CYC are also included, the efficacy ofMMF may have been
overemphasized. Therefore, the efficacy ofMMF in resistant proliferative nephritis may not
be as optimistic as it was reported. Nevertheless, MMF remains an option for patients with
LN who do not respond to or tolerate CYC.

More aggressive CYC regimens
For patients who have inadequate response to initial intravenous pulses of CYC, repeated
courses of CYC in the form of either further pulses of CYC or oral CYC may be considered.
A recent analysis of a large cohort of patients with diffuse proliferative lupus nephritis
showed a trend of better efficacy of oral CYC than intravenous pulse CYC in preserving renal
function after a mean follow-up of8.8 years (205). However, it was the cumulative dose of
CYC delivered rather than the route of CYC that determined the complete renal response
indicating suggesting that higher potency of oral CYC was due to the higher dose delivered
by oral route. Unsurprisingly, adverse events such as ovarian toxicity were more frequent in
the users of oral CYC. Thus the duration of therapy with oral CYC should be should not
exceed 6 months and its use should be restricted to high-risk patients with multiple poor
prognostic factors at presentation of renal disease.

Intravenous Immunoglobulins (IVIg)
Immunoglobulins administered intravenously have a down-regulating effect on various
activating Fc-gamma receptors (FcRIIA and FcRIIC) and/or an up-regulating effect on
different inhibitory Fc-gamma receptors (FcRiill) (206). However additional mechanisms
may explain their benefits in autoimmune diseases. They include neutralization of pathogenic
autoantibodies, down-regulation of autoantibody production, apoptosis in lymphocytes and
monocytes, modulation of production of cytokines and cytokine antagonists, down-regulation
of dendritic cell differentiation, and inhibition of complement-mediated damage (206-207).
Several encouraging case reports and case series support a beneficial role of IVIg in SLE. The
efficacy of IVIg in controlling disease activity and ameliorating the classical disease
manifestations ranges from 33 to 100% in different case series included in the recent metaanalysis of Zandman-Goddard and coworkers (206). IVIg may be a useful alternative therapy
in treatment-resistant lupus nephritis. Among 14 randomized patients with PLN included in
the study of Boletis and coworkers, monthly IVIg maintained remission over 18 months,
similar to standard IV CYC treatment (208). Orbach and coworkers, in their review of the
literature on IVIg use in LN, found a predominantly positive effect of these drugs on

proteinuria and creatinine levels. Also, improvement in theWHO class and reduction of
immune deposits was demonstrated in a limited number of patients. IVIg products containing
sucrose as a stabilizer were mainly associated with nephrotoxicity through the mechanism
of osmotic nephrosis (209).
Despite encouraging reports describing the efficacy of IVIg therapy in SLE, most of the data
are based on case reports and a small series. Furthermore, long-term efficacy, optimal dosage
and duration oftherapy ofiVIg in LN remain to be established. Nevertheless IVIg can be
considered in patients with LN either as salvage immunotherapy in severe cases that are nonresponsive to conventional treatment or in patients who experience severe infectious
complications or unable to tolerate conventional immunosuppressive therapy.

Plasmapheresis and Immunoadsorption
Based on anecdotal reports that showed some beneficial results in selected patients with life
threatening SLE, plasmapheresis was proposed to improve the efficacy of the standard
therapy regimen for severe PLN. The addition of plasma exchanges to a regimen of CS and
CYC was evaluated by Lewis and coworkers, in their randomized, controlled trial that
included 86 patients with severe lupus nephritis (21 0). Forty-six patients received standard
therapy, and 40 patients received standard therapy plus plasmapheresis, 3 times weekly for 4
weeks. Although patients treated with plasmapheresis had a significantly more rapid reduction
of serum concentrations of immunoglobulins (anti -dsDNA antibodies) and cryoglobulins, at
the end of the 2-year follow-up period no difference was found in the clinical outcome (death,
renal impairment, and proteinuria) between the 2 groups. A synchronized plasmapheresis
regimen with high-dose CYC was employed by some investigators (211-213), with the aim to
remove the autoantibodies and stimulate a rebound of pathogenic B-cell clones, which were
then depleted by the cytotoxic effect of pulse CYC. Despite early reports of success (211),
recent randomized controlled trials did not show superiority of apheresis-CYC over pulse
CYC alone in the treatment of LN in the long run, although addition of apheresis was
associated with a more rapid remission (212,213). The use of plasmapheresis in rapidly
progressive or refractory LN that does not respond to standard treatment modalities remains
anecdotal (214-216). In these successful reports, plasmapheresis was used in conjunction with
other aggressive regimens, making it impossible to differentiate the effect of plasma exchange
per se. Although plasmapheresis does not demonstrate clear benefits in severe LN,
immunoadsorption using protein A, C 1q, or dextran sulfate cellulose columns was shown to
be useful for refractory SLE in small case series (217-219). A recent open-label study of 16
patients with LN who were either refractory or intolerant to CYC showed that vigorous
removal of immunoglobulin G by immunoadsorption was beneficial in most patients, with
amelioration of proteinuria, improvement in anti-dsDNA titers, and global disease activity
scores (220).

Calcineurin inhibitors
There are few reports in the literature on the efficacy oflong-term treatment with Cyclosporin
A (CSA) in SLE. Open-labeled uncontrolled studies have reported efficacy and tolerability of
CSA in the treatment ofPLN (221,222). In a randomized controlled study comparing CSA
with a combination of corticosteroid and oral CYC in childhood PLN, equivalent short-term
efficacy was demonstrated in both treatment arms (223). No published comparative trials
between CYC and CSA in adult SLE patients are currently available. The efficacy of CSA in
CYC refractory proliferative lupus nephritis has not been formally evaluated. In an open study
of 11 patients with lupus nephritis, 8 ofwhom were resistant or intolerant to CYC or AZA,
significant improvement in proteinuria and anti-dsDNA titers was reported after treatment

with CSA for 12 months (224). Addition ofCSA is reported to be effective in a patient with
lupus nephritis who was refractory to CYC and corticosteroid therapy (225).
In view of the lack of correlation between CSA level and efficacy, the dose of CSA may be
difficult to titrate in patients with impaired renal function, a not uncommon scenario in
patients with refractory renal disease. Hypertension, dyslipidemia, nephrotoxicity, and
cosmetic side effects are other concerns for its use in young patients with SLE. Flares of
disease activity may occur when the drug is discontinued because of intercurrent infection or
nephrotoxicity (222).
Tacrolimus is another calcineurin inhibitor that shares similar immunosuppressive actions
with CSA. A few case reports and an open label pilot study of 6 pediatric LN patients have
described the successful use of tacrolimus in refractory LN (226-229). Similar to CSA, the
level of tacrolimus may not reflect efficacy and dosage titration may be problematic in
patients with impaired renal function.

B-cell Targeted Therapies
Novel therapeutic agents targeting B cells have been recently used with some success for the
treatment of refractory LN. However, most of these reports come from case series and small
studies.

Nucleoside Analogues
2-Chloro-2'deoxyadenosine (2-CdA) is a nucleoside analog that depletes B-cells and certain
T-cell subsets. 2-CdA has been evaluated in 12 patients with proliferative
LN (230). A continuous 7-day infusion of2-CdA was associated with more than 50%
improvement in proteinuria and urinary dysmorphic red cells in around half of the patients
studied. Treatment was well tolerated.
Rituximab and Other B-Cell Depleting Agents.
Open-labeled trials and case reports have reported that rituximab is effective in various
refractory SLE manifestations including LN resistant to MMF and CYC. (231-236).
Improvement in SLE activity, serological markers such as anti-dsDNA titers, and
C3 levels and protein-to-creatinine ratio has been noted by many (232-236). However, less
optimistic results in LN have been reported by others (154).
No major serious infectious complications have been reported to date with rituximab
treatment per se in patients with SLE. Because of the good tolerability, rituximab is a
therapeutic option in patients with refractory lupus nephritis, if financial cost is not a
consideration. However, further controlled trials are necessary to defme the best regimen and
whether concomitant administration of other immunosuppressive agents is synergistic.
Other anti-B cell therapies such as epratuzumab, a humanized monoclonal IgG antibody
against the B-cell CD22 antigen, and belimumab a humanized monoclonal antibody against
BlyS may prove to be effective treatment for resistant LN in the future.

Immunoablative CYC
Immunoablative therapy aims at overcoming treatment resistance by eradicating autoreactive
cells, and reconstituting the immune system by autologous hematopoietic stem cell transplant
(HSCT). It has been studied in SLE patients with refractory life-threatening multiorgan
disease. A review of data from 32 published SLE patients who underwent HSCT showed that
a clinical remission was achieved in 69% of patients and, in most cases, remission was
sustained (237). In another review of 53 SLE patients, remission occurred in two thirds of
patients but one-third of these patients relapsed after a mean of 6 months post-transplant
(238). The overall mortality was 12%. Twenty-six patients had LN (50% diffuse PLN) and

renal activity declined after the procedure. Although HSCT is an option in severe refractory
lupus nephritis, the relatively high incidence of toxicities and mortality is a concern. HSCT is
certainly not the first consideration in refractory lupus nephritis.
A less intensive immunoablative CYC regimen (50 mg/ kg/d for 4 consecutive days) followed
by GCSF rescue alone has been used by other investigators in SLE patients in 9 patients with
resistant LN with partial response in 7 patients after a mean-follow up of27 months.
(239,240). Preliminary data from a randomized controlled trial comparing the Nlll pulse CYC
and immunoablative CYC regimens in 22 patients with LN suggests that immunoablative
CYC was no better than monthly pulse CYC in terms of complete renal response rate at 18
months of follow-up, but was associated with a significantly higher incidence of ovarian
failure (241 ). However LN in these patients was neither refractory nor severe enough to show
any advantage of immunoablative CYC
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