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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 anti
cardiolipin 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 
ofF ANA (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 anti
Sm 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 self
constituents 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 antigen
specific 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 1 q and mannose binding lectin (MBL) 
bind to apoptotic cell surface blebs, which contain high concentrations of lupus autoantigens. 
Deficiency of C 1 q 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 intra
glomerular 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 [101-
103]. 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 1 0-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 re
randomized 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 remission
maintaining 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 complement
mediated 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 B
lymphocyte 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 T
lymphocyte 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 CD28-
dependent 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 (194-
197). 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 ofT
cell 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 meta
analysis 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 the WHO 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 non
responsive 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 1 q, 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 

References: 

1. Appel GB, Radhakrishnan J, D' Agati V. Secondary glomerular disease. In The Kidney, 8 1~ edition, Ed Barry M 
Brenner, Saunders Philadelphia, PA. PP 1067-1148, 2007 

2. Cameron J. Lupus nephritis. JAm Soc Nephrol1999;10:413-34. 
3. Vlachoyiannopoulos PG, Karassa FB,Karakostas KX, Drosos AA, Moutsopoulos HM. Systemic lupus erythematosus 

in Greece. Clinical features, evolution and outcome: a descriptive analysis of292 patients. Lupus 1993;2:303-12. 
4. Wallace DJ, Podell TE, Weiner JM, Cox MB, Klinenberg JR, Forouzesh S, et al. Lupus nephritis. Experience with 

230 patients in a private practice from 1950 to 1980. Am J Med 1982;72:209-20. 
5 , Cervera R, Khamashta MA, Font J, Sebastiani GD, Gil A, Lavilla P, et al. Systemic lupus erythematosus: clinical and 

immunologic patterns of disease expression in a cohmt of 1,000 patients. The European Working Party on Systemic 
Lupus Erythematosus. Medicine (Baltimore) 1993;72: 113-24. 

6. Masi AT, Kasslow RA: Sex effects in systemic lupus erythematosus: A clue to pathogenesis. Arthritis Rheum 1978. 
21:480 

7. Nossent HC, Henzen-L{)gmans SC, Vroom TM, Berden JH, Swaak TJ. Contribution of renal biopsy data in 
predicting outcome in lupus nepluitis. Analysis of 1 16 patients. Arthritis Rheum 1990;33 :970-7. 

8. Seligman VA, Lum RF, Olson JL, Li H, Criswell LA. Demographic differences in the development oflupus nephritis: 
a retrospective analysis. Am J Med 2002;112:726-9. 

9. Korbet SM. Factors predictive of outcome in severe lupus nephritis. Lupus Nephritis Collaborative Study Group. Am 
J Kidney Dis 2000;35:904-14. 

10. Huong DL, Papo T, Beaufils H, Wechsler B, Bletry 0, Baumelou A, et al. Renal involvement in systemic lupus 
erythematosus. A study of 180 patient~ from a single center. Medicine (Baltimore) 1999;78:148-66. 

11 . Dooley MA, HoganS, Jennette C, Falk R. Cyclophosphamide therapy for lupus nephritis: poor renal survival in black 
Americans. Glomerular Disease Collaborative Network. Kidney Int 1997;51: 1188-95. 

12. Salmon JE, Millard S, Schachter LA, Arnett FC, Ginzler EM, Gourley MF, et al. Fe gamma R1IA alleles are heritable 
risk factors for lupus nephritis in African Americans. J Clin Invest 1996;97:1348-54. 

13. Arbuckle MR, McClain MT, Rubertone MV, et al. Development of autoantibodies before the clinical onset of 
systemic lupus erythematosus. N Engl J Med 2003; 349: 1526- 33. 

14. Cockcroft DW, Gault MH. Prediction of creatinine clearance from serum creatinine. Nephron 1976; 16: 31 
15. Levey AS, Bosch JP, Lewis JB, Greene T, Rogers N, Roth D. A more accurate method to estimate glomerular 

filtration rate from serum creatinine: a new prediction equation. Modification of Diet in Renal Disease Study Group. 
Ann Intern Med 1999; 130: 461 

16. Austin HA. Clinical evaluation and monitoring of systemic lupus erythematosus. Lupus 1998. 7: 618-21 
17. Rodby RA et al. The urine protein to creatinine ratio as a predictor of 24-hour urine protein excretion in type I 

diabetic patients with nephropathy: The Collaborative Study Group. Am J Kidney Dis 1995; 26: 904±909. 
18. Pollak VE, Pirani C, Schwartz FD: The natural history of the renal manifestations of systemic lupus erythematosus. J 

Lab Clin Med 63: 537-550, 1964 
19. Baldwin DS, Lowenstein J, Rothfield NJ, Gallo GR, McCluskey RT: The clinical course of proliferative and 

membranous forms oflupus nephritis. Ann Intern Med 73: 929-942, 1970 
20. McCluskey RT: Lupus nephritis. In: Kidney Pathology Decennial1966-1975, edited by Sommers SC, East Norwalk, 

CT, Appleton-Century-Crofts, 1975, pp 435-450 
21. Churg J, Sobin LH: Renal Disease: Classification and Atlas of Glomerular Disease, Tokyo, Igaku-Shoin, 1982 
22. Churg J, Bernstein J, Glassock RJ: Renal Disease: Classification and Atlas of Glomerular Diseases, 2nd Ed., New 

York, lgaky-Shoin, 1995 
23. Austin HA 3rd, Muenz LR, Joyce KM, Antonovych TT, Balow JE: Diffuse proliferative lupus nephritis: 

Identification of specific pathologic features affecting renal outcome. Kidney Int 25: 689-695, 1984 
24. Schwartz MM, Lan SP, Bernstein J, Hill GS, Holley K, Lewis EJ: Irreproducibility of the activity and chronicity 

indices limits their utility in the management oflupus nephritis. Lupus Nephritis Collaborative Study Group. Am J 
Kidney Dis 21: 374-377, 1993 

25. Fiehn C, Hajjar Y, Mueller K, Waldherr R, Ho AD, Andrassy K. Improved clinical outcome oflupus nephritis during 
the past decade: importance of early diagnosis and treatment. Ann Rheum Dis 2003;62;435-439 



26. Weening JJ, D' Agati VD, Schwartz MM et al. Classification of glomerulonephritis in systemic lupus erythematosus 
revisited. Kidneylnt 2004; 65:521-530. 

27. Weening JJ, D' Agati VD, Schwartz MM et al. Classification of glomerulonephritis in systemic lupus erythematosus 
revisited. JAm Soc Nephro12004; 15: 241-250. 

28. Furness PN, Taub N . Interobserver reproducibility and application of the ISNIRPS classification oflupus nephritis -
AUK-wide study. Am J Surg Pathol2006; 30: 1030-1035. 

29. Yokoyama H, Wada T, Hara A, et al., the Kanazawa Study Group for Renal Diseases and Hypertension. The outcome 
and a new ISNIRPS 2003 classification oflupus nephritis in Japanese. Kidney Int 2004; 66: 2382-2388. 

30. Tsokos GC, Wong HK, Enyedy EJ et al (2000) Immune cell signaling in lupus. Curr Opin Rheumatol12:355-363 
31. Tsokos GC, Liossis SNC (1999) Immune cell signaling defects in lupus: activation, anergy and death. Immunol 

Today 20:119-24 
32. Goodnow CC, Cyster JG, Hartley SB, Bell SE, Cooke MP, Healy JI, Akkaraju S, Rathmell JC, Pogue SL, Shokat KP 

(1995) Self-tolerance checkpoints in B lymphocyte development. Adv Immunol59:279-368 
33. Goodnow CC (1997) Balancing immunity, autoimmunity, and self-tolerance. Ann NY Acad Sci 815:55--66 
34. Nossal GJ, Pike BL (1980) Clonal anergy: persistence in tolerant mice of antigen-binding B lymphocytes incapable of 

responding to antigen or mitogen. Proc Natl Acad Sci USA 77:1602-1606 
35. Fulcher DA, Basten A (1997) B-cell activation versus tolerance- the central role of immunoglobulin receptor 

engagement and T-cell help. Int Rev Immunol15:33-52 
36. Goodnow CC (1996) Balancing immunity and tolerance: deleting and tuning lymphocyte repertoires. Proc Natl Acad 

Sci USA 93:2264-2271 
37. Shokat KM, Goodnow CC (1995) Antigen-induced B-cell death and elimination during germinal-centre immune 

responses. Nature 375:334-338 
38. Pulendran B, Kannourakis G, Nouri S, Smith KGC, Nossal GJV (1995) Soluble antigen can cause enhanced apoptosis 

of germinal-centre B cells. Nature 375:331-334 
39. Pritchard NR, Smith KG (2003) B cell inhibitory receptors and autoimmunity. Immunology 108:263-273 
40. Xiang Z, Cutler AJ, Brownlie RJ, Fairfax K, Lawlor KE, Severinson E, Walker EU, Manz RA, Tarlinton DM, Smith 

KG (2007) FcgammaRIIb controls bone marrow plasma cell persistence and apoptosis. Nat lmmunol8:419-429 
41. Liossis SNC, Tsokos GC (2006). B cell abnormalities in systemic lupus Erythematosus. In: Wallace DJ, Hahn BH 

(eds) Dubois' Lupus Erythematosus, 7th Edn Lippincott, Williams and Wilkins 
42. Lefkowith JB, Kiehl M, Rubenstein J, DiValerio R, Bernstein K, Kahl L, Rubin RL, Gourley M (1996) Heterogeneity 

and clinical significance of glomerular-binding antibodies in systemic lupus erythematosus. J Clin Invest 98:1373-
1380 

43. Vlahakos DV, Foster MH, Adams S, Katz M, Ucci AA, Barrett KJ, Datta SK, Madaio MP (1992) Anti-DNA 
antibodies form immune deposits at distinct glomerular and vascular sites. Kidney Int 41 : 1690-1700 

44. RazE, Brezis M, Rosenmann E, Eilat D (1989) Anti-DNA antibodies bind directly to renal antigens and induce 
kidney dysfunction in the isolated perfused rat kidney. J lmmunol142:3076-3082 

45. Clough JD, Couri J, Youssoufian H, Gephardt GN, Tubbs R (1986) Antibodies against nuclear antigens: association 
with lupus nephritis. Cleve Clin Q 53:259-265 

46. Gladman DD, Urowitz MB, Keystone EC (1979) Serologically active clinically quiescent systemic lupus 
erythematosus: a discordance between clinical and serologic features. Am J Med 66:210-215 

47. Madaio MP, Shlomchik MJ (1996) Emerging concepts regarding B cells and autoantibodies in murine lupus nephritis. 
B cells have multiple roles; all autoantibodies are not equal. JAm Soc Nephrol 7:387-396 

48. Madaio MP (2003) Lupus autoantibodies 101: one size does not fit all; however, specificity influences pathogenicity. 
Clin Exp Immunol131:396-397 

49. Bernstein KA, Valerio RD, Lefkowith JB (1995) Glomerular binding activity in MRL lpr serum consists of antibodies 
that bind to a DNA/histone/type IV collagen complex. J Immunol 154:2424-2433 

50. van Bruggen MC, Walgreen B, Rijke TP, Tamboer W, Kramers K, Smeenk RJ, Monestier M, Fournie GJ, Berden JH 
(1997) Antigen specificity of anti-nuclear antibodies complexed to nucleosomes determines glomerular basement 
membrane binding in vivo. Eur J lrnmunol27:1564-1569 

51 . Berden JH, Licht R, van Bruggen MC, Tax WJ (1999) Role of nucleosomes for induction and glomerular binding of 
autoantibodies in lupus nephritis. Curr Opin Nephrol Hypertens 8:299-306 

52. Shlomchik MJ, Madaio MP (2003) The role of antibodies and B cells in the pathogenesis oflupus nephritis. Springer 
Semin Immunopathol24:363-375 

53. Fearon DT (1980) Identification of the membrane glycoprotein that is the C3b receptor of the human erythrocyte, 
polymorphonuclear leukocyte, B lymphocyte, and monocyte. J Exp Med 152:20-30 

54. Frank MM, Lawley TJ, Hamburger MI, Brown EJ (1983) NIH Conference: Immunoglobulin G Fe receptor-mediated 
clearance in autoimmune diseases. Ann Intern Med 98:206-218 

55. Kimberly RP, Ralph P (1983) Endocytosis by the mononuclear phagocyte systemand autoimmune disease. Am JMed 
74:481-493 

56. Frank MM, Hamburger MI, Lawley TJ, Kimberly RP, Plotz PH (1979) Defective reticuloendothelial system Fc
receptor function in systemic lupus erythematosus. N Engl J Med 300:518-523 

57. Hamburger MI, Lawley TJ, Kimberly RP, Plotz PH, Frank MM {1982) A serial study of splenic reticuloendothelial 
system Fe receptor functional activity in systemic lupus erythematosus. Arthritis Rheum 25:48-54 

58. Davies KA, Peters AM, Beynon HL, Walport MJ (1992) Immune complex processing in patients with systemic lupus 
erythematosus. In vivo imaging and clearance studies. J Clin Invest 90:2075-2083 

59. Davies KA, Robson MG, Peters AM, Norsworthy P, Nash JT, Walport MJ (2002) Defective Fc-dependent processing 
of immune complexes in patients with systemic lupus erythematosus. Arthritis Rheum 46:1028-1038 

60. Schur PH (1995) Genetics of systemic lupus erythematosus. Lupus 4:425-437 



61. Carroll MC (1998) The role of complement and complement receptors in induction and regulation of immunity. Annu 
Rev Immunoll6:545-568 

62. Nash IT, Taylor PR, BottoM, Norsworthy PJ, Davies KA, Walport MJ (2001) Immune complex processing in 
Clqdeficient mice. Clin Exp Immunol123:196-202 

63. Cortes-Hernandez J, Fossati-Jimack L, Petry F, Loos M, Izui S, Walport MJ, Cook HT, BottoM (2004) Restoration 
of C 1 q levels by bone marrow transplantation attenuates autoimmune disease associated with C 1 q deficiency in mice. 
Eur J Immunol 34:3713-3722 

64. van de Winkel JG, Capel PJ (1993) Human IgG Fe receptor heterogeneity: molecular aspects and clinical 
implications. Immunol Today 14:215-221 

65. Lehmbecher T, Foster CB, Zhu S, Leitman SF, Goldin LR, Huppi K, Chanock SJ (1999) Variant genotypes of the 
lowaffinity Fe gamma receptors in two control populations and a review of low-affinity Fe gamma receptor 
polymorphisms in control and disease populations. Blood 94:4220-4232 

66. Haseley LA, Wisnieski JJ, Denburg MR, Michael-Grossman AR, Ginzler EM, Gourley MF, Hoffinan JH, Kimberly 
RP, Salmon JE (1997) Antibodies to Clq in systemic lupus erythematosus: characteristics and relation to Fe gamma 
RITA alleles. Kidney Int 52:1375-1380 

67. Norsworthy P, Theodoridis E, BottoM, Athanassiou P, Beynon H, Gordon C, Isenberg D, Walport MJ, Davies KA 
(1999) Overrepresentation of the Fcgamma receptor type IIA R1311 R131 genotype in Caucasoid systemic lupus 
erythematosus patients with autoantibodies to Clq and glomerulonephritis. Arthritis Rheum 42:1828-1832 

68. Wu J, Edberg JC, Redecha PB, Bansal V, Guyre PM, Coleman K, Salmon JE, Kimberly RP (1997) A novel 
polymorphism ofFcgammaRIIla (CD16) alters receptor function and predisposes to autoimmune disease. J Clin 
Invest 100:1059-1070 

69. Coxon A, Cullere X, KnightS, Sethi S, Wakelin MW, Stavrakis G, Luscinskas FW, Mayadas TN (2001) Fe gamma 
Rill mediates neutrophil recruitment to immune complexes. a mechanism for neutrophil accumulation in immune 
mediated inflammation. Immunity 14:693-704 

70. Kyogoku C, Dijstelbloem HM, Tsuchiya N, Hatta Y, Kato H, Yamaguchi A, Fukazawa T, Jansen MD, Hashimoto H, 
van de Winkel JG, KaUenberg CG, Tokunaga K (2002) Fcgamma receptor gene polymorphisms in Japanese patients 
with systemic lupus erythematosus: contribution ofFCGR2B to genetic susceptibility. Arthritis Rheum 46:1242-1254 

71. Aitman TJ, Dong R, Vyse TJ, Norsworthy PJ, Johnson MD, Smith J, Mangion J, Roberton-Lowe C, Marshall AJ, 
Petretto E, Hodges MD, Bhangal G, Patel SG, Sheehan-Rooney K, Duda M, Cook PR, Evans DJ, Domin J, Flint J, 
Boyle JJ, Pusey CD, Cook HT (2006) Copy number polymorphism in Fcgr3 predisposes to glomerulonephritis in rats 
and humans. Nature 439:851-855 

72. Fanciulli M, Norsworthy PJ, Petretto E, Dong R, Harper L, Kamesh L, Heward JM, Gough SC, de Smith A, 
Blakemore AI, Froguel P, Owen CJ, Pearce SH, Teixeira L, Guillevin L, Graham DS, Pusey CD, Cook HT, Vyse TJ, 
Aitman TJ (2007) FCGR3B copy number variation is associated with susceptibility to systemic, but not organ
specific, autoimmunity. Nat Genet 39:721-723 

73. Cassese G, Lindenau S, de Boer B, Arce S, Hauser A, Riemekasten G, Berek C, Riepe F, Krenn V, Radbruch A, 
Manz RA (2001) Inflamed kidneys ofNZB/W mice are a major site for the homeostasis of plasma cells. Eur J 
Immunol 31:2726-2732 

74. Clynes R, Dumitru C, Ravetch JV (1998) Uncoupling of immune complex formation and kidney damage in 
autoimmune glomerulonephritis. Science 279:1052-1054 

75. Walport MJ (2001) Complement. First of two parts. N Engl J Med 344:1058-1066 
76. Fadok, VA, Brattopn DL, Konowal A, et al. 1998. Macrophages that have ingested apoptotic cells in vitro inhibit 

proinflammatory cytokine production through autocrine/paracrine mechanisms involving TGF beta, PGE2, and P AF. 
J. Clin. Invest. 101: 890--898. 

77. Casciola-Rosen LA., Rosen A. 1997. Ultraviolet light-induced keratinocyte apoptosis: a potential mechanism for the 
induction of skin lesions and autoantibody production in LE. Lupus 6: 175-180. 

78. Casciola-Rosen LA., Anhalt G, Rosen A. 1994. Autoantigens targeted in systemic lupus erythematosus are clustered 
in two populations of surface structures on apoptotic keratinocytes. J. Exp. Med. 179: 1317-1330. 

79. Sherrmann, M., Voll RE, Zoller OM, et al. 1998. Impaired phagocytosis of apoptotic cell material by monocyte
derived macrophages from patients with systemic lupus erythematosus. Arthritis Rheum. 41: 1241-1250. 

80. Watanabe D, Suda T, Hashimoto H et al (1995) Constitutive activation of the Fas ligand gene in mouse 
lymphoproliferative disorders. EMBO J 14:12-18 

81. Botto M (200 1) Links between complement deficiency and apoptosis. Arthritis Res 3:207-10 
82. BottoM et al (1999) Homozygous C1q deficiency causes glomerulonephritis associated with multiple apoptotic 

bodies. Nat Genet 19:56-59 
83. Walport MJ, Davies KA, BottoM (1998) Clq and systemic lupus erythematosus. Review. Immunobiology 199:265-

285 
84. Seligman VA, Suarez C, Lum Ret al (2001) The Fe gamma receptor IIIA-158F allele is a major risk factor for the 

development of lupus nephritis among Caucasians but not non-Caucasians. Arthritis Rheum 44:618-625 
85. Pawar RD, Patole PS, Ellwart A, Lech M, Segerer S, SchlondorffD, Anders HJ: Ligands to nucleic acid-specific 

Tolllike receptors and the onset oflupus nephritis. JAm Soc Nephro/11: 3365-3373, 2006 
86. Baechler EC, Gregersen PK, PK, Behrens TW. 2004. The emerging role of interferon in human systemic lupus 

erythematosus. Curr. Opin. Immunol. 16: 801-807. 
87. Morioka T, Fujigaki Y, Batsford SR, eta/. 1996. Anti-DNAantibody derived from a systemic lupus erythematosus 

(SLE) patient forms histone-DNA-anti- DNA complexes that bind to rat glomeruli in vivo. Clin. Exp. Immunol. 104: 
92-96. 

88. Fries JW, Mendrick DL, Rennke HG. 1988. Determinants of immune complex-mediated glomerulonephritis. Kidney 
Int. 34: 333-345. 



89. Kalaaji M, Mortensen E, Jorgensen Let al. Nephritogenic lupus antibodies recognize glomerular basement 
membrane-associated chromatin fragments released from apoptotic intraglomerular cells. Am J Pathol2006; 168: 
1779-1792. 

90. Kalaaji M, Fenton K, Mortensen E et al. Glomerular apoptotic nucleosomes are central target structures for 
nephritogenic antibodies in human SLE nephritis. Kidney Int 2007; 71: 664-672. 

91. Perez de Lema G, Maier H, Nieto E, et al.: Chemolcine expression precedes inflammatory cell infiltration and 
chemolcine receptor and cytokine expression during the initiation of murine lupus nephritis. JAm Soc Nephrol2001, 
12:1369-1382. 

92. 22 Dai C, Liu Z, Zhou H, et al.: Monocyte chemoattractant protein- I expression in renal tissue is associated with 
monocyte recruitment and tubulo-interstitiallesions in patients with lupus nephritis. Chin Med J (Engl) 2001, 
114:864- 868. 

93. Abe K, Miyazaki M, Koji T, et al.: Enhanced expression of complement C5a receptor mRNA in human diseased 
kidney assessed by in situ hybridization. Kidney Int 2001, 60:137-146. 

94. Brown FG, Nikolic-Paterson DJ, Hill P A, et al.: Urine macrophage migration inhibitory factor reflects the severity of 
renal injury in human glomerulonephritis. JAm Soc Nephrol2002, 13(suppll):S7-13. 

95. Ishikawa S, Sato T, Abe M, et al.: Aberrant high expression ofB lymphocyte chemolcine (BLC/CXCL13) by 
C 11 b+CD 11 c+ dendritic cells in murine lupus and preferential chemotaxis of B 1 cells towards BLC. J Exp Med 
2001, 193:1393-1402. 

96. Park, M. H., D. D'Agati, G. B. Appel & C. L. Pirani: Tubulointerstitial disease in lupus nephritis: Relationship to 
immune deposits, interstitial inflammation, glomerular changes, renal function, and prognosis. Nephron, 44, 309-314 
(1986) 

97. D'Agati, V. D., G. B. Appel, D. Estes, D. M. Knowles & C. L. Pirani: Monoclonal antibody identification of 
infiltrating mononuclear leukocytes in lupus nephritis. Kidney Int., 30, 573-581 (1986) 

98. Alexopoulos, E., D. Seron, R. B. Hartley & J. S. Cameron: Lupus nephritis: Correlation of interstitial cells with 
glomerular function . Kidney Int., 37, 100-109 (1990) 

99. Blanco P, Palucka AK, Gill M, et al.: Induction of dendritic cell differentiation by IFN-alpha in systemic lupus 
erythematosus. Science 2001, 294:1540- 1543. 

100. Masutani K, Akahoshi M, Tsuruya K, et al.: Predominance ofTh1 immune response in diffuse proliferative lupus 
nephritis. Arthritis Rheum2001, 44:2097-2106. 

101 . Richards HB, Satoh M, Jennette JC, et al.: Interferon-gamma is required for lupus nephritis in mice treated with the 
hydrocarbon oil pristane. Kidney Int 2001, 60:2173-2180. 

102. Haas C, Ryffel B, Le Hir M: IFN-gamma is essential for the development of autoimmune glomerulonephritis in 
MRL/Iprmice. Jlmmunoll997, 158:5484-5491. 

103. Haas C, Ryffel B, Le Hir M: IFN-gamma receptor deletion prevents autoantibody production and glomerulonephritis 
in lupus-prone (NZB x NZW)F1 mice. J Immunol1998, 160:3713-3718. 

104. Schwarting A, Tesch G, Kinoshita K, et al.: TIA2 drives IFN-gammadependent autoimmune kidney disease in MRL
Fas(lpr) mice. Jlmmunol1999, 163:6884-6891. 

105. Huang FP, Feng GJ, Lindop G, et al.: The role ofinterleukin 12 and nitric oxide in the development of spontaneous 
autoimmune disease in MRL:MP-lpr:lpr mice. J Exp Med 1996, 183:1447-1459. 

106. Malide D, Russo P, Bendayan M: Presence of tumor necrosis factor alpha and interleukin-6 in renal mesangial cells of 
lupus nephritis patients. Human Pathology 1995, 26:558-564. 

107. Horii Y, Iwano M, Hirata E, et al.: Role ofinterleulcin-6 in the progression ofmesangial proliferative 
glomerulonephritis. Kidney Int- Supplement 1993, 39:S71-75. 

108. Chen X, Zhang Z, Jiang L, et al.: Elevated interleukin-13 in patients with active lupus nephritis. Chin Med J (Engl) 
2001, 114:1022-1025. 

109. Pollak VE, Pirani CL, Schwartz FD: The natural history o the renal manifestations of systemic lupus erythematosus. J 
Lab Clin Med 63: 537-550, 1964 

110. Fiehn C, Hajjar Y, Mueller Ketal. Improved clinical outcome oflupus nephritis during the past decade: importance 
of early diagnosis and treatment. Ann Rheum Dis 2003; 62: 435-439. 

111. Bono L, Cameron JS, Hicks JA. The very long-term prognosis and complications of lupus nephritis and its treatment. 
QJM 1999; 92: 211-218. 

112. Uramoto KM, Michet Jr CJ, Thumboo Jet al. Trends in the incidence and mortality of systemic lupus erythematosus 
1950-1992. Arthritis Rheum 1999; 42: 46-50.25. 

113. Gourley MF, Austin HA 3rd, Scott D, Yarboro CH, Vaughan EM, Muir J, Boumpas DT, Klippel JH, Balow JE, 
Steinberg AD: Methylprednisolone and cyclophosphamide, alone or in combination, in patients with lupus nephritis. 
A randomized, controlled trial. Ann Intern Med 125: 549-557, 1996 

114. Chan TM, Li FK, Tang CS, Wong RW, Fang GX, Ji YL, Lau CS, Wong AK, Tong MK, Chan KW, Lai KN: Efficacy 
ofmycophenolate mofetil in patients with diffuse proliferative lupus nephritis. Hong Kong-Guangzhou Nephrology 
Study Group. N Engl J Med 343: 1156-1162, 2000 

115. Houssiau FA, Vasconcelos C, D'Cruz D, Sebastiani GD, de Ramon Garrido E, Danieli MG, Abramovicz D, 
Blockmans D, Mathieu A, Direskeneli H, Galeazzi M, Gul A, Levy Y, Petera P, Popovic R, Petrovic R, Sinico RA, 
Cattaneo R, Font J, Depresseux G, Cosyns JP, Cervera R: Immunosuppressive therapy in lupus nephritis: The Euro
Lupus Nephritis Trial, a randomized trial of low-dose versus high-dose intravenous cyclophosphamide. Arthritis 
Rheum 46: 2121-2131,2002 

116. Contreras G, Pardo V, Leclercq B, Lenz 0, Tozman E, O'Nan P, Roth D: Sequential therapies for proliferative lupus 
nephritis. N Eng! J Med 350: 971-980, 2004 

117. Ponticelli C, Moroni G: Flares in lupus nephritis: Incidence, impact on renal survival and management. Lupus 7: 635-
638, 1998 



118. El Hachmi M, Jadoul M, Lefebvre C, Depresseux G, Houssiau FA: Relapses oflupus nephritis: Incidence, risk 
factors, serology and impact on outcome. Lupus 12: 692-696, 2003 

119. Illei GG, Austin HA, Crane M, Collins L, Gourley MF, Yarboro CH, Vaughan EM, Kuroiwa T, Danning CL, 
Steinberg AD, Klippel JH, Balow JE, Boumpas DT: Combination therapy with pulse cyclophosphamide plus pulse 
methylprednisolone improves long-term renal outcome without adding toxicity in patients with lupus nephritis. Ann 
Intern Med 135: 248-257, 2001 

120. Houssiau FA, Lefebvre C, Depresseux G, Lambert M, Devogelaer JP, Nagant de Deuxchaisnes: Trabecular and 
cortical bone loss in systemic lupus erythematosus. Br J Rheumatol35: 244-247, 1996 

121. Jardinet D, Lefebvre C, Depresseux G, Lambert M, Devogelaer JP, Houssiau FA: Longitudinal analysis of bone 
mineral density in pre-menopausal female systemic lupus erythematosus patients: Deleterious role of glucocorticoid 
therapy at the lumbar spine. Rheumatology 39: 389-392, 2000 

122. Houssiau FA, N'Zeusseu Toukap A, Depresseux G, Maldague BE, Malghem J, Devogelaer JP, Vande Berg BC: 
Magnetic resonance imaging-detected avascular osteonecrosis in systemic lupus erythematosus: Lack of correlation 
with antiphospholipid antibodies. Br J Rheumatol37: 448-453, 1998 

123. Boumpas DT, Austin HA 3rd, Vaughan EM, Yarboro CH, Klippel JH, Balow JE: Risk for sustained amenorrhea in 
patients with systemic lupus erythematosus receiving intermittent pulse cyclophosphamide therapy. Ann Intern Med 
119:366-369,1993 

124. Mok CC, Lau CS, Wong RW: Risk factors for ovarian failure in patients with systemic lupus erythematosus receiving 
cyclophosphamide therapy. Arthritis Rheum 41: 831-83 7, 1998 

125. Dooley MA, HoganS, Jennette C, Falk R: Cyclophosphamide therapy for lupus nephritis: Poor renal survival in black 
Americans. Glomerular Disease Collaborative Network. Kidneylnt 51: 1188-1195, 1997 

126. Austin HA 3rd, Boumpas DT, Vaughan EM, Balow JE: Highrisk features oflupus nephritis: Importance of race and 
clinical and histological factors in 166 patients. Nephrol Dial Transplant 10: 1620-1628, 1995 

127. Lupus nephritis: Prognostic factors and probability of maintaining life-supporting renal function 10 years after the 
diagnosis. Gruppo Italiano per lo Studio della Nefrite Lupica (GISNEL). Am J Kidney Dis 19: 473-479, 1992 

128. Moroni G, Ventura D, Riva P, Panzeri P, Quaglini S, Banfi G, Simonini P, Bader R, Meroni PL, Ponticelli C: 
Antiphospholipid antibodies are associated with an increased risk for chronic renal insufficiency in patients with 
lupus nephritis. Am J Kidney Dis 43: 28-36, 2004 

129. Cervera R, Khamashta MA, Font J, Sebastiani GD, Gil A, Lavilla P, Mejia JC, Aydintug AO, Chwalinska-Sadowska 
H, de Ramon E, Femandez-Nebro A, Galeazzi M, Valen M, Mathieu A, Houssiau F, CaroN, Alba P, Ramos-Casals 
M, lngelmo M, Hughes GR; European Working Party on Systemic Lupus Erythematosus: Morbidity and mortality in 
systemic lupus erythematosus during a 1 0-year period: A comparison of early and late manifestations in a cohort of 
1,000 patients. Medicine (Baltimore) 82: 299-308, 2003 

130. Felson DT, Anderson J: Evidence for the superiority of immunosuppressive drugs and prednisone over prednisone 
alone in lupus nephritis. Results of a pooled analysis. N EnglJ Med 311: 1528-1533, 1984 

131. Austin HA 3rd, Klippel JH, Balow JE, le Riche NG, Steinberg AD, Plotz PH, Decker JL: Therapy oflupus nephritis. 
Controlled trial of prednisone and cytotoxic drugs. N Eng! J Med 314: 614-619, 1986 

132. Illei GC, TakadaK, ParkinD, Austin HA, Crane M, Yarboro CH, Vaughan EM, Kuroiwa T, Danning CL, Pando J, 
Steinberg AD, Gourley MF, Klippel JH, Balow JE, Boumpas DT: Renal flares are common in patients with severe 
proliferative lupus nephritis treated with pulse immunosuppressive therapy: Longterm followup of a cohort of 145 
patients participating in randomized controlled studies. Arthritis Rheum 46: 995-1002, 2002 

133. Fraenkel L, Bogardus S, Concato J: Patient preferences for treatment oflupus nephritis. Arthritis Rheum 47: 421-428, 
2002 

134. Dooley MA, HoganS, Jennette C et al. Cyclophosphamide therapy for lupus nephritis: poor renal survival in black 
Americans. Glomerular Disease Collaborative Network. Kidney Int 1997; 51: 1188-1195. 

135. Austin III HA, Boumpas DT, Vaughan EM et al. Predicting renal outcomes in severe lupus nephritis: contributions of 
clinical and histologic data. Kidney Int 1994; 45: 544-550. 

136. Bakir AA, Levy PS, Dunea G. The prognosis oflupus nephritis in African-Americans: a retrospective analysis. Am J 
Kidney Dis 1994; 24: 159-171. 

137. Austin III HA, Boumpas DT, Vaughan EM et al. High-risk features oflupus nephritis: importance of race and clinical 
and histological factors in 166 patients. Nephrol Dial Transplant 1995; 10: 1620-1628. 

138. Barr RG, Seliger S, Appel GB et al. Prognosis in proliferative lupus nephritis: the role of socio-economic status and 
race/ethnicity. Nephrol Dial Transplant 2003; 18: 2039-2046. 

139. Allison AC, Eugui EM. Mycophenolate mofetil and its mechanisms of action. Immunopharmacology 2000; 47: 85-
118. 

140. Chan TM, Tse KC, Tang CS et al. Long-term study ofmycophenolate mofetil as continuous induction and 
maintenance treatment for diffuse proliferative lupus nephritis. JAm Soc Nephrol2005; 16: 1076-1084. 

141. Hu W, Liu Z, Chen H et al. Mycophenolate mofetil vs cyclophosphamide therapy for patients with diffuse 
proliferative lupus nephritis. Chin Med J (England) 2002; 115: 705-709. 

142. Ginzler EM, Dooley MA, Aranow C et al. Mycophenolate mofetil or intravenous cyclophosphamide for lupus 
nephritis. N Engl J Med 2005; 353: 2219-2228. 

143. Roman MJ, Shanker BA, Davis A et al. Prevalence and correlates of accelerated atherosclerosis in systemic lupus 
erythematosus. N Engl J Med 2003; 349: 2399-2406. 

144. Bruce IN, Urowitz MB, Gladman DD et al. Risk factors for coronary heart disease in women with systemic lupus 
erythematosus: the Toronto Risk Factor Study. Arthritis Rheum 2003; 48: 3159-3167. 

145. Nikpour M, Urowitz MB, Gladman DD. Premature atherosclerosis in systemic lupus erythematosus. Rheum Dis Clin 
N Am 2005; 31: 329-354 (vii-viii). 

146. Anolik JH, Aringer M. New treatments for SLE: cell-depleting and anti-cytokine therapies. Best Pract Res Clin 
Rheumatol2005;19:859-78. 



147. Mackay F, Woodcock SA, Lawton P, Ambrose C, Baetscher M, Schneider P, et al. Mice transgenic for BAFF 
develop lymphocytic disorders along with autoimmune manifestations. J Exp Med 1999;190:1697-710. 

148. Khare SD, Sarosi I, Xia :XZ, McCabe S, Miner K, Solovyev I, et al. Severe B cell hyperplasia and autoimmune 
disease in TALL-I transgenic mice. Proc Natl Acad Sci USA 2000;97:3370-5. 

149. Tsubata T. B cell abnormality and autoimmune disorders. Autoimmunity 2005;38(5):331-7. 
150. Jones DS, Barstad PA, Feild MJ et al. Immunospecific reduction of antioligonucleotide antibody-forming cells with a 

tetrakis-oligonucleotide conjugate (LJP 394), a therapeutic candidate for the treatment oflupus nephritis. J Med Chern 
1995;38:2138-2144. 

151. Alarcon-Segovia D, Tumlin JA, Furie RA et al. LJP 394 for the prevention of renal flare in patients with systemic 
lupus erythematosus: results from a randomized, double-blind, placebo-controlled study. Arthritis Rheum 2003; 48: 
442-454. 

152. Smith MR. Rituximab (monoclonal anti-CD20 antibody): mechanisms of action and resistance. Oncogene 2003; 22: 
7359-7368. 

153. Sfikakis PP, Boletis JN, Lionaki Setal. Remission of proliferative lupus nephritis following B cell depletion therapy 
is preceded by down-regulation of the T cell costimulatory molecule CD40 ligand: an open-label trial. Arthritis 
Rheum2005; 52:501-513. 

154. Lambotte 0, Durbach A, Kotb R, Ferlicot S, Delfraissy JF, Goujard C. Failure ofrituximab to treat a lupus flare-up 
with nephritis. Clin Nephrol2005;64(1):73-7. 

155. Salomon B, Bluestone JA. Complexities ofCD28/B7: CTLA-4 costimulatorypathways in autoimmunity and 
transplantation. Annu Rev Immunol2001; 19: 225-252. 

156. Biancone L, Deambrosis I, Camussi G. Lymphocyte costimulatory receptors in renal disease and transplantation. J 
Nephrol2002; 15: 7-16. 

157. Boumpas DT, Furie R, Manzi Setal. A short course ofBG9588 (anti-CD40 ligand antibody) improves serologic 
activity and decreases hematuria in patients with proliferative lupus glomerulonephritis. Arthritis Rheum 2003; 48: 
719-727. 

158. Kalunian KC, Davis Jr JC, Merrill IT et al. Treatment of systemic lupus erythematosus by inhibition ofT cell 
costimulation with anti-CD154: a randomized, double-blind, placebo-controlled trial. Arthritis Rheum 2002; 46: 
3251-3258. 

159. Davis Jr JC, Totoritis MC, Rosenberg Jet al. Phase I clinical trial of a monoclonal antibody against CD40-ligand 
(IDEC-131) in patients with systemic lupus erythematosus. J Rheumatol2001; 28: 95-101. 

160. Jenkins MK, Taylor PS, Norton SD et al. CD28 delivers a costimulatory signal involved in antigen-specific IL-2 
production by human Tcells. Jlmmunol1991; 147:2461-2466. 

161. Riley JL, Blair PJ, Musser JT et al. ICOS costimulation requires lL-2 and can be prevented by CTLA-4 engagement. J 
lmmunol2001; 166:4943-4948. 

162. Schwartz RH. Costimulation ofT lymphocytes: the role ofCD28, CTLA-4, and B7/BB1 in interleukin-2 production 
and immunotherapy. Cell1992; 71: 1065-1068. 

163. Takahashi T, Tagami T, Yamazaki Setal. Immunologic self-tolerance maintained by CD25(+)CD4(+) regulatory T 
cells constitutively expressing cytotoxic T lymphocyte-associated antigen 4. J Exp Med 2000; 192: 303-310. 

164. Birebent B, Lorho R, Lechartier H et al. Suppressive properties of human CD4+CD25+ regulatory T cells are 
dependent on CTLA-4 expression. Eur J Immunol2004; 34: 3485-3496. 

165. Walunas TL, Bakker CY, Bluestone JA. CTLA-4ligation blocks CD28-dependent T cell activation. J Exp Med 1996; 
183: 2541-2550. 

166. Linsley PS, Brady W, Urnes M et al. CTLA-4 is a second receptor for the B cell activation antigen B7. J Exp Med 
1991; 174:561-569. 

167. Collins AV, Brodie DW, Gilbert RJ et al. The interaction properties of costimulatory molecules revisited. Immunity 
2002; 17:201-210. 

168. Linsley PS, Greene JL, Brady Wet al. Human B7-1 (CD80) and B7-2 (CD86) bind with similar avidities but distinct 
kinetics to CD28 and CTLA-4 receptors. Immunity 1994; 1: 793-801. 

169. Brunner MC, Chambers CA, Chan FK et al. CTLA-4-Mediated inhibition of early events ofT cell proliferation. J 
lmmunol 1999; 162: 5813-5820. 

170. Krummel MF, Allison JP. CTLA-4 engagement inhibits lL-2 accumulation and cell cycle progression upon activation 
of resting T cells. J Exp Med 1996; 183: 2533-2540. 

171. Greenwald RJ, Boussiotis VA, Lorsbach RB et al. CTLA-4 regulates induction of anergy in vivo. Immunity 2001; 14: 
145-155. 

172. Tivol EA, Gorski J. Re-establishing peripheral tolerance in the absence of CTLA-4: complementation by wild-type T 
cells points to an indirect role for CTLA-4. J Immunol2002; 169: 1852-1858. 

173. Darlington PJ, KirchhofMG, Criado Get al. Hierarchical regulation ofCTLA 4 dimer-based lattice formation and its 
biological relevance forT cell inactivation. J Immunol2005; 175: 996-1004. 

174. Finck BK, Linsley PS, Wofsy D. Treatment of murine lupus with CTLA4Ig. Science 1994; 265: 1225-1227. 
175. Larsen CP, Pearson TC, Adams AB et al. Rational development of LEA29Y (belatacept), a high-affinity variant of 

CTLA4-Ig with potent 
176. Daikh DI, Wofsy D. Cutting edge: reversal of murine lupus nephritis with CTLA4Ig and cyclophosphamide. J 

Immunol2001; 166:2913-2916. 
177. Llorente L, Richaud-Patin Y, Garcia-Padilla C et al. Clinical and biologic effects of anti-interleukin-1 0 monoclonal 

antibody administration in systemic lupus erythematosus. Arthritis Rheum 2000; 43: 1790-1800. 
178. Stohl W, Metyas S, Tan SM et al. B lymphocyte stimulator overexpression in patients with systemic lupus 

erythematosus: longitudinal observations. Arthritis Rheum 2003; 48: 3475-3486. 
179. Stohl W. Targeting B lymphocyte stimulator in systemic lupus erythematosus and other autoimmune rheumatic 

disorders. Expert Opin Ther Targets 2004; 8: 177-189. 



180. Zhang J, Raschke V, Baker KP et al. Cutting edge: a role forB lymphocyte stimulator in systemic lupus 
erythematosus. J Immunol2001; 166: 6-10. 

181 . Crow MK.. Interferon-alpha: a new target for therapy in systemic lupus erythematosus? Arthritis Rheum 2003; 48: 
2396-2401. 

182. Baechler EC, Gregersen PK, Behrens TW. The emerging role of interferon in human systemic lupus erythematosus. 
Curr Opin Immunol2004; 16: 801-807. 

183. Schwarting A, PaulK, Tschimer S et al. Interferon-beta: a therapeutic for autoimmune lupus in MRL-Faslpr mice. J 
Am Soc Nephrol2005; 16: 3264-3272. 

184. Leadbetter EA, Rifkin IR, Hohlbaum AM et al. Chromatin-IgG complexes activate B cells by dual engagement of 
IgM and Toll-like receptors. Nature 2002; 416: 603--607. 

185. Anders HJ, Vielhauer V, Eis Vet al. Activation of toll-like receptor-9 induces progression of renal disease in MRL
Fas(lpr) mice. Faseb J 2004; 18: 534-536. 

186. Krieg AM. CpG motifs in bacterial DNA and their immune effects. Annu Rev lmmunol2002; 20: 709-760. 
187. Patole PS, Zecher D, Pawar RD et al. G-rich DNA suppresses systemic lupus. JAm Soc Nephrol2005; 16: 3273-

3280. 
188. Boswell JM, Yui MA, Burt DW, Kelley VE. Increased tumor necrosis factor and IL-l beta gene expression in the 

kidneys of mice with lupus nephritis. J lmmunol 1988; 141:3050-4. 
189. Malide D, Russo P, Bendayan M. Presence of tumor necrosis factor-alpha and interleukin-6 in renal mesangial cells 

oflupus nephritis patients. Hum Patholl995;26:558-64. 
190. Studnicka-Benke A, Steiner G, Petera P, Smolen JS. Tumour necrosis factor alpha and its soluble receptors parallel 

clinical disease and autoimmune activity in systemic lupus erythematosus. Br J Rheumatol1996;35: 1067-74. 
191. Aringer M, Graninger WB, Steiner G, Smolen JS. Safety and efficacy of tumor necrosis factor alpha blockade in 

systemic lupus erythematosus: an open-label study. Arthritis Rheum 2004;50(10): 3161-9. 
192. Principi M, DiLeo A, Ingrosso M, Pisani A, Marangi S, Amoruso A, et al. Lupus nephritis improvement after anti

tumor necrosis factor alpha monoclonal antibody (infliximab) treatment for Crohn's disease: a case report. 
lmmunopharmacol Immunotoxicol2004;26(2):243-8. 

193 . Hochberg MC, LebwohlMG, Plevy SE, Hobbs KF, Yocum DE. The benefit/risk profile ofTNF-blocking agents: 
findings of a consensus panel. Semin Arthritis Rheum 2005;34(6):819-36. 

194. De Bandt M, Sibilia J, Le Loet X, Prouzeau S, Fautrel B, Marcelli C, et al. Systemic lupus erythematosus induced by 
anti-tumour necrosis factor alpha therapy: a French national survey. Arthritis Res Ther 2005;7(3):R545 -51. 

195. Stokes MB, Foster K, Markowitz GS, Ebrahimi F, Hines W, Kaufinan D, et al. Development of glomerulonephritis 
during anti-TNF-alpha therapy for rheumatoid arthritis. Nephrol Dial Transplant 2005;20(7):1400-6. 

196. High WA, Muldrow ME, Fitzpatrick JE. Cutaneous lupus erythematosus induced by infliximab. J Am Acad Dermatol 
2005; 52(4):E5. 

197. Elkayam 0, Caspi D. Infliximab induced lupus in patients with rheumatoid arthritis. Clin Exp Rheumatol 
2004;22(4):502-3 . 51. Benucci M, Li Gobbi F, Fossi F, Manfredi M, Del Rosso A. Drug-induced lupus after treatment 
with infliximab in rheumatoid arthritis. J Clin Rheumatol2005;11(1):47-9. 

198. Vabre-Latre CM, Bayle P, Marguery MC, Gadroy A, Durand D, Bazex J. Worsening of subacute lupus erythematosus 
induced by infliximab. Ann Dermatol Venereol2005;132(4):349-53. 

199. Prakash A, Jarvis B. Leflunomide-a review of its use in active rheumatoid arthritis. Drugs 1999;58: 113 7-64. 
200. Manna SK, Aggarwal BB. Immunosuppressive leflunomide metabolite (A77 1726) blocks TNF-dependent nuclear 

factorkappa B activation and gene expression. J Immunol1999;162: 2095-102. 
201. Kale VP, Bichile LS. Leflunomide: a novel disease modifying anti-rheumatic drug. J Postgrad Med 2004;50:154-7. 
202. Cui TG, HouFF, Ni ZH, Chen XM, Zhang FS, Zhu TY, et al. Treatment of proliferative lupus nephritis with 

leflunomide and steroid: a prospective multi-center controlled clinical trial. Zhonghua Nei Ke Za Zhi 2005;44(9):672-
6. 

203 . Chen YE, Korbet SM, Katz RS, Schwartz MM, Lewis EJ: Value of a Complete or Partial Remission in Severe 
Lupus Nephritis. Clin JAm Soc Nephrol3: 46-53, 2008. 

204. Sahin GM, Sahin S, Kantarci G, Ergin H: Mycophenolate mofetil treatment for therapy-resistant glomerulopathies. 
Nephrology 2007; 12, 285-288 

205. Mok CC, Ying KY, Ng WL, Lee KW, To CH, Lau CS, et al. Long-term outcome of diffuse proliferative lupus 
glomerulonephritis treated with cyclophosphamide. Am J Med 2006: 1.19, 355 e25-355 e33 

206. Zandman-Goddard G, Levy Y, Shoenfeld Y. Intravenous immunoglobulin therapy and systemic lupus erythematosus. 
Clin Rev Allergy Immunol2005;29:219-28. 

207. Ballow M. Mechanisms of action of intravenous immunoglobulin therapy and potential use in autoimmune 
connective tissue diseases. Cancer 1991 ;68(Suppl 6): 1430-6. 

208. Boletis JN, Joannidis JP, Boki KA, Moutsopoulos HM. Intravenous immunoglobulin compared with 
cyclophosphamide for proliferative lupus nephritis. Lancet 1999;354(9178):569-70. 

209. Orbach H, Tishler M, Shoenfeld Y. Intravenous immunoglobulin and the kidney-a two-edged sword. Semin Arthitis 
Rheum 2004;34(3):593-60 1. 

210. Lewis EJ, Hunsicker LG, Lan SP, Rohde RD, Lachin JM. A controlled trial of plasmapheresis therapy in severe lupus 
nephritis. The Lupus Nephritis Collaborative Study Group. N EnglJ Med 1992;326: 1373-9. 

211. Euler HH, Schroeder JO, Harten P, Zenner RA, Gutschmidt HJ. Treatment-free remission in severe systemic lupus 
erythematosus following synchronization of plasmapheresis with subsequent pulse cyclophosphamide. Arthritis 
Rheum 1994;37:1784- 94. 

212. Wallace DJ, Goldfinger D, Pepkowitz SH, Fichman M, Metzger AL, Schroeder JO, et al. Randomized controlled trial 
of pulse/ synchronization cyclophospharnide/apheresis for proliferative lupus nephritis. J Clin Apheresis 1998; 13:163-
6. 



213. Danieli MG, Palmieri C, Salvi A, Refe MC, Strusi AS, Danieli G. Synchronized therapy and high-dose 
cyclophosphamide in proliferative lupus nephritis. J Clin Apheresis 2002; 17:72-7. 

214. Huang DF, Tsai ST, Wang SR. Recovery ofboth acute massive pulmonary hemorrhage and acute renal failure in a 
systemic lupus erythematosus patient with lupus anticoagulant by the combined therapy of plasmapheresis plus 
cyclophosphamide. Transfus Sci 1994;15:283-8. 

215. Wu CT, Fu LS, Wen MC, Hung SC, Chi CS. Lupus vasculopathy combined with acute renal failure in lupus 
nephritis. Pediatr Nephrol2003;18: 1304-7. 

216. Blake JS, Butani L. Rapidly progressive lupus glomerulonephritis and concomitant microangiopathy in an 
adolescent. Lupus 2002; 11 :533-5. 

217. Braun N, Erley C, Klein R, Kotter I, Saal J, Risler T. Immunoadsotption onto protein A induces remission in severe 
systemic lupus erythematosus. Nephrol Dial Transplant2000;15:1367-72. 

218. Pfueller B, Wolbart K, Bruns A, Burmester GR, Hiepe F. Successful treatment of patients with systemic lupus 
erythematosus by immunoadsorption with a C1 q column: a pilot study. Arthritis Rheum 200 I ;44: 1962-3. 

219. Suzuki K. The role of immunoadsotption using dextran-sulfate cellulose columns in the treatment of systemic lupus 
erythematosus. Ther Apher 2000;4:239-43. 

220. Stummvoll GH, Aringer M, Smolen JS, Schmaldienst S, Jimenez-Boj E, Horl WH, eta!. lgG immunoadsotption 
reduces systemic lupus erythematosus activity and proteinuria: a long term observational study. Ann Rheum Dis 
2005;64: 1015-21. 

221. Favre H, Miescher PA, Huang YP, Chatelanat F, Mihatsch MJ. Ciclosporin in the treatment of lupus nephritis. Am J 
Nephrol1989;9 (Suppl1):57-60. 

222. Tam LS, Li EK, Leung CB, Wong KC, Lai FM, Wang A, et al. Long-term treatment oflupus nephritis with 
cyclosporin A QJM 1998;91:573-80. 

223. Fu LW, Yang LY, Chen WP, Lin CY. Clinical efficacy ofcyclosporine a neoral in the treatment of paediatric lupus 
nephritis with heavy proteinuria. Br J Rheumatol 1998;37:217 -21. 

224. Dostal C, Tesar V, Rychlik I, Zabka J, Vencovsky J, Bartunkova J, et at. Effect of 1 year cyclosporine A treatment on 
the activity and renal involvement of systemic lupus erythematosus: a pilot study. Lupus 1998;7:29-36. 

225. Ferrario L, Bellone M, Bozzolo E, Baldissera E, Sabbadini MG. Remission from lupus nephritis resistant to 
cyclophosphamide after additional treatment with cyclosporin A Rheumatology (Oxford) 2000;39:218-20. 

226. Scott LJ, McKeage K, Kearn SJ, Plosker GL. Tacrolimus: a further update of its use in the management of organ 
transplantation. Drugs 2003;63:1247-97. 

227. Politt D, Heintz B, Floege J, Mertens PR. Tacrolimus- (FK 506) based immunosuppression in severe systemic lupus 
erythematosus. Clin Nephrol2004;62:49-53. 

228. Duddridge M, Powell RJ. Treatment of severe and difficult cases of systemic lupus erythematosus with tacrolimus. A 
report ofthree cases. Ann Rheum Dis 1997;56:690-2. 

229. Mok CC, Tong KH, To CH, Siu YP, Au TC. Tacrolimus for induction therapy of diffuse proliferative lupus nephritis: 
an open-labeled pilot study. Kidney Int 2005;68:813-7. 

230. Davis Jr,HAustin 3rd, JC Boumpas D, Fleisher TA, Yarboro C, Larson A, eta!. A iJilOt study of2-chloro-2=
deoxyadenosine in the treatment of systemic lupus erythematosus-associated glomerulonephritis. Arthritis Rheum 
1998;41 :335-43. 

231. Leandro MJ, Edwards JC, Cambridge G, Ehrenstein MR, Isenberg DA. An open study of B lymphocyte depletion in 
systemic lupus erythematosus. Arthritis Rheum 2002;46:2673-7. 

232. Marks SD, Patey S, Brogan PA, Hasson N, Pilkington C, Woo P, et al. B lymphocyte depletion therapy in children 
with refractory systemic lupus erythematosus. Arthritis Rheum 2005;52: 3168-74. 

233. Gottenberg JE, Guillevin L, Lambotte 0, Combe B, Allanore Y, Cantagrel A, et al. Tolerance and short term efficacy 
ofrituximab in 43 patients with systemic autoimmune diseases. Ann Rheum Dis 2005;64:913-20. 

234. van Vollenhoven RF, Gmmarsson I, Welin-Henriksson E, Sundelin B, Osterborg A, Jacobson SH, et al. Biopsy
verified response of severe lupus nephritis to treatment with rituximab (anti -CD20 monoclonal antibody) plus 
cyclophosphamide after biopsy-documented failure to respond to cyclophosphamide alone. Scand J Rheumatol 
2004;33:423-7. 

235. Fra GP, Avanzi GC, Bartoli E. Remission of refractory lupus nephritis with a protocol including rituximab. Lupus 
2003;12: 783-7. 

236. Saito K, Nawata M, Nakayamada S, Tokunaga M, Tsukada J, Tanaka Y. Successful treatment with anti-CD20 
monoclonal antibody (rituximab) of life-threatening refractory systemic lupus erythematosus with renal and central 
nervous system involvement. Lupus 2003;12:798-800. 

237. Pavletic SZ, Illei GG. The role of immune ablation and stern cell transplantation in severe SLE. Best Pract Res Clin 
Rheumatol2005;19:839-58. 

238. Jayne D, Passweg J, Marmont A, Farge D, Zhao X, Arnold R, eta!. Autologous stem cell transplantation for systemic 
lupus erythematosus. Lupus 2004; 13:168-76. 

239. Brodsky RA, Petri M, Smith BD, Seifter EJ, Spivak JL, Styler M, et al. Immunoablative high-dose cyclophosphamide 
without stem-cell rescue for refractory, severe autoimmune disease. Ann Intern Med 1998; 129:1031-5. 

240. Petri M, Jones RJ, Brodsky RA. High-dose cyclophosphamide without stem cell transplantation in systemic lupus 
erythematosus. Arthritis Rheum 2003;48:166-73. 

241. Petri M, Brodsky R, Jones R, Brodsky I, Magder L. High-dose cyclophosphamide vs monthly cyclophosphamide: 
eighteen month results. [abstract]. ACR meeting 2005 (abstract 1993). 


