
Selection of our books indexed in the Book Citation Index 

in Web of Science™ Core Collection (BKCI)

Interested in publishing with us? 
Contact book.department@intechopen.com

Numbers displayed above are based on latest data collected. 

For more information visit www.intechopen.com

Open access books available

Countries delivered to Contributors from top 500 universities

International  authors and editors

Our authors are among the

most cited scientists

Downloads

We are IntechOpen,
the world’s leading publisher of

Open Access books
Built by scientists, for scientists

12.2%

122,000 135M

TOP 1%154

4,800

brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by IntechOpen

https://core.ac.uk/display/322411452?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1


 

 

12 

New Therapeutic Strategies in Lupus Nephritis 
Natasha Jordan and Yousuf Karim  

Louise Coote Lupus Unit, St Thomas’ Hospital, London  
United Kingdom 

1. Introduction 

Lupus nephritis remains a major cause of morbidity and mortality in systemic lupus 
erythematosus (SLE). Despite overall advances in the clinical management of lupus 
nephritis in recent decades with earlier recognition of disease and optimization of the 
currently available immunosuppressive regimens, an estimated 10-15% of patients progress 
to end-stage renal disease (ESRD) requiring dialysis and/or renal transplantation 
(Mavragani et al, 2003). Proliferative lupus nephritis (International Society of 
Nephrology/Renal Pathology Society classes III & IV) is the most aggressive variant of 
nephritis; figures 1 and 2 illustrate the histology of Class IV nephritis.  
 

 

(Courtesy Dr Fahim Tungekar) 

Fig. 1. Class IV global proliferative lupus nephritis 
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(Courtesy Dr Fahim Tungekar) 

Fig. 2. Class IV segmental proliferative lupus nephritis  

The rate of progression to ESRD is likely to be even higher patients of Afro-Caribbean 
descent (Dooley et al, 1997).  Commonly used therapeutic agents such as corticosteroids, 
cyclophosphamide, mycophenolate mofetil and azathioprine have certainly improved 
clinical outcomes, however a significant proportion of lupus nephritis patients have 
refractory disease and the potential side effects of these therapies are significant.  
A recent retrospective review of lupus nephritis patients over a 30 year period (1975-2005) 
showed that five year mortality decreased by 60% between the first and second decades but 
remained unchanged over the third decade. The rate of progression to ESRD also reached a 
plateau in the third decade. These results suggest that the benefits of conventional 
immunosuppressive therapies have been maximized and if further improvements in lupus 
nephritis outcomes are to be achieved, novel therapeutic targets must be developed (Croca 
et al, 2011).  

2. B-cell depletion therapies 

Lupus nephritis involves a complex interplay of immunologic disturbances with renal 
damage resulting from production of pathogenic autoantibodies and immune complexes, 
which activate complement leading to infiltration of inflammatory cells in the kidney. B 
lymphocytes play an integral role in this process, they are the precursors of plasma cells that  
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Moab, monoclonal antibody, BLys, B lymphocyte stimulator, TACI-Ig, transmembrane activator and 
calcium modulator and cyclophylin ligand interactor-immunoglobulin, TNF-receptor-IgG, tumour 
necrosis factor-receptor-immunoglobulin 

Table 1. Summary of emerging biologic therapies in systemic lupus erythematosus  
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produce these pathogenic autoantibodies and they also function as antigen presenting cells 

to T lymphocytes. Thus B lymphocytes represent a rational therapeutic target in lupus 

nephritis. By far the most clinical experience in targeting B-lymphocytes to date has been in 

the form of B-cell depletion therapy (BCDT). Rituximab, a monoclonal antibody against the 

cell surface protein, CD20 has been in use clinically for the past decade. Alternative forms of 

BCDT are under development and in ongoing clinical trials.  

2.1 Rituximab (Anti-CD20) 
CD20 is a cell surface protein expressed on B lymphocytes from the early pre-B cell until 
mature B cell stages of development, but is not present on hematopoietic precursor stem 
cells or plasma cells.The CD20 antigen was first targeted in the immunotherapy of B cell 
lymphomas (Grillo-Lopez et al, 1999) (Hainsworth et al, 2000) and, subsequently in 
rheumatoid arthritis (RA) (Edwards et al, 2004). Rituximab is a chimeric mouse/human 
monoclonal antibody against the B cell-specific antigen CD20, a cell surface protein believed 
to function in B cell cycle initiation and differentiation. Rituximab induces cell lysis via 
antibody-dependent cell-mediated cytotoxicity and activation of complement leading to B-
cell depletion in the peripheral blood and bone marrow (Reff et al, 1994). 
Open trials of rituximab over the past decade have shown encouraging results in active and 
refractory SLE including lupus nephritis (Leandro et al, 2002) (Looney et al, 2004) (Leandro et 
al, 2005). However the failure of rituximab to meet its primary and secondary end points in 
randomized controlled trials of non-renal SLE (EXPLORER) and lupus nephritis (LUNAR) has 
been disappointing (Merrill et al, 2010). Issues with study design, concomitant use of high dose 
steroid and other immunosuppressive therapies and the relatively low severity of disease in 
patients enrolled need to be taken into account when interpreting the results of these trials.  
A number of case reports and open-label studies have reported successful treatment of 

lupus nephritis with rituximab. Vigna-Perez et al reported an open study of 22 LN patients 

receiving rituximab (0.5 to 1.0 g at Days 1 and 15). This was added to existing treatment 

consisting of different combinations of azathioprine, mycophenolate, cyclophosphamide 

and corticosteroids. Significant reduction of disease activity and proteinuria was seen 

(P<0.05). One patient died from invasive histoplasmosis at day 70 (Vigna-Perez et al). 

Clinical improvements have also been seen using rituximab in membranous lupus nephritis 

(Jónsdóttir et al, 2010) (Jónsdóttir et al, 2011). 

Pepper et al reported the use of rituximab as induction therapy followed by maintenance 

mycophenolate mofetil in a cohort of eighteen patients with proliferative lupus nephritis. A 

significant decrease in proteinuria from a mean protein: creatinine ratio (PCR) of 325 

mg/mmol at presentation to 132 mg/mmol at 1 year (p = 0.004) was demonstrated and this 

combination of sequential therapy allowed a reduction or total withdrawal of maintenance 

corticosteroids (Pepper et al, 2009).  

The French Autoimmune and Rituximab (AIR) registry reviewed one hundred thirty-six 

patients who received this treatment for SLE. Articular, cutaneous, renal, and haematologic 

improvements were noted in 72%, 70%, 74%, and 88% of patients, respectively. Severe 

infections were noted in 12 patients (9%), with most severe infections occurring within the 

first 3 months after the last rituximab infusion. Five patients died, three due to severe 

infection (n = 3) and two due to refractory autoimmune disease. Overall response was 

observed in 71% of patients and among these, 41% experienced a relapse of disease but 

responded after retreatment with rituximab in 91% of cases (Terrier et al, 2010). 
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Sangle et al noted progression to ESRD in five patients with severe proliferative, crescentic 
lupus nephritis (mean activity score 12/24, mean crescents 38%) with raised serum 
creatinine (mean 278 μmol/l) treated with rituximab, after failure of other 
immunosuppressive drugs (Sangle et al, 2007). This may reflect that the timing of rituximab 
therapy in the course of disease may be important for its efficacy. 
The degree of B-cell depletion achieved  is far more variable in SLE patients treated with 

rituximab as compared to those with RA or lymphoma (Gunnarson et al, 2007) (Sutter et al, 

2008). However the degree and duration of B-cell depletion in SLE patients does correlate to 

some extent with clinical response and those who fail to deplete tend to have a poorer 

clinical response (Albert et al, 2008).  

The most common adverse effects associated with rituximab therapy are mild to moderate 

infusion reactions. Two SLE patients treated with rituximab developed progressive 

multifocal leukoencephalopathy (PML) which should be interpreted in the context of the 

known 20 patients with SLE reported to have developed PML and had not received 

rituximab therapy (Calabrese et al, 2007). 

The rate of development of human anti-chimeric antibodies (HACAs) is significantly higher 
in lupus patients treated with rituximab than RA or lymphoma patients who have received 
this therapy (Smith et al, 2006) (Saito et al, 2005). It is not entirely clear if development of 
HACAs in rituximab treated lupus patients will lead to reduced efficacy of this medication 
with repeated use.  
A cohort of 76 patients with active SLE refractory to standard immunosuppression have 
received repeated cycles of rituximab since 2000 with good clinical response and  favourable 
safety profile (Turner-Stokes et al, 2011). The long-term effects of repeated B-cell depletion 
are unknown, though there is a risk of hypogammglobulinaemia. 
Perhaps further randomized controlled trials in moderate to severe lupus patients and a 
greater understanding from basic science as to why some lupus patients have more 
profound and long-lasting B-cell depletion will clarify the role of rituximab in SLE and in 
particular lupus nephritis. 

2.2 Ocrelizumab (Anti-CD20) 
Ocrelizumab, a fully humanized monoclonal antibody against CD20, is an alternative  
form of BCDT which entered clinical trials for SLE and rheumatoid arthritis (RA).  
The potential benefits of this form of BCDT included avoidance of HACA development 
given its fully humanized structure thus maintaining efficacy and minimizing HACA 
related side effects. Clinical trials in SLE and RA were suspended in 2010 due to excess 
deaths due to opportunistic infections and thus no results are currently available for this 
therapy. 

2.3 Epratuzumab (Anti-CD22) 
CD22 is a B-cell surface restricted marker and member of a class of adhesion molecules that 
regulate B-lymphocyte activation and interaction with T lymphocytes. CD22 is expressed in 
the cytoplasm of pro-B and pre-B cells, and on the surface of maturing B cells (Tedder et al, 
1997). CD22 plays a role in inhibition of BCR signaling by controlling calcium efflux in B 
cells as evidenced by work in CD22-deficient mice (Sato et al, 1998). CD22-deficient mice 
have reduced numbers of mature B cells in the peripheral blood and bone marrow and these 
B cells also have a shorter life span and increased apoptosis indicating that CD22 plays a key 
role in B cell development and survival (Otipoby et al, 1996). 
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Thus CD22 is an attractive therapeutic target in lupus nephritis. Epratuzumab is a 
recombinant humanized monoclonal IgG antibody to CD22; it mediates antibody-
dependent cellular cytotoxicity and partially depletes B-cells. It is thought that epratuzumab 
modifies B-cell function without killing them but the precise mechanism of action remains 
unclear.  
Safety of epratuzumab was first demonstrated in clinical trials of non-Hodgkins lymphoma 
(Leonard et al, 2004). It has also been successfully used in refractory lymphoma in 
combination with rituximab (Leonard et al, 2005). The main side-effects seen in these studies 
were infusion reactions.  
An open-label non-randomized trial of epratuzumab in mild to moderate SLE showed 
promising results with consistent improvement observed in all patients enrolled for the 12 
week duration of the study, average 35% depletion in B-cell levels, and no evidence of 
HACA development. The duration of response in this study was very heterogeneous for 
different BILAG domains, precluding any firm conclusions from being drawn about the 
specific impact of epratuzumab on lupus nephritis (Dorner et al, 2008). A phase III trial of 
epratuzumab in patients with moderate to severe SLE is underway. 

3. Targeting B-cell survival factors 

3.1 Belimumab 
BLyS (B lymphocyte stimulator) also known as BAFF is a member of the TNF superfamily 
and plays an essential role in B-cell survival and development (Stohl et al, 2003). It binds to 
three different membrane receptors: BCMA (B cell maturation antigen), BAFFR (BR3) and 
TACI (transmembrane activator and calcium modulator and cyclophylin ligand interactor). 
Mice deficient in BLyS have reduced levels of mature B cells and immunoglobulins 
(Schiemann et al, 2001). Overexpansion of BLyS in transgenic mice leads to expansion of B-
cells, hypergammaglobulaemia and autoimmune disease (Mackay et al, 1999). 
Belimumab is a fully humanized monoclonal antibody against BLyS, which can cause 
depletion of circulating B cells however less profoundly than anti-CD20 monoclonal 
antibodies such as rituximab. Belimumab was approved by the FDA for treatment of SLE in 
March 2011, the first lupus drug to be approved since hydroxychloroquine and 
corticosteroids were approved in 1955. The safety and effectiveness of belimumab was 
demonstrated in two clinical trials (BLISS-52, and BLISS-76) that randomized a total of 1684 
patients to receive either belimumab or placebo in combination with standard therapy 
(Wallace et al, 2009) (Jacobi et al, 2010). Treatment with belimumab plus standard therapy 
reduced disease activity and steroid use.  
However, there are reservations regarding the effectiveness of belimumab in the more 
severe organ manifestations of SLE as patients with active lupus nephritis and central 
nervous system (CNS) disease were not studied. Study participants of African American 
descent did not significantly respond well to belimumab, which is also of concern. 
Additional studies need to be conducted to definitively determine the safety and efficacy of 
belimumab in the more severe complications of SLE particularly lupus nephritis.  

3.2 Atacicept 
An alternative therapeutic approach targeting B cell survival is atacicept, a recombinant 

fusion protein containing the ligand-binding domain of the transmembrane activator and 

calcium modulator and cyclophilin-ligand interactor receptor (TACI) and the Fc portion of 

human immunoglobulin (IgG1). Atacicept inhibits B-cell stimulation by binding to both 
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BLys and a profileration-inducing ligand (APRIL). Atacicept is believed to selectively impair 

mature B cells and plasma cells with less impact on progenitor and memory B cells (Nestorov 

et al, 2008). A phase I study has demonstrated the safety and tolerability of atacicept in 

patients with mild to moderate SLE (Pena-Rossi et al, 2009). A phase II/III study of atacicept 

in LN is ongoing and due to be completed in 2012. The study was temporarily discontinued 

due to decreased immunoglobulin levels in study participants and now has been resumed. 

Of note, a phase II trial of atacicept in multiple sclerosis was discontinued due to increased 

disease relapse and new lesions on MRI brain imaging in the study subjects. 

 

 

Fig. 3. Mechanisms of action of novel agents 

4. Blockade of T-cell co-stimulation 

4.1 Abatacept 
Immunological tolerance can be induced by blockade of co-stimulatory interactions between 
T and B lymphocytes. The most well characterized T lymphocyte co-stimulatory ligand is 
CD28, a glycoprotein which interacts with the co-stimulatory receptors B7-1 (CD80) and B7-
2 (CD86). Stimulation of this pathway occurs when naive T cells encounter an antigen 
presenting cell with the appropriate major histocompatibility complex class II bound 
antigen, resulting in T lymphocyte proliferation and differentiation (Ledbetter et al, 1990). 
CTLA4 (cytotoxic T-lymphocyte antigen) is expressed on activated T cells and interacts with 
B7 with higher affinity than CD28 resulting in a negative feedback mechanism that inhibits 
T cell activation (Scheipers et al, 1998) (Reiser et al, 1996) (Brunet et al, 1987).  
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Abatacept is a fusion protein consisting of CTLA-4 combined with the Fc portion of human 
IgG1 (CTLA-4-Ig). Combination therapy of CTLA-4-Ig and cyclophosphamide has been 
demonstrated to significantly reduce proteinuria, autoantibody titres and mortality in 
murine models of lupus nephritis (Daihk et al, 2001), (Finck et al, 1994). 
Abatacept has been used successfully in the clinical management of RA and psoriasis 
(Genovese et al, 2008) (Mease et al, 2011). A randomised double blind placebo controlled 
trial has evaluated the clinical efficacy and safety of abatacept in 175 lupus patients. These 
patients had primarily serositis, musculoskeletal and dermatologic features and the trial was 
not specifically designed to examine the role of CTLA-4-Ig in lupus nephritis. The primary 
end-point of the study was the proportion of patients with a new flare of SLE (defined as 
BILAG score of A or B adjudicated as a flare in any organ system). The primary end point 
was not met. However when reassessed considering only BILAG A flares, 40.7% of patients 
in the abatacept group experienced a  flare after initiation of steroid taper as compared to 
54.5% in the placebo group. (Merrill et al, 2010). A clinical trial of abatacept in combination 
with cyclophosphamide in lupus nephritis is ongoing. 

4.2 Anti-CD40 ligand 
CD40 ligand (CD40L, CD154) is a transmembrane glycoprotein belonging to the TNF 
superfamily and is expressed on CD4 T-cells and activated platelets. It binds with CD40 on 
the surface of B-cells, macrophages and dendritic cells and this interaction between 
CD40/CD40L plays a pivotal role in B-cell class switching (Davidson et al, 2003). CD40L is 
overexpressed in murine lupus and monoclonal antibodies against CD40L have successfully 
treated murine lupus nephritis (Early et al, 1996).  
Two humanised anti-CD40L monoclonal antibodies (IDEC-131 and BG9588) have entered 
clinical trials in SLE patients. Treatment of 85 SLE patients with IDEC-131 failed to 
demonstrate clinical efficacy over placebo at 20 weeks (Kalunian et al, 2002). An open-label 
study of 28 patients with proliferative lupus nephritis treated with BG9588 showed reduced 
anti-dsDNA titres and increased complement levels but was discontinued prematurely due 
to thromboembolic events (Boumpas et al, 2003). Given the unexpected side effects and lack 
of efficacy demonstrated in these studies, it is unlikely that anti-CD40L will progress to 
larger clinical trials in lupus nephritis. 

5. Cytokine therapies 

5.1 Anti-interleukin-6 
Multiple cytokines have been implicated in the pathogenesis of SLE; among these is 
interleukin-6 (Il-6), a pleiotropic cytokine with both proinflammatory and anti-inflammatory 
properties. Evidence from murine models of lupus supports the role of Il-6 in the 
pathogenesis of lupus nephritis. Exogenous IL-6 increases autoantibody production and 
accelerates progression of nephritis in both the NZB/NZW and BXSB lupus mouse models 
(Ryffel et al, 1994) (Yang et al, 1998). On the contrary, injection of lupus prone mice with an 
IL-6 monoclonal antibody decreases anti-dsDNA levels and proteinuria and reduces 
mortality (Liang et al, 2006) (Mihara et al, 1998). In SLE patients, IL-6 levels have been 
shown to correlate with disease activity and anti-dsDNA titres. (Chun et al, 2007) (Linker-
Israeli et al, 1991). Urinary excretion of IL-6 is increased in those with proliferative forms of 
lupus nephritis and this excretion is reduced following cyclophosphamide therapy 
(Peterson et al, 1996) (Tsai et al, 2000). 

www.intechopen.com



 
New Therapeutic Strategies in Lupus Nephritis 

 

263 

Tocilizumab is a fully humanized monoclonal antibody against the α-chain of the IL-6 
receptor and prevents binding of IL-6 to both membrane bound and soluble IL-6 receptor. A 
phase I trial over a 12 week period has demonstrated the safety and tolerability of 
tocilizumab in lupus patients. Five of the twelve patients recruited to this study had renal 
disease at baseline, all of whom had moderate levels of proteinuria which remained 
unchanged throughout the duration of the study. There was however a reduction in the 
number of patients with active urinary sediment and a decrease in anti-dsDNA antibody 
titres (Illei et al, 2010). The short duration of the study renders it difficult to draw any firm 
conclusions as to the longer term effects of tocilizumab in lupus nephritis. The principal side 
effect noted in the study was neutropenia, which was dose related and white cell counts 
normalized on discontinuation of therapy. Randomized controlled trials of tocilizumab in 
lupus nephritis are awaited. 

5.2 Anti-TNF-α therapies 
Anti-TNF therapies (infliximab, adalimumab, etanercept) have become the mainstay of 
therapy in RA, psoriatic arthritis and ankylosing spondylitis. However the role of anti-TNF 
blocking agents in the treatment of SLE remains controversial. TNF is overexpressed in the 
serum, kidneys and skin of SLE patients and high serum levels of TNF correlate with lupus 
disease activity (Herrera-Esparza et al, 1998 )  (Aringer et al, 2005) (Zampieri et al, 2006) 
(Gabay et al, 1997). Murine models provide further evidence of the role of TNF in lupus 
nephritis. Both MRL/lpr and NZB/NZW lupus mouse models overexpress TNF and this 
correlates with renal inflammation suggesting potential benefit in TNF blockade in SLE 
(Boswell et al, 1988) (Yokoyama et al, 1995) (Brennan et al, 1989).  
However it is well established that patients treated with anti-TNF therapies develop 

autoantibodies similar to those seen in clinical lupus and the concern is that these agents 

when used in SLE patients could induce lupus flares. Anti-nuclear (ANA) antibodies 

develop in up to 50% of patients treated with anti-TNF agents and anti-dsDNA antibodies in 

5-14% (Aringer et al, 2008) (Charles et al, 2000). It should be pointed out that these are 

mainly IgM antibodies. 0.5-1% develop high affinity IgG antibodies to ds DNA (Charles et 

al, 2000). The development of clinical lupus-like syndromes in anti-TNF treated patients is 

rare and in those who do develop this, manifestations are for the main part mild (De Bandt 

et al, 2005). The development of lupus nephritis as a complication of TNF-induced lupus has 

been reported but is extremely rare (Mor et al, 2005) (Stokes et al, 2005) (Neradova et al, 

2009). New onset anti-phospholipid antibodies have also been noted in individuals treated 

with TNF blockers and associated vascular events have been documented (Aringer et al, 

2008).  The development of human anti-chimeric antibodies (HACAs) is also of concern in 

this patient population and these antibodies are more likely to develop in individuals with 

SLE given the autoimmune nature of the disease and potentially lead to an increased rate of 

infusion reactions. 

Small cohorts of SLE patients treated with TNF blockers including those with lupus 

nephritis have been published but as of yet no controlled trials have been conducted 

(Aringer et al, 2004) (Aringer et al, 2009). In four out of six lupus nephritis patients treated 

with anti-TNF therapies in an open-labeled study there was a significant sustained 

reduction in proteinuria following an induction regimen of four infusions of infliximab. 

Repeated infusions did not confer any additional benefit for these patients (Aringer et al, 

2004) (Aringer et al, 2009).  
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Most lupus patients in these reports were treated with the chimeric monoclonal antibody 

infliximab, less is known about the clinical impact of the TNF receptor fusion protein, 

etanercept or the fully humanized TNF monoclonal antibodies adalimumab or golimumab. 

Overall no firm conclusions can be drawn as regards the use of TNF blockade in lupus 

nephritis. There may be potential in using these agents, perhaps the fully humanized forms 

as an induction therapy in lupus nephritis and randomized controlled trials would be 

needed to clarify the role of anti-TNF therapy in the treatment of SLE.  

5.3 Targeting Interferon-α 
The concept of interferon-α playing a role in SLE pathogenesis has been noted in the 

literature since the 1970’s. There is a clear association between IFN activity and elevated 

anti-dsDNA titres and reduction in complement levels, commonly used parameters of 

clinical lupus activity. Further evidence of the relationship between IFN and lupus stems 

from the clinical observation that patients receiving recombinant IFN-α for the treatment of 

hepatitis C or malignancies may develop a lupus-like syndrome and develop 

autoantibodies. Microarray gene expression analysis has shown wide spread activation of 

IFN-inducible genes in lupus patients (Baechler et al, 2003) (Crow et al, 2003). IFN pathway 

activation has been associated with renal disease in lupus (Kirou et al, 2005). IRF5, a lupus 

susceptibility single nucleotide polymorphism with the highest odds ratio after the MHC 

plays a pivotal role in IFN pathways and toll-like receptor signaling (Graham et al, 2006). 

Hence, targeting IFN pathways is a valid therapeutic strategy in lupus patients.  

A number of clinical trials of monoclonal antibodies specific for various IFN-α isoforms are 

ongoing to establish the safety of these agents. An anti-IFN-α monoclonal antibody has been 

shown to inhibit the IFN signature in peripheral blood mononuclear cells and skin in lupus 

patients (Yao et al, 2009). This group has proposed a scoring method based on expression of 

type I IFN-inducible mRNAs, which may divide SLE patients into two distinct subgroups. 

This might enable type I interferon-inducible genes to be used as biomarkers to identify 

patients who might respond better to anti-type I IFN treatment (Yao et al, 2011). 

Blockade of the IFN receptor is another potential therapeutic target. Given the role of IFN-α 

in the host defense against viral infection, close clinical monitoring is mandatory in the 

development of any potential agents targeting this pathway. 

6. Complement therapies 

6.1 Eculizumab 
The importance of the complement system in the pathophysiology of SLE is clear although 

individual complement components play very different roles in the disease process. Early 

complement proteins are critical in the clearance of immune complexes and apoptotic 

material, and their absence predisposes individuals to SLE. Activation of terminal 

complement is associated with exacerbations of disease, particularly in lupus nephritis. 

Monoclonal antibodies that specifically inhibit terminal complement activation while 

preserving early complement function have now been developed. Murine models of lupus 

nephritis treated with anti-C5 have shown delayed onset proteinuria, improved renal 

histological findings and longer survival (Wang et al, 1996).  

Eculizumab, a monoclonal antibody directed against the complement protein C5, inhibits 
the cleavage of C5 to C5a and C5b and thus blocks the formation of the terminal membrane 
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attack complex C5b-9 (Cordeiro et al, 2008). Eculizumab has been approved for use in the 
treatment of paroxysmal nocturnal haemoglobinuria since 2007 (Dmytrijuk et al, 2008). A 
phase I trial has shown that eculizumab is safe and well tolerated in SLE, but no clear 
clinical improvements were evident at day 28 and 56 of the study (Rother et al, 2004). To 
date there have been no further clinical trials to examine the potential efficacy of this 
therapy. 

7. Conclusion 

An increased understanding of the immunopathogenesis of SLE during the past decade has 
lead to the introduction of several new biologic agents into clinical practice.  An array of 
promising new therapies are yet to emerge or are under development. Conventional 
immunosuppressive therapies have transformed survival in lupus nephritis, but their use is 
associated with considerable toxic effects and a substantial subset of patients remain 
refractory to these agents. There is a clear need for new therapeutic agents that overcome 
these issues, and biologic agents offer exciting opportunities.  
An important consideration in the management of lupus nephritis is that patients of 
different ethnicities have varying clinical outcomes and response to therapy. As alluded to 
previously, patients of African American descent are more likely to progress to end-stage 
renal disease (Dooley et al, 1997). Indeed the response to biologic therapy may well vary 
according to ethnicity. This was well demonstrated in the ALMS study where the efficacy 
and safety of mycophenolate mofetil (MMF) and intravenous cyclophosphamide (IVC) as 
induction treatment for lupus nephritis was examined by race, ethnicity and geographical 
region. This study clearly showed that Black and Hispanic patients responded better to 
MMF than IVC (Isenberg et al, 2010). The majority of clinical studies in emerging biologic 
therapies have not addressed the issue of variable clinical response in different ethnic 
groups. Of note, belimumab was found to be less efficacious in African American patients in 
phase III clinical trials (Wallace et al, 2009) (Jacobi et al, 2010). 
Several of the studies of emerging therapeutic strategies described in this chapter, while 
encouraging, have targeted SLE disease manifestations in general rather than focusing on 
outcomes in lupus nephritis. While many of these therapies show promise for their potential 
use in SLE in general, randomised controlled trials specifically examining their clinical 
effects in lupus nephritis are needed. In addition to this, the role of new biologic agents to 
date may have centred on patients who have been refractory to conventional therapies.  
There are few clinical trials examining their role as first line induction or maintenance 
therapy. One exception to this has been the successful use of rituximab as first line induction 
therapy followed by maintenance mycophenolate mofetil in a cohort of eighteen patients 
with proliferative nephritis (Pepper et al, 2009).  
Although so far many biologics e.g. rituximab have been generally well tolerated, (with the 
exception of rare but important cases of PML), we must not be complacent regarding 
toxicity, as we do not yet know the long-term effects of these medications on the immune 
system. Other biologics have had considerable toxicity, such as anti-CD40L (B59588). 
A number of key questions remain. How can these therapies be potentially combined with 
existing proven treatments and indeed with one another to achieve maximum clinical 
benefit with minimal side effects? It is unlikely that any of these emerging therapies is going 
to represent a magic therapeutic bullet for all lupus nephritis patients. As is clear to all 
physicians dealing with the clinical management of SLE this is a heterogeneous disease and 
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there is not one ideal regimen for all. With greater understanding of the pathophysiology of 
lupus particularly from the genetic perspective, the era of personalized therapy may 
represent perhaps the greatest advance that is yet to come in the treatment of lupus 
nephritis.  

8. References 

Albert D, Dunham J, Khan S, Stansberry J, Kolasinski S, Tsai D, Pullman-Mooar S, Barnack 
F, Striebich C, Looney RJ, Prak ET, Kimberly R, Zhang Y & Eisenberg R. (2008) 
Variability in the biological response to anti-CD20 B cell depletion in systemic 
lupus erythaematosus. Ann Rheum Dis. 67(12) Dec 2008:1724-31.  

Aringer M, Graninger WB, Steiner G & Smolen JS (2004). Safety and efficacy of tumor 
necrosis factor alpha blockade in systemic lupus erythematosus: an open-label 
study. Arthritis Rheum. 50(10) Oct 2004:3161-9.  

Aringer M & Smolen JS (2005). . Cytokine expression in lupus kidneys. Lupus. 14(1) 2005:13-
8  

Aringer M & Smolen JS (2008). The role of tumor necrosis factor-alpha in systemic lupus 
erythematosus. Arthritis Res Ther. 2008;10(1):202.  

Aringer M, Houssiau F, Gordon C, Graninger WB, Voll RE, Rath E, Steiner G & Smolen JS. 
(2009) Adverse events and efficacy of TNF-alpha blockade with infliximab in 
patients with systemic lupus erythematosus: long-term follow-up of 13 patients. 
Rheumatology (Oxford). 48(11) Nov 2009:1451-4.  

Baechler EC, Batliwalla FM, Karypis G, Gaffney PM, Ortmann WA, Espe KJ, Shark KB, 
Grande WJ, Hughes KM, Kapur V, Gregersen PK & Behrens TW (2003). Interferon-
inducible gene expression signature in peripheral blood cells of patients with 
severe lupus. Proc Natl Acad Sci U S A. 4;100 March 2003(5):2610-5.  

Boswell JM, Yui MA, Burt DW & Kelley VE  (1988). Increased tumor necrosis factor and IL-1 
beta gene expression in the kidneys of mice with lupus nephritis. J Immunol.  
1;141(9) Nov 1988:3050-4.  

Boumpas DT, Furie R, Manzi S, Illei GG, Wallace DJ, Balow JE & Vaishnaw A; BG9588 
Lupus Nephritis Trial Group. (2003) A short course of BG9588 (anti-CD40 ligand 
antibody) improves serologic activity and decreases hematuria in patients with 
proliferative lupus glomerulonephritis. Arthritis Rheum. 48(3) Mar 2003:719-27. 

Brennan DC, Yui MA, Wuthrich RP & Kelley VE. (1989). Tumor necrosis factor and IL-1 in 
New Zealand Black/White mice. Enhanced gene expression and acceleration of 
renal injury. J Immunol. 1;143(11) Dec 1989:3470-5. 

Brunet JF, Denizot F, Luciani MF, Roux-Dosseto M, Suzan M, Mattei MG & Golstein P 
(1987). A new member of the immunoglobulin superfamily-CTLA-4.  Nature.  16-
22;328(6127) Jul 1987:267-70. 

Calabrese LH, Molloy ES, Huang D & Ransohoff RM (2007). Progressive multifocal 
leukoencephalopathy in rheumatic diseases: evolving clinical and pathologic 
patterns of disease. Arthritis Rheum. 56(7):Jul 2007,2116-28. 

Charles P.J (2000) Assessment of antibodies to double-stranded DNA induced in 
rheumatoid arthritisRA patients following treatment with infliximab, a monoclonal 
antibody to tumor necrosis factor alpha: findings in open-label and randomized 
placebo-controlled trials. Arthritis & Rheumatism  43, 11, Nov 2000;2383–2390. 

www.intechopen.com



 
New Therapeutic Strategies in Lupus Nephritis 

 

267 

Chun HY, Chung JW, Kim HA, Yun JM, Jeon JY, Ye YM, Kim SH, Park HS & Suh CH (2007). 
Cytokine IL-6 and IL-10 as biomarkers in systemic lupus erythematosus. J Clin 
Immunol. 27(5) Sep 2007:461-6.  

Cordeiro AC & Isenberg DA (2008). Novel therapies in lupus - focus on nephritis.Acta 
Reumatol Port. 33(2) Apr-Jun 2008:157-69. 

Croca SC, Rodrigues T & Isenberg DA (2011). Assessment of a lupus nephritis cohort over a 
30-year period. Rheumatology (Oxford). 2011 Mar 16.  

Crow MK & Kirou KA, Wohlgemuth J (2003). Microarray analysis of interferon-regulated 
genes in SLE. Autoimmunity. 36(8) Dec 2003:481-90.  

Daikh DI & Wofsy D.J (2001) Cutting edge: reversal of murine lupus nephritis with 
CTLA4Ig and cyclophosphamide. Immunol. 1;166(5) Mar 2001:2913-6. 

Davidson A, Wang X, Mihara M, Ramanujam M, Huang W, Schiffer L & Sinha J (2003). Co-
stimulatory blockade in the treatment of murine systemic lupus erythematosus 
(SLE). Ann N Y Acad Sci. 987: Apr 2003; 188-98. 

Davis TA, White CA, Grillo-López AJ, Velásquez WS, Link B, Maloney DG, Dillman RO, 
Williams ME, Mohrbacher A, Weaver R, Dowden S & Levy R (1999). Single-agent 
monoclonal antibody efficacy in bulky non-Hodgkin's lymphoma: results of a 
phase II trial of rituximab. J Clin Oncol. 17(6) Jun 1999:1851-7. 

De Bandt M, Sibilia J, Le Loët X, Prouzeau S, Fautrel B, Marcelli C, Boucquillard E, Siame JL 
& Mariette X; Club Rhumatismes et Inflammation (2005). Systemic lupus 
erythematosus induced by anti-tumour necrosis factor alpha therapy: a French 
national survey. Arthritis Res Ther. 7(3) 2005:545-51. 

Dmytrijuk A, Robie-Suh K, Cohen MH, Rieves D, Weiss K & Pazdur R (2008). FDA report: 
eculizumab (Soliris) for the treatment of patients with paroxysmal nocturnal 
hemoglobinuria. Oncologist. 13(9): Sep 2008; 993-1000.  

Dooley MA, Hogan S, Jennette C & Falk R (1997). Cyclophosphamide therapy for lupus 
nephritis: poor renal survival in black Americans. Glomerular Disease 
Collaborative Network. Kidney Int. 51(4): Apr 1997; 1188-95. 

Dörner T, Kaufmann J, Wegener WA, Teoh N, Goldenberg DM & Burmester GR (2006). 
Initial clinical trial of epratuzumab (humanized anti-CD22 antibody) for 
immunotherapy of systemic lupus erythematosus. Arthritis Res Ther. 8(3) 2006:R74.   

Early GS, Zhao W & Burns CM (1996). Anti-CD40 ligand antibody treatment prevents the 
development of lupus-like nephritis in a subset of New Zealand black x New 
Zealand white mice. Response correlates with the absence of an anti-antibody 
response. J Immunol 157: 1996; 3159-3164. 

Edwards JC, Szczepanski L, Szechinski J, Filipowicz-Sosnowska A, Emery P, Close DR, 
Stevens RM & Shaw T. N (2004) Efficacy of B-cell-targeted therapy with rituximab 
in patients with rheumatoid arthritis. Engl J Med. 17;350(25) Jun 2004 :2572-81. 

Finck BK, Linsley PS & Wofsy D (1994). Treatment of murine lupus with CTLA4Ig. Science. 
26;265(5176) Aug 1994:1225-7.  

Gabay C, Cakir N, Moral F, Roux-Lombard P, Meyer O, Dayer JM, Vischer T, Yazici H & 
Guerne PA (1997). Circulating levels of tumor necrosis factor soluble receptors in 
systemic lupus erythematosus are significantly higher than in other rheumatic 
diseases and correlate with disease activity.  J Rheumatol. 24(2) Feb 1997:303-8. 

Genovese MC, Schiff M & Luggen M (2008). Efficacy and safety of the selective co-stimulation 

modulator abatacept following 2 years of treatment in patients with rheumatoid arthritis and 

www.intechopen.com



 
Systemic Lupus Erythematosus 

 

268 

an inadequate response to anti-tumour necrosis factor therapy. Ann Rheum Dis. 2008; 

67:547–54. 
Graham RR, Kozyrev SV, Baechler EC, Reddy MV, Plenge RM, Bauer JW, Ortmann WA, 

Koeuth T, González Escribano MF; Argentine and Spanish Collaborative Groups, 
Pons-Estel B, Petri M, Daly M, Gregersen PK, Martín J, Altshuler D, Behrens TW & 
Alarcón-Riquelme ME (2006). A common haplotype of interferon regulatory factor 
5 (IRF5) regulates splicing and expression and is associated with increased risk of 
systemic lupus erythematosus. Nat Genet. 38(5) May 2006:550-5 

Gunnarsson I, Sundelin B, Jónsdóttir T, Jacobson SH, Henriksson EW & van Vollenhoven RF 
(2007). Histopathologic and clinical outcome of rituximab treatment in patients 
with cyclophosphamide-resistant proliferative lupus nephritis. Arthritis Rheum. 
56(4): Apr 2007;1263-72. 

Hainsworth JD, Burris HA 3rd, Morrissey LH, Litchy S, Scullin DC Jr, Bearden JD 3rd, 
Richards P & Greco FA (2000). Rituximab monoclonal antibody as initial systemic 
therapy for patients with low-grade non-Hodgkin lymphoma. Blood. 15;95(10) May 
2000:3052-6. 

Herrera-Esparza R, Barbosa-Cisneros O, Villalobos-Hurtado R & Avalos-Díaz E (1998).  
Renal expression of IL-6 and TNFalpha genes in lupus nephritis. Lupus. 7(3): 1998; 
154-8. 

Hill GS, Delahousse M, Nochy D & Bariéty J (2005). Class IV-S versus class IV-G lupus 
nephritis: clinical and morphologic differences suggesting different pathogenesis. 
Kidney Int. 68(5): Nov 2005; 2288-97. 

Hillmen P, Young N, Schubert J, Brodsky R, Socié G, Muus P, Röth A, Szer J, Elebute M, Nakamura 

R, Browne P, Risitano A, Hill A, Schrezenmeier H, Fu C, Maciejewski J, Rollins S, Mojcik 

C, Rother R & Luzzatto L (2006). "The complement inhibitor eculizumab in paroxysmal 

nocturnal hemoglobinuria". N Engl J Med 355 (12) 2006: 1233–43.  
Illei GG, Shirota Y, Yarboro CH,  Daruwalla J,  Tackey E, Takada K, Fleisher T, Balow JE & 

Lipsky PE (2010). Tocilizumab in Systemic Lupus Erythematosus – 
Safety,Preliminary Efficacy, and Impact on Circulating Plasma Cells. Arthritis 
Rheum. 62(2) Feb 2010; 542-52. 

Isenberg D, Appel GB, Contreras G, Dooley MA, Ginzler EM, Jayne D, Sánchez-Guerrero J, 
Wofsy D, Yu X & Solomons N (2010). Influence of race/ethnicity on response to 
lupus nephritis treatment: the ALMS study. Rheumatology (Oxford). 49(1) Jan 
2010:128-40. 

Jacobi AM, Huang W, Wang T, Freimuth W, Sanz I, Furie R, Mackay M, Aranow C, 
Diamond B & Davidson A (2010). Effect of long-term belimumab treatment on B 
cells in systemic lupus erythematosus: extension of a phase II, double-blind, 
placebo-controlled, dose-ranging study. Arthritis Rheum. 62(1):Jan 2010;201-10. 

Jónsdóttir T, Gunnarsson I, Mourão AF, Lu TY, van Vollenhoven RF& Isenberg D (2010). 
Clinical improvements in proliferative vs membranous lupus nephritis following 
B-cell depletion: pooled data from two cohorts. Rheumatology (Oxford). 49(8): 
20101502-4. 

Jónsdóttir T, Sundelin B, Welin Henriksson E, van Vollenhoven RF& Gunnarsson I (2011). 
Rituximab-treated membranous lupus nephritis: clinical outcome and effects on 
electron dense deposits. Ann Rheum Dis. 70(6): 2011; 1172-3. 

Kalunian KC, Davis JC Jr, Merrill JT, Totoritis MC & Wofsy D; IDEC-131 Lupus Study 
Group (2002). Treatment of systemic lupus erythematosus by inhibition of T cell 

www.intechopen.com



 
New Therapeutic Strategies in Lupus Nephritis 

 

269 

costimulation with anti-CD154: a randomized, double-blind, placebo-controlled 
trial. Arthritis Rheum. 46(12): Dec 2002; 3251-8. 

Kirou KA, Lee C, George S, Louca K, Peterson MG & Crow MK (2005). Activation of the 
interferon-alpha pathway identifies a subgroup of systemic lupus erythematosus 
patients with distinct serologic features and active disease. Arthritis Rheum. 52(5): 
May 2005; 1491-503. 

Leandro MJ, Edwards JC, Cambridge G, Ehrenstein MR & Isenberg DA (2002). An open 
study of B lymphocyte depletion in systemic lupus erythematosus. Arthritis Rheum. 
46(10): Oct 2002; 2673-7. 

Leandro MJ, Cambridge G, Edwards JC, Ehrenstein MR & Isenberg DA (2005). B-cell 
depletion in the treatment of patients with systemic lupus erythematosus: a 
longitudinal analysis of 24 patients. Rheumatology (Oxford). 44(12): Dec 2005; 1542-5. 

Ledbetter JA, Imboden JB, Schieven GL, Grosmaire LS, Rabinovitch PS, Lindsten T, 
Thompson CB & June CH (1990). CD28 ligation in T-cell activation: evidence for 
two signal transduction pathways. Blood. 75(7): Apr 1990; 1531-9.  

Leonard JP, Coleman M, Ketas JC, Chadburn A, Furman R, Schuster MW, Feldman EJ, Ashe 
M, Schuster SJ, Wegener WA, Hansen HJ, Ziccardi H, Eschenberg M, Gayko U, 
Fields SZ, Cesano A & Goldenberg DM (2004). Epratuzumab, a humanized anti-
CD22 antibody, in aggressive non-Hodgkin's lymphoma: phase I/II clinical trial 
results. Clin Cancer Res. 10(16): Aug 2004; 5327-34. 

Leonard JP, Coleman M, Ketas J, Ashe M, Fiore JM, Furman RR, Niesvizky R, Shore T, 
Chadburn A, Horne H, Kovacs J, Ding CL, Wegener WA, Horak ID & Goldenberg 
DM (2005). Combination antibody therapy with epratuzumab and rituximab in 
relapsed or refractory non-Hodgkin's lymphoma. J Clin Oncol. 23(22): Aug 2005; 
5044-51. 

Liang B, Gardner DB, Griswold DE, Bugelski PJ, Song XY (2006). Anti-interleukin-6 
monoclonal antibody inhibits autoimmune responses in a murine model of 
systemic lupus erythematosus. Immunology. 119(3): Nov 2006; 296-305. 

Linker-Israeli M, Deans RJ, Wallace DJ, Prehn J, Ozeri-Chen T & Klinenberg JR (1991). 
Elevated levels of endogenous IL-6 in systemic lupus erythematosus. A putative 
role in pathogenesis. J Immunol. 147(1): Jul 1991; 117-23.  

Looney RJ, Anolik JH, Campbell D, Felgar RE, Young F, Arend LJ, Sloand JA, Rosenblatt J & 
Sanz I (2004). B cell depletion as a novel treatment for systemic lupus 
erythematosus: a phase I/II dose-escalation trial of rituximab. Arthritis Rheum. 
50(8): Aug 2004; 2580-9. 

Mackay F, Woodcock SA, Lawton P, Ambrose C, Baetscher M, Schneider P, Tschopp J & 
Browning JL (2003). Mice transgenic for BAFF develop lymphocytic disorders 
along with autoimmune manifestations. J Exp Med. 190(11): Dec 1999; 1697-710. 

Mavragani CP & Moutsopoulos HM (2003). Lupus nephritis: current issues. Ann Rheum Dis. 
62(9): Sep 2003; 795-8. 

Mease P, Genovese MC, Gladstein G, Kivitz AJ, Ritchlin C, Tak PP, Wollenhaupt J, Bahary 
O, Becker JC, Kelly S, Sigal L, Teng J &  Gladman D (2011). Abatacept in the 
treatment of patients with psoriatic arthritis: results of a six-month, multicenter, 
randomized, double-blind, placebo-controlled, phase II trial. Arthritis Rheum. 63(4): 
Apr 2011; 939-48. 

www.intechopen.com



 
Systemic Lupus Erythematosus 

 

270 

Merrill JT, Neuwelt CM, Wallace DJ, Shanahan JC, Latinis KM, Oates JC, Utset TO, Gordon 
C, Isenberg DA, Hsieh HJ, Zhang D & Brunetta PG (2010) . Efficacy and safety of 
rituximab in moderately-to-severely active systemic lupus erythematosus: the 
randomized, double-blind, phase II/III systemic lupus erythematosus evaluation of 
rituximab trial. Arthritis Rheum. 62(1): Jan 2010; 222-33. 

Merrill JT, Burgos-Vargas R, Westhovens R, Chalmers A, D'Cruz D, Wallace DJ, Bae SC, 
Sigal L, Becker JC, Kelly S, Raghupathi K, Li T, Peng Y, Kinaszczuk M & Nash P 
(2010). The efficacy and safety of abatacept in patients with non-life-threatening 
manifestations of systemic lupus erythematosus: results of a twelve-month, 
multicenter, exploratory, phase IIb, randomized, double-blind, placebo-controlled 
trial. Arthritis Rheum. 62(10): Oct 2010; 3077-87. 

Mihara M, Takagi N, Takeda Y & Ohsugi Y (1998). IL-6 receptor blockage inhibits the onset 
of autoimmune kidney disease in NZB/W F1 mice. Clin Exp Immunol. 112(3): Jun 
1998; 397-402. 

Mor A, Bingham C 3rd, Barisoni L, Lydon E & Belmont HM (2005). Proliferative lupus 
nephritis and leukocytoclastic vasculitis during treatment with etanercept. J 
Rheumatol. 32(4): Apr 2005; 740-3. 

Neradová A, Stam F, van den Berg JG & Bax WA (2009). Etanercept-associated SLE with 
lupus nephritis.  Lupus. 18(7): Jun 2009; 667-8 

Nestorov I, Munafo A, Papasouliotis O & Visich J (2008). Pharmacokinetics and biological 
activity of atacicept in patients with rheumatoid arthritis. J Clin Pharmacol. 48(4): 
Apr 2008; 406-17. 

Otipoby KL, Andersson KB, Draves KE, Klaus SJ, Farr AG, Kerner JD, Perlmutter RM, Law 
CL & Clark EA (1996). CD22 regulates thymus-independent responses and the 
lifespan of B cells. Nature. 384(6610): Dec 1996; 634-7. 

Pena-Rossi C, Nasonov E, Stanislav M, Yakusevich V, Ershova O, Lomareva N, Saunders H, 
Hill J, & Nestorov I.. An exploratory dose-escalating study investigating the safety, 
tolerability, pharmacokinetics and pharmacodynamics of intravenous atacicept in 
patients with systemic lupus erythematosus. Lupus. 18(6): May 2009; 547-55 

Pepper R, Griffith M, Kirwan C, Levy J, Taube D, Pusey C, Lightstone L & Cairns T (2009). 
Rituximab is an effective treatment for lupus nephritis and allows a reduction in 
maintenance steroids. Nephrol Dial Transplant. 24(12): Dec 2009; 3717-23. 

Peterson E, Robertson AD & Emlen W (1996). Serum and urinary interleukin-6 in systemic 
lupus erythematosus. Lupus. 5(6): Dec 1996; 571-5.  

Reiser H & Stadecker MJ (1996). Costimulatory B7 molecules in the pathogenesis of 
infectious and autoimmune diseases. N Engl J Med. 335(18): Oct 1996; 1369-77. 

Rother RP, Mojcik CF& McCroskery EW (2004). Inhibition of terminal complement: a novel 
therapeutic approach for the treatment of systemic lupus erythematosus. Lupus. 
13(5): 2004; 328-34.  

Ryffel B, Car BD, Gunn H, Roman D, Hiestand P & Mihatsch MJ (1994). Interleukin-6 
exacerbates glomerulonephritis in (NZB x NZW)F1 mice. Am J Pathol. 144(5): May 
1994; 927-37.  

Saito K, Nawata M, Iwata S, Tokunaga M & Tanaka Y (2005). Extremely high titer of anti-
human chimeric antibody following re-treatment with rituximab in a patient with 
active systemic lupus erythemtosus. Rheumatology (Oxford). 44(11): Nov 2005; 1462-
4. 

www.intechopen.com



 
New Therapeutic Strategies in Lupus Nephritis 

 

271 

Sangle SR, Davies RJ, Aslam L, Lewis MJ, Wedgwood R &  Hughes GRV (2007). Rituximab 
in the treatment of resistant systemic lupus erythematosus: failure of therapy in 
rapidly progressive crescentic lupus nephritis. Rheumatology 2007; 56: S215  

Sato S, Tuscano JM, Inaoki M & Tedder TF (1998). CD22 negatively and positively regulates 
signal transduction through the B lymphocyte antigen receptor. Semin Immunol. 
10(4): Aug 1998; 287-97. 

Scheipers P & Reiser H (1998). Role of the CTLA-4 receptor in T cell activation and 
immunity. Physiologic function of the CTLA-4 receptor. Immunol Res. 18(2): 1998; 
103-15. 

Schiemann B, Gommerman JL, Vora K, Cachero TG, Shulga-Morskaya S, Dobles M, Frew E 
& Scott ML (2001). An essential role for BAFF in the normal development of B cells 
through a BCMA-independent pathway. Science. 293(5537): Sep 2001; 2111-4. 

Smith KG, Jones RB, Burns SM & Jayne DR (2006). Long-term comparison of rituximab 
treatment for refractory systemic lupus erythematosus and vasculitis: Remission, 
relapse, and re-treatment. Arthritis Rheum. 54(9): Sep 2006; 2970-82. 

Stohl W (2003).  SLE--systemic lupus erythematosus: a BLySful, yet BAFFling, disorder. 
Arthritis Res Ther. 5(3): 2003; 136-8. 

Stokes MB, Foster K, Markowitz GS, Ebrahimi F, Hines W, Kaufman D, Moore B, Wolde D 
& D'Agati VD (2005). Development of glomerulonephritis during anti-TNF-alpha 
therapy for rheumatoid arthritis. Nephrol Dial Transplant. 20(7): Jul 2005; 1400-6. 

Sutter JA, Kwan-Morley J, Dunham J, Du YZ, Kamoun M, Albert D, Eisenberg RA & Luning 
Prak ET (2008). A longitudinal analysis of SLE patients treated with rituximab 
(anti-CD20): factors associated with B lymphocyte recovery. Clin Immunol. 126(3):  
Mar 2008; 282-90. 

Tedder TF, Tuscano J, Sato S & Kehrl JH (1997). CD22, a B lymphocyte-specific adhesion 
molecule that regulates antigen receptor signaling. Annu Rev Immunol. 15: 1997; 
481-504. 

Terrier B, Amoura Z, Ravaud P, Hachulla E, Jouenne R, Combe B, Bonnet C, Cacoub P, 
Cantagrel A, de Bandt M, Fain O, Fautrel B, Gaudin P, Godeau B, Harlé JR, Hot A, 
Kahn JE, Lambotte O, Larroche C, Léone J, Meyer O, Pallot-Prades B, Pertuiset E, 
Quartier P, Schaerverbeke T, Sibilia J, Somogyi A, Soubrier M, Vignon E, Bader-
Meunier B, Mariette X & Gottenberg JE; Club Rhumatismes et Inflammation (2010). 
Safety and efficacy of rituximab in systemic lupus erythematosus: results from 136 
patients from the French AutoImmunity and Rituximab registry. Arthritis Rheum. 
62(8): Aug 2010; 2458-66. 

Tsai CY, Wu TH, Yu CL, Lu JY & Tsai YY (2000). Increased excretions of beta2-
microglobulin, IL-6, and IL-8 and decreased excretion of Tamm-Horsfall 
glycoprotein in urine of patients with active lupus nephritis. Nephron. 85(3): Jul 
2000; 207-14. 

Turner-Stokes T, Lu TY, Ehrenstein MR, Giles I, Rahman A & Isenberg DA (2011). The 
efficacy of repeated treatment with B-cell depletion therapy in systemic lupus 
erythematosus: an evaluation. Rheumatology (Oxford). 12, 2011 Mar [Epub ahead of 
print]. 

Wallace DJ, Stohl W, Furie RA, Lisse JR, McKay JD, Merrill JT, Petri MA, Ginzler EM, 
Chatham WW, McCune WJ, Fernandez V, Chevrier MR, Zhong ZJ & Freimuth WW 
(2009). A phase II, randomized, double-blind, placebo-controlled, dose-ranging 

www.intechopen.com



 
Systemic Lupus Erythematosus 

 

272 

study of belimumab in patients with active systemic lupus erythematosus. Arthritis 
Rheum. 61(9): Sep 2009; 1168-78. 

Wang Y, Hu Q, Madri JA, Rollins SA, Chodera A & Matis LA (1996). Amelioration of lupus-
like autoimmune disease in NZB/WF1 mice after treatment with a blocking 
monoclonal antibody specific for complement component C5. Proc Natl Acad Sci U 
S A. 93(16): Aug 1996; 8563-8. 

Yang G, Liu H, Jiang M, Jiang X, Li S, Yuan Y & Ma D (1998). Experimental study on 
intramuscular injection of eukaryotic expression vector pcDNA3- IL-6 on BXSB 
mice.Chin Med J. 111(1): Jan 1998; 38-42. 

Yao Y, Richman L, Higgs BW, Morehouse CA, de los Reyes M, Brohawn P, Zhang J, White 
B, Coyle AJ, Kiener PA & Jallal B (2009).  Neutralization of interferon-alpha/beta-
inducible genes and downstream effect in a phase I trial of an anti-interferon-alpha 
monoclonal antibody in systemic lupus erythematosus. Arthritis Rheum. 60(6): Jun 
2009; 1785-96.  

Yao Y, Higgs BW, Richman L, White B & Jallal B (2011). Use of type I interferon-inducible 
mRNAs as pharmacodynamic markers and potential diagnostic markers in trials 
with sifalimumab, an anti-IFNalpha antibody, in systemic lupus erythematosus. 
Arthritis Res Ther.14;12 Apr 2011;Suppl 1:S6. [Epub ahead of print]. 

Yokoyama H, Kreft B & Kelley VR (1995). Biphasic increase in circulating and renal TNF-
alpha in MRL-lpr mice with differing regulatory mechanisms. Kidney Int. 47(1): Jan 
1995; 122-30.  

Zampieri S, Alaibac M, Iaccarino L, Rondinone R, Ghirardello A, Sarzi-Puttini P, Peserico A 
& Doria A (2006). Tumour necrosis factor alpha is expressed in refractory skin 
lesions from patients with subacute cutaneous lupus erythematosus. Ann Rheum 
Dis. 65(4): Apr 2006; 545-8. 

www.intechopen.com



Systemic Lupus Erythematosus

Edited by Dr Hani Almoallim

ISBN 978-953-51-0266-3

Hard cover, 554 pages

Publisher InTech

Published online 21, March, 2012

Published in print edition March, 2012

InTech Europe

University Campus STeP Ri 

Slavka Krautzeka 83/A 

51000 Rijeka, Croatia 

Phone: +385 (51) 770 447 

Fax: +385 (51) 686 166

www.intechopen.com

InTech China

Unit 405, Office Block, Hotel Equatorial Shanghai 

No.65, Yan An Road (West), Shanghai, 200040, China 

Phone: +86-21-62489820 

Fax: +86-21-62489821

This book provides a comprehensive overview of the basic and clinical sciences of Systemic Lupus

Erythematosus. It is suitable for basic scientists looking for detailed coverage of their areas of interest. It

describes how advances in molecular biology have increased our understanding of this disease. It is a

valuable clinical resource for practicing clinicians from different disciplines including rheumatologists,

rheumatology fellows and residents. This book provides convenient access to information you need about

cytokines, genetics, Fas pathway, toll like receptors and atherogenesis in SLE. Animal models have been

reviewed as well. How to avoid delay in SLE diagnosis and management, in addition to various clinical

manifestations including pregnancy and SLE have all been explained thoroughly in this book.

How to reference

In order to correctly reference this scholarly work, feel free to copy and paste the following:

Natasha Jordan and Yousuf Karim (2012). New Therapeutic Strategies in Lupus Nephritis, Systemic Lupus

Erythematosus, Dr Hani Almoallim (Ed.), ISBN: 978-953-51-0266-3, InTech, Available from:

http://www.intechopen.com/books/systemic-lupus-erythematosus/therapeutic-strategies-in-lupus-nephritis



© 2012 The Author(s). Licensee IntechOpen. This is an open access article

distributed under the terms of the Creative Commons Attribution 3.0

License, which permits unrestricted use, distribution, and reproduction in

any medium, provided the original work is properly cited.


