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Pathophysiology of SLE 
 

Systemic lupus erythematosus (SLE) is the most typical sys-
temic autoimmune disease and it serves as a model for the 
study of autoimmunity. SLE represents a general loss of toler-
ance to self antigens. It is a result of inherent polygenic ab-
normalities and recurrent environmental exposures.  
Nowadays there is an evidence that the pathophysiology of 
SLE stems from the disturbed apoptosis. The rate of apoptosis 
is high and/or the clearance of apoptotic material is defective. 
Apoptotic and necrotic cells may serve as a repertoire for 
autoantigens. Moreover, apoptosis is the major mechanism for 
the elimination of autoreactive cells and its alteration leads to 
persistence of autoreactive T and B lymphocytes. B cell activa-
tion and autoantibody production are central to the pathogene-
sis of lupus. This autoimmune response is T cell-dependent. 
Autoantibodies are directed against a range of intracellular 
nucleoprotein targets. Recently it has become evident that the 
nucleosome is the driving autoantigen in SLE. 
Renal involvement in SLE is a major clinical problem, ac-
counting for significant morbidity and mortality. Twenty five 
to 50 % of unselected patients have abnormalities of urine or 
renal function early in the presentation of SLE. Up to 60% of 
adults and 80% of children develop renal abnormalities later in 
its course, but  histomorphological signs of glomerular disease 
are found in 90% of patients with SLE [1, 2].  
 

Complement and SLE 
 
The complement system is a central part of innate immunity. It 
mediates immune control against infectious agents and links in-
nate and adaptive immunity. Complement is composed of nearly 
40 proteins. It forms a cascade system, which is activated by three 
pathways: classical, alternative and mannose-binding lectin. 
Complement functions in the elimination of foreign microorgan-
isms or modified self cells, it forms activation products which 
mediate inflammation, enhances adaptive immune reaction and 
is responsible for the clearance of immune complexes [3,4]. 
The importance of complement system in SLE may be consid-
ered from two points of view: the first concerns the role of com-
plement in the pathogenesis of SLE and the second – the value 
of complement as a biological marker of disease activity and 
prognosis.  

The role of complement in the pathogenesis of SLE is complex 
and paradoxical. Complement has two distinct functions in 
SLE. Above all, it helps to maintain immune tolerance and to 
prevent development of lupus. But, once SLE is established, it 
participates in the inflammatory process. Complement acts as a 
mediator of injury in SLE by three different ways: 
- deficiency of the early complement components in the 
classical activation pathway; 
- activation of the complement system by immune complexes;  
- production of autoantibodies  against complement components. 
 

Deficiency of the early complement components in the 
classical activation pathway 
Activation of complement by the classical pathway up to C4 
and including its cleavage plays a powerful protective role 
against the development of SLE [5]. The complement system 
is implicated in the clearance of apoptotic cells. Deficiency for 
different early complement components results in aberrant 
handling of apoptotic material [5, 6, 7]. Hereditary homozy-
gous deficiency of complement proteins of the classical activa-
tion pathway – C1q, C1r, C1s, C4 and rarely C2 - has been 
found to be associated with increased risk for SLE [8] (Table 1).  
C1q and the C1q-C1q receptor interaction as well as C4 play a 
critical role in the physiological clearance of apoptotic cells. 
C1q deficiency is a rare condition associated with SLE or a 
SLE-like syndrome and recurrent infections [9]. The preva-
lence of SLE in patients having hereditary deficiency of C1q is 
very high (Table 1).  
 

Table 1. Susceptibility to SLE in persons with complement 
deficiency  

Hereditary homozygous 
deficiency 

Prevalence 

C1q 93 % 
C1r and C1s (inherited together) 57 % 
C4 75 % 
C2 10 % 

 
In lupus-susceptible, complement C4-deficient mice the lack of 
complement results in elevated intravascular levels of apoptotic 
DNA and elevated levels of IFN-alpha [10]. Yang et al. [11] 
studied interindividual gene copy-number variation of 
complement component C4 and its associated polymorphisms in 
gene size (long and short) and protein isotypes (C4A and C4B). 
Low copy number of total C4 and C4a was found to be a risk 
factor for SLE and high copy number to be protective against 
SLE. 
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In families in which more than one sibling has a homozy-
gous deficiency of complement a high rate of concordance 
for disease exists among siblings (Table 2) and the values 
far exceed the degree of concordance for SLE among 
monozygotic twins, which is about 25 % [5]. 
 

Table 2. The concordance for SLE among siblings with 
homozygous deficiency of complement 

Hereditary homozygous 
deficiency 

Concordance 

C1q 90 % 
C1r and C1s  67 % 
C4 80 % 

 
Homozygous complement C2 deficient patients may develop 
SLE rarely, with prevalence of 10-20 %. They also may de-
velop undifferentiated connective tissue disease or vasculitis. 
Severity of SLE is similar to that of SLE in other patients, anti-
dsDNA antibodies are often negative. There is a high 
prevalence of antibodies to the collagen-like region (CLR) of 
C1q and high incidence of anti-cardiolipin antibodies (aCL) 
despite the absence of anti-phospholipid syndrome. The high 
prevalence of aCL and anti-C1qCLR indicates mechanisms 
through which impaired complement function promotes 
formation of autoantibodies. Patients rarely have significant 
renal disease [12]. 
Mannose binding lectin (MBL) can activate the complement 
system either through C4 and C2 or directly through C3. MBL 
has been shown to bind IgM, IgG and IgA. Thus, MBL might 
promote clearance of circulating immune complexes. 
Deficiency of both MBL and complement components C4 and 
C2 has been associated with increased risk of systemic lupus 
erythematosus [13]. 

C3 deficiency is usually not related to SLE. It is characterized 
by recurrent pyogenic infections, membranoproliferative 
glomerulonephritis and rashes. 
 
Acquired complement deficiencies and SLE 
 
Relative C1q deficiency exists in SLE and it is due to a 
functional impairment of monocytes to synthesize C1q 
upon stimulation.  
Complement receptor 1 (CR1) is a regulator of complement 
activation. It is a receptor for proteolytic fragments of C3 
and C4 during activation [2, 14, 15, 16]. Low serum levels 
of CR1 and reduced expression of erythrocyte CR1 have 
been found in SLE due to its consumption.  
 
Autoantibodies against complement components in SLE 
 
About 1/3 of patients with SLE have high titers of autoantibod-
ies against C1q. Anti-C1q antibodies bind neo-epitopes within 
the collagen region or the globular domain of human C1q. 
They are indicative for severe disease, strongly associated with 
severe consumptive hypocomplementemia and with lupus 
nephritis [5,7,17, 18,19]. Anti-C1q are identified in 80-100 % 
of patients with lupus nephritis. They have high diagnostic 
specificity and relation to the activity of the renal disease, 
along with anti-ds-DNA antibodies (Table 3). The origin of the 
anti-C1q antibodies is unknown, but if C1q forms a molecular 
association with tissue debris, it may itself become part of an 
autoantigenic complex. C3 nephritic factor is an autoantibody 
which binds to the C3 convertase enzyme C3bBb and stabi-
lizes it. C3 nephritic factor is usually linked to membranopro-
liferative glomerulonephritis type II, but it is present in some 
patients with SLE. It is unknown what triggers its production 
in this disease [4,20]. 

   
 

Table 3. Autoantibodies identified to correlate with lupus nephritis* 

Antibody Incidence Diagtnostic specificity Relation to the activity 
Antinucleosome up to 80 % Low No 

Anti-ds-DNA 60-75 % (40 to 90) High Yes 

Antihistones 50-70 % High No 

Anti-Sm 5-30 % High  

Anti-ribosomal P protein 25-35 % Low No 

Anti-C1q 80-100 % High Yes 

Anti-Ro/SSA 20- 60 % Low No 

*According to: Cameron JS. Lupus nephritis. J Am Soc Nephrol 1999; 10: 413-424; 
 Berden Jo HM, Assmann KJ. Renal involvement in collagen Vascular Diseases  
 and dysproteinemias. (Robert Schrier. Nephrology, Book 4, Chapter 11) 

Complement and immune complexes: inflamatory and 
anti-inflamatory functions 
 
In the article “Complement at the interface between innate 
and adaptive immunity” [5] Mark Walport wrote: “Com-
plement may be friend or foe, depending on the circum-
stances”. Under physiological conditions complement 
plays a role in the clearance of immune complexes from 
the circulation and their removal from the tissues. If im-
mune complexes cannot be eliminated, complement be-
comes chronically activated: it can incite inflammation 
and contributes to tissue necrosis. 

Lupus nephritis is an immune complex disease. Both in 
situ formation of immune complexes and deposition of 
circulating ones are involved in its pathogenesis. Dysregu-
lation of apoptosis and decreased phagocytosis lead to 
quantitative an qualitative changes in nucleosomes, persis-
tence of autorective B and T cells and production of anti-
nucleosome and anti-DNA antibodies. On the one hand 
nucleosomes bind to glomerular basement membrane and 
form in situ immune complexes with nucleosome-
mediated antibodies. On the other hand circulating nu-
cleosome-antibody complexes are deposited in glomeruli. 
Complement is activated and inflammation occurs [21]. 
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«Full house» immunofluorescence pattern is typical for 
lupus nephritis: simultaneous detection of glomerular me-
sangial deposits of IgG, IgA, IgM, early complement com-
ponents C1q and C4, as well as C3. The finding of 3 iso-
types of IgG, especially IgG1 and IgG3 together with C3, 
C4 and C1q  is found in ¼ of patients with LN and only in 
this glomerular disease. It is not seen in other glomeru-
lonephritis. Other complement components are present in 
LN: complement component B, C5b-C9 (membrane attack 
complex), properdin, β1H.  
Hypocomplementemia is characteristic of severe lupus 
nephritis and it has some specificities: the concentration 
of C4 and C1q tends to be more depressed than C3; prop-
erdin and factor B are also depressed. A suggestion has its 
way that complement is activated via the classical path-
way in LN and the alternative pathway is activated secon-
dary [2]. 
 
Complement as a biological marker in SLE 
 
SLE has heterogeneous clinical manifestations and unpre-
dictable course, ranging from long periods of remission to 
overt flares. Whether or not abnormal serologic results 
should prompt treatment in the absence of clinical signs of 
the disease remains debatable [14, 22]. Is complement a 
reliable indicator and predictor in SLE: as a marker of 
disease activity and severity; to identify patients at risk for 
an imminent flare and those at risk for potential organ 
damage; for evaluation of response to treatment? 
Fifty-five years ago Vaughan, Bayles and Favour pub-
lished the first report on the decreased levels of serum 
complement in active SLE [23]. Thereafter measurement 
of serum C3 and C4 has been used for several decades to 
monitor disease activity. The evidence supporting the use-
fulness of measuring parent complement components in 
SLE includes the following observations: low serum lev-
els of C3, C4 and CH50 in SLE patients with active renal 
and extrarenal disease; increase in C3 and C4 levels with 
remission of lupus nephritis and new decrease with re-
lapse; decrease in serum C4, preceding clinical exacerba-
tion [24, 25, 26, 27].  
Serum C3 levels are found to be diagnostically more sen-
sitive and specific for systemic lupus erythematosus activ-
ity than are serum C4 levels [26]. According to Berden 
and Assmann [21] the incidence of low C3 is highest in 
class IV lupus nephritis accountin for 80 %. It is about 65 
% in class III, and 30-35 % in class II and V LN.  
Arguments exist disputing parent complement compo-
nents as indicators of disease activity in SLE: in multiple 
studies, serum C3 and C4 did not correlate or correlated 
weakly with disease activity; it was not possible to differ-
entiate patients with mild from those with severe disease; 
serum C4 levels have been found normal during disease 
flares and low in patients with apparently inactive disease 
[24, 28, 29, 30].  
Biochemical, genetic and methodological factors influence 
the results and play a role for these conflicting data: the 
ranges of serum C3 and C4 in SLE patients are broad and 
overlap the levels observed in healthy people; the static 
concentrations of C3 and C4 do not reflect their functional 
status and the ongoing activation; when immune com-
plexes are deposited in tissues, local complement activa-

tion may not be reflected by serum concentrations of C3 
and C4; low C4 level might be the result of inherited defi-
ciency [14].  
Researchers are on the lookout for alternative strategies: to 
investigate soluble complement activation products. Com-
plement metabolism is a dynamic process involving acti-
vation, catabolism and synthesis of the parent compo-
nents. Plasma concentration of a variety of molecules may 
be elevated prior to or during clinical exacerbation: C1-C1 
inh complex, C3a, C5a, C3d, C4d, C5b-9 complex, Ba and 
Bb. Normalization of several of them accompanies remis-
sion. Some methodological problems exist with these 
strategies making them far from being perfect: many of 
the complement activation products have short half-lives 
making them difficult to capture; complement activation 
may occur in vitro after blood sampling and, moreover, 
SLE populations are inherently heterogeneous with regard 
to disease activity and organ involvement /14/. 
The efforts of investigators to find improved methods for 
accurate measurement of complement activation led to 
novel approach: determination of cell-bound complement 
activation products in order to diagnose and perhaps to 
monitor disease activity. Erythrocytes are responsible for 
immune complex clearance. Complement activation prod-
uct C4d, deposited on erythrocyte surfaces (E-C4d), and 
erythrocyte complement receptor 1 (E-CR1) have re-
markably stable levels over days in healthy persons. De-
fects have been described in patients with SLE /29/. 
Manzi and coll. [14] developed a simple rapid and inex-
pensive method to determine levels of E-C4d and E-CR1 
and their results showed significantly higher E-C4d in 
patients with SLE than in controls. E-CR1 was signifi-
cantly lower in patients than in controls.  The sensitivity 
of these measures in distinguishing SLE patients from 
healthy controls was 91 % and specificity was 100 %. E-
C4d and E-CR1 were found to have strong predictive 
value for disease activity as defined by the SLAM. Levels 
of E-C4d reflect the cumulative disease activity of the 
preceding 120 days (the lifespan of erythrocytes). Abnor-
mally high levels of platelet C4d were also found to be 
highly specific for SLE [32]. 
Although there is not consensus regarding the utility of 
complement as a quantitative indicator of SLE disease 
activity, investigators and clinicians agree that it may be 
very useful and informative when measured serially dur-
ing the follow up of the same patient.  
Identification of complement activation is necessary espe-
cially during pregnancy in patients with SLE and lupus 
nephritis when assessing disease activity, to predict a 
flare, to predict pre-eclampsia, and especially in antiphos-
pholipid syndrome.  
In 63 patients with different classes of lupus nephritis we 
found low C3 in 25.4 % and low C4 in 7.9 %. Low C3 
was found to be a risk factor for thrombotic complications 
(OR=2.020, p=0.015), for doubling of serum creatinine 
(OR=35.250, p<0.0001), for ESRD on renal replacement 
therapy  (OR=11.750, p=0.003), and a risk factor for death 
(OR=17.625, p<0.0001). [Milena Nikolova. Diagnostic 
and prognostic value of some markers of the immune re-
sponse in patients with different forms of glomerular dis-
ease. Ph.D. Thesis, Sofia, May 2007]. 
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New therapeutic approaches in SLE 
 
Clinical trials in patients with SLE and lupus nephritis are 
plagued by the wide range of disease manifestations, the 
relapsing-remitting nature of the disease, which results in 
high rates of response in groups given a placebo, and the 
lack of standardized criteria for remission [22].  
The immunosuppressive treatment has reached its limits in 
SLE and lupus nephritis. The near future belongs to im-
mune therapy: 
- Anti-cytokines: anti-TNFα, which role is less clear in SLE 
then in Arthritis rheumatoides; humanized monoclonal an-
tibody against IL-6 receptor; anti-IL-10 monoclonal anti-
body (mAb); type 1 (alpha/beta) interferon blockade, which 
still face a number of obstacles. 
 - Targeting B cells: Anti-CD20 mAb; Anti-CD22 mAb; 
Lympho-Stat-B (humanised mAb neutralizing B cell acti-
vating factor - BAFF). 
 - Complement blockade for treating SLE and anti-
phospholipid syndrome  
 - Peptide vaccines, for stimulation of regulator T cells 
 - Somatic gene therapy 
 - Autologous stem cell transplantation.    
 
Complement blockade for treating SLE  
 
The blockade of complement activation comprises: 
- treatment with soluble complement regulatory protein that 
inhibits classical and alternative pathway activation; 
- soluble complement receptor 1 (TP10, Avant Immuno-
therapeutics, Needham, MA);  
- monoclonal anti-C5 antibody (Eculizumab, Alexion 
Pharmaceuticals, Inc., Cheshire, CT); 
- antibodies or peptides that block C5a-C5a receptor inter-
action. [14,33]  
Although these and other agents in animal models and early 
fazes in their clinical development hold promise to be used 
therapeutically in lupus nephritis, this optimism must be 
tempered by the fact that the clinical trials to prove this 
remain fraught with obstacles. Soluble CR1 and mono-
clonal Ab anti-C5 inhibit complement safely and now are 
being investigated in a variety of clinical conditions.  
 
Conclusion 
 
Pathophysiology and treatment of SLE present a challenge 
to physicians. Studies during the last several decades have 
demonstrated an important role for the complement system 
in the etiology and pathogenesis of systemic lupus and lu-
pus nephritis. The function of complement in SLE is com-
plex and versatile. Further advance in the identification of 
complement activation components and their role in vascu-
lar and tissue injury in SLE will help the better understand-
ing of specific cellular and molecular pathways responsible 
for the disease and its complications. It will highlight the 
future directions toward enhancing our capacity to diagnose 
SLE, to monitor its activity and to identify molecular and 
cellular defects that can be targeted by therapeutic inhibi-
tors of complement activation. Complement blockade for 
treating SLE is an attractive avenue of research. 
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