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and deposition of circulating immune complexes (CICs) 
that further leads to an intense inflammatory response 
and tissue damage.[1,2] Complement activation in SLE is 
predominantly due to the interaction of a C1q component 
with the immune complexes, which is the first component 
of a classical complement pathway. Deficiency of C1q 
leads to autoimmunity, associated with impaired apoptotic 
clearance and appearance of glomerular apoptotic bodies. 
Deficiency of classical complement components such as 
C1q and C4 is strongly associated with the pathogenesis 
of SLE.[3-6] Mannose-binding lectin (MBL), an acute phase 
protein, is responsible for complement activation via the 
lectin pathway. The MBL plays an important role in the 
clearance of immune complexes. The MBL is also reported 
to facilitate apoptotic cell clearance. In recent times, 
MBL deficiency has emerged as a probable cause for SLE 
susceptibility.[1,7]

Anti-C1q antibodies are directed against the collagen-
like region of C1q and are strongly correlated with 

Introduction

Systemic lupus erythematosus (SLE) is a prototype 
autoimmune disease characterized by the increased 
production of multiple autoantibodies mainly directed 
against nuclear antigens. This initiates the formation 
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hypocomplementemia and renal flares, suggesting that 
they may play a pathogenic role. Anti-C1q antibodies do 
not seem to activate the complement, but their binding 
to C1q may amplify complement activation as well as 
attenuate the physiological functions of C1q. Earlier 
studies have suggested that due to the prevalence of anti-
C1q antibodies in SLE, especially in patients with renal 
involvement, they may play a possible role as biomarkers 
in lupus nephritis (LN).[8,9] However, some reports state 
that anti-C1q antibodies are required but not sufficient 
for the development of renal flares and that anti-dsDNA 
autoantibodies, along with elevated levels of anti-C1q 
antibodies, are associated with renal disease.[10-12] This 
study was conducted to determine the prevalence of anti-
C1q antibodies in Indian SLE patients and their association 
with complement components such as C3, C4, and MBL.

Materials and Methods 

Patients and controls 
This study was conducted on 60 patients diagnosed with 
SLE, who were referred to our center in Mumbai, India, for  
a period of three years (2008-2010). All patients showed 
elevated levels of CICs. The SLE patients were diagnosed 
according to the American College of Rheumatology  
(ACR) criteria.[13] The study was carried out after 
obtaining the requisite Ethics Committee approval and 
a written consent from the patients. Disease activity was 
assessed at the time of evaluation, by using the systemic 
lupus erythematosus disease activity index (SLEDAI).[14] 
The disease activity in all SLE patients was classified as 
mild, moderate, or severe, based on their SLEDAI scores 
(mild <8, moderate 8-18, and severe >18). Pregnant and 
postmenopausal women, smokers, patients with diabetes, 
and patients with significant hyperlipidemia were 
excluded. After blood collection, the sera were stored in 
aliquots at -80°C, until they were tested. Renal biopsies 
of the LN cases were examined by light microscopy using 
hematoxylin and eosin, and periodic schiff (PAS) staining. 
Immunofluorescence microscopy was performed using 
anti-IgG, anti-IgM, anti-IgA, anti-C3, anti-C4, and anti-
fibrinogen fluorescein isothiocyanate conjugate (FITC). 
In LN patients, renal histology was classified according 
to WHO criteria.[15] Normal control sera were obtained 
from 50 healthy individuals from the blood bank.

Detection of CICs was carried out using IgG-CIC enzyme-
linked immunosorbent assay (ELISA)(DiaMetra, Italy). 
Anti-C1q antibodies were measured using Autostat II 
C1q-CIC, Hycor Biomedical Inc., California, USA. All 
the samples were tested for serum; the MBL levels 
were measured using the MBL Oligomer ELISA kit 
(KIT29), BioPorto Diagnostics, Denmark. Complement 
levels such as that of C3 and C4 were detected using a 

Nephelometer (BN ProSpec, Dade Behring, Germany). 
Anti-dsDNA antibodies were detected using indirect 
immunofluroscence method (Euroimmun Lubeck, 
Germany), where Crithidia luciliae was used as a 
substrate. The laboratory was blinded to the disease 
status of the patients and their visceral involvement, and a 
double-blinded study was conducted on the autoantibody-
positive samples.

Results

Details of the demographic charateristics in the SLE patients 
included in this study, at the time of evaluation, are shown in 
Table 1. Age of onset of the disease was observed to be 14-47  
(25.7 ± 8.3) years and the age of evaluation was 17-49  
(29.7 ± 8.1) years. A total of 45/60 (75%) SLE patients 
had LN, and the remaining 15/60 patients (25%) who 
did not show renal manifestations were grouped as non-
LN. The mean duration of the disease was found to be 
43.2 ± 16.9 months. The average number of American 
College of Radiology Rheumatology (ACR) criteria met 
by the SLE patients at evaluation was 5.3 ± 1.3, and the 
SLEDAI scores ranged between 4 and 30 (14.6 ± 4.4). The 
cutoff for the CIC levels was 20 units/ml. All SLE patients 
included in this study showed elevated CIC levels (>100 
units/ml). Anti-dsDNA positivity was slightly higher 
(65.7%) among the anti-C1q-positive patients compared 
to the anti-C1q-negative patients (60%).

The assay cutoff for anti-C1q antibody positivity was 
set at 50 µg/ml; levels of anti-C1q antibodies above 
this value were considered positive. The measuring 
range varied between 3.72 and 100 µg/ml. Of all the 

Table 1: Demographic details and clinical presentations 
according to the American college of rheumatology 
criteria in systemic lupus erythematosus patients (n=60) 
Characteristics

Sex distribution (Female : Male) 11 : 1
Age at onset (years)

Range
25.7±8.3

14–47
Age at evaluation (years)

Range
29.7±8.1

17–49
Mean disease duration (months) 43.2±16.9
Number of ACR criteria met at evaluation 6.5±2.3
SLE disease activity index score 

Range
28.7±15.4

12–43 
Clinical manifestations 

Rash (Malar or Discoid) 32 (53.3%)
Photosensitivity 15 (25%)
Oral ulcers 11 (18.3%)
Arthritis 32 (53.3%)
Serositis 12 (20%)
Renal disorders 45 (75%)
Neurological disorders 5 (8.3%)

ACR, American college of rheumatology; SLE, systemic lupus erythematosus; 
SD, standard deviation 
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SLE patients tested, 35/60 patients (58.3%) showed a 
high prevalence of anti-C1q antibodies with mean ± SD 
values of 80.9 ± 17.8. Renal histopathological findings 
in LN patients showed that 10/45 patients (22.2%) had 
mesangial proliferative glomerulonephritis (MPGN, 
Class I and II), 23/45 patients (51.1%) had diffuse 
proliferative glomerulonephritis (DPGN, Class IV), 
4/45 patients (8.9%) had membranous lupus nephritis 
(Class V), and none of the patients had focal proliferative 
glomerulonephritis (FPGN, Class III). The remaining 
eight patients did not give their consent for renal biopsy. 
Among the LN patients, 27 (60%) were anti-C1q positive. 
Anti-C1q antibody positivity was the highest among DPGN 
patients (59.3%), followed by the MPGN group (18.5%).

The normal levels of C3 ranged between 90 and 180 mg/
dL, while those for C4 ranged between 15 and 40 mg/dL. 
The detection range for the serum MBL levels was 5-4000 
ng/ml. The low MBL level range was <500 ng/ml and 
high MBL level range was >500 ng/ml. The distribution 
of the anti-C1q antibodies with complement component 
levels in SLE patients among LN and non-LN groups 
is shown in Table 2. Reduced levels of C3 and C4 
individually, as well as in both the C3 and C4 levels 
together, were seen at a higher percentage in patients 
with anti-C1q antibodies. LN patients showed a higher 
percentage of low MBL levels (61.1%) among the anti-C1q 
negatives compared to the anti-C1q positives (55.6%). 
The non-LN group had a higher percentage of low MBL 
levels (87.5%) among the anti-C1q positives compared 
to the anti-C1q negatives (57.1%).

The distribution of patients based on their disease activity 
as per the SLEDAI scores is as shown in Figure 1. Overall, 
it was observed that 51.7% of the patients showed 
moderate disease (SLEDAI 8-18). Among the anti-C1q 
positives who had moderate disease, 44.5% of the patients 
were LN compared to 37.5% non-LN. Among the anti-C1q 
negatives with moderate disease activity, 85.7% were 
non-LN and only 55.6% patients were LN. Among the 
anti-C1q negatives, none of the patients belonging to the 
non-LN group had severe disease (SLEDAI >18).

Discussion

Higher prevalence of anti-C1q antibodies of around 
80-100% had been reported in LN patients by various 
groups.[9,16,17] A comparatively lower prevalence of anti-
C1q antibodies ranging between 55 and 60% was also 
reported in LN patients.[18-22] Previous studies reported 
20-66% anti-C1q antibody prevalence in SLE patients.[23-26] 
These discrepancies may be due to differences in the 
patient populations studied, as well as in the specificity 

and sensitivity of the anti-C1q ELISA and the variations in 
the commercially available kits used. Our study showed an 
overall incidence of 58.3% for anti-C1q antibodies among 
the SLE patients studied where the LN patients had 60% 
anti-C1q positivity. These findings were in accordance 
with the earlier studies.[18-26] 

The prevalence of anti-C1q antibodies among the non-
LN patients in this study was 53.3%, which was in 
accordance with the 41.5-55.5% prevalence reported in 
the earlier studies, including our previous study.[17,21,27] 

Our study showed a slightly higher incidence of anti-C1q 
antibodies (60%) in LN patients compared to non-LN 
patients (53.3%). This finding was similar to the studies 
reported by Zang et al. and Katsumata et al.[21,22] It was 
suggested that the circulating anti-C1q antibodies may 
bind to the C1q deposits in the kidneys of LN patients 
and this consumption of serum anti-C1q antibodies by 
binding to C1q-containing immune complexes could be 
responsible for the lack of significant difference among LN 
and non-LN patients.[24] It was also reported that although 
a high prevalence of anti-C1q antibodies correlated with 
proliferative LN, the predictive value of 27-68%, in the 
presence of anti-C1q antibodies, among LN patients was 

Table 2: Distribution of anti-C1q antibodies with 
complement levels in patients with and without lupus 
nephritis 
Complement 
levels

LN n=45 (75%) Non-LN n=15(25%)
Anti-C1q 
positives
N=27 (%)

Anti-C1q 
negatives
N=18 (%)

Anti-C1q 
positives
N=8 (%)

Anti-C1q 
negatives
N=7 (%)

Low C3 alone 3 (11.1) 1 (5.6) 2 (25) -
Low C4 alone 3 (11.1) - - 1 (14.3)
Low C3 and 
C4

13 (48.1) 8 (44.4) 2 (25) 1 (14.3)

Normal C3 
and C4

9 (33.3) 9 (50) 4 (50) 5 (71.4)

Low MBL 15 (55.6) 11 (61.1) 7 (87.5) 4 (57.1)
Normal MBL 12 (44.4) 7 (38.9) 1 (12.5) 3 (42.9)
MBL, Mannose-binding lectin

Figure 1: Distribution of anti-C1q antibodies and clinical severity
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too low to reliably identify them as LN, and that up to 46% 
renal flares occurred in patients who did not develop anti-
C1q antibodies.[9,28,29] These findings suggested that anti-
C1q antibodies were not useful as possible biomarkers 
for LN in SLE and our findings supported the same. High 
prevalence of anti-C1q antibodies in SLE might have 
important consequences for possible renal manifestations 
as well for the understanding of pathogenic mechanisms. 

Complement components such as C3 and C4 were usually 
low in active SLE.[3] Anti-C1q antibodies were associated 
with reduced levels of both C3 and C4 together, as well 
as individually, in LN patients, indicating their role in 
immune complex clearance via the classical pathway. 
Structural as well as functional similarities in C1q and 
MBL prompted us to study the association between 
anti-C1q antibodies and MBL. A higher percentage of 
low MBL levels in anti-C1q positives among the non-
LN group were noted in our study, which suggested 
that the anti-C1q antibodies did not recognize the MBL 
pathway for immune clearance. Similar findings were 
also reported indicating that lowered serum MBL levels 
could be attributed to various different factors such as 
mutated genes or anti-MBL antibodies.[30] Our study did 
not show a correlation between anti-C1q-positive patients 
and their SLEDAI scores. This was similar to the recent 
reports where anti-C1q antibodies were not associated 
with SLEDAI scores for disease activity or for the presence 
of dsDNA antibodies in them.[17,26]
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