High levels of antibodies against C1q are associated with
disease activity and nephritis but not with other organ
manifestationsin SLE patients

L. Horvath!?, L. Czirjak?, B. Feketet, L. Jakab!, T. Pozsonyit, L. Kalabay?,
L. Romics'?, K. Miklos!, L. Varge, Z. Prohaszkal?, A. Szakacs!, E. Nagy®,
M.R. Dah&’, G. Fist!2

13rd Department of Internal Medicine, Faculty of Medicine, Semmelweis University, Budapest;
2Research Group of Metabolism, Genetics, & Immunology, Hungarian Academy of Sciences, Budapest;
3Nephrological Center and 2nd Department of Internal Medicine, University of Pécs, Pécs;
“National Institute of Haematology and Blood Transfusion, Budapest, Hungary;
*Department of Clinical Biochemistry and Immunology, University of Medicine and |mmunol ogy,
Targu Mures, Romania,;
*Department of Nephrology, University Hospital, Leiden, The Netherlands.

Abstract
Objective
Serum concentration of antibodies to C1qg (C1gAb) has been reported to be elevated in a high percentage of patients
with systemic lupus erythematosus (SLE). The associations of high C1gAb levels with different clinical manifestations
and the activity of the disease, however, are not definitely under stood.

M ethods
We measured the levels of 1gG type C1gAb in the sera of 137 patients with S_E using an ELISA method.

Results
Serum concentrations of C1gAb were found to be higher (p < 0.0001) in SLE patients than in healthy controls. High
titer (> 66 AU/ml) C1gAb was found in 40/137 (29.2%) SLE patients, and 4/192 (2.1%) healthy controls (p < 0.0001).
A strong negative correlation (R = -0.4, p < 0.0001) between the age of the patients and the C1gAb titers could be
detected. C1gAb levelsin clinically active SLE patients significantly (p < 0.0001) exceeded those measured in the sera
of patientsin the inactive stage of the disease. A significant positive correlation was detected between C1gAb levels
and the laboratory activity markers (anti-DNA, low C3 level) of the disease. We found a significant negative correlation
between levels of C1gAb and a negative acute phase protein, alpha2-HS-glycoprotein. Renal involvement was present
in 11/40 (27.5%) and 11/97 (11%) of the patients with high and low titers of C1gAb, respectively (p = 0.038). The
prevalence of other organ manifestations was, however, the same in the patients with or without high titer C1gAb.

Conclusion
These findings indicate that C1gAb measurement is a useful method for detecting the activity of SLE and predicting

renal manifestations, but not other organ involvement in the disease.
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Introduction

Antibodies to C1q (ClgAb) are poly-
clonal 1gG autoantibodies that bind to
the collagen-like region of Clq, asub-
unit of C1, the first component of com-
plement (1,2). Autoantibodies against
C1q (C1gAb) were found to be present
in various adult and pediatric renal dis-
eases (3). C1lgAb were found in 100%
of patients with hypocomplementemic
urticarial vascular disease (4), 88% of
patients with membranoporoliferative
glomerulonephritis, 76% of patients
with Felty’s syndrome, 34-59% of SLE
patients, 32% of patients with rheu-
matoid vasculitis and 27% of patients
with classic pol yarteritis nodosa (3). In
other autoimmune diseases, such as
Sjogren’s syndrome, ankylosing spon-
dylitis, rheumatoid arthritis, systemic
sclerosis, IgA nephropathy, memb-
ranous glomerulopathy or Wegener's
granulomatosis the prevalence of C1g-
Ab is equa to or only dightly higher
than that in healthy individuals (4%)
(3).

Most studies on the occurrence and cli-
nical significance of the ClgAb have
been performed in SLE. High C1gAb
titers occurred in patients with active
lupus nephritis (5). Increases in the le-
vels of C1gAb may predict relapses of
lupus nephritis (6, 7). According to
recent studies by Trendelenburg et al.
(8), nephritis does not occur in C1gAb
negative SLE patients — that is, mea
surement of C1gAb has a 100% nega-
tive predictive value for lupus nephritis
development. Ravelli et al. (9) and
more recently Kumar et al . (10), how-
ever, did not find a correlation between
either the presence or titer of C1lgAb
and any of the clinical manifestations,
including nephritis.

In the present study we measured C1g-
Ab in alarge number of SLE patients
and investigated the relation of high
ClgAb titersto the clinical and labora
tory signs of disease activity and organ
manif estations of the disease.

Materials and methods

Patients and controls

A total of 137 patients (39.2 £ 14.5
(mean £ S.D.) yearsold, 18 males, 119
females) with SLE diagnosed accord-
ing to the standard criteria (11) were
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tested. The patients were cared for at
the 3rd Department of Interna Medi-
cine, Faculty of Medicing Semmelweis
University, Budapest, Hungary and at
the 2nd Department of Internal Medi-
cine, University Medical School, Pécs,
Hungary between 1988 and 2000. Eva-
luation of disease activity was based on
clinica and laboratory data: the pres-
ence of organ system involvement
(arthritis, skin symptoms, serositis,
recent onset of central nervous system
symptoms), general symptoms (fever,
subfebrility, weight loss) and laborato-
ry findings (increased ESR, anti-
dsDNA, decreased C3, proteinuria-
hematuria) at the time of the investiga-
tion. SLEDAI scores (12) were aso
calculated. The presence of nephritis
was defined by the persistent presence
of proteinuria (> 0.5 g/24h) and/or
hematuria (>5 red blood cells/high
power field) after stones, infection or
other causes were excluded).

The controls consisted of 192 healthy
blood donors (111 males, 81 females,
47.1 + 9.8 years old).

Antigens

C1q isolated from human plasma by
sequential chromatography on BioRex
70 and BioGelA5, as described by Ten-
ner et al. (13), was used to coat ELISA
plates for the C1gAb measurements.

C1q antibody measurement

Antibodies against the collagenous part
of Clg were measured by the solid
phase ELISA method of Siggert et al.
(14). Briefly ELISA plates (Maxisorp,
Denmark) were coated with C1q in
bicarbonate buffer (3 g/well, pH 9.6),
and incubated for 2 hours a 37°C or
overnight at room temperature, and
washed three times with PBS contain-
ing 0.05% Tween. 100 I/well sera
diluted 1:30 and 1:60 in PBS contain-
ing 0.05% Tween, 1% deltaFCS, 1 M
NaCl were added. The plates were in-
cubated at 37°C for 1 hour and washed
3 times with PBS containing 0.05%
Tween, after which monoclona anti-
human IgG antibody in PBS containing
0.05% Tween and 1% delta-FCS (HB-
43DIG, 1:2500) was added, and the
plates were incubated for 1 hour at 37°
C and washed 3 times with PBS con-



taining 0.05% Tween. As a second an-
tibody, anti-DIG HRP in PBS contain-
ing 0.05% Tween and 1% delta-FCS
(1:5000) was added, and the plates
were washed 3 timeswith PBS contain-
ing 0.05% Tween.

The reaction was developed in ABTS
and H,O, with30 min incubation times.
The optical density was measured
using a microplate reader at 415 nm.
ClgAb were expressed as arbitrary
units/ml (AU/ml) related to one stan-
dard serum. The mean titer + 2 SD in
serum samples from 192 blood donors
was regarded as the upper limit of nor-
mal.

Other laboratory procedures

The C3 concentration was determined
by single radial immunodiffusion and
serum concentrations of anti-DNA
antibodies were determined by an indi-
rect |FA assay (Biosystems, Barcelona,
Spain). Serum AHSG levels were mea-
sured by rocket immunoel ectrophoresis
as described elsewhere (15).

Satigtical analysis

Since the antibody titres measured in
the different groups did not display a
Gaussian distribution, non-parametric
tests were used. Groups were compared
using the Mann-Whitney U test. Cate-
gorical datawere compared by Fisher's
exact test. The degree of correlation
between the levels of two antibodies
was analyzed by the non-parametric
Spearman’ s test. The age-adjusted rela
tionship between C1gAb levels and
disease activity was calculated by mul -
tiple logistic regression anaysis. P<
0.05 was considered to be statistically
significant.

Results

Occurrence of C1gAb in SLE patients
Thelevels of C1gAb were measured in
the sera of 137 patients with SLE and
in 192 healthy blood donors as cont-
rols. Significantly (p < 0.0001) higher
serum concentrations of C1lgAb were
found in the SLE patients (126 + 22.1
AU/ml; mean + SEM) as compared to
those measured in the healthy subjects
(7.52+2.14 AU/ml). High titers (ex-
ceeding 66 AU/ml, mean + 2 SD of the
amounts measured in the healthy con-

trols) of C1gAb were found in 40/137
(29.2%) and 4/192 (2.1%) of SLE pa-
tients and healthy controls, respectively
(p < 0.0001). Therelative risk of SLE
patients to have C1gAb was 14.0 (95%
Cl: 5.1t0 38.3).

C1gAb and the age of SLE patients

A strong negative correlation (Spear-
man correlation coefficient -0.4, p<
0.0001) between the age of the patients
and the C1gAb titers could be detected.
When Cl1gAb in the lowest, medium
and higher age tertiles were compared
by the Kruskal-Wallistest, a highly sig-
nificant (p<0.0001) difference was
obtained, the median (25 — 75% per-
centile) C1lgAb titres being 43.08 (0 —
355.6), 30.46 (0 — 142.0), and 0 (0 —
22.5) U/ml, in the youngest, medium
and eldest age groups, respectively.
High (> 66 U/ml) C1gAb was found in
22/49 (45%), 13/41 (32%), and 5/47
(11%) patients, respectively.

Correlation between C1gAb, other
laboratory parameters and disease
activity in SLE patients

Taking into account the high occur-
rence rate of C1gAbin SLE patients, it
seemed worthwhile to calculate the
correlation between the levels of this
autoantibody and some of the laborato-
ry parameters characteristic for the
activity of SLE. When patients with
high levels of C1gAb (>66 AU/ml) and
little or no (<66 AU/ml) C1gAb were
compared (Fig. 1), significantly (p<
0.0001) lower C3 concentrations (Fig.
1A) and significantly (p<0.0001) high-
er anti-DNA levels (Fig. 1B) were found
in the patients with high C1gAb levels.
Thelevels of the negative acute phase
protein AHSG were found to be signif -
icantly (p=0.018) lower in SLE pa-
tientswith C1gAb than in those with no
ClgAb (Fig. 1C).

Only 15% of the patients in remission,
but 41% of the patients in the active
stage had high titers of C1gAb (Table
). The median (interquartile range) of
ClgAb was 0 (0 — 35.0) and 36.0 (0 —
262.5) U/ml, respectively in these two
groups (p<0.0001). Taking into ac-
count the strong age-dependency of the
ClgAb levels, we calculated the age-
adjusted relationship between the acti-
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vity of the disease and C1gAb by using
multiple logistic regression analysis.
There was a significant (p= 0.002) cor-
relation between disease activity and
ClgAb even after adjustment for the
age of the patients. SLEDAI scores
were also determined. A positive corre-
lation was found between Clq anti-
body levelsand the SLEDAI scores(r =
0.24, p = 0.006).

Twenty-one serum-pairs obtained in
relapse and in remission from the same
SLE patients were available. The clini-
cal activity of the disease was markedly
characterized by high (219.2+ 87.5
AU/ml) titers of C1gAb that signifi-
cantly (p = 0.0017, Wilcoxon matched
paired test) differed from those (24.56
+ 12,14 AU/ml) found in remission.

Sudy of the correlation between
different organ manifestations and
C1gAb levelsin the SLE patients

We studied the possible association
between C1gAb levels and the occur-
rence of organ manifestations at the
time of blood sampling (Tablell). Re-
nal involvement (nephritis) was present
at the time of blood sampling in 3/66
(4.5%) and 19/70 (27%) patients with
inactive and active disease, respectively
(p =0.0003, Fisher's exact test); and in
11/93 (12%) of ClgAb negative and
11/36 (31%) of ClgAb positive pa
tients (p=0.017, Fisher's exact test).
All but one Clq positive patient with
rena involvement werein theclinically
active stage of the disease. Kidney bi-
opsies were performed in 23 patients.
No association between C1gAb and the
different histological types of SLE
nephritis (diffuse proliferative, mem-
branous or focal segmental) was ob-
served. Diffuse proliferative glomeru-
lonephritis was found in 3/6 patients
with C1gAb and in 6/17 patients with-
out C1gAb, but the difference was not
significant.

Lymphadenopathy and pleuritis/peri-
carditis were observed more often in
C1gAb positive than in C1lgAb nega
tive patients; the differences, however,
were not statistically significant (p =
0.06 and p=0.051, respectively). The
titers of C1gAb showed no relationship
to the occurrence of other organ in-
volvement.
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Fig. 1. Serum concentrations of C3 (A),anti-DNA antibody (B), and the negative acute phase protein
AHSG (C) in SLE patients with no or low titer (less than 66 U/ml) C1gAb and high titer (more than 66
U/ml) C1lgAb. Horizontal lines indicate median values.

Discussion

The high number of SLE patients tes-
ted allowed us to study the possible as-
sociations between C1lgAb levels and
several characterigtics of the disease.
Our present findings showing a strong

correlation between high C1gAb titers
and SLE activity are in agreement with
many previous results. Our data also
support the age-dependency of the lev-
elsof C1gAbin SLE patients. In agree-
ment with a number of previous posi-
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tive findings, we observed a correlation
between the amounts of C1gAb and lu-
pus nephritis, but not with other organ
manifestations of the disease.

In accordance with previous observa-
tions of other authors (5,9, 16), we
found a clear-cut positive correlation
between the presence of high titer Cla
Ab and SLE activity based on clinical
and laboratory data. Almost half (29/
70) of the SLE patients in the active
stage, but only 10/66 of the patients in
the inactive stage had high anti-Clq
levels. Similar findings were found
when serum pairs obtained in the active
and inactive stages of the disease from
the same patients were compared. C1¢+
Ab levels were in a positive correlation
with the SLEDAI scores.

In addition to clinical activity, ahighly
significant positive correlation was
found between C1gAb levels and dif-
ferent objective laboratory markers of
SLE activity, such as low serum con-
centrations of C3 and high anti-dsDNA
levels.

Similarly to our studies, low C3 levels
(a sign of complement activation in
SLE) were found to occur more fre-
quently in C1gAb positive thanin Clg-
Ab negative patientsin several previous
studies (5,9,10,16). A strong positive
correlation between C1gAb levels and
antibodies against dsDNA was also re-
ported by some authors (5,9, 10).

We are the first to study the relation-
ship between C1gAb and the negative
acute phase protein AHSG in SLE. The
two variables were negatively correlat-
ed to each other. Compared to healthy
controls, low levels of serum AHSG
were observed in a previous study that
included 63 patients with SLE, and the
extent of the decrease in AHSG was
found to correlate with laboratory
activity, including a statistically signifi-
cant positive correlation with C3 (17).
Siegert et al. (18) reported an interest-
ing observation, i.e. higher C1gAb ti-
ters in younger as compared to elder
SLE patients. The results of the present
study on alarge cohort of SLE patients
definitely confirm this finding. The
prevalence of high titer C1gAb among
15 to 30-year-old SLE patients was
four times higher than that among the
SLE patients above 45 years of age.



Table|. Relationship between disease activity and C1gAb titersin SLE patients.

ClgAb ClgAb
<66 U/ml > 66 U/ml Total
Patients with inactive SLE 56 10 66
Patients with active SLE 41 29 70
Total 97 39 136

p =0.0011 (Fisher’'s exact test), odds ratio: 3.96 (95% Cl: 1.74 - 9.03).

Tablell. Association between the C1gAb levels and the presence of clinical manifestations
at the time of blood sampling in 129 SLE patients.

Peatients with missing or Patients with high titer

low C1lgAb (<66 U/ml) ClgAb (>67 U/ml)
Clinical manifestation Present Absent Present Absent P
Nephritis 11 (12%) 82 (88%) 11 (31%) 25 (69%) *0.017
CNSinvolvement 10 (11%) 83 (89%) 5(14%) 31(86%) n.s.
Pulmonary manifestation 5 (5%) 88 (95%) 2 (6%) 34(94%) n.s.
Lymphadenopathy 7 (8%) 86 (92%) 7 (19%) 29 (81%) n.s. (0.06)
Cardiac manifestation 4 (4%) 89 (96%) 2 (6%) 34(94%) ns.
Pericarditisand/or pleuritis 2 (2%) 91 (98%) 4(11%) 32 (89%) n.s. (0.051)
Polyarthritis 28 (30%) 65 (70%) 14 (39%) 22 (61%) n.s.
Skin rash/ exanthema 13 (14%) 80 (86%) 9(25%) 27 (75%) n.s.
Subfebrility or fever** 5 (5%) 88 (95%) 5(14%) 31(86%) n.s.
Weight loss 3 (3%) 90 (97%) 2 (6%) 34(94%) n.s.
ESR > 25 mmv/hour 21(23%) 72 (77%) 13(36%) 23 (64%) ns.
Leukocytopenia*** 6 (6%) 87 (94%) 4(11%) 32 (89%) ns.

* Fisher's exact test, ** > 38°C, *** < 4000 cell/y, n.s.: not significant.

We observed high C1gAb levels more
often in SLE patients with lupus neph-
ritis than in patients without renal
involvement. The C1gAb titers had no
value in differentiating patients with
other organ manifestations from pa-
tients without such organ involvement.
In an earlier study, one of us (MD) ob-
served that high titer C1gAb occur sig-
nificantly more frequently in patients
with SLE nephritis than in patients
without renal manifestations (19), and
in a prospective study found IgG type
ClgAbto predict nephritisin SLE (18).
Similar results were published by
Haseley et al. (20). Recently Trende-
lenburg et al (8) reported a lack of oc-
currence of severe lupus nephritis
among ClgAb negative patients that
may endow this laboratory parameter
with a 100% negative predicti ve value
in the development of severe SLE
nephritis.

In contrast to these findings, Ravelli et
al. (9) and more recently Kumar et al .

(20) did not observe in pediatric Italian
SLE patients, and in adult SLE patients
in India, respectively, acorrelation be-
tween C1gAb levels and any of the cli -
nical manifestations, including neph-
ritis. Our present findings indicate that
nephritis may develop in C1gAb nega-
tive SLE patients as well, but much less
frequently than in C1lgAb positive pa
tients. The conflicting results of these
studies may be due to the differing gen-
etic backgrounds of the cohorts (21) or
to differences in the age of onset of the
disease. Furthermore, good surrogate
marker(s) for the detection of lupus
nephritis activity are lacking. C1gAb
seems to be a useful marker for detect-
ing continuously active kidney disease,
but during therapy it is difficult to dis-
tinguish between cases whose renal
disease is in remission and cases with
still ongoing, active kidney inflamma:
tion. Additional studies (involving
more kidney biopsies) will be required
to provide more information on the
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usefulness of the different activity
markers.
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