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Anti-C1q antibodies in hepatitis C virus infection
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Introduction

Summary

Autoantibodies against C1q have been described in many immune-complex
diseases including hypocomplementaemic urticarial vasculitis and systemic
lupus erythematosus (SLE). No study has focused on the role of anti-C1q anti-
bodies in hepatitis C virus (HCV) infection. The aim of this study was (i) to
evaluate the prevalence of anti-Clq antibodies in HCV infection; and (ii) to
analyse the association of anti-C1q antibodies with clinical and biological fea-
tures of HCV-mixed cryoglobulinaemia (MC) vasculitis. We searched for
anti-Clq antibodies using an enzyme-linked immunosorbent assay (ELISA)
test in 111 HCV patients (75 had cryoglobulin and 23 systemic vasculitis), 60
SLE patients and 109 blood donors. Anti-C1q antibodies were detected in
26% of HCV patients compared to 10% of healthy donors (P < 0-01), and 38%
in patients with SLE. Although there was a higher prevalence of anti-C1q anti-
bodies among HCV patients with type III cryoglobulin (50%, P < 0-01), the
overall prevalence of anti-Clq antibodies was similar in HCV patients being
cryoglobulin-positive or cryoglobulin-negative (26% versus 25%, P =0-98). A
significant association was found between anti-Clq antibodies and low C4
fraction of complement (P <0-05). No association was found between anti-
Clq antibodies and HCV genotype, severity of liver disease or with specific
clinical signs of HCV-MC vasculitis. This study shows an increased preva-
lence of anti-C1q antibodies in HCV-infected patients. Anti-C1q antibodies
were associated with low C4 levels. No association was found between anti-
Clq antibodies and HCV-MC vasculitis, nor between anti-Clq antibodies
and cryoglobulinaemia.
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Autoantibodies against a variety of self-antigens can be
detected in the sera of patients with HCV infection. Clq is

Hepatitis C virus (HCV) infection is a major cause of liver
disease but is also associated with a spectrum of extrahepatic
manifestations, mainly mixed cryoglobulinaemia (MC). MC
may be asymptomatic or lead to clinical manifestations
ranging from a MC syndrome (purpura, arthralgia, asthe-
nia) to a more serious vasculitis with neurological and/or
renal involvement [1]. HCV-MC is a systemic vasculitis
characterized by the proliferation of B cell clones producing
pathogenic IgM with rheumatoid factor (RF) activity.
Although MC are found in 30-50% of patients with chronic
hepatitis C, only 10-15% of them will develop symptomatic
MC [2].

the first component of the classical pathway of complement
activation and its main function is to clear immune com-
plexes from tissues and self-antigens generated during apo-
ptosis [3]. Anti-C1q antibodies are associated strongly with
immune complex diseases, most prominently with hypo-
complementaemic urticarial vasculitis syndrome, systemic
lupus erythematosus (SLE), diffuse proliferative lupus
nephritis and severe rheumatoid arthritis [4].

The pathogenesis of HCV-MC vasculitis is complex and is
likely to involve many mechanisms. The Arthus phenome-
non and its equivalents are considered useful experimental
models for immune complex (IC) vasculitis and MC.
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Effective IC clearance is achieved via the mononuclear
phagocytic system and the classical pathway of the comple-
ment system. Defects in one of the mechanisms of IC clear-
ance may give rise to immune complex disease. To date, there
are no data regarding the prevalence of anti-Clq in patients
with HCV chronic infection and their potential association
with HCV-MC vasculitis.

The aim of this study was (i) to evaluate the prevalence of
anti-Clq antibodies in HCV infection; and (ii) to analyse the
association of anti-Clq antibodies with clinical and biolog-
ical features of HCV-related systemic vasculitis.

Patients and methods

Study population

The study population included 111 patients with HCV
chronic infection, all positive for anti-HCV antibodies and
serum HCV-RNA [60 (54%) female, mean age
6112 years)], 75 of whom had detectable cryoglobulin
[type II (n=61), type III (n = 14)] and 24 systemic vasculitis
[mean age 66+ 10 years, clinical manifestations included:
purpura (n = 16), peripheral neuropathy (n = 13), arthralgia
(n=12) and glomerulonephritis (n=2)]; 60 patients with
SLE (mean age 48 £ 15 years) (fulfilling at least four of 11
American College of Rheumatology criteria for SLE diagno-
sis [5]; and 109 blood donors (mean age 5211 years)
(Table 1). Collection of samples occurred after ethical com-
mittee approval and appropriate patient consent. All plasma
samples were aliquoted and kept at —80°C until further
analysis.

Enzyme-linked immunosorbent assay (ELISA) for anti-
Clq autoantibodies

Anti-Clq antibodies were determined using the method
described by Siegert [6], as modified by Trendelenburg [7].
Briefly, ELISA wells (MaxisorpNunc Immuno plates, Rosk-
ilde, Denmark) were coated overnight with 1 pug/well of Clq
(Calbiochem, La Jolla, CA, USA) in sodium hydrogen

Table 1. Patients data and laboratory parameters*.

Anti-C1q antibodies in HCV infection

carbonate buffer, pH 9-6, at room temperature. After wash-
ing plates, 100 pl of the plasma diluted 1 : 25 in phosphate-
buffered saline (PBS) 0-05% Tween containing 1% fetal calf
serum (FCS) (PBSTWFCS) and 1 M NaCl were incubated for
1 h at 37°C. Bound IgG was detected using biotinylated
mouse monoclonal anti-human IgG (1:10000) (Southern
Biotechnology Associates, Bioreba AG, Reinach, Switzer-
land) diluted in PBSTWFCS and 1 M NaCl, and revealed with
streptavidin—horseradish peroxidase (Jackson ImmunoRe-
search, Cambridge, UK). The C1q solid-phase assay (Calbi-
ochem, La Jolla, CA, USA) has a purity of more than 95%.

Non-organ-specific (NOSA) antibody testing

Immunological factors included anti-nuclear antibodies
(ANA), anti-liver kidney microsomes antibodies (LKM1),
anti-smooth muscle antibodies (SMA), C3 and C4 fractions
of complement, cryoglobulin and rheumatoid factor. Indi-
rect immunofluorescence performed on HEp-2 cells was
used for anti-nuclear antibody detection (BMD, Paris,
France), with a positive result defined as > 1/80. Cytochrome
CYP2D6 (liver—kidney microsomal type 1) autoantibodies
were determined by radio ligand assay. Anti-smooth muscle
cells were detected by indirect immunofluorescence using an
unfixed 4 mm cryostat sections of rat liver, stomach and
kidney.

Cryoglobulins were searched using a previously described
technique [2], whereby they were isolated from the patient
sera, purified and then characterized by immunoblotting at
37°C. Following the system of Brouet et al. [8], all positive
patients had either type II or type III mixed cryoglobulins
characterized, respectively, by the presence of a monoclonal
or polyclonal rheumatoid factor component.

Virological and liver histological analysis

Virological factors included HCV viral load and HCV gen-
otype. Histological features of analysed liver specimen
belong to the METAVIR scoring system [9]. All HCV-
infected patients had a liver biopsy. Liver biopsies more than
10 mm in length were fixed, paraffin-embedded and stained

Group Patients (n) Age (years) (mean * SD) AntiClq prevalence (%, n) AntiClq levels (IU/ml)
Healthy Donors 109 52+11 10% (11/109) 60+ 30
HCV-infected patients 111 6112 26% (29/111) 83+ 40
MC positive 75 62111 26% (20/75) 86+ 44
Type II MC 61 63t 14 21% (13/61) 65117
Type III MC 14 60 £ 10 50% (7/14) 107 £53
Low C4 level 28 64+ 12 43% (12/28) 137 £45
MC negative 36 58+ 14 25% (9/36) 77 £49
Systemic vasculitis 24 66+ 10 21% (5/24) 75133
SLE 60 48+ 15 38% (23/60) 295+ 71

*MC, mixed cryoglobulin; SLE, systemic lupus erythematosus; SD, standard deviation; IU/ml, international unit per

milliliter.

© 2006 British Society for Immunology, Clinical and Experimental Inmunology, 145: 308-312 309



D. Saadoun et al.

with at least haematoxylin—eosin safran and Masson’s
trichrome or picrosirius red for collagen. For each liver
biopsy, stage of fibrosis and grade of activity were established
according to the following criteria. Liver biopsy was staged
on a scale of 0—4 : 0 = no fibrosis, 1 = portal fibrosis without
septa, 2 = few septa, 3 = numerous septa without cirrhosis
and 4 = cirrhosis. This feature has been shown to be highly
reproducible between pathologists. The grading of activity
that evaluates the intensity of necroinflammatory lesions was
indicated as follows: A0 = no histological activity, Al = mild
activity, A2 = moderate activity, and A3 = severe activity.

Statistical analysis

All quantitative data are expressed as mean * standard devi-
ation (s.d.). Univariate analysis used % or Fisher’s exact test
for comparisons of qualitative values, or the unpaired Stu-
dent’s t-test for quantitative values. The nonparametric
Mann-Whitney test was used for P-value calculation using
GraphPad Prism version 3-0 for Macintosh (GraphPad, San
Diego, CA, USA). Significance was assessed at P < 0-05.

Results

The overall prevalence of anti-C1q antibodies was higher in
HCV-infected patients compared with blood donors [26%
(29/111) wversus 10% (11/109), respectively; P <0-01)]
(Table 1). Although there was a higher prevalence of anti-
Clq antibodies among HCV patients with type III cryoglo-
bulin (50%, P <0-01), the overall prevalence of anti-Clq
antibodies was similar in HCV patients being cryoglobulin-
positive or cryoglobulin-negative (26% versus 25%,
P=0-98). There was a higher prevalence of anti-Clq anti-
bodies among HCV-infected patients with low C4 levels
[41% (12/28); P < 0-05)] (Table 1). There was no significant
association between the presence of anti-Clq antibodies
and age, gender or HCV genotype. HCV viral load did not
differ significantly between patients with positive or nega-
tive anti-Clq antibodies (5-2 % 0-5 versus 5-4 + 0-7 log cop-
ies/ml, respectively). A significant association was found
between anti-Clq antibodies and low C4 levels (P =0-03)
(Table 2). There was no relation between the severity of liver
damage (i.e. cirrhosis) and the presence of anti-Clq anti-
bodies in HCV-infected patients. Prevalence of NOSA in
HCV chronically infected patients was distributed as fol-
lows: ANA 43% (23/53), SMA 8:5% (3/35) and LKM1 3%
(1/33). There was no significant association between anti-
Clq antibodies and NOSA (Table 2). We found no signifi-
cant association between anti-Clq antibodies and the
presence of specific clinical signs of HCV-related systemic
vasculitis (Table 2).

Anti-Clq antibodies prevalence in SLE patients was, as
expected, higher than in HCV-infected patients [38% (23/
60) wversus 26% (29/111), P<0-01] and in the range
described by others (34-47%) [10,11].

Table 2 Comparative analysis of HCV-infected patients with or without
anti-Clq autoantibodies (Cl1q Ab)*.

Clq Clq
Ab-positive  Ab-negative P
(n=29) (n=82) (Chi-square)
Age > 50 (n, %) 12 (41) 37 (45) 02
Female sex (n,%) 17 (59) 44 (54) 0-5
Cirrhosis (n, %) 8 (27) 19 (23) 0-4
ANA (n, %) 9 (31) 14 (17) 0-07
SMA (n,%) 0 (0) 3 (4) 0-3
LKMI (n,%) 1(3) 0 (0) 0-08
Cryoglobulin (n, %) 20 (69) 55 (67) 0-2
Rheumatoid Factor (n, %) 7 (24) 26 (32) 0-2
Low C4 level (n,%) 12 (41) 16 (19) 0-03
Low C3 level (n,%) 4 (14) 7 (9) 0-08
Systemic Vasculitis (n, %) 5(17) 19 (23) 0-4
Peripheral neuropathy 4 (14) 9 (11) 0-99
(n,%)

Skin purpura (n,%) 0 (0) 16 (19) 0-003
Arthralgia/arthritis (n,%) 1(3) 11 (13) 0-08

Glomerulonephritis (n,%) 0 (0) 2(2) 0-4

*ANA, anti-nuclear Ab; SMA, anti-smooth muscle Ab; LKM1,
anti-liver kidney microsomes Ab;
C4, C4 fraction of complement.

Anti-Clq antibodies titres (Fig.1) in HCV-infected
patients were significantly higher than those observed in
healthy donors (mean titre: 83 04 versus 60 £ 30 IU/ml,
respectively, P <0-01). Among HCV-infected patients, no
significant difference was observed between cryoglobulin-
positive, cryoglobulin-negative or systemic vasculitis groups
(mean titre: 86 £44 versus 77 £49 versus 75+ 33 1U/ml,
respectively) (Fig. 1 and Table 1). Anti-Clq antibody titres
were higher in HCV patients with low C4 levels compared to
those with normal C4 (mean titre: 137 45 versus
88 £33 IU/ml; P<0:01).

Discussion

Our study was designed to evaluate the prevalence of anti-
Clq antibodies in HCV infection and to analyse the asso-
ciation of anti-Clq antibodies with clinical and biological
features of HCV-related systemic vasculitis. The interac-
tion between the core protein of HCV and the Clq recep-
tor has been shown to suppress the T cell immune
response which may have implications in HCV persis-
tence [12]. Clq protein and Clq binding activity are
enriched substantially in the cryoprecipitates of HCV-
infected patients [13]. The wide expression of Clq recep-
tor on the surface of blood cells and endothelial cells [14]
favours their specific binding to immune complexes con-
taining HCV core protein. Efficient engagement of the
Clq protein by cryoglobulins may represent an important
pathogenetic mechanism in the cryoglobulin-related
pathway.
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blood donors.

In the present study, we show an overall prevalence of 26%
of anti-Clq antibodies in 111 chronically HCV-infected
patients. This was significantly higher than the 10% found in
healthy blood donors. The prevalence of anti-Clq antibodies
was similar whether HCV-infected patients were cryoglobu-
lin-positive or cryoglobulin-negative. Binding of immune
complexes to undigested Clq is not abrogated uniformly by
high salt [15]. Therefore, a cross-reactivity of cryoglobulins
with the anti-Clq assay as used in our study cannot be
excluded. However, we found no correlation between the
occurrence of cryoglobulins and anti-Clq antibodies, sug-
gesting that such a potential cross-reactivity was of no or
only minor significance in our cohort. The lack of a correla-
tion between the occurrence of cryoglobulins and anti-Clq
is of interest, because IgM-IgG complexes as found in MC
are good receptors for Clq [16]. The presence of cryoglob-
ulin—C1q complexes should have facilitated the generation of
autoantibodies against C1q as, at least in SLE patients, anti-
Clq antibodies are directed against a neoepitope that is
expressed on Clq only in its bound form [17]. However, the
precise epitope recognized by anti-Clq antibodies in HCV-
infected patients remains to be elucidated.

An important result of our study was the association of
anti-Clq antibodies with low C4 fractions of complement.
Among HCV-MC patients there was a significantly higher
titre and prevalence of anti-C1q antibodies in those with low
C4 levels. Hypocomplementaemia is an important finding in
MC vasculitis and helps to distinguish this vasculitis from
(normo- or hypercomplementaemic) anti-neutrophil cyto-
plasmic antibody (ANCA)-associated vasculitides. Most
HCV-MC patients showed decreased levels of the early com-
plement components C1, C4 and C2, whereas C3 levels fluc-
tuate with the disease course. Experiments performed to
define the mechanism responsible for this complement pro-
file showed that activation of the early complement compo-
nents in serum was due to the activation of the classical
pathway by mixed cryoglobulins [18].

Donor

HCV ~ HCVCryo+ HCVCryo— SLE

Contrasting with that observed in SLE patients (another
IC disease), anti-C1q antibodies were not associated with
specific clinical signs of HCV-MC vasculitis. The level of
anti-Clq antibodies in SLE patients was markedly higher
than in HCV-infected patients. However, as anti-Clq anti-
bodies have been reported to be associated predominantly
with nephritis in SLE patients [4], one weakness of our study
is that only two of our MC patients had glomerulonephritis.
In SLE nephritis, anti-C1lq antibodies affects patients not
only by increasing the complement activation, but also
potentially accelerates the development of anti-nuclear anti-
bodies by interfering with Clq clearance functions [19]. In
HCV-MC vasculitis, the defective immune complex clear-
ance may involve preferentially the mononuclear phagocytic
system. Cryoglobulinaemic nephritis usually had type 1II
cryoglobulin with IgM kappa (IgM-x) monoclonal compo-
nent. The IgM-x that has rheumatoid activity towards anti-
HCV IgG forms mega-complexes that do not bind to the
erythrocyte transport system [20], remaining free to circu-
late and saturate the phagocyte’s ability to remove immune-
complexes from the blood. Phagocyte cell blockade is also
favoured by HCV infection, which makes cells unable to
digest cryoglobulins following phagocytosis [21].

A wide range of NOSA can be detected in HCV infection,
the most frequent being ANA, anti-cardiolipin, anti-thyro-
globulin and SMA antibodies found in 10-40% of patients
[2]. However, no correlation was found between anti-Clq
antibodies and NOSA. The occurrence of anti-C1q antibod-
ies did not correlate with specific virological features (i.e.
HCV genotypes, viral load or liver cirrhosis) of HCV infec-
tion. Such results contrast with a report on NOSA showing a
correlation between autoantibody positivity and cirrhosis
[22].

In conclusion, this study demonstrates for the first time an
increased prevalence of anti-Clq antibodies in HCV-
infected patients. Anti-C1q antibodies were associated with
low C4 levels. No association, however, was found between
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-Clq antibodies and HCV-MC vasculitis, or between
-Clq antibodies and cryoglobulinaemia.
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