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Summary

Autoantibodies against complement C1q (anti-C1q) have been well described
in patients with systemic lupus erythematosus, where they correlate with the
occurrence of severe lupus nephritis. However, data on anti-C1q in organ-
specific autoimmune diseases are scarce. In order to determine the prevalence
of anti-C1q in patients with autoimmune thyroid disorders (AITD) and a
possible association with thyroid function, we measured prospectively anti-
C1q in 23 patients with Graves’ disease (GD) and 52 patients with Hashimo-
to’s thyroiditis (HT). Anti-C1q levels were correlated with parameters of
thyroid function and autoantibodies against thyroperoxidase, thyroglobulin
and thyroid stimulating hormone (TSH) receptor. Twenty-one patients with
multi-nodular goitre and 72 normal blood donors served as controls. We
found elevated concentrations of anti-C1q more frequently in patients with
AITD than in controls: seven of 23 (30%) patients with GD and 11 of 52
(21%) patients with HT, compared with one of 21 (5%) patients with multi-
nodular goitre and six of 72 (8%) normal controls. Anti-C1q levels did not
correlate with thyroid autoantibodies. However, in GD absolute levels of anti-
C1q correlated negatively with TSH and positively with free thyroxine (FT4)
and triiodothyronine (FT3). In contrast, in HT, anti-C1q correlated positively
with TSH levels. No correlation between TSH and thyroid autoantibodies was
found. In conclusion, we found an increased prevalence of anti-C1q in
patients with AITD and their levels correlated with the thyroid function in
both GD and HT. This correlation seems to be independent of thyroid
autoantibodies. Therefore, anti-C1q might point to a pathogenic mechanism
involved in the development of AITD that is independent of classical thyroid
autoantibodies.
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Introduction

Complement activation has been implicated in the patho-
genesis of autoimmune thyroid disorders (AITD), but the
precise role of complement in the pathogenesis of AITD
remains to be elucidated. Healthy thyrocytes have been
shown to express a number of complement components
such as C2, C3, C5, C6 and C9, and the expression differs
in thyrocytes from thyroids with AITD [1]. Others have
shown C1q to be expressed on thyrocytes from patients
with AITD [2] and in intrathyroidal lymph follicles [3]. In
addition, terminal complement complexes have been found
in autoimmune thyroid disease around thyroid follicles [4].

According to experimental studies, different ways of
complement activation might occur in the thyroid tissue.
Complement could be activated by immune complexes
containing complement-activating autoantibodies against
thyroid autoantigens [5–7], by direct binding of C4 to thy-
roperoxidase (TPO) or by direct complement activation
through reactive oxygen radicals [1]. Independently, thyro-
cytes are known to express inhibitors of the complement
cascade [4,8]. Thus, they are relatively resistant to comple-
ment attack. However, once injured sublethaly, thyrocytes
release proinflammatory cytokines and reactive oxygen
radicals and promote the inflammatory process in the
thyroid [9,10].
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Autoantibodies against C1q (anti-C1q), the first compo-
nent of the classical pathway of complement, can be found
in a number of systemic autoimmune diseases [11–14].
Although not being specific for this entity, anti-C1q have been
best described in patients with systemic lupus erythematosus
(SLE), where they have an excellent negative predictive value
for the occurrence of a proliferative lupus nephritis [15–17].
In a more recent study, anti-C1q were found in more than
97% of patients with biopsy-proven active lupus nephritis
supporting the hypothesis of a pathogenic role of anti-C1q in
lupus nephritis [18]. The role of anti-C1q in other diseases is
less clear. So far, no association of anti-C1q with disease
activity in other autoimmune diseases has been described.
However, a recent study on children with acute post-
streptococcal glomerulonephritis could demonstrate that the
presence of anti-C1q was associated with more severe forms
of nephritis [19]. Thus, anti-C1q might also play a role in
other diseases leading to complement deposition.

Because complement seems to be involved in the patho-
genesis of AITD, and because of a lack of data on anti-C1q in
organ-specific autoimmune diseases, the aim of the study
presented here was to determine the prevalence of anti-C1q
and their possible association with disease expression in
patients with AITD.

Patients and methods

Patients

Between January 2004 and August 2005, 76 adult patients
with AITD and 21 control patients with non-AITD (multi-
nodular goitre or thyroid nodules) were included consecu-
tively into the study. The inclusion criteria were: (i) clinical
and laboratory signs of Graves’ disease (GD) [thyrotoxicosis
associated with increased levels of antibodies against thyroid
stimulating hormone (TSH)-receptor] confirmed by thyroid
sonography including Doppler imaging (diffuse goitre with
increased thyroid blood flow) either at present or in recent
history; (ii) clinical and laboratory signs of Hashimoto’s
thyroiditis (HT) (thyroid dysfunction associated with either
antibodies against TPO or thyroglobulin and/or typical
changes on thyroid sonography and/or fine needle aspiration
biopsy); (iii) isolated thyroid nodule or multi-nodular goitre
on thyroid sonography without any clinical evidence of
autoimmune disease. Patients were excluded from the study
if they were less than 18 years old, if they were seriously ill or
if they did not give written informed consent.

Of the 76 patients with AITD included, 23 had GD, 52
had HT and one patient had HT that presented as GD at
the time of inclusion. All patients were recruited from the
Outpatient Department of the 3rd Clinic of Medicine,
General Teaching Hospital and the 1st Medical Faculty,
Charles University in Prague/Czech Republic. The patients
were evaluated by an endocrinologist and underwent
standard clinical and laboratory examination. The clinical

evaluation included history, physical examination and
thyroid ultrasound. The laboratory examinations included
TSH, free thyroxine (FT4), free triiodothyronine (FT3),
antibodies against TPO (TPOAb), thyroglobulin (TgAb)
and antibodies against TSH-receptor (TRAb) (only in thy-
rotoxicosis). The following ranges were considered normal:
TSH: 0·4–4·0 mIU/l, FT4: 9·8–23·1 pmol/l, FT3: 3·5–
6·5 pmol/l, TgAb: < 60·0 kIU/l, TPOAb: < 60·0 kIU/l; TRAb:
< 1 IU/l. Patient characteristics are summarized in Table 1.
Serum samples were collected at the time of inclusion, and
stored in aliquots frozen at -20°C until further use.

Patients with GD were included either during the phase of
thyrotoxicosis at the first occurrence of the disease (16
patients), during a relapse (two patients) or in remission
(five patients; two had total thyroidectomy for GD more
than 1 year before and three were treated chronically with
anti-thyroid drugs). Except for the patients in remission, all
patients had thyrotoxicosis at the time of the blood sample.
Twelve of the 23 patients had signs of thyroid-associated
ophthalmopathy (TAO) and none had pretibial myxoedema.
One of the patients had Wegener’s granulomatosis.

Patients with HT were included during all phases of the
disease, ranging from active autoimmune inflammation to
long-term hypothyroidism requiring substitution therapy
with levothyroxine. At the time of the blood sample, 29 were
not treated and 23 were treated by levothyroxine. One
patient presented as GD at the time of inclusion but devel-
oped HT later. Thus, this patient was analysed separately
from the two other cohorts. Eleven of the 52 patients had
other autoimmune disease. Four patients had coeliac disease,
one was suspected to have a combination of coeliac disease
with pernicious anaemia, two patients had diabetes mellitus
type 1 (DM1), one non-differentiated arthritis, one vitiligo,
one combination of DM1 and rheumatoid arthritis and one
patient had pernicious anaemia.

Patients with AITD were compared with 72 healthy blood
donors without clinical evidence of thyroid disease and with
21 patients with non-AITD (13 patients with multi-nodular
goitre and eight patients with isolated thyroid nodules). Of
the 21 control patients, 19 were euthyroid, one had subclini-
cal hyperthyroidism based on autonomous hyperfunction of
the nodule and one was treated for autonomous hyperthy-
roidism with anti-thyroid drugs. None of the control
patients received levothyroxine and all were negative for
TPOAb and TgAb.

The study was approved by the Ethical Committee of the
General Teaching Hospital and the 1st Medical Faculty of the
Charles University in Prague.

Autoantibodies

Anti-C1q were measured in serum using a commercially
available enzyme-linked immunosorbent assay kit
(Bühlmann Laboratories, Schönenbuch, Switzerland), as
described previously [18]. In this assay, undigested purified
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human C1q served as antigen, and sera were diluted and
incubated in a high-salt buffer (1 M NaCl) in order to
prevent the binding of immune complexes. The optical den-
sities were measured at 450 nm converted into units (U/ml)
by being plotted against the autoantibody concentration of
the standards given by the manufacturer. The upper limit of
detection of the assay was at 400 U/ml. The technical cut-off
for a positive test result as determined by the manufacturer
(15 U/ml) was obtained by testing samples from 220 normal
blood donors.

Antibodies against TPO and TgAb were measured using
chemiluminescence on a Centaur analyser (Bayer, Germany)
and TRAb were measured using a radioimmunoassay DYNO
test on a STRATEC SR 300 analyser (Brahms, Germany).

Statistics

Statistical analysis was conducted using GraphPad Prism 3·2
(Graphpad Software, San Diego, CA, USA). Unless stated
otherwise, all values described in the text and figures are
expressed as median and range. A one-tailed c2 test and
non-parametric tests (one-tailed Mann–Whitney U-test and
Spearman’s rank correlation test) were applied throughout,
with differences being considered significant for P < 0·05.

Results

Patients with GD (seven of 23) and HT (11 of 52) were
positive more frequently for anti-C1q than controls [one
of 21 patients with multi-nodular goitre/thyroid nodules
(MNG) and six of 72 of normal controls]. Absolute values of
serum anti-C1q levels in the four groups are demonstrated
in Fig. 1.

Graves’ disease

All seven of 23 patients with GD positive for anti-C1q had
active thyrotoxicosis, whereas the five patients in remission
were anti-C1q-negative. Levels of anti-C1q correlated nega-
tively with TSH (r = -0·43, P = 0·022) and positively with
FT4 (r = 0·44, P = 0·019) and FT3 (r = 0·47, P = 0·014). In
contrast, there was no correlation of anti-C1q with any of the
antibodies against thyroid antigens. Of these thyroid autoan-
tibodies (TPOAb, TgAb, TRAb), none correlated negatively
with TSH. However, TRAb showed a positive correlation
with FT4 (r = 0·55, P = 0·004) and FT3 (r = 0·64, P = 0·001).
The data are demonstrated in Fig. 2.

Of the 23 patients with GD, 12 had signs of TAO. Of these
12 patients, four were positive for anti-C1q. The patient with
concomitant Wegener’s granulomatosis was anti-C1q
negative.

Hashimoto’s thyroiditis

Eleven of the 52 patients with HT were positive for anti-C1q
(21%). All but one patient with HT were positive for TPOAbTa
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and TgAb, the negative patient also being negative for
anti-C1q. Of the 11 anti-C1q-positive patients, seven had
hypothyroidism at the time of the blood sample and four
were euthyroid on substitution with levothyroxine. None of
the five patients in the HT group, who were euthyroid
without need of therapy, were anti-C1q-positive. Three
patients had signs of TAO and all were positive for anti-C1q.

Overall, in patients with HT, anti-C1q showed a positive
correlation with TSH (r = 0·29; P = 0·02) and a trend
towards a negative correlation with FT3 (P = 0·08). In the
subgroup of 29 patients with HT who were not treated with
levothyroxine at the time of the blood sampling, the corre-
lation of anti-C1q with TSH was distinct (r = 0·42, P = 0·01).
However, such a correlation was not found in the 23 patients
who were substituted with levothyroxine (r = 0·08, P = 0·36).
Despite a positive correlation of anti-C1q with TgAb (r =
0·35, P = 0·005), TgAb themselves did not correlate with
TSH levels. No correlation was found between levels of
TPOAb and anti-C1q, nor between TPOAb and TSH.

In 11 of the 52 patients with HT, other autoimmune dis-
orders were present. From these patients, only two were anti-
C1q-positive: one with established and one with suspected
coeliac disease. Excluding these 11 patients with other
autoimmune disorders from the overall analysis improved
the correlation slightly between TSH and anti-C1q (r = 0·33,
P = 0·016), but did not affect the lack of a correlation
between TSH and TPOAb or TgAb respectively.

Neither in HT nor in GD patients could we identify con-
sistent relationships between the presence of anti-C1q and
general markers of inflammation in the peripheral blood,
such as leucocytes and CRP concentrations.
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Fig. 1. Serum anti-C1q concentrations in patients with thyroid

disorders compared with normal controls. HT, Hashimoto’s

thyroiditis; GD, Graves’ disease; MNG, multi-nodular goitre/thyroid

nodules. The horizontal lines represent the median. The dotted line

indicates the cut-off for a positive test result. Median (range)

concentrations of anti-C1q were 8·4 U/ml (0·0–192·5) in HT, 9·6 U/ml

(1·7–69·8) in GD and 7·0 U/ml (0·0–28·8) in MNG.

Fig. 2. Correlation of anti-C1q with thyroid

hormones (a and c) in comparison with TRAb

(b and d) in patients with Graves’ disease.

TRAb, antibodies against receptor for thyroid

stimulating hormone; free T4, free thyroxine;

free T3, free triiodothyronine.
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Discussion

We found an increased prevalence of anti-C1q in GD and
HT compared with normal controls and euthyroid patients
with thyroid nodules. Absolute levels of anti-C1q correlated
with parameters of the thyroid function but not with thyroid
autoantibodies in both patients with HT and GD.

In GD, anti-C1q were present only in patients with active
disease accompanied by active thyrotoxicosis. None of the
patients with GD in remission were positive for anti-C1q.
These observations point to a pathogenic mechanism that is
independent of classical thyroid autoimmunity. Further-
more, in this cohort we did not observe a correlation of
TPOAb or TgAb with TSH or thyroid hormones in patients
with HT. These findings are in concordance with previous
analyses [20]. Although TPOAb are increased in patients
with both autoimmune hypo- and hyperthyroidism [21], a
correlation with TSH levels has been described only in
healthy euthyroid subjects [22]. Thus, to our knowledge, this
is the first description of a correlation between an autoanti-
body and parameters of the thyroid function in patients with
HT.

Anti-C1q levels in patients with AITD were relatively low
when compared with those observed in patients with SLE and
appear to be of limited diagnostic help. One might speculate
that these relatively low levels are due to the more local
inflammatory process when compared with chronic and
severe systemic autoimmunity occurring in patients with
SLE. Therefore, we decided to use a lower cut-off (15 mU/l)
for a positive test result than in a previous study on SLE
patients using the same assay [18]. However, the lower cut-off
used in this study neither affected the differences in absolute
levels of anti-C1q between the patient groups (see Fig. 1) nor
the correlations between anti-C1q levels and the parameters
of thyroid function in patients with AITD. Furthermore, the
number of positive individuals in the control groups (8% of
normal blood donors and 5% in patients with MNG)
remained low. However, more extensive analyses of patients
with active thyrotoxicosis in particular are required to deter-
mine the true diagnostic value of anti-C1q in AITD.

Independently, our observations might lead to a better
understanding of mechanisms leading to the development of
AITD. It is well known that cytotoxic T cells and antibodies
directed against TSH-receptor are the primary causal
immune factors responsible for HT and GD respectively
[23,24]. Accordingly, our findings suggest that anti-C1q are
not a primary event but might be a secondary phenomenon
following localized complement activation during the
underlying inflammatory process. In lupus nephritis, anti-
C1q seems to have a secondary disease-altering effect [25].
However, the precise mechanism of this disease-altering
effect remains speculative. Anti-C1q could lead to a poten-
tiation of complement activation or, in contrast, lead to a
blockade of advantageous functions of deposited C1q medi-
ated by C1q receptors. Our observations would be in con-

cordance with those mechanisms in patients with AITD. In
both GD and HT, anti-C1q might have a disadvantageous
effect by an altered complement activation leading to
increased hyperthyroidism in GD and hypothyroidism in
HT.

Complement has been shown to be involved in the patho-
genesis of AITD, but data on the role of C1q antigen in AITD
are scarce [2]. However, Nielsen et al. have shown that B
cells of patients with HT bind increased amounts of
complement-activating immune complexes of Tg/TgAb and
thus induce proliferation of B and T cells subsets in a
complement-dependent manner [6,26]. Furthermore,
complement-activating TPOAb, so-called bioactive TPOAb,
have been described in postpartum thyroiditis [27]. They
were found in TPOAb-positive women who developed thy-
roiditis within 6 months after delivery [7], and their levels
increased with the severity of thyroiditis [28]. Also, levels of
bioactive TPOAb correlated with the degree of hypoechoge-
nicity on thyroid ultrasound and abnormal thyroid status
[29]. In addition to immune complex-mediated comple-
ment activation, a recent study found that complement C4
binds to a part of the TPO molecule, which leads to a direct
activation of complement via the classical pathway [1]. Acti-
vation of complement during AITD leads to the formation
of membrane attack complexes around thyroid follicles.
They have been observed histologically in thyroids of
patients with GD and their serum concentration has been
shown to decrease with successful treatment of the disease
[4]. Although thyrocytes are protected against complement
by expression of a number of complement inhibitory mol-
ecules [2,8], sublethal attack by complement leads to a
release of a number of cytokines and reactive oxygen species
by thyrocytes and aggravation of the autoimmune process
[9,10].

In conclusion, we found an increased prevalence of
anti-C1q autoantibodies in AITD compared with non-
autoimmune controls. Anti-C1q correlated with parameters
of the thyroid function in both GD and HT but not with
classical thyroid autoantibodies. Therefore, anti-C1q might
point to an as yet unrecognized pathogenic mechanism
involved in AITD that is independent of classical thyroid
autoantibodies. However, further studies are required to
establish the role of anti-C1q in AITD.
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