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Aim: To evaluate, retrospectively, the fre-
quency of autoantibodies of antiphospho-
lipid syndrome (APLS) in Tunisian patients
with primary biliary cirrhosis (PBC). Patients
and methods: We analyzed 80 PBC sera
and 80 sera from blood donors. ELISA was
used to determine the frequency of anti-
bodies against cardiolipin (aCL IgG, IgA,
and IgM) and beta 2 glycoprotein I (aβ2GPI
IgG, IgA, and IgM). Results: The frequency
of antiphospholipid antibodies (aCL and/or
aβ2GPI) was significantly higher in PBC
patients than in controls (70 vs. 5%, P <

10−6). The frequency of aCL antibodies
(IgG, IgA or IgM) was significantly higher
in PBC patients than in the control group
(23.7 vs. 3.7%, P = 0.0005). The frequen-
cies of aCL IgA and aCL IgM in PBC pa-
tients’ sera were significantly higher than

those in the control group (10 vs. 0%, P =
0.003 and 20 vs. 2.5%, P = 0.001, respec-
tively). Two patients of eighty (2.5%) had
aCL IgG, aCL IgA and aCL IgM. The fre-
quency of aβ2GPI antibodies (IgG, IgA, or
IgM) was significantly higher in PBC pa-
tients than in the control group (70 vs. 1.2%,
P < 10−6). The frequencies of aβ2GPI IgG,
aβ2GPI IgA, and aβ2GPI IgM in PBC pa-
tients’ sera were significantly higher in pa-
tients than in the control group (12.5 vs.
0%, P = 0.003; 62.5 vs. 1.2%, P < 10−6;
and 21.2 vs. 0%, P < 10−4, respectively).
Conclusion: Autoantibodies related to APLS
(aCL and aβ2GPI) were present in the ma-
jority of patients with PBC, reflecting the
ability of these antibodies to engage media-
tors of damage. J. Clin. Lab. Anal. 29:32–
36, 2015. C© 2014 Wiley Periodicals, Inc.
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INTRODUCTION

Primary biliary cirrhosis (PBC) is a slowly progressive
autoimmune disease of the liver that primarily affects
women. In terms of pathology, PBC is characterized by
portal inflammation and immune-mediated destruction of
the intrahepatic bile ducts (1). The most characteristic fea-
ture of PBC is the presence of circulating antimitochon-
drial antibodies (AMAs) that are directed against compo-
nents (collectively named M2) of the inner mitochondrial
multienzyme 2-oxoacid dehydrogenase complexes (2).

The etiology of the disease remains elusive, although
genetic, epigenetic, environmental, and infectious factors
have been considered important for the induction of the
disease in genetically prone individuals (3, 4). Many au-
toantibodies, related to other autoimmune diseases, have

been detected in PBC patients’ sera (5), such as antibodies
to nuclear antigen (6), thyroid gland (7), Saccharomyces
cerevisiae (8), and serological markers of celiac disease (9)
and of rheumatoid arthritis (10).
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TABLE 1. Epidemiologic Features of Patients With PBC and of
the Control Group

PBC (n = 80) Control group (n = 80)

Sex ratio 12 12
(F/M) (74/6) (74/6)
Mean age 58 years 21 years 4 months
Age range 22–85 years 17–45 years

The association between PBC and antiphospholipid
(aPL) antibodies was previously described (5, 11–14).
Among these previous studies, only one has done the three
isotypes of aCL (anticardiolipin) antibodies and the three
isotypes of aβ2GPI (anti-beta 2 glycoprotein I) antibod-
ies. On the other hand, Gabetta et al. demonstrated that
aβ2GPI IgA were associated with clinical and biochemi-
cal markers of disease severity in PBC (14). So, the aim of
our study was to evaluate, retrospectively, the frequency
of aPL antibodies (aCL IgG, aCL IgA, aCL IgM, aβ2GPI
IgG, aβ2GPI IgA, and aβ2GPI IgM) in a large series of
Tunisian patients with PBC.

PATIENTS AND METHODS

Patients

In our retrospective multicentric study, sera from
80 PBC patients, with positive AMAs, (74 females and
6 males, mean age 58 years; range 22–85 years) were in-
cluded from the database of our laboratory. Sera were
collected between 1997 and 2010 from four hospitals in
the center of Tunisia. In all patients, the diagnosis of PBC
was based on liver histology and/or liver biochemistry,
and AMA positivity (15).

Sera of 80 sex-matched blood donors were served as
normal controls (Table 1). These controls are not age-
matched with patients because blood donors are young
but mean age of PBC patients was 58 years. All sera were
stored at −80 ◦C until use. The study was approved by the
local ethics committee and all patients gave their informed
consent.

Methods

AMAs

AMAs were detected by indirect immunofluorescence
on cryostat sections of rat liver, kidney, and stomach as we
described previously (16). Briefly, sections were incubated
with sera diluted 1:100 in phosphate-buffered saline (PBS)
for 30 min in a humidified chamber. After three washes in
PBS, the sections were incubated for 30 min with fluores-
cein isothiocyanate conjugated anti-human IgG antibod-
ies (Bio-Rad R©, Marnes-La Coquette, France) used as sec-

ondary antibody (diluted 1:10). The immunofluorescence
patterns were assessed under a fluorescence microscope.
The typical “granular” positivity within the cytoplasm of
cells in kidney, stomach, and hepatocytes is considered as
M2 AMA reactivity.

aCL antibodies assays

Serum samples were evaluated for aCL IgG, IgA, and
IgM by using a commercial enzyme-linked immunosor-
bent assay (ELISA; Orgentec Diagnostika

R©
, Mainz,

Germany) as we described previously (17). Results were
expressed as arbitrary units with a cutoff for positivity of
10 U/ml for IgA and IgG, and 7 U/ml for IgM following
the manufacturer’s instructions.

aβ2GPI antibodies assays

Determinations of aβ2GPI IgG, IgA, and IgM
were carried out with a commercial ELISA (Orgentec
Diagnostika

R©
) using a purified human β2GPI as we de-

scribed previously (18). Results were expressed as arbi-
trary units with a cutoff for positivity of 8 U/ml, following
the manufacturer’s instructions.

Statistical Analysis

The comparison of frequencies of aPL antibodies was
performed using Chi-square or Fisher’s exact test. A
P-value less than 0.05 was considered significant. All cal-
culated P-values are two-tailed.

RESULTS

aCL and aβ2GPI antibodies’ frequencies are summa-
rized in Table 2. The frequency of aPL antibodies (aCL
or aβ2GPI) in PBC patients was significantly higher
than that in the control group (70 vs. 5%, P < 10−6).
O 56 patients who had aPL antibodies, 16 had high levels
(>40 U/ml).

Frequencies of aCL IgG, IgA, and IgM

Nineteen patients of eighty had aCL (23.7%) antibod-
ies. aCL (IgG, IgA, or IgM) antibodies were significantly
more frequent in PBC patients than in the control group
(23.7 vs. 3.7%, P = 0.0005). The frequencies of aCL IgA
and aCL IgM in PBC patients’ sera were significantly
higher than those in the control group (10 vs. 0%, P =
0.003 and 20 vs. 2.5%, P = 0.001, respectively). The fre-
quency of aCL IgG in PBC patients was not statistically
different from that of the control group (3.7 vs. 1.2%).

Two patients of nineteen had three isotypes of aCL an-
tibodies, but none of the control group had these three
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TABLE 2. Frequency of aCL and aβ2GPI Antibodies in Patients
With PBC and in Control Group

Autoantibodies
PBC patients

(n = 80)
Control group

(n = 80) P

aPL (aCL et/ou 70% 5% <10−6

aβ2GPI) (56/80) (4/80)

aCL IgG, aCL IgA, or 23.7%a 3.7% 0.0005
aCL IgM (19/80) (3/80)

aCL IgG 3.7% 1.2% NS
(3/80) (1/80)

aCL IgA 10%b 0% 0.003
(8/80)

aCL IgM 20% 2.5% 0.001
(16/80) (2/80)

aβ2GPI IgG, aβ2GPI 70%a 1.2% <10−6

IgA, or aβ2GPI IgM (56/80) (1/80)

aβ2GPI IgG 12.5% 0 0.003
(10/80)

aβ2GPI IgA 62.5%b 1.2% <10−6

(50/80) (1/80)

aβ2GPI IgM 21.2% 0% <10−4

(17/80)

aComparison between aCL (IgG, IgA, or IgM) and aβ2GPI (IgG, IgA,
or IgM; P < 10−6) antibodies.
bComparison between aCL IgA and aβ2GPI IgA (P < 10−6).

isotypes. Four patients had two isotypes and thirteen pa-
tients had one isotype.

Frequencies of aβ2GPI IgG, IgA, and IgM

Fifty-six patients of eighty had aβ2GPI (70%) antibod-
ies. The frequency of aβ2GPI antibodies (IgG, IgA, or
IgM) was significantly higher in PBC patients than in
the control group (70 vs. 1.2%, P < 10−6). aβ2GPI IgG,
aβ2GPI IgA, and aβ2GPI IgM were significantly more
frequent in PBC patients than in control group (12.5 vs.
0%, P = 0.003; 62.5 vs. 1.25%, P < 10−6; 21.2 vs. 0%, P <

10−4, respectively). Of 56 patients with aβ2GPI antibod-
ies, 38 had one isotype, 13 had two isotypes, and 4 had
three isotypes of aβ2GPI.

Comparison between aCL and aβ2GPI antibodies

In PBC patients, the frequency of aβ2GPI antibodies
(IgG, IgA, or IgM) was significantly higher than that of
aCL antibodies (IgG, IgA, or IgM; 70 vs. 23.7%, P <

10−6). aβ2GPI IgA was significantly more frequent than
IgA aCL (62.5 vs. 10%, P < 10−6).

DISCUSSION

aPL antibodies have been primarily described in sys-
temic lupus erythematosus and in antiphospholipid syn-
drome (APLS) (19). Then, these autoantibodies have also
been identified in patients with PBC (12). Furthermore,
the presence of serum aPL in PBC could be of interest, as
some kind of vasculopathy of the small vessels surround-
ing the bile ducts has been postulated to play a role in the
pathogenesis of PBC (20).

This study demonstrated a significantly higher preva-
lence of aPL antibodies (70%) in a cohort of 80 AMA-
positive PBC patients compared to the healthy group
(5%). The frequency of aPL antibodies in our PBC pa-
tients was lower than that found by Klein et al. (93%).
This discrepancy could be explained by the fact that we
included 80 PBC patients compared to 14 patients in the
study of Klein et al. (11). On the other hand, in the study of
Klein et al., sera were tested for aPL antibodies by an in-
house ELISA using cardiolipin, β2GPI, phosphatidylser-
ine, and thromboplastine as antigen, but in our study we
tested only cardiolipin and β2GPI (11).

We found that the frequency of aCL antibodies in pa-
tients with PBC was significantly higher than that in nor-
mal population (23.7 vs. 3.7%, P = 0.0005). Our aCL
frequency was significantly lower than that of a previ-
ous study about 99 patients with PBC (45.5%) (13), and
higher than that, found by Klein et al., about 14 PBC
patients (14%) (11). On the other hand, Agmon-Levin
et al. (5) analyzed the frequency of aCL antibodies of
only two isotypes (IgG and IgM) in a cohort of 69 AMA-
positive PBC patients, and they did not found any positiv-
ity. In our study, we have done not only IgG and IgM but
also aCL IgA, which was significantly more frequent in
patients than in control group. Our frequency of aCL IgA

TABLE 3. Frequency of aPL Antibodies in Patients With PBC in Literature

Authors
Number of

patients aPL antibodies (%)
aCL IgG

(%)
aCL IgA

(%)
aCL IgM

(%)
aβ2GPI
IgG (%)

aβ2GPI
IgA (%)

aβ2GPI
IgM (%)

Klein et al. (11) 14 93 (aCL, aβ2GPI,
thromboplastine

7 7 0 60 29 36

von Landenberg et al. (12) 51 75 59
Zachou et al. (13) 99 27.3 27.3 2
Agmon-Levin et al. (5) 69 0 0 15 15
Gabeta et al. (14) 96 13.5 27
Our study 80 70 3.7 10 20 12.5 62.5 21.2
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(10%) was similar to that found by Gabetta et al. (13.5%)
and Klein et al. (7%) (11, 14).

The question arises whether the association between
PBC and aCL antibodies is explained by cross-reactivity
between aCL antibodies and AMAs. In fact, it is known
that mitochondria contain cardiolipin (21). Meroni et al.
found that mitochondrial membranes were able to absorb
AMA-M5 fluorescence completely and were also able to
inhibit, in a dose-dependent manner, aCL activity. These
authors concluded that AMA type M5 cross-reacts with
cardiolipin (22) while, in PBC, we have AMA type 2 and
not M5.

In this study, the frequency of aβ2GPI antibodies (IgG
or IgA or IgM) was 70%. This high frequency was due
to that of the aβ2GPI IgA (62.5%). Even in our previous
study on SLE (18), IgA was the most frequent isotype
of aβ2GPI. On the other hand, it has been reported that
IgA is the dominant isotype of aPL antibodies in Afro-
Caribbeans (23) and also in Afro-Americans (24). Klein
et al. found that IgG was the predominant isotype with
a frequency of 60% similar to that of our predominant
isotype, which is IgA (62.5%) (11). Gabeta et al. demon-
strated that aβ2GPI IgA antibodies were associated with
clinical and biochemical markers of disease severity in
PBC (14).

A literature research revealed some case reports of coex-
isting PBC and APLS (25, 26). Hoffman et al. described
a 47-year-old female who was admitted for severe pain
of 1-month duration in the third and fourth toes of the
right foot, culminating in gangrene. Laboratory findings
revealed liver enzyme abnormalities and positive anti-
mitochondrial and aPL antibodies. Therefore, a diagno-
sis of APLS associated with PBC was done (25). Gupta
et al. reported a case of an association between PBC and
APLS and recommended that PBC patients should un-
dergo screening tests for APLS, considering the high risk
of life-threatening thrombosis (26). In the study of Efe
et al., APLS was identified in 1 patient among 31 with
autoimmune hepatitis/PBC overlap syndrome. These au-
thors demonstrated in their study that hepatic and ex-
trahepatic autoimmune diseases may occur in the same
patient and explained this association by “mosaic of au-
toimmunity” (27).

In this study, we had included 80 patients with PBC.
These patients were diagnosed between 1997 and 2010.
The high frequency of PBC in the center of Tunisia could
be explained by an environment factor that triggers PBC
in patients with genetic predisposition. Among these en-
vironment factors is S. cerevisiae. It is known that the
staple food in Tunisia is bread. In fact, Rinaldi et al.
demonstrated that bread baking increases the risk to have
autoimmune diseases (28). S. cerevisiae could be con-
sidered as an environment factor to many autoimmune
diseases. Indeed, we demonstrated a high frequency of

anti-S. cerevisiae antibodies in many autoimmune diseases
(8, 18, 29–31).

We could also explain the high frequency of aβ2GPI an-
tibodies in our PBC patients by the fact that aβ2GPI anti-
bodies had a cross-reactivity with S. cerevisiae as demon-
strated by Krause et al. (32). In the same way, we have
previously demonstrated a higher frequency of ASCA in
PBC patients than in the general population (8).

In conclusion, our study demonstrated a high fre-
quency of aPL antibodies, and especially aβ2GPI, in PBC
Tunisian patients. A long-term prospective study is needed
to address whether this finding is of clinical importance
in PBC patients.
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