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The significance of antibodies to cardiolipin
(anti-CL) remains uncertain in patients with
chronic hepatitis C (CH-C). The main pur-
pose of this study was to elucidate the
clinical characteristics of patients with CH-
C seropositive for anti-CL. The prevalence
of anti-CL and clinical parameters associ-
ated with anti-CL in those patients were ex-
amined. Six of the 45 (13%) patients with
CH-C had anti-CL. However, none of these
six CH-C patients fulfilled the criteria for
antiphospholipid syndrome. Serum triglyc-
eride and apolipoprotein B (ApoB) levels
in CH-C patients with anti-CL were signif-
icantly higher than those in CH-C patients
without anti-CL. Serum triglyceride levels
positively correlated with serum ApoB lev-
els. CH-C patients with anti-CL had sig-

nificantly more progressive hepatic fibrosis
than those without anti-CL. The degree of
8-hydroxy 2′-deoxyguanosine (8-OHdG) ex-
pression in the liver tissue was more severe
in CH-C patients with anti-CL than in those
without it. However, the emergence of anti-
CL in CH-C patients was independent of in-
sulin resistance, hepatic steatosis, and iron
overload. These findings suggest that
the emergence of anti-CL is associated
with oxidative stress and that CH-C pa-
tients seropositive for anti-CL have clini-
cal characteristics of hypertriglyceridemia,
which derives from the facilitation of
ApoB synthesis, and progressive hepatic
fibrosis. J. Clin. Lab. Anal. 26:342–348,
2012. C© 2012 Wiley Periodicals, Inc.
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INTRODUCTION

It has been well established that persistent hepatitis C
virus (HCV) infection often evokes autoimmune phenom-
ena including the production of autoantibodies and/or
concurrent autoimmune diseases (1, 2). The diversity of
autoantibodies such as nonorgan-specific autoantibodies
and liver-specific autoantibodies detected in the sera of
patients with HCV-related chronic liver disease has been
widely discussed (3).

Antibodies to cardiolipin (anti-CL), the serological
hallmark of antiphospholipid syndrome (4), are also
present in sera of patients with autoimmune liver diseases
including autoimmune hepatitis (5) and primary biliary
cirrhosis (6), and alcoholic liver disease (7). A recent study
revealed that the emergence of anti-CL was associated
with oxidative stress in experimental mouse models (8).

Persistent HCV infection often initiates oxidative stress
(9, 10) and subsequent metabolic abnormalities includ-
ing insulin resistance, hepatic steatosis, and iron overload
(11–13). Anti-CL are also found in the sera of patients
with HCV-related chronic liver disease (14–19). Patients
with chronic hepatitis C (CH-C) who are seropositive for
anti-CL are generally free from thrombocytopenia and
thrombosis (15,17,19). Previous reports revealed the close
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association between the emergence of anti-CL in CH-C
patients and concomitant extrahepatic autoimmune dis-
ease including lichen planus (20) and mixed cryoglobuline-
mia (21). However, other clinical significance of anti-CL
in patients with HCV-related chronic liver disease remain
unclear. The primary purposes of this study were to ex-
amine the prevalence of anti-CL in the sera of patients
with CH-C, to analyze the clinical parameters and con-
current autoimmune disease or metabolic diseases linked
to anti-CL, and finally, to investigate the relationship be-
tween the emergence of anti-CL and oxidative stress or
subsequent metabolic abnormalities caused by persistent
HCV infection.

MATERIALS AND METHODS

Study Population

Forty-five patients with CH-C, who had detectable
serum HCV-RNA by polymerase chain reaction and
showed histological findings compatible with chronic hep-
atitis, were randomly selected for participation in this
study. Eleven patients with chronic hepatitis B (CH-B),
eight patients with alcoholic liver diseases, ten patients
with nonalcoholic steatohepatitis (NASH), and 12 cases
of normal healthy control (NHC) were also enrolled as
comparison groups. Patients with CH-B had hepatitis
B surface antigen (HBsAg) and hepatitis B virus DNA
(HBV-DNA) in their sera. Patients with alcoholic liver
diseases included those with alcoholic hepatitis and al-
coholic liver cirrhosis. Patients with NASH had NASH
activity scores (22) of 5 or greater.

Clinical Assessments

Age at entry, gender and the prevalence of concur-
rent metabolic diseases including type 2 diabetes mellitus
(DM), hypertension and hyperlipidemia, and concurrent
autoimmune diseases were examined in the patients with
CH-C. Obesity was evaluated by body mass index (BMI),
which was calculated in accordance with the formula of
weight (kg) divided by height2 (m2).

Laboratory Assessments

Circulating anti-CL of the immunoglobulin G (IgG)
isotype were determined using commercially available
enzyme-linked immunosorbent assay (ELISA) kits (Med-
ical and Biological Laboratories Co., Ltd., Nagoya,
Japan) according to the method of Gharavi and col-
leagues (23). The cutoff value of the antibodies was set
at 10 U/ml. Analysis of antibodies to β2-glycoprotein
I (anti-β2-GPI) was also performed in sera of patients
with CH-C seropositive for anti-CL using an ELISA kit

(24) (Yamasa Corporation, Tokyo, Japan, normal range:
<3.5 U/ml). Peripheral platelet count and bio-
chemical tests, including alanine aminotransferase
(ALT), total cholesterol (T-Cho), triglyceride (TG),
and apolipoprotein B (ApoB) levels, were examined
in the enrolled patients with CH-C. Serum ferritin
concentrations were also assessed as a serological
hallmark of iron overload. Insulin resistance was
determined by the Homeostasis Model for Assess-
ment of Insulin Resistance (HOMA-IR) method using
the following equation: HOMA-IR = Fasting insulin
(μU/ml) × fasting glucose (mg/dl)/405. Quantitative
detection of serum HCV-RNA was performed by the
Amplicor-HCV monitor assay (25) (Roche Molecular Di-
agnostics, Tokyo, Japan). The HCV genotype was deter-
mined by the HCV-RNA genotyping assay system (26)
(Home Brew SRL Inc., Tokyo, Japan). As immunosero-
logical assessments, antinuclear antibodies (ANA) and
serum IgG levels were measured. ANA was tested at a
serum dilution of 1:40 by the indirect immunofluores-
cence method, using HEp-2 cells as substrates. Positive
reactions were titered by double dilution to the end point.

Histological Assessments

Liver tissue specimens were obtained by liver biopsy un-
der the guidance of ultrasound, using 16-gauge needles,
before treatment. The tissue samples were fixed in 10%
formalin and embedded in paraffin. The tissue sections
were stained with hematoxylin and eosin for morphologi-
cal evaluation. The severity of hepatic steatosis was graded
on the basis of the classification proposed by Brunt and
colleagues (27). Briefly, steatosis observed in none, less
than 33%, 33–66%, or more than 66% of hepatocytes was
defined as grades 0, 1, 2, or 3, respectively. Fibrosis and
necroinflammation in the liver were evaluated in accor-
dance with the New Inuyama Classification system (28),
which is a standard criterion for the histological assess-
ment of chronic hepatitis in Japan, and histological ac-
tivity index (HAI) scores designed by Knodell (29). The
staging of hepatic fibrosis by the New Inuyama Classifica-
tion was classified into F0 through F4. F0 is defined as no
fibrosis in the tissue specimen, while F4 is defined as liver
cirrhosis. On the other hand, the severity of grading was
classified into A0 (no inflammation) through A3 (severe
inflammation) (28).

The expression of 8-hydroxy 2′-deoxyguanosine (8-
OHdG), the hallmark for oxidatively generated DNA
damage (30), in the liver tissue was examined by an
immunohistochemical procedure. In brief, tissue sec-
tions were deparaffinized. Each specimen was washed
by phosphate-buffered saline (PBS) and incubated with
mouse antihuman monoclonal antibody to 8-OHdG
(1 μg/ml) (Nikken Seil, Co., Ltd., Tokyo, Japan) as the
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Fig. 1. Expression of 8-OHdG in the liver of CH-C patients by an
immunohistochemical procedure. (a) Mild, (b) moderate, (c) severe.

primary antibody. After washing by PBS, the tissue sec-
tion was reacted with biotinylated goat antimouse poly-
clonal antibody. Thereafter, color was developed with di-
aminobenzidine. Counter staining was performed with
hematoxylin. The degree of 8-OHdG expression was
scored as follows: none (0 point), mild (1 point), mod-
erate (2 points), and severe (3 points) (Fig. 1).

Statistical Analyses

Data values are represented as means ± standard devia-
tion. The Mann–Whitney U-test was applied for compar-
ison of continuous variables. Linear regression analysis
was used to analyze the relationships between titers of
anti-CL and serum ApoB concentrations. Fisher’s exact
test was used to compare the differences in frequencies.

P values less than 0.05 were considered to indicate a sig-
nificant difference between groups.

RESULTS

Characteristics of the Enrolled Patients with CH-C

Among the enrolled patients with CH-C, 29 cases were
male, and 16 cases were female. HCV genotypes of the
enrolled patients were 1b in 29 (62%) patients, 2a in 11
(26%) patients, and 2b in five (12%) patients. The patient
ages at enrollment ranged from 23 to 76 years old. Mean
BMI was 23.6 ± 3.4 kg/m2 (range, 17.1–33.5 kg/m2). No
fibrosis (F0) was in two patients, while F1 in 18 patients,
F2 in eight patients, and F3 in 17 patients, respectively.
The severity of necroinflammation was evaluated as fol-
lows: A1 in 12 patients, A2 in 24 patients, and A3 in nine
patients. On the other hand, 28 (62%) patients had no
hepatic steatosis (grade 0), ten (22%) patients had grade 1
steatosis, and seven (16%) patients had grade 2 steatosis:
none had grade 3 steatosis.

Prevalence of Anti-CL in Patients with CH and
Patients with Comparison Groups

Figure 2 shows the distribution and prevalence of anti-
CL in each group. Six (13%) of 45 patients with CH-C had
anti-CL, while two of ten (20%) patients with NASH, no
patients with CH-B, no patients with alcoholic liver dis-
eases, and no NHC did. However, there was no significant
difference in the prevalence of anti-CL between patients
with CH-C and NHC.

Anti-β2-GPI was also measured in five patients with
CH-C seropositive for anti-CL. Among these five CH-C
patients seropositive for anti-CL, four CH-C patients,

Fig. 2. Distribution of anti-CL titers in CH-C patients and comparison patients/control groups.
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TABLE 1. Comparisons of Demographic Factors Between CH-C
Groups Seropositive and Seronegative for Anti-CL

Anti-CL (+) Anti-CL (−) P-
(n = 6) (n = 39) values

Age (year) 58.8 ± 7.9 59.4 ± 11.7 N.S.
Gender (male/female) 5/1 24/15 N.S.
BMI (kg/m2) 23.5 ± 1.7 23.7 ± 3.7 N.S.
Concomitant metabolic

disease
Hyperlipidemia 3 (50%) 4 (10%) 0.0394
Hypertension 1 (17%) 7 (18%) N.S.
Type 2 DM 2 (33%) 8 (21%) N.S.

Concomitant autoimmune
disease

Autoimune thyroiditis 0 (0%) 1 (3%) N.S.
Membranous nephropathy 0 (0%) 1 (3%) N.S.
Lichen planus 1 (17%) 0 (0%) N.S.

N.S., not significant.

TABLE 2. Comparisons of Laboratory and Histological Data
Between CH-C Groups Seropositive and Seronegative for Anti-
CL

Anti-CL (+) Anti-CL (−) P-
(n = 6) (n = 39) values

Plt (×104/μl) 15.1 ± 3.2 15.4 ± 4.7 N.S.
ALT (IU/l) 96 ± 74 82 ± 54 N.S.
T-Cho (mg/dl) 159 ± 33 163 ± 33 N.S.
TG (mg/dl) 139 ± 35 79 ± 18 0.0048
ApoB (mg/dl) 79 ± 19 53 ± 17 0.0145
Ferritin (ng/ml) 273 ± 190 240 ± 313 N.S.
HOMA-IR value 1.61 ± 1.14 2.87 ± 3.17 N.S.
HCV-genotype (1b/2a/2b) 5/0/1 24/11/4 N.S.
Load of HCV-RNA (KIU/ml) 1,113 ± 525 686 ± 268 N.S.
IgG (mg/dl) 1,831 ± 552 1,689 ± 353 N.S.
Prevalence of ANA (%) 2 (33%) 12 (31%) N.S.
Severity of 8-OHdG (points) 2.8 ± 0.4 2.0 ± 0.8 0.0463
Staging (F0/F1/F2/F3) 0/0/1/5 2/18/7/12 0.0228
Grading (A1/A2/A3) 0/4/2 12/20/7 N.S.
HAI score (points) 13.2 ± 3.0 9.8 ± 4.6 N.S.
Steatosis (grade 0/1/2) 5/1/0 23/9/7 N.S.

N.S., not significant.

whose titers of the antibodies did not exceed 20 U/ml,
were seronegative for anti-β2-GPI. Only the rest CH-
C patient seropositive for anti-CL had a high titer
of anti-β2-GPI (anti-CL: 35 U/ml, anti-β2-GPI :18.1
U/ml).

Association of Anti-CL with Demographic Factors

Table 1 summarizes demographic factors in the en-
rolled patients with CH-C. As shown in the table, CH-C
patients with anti-CL were male-predominant, although
the difference was not significant (P = 0.3846). The in-

cidence of concomitant hyperlipidemia in CH-C patients
seropositive for anti-CL was significantly higher than that
in those patients seronegative for anti-CL (50% vs. 10%,
P = 0.0394). However, there was no significant difference
in the prevalence of concomitant type 2 DM or hyperten-
sion between the groups.

In terms of concomitant autoimmune diseases, one
CH-C patient seropositive for anti-CL had oral lichen
planus, while one CH-C patient without anti-CL had au-
toimmune thyroiditis, and another CH-C patient with-
out it had membranous nephropathy, respectively. No
significant difference in the prevalence of concomitant
autoimmune diseases was apparent between the groups.

Association of Anti-CL with Laboratory Data

Laboratory data analyses were performed to detect the
clinical parameters associated with the emergence of anti-
CL. As shown in Table 2, peripheral platelet counts in
CH-C patients with anti-CL were almost equivalent to
those in CH-C patients without anti-CL. The result in-
dicates that the emergence of anti-CL in patients with
CH-C was independent of thrombocytopenia. There were
no significant differences in the levels of serum ALT and
T-Cho between the groups seropositive and seronegative
for anti-CL. However, CH-C patients with anti-CL had
significantly higher serum TG and ApoB concentrations
than CH-C patients without anti-CL (TG: 139 ± 35 vs.
79 ± 18 mg/dl, P = 0.0048, ApoB: 79 ± 19 vs. 53 ± 17
mg/dl, P = 0.0145).

The degree of 8-OHdG expression in the liver of CH-
C patients was significantly more severe in those with
anti-CL than without it (2.8 ± 0.4 vs. 2.0 ± 0.8 points,
P = 0.0463). The finding described above suggests that the
emergence of anti-CL was closely associated with oxida-
tive stress in CH-C patients. On the other hand, serum fer-
ritin levels in CH-C patients with anti-CL were almost the
same as those in CH-C patients without anti-CL. There
was no significant difference in the values of HOMA-
IR between CH-C patients seropositive and seronega-
tive for anti-CL. Moreover, the emergence of anti-CL
was independent of HCV genotypes and loads of HCV-
RNA.

With regard to immunological aspects, no significant
differences in the levels of serum IgG and the prevalence of
ANA were observed between the groups of CH-C patients
with and without anti-CL.

Relationship between Serum TG and ApoB Levels

The relationship between serum TG and ApoB levels
was examined in CH-C patients. As shown in Figure 3,
a significant positive correlation between serum TG and
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Fig. 3. Relationship between serum TG and ApoB levels in CH-C
patients.

ApoB levels was observed in those patients (r = 0.556,
P = 0.0252, n = 16).

Histological Features in Patients with CH-C
Seropositive for Anti-LC

Histological findings were compared between the
groups seropositive and seronegative for anti-CL
(Table 2). The incidence of F3 in CH-C patients with anti-
CL was significantly higher than that in CH-C patients
without anti-CL (83% vs. 31%, P = 0.0228), indicating
that the emergence of anti-CL was associated with the
progression of hepatic fibrosis. No significant difference
was observed in the activity of liver tissue specimens be-
tween the groups. CH-C patients with anti-CL had a trend
of higher HAI scores than CH-C patients without anti-
CL (13.2 ± 3.0 vs. 9.8 ± 4.6 points, P = 0.1069). On the
other hand, the presence of anti-CL was independent of
the severity of hepatic steatosis and histological grading.

DISCUSSION

Here, we have documented that 13% of patients with
CH-C and 20% of patients with NASH had anti-CL, while
no patients with CH-B, or alcoholic liver diseases did,
suggesting that oxidative stress may contribute to the pro-
duction of anti-CL. We confirmed that the emergence of
anti-CL was significantly associated with oxidative stress
in patients with CH-C. To the best of our knowledge,
this is the first study to describe the relationship between
anti-CL and oxidative stress in patients with HCV-related
chronic liver disease. Our previous study revealed that
autoantibodies to oxidized low-density lipoprotein (anti-
oxLDL), one of oxidatively modified autoantigens, were
present in sera of patients with CH-C, and that the produc-

tion of anti-oxLDL was associated with hepatic steatosis
in these patients (31). However, this study showed no asso-
ciation between the existence of anti-CL in CH-C patients
and insulin resistance, severity of hepatic steatosis, or iron
overload, which are characteristic metabolic abnormal-
ities in HCV infection (11–13). Albano and colleagues
documented that titers of anti-CL were independent of
hepatic steatosis in patients with nonalcoholic fatty liver
disease (32). Further examinations will be required to re-
veal why there were no relationships between the emer-
gence of anti-CL and hepatic steatosis, insulin resistance,
or iron overload in patients with CH-C. On the other
hand, the emergence of anti-CL was neither associated
with HCV genotypes nor loads of HCV-RNA, implying
that host factors rather than viral factors might contribute
to the production of anti-CL in CH-C patients.

It was noteworthy that an association between the ex-
istence of anti-CL and the elevation of serum TG levels
in CH-C patients was shown in this study. However, the
increase in the levels of serum TG did not correlated with
the severity of hepatic steatosis in CH-C patients with
CL, although several articles have found a relationship
between TG synthesis and hepatic steatosis in patients
with HCV-related chronic liver disease (33). Vaarala and
colleagues documented that the coexistence of anti-CL
and hypertriglyceridemia increased patients’ risk of my-
ocardial infection (34). Arteriosclerosis is one of the most
common extrahepatic manifestations evoked by persis-
tent HCV infection (35). The coexistence of anti-CL and
hypertriglycemia may be a useful predictive marker for
arteriosclerosis in CH-C patients. The increase in the level
of serum ApoB may account for the hypertriglyceridemia
in CH-C patients with anti-CL (36).

The production of anti-CL has been recognized as a re-
sult of cross-reactivity between HCV and phospholipids.
Persistent HCV infection may disrupt the cell membrane
and favor the exposure of hidden phospholipids (14, 16).
We speculated that the facilitation of TG synthesis by
HCV infection might have a possibility to trigger the con-
formational change of phospholipids and thereby initiate
the production of anti-CL in patients with CH-C. Ordi-
Ros and colleagues elucidated that anti-CL detected in
patients with infection did not require β2-GPI for bind-
ing to CL (37), while these autoantibodies in autoimmune
disease including systemic lupus erythematosus were co-
factor (β2-GPI) dependent (38). We confirmed that CH-C
patients had low-to-moderate titers of anti-CL and that
the presence of anti-CL was independent of anti-β2-GPI.
These results indicated that the production of anti-CL can
be regarded as an HCV-induced autoimmunity. However,
a previous study revealed that the existence of anti-CL
in CH-C patients did not affect the antiviral treatment,
although the prevalence of anti-CL was increased by the
treatment (15).
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No association of the existence of anti-CL and the pres-
ence of ANA or serum IgG levels was found in this study,
although Leroy and colleagues documented a correlation
between the emergence of anti-CL and ANA in patients
with CH-C (16). Another interesting article represented a
correlation between the emergence of anti-CL and smooth
muscle antibodies in CH-C patients (14). We failed to de-
tect an association between concurrent autoimmune dis-
eases and anti-CL in CH-C patients in this study, although
Nagao and colleagues previously reported the strong cor-
relation between the emergence of anti-CL and oral lichen
planus in patients with CH-C (20).

The present study revealed that CH-C patients seropos-
itive for anti-CL had more progressive hepatic fibrosis
than those seronegative for anti-CL. It has been widely
recognized that the hepatic fibrosis in CH-C patients
with ANA is more severe than those without ANA as
a result of HCV-induced autoimmunity (39, 40). More-
over, a high prevalence of anti-CL in patients with liver
cirrhosis has been demonstrated though the etiology
was not established (14, 41). The present study did not
show that the emergence of anti-CL was associated with
histological grading (activity) or serum ALT levels in pa-
tients with CH-C.

In conclusion, the emergence of anti-CL was likely to
result from HCV-induced autoimmunity and to be linked
to oxidative stress in CH-C patients. Hypertriglyceridemia
caused by the facilitation of ApoB synthesis and progres-
sive hepatic fibrosis were the clinical characteristics of
CH-C patients seropositive for anti-CL.
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