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Abstract

We investigated autoimmunity, as assessed by hypergammaglobulinemia and the presence
of autoantibodies including anti-nuclear antibodies (ANA) and anti-liver membrane antibodies
(LMA), in 149 patients with chronic hepatitis C, 55 patients with chronic hepatitis B and 11 pa-
tients with autoimmune hepatitis. There was no significant difference in the incidence of these
autoantibodies between chronic hepatitis C and chronic hepatitis B. Nine patients with chronic
hepatitis C satisfied the serological criteria of autoimmune hepatitis (ANA positive and gamma-
globulin or serum IgG greater than 2500 mg/dl), but none of the patients with chronic hepatitis B
met the criteria. This suggests that autoimmunity is greater in chronic hepatitis C than in chronic
hepatitis B. Of the 9 patients with chronic hepatitis C, all 4 patients tested for human leukocyte
antigen (HLA) phenotype had HLA-DR4, which is known to be associated with autoimmune hep-
atitis in Japanese patients. We believe that hepatitis C virus (HCV) infection enhances the initiation
and perpetuation of autoimmunity in susceptible individuals.
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Autoimmune Responses as Assessed by Hypergammaglobulinemia and the Presence of
Autoantibodies in Patients with Chronic Hepatitis C

Hirofumi Kawamoto, Kohsaku Sakaguchi, Akinobu Takaki, Shin Ogawa and Takao Tsuji

First Department of Internal Medicine, Okayama University Medical School, Okayama 700, Japan

We investigated autoimmunity, as assessed by hypergammaglobulinemia and the presence of
autoantibodies including anti-nuclear antibodies (ANA) and anti-liver membrane antibodies (LMA),
in 149 patients with chronic hepatitis C, 55 patients with chronic hepatitis B and 11 patients with
autoimmune hepatitis. There was no significant difference in the incidence of these autoantibodies
between chronic hepatitis C and chronic hepatitis B. Nine patients with chronic hepatitis C satisfied
the serological criteria of autoimmune hepatitis (ANA positive and gammaglobulin or serum IgG
greater than 2500mg/dl), but none of the patients with chronic hepatitis B met the criteria. This
suggests that autoimmunity is greater in chronic hepatitis C than in chronic hepatitis B. Of the 9
patients with chronic hepatitis C, all 4 patients tested for human leukocyte antigen (HLA)
phenotype had HLA-DR4, which is known to be associated with autoimmune hepatitis in Japanese
patients. We believe that hepatitis C virus (HCV) infection enhances the initiation and perpetuation
of autoimmunity in susceptible individuals.

Key words : chronic hepatitis C, autoimmune hepatitis, anti-nuclear antibodies, anti-liver membrane antibodies,
HLA

HCV infection, we measured the level of gammaglobulin
and autoantibodies including anti-liver membrane anti-
bodies (LMA) and anti-nuclear antibodies (ANA) in
patients with chronic hepatitis C, and compared them
with those in patients with chronic hepatitis B and autoim-
mune hepatitis. Also, we assessed the immunological
background of chronic hepatitis C patients with associated
autoimmunity.

The development of methods for detecting hepatitis C
virus (HCV) (1, 2) has allowed the demonstration of the
prevalence of HCV in patients with autoimmune hepatitis
(AIH) (3-5), which is serologically characterized by a
high level of serum gammaglobulin and the presence of
autoantibodies (6, 7). A relatively high prevalence of
anti-HCV C100-3 antibodies has been reported in type 1
AIH (positive for anti-nuclear antibodies, ANA) (3, 4) and
especially in type 2 AIH (positive for anti-liver-kidney
microsome antibodies, LKM) (5). Furthermore, autoim-
mune mechanisms appear to be involved in chronic

hepatitis type C, since antibody cross-reactivity with both
cell-nuclear protein and nucleocapsid protein of the virus
has been detected in the serum of patients (8). These
findings suggest that HCV infection is involved in autoim-
mune responses.

In this study, to investigate autoimmunity induced by

* To whom correspondence should addressed.

Subjects and Methods

Patienis.  One hundred forty-nine patients (91 men and 58
women) with chronic hepatitis C and 55 patients (41 men and 14
women) with chronic hepatitis B, who were admitted to our
hospital between October, 1989 and December, 1991, were
examined. The results obtained from these patients were compared
with those obtained from 11 patients (1 man and 10 women) with
autoimmune hepatitis.
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Fig.1
body (LMA). Linear fluorescence along the hepatocellular membrane is
observed.

Typical immunofluorescence pattern of anti-liver membrane anti-

The patients were diagnosed on the basis of clinical and/or
typical findings in liver biopsy specimens according to a review by
an international group (9). The 149 patients with chronic hepatitis
C included 43 with chronic persistent hepatitis (CPH), 29 with
chronic active hepatitis 2A (CAH2A), 55 with chronic active
hepatitis 2B (CAH2B), and 22 patients in which liver biopsy was
not performed. The 55 patients with chronic hepatitis B included
14 with CPH, 10 with CAH2A, 25 with CAH2B and 6 patients in
which liver biopsy was not performed.

Patients with positive anti-HCV antibodies and/or HCV-RNA
were diagnosed as having chronic hepatitis C. Patients who were
positive for hepatitis B surface antigen (HBsAg) were diagnosed as
having chronic hepatitis B. The patients with autoimmune hepatitis
satisfied the criteria of autoimmune hepatitis and were confirmed to
be negative for HBsAg and anti-HCV antibodies. Serum levels of
aspartate aminotransferase (AST), alanine aminotransferase (ALT),
gammaglobulin, IgG, IgA, and IgM were measured on admission.

Hepatitis virus markers.  Hepatitis B surface antigen was
determined by an enzyme-linked immunosorbent assay or radioim-
munoassay. Anti-HCV C100-3 antibodies and anti-HCV anti-
bodies detected by the second generation kit were tested by an
enzyme-linked immunosorbent assay (Ortho diagnostic system, NJ
and Dainabot, Tokyo, respectively). Hepatitis C virus ribonucleic
acid (HCV-RNA) in serum was detected by the method of reverse
transeriptase-polymerase chain reaction (RT-PCR) using the 5
non-coding region as a primer (10).

Autoantibodies.  ANA was detected by an indirect immuno-
fluorescent method using laryngeal carcinoma cells, HEp-2 as
substrate. The titer was established by sequential 2-fold dilution of
serum diluted 1:10 until an end-point was reached. Values higher
than a titer of 1:20 were regarded as positive.

Anti-liver membrane antibodies (LMA) were also identified in
cryostat sections of rat liver by an indirect immunofluorescent
method described previously (11). The cold acetone fixed cryostat
sections were allowed to react with 1:5 diluted serum for 1h,
followed by three washes with phosphate buffered saline (PBS).

The rat liver sections were then incubated with fluorescein isoth-
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iocyanate (FITC)-labelled anti-human immunoglobulin (DAKO
Japan, Tokyo, Japan) for 1h. Following three additional washes
with PBS, the sections were mounted in glycerol-carbonate-
bicarbonate buffer. The immunofluorescence pattern was assessed
by fluorescent microscopy. LMA was judged to be positive when
the linear fluorescence was observed along the hepatocyte mem-
brane, as shown in Fig. 1.
HLA phenotype.

some patients with autoimmune hepatitis and anti-HCV antibody-
positive patients who satisfied the immunological criteria of autoim-
mune hepatitis. HLA typing of HLLA class I and class II was
performed by the method of microcytotoxicity using TERASAKI
HLA TRAY (One Lambda, CA, USA) (12).

Statistical analysis.  Student’s #-test was used to determine
the significance of differences between means. Differences between
incidences were evaluated by x?* test.

HLA phenotype was investigated in

Results

Liver biopsy was performed in 127 patients out of 149
patients with chronic hepatitis C. Forty-three (33.8 %),
29 (22.8 %), and 55 (43.3 % ) patients were histologically
diagnosed as having CPH, CAH2A, and CAH2B, respec-

Table 1 Clinical profiles of examined cases

AIH CH-C CH-B
No. of cases 1 149 55
Sex (M:F) 1:10 91:58 41:14
Age (years) 165+188 5204113 3404112
AST (IU/) 232 + 173 91+ 94 132 + 139
ALT (IU/) 298 + 300 129 + 145 229 + 251
7-Glb (g/d) 3.07 + 0.70 143+046° 125037
IgG (mg/d) 39016+ 9166 21715+ 602.9° 19458 £ 476.0¢
IgA (mg/d) 372841104  3081+1215 2041+ 1156
IgM (mg/d) 3505+ 4348 1834+ 1315 2038+ 1254
Ig%?g“}/d;" G (100%) 32 (215 %) 7 (127 %)
ANA 11 (100 %) 34 (228%) 17 (309%)
LMA 8 (127 %) 25 (16.8 %) 9 (16.4 %)

ATH: autoimmune hepatitis, CH-C: chronic hepatitis C, CH-B: chronic
hepatitis B, AST: aspartate aminotransferase, AL T: alanine aminotransfer-
ase, y-Glb: gammaglobulin, ANA: anti-nuclear antibody, LMA: anti-liver
membrane antibody

a~b: p <001, c~d: p<0.01
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tively, by the presence of typical findings in liver biopsy
specimens. Of the 55 patients with chronic hepatitis B,
liver biopsy was performed in 49 patients. Fourteen (28.6
%), 10 (20.4 %), and 25 (51.0 %) were also histologically
diagnosed as having CPH, CAH2A, and CAH2B, respec-
tively. There were no significant difference in the distribu-
tion of histological stages between chronic hepatitis C and
chronic hepatitis B.

Clinical features and laboratory data of the patients
investigated in this study are listed in Table 1. The mean
level of serum gammaglobulin in the patients with chronic
hepatitis C was 1.43 + 0.46g/dl, which was significantly
higher than that in the patients with chronic hepatitis B,
1.25 + 0.37¢g/dl (p < 0.01). In contrast, the mean values
of AST and ALT in the chronic hepatitis C patients were
lower than those in the chronic hepatitis B patients. An
increase in gammaglobulin level above 2.5g/dl or IgG
level above 2500mg/dl was observed in 32 (21.5%)
patients with chronic hepatitis C and 7 (12.7 %) patients

with chronic hepatitis B.
Thirty-four (22.8 %) of the 149 patients with chronic

hepatitis C and 17 (30.9 %) of the 55 patients with chronic
hepatitis B were positive for ANA. Twenty-five (16.8 %)
patients with chronic hepatitis C and 9 (16.4 %) patients
with chronic hepatitis B were positive for LMA. There
were no significant differences in the incidence of ANA
and LMA between patients with chronic hepatitis C and
those with chronic hepatitis B. An increase in ANA titer
above 1:1280 was observed in 4 patients with chronic
hepatitis C, whereas all titers were below 320 in the
patients with chronic hepatitis B. ANA was detected in all
11 patients with autoimmune hepatitis and LMA was
detected in 8 (72.7 % ). Also, it is noteworthy that 11 (7.4
%) of the 149 patients with chronic hepatitis C were
pesitive for both ANA and LMA. But, none of the 55
patients with chronic hepatitis B reacted positively to
ANA or LMA. (Table 2-a, b). The mean values of
gammaglobulin and IgG in chronic hepatitis C patients
positive for both ANA and LMA were higher than those
in any other group, whereas there was no significant
difference in the level of AST and ALT among these
patient groups.

Table 2-a  Clinical profiles of patients with chronic hepatitis type C classified by presence or absence of ANA and LMA

LMA (+) ANA (+) LMA (+)ANA (—) LMA (—) ANA (+) LMA (—) ANA (—)
No. of cases 11 (7.4 %) 14 (9.4 %) 23 (15.4 %) 101 (67.7 %)
Sex (M:F) 4:7 9:5 9:14 69:32
Age 57.5 + 14.0 55.1 +10.2 51.1 + 115 51.1 £ 11.1
AST JU/1) 87 £ 63 78 + 45 88 + 56 93 + 109
ALT (IU/)) 84 + 65 114 + 86 122 + 96 137 + 166
y-Glb (g/dl) 2.08 £+ 0.80 1.40 £ 0.41 1.43 + 0.44 1.37 £ 0.36
IgG (mg/dl) 3139.7 + 1052.1¢ 2011.8 +570.1° 2109.0 + 491.3¢ 2111.1 + 485.5¢
IgA (mg/dl) 348.0 + 176.2 313.6 + 106.4 237.8 +92.3 320.2 + 119.0
1gM (mg/dl) 348.0 + 304.8 183.2 + 135.2 230.2 +136.5 155.1 +78.9

a~b: p<0.01, a~c: p<001, a~d: p<0.01. LMA, ANA, AST: See Table 1.

Table 2-b

Clinical profiles of patients with chronic hepatitis type B classified by presence or absence of ANA and LMA

LMA (+) ANA (+) LMA (+) ANA (—) LMA (—)ANA (+)

LMA (—) ANA (—)

No. of cases 0(0.0%) 9 (164 %) 17 (30.9 %) 29 (52.7 %)
Sex (M:F) — 6:3 10:7 25:4

Age — 34.7 1+ 148 293+74 36.8+11.3
AST (IU/Y) — 167 + 100 127 =114 124 + 165
ALT (U — 248 = 181 243 + 226 216 + 289
y-Glb (g/dl) — 1.26 £0.39 1.19 +0.35 1.29 +0.39
IgG (mg/dl) — 2000.3 + 388.9 1826.9 + 385.2 2010.0 = 562.4
IgA (mg/dl) -= 371.8 +125.9 250.8 ~104.2 293.8 £ 107.0
IgM (mg/dl) — 2529 = 1184 158.2 + 58.1 217.0 + 154.6

LAM, ANA, AST, ALT: See Table 1.
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Furthermore, 9 of the 149 patients with chronic
hepatitis C satisfied the serological criteria for the diagno-
sis of autoimmune hepatitis (serum gammaglobulin and/or
IgG level = 25g/dl or more, and the presence of
autoantibodies including ANA). But, none of the 55
patients with chronic hepatitis B met the criteria (Table 3).
HCV-RNA was detected in all 9 patients. The great
majority of patients with chronic hepatitis C or chronic
hepatitis B show a selflimited response or no autoimmune
response, but some patients with chronic hepatitis C may
exhibit autoimmunity similar to autoimmune hepatitis.

To clarify the immunogenetical background, 4 patients
with chronic hepatitis C, who also satisfied the serological
criteria of autoimmune hepatitis, and 7 of the 11 patients
with autoimmune hepatitis were studied for HLLA associa-
tion. All 4 patients with chronic hepatitis C with associat-
ed autoimmunity phenomena and 6 of the 7 patients with

Table 3  Patients with positive ANA and IgG = 2500mg/dl

No. Age Sex Diagnosis ANA LMA IgG (mg/dl) Histology
1. 49 F CH-C 1280 + 4422 CAH2B
2. 59 F CH-C 80 —+ 4738 CAH2B
3. 48 F CH-C 80 + 3614 CAH2A
4, 57 M CH-C 20 + 3854 CAH2B
5. 68 M CH-C 20 + 2552 CAH2A
6. 53 F CH-C 2560 - 3335 CAH2B
7. 50 F CH-C 1280 - 2581 CAH2B
8. 48 M CH-C 160 - 3238 CAH2B
9. 52 M CH-C 40 - 2577

CAH2B

ANA, LMA, CH-C: See Table 1.
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autoimmune hepatitis had HLA-DR4 (Table 4), which is
known to be strongly associated with autoimmune hepati-
tis in Japanese patients (13).

Discussion

Several studies investigating the prevalence of anti-
HCV antibodies in patients with autoimmune hepatitis
have demonstrated a relatively high prevalence of anti-
HCV antibodies in patients with autoimmune hepatitis
type 1 (3, 4) and autoimmune hepatitis type 2 (5). In
contrast, few studies have been performed to analyze the
autoimmune response in patients with chronic hepatitis C
confirmed by the presence of anti-HCV antibodies and/or
HCV-RNA. In this study, we demonstrated that the
autoimmune responses, as judged from a high level of
gammaglobulin and the presence of autoantibodies includ-
ing ANA and LMA, may be more marked in patients
with chronic hepatitis C than in patients with chronic
hepatitis B. The population of chronic hepatitis C patients
appears to include a subset of patients with accompanying
autoimmune phenomena similar to those observed in
patients with autoimmune hepatitis.

Anti-nuclear antibodies are the most characteristic
marker for the diagnosis of autoimmune hepatitis (6, 7).
Anti-liver membrane antibodies have also been found to
be associated with autoimmune hepatitis (11, 14). These
autoantibodies are employed in the serodiagnosis of
autoimmune hepatitis (15). In our patients with autoim-
mune hepatitis, ANA was detected in all 11, and both
ANA and LMA were simultaneously detected in 8 (72.7

Table 4 HLA typing of autoimmune hepatitis patients and chronic hepatitis C patients who satisfied the serological criteria of autoimmune hepatitis
No. Age Sex Diagnosis ANA LMA v-Glb IeG HLA-A HLA-B HLA-C HLA-DR
1 19 F AIH 2560 -+ 2.1 2968 A24, - BW52, BW61 CW3, — DR2, DR4
2 58 M AlH 640 — 3.0 3850 A26, — BW61, BW62 CW3, — DR4, DR9Y
3 42 F AIH 160 + 3.1 3175 A2, A24 BW46, BW54 CW1, — DR4, DRW8
4 62 F AIH 1280 + 2.7 3940 A2, AW33 BW52, B44 - — DR2, DRW6
5 53 F AIH 160 + 46 6050 A24, — BW52, BW54 CW8, — DR2, DR4
6 41 F AIH 1280 — 3.2 4196 A24, A3l B51, BW61 CW3, — DR2, DRWS
7 53 F ATH 1280 — 2.6 — A2, A24 BW52, BW55 CW1, — DR2, DR4
8 53 F CH-C 2560 — 2.6 3335 A2, A24 B35, BW52 “CW3, — DR2, DR4
9 49 F CH-C 1280 + 35 4422 A2, A24 BW54, BW61 CW1, CW8 DR4, —
10 59 F CH-C 80 + 34 4738 A24, A3l BW46, BW54 CW1, DR4, DRW8
11 48 M CH-C 160 - 2.3 3238 A2, A24 B51, BW59 CW1, — DR4, DRW6

HLA: human leukocyte antigen. Other abbreviations: See Tablel.
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These autoantibodies have also been found in a pro-
portion of patients with viral hepatitis (11, 16), although
the autoantibodies observed in the clinical course of viral
hepatitis are generally weaker and more transiently posi-
tive than those observed in autoimmune hepatitis (17, 18).
The great majority of patients with chronic hepatitis C or
chronic hepatitis B who were investigated in this study
had a negative or low titer of autoantibodies. Thus there
might be differences in autoimmune responses in patients
with autoimmune hepatitis and those with viral hepatitis.

However, it is noteworthy that an increase in the titer
of ANA above 1280 was observed in 4 patients with
chronic hepatitis C, and both ANA and LMA were
detected in 11 patients with chronic hepatitis C. Further-
more, patients with chronic hepatitis C demonstrate
autoimmune responses, as observed in autoimmune hepa-
titis, as judged from a high level of serum gammaglobulin
and the presence of autoantibodies, in contrast to none of
the patients with chronic hepatitis B.

In previous studies on the occurrence of anti-HCV
antibodies in autoimmune hepatitis, the non-specific
occurrence of pseudo-positive cases accompanied by
hypergammaglobulinemia was reported to be frequent (19,
20). However, our 9 chronic hepatitis C patients with
autoimmune phenomena were positive for not only anti-
HCV antibodies but also HCV-RNA. These findings
suggest that the population of chronic hepatitis C patients
includes a subset of patients with associated autoim-
munity, and that HCV infection may enhance the initia-
tion and perpetuation of autoimmune responses in some
patients with chronic hepatitis C.

Recently, it was reported that hepatitis A virus (HAV)
infection may be a trigger for ANA-positive type 1
autoimmune hepatitis in susceptible individuals (21). Our
chronic hepatitis C patients who satisfied the serological
criteria of autoimmune hepatitis had HLA-DR4, which
has been reported to be associated with autoimmune
hepatitis (17), suggesting that the autoimmunity observed
in chronic hepatitis C is associated with HLA-DR4
specificity. The occurrence of autoimmunity in patients
with chronic hepatitis C may be related to genetic factors,
although the mechanisms by which HCV infection is
related to the pathogenesis of AIH are still unknown.

We speculate that HCV infection is related to the
mechanism of autolmmune responses in some patients
with chronic hepatitis C. Interferon-a, which is generally
accepted as being beneficial in the treatment of chronic
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hepatitis C, has been reported to induce the development
of autoantibodies and seriously exacerbate autoimmune
hepatitis type 1 and type 2 (22, 23). Unfortunately, at
present the optimal treatment strategy for chronic hepati-
tis C associated with autoimmunity remains to be estab-
lished. Further study on the mechanisms may provide
insight into the pathogenesis of not only autoimmune
hepatitis but also other autoimmune diseases in which viral
infection has been implicated.
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