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Abstract

We investigated the specificities and characteristics of anti-cytoskeleton antibodies in 13 anti-
smooth muscle antibody (ASMA)-positive patients with chronic liver disease C (CLD-C), and
compared them with those in 7 ASMA-positive patients with autoimmune hepatitis (AIH), and
6 ASMA-positive patients with chronic liver disease B (CLD-B). Anti-microfilaments (anti-MF)
were found not only in 6/7 AIH patients (85.7%), but also in 8/13 CLD-C patients (61.5%) with a
relatively high incidence, when compared with 1/6 CLD-B patients (16.7%), while, there was no
significant difference in the incidence of anti-intermediate filaments (anti-IMF), especially anti-
IMF IgM, among these patient groups. Among the patients with CLD-C, the mean levels of serum
gammaglobulin and IgG in the anti-MF-positive patients were 2.46 +/- 1.03 g/dl and 3277 +/- 1089
mg/dl, respectively, which were higher than those in the anti-MF-negative patients (1.60 +/- 0.53
g/dl, 2245 +/- 610 mg/dl) and those in the patients with CLD-B (1.60 +/- 0.57 g/dl, 2192 +/- 339
mg/dl). Furthermore, 4 of the 8 anti-MF-positive patients with CLD-C satisfied the serological
criteria for the diagnosis of AIH. These findings suggest that autoimmune mechanisms might be
involved in the pathogenesis of anti-MF-positive CLD-C, and that anti-MF might be used as a
marker.
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We investigated the specificities and charac-
teristics of anti-cytoskeleton antibodies in 13
anti-smooth muscle antibody (ASMA)-positive
patients with chronic liver disease C (CLD-C),
and compared them with those in 7 ASMA-
positive patients with autoimmune hepatitis
(AIH), and 6 ASMA-positive patients with chronic
liver disease B (CLD-B). Anti-microfilaments
(anti-MF) were found not only in 6/7 AlH patients
(85.7%), but also in 8/13 CLD-C patients
(61.5%) with a relatively high incidence, when
compared with 1/6 CLD-B patients (16.7%),
while, there was no significant difference in the
incidence of anti-intermediate filaments (anti-
IMF), especially anti-IMF IgM, among these
patient groups. Among the patients with CLD-C,
the mean levels of serum gammaglobulin and IgG
in the anti-MF-positive patients were 2.46 +
1.03g/dl and 3277 = 1089 mg/dl, respective-
ly, which were higher than those in the anti-MF-
negative patients (1.60+ 0.53g/dl, 2245 +
610mg/dl) and those in the patients with CLD-B
(1.60 £ 0.57g/dl, 2192 + 339 mg/dl). Fur-
thermore, 4 of the 8 anti-MF-positive patients
with CLD-C satisfied the serological criteria for
the diagnosis of AIH. These findings suggest that
autoimmune mechanisms might be involved in the
pathogenesis of anti-MF-positive CLD-C, and
that anti-MF might be used as a marker.

Key words: chronic liver disease C, autoimmune hepati-
tis, anti-smooth muscle antibodies, anti-cytoskeleton
antibodies, anti-microfilament antibodies

nti-smooth muscle antibodies (ASMA) were iden-
tified as one of the most characteristic markers for
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the diagnosis of autoimmune hepatitis (AIH) (1), which is
clinically characterized by a high level of serum gamma-
globulin and the presence of autoantibodies. Subsequent
studies have revealed that ASMA were found not only in
AIH but also in viral hepatitis, primary biliary cirrhosis,
or other pathological conditions such as acute viral infec-
tion, autoimmune diseases and malignant diseases (2, 3).
Some of their reactivities can be accounted for by
autoantibodies to cytoskeletal components (4), including
microflaments (MF) such as actin, myosin, a-actinin
and villin (5), intermediate filaments (IMF) such as
vimentin, cytokeratin and desmin (6) and microtubulus
(MT) such as tubulin and microtubule-associated protein.
Several studies on anti-cytoskeleton antibodies in liver
diseases have demonstrated a relatively high prevalence of
anti-MF in AIH (3, 7-9) and anti-IMF in viral hepatitis
(7, 10},

On the other hand, although autoantibodies observed
in the clinical course of viral hepatitis are generally weaker
and more transiently positive than those observed in ATH,
some patients with chronic hepatitis C exhibit autoimmu-
nity similar to AIH, suggesting a relationship between
hepatitis C virus (HCV) infection and the pathogenesis of
autoimmune responses (11, 12). ASMA with a high titer
reactivity are also found in these chronic hepatitis C
patients associated with autoimmune phenomena (11).

In this study, we investigated the specificities and
characteristics of the anti-cytoskeleton antibodies in sera
of ASMA-positive patients with chronic liver disease C
(CLLD-C), including cases associated with autoimmune
phenomena, to assess autoimmunity induced in CLD-C.

* To whom correspondence should be addressed.
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Subjects and Methods

Patients. This study included 13 patients with
CLD-C (9 patients with chronic hepatitis, CH, and 4
patients with liver cirrhosis, L.C) and 7 patients with AIH
(7 with CH) and 6 patients with chronic liver disease B
(CLD-B) (2 with CH and 4 with LC), who were all
positive for ASMA (titer higher than 1:40). The patients
were diagnosed on the basis of clinical data and/or typical
findings in liver biopsy specimens according to the criteria
of an international group (13).

The patients with anti-HCV antibodies and/or HCV-
RNA were diagnosed as having CLD-C. Anti-HCV
antibodies were tested using a second generation kit
utilizing an enzyme-linked immunosorbent assay (ELLISA)
(Dainabot, Tokyo). HCV-RNA in serum was detected by
the reverse transcriptase-polymerase chain reaction (RT-
PCR) using the 5-noncoding region as a primer (14).
The patients positive for hepatitis B surface antigen
(HBsAg), as determined by ELISA or radioimmuno-
assay (RIA), were diagnosed as having CL.D-B. The
patients with AIH all satisfied the serological criteria for
the diagnosis of AIH (serum gammaglobulin and/or IgG
level = 2.5g/dl, and the presence of anti-nuclear anti-
bodies, ANA), and were confirmed to be negative for
HBsAg and anti-HCV antibody (anti-HCV).

Detection of ANA and ASMA. ANA and
ASMA were detected by an indirect immunofluorescence
(IF) method using laryngeal carcinoma cells, HEp-2 and
cryostat sections of the rat stomach, respectively. The
titer was established by sequential twofold dilution of
serum diluted 1:10 until an end-point was reached. The
titer for positive results in the indirect IF method was 1:
20 (20) for ANA, and 1:40 (40) for ASMA.

Detection of anti-cytoskeleton antibodies.
Anti-cytoskeleton antibodies were identified by the indirect
IF' method using rat kangaroo kidney epithelial cells,
PtK2 or mouse fibroblast, NIH ;T as a substrate. The
cells grown on cover-slips for 2 days were treated with 10
g/ ml of vinblastin in minimal essential medium (MEM)
for 4h at 37 C. After fixation with cold acetone, the cells
were allowed to react with 1:10 diluted serum for 1h at
37°C (8, 15), followed by five washes with phosphate-
buffered saline (PBS). The cells were then incubated with
fluorescein isothiocyanate (FITC)-labelled goat anti-
human immunoglobulins (DAKO Japan, Tokyo) for 1h.
Following seven additional washes with PBS, the cells
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were mounted in glycerol-carbonate-bicarbonate buffer.
The fluorescence pattern was assessed by a fluorescence
microscopy. The immunoglobulin classes of anti-cyto-
skeleton in any positive sera were determined by testing
with FITC-labelled goat anti-human IgG or with FITC-
labelled goat anti-human IgM, instead of FITC-labelled
goat anti-human immunoglobulins.

Detection of anti-actin antibodies by
immunoblotting method. Sera positive for anti-
MF antibodies by the indirect IF method were tested for
their reactivities by an immunoblotting method using actin
(Chemicon, Temecula), derived from rabbit skeletal mus-
cle. Aliquots (2mg/ml) of purified actin were separated
by sodium dodecyl sulfate polyacrylamide gel electropho-
resis (SDS-PAGE) under reducing conditions in 10 %
gel, and electrophoretically transferred to nitrocellulose
membranes for immunoblot analysis according to the
method of Towbin et al(16). The membranes were
incubated with positive sera diluted at 1:10 in PBS for 2
h. After being washed, the membranes were then in-
cubated with 1:1000 diluted peroxidase-labelled goat
anti-human immunoglobulins. After final washes, the
membranes were incubated in 3,3’-diaminobenzidine
(DAB) solution (0.2mg/ml of DAB, 0.006 % of H,0,)
until a brown color reaction developed.

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

Results

Antibodies to MF, IMF and MT were identified by
the indirect IF technique using vinblastin-treated cultured
cells, PtK2 and NIH,T; as substrate. Fig 1 shows the
representative staining patterns of intracellular cytoskeletal
filaments of vinblastin-treated PtK2 and NIH,T,, which
were obtained by reacting with sera from ASMA -positive
patients with AIH or CLD-C.

MF which remain intact after treatment with vinblastin
appear as long parallel bundles crossing the cells, “actin
cables” or “stress fibers”. Sera which stained positively
for stress fibers were regarded as having anti-MF (Fig.
1-A, B). IMF of the vimentin type are found in numerous
cells, whereas the cytokeratin type are found only in
epithelial cells such as PtK2 (17). IMF of the vimentin
type form thick “perinuclear coils” in vinblastin-treated
cells, whereas IMFE of the cytokeratin type, which remain
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intact after vinblastin treatment, form a ’’three-dimen-
sional meshwork”. Anti-IMF were judged to be positive
when the staining patterns of the perinuclear coils and/or
three-dimensional meshwork were observed in these
cultured cells (Fig. 1-C, D). MT disrupted by vinblastin-
treatment appear as tubulin “’paracrystals”. Sera showing
the fluorescence pattern of paracrystals were judged to

have anti-MT (Fig. 1-E, F).
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Anti-MF-positive sera were estimated to react with
actin by the immunoblotting method (representative pat-
terns are shown in Fig. 2). Nine sera obtained from 15
anti-MF-positive patients with AIH or CLD-C were
confirmed to react with a 43 kDa band consistent with
actin.

Table 1 shows the clinical features and laboratory data
of the ASMA -positive patients investigated in this study.

Fig. |

Typical immunofluorescence pattern of cytoskeletal filaments of vinblastin-trated cultured cells, PtK2 (A, B, C, D) and NIH,T; (E,

F), which were obtained by reaction with sera from ASMA-positive patients with autoimmune hepatitis (AIH) (A, C, E, F) and with chronic liver
disease C (B, D). The staining patterns of stress fiber and three-dimensional meshwork (A, B), three-dimensional meshwork (C), three-
dimensional meshwork and perinuclear coils (D) were observed in the cytoplasm of vinblastin-treated PtK2 cells. The fluorescence pattern of
paracrystals (E), paracrystals and three-dimensional meshwork (F) were observed in vinblastin-treated NIH,Ts. Nuclear immunofluorescences

were also observed when treated with sera of patients with AlH.
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Fig. 2 Immunoblotting for detecting the reactivities of anti-MF-
1 2 3 4 5 6 positive sera from patients with autoimmune hepatitis or with chronic
liver disease C, with purified actin. Lanes: I. Molecular weight
marker, 2. Coomassie blue staining of purified actin, 3. Staining of
purified actin obtained by incubating with anti-actin monoclonal
antibody, 4, 5. Staining of purified actin obtained by incubation with
anti-MF-positive serum of a patient with chronic liver disease C (4)
and with anti-MF-positive serum of a patient with autoimmune hepati-
tis (5), 6. Serum of a healthy subject as negative control.

97>
68 =

43>

29=>
Table | Clinical profiles and appearances of anti-cytoskeleton antibodies
ATyl IgG ANA  ASMA Anti-cytoskeleton
No.  Age  Sex  Diagnosis ., /4y (mg/d)  (Titer)  (Titer) WE IMF MT
AlH | 19 F CH 183 2.10 3141 2560 320 + + +
2 68 F CH 241 2.80 3640 160 80 + + +
3 41 F CH 227 3.20 4196 1280 640 + + +
4 62 F CH 1143 2.66 3010 2560 160 + + -
5 42 F CH 258 311 3175 160 320 + + -
6 58 M CH 336 2.99 3850 640 320 + - -
7 68 F CH 392 4.10 4907 160 160 - + -
CLD-C I 57 M CH 179 2.63 3854 20 40 + + -
2 45 M CH 114 1.21 1498 — 80 + + -
3 55 F CH 102 2.18 3600 — 80 + + -
4 59 F CH 116 3.40 4738 80 80 + + -
5 66 M LC 97 i.6l 2285 — 40 + +
6 74 F LC 107 2.26 2958 80 40 + + -
1 52 F CH 43 1.95 2860 — 40 + - -
8 50 F CH 54 4.41 4422 1280 320 + - -
9 56 M LC 71 0.91 1468 — 320 - + -
10 70 M CH 21 2.16 2687 40 80 - + -
I 58 M CH 69 2.09 2999 20 80 - - -
12 54 F CH 87 1.35 1909 40 320 — — -
13 47 M LC 57 1.50 2163 — 40 - — -
CLD-B I 37 M LC 50 2.64 2789 — 40 + + -
2 42 M LC 60 1.08 1812 — 40 - + -
3 30 F CH 33 |.51 2318 40 40 - + -
4 65 M CH 145 .71 2191 — 40 - - -
5 62 M LC 52 1.56 2011 — 40 — - —
6 52 M LC 19 112 2031 — 40 - - -

ALT: alanine aminotransferase; y-gl: gammaglobulin; ANA: anti-nuclear antibody; ASMA: anti-smooth muscle antibody; MF: anti-
microfilament antibody; IMF: anti-intermediate filament antibody; MT: anti-microtubulus antibody; AIH: autoimmune hepatitis; CH: chronic
hepatitis; CLD-C: chronic liver disease C; LC: liver cirrhosis; CLD-B: chronic liver disease B
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An increase mn ASMA titer above 320 was observed in 4
of the 7 patients with AIH and 3 of the 13 patients with
CLD-C, whereas all titers of ASMA in the patients with
CLD-B were 40.

The results of reactivities with each cytoskeletal com-
ponent in the patients are also shown in Table 1. Table 2
shows the incidence of anti-MF, anti-IMF and anti-MT,
and the frequency of their immunoglobulin classes in the
patient groups. Anti-MF was found in 6 (85.7 %) of the
7 ASMA-positive patients with AIH, but only n 1 (16.7
%) of the 6 ASMA-positive patients with CLD-B, and
the difference was significant (P < 0.05). It was note-
worthy that, of the 13 ASMA-positive patients with
CLD-C, 8 (61.5 %) patients were positive for anti-MF, 7
of whom (87.5 %) had anti-MF IgG.

There was no significant difference in the incidences of
anti-IMF and anti-IMF IgM among the patient groups.
However, anti-IMF IgG was detected in 4 (57.1%)
patients with AIH, and in 6 (46.1%) patients with
CLD-C, but not in the patients with CLD-B. Anti-MT
was found in only 3 patients with ATH.

The mean levels of serum gammaglobulin and IgG in
the anti-MF-positive patients with CLD-C were 2.46 £
1.03g/dl and 3277 + 1089mg/dl, respectively, which
were higher than those in the CLD-C patients who were
anti-MF-negative, 1.60 + 0.53g/dl and 2245 + 545mg/
dl, and those in the patients with CLD-B, 1.60 = 0.57 g/
dl and 2192 = 339mg/dl (Table 3-a, b). An increase in
gammaglobulin level above 2.5g/dl or IgG level above
2500mg/dl was observed in 6 of the anti-MF-positive

Table 2 The incidence of anti-cytoskeleton antibodies in anti-
smooth muscle antibody-positive patients with autoimmune hepatitis,
chronic liver disease C and chronic liver disease B

AlH CLD-C CLD-B

(n=7) (n=13) (n=86)

Anti-MF (%) 6 (85.7) 8 (61.5) | (16.7)
12G (%) 3 (429) 7 (53.8) b (16.7)

1gM (%) 3 (42.9) 3 (23.1) I (16.7)
Anti-IMF (%) 6 (85.7) 8 (61.5) 3 (50.0)
1gG (%) 4 (57.1) 6 (46.2) 0 (0)

1gM (%) 5 (71.4) 6 (46.2) 3 (50.0)
Anti-MT (%) 3 (42.9) 0 (0 0 (O
1gG (%) 3 (42.9) 0 (0 0 (0

igM (%) 0 (0 0 (0 0 (©

AIH, CLD-C, CLD-B: See Table |; anti-MF: anti-microfilament anti-
body; anti-IMF: anti-intermediate fitament antibody; anti-MT: anti-
microtubulus antibody.
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Table 3-a  Clinical profiles of the patients with autoimmune hepati-
tis, with chronic liver disease C and with chronic liver disease B
AlH CLD-C CLD-B

No. of cases 7 13 6
Sex (M:F) | : 6 7:6 5: 1
ALT (1U/1) 397 &+ 336 86 + 40 60 + 44
y-gl (g/d)) 2.99 + 0.61 2.13 £ 0.95 1.60 = 0.57
lgG (mg/dl) 3703 + 682 2880 + 1044 2192 * 339
IgG and/or

y-gl=25g/dl 7 (100%) 8 (61.5%) I (16.7%)
ANA 7 (100%) 7 (53.8%) I (16.7%)
ANA (+) and

lgG = 2.5g/dl 7 (100%) 6 (46.2%) 0 (0.0%)
Table 3-b  Clinical profiles of patients with chronic liver disease C
classified by the presence of anti-MF

CLD-C
Anti-MF (+) Anti-MF (—)

No. of cases 8 5
Sex (M:F) 3:5 4 |
ALT (U/1) 102 + 42 61 = 25
y-gl (g/dl) 2.46 = 1.03 |.60 = 0.53
IgG (mg/dl) 3277 + 1089 2245 £ 610
IgG and/or

y-gl=2.5g/dl 6 (75.0%) 2 (40.0%)
ANA 4 (50.0%) 3 (60.0%)
ANA (+) and

lgG = 2.5g/dl 4 (50.0%) 2 (40.0%)

AIH, CLD-C, CLD-B, ALT, y-gl, ANA: See Table |
anti-MF: See Table 2

patients with CLD-C, 4 of whom (CLD-C case nos. 1, 4,
6, 8) satisfied the serological criteria for ATH. Especially,
CLD-C case 8, in which anti-MF IgG were detected,
was positive for the LE cell reaction, and had a high level
of serum gammaglobulin (4.41g/dl), serum IgG (4,422
mg/dl), and high titers of ANA (1,280) and ASMA
(320). These autoimmune phenomena were similar to
those observed in the patients with AIH.

Discussion

In this study, we demonstrated the presence of anti-
MF not only in cases of AIH but also at a relatively high
incidence in a subset of the ASMA-positive patients with
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CLD-C compared to ASMA-positive patients with CL.D-
B.

ASMA were found in a population of patients with
viral hepatitis with lower titer reactivity than that observed
in the patients with ATH. In our previous study, ASMA
were found in 4 of 6 (66.7 %) patients with AIH, in 9 of
155 (5.8 %) patients with chronic hepatitis C, and 2 of 54
(3.7 %) patients with chronic hepatitis B (11). Abuaf et
al (18) found ASMA at a titer higher than 1:40 in 49
(18.0 %) of 272 patients with chronic hepatitis C. In these
studies, there was no significant difference in the inci-
dence of ASMA between chronic hepatitis C and chronic
hepatitis B.

On the other hand, ASMA react with ubiquitous
components that are well expressed in smooth muscle
cells, and some of the reactivities of ASMA were
confirmed to react with cytoskeletal components (4-6).
Several studies of anti-cytoskeleton antibodies in liver
diseases revealed a relatively high prevalence of anti-MF
(actin) antibodies (3, 7-9) in AIH, the immunoglobulin
classes of which were mostly IgG (8). In the present
study, anti-MF were found in 6 of the 7 patients with
AIH. The incidence of anti-MF in the patients with AIH
was higher than that of the patients with CL.D-B, indicat-
ing a clear difference between ASMA-positive AIH and
CLD-B according to the presence of anti-MF (7).

Anti-IMF antibodies have been reported to be the
major type of ASMA in viral hepatitis (7, 10), and this
was observed in our patients with CLLD-B as well.
Circulating anti-vimentin IgM type IMF has been report-
ed to appear during acute hepatitis type A (10). Although,
anti-IMF autoantibodies have been noted in some patients
with chronic hepatitis B (7), their reactivities are not
regarded as specific to hepatitis virus infection, since they
have been reported in association with various viral infec-
tions, including human immunodeficiency virus-1 (HIV-1)
infection where either ASMA or anti-IMF were found in
30% of the patients (19). Also, these autoantibodies
have been detected in patients with cytomegalovirus infec-
tion (20), and other virus infection (21, 22). These
findings support the serological segregation between
autoimmune phenomena, as observed in AIH which were
characterized by high reactions to several autoantigens
including cytoskeletal components, and secondary sero-
logical autoimmune reactions as observed in viral infec-
tions in which such reactions are restricted and their titers
are relatively low. The different profiles of the reactivities
of anti-cytoskeleton antibodies in ATH and viral infections
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including viral hepatitis may contribute to the different
immunological abnormalities in these pathological condi-

tions.

Chronic hepatitis C patients appears to include a
subset of patients with accompanying autoimmune phe-
nomena similar to those observed in patients with AIH
(12) in whom ASMA with high titer reactivity are
observed (11). However, few studies have been perform-
ed to analyze the anti-cytoskeleton antibodies in patients
with chronic hepatitis C, including the cases associated
with autoimmune phenomena. A study of non-A, non-B
hepatitis, which was conducted before methods for the
detection of HCV infection had been developed, demon-
strated the presence of anti-MF and anti-IMF in 1 and 3
of 18 patients, respectively (23).

In our ASMA-positive patients with CLD-C, who
were confirmed to be positive for anti-HCV and HCV-
RNA, the incidence of anti-MF was relatively high
compared with that in the patients with CLD-B. Further-
more, the mean levels of serum gammaglobulin and IgG
in these anti-MF-positive patients with CLD-C were
higher than those in anti-MF-negative CLD-C and CLD-
B patients, suggesting that a difference in the degree of
stimulation of the immune system exists between anti-
MF-positive CLLD-C and anti-MF-negative CLD-C or
CLD-B patients. Thus, autoimmune mechanisms might
be involved in the pathogenesis of anti-MF-positive
CLD-C, and anti-MF may be a useful differentiating
marker.

In addition, several studies have suggested a major
role of defective antigen-specific and/or non-specific T
suppressor functions in the pathogenesis of AIH (24, 25).
Also, the patients with CLD-C associated with auto-
immune phenomena are considered to have decreased
suppressor T functions. This impaired immunoregulation
may play an important pathogenic role in the expansion of
autoimmune responses, resulting in the induction of not
only anti-IMF but also anti-MF in their clinical courses.

However, the mechanism of the defective suppressor
functions and the selectivity of the anti-MF autoantibody
responses are largely unknown, and their elucidation will
certainly provide further insight into the pathophysiology
of autoimmune responses and of AIH.
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