
INTRODUCTION

It has been known that immunological
defence is deeply involved in the pathogene-
sis of chronic hepatitis C (CH C).  There are
patients whose serum alanine aminotrans-
ferase (ALT) levels are normal in spite of
the existence of hepatitis C virus [1].
Furthermore we reported a case with CH C,
whose serum ALT levels fell down to the
normal range after he suffered from malig-
nant lymphoma, which is known to cause
immunosuppressive state [2].  These results
indicate the significance of immunological
surveillance in the pathogenesis of CH C.

There are several reports mentioning an
importance of human leukocytes antigens
(HLA) antigens in viral hepatitis. HLA-classⅠ
[3] and DR antigens [4] are highly expressed
in the liver of  hepatitis C virus infection.

The association of the incidence of chronic
hepatitis or the severity of damage with par-
ticular types of HLA-classⅡ antigens has
also been reported [5‒11]. Then, it was con-
sidered that, while CD8＋cytotoxic T lympho-
cytes (CTLs) restricted to HLA-classⅠ are
mainly involved in the clearance of viral
infected hepatocytes [12‒14], CD4＋helper T
lymphocytes should have important roles for
those CTLs reaction. Actually, The existence
of HLA-DR restricted anti-hepatitis C virus
specific CD4＋T cells has recently been
reported [15].

HLA-class DR antigens, similarly as class
Ⅰ, are secreted as soluble forms (designated
as soluble HLA-DR: sDR) [16, 17], and
increases in patients with infectious disor-
ders [18], autoimmne disorders [19], malig-
nant disorders [20], and also in autoimmune
hepatic disorders [21].  Previously, we report-
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ed that sHLA-Ⅰ, together with soluble CD8,
were elevated in CHC patients and further
increased after  interferon (IFN) treatment
[22]. It is quite reasonable as IFN itself influ-
ences the level of HLA-classⅠ expression
both in hepatocytes and in peripheral blood
lymphocytes [23, 24]. The number of HLA-
DR＋ IFNα lymphocytes was also increased
after IFNα-therapy, whereas it is controver-
sial as for the HLA-classⅡ expression of
liver cells (hepatocytes, bile duct cells, etc)
after IFN-treatment [25]

Based on those backgrounds, in the pre-
sent study, serum sDR were measured in
patients with CH C and evaluated the rela-
tionship with the other parameters.
Furthermore, we monitored the sDR levels
in patients who received IFN treatment and
evaluated whether the change of sDR would
predict the response to the therapy.  Finally,
we analyzed the expression of HLA-DR anti-
gens in liver specimen in order to clarify the
relationship between sDR and HLA-DR anti-
gens expressed in liver tissues.

MATERIALS AND METHODS

Patients and sample collection
Forty patients with histologically proven

CH C were enrolled into this study.  They
had not received any drugs 6 months before
entry.  Serum was separated from peripheral
venous blood taken after informed consent
and stored at －80℃ until measurement.

IFN treatment
These patients received human lym-

phoblastoid interferon (Sumiferon,
Sumitomo Pharmaceutical Co., Ltd., Osaka,
Japan) treatment following the schedule of
daily intramuscular injection (6 million
units per an injection) for 4 weeks, then
three times weekly injection for 20 weeks.
The sDR levels were determined before, 2,
12 and 24 weeks after the start of IFN and 4
weeks after the end of treatment.

A complete response was defined as the
disappearance of serum HCV-RNA and the
normalization of serum ALT levels.  The
other patients were rendered as a non-
responder.  Re-biopsy was done six months
after the end of treatment.  Histologic
changes of the liver were classified by
Inuyama Classification [26].

Determination of sDR levels
The levels of sDR were determined by

sandwich ELISA according to the method
described elsewhere [21].  Briefly, 500-fold
diluted anti-HLA-DR antibody L243
(Beckton-Dickinson, San Jose, CA) was sor-
bented onto 96-well plates (Costar,
Cambridge, MA).  Two-fold diluted serum
samples were added and incubated at 37℃
for 1h.  After washed, the plates were incu-
bated with 1000-fold diluted anti-HLA-class
Ⅱb chain antibody CR3/43 (Boehringer
Mannheim GmbH, Testentwicklung Werk
Tutzing, Germany) for further 1h.  1000-
fold diluted horseradish-labeled anti-mouse
IgG1 (Zymed, San Francisco, CA) was added
followed by orthophenylendiamine (Sigma,
St Louis, MO).  The absorbance was mea-
sured with a microplate reader (Molecular
Device Corp, Nenlo Park, CA).  All experi-
ments were undertaken in duplicate.  The
serum concentration of sDR was calculated
from the standard curve obtained using
purified HLA-classⅡ antigen (kindly gifted
by Prof. Grosse-Wilde, Essen University)
[27].

Immunohistochemistry
The expression of HLA-DR antigens was

examined by immunoperoxidase method.
Briefly, formalin-fixed, paraffin-embedded
section were deparaffinized, hydrated, and
treated with 1％ aquanous hydrogen perox-
ide, and digested with 0.5％ Saponin
(MERCK, Darmstadt, Germany) for 30 min-
utes. The sections were incubated with anti-
HLA-DR mAb, TAL.1B5 (DAKOPATTS
A/S, Glostrup, Denmark), and then with
biotin-conjugated anti-mouse IgG. Finally,
the sections were reacted with an avidin-
biotin complex (ABC) kit (Vector Lab., Inc.,
Burlingame, CA). The number of HLA-DR
positive cells in portal tracts were evaluated
using the VIDAS system (Carl Zeiss,
Oberkochen, Germany) [28].

Statistical evaluation
The differences between groups were

evaluated by two-tail Student’s t-test.  The
difference of dichomatous value was ana-
lyzed by chi-square test.

RESULTS

sDR levels in patients with CH C (Fig. 1)
The mean ±S.D. of sDR in patients with
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CH C was 416±236 (ng/ml), which was sig-
nificantly higher than healthy controls
(286±163) (P<0.05). Next, the correlation
between sDR levels and other background
parameters was evaluated.  Regarding the
liver histology, the sDR levels showed slight-
ly increased concomitantly with the grading
scores of inflammation (A factor) and fibro-
sis (F factor) (Fig. 2).  The patients without

fibrosis (F0) had relatively low levels of sDR
compared with patients with progressive
fibrosis, however, there were no significant
differences.  The serum ALT levels were not
correlated with sDR levels (data not shown),
suggesting that the sDR levels do not reflect
the extent of liver cell necrosis.  We com-
pared sDR levels by serum HCV RNA titer
or HCV serotype, however, no relationship
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Fig. 1 sDR levels in patients with CH C and healthy controls. 
Bars represent the mean ±S.D.  The sDR level in patients with
CH C was higher than that in healthy controls (P<0.05).

Fig. 2 Relationship between sDR levels and the scores of histological grading and staging
in patients with CH C
Each value represents mean ±S.D.



was detected (data not shown).

Change in sDR levels during and after IFN
treatment (Fig. 3)

Among 40 patients, 20 sustained normal
serum ALT levels at 24 weeks after the end
of IFN treatment without detectable serum
HCV RNA.  Then, they were regarded as a

complete responder.  The other patients were
regarded as a non-responder.  In patients
with complete response, the sDR levels
decreased by IFN treatment and sustained
low, while in those with no response, sDR
did not and even increased except for small
decline at 2 wk.  The sDR levels at 2 wk,
24wk and 28 wk (4 wk after the end of IFN
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Fig. 3 Change in sDR levels during and after IFN treatment.
CR: complete responders, NR: non-responders.  Each value repre-
sents mean ±S.D.  *P<0.05 between CR and NR groups.

Fig. 4 Change in the number of HLA-DR antigen expressing cells in
liver by IFN treatment.
CR: complete responders, NR: non-responders.  Each value repre-
sents mean ±S.D.  *P<0.05 between before and after treatment in
CR group.



treatment) were significantly lower in com-
plete responders than those in non-respon-
ders (P<0.05).

The pretreatment sDR levels were not dif-
ferent between complete responders (419.9
±212.4 [mean ±S.D.]) and non-responders
(413.2±263.2) (data not shown).  Thus, it is
difficult to predict the response to IFN by
sDR before treatment.

Immunohistochemistry
The HLA-DR antigen was stained in liver

biopsy specimen to analyze whether sDR
would reflect the expression of HLA-DR
antigen in liver.  Before IFN treatment,
HLA-DR antigen was stained in dendritic
cells, lymphocytes and Kupffer cells in por-
tal area, while it was stained in Kupffer cells
and endothelial cells in central acinus [4].

Next, we quantitated the number of posi-
tively stained cells using con-focal laser scan
microscopy.  The number of positively
stained cells in liver specimen before IFN
treatment was not different between com-
plete responders and non-responders (data
not shown).  Fig. 4 shows the effect of IFN
on the number of positively stained cells.  In
complete responders, positive stained cells
remarkably decreased below the half (from
48.6± 30.4 [mean ± S.D.] cells/μm2 to
19.7±13.4), while in non-responders the
decline was not significant, although a simi-
lar tendency was observed  (from 54.8±
19.8 to 36.7±28.5).  These results indicate
that the decrease of sDR by IFN in complete
responders reflects the decrease of the
expression of HLA-DR antigen in liver.

DISCUSSION

The present study, for the first time,
shows that the sDR levels in patients with CH
C are significantly higher than normal con-
trols.  It has been reported that the sDR lev-
els are elevated in post-transplantation [29],
some kinds of malignancy [20], GVHD [29],
infection [18] or collagen diseases [19].  We
also reported previously the remarkable ele-
vation in autoimmune hepatitis [21].  To
know the significance of sDR as a parameter
of disease activity, the correlation between
sDR and various parameters, such as  serum
ALT or AST, was evaluated.  However, we
could not find any correlation and also
between  sDR levels and grading or staging
of liver histology, supposing that sDR does

not reflect  the damage or necrosis of hepat-
ic tissue.  Immunohistochemistry using anti-
HLA-DR mAb revealed that various types of
cells, inflammatory cells such as lympho-
cytes or antigen presenting cells such as
dendritic cells or Kupper cells, strongly
expressed HLA-DR antigen.  These cells are
thought to be activated because such high
amount of expression was not seen in the
liver of normal subjects.  Both sDR and
HLA-DR levels in the tissue paralelly
decreased not in non-responder but in com-
plete-responders by IFN treatment.  They sig-
nificantly dropped in responders in as early
as 2 wk after the start of  treatment.  On the
other hand, in the non-responders, they did
not decline both during and after IFN treat-
ment except for small decline at 2 wk. In
contrast,  they were maintained in low  lev-
els in responders.  There will be two expla-
nations for the decrease of sDR in respon-
ders.  First, IFN might rapidly decrease the
amount of HCV and consequently improve
inflammation in liver.  The interval of 2
weeks may not be long enough for sDR to
reflect the extinguishment of inflammation
in liver.  Second, IFN might directly affect
the cells originating sDR. To clarify this
hypothesis, the in vitro effect of IFN on cul-
tured cells should be investigated.  We
reported that sHLA-Ⅰ, contrary to sDR,
increased at 2‒4 wk both in responders and
non-responders, and then declined to pre-
treatment level only in responders [30]. IFN
upregurates HLA-classⅠ expression of
infected hepatocytes or activated lympho-
cytes [23, 24]. As for HLA-classⅡ antigens,
Thiel et al. [25] reported that the expression
on bile duct or hepatocytes was increased
during IFN treatment and returned to the
baseline after the withdrawal with no differ-
ence between responders and non-respon-
ders.  While, Banner et al. [31] mentioned
that no change of HLA-DR was found after
IFN in CHC patients. In our cases, the effect
of IFN might have appeared  in responders
as early as 2 weeks, reflecting subsided
inflammation of the affected liver tissues.
Anyway, it can be concluded that sDR could
be more reliable and predictive marker of
response to IFN compared with sHLA-Ⅰ.

Taken together, when the individual
patient is considered, sDR reflects  the num-
ber of cells expressing HLA-DR antigen in
liver, which are associated with the activity
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of hepatitis. Unexpectedly, there was also no
correlation between sDR and levels of sur-
face HLA in the affected liver (data not
shown) at the pre-treatment point.  The pro-
ductivity of sHLA is sometimes influenced
by the HLA allotypes [32], which might be
one reason why soluble and surface HLA
levels were not simply correlated.  Another
possibility is that sDR was originated much
more from peripherally circulating cells,
such as activating T lymphocytes, than from
the focal tissue. In case of the HLA classⅠ
antigens, its soluble form has been demon-
strated to be secreted by activated lympho-
cytes and possess immunomodulatory func-
tions [33].  Thus, sDR also might be secreted
to play some immunological roles.

We also evaluated the relationship
between pre-treatment levels of sDR, and
HCV serotype or serum viral load in order

to know whether these factors would be asso-
ciated with the severity of inflammation.
But we could not find any relationship
between them in accordance with some
reports describing that disease activity is
independent of HCV genotype and viral
load [34, 35]. Whereas,  an early (assayed at
week 2) virological  response was found to
be a significant predictor of a complete
response to IFN [36].  In the near future, the
change of viral load during IFN treatment
would be examined together with that of
sDR values.
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Fig. 5 Expression of HLA-DR antigen in liver before (A, B) and after (C, D) IFN treatment.
Before IFN treatment, strong reactions of HLA-DR antigen were recognized in dendritic cells,
lymphocytes and Kupffer cells in a portal tract.
HLA-DR antigens-positive cells significantly decreased in number after IFN therapy in the CR
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A B

C D



Lancet 1993; 341: 316‒317.
3) Fukusato T, Gerber MA, Thung SN. Expression of

HLA classⅠ antigens on hepatocytes in liver disease.
Am J Pathol 1986; 123: 264‒270.

4) Pamela O. V. Danque, Nancy Bach, Fenton
Schaffner, Michael A. Gerber, Swan N. Thung. HLA-
DR expression in bile duct damage in hepatitis C.
Modern Pathology 1993; 6(3): 327‒332.

5) Kuzushita N, Hyashi N, Katayama K. Increased fre-
quency of HLA DR13 in hepatitis C virus with per-
sistently normal ALT levels. J Med Virol 1996; 48: 1
‒7.

6) Miyamoto T, Yasunami R, Shimizu Y. Analysis of
HLA-DRB1 in patients infected with hepatitis C
virus. Int Hepatol Commun 1995; 4: 109‒112.

7) Paeno G, Menardi G, Ponzzeto A. HLA-DR5. A genet-
ic factor influencing the outcome of hepatitis C virus
infection? Arch Inten Med 1994; 154: 2733‒2736.

8) Czaja AJ, Carpenter H, Santrach PJ. DR human
leukocyte antigens and disease severity in chronic
hepatitis C. J Hepatol 1996; 24: 667‒673.

9) Zavaglia C, Bortolon C, Ferrioli G. HLA typing in
chronic type B, D and C hepatitis. J Hepatol 1996;
24: 658‒665.

10) Tibbs C, Donaldoson P, Underhill J. Evidence that
the HLADQA1*03 allel confers protection from
chronic HCV-infection in northern European
Caucasoids. Hepatology 1996; 24: 1342‒1345.

11) Haruna Y, Miyamoto T, Yasunami R, Kanda T,
Fushimi H, Kotoh K. Human leukocyte antigen
DRB1 1302 protects anainst bile duct damage and
portal lymphocyte infiltration in patients with chron-
ic hepatitis C. J Hepatol 2000; 32(5): 837‒842.

12) Kita H, Moriyama T, Kaneko T. HLA B44 restricted
cytotoxic T lymphocytes recognizing an epitope on
hepatitis C virus nucleocapusid protein. Hepatology
1993; 18: 1039‒1044.

13) Koziel MJ, Dudley D, Wong JT. Intrahepatic cyto-
toxic Tlymphocytes specific for hepatitis C virus in
persons with chronic hepatitis. J Immunol today
1992; 13: 3339‒3344.

14) Kaneko T, Nakamura I, Kita H. Three new cytotoxic
T cell epitope identified within the hepatitis C virus
nucleoprotein. J gen Virol 1996; 77: 1305‒1309.

15) Pape GR, Gerlach TJ, Diepolder HM, Gruner N,
Jung M, Santantoio T. Role of the specific T-cell
response for clearance and control of hepatitis C
virus. J Viral Hepat 1999; 6 Suppl 1: 36‒40.

16) M. Jendro, J. J. Goronzy and C. M. Weyand.
Structural and functional characterization of HLA-
DR molecules circulating in the serum.
Autoimmunity 1991; 8: 289‒296.

17) Weyand CM, Jendro M, J. J. Goronzy. Soluble HLA-
DR molecules in patients with HLA classⅡ versus
classⅠ associated disorders. Autoimmunity 1991; 8:
281‒287.

18) Filaci G, Contini P, Brenci S, Lanza L, Scudeletti M,
Indiveri F, Puppo F. Increased serum concentration
of soluble HLA-DR antigen in HIV infection and
following transplantation. Tissue Antigens 1995; 46:
117‒123.

19) Ott M, Seidl C, Westhoff U, Stecker K, Seifried E,
Fischer PA, Grosse-Wilde H. Soluble HLA classⅠ

and classⅡ antigens in patients with multiple scle-
rosis. Tissue Antigens 1998; 51(3): 301‒304.

20) Herlyn M, Lange B, Bennicelli J, et al. Increased lev-
els of circulation HLA-DR antigen in sera of patients
with acute lymphoblastoid leukemia. Leuk Res 1984;
8: 323‒334.

21) Hagiwara M, Hosoi K, Kagawa T, et al. Serum solu-
ble HLA-DR antigens in autoimmune hepatitis.
Autoimmunity 1999; 31: 85‒93.

22) Hagiwara M, Shimura T, Takabe K, Munkhbat B,
Yamamoto K, Hosoi K. The changes of serum solu-
ble HLA-classⅠ and CD8 concentrations during
interferon treatment of chronic hepatitis C patients.
Int Heptol 1997; 6: 316‒323.

23) Paul RG, Roodman ST, Campbell CR. HLA-classⅠ
antigens expression as a measure of response to
antiviral therapy of chronic hepatitis B. Hepatology
1991; 13: 820‒825.

24) Hayata T, Nakano Y, Yoshizawa K, Sodeyama T,
Kiyosawa K. Effects of interferon on intrahepatic
human leukocyte antigens and lymphocyte subsets
in patients with chronic hepatitis B and C.
Hepatology 1991; 13: 1022‒1028.

25) Van Thiel DH, Zhang X, Baddour N, Wright HI,
Friedlander L. Intrahepatic mononuclear cell popu-
lations and MHC antigens expression in patients
with chronic hepatitis B: effect of interferon-α. Dig
Dis Sciences 1994; 5: 970‒976.

26) Ichida F, Tsuji T, Omata M, et al. Tentatively agreed
on January 7, 1994 by eight Japanese hepatologists.

27) Westhoff U, Thinnes FP, Grosse-Wilde H.
Quantitation of soluble HLA  classⅡ molecules by
an enzyme-linked immunosorbent assay. Vox Sang
1991; 61: 106‒110.

28) Itoh J, Osamura Y, Watanabe K. Subcellular visual-
ization of light microscopic specimens by laser scan-
ning microscopy and computer analysis: a new
application of image analysis. J His and
Cytochemistry 1992; 40: 955‒967.

29) Davies HFFS, Pollard SG, Calne RY, et al. Soluble
HLA antigens in the circulation of liver graft recipi-
ents. Transplantation 1989; 47: 524‒527.

30) Hagiwara M, Shimura T, Takabe K, Munkhbat B,
Hosoi K. Serum concentrations of soluble HLA-class
Ⅰ and CD8 forms in patients with viral hepatic dis-
orders. J Gastroenterol 1997; 32: 38‒343.

31) Banner BF, Allan C, Smith L, Savas L, Bonkovsky
HL. Effects of interferon therapy on bile duct
inflammation in hepatits C. Vir Arch 1996; 428: 253
‒259.

32) Hagiwara M, Shimura T, Yamamoto K, et al. Soluble
HLA classⅠ and classⅡ in Japanese. Human
Immunology 1994; 40: 171‒173.

33) Brieva JA, Villar LM, Leoro G, et al. Soluble HLA
classⅠ antigen secretion by normal lymphocytes:
Relationship with cell activation and effect of inter-
feron-gamma. Clin Exp Immunol 1990; 82: 390‒
395.

34) Kobayashi M, Tanaka E, Sodeyama T, et al. The nat-
ural course of chronic hepatitis C. A comparison
between patients with genotypes 1 and 2 hepatitis C
viruses. Hepatology 1996; 23: 695‒699.

35) Tassopoulos NC, Papatheoodoridis GV, Katsoulidou

The serum soluble HLA-DR antigens as a predictive marker of the response to interferon-α treatment in patients with chronic hepatitis C ― 123



A, Delladetsima JK, Sypsa V, et al. Factors associat-
ed with severity and disease progression in chronic
hepatitis C. Hepatogastroenterology 1998; 45(23):
1678‒1683.

36) Kagawa T, Hosoi K, Takashimizu S, Kawazoe K,

Mochizuki K. Comparison of two interferon alfa teat-
ment regimens characterized by an early virological
response in patients with chronic hepatitis C. The
American J Gasteoenterology 1998; 93: 192‒196.

124 ― K. HOSOI et al.


