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Soluble CD163 in patients with liver diseases: very high levels of
soluble CD163 in patients with fulminant hepatic failure
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Background. The levels of several cytokines and
chemokines are elevated in various liver diseases, espe-
cially in fulminant hepatic failure (FHF). Activated
macrophages may have a role in the production of these
immune modulators. CD163 is a member of a scavenger
receptor family and is expressed mainly on activated
macrophages, and a soluble form of CD163 (sCD163) is
released from activated macrophages. The aim of this
study was to assess SCD163 levels in patients with FHF
and to evaluate their clinical significance. Methods. The
levels of sCD163 in the sera were measured in 21 pa-
tients with FHF, 17 patients with acute hepatitis
(AH), 22 patients with chronic hepatitis (CH), and 14
normal healthy controls (NC), by an enzyme-linked
immunosorbent assay. The levels of sCD163 were ob-
served serially in patients with FHF and AH. Resuls.
The levels of sCD163 in the sera from patients with FHF
were significantly higher than those in patients with AH
and CH and the NC group (P < 0.0001). There was a
good correlation between serum levels of sCD163 and
prothrombin time (r = —0.677; P < 0.0001). A kinetic
study revealed that the levels of sCD163 decreased in
patients with AH and in survivors of FHF, whereas
the levels of sCD163 progressively increased in
nonsurvivors of FHF. Conclusions. This study shows
that the products of activated macrophages may be in-
volved in the pathogenesis of FHF. This study also in-
spires optimism that sCD163 may possess prognostic
importance in FHF.

Key words: soluble CD163, fulminant hepatic failure,
acute hepatitis, macrophage
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Introduction

Patients with hepatitis are characterized by hepatic
inflammation and the destruction of hepatocytes.
Viral antigen-specific cytotoxic T Iymphocytes, poly-
clonal cytokines, immune modulators, and products of
oxidative stress have been shown to induce damage and
destruction of hepatocytes in these patients.! Accumu-
lation of macrophages is a characteristic feature of
different types of hepatitis, although the degree of
accumulation varies among different types of hepatitis.
Severe accumulation of macrophages is usually seen in
the liver tissues from patients with fulminant hepatic
failure (FHF) and acute hepatitis (AH). Although in-
creased esterase activity is a marker of activated mac-
rophages, it is not easy to get liver biopsy specimens and
to quantify the levels of enzyme activity in clinical situ-
ations. Recently, it has been shown that CD163 is ex-
pressed on activated macrophages.® It is also expressed
on blood monocytes, but the levels of expression are
much higher on macrophages. This indicates that in-
creased expression of CD163 may be related to the
progressive maturation of monocytic cells to macroph-
ages. CD163 is a 130-kDa transmembrane protein
that is a member of the scavenger receptor cysteine rich
(SRCR) family; it contains monocyte lineage differen-
tiation antigen containing nine copies of the SRCR
domain.**

While the specific function of CD163 remains un-
clear, CD163 was classified as a signal receptor scaveng-
ing hemoglobin-haptoglobin complexes from plasma.®
CD163 has been shown to be present in a natural
soluble form (sCD163) in plasma and serum.” Because
of the constant shedding of CD163 from activated mac-
rophages,” sCD163 expression may be a good marker of
a progressive inflammatory milieu; Matsushita et al.?
have reported elevated levels of sCD163 in rheumatoid
arthritis; however, there is a paucity of information re-
garding the expression of sCD163 in liver diseases.
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Table 1. Clinical characteristics of patients with hepatitis
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FHF AH CH

Number 21 17 . 22
Age (years) 476 +171 433+ 174 490 + 84
Sex (male:female) 8:13 13:4 14:8
Total bilirubin (mg/dl) 154 = 9.3* 8.4 x 7.1%* 0.7 x06
Prothrombin time (%) 149 x 9.1* 67.5 * 25.5%% 945 £ 132
Aspartate aminotransferase (TU/I) 1845.3 + 4222.0 1681.0 = 2131.3 75.1 £ 632
Alanine aminotransferase (YU/I) 1343.5 + 2198.6%%* 2224.8 = 2506.0%* 145.5 + 239.7
Outcome (survivors:nonsurvivors) 8:13 17:0 22:0
Etiology

Hepatitis A virus — 1 —

Hepatitis B virus 12 8 —

Hepatitis C virus 2 2 22

Drug-induced 2 6 —

Non-A, non-B, non-C 5 — —

*P < 0.01 vs AH, CH; ** P < 0.01 vs CH; *** P < 0.05 vs CH

FHF, fulminant hepatic failure, AH, acute hepatitis, CH, chronic hepatitis

With the postulation that activated macrophages
might have a role during FHF, we measured sCD163 in
the sera from patients with FHF, and in patients with
AH and chronic hepatitis (CH). The levels of sCD163
were highly elevated in patients with FHF compared to
those with CH and AH, indicating the marked activa-
tion of macrophages in FHF. Next, we checked the
levels of sCD163 in the sera from patients with FHF at
different times in the disease course to assess whether
sCD163 could have any clinical importance in FHF.

Patients and methods

The study population comprised 21 patients with FHF,
17 patients with AH, 22 patients with CH, and 14 nor-
mal healthy controls (NC). All patients were admitted
to our hospital between 1984 and 2002. The diagnosis of
liver diseases was done according to subjective symp-
toms and from the data of liver function tesis. FHF
was defined as severe liver dysfunction with grade II or
greater hepatic encephalopathy and with prothrombin
time (PT) being 40% or less® on admission to our hos-
pital. None of the patients with FHF or AH had a pre-
vious history of liver diseases. Patients with FHF did not
show features of sepsis. The clinical profiles of the
patients with FHF, AH, and CH are shown in Table 1.
The mean age of the patients with FHF was 47.6
years (range, 8 to 73 years); 13 were female and 8 were
male. The etiology of FHF was variable. Twelve and 2
patients were positive for hepatitis B surface antigen
(HBsAg) and antibody to hepatitis C virus (HCV), re-
spectively. Two patients with drug-induced hepatitis
were also enrolled among the FHF patients. The etiol-

ogy of FHF was unknown in 5 patients (non-A, non-B,
non-C). .

AH was defined in patients in whom hepatic encepha-
lopathy did not develop during the course of the dis-
ease. The mean age of the AH patients was 43.3 years
(range, 20 to 76 years). Thirteen of these patients were
male and 4 were female. IgM type antibody to hepatitis
A virus (HAV) was detected in one patient; eight pa-
tients were positive for HBsAg, and two were positive
for antibody to HCV. Six patients were diagnosed as
having drug-induced hepatitis. As shown in Table 1,
there were no significant differences regarding age be-
tween the patient groups. The PT was significantly
lower in patients with FHF (P < 0.0001), as expected.
Informed consent was obtained from patients or their

* relatives after an explaination of the nature of the study.

Sera were collected from all patients and were stored at
—20°C until use.

Estimation of markers of hepatitis viruses

The presence of IgM type antibody to HAV, HBsAg,
and antibody to HCV was determined using enzyme
immunoassay kits (AxXSYM HAVAB-M; Dainabot, To-
kyo, Japan; AxSYM HBsAg; Dainabot, Tokyo, Japan;
and Imcheck-FHCV, Kokusai-Shiyaku, Kobe, Japan,
respectively), exactly according to the instructions of
the manufacturer.

Assay of sCDI163 in sera

The levels of sCD163 were examined by a sandwich
enzyme-linked immunosorbent assay (ELISA) method.
A Nunc maxi-sorp immunoplate (Nalge Nunk Interna-



54

tional, Tokyo, Japan) was coated with 100pl of 2ug/ml
Mac 2-158 (MAB180P; Maine Biotechnology Services,
ME, USA)? diluted in ELISA coating buffer (0.1M
NaHCO3, 0.5M NaCl) at 4°C overnight. After incuba-
tion, the plates were washed with 200ul phosphate-
buffered saline (PBS) plus 0.05% Tween-20 four times.
Nonspecific binding was blocked by using 200l of a
blocking buffer containing PBS plus 10% fetal bovine
serum (FBS) for 30min. After three washings, 100l of
patient’s sera or control sera (dilution, 1:25) diluted in
blocking buffer was added to the plates and the plates
were incubated for 2h at room temperature. After four
washings with PBS plus Tween-20, 100 pi of biotinylated
R20 (0.5pg/ml diluted in blocking buffer, MAB172P;
Maine Biotechnology Services)® was added, and the
plates were incubated at room temperature for 1h.
After another round of washing, 150pl of streptavidin
horseradish peroxidase (HRP-Streptavidin Conjugate;
Zymed Laboratories, South San Francisco, CA, USA),
diluted 1:1000 in blocking buffer, was added, and the
plates were incubated at room temperature for 30 min.
After washing, color development was done with 200 ui
of 2,2-azino-bis3-ethylbenz-thiazoline-6-sulfonic acide
(Zymed Laboratories) solution. The enzymatic reaction
product was read by an ELISA reader (Immuno Mini
NJ-2300; Nalge Nunc International) at 405nm. The
levels of sCD163 were estimated from the standard
curve prepared by plotting the optical density (OD)
values of the standard serum against the OD values of
the samples.

Statistical analysis

All statistical analysis was carried out on a personal
computer with StatView program version 5.0 (SAS In-
stitute, Berkeley, CA, USA). The difference between
mean values of groups was tested using Students’s
T-test, one-way analysis of variance (ANOVA) and
Scheffe's F-test. P values of less than 0.05 were con-
sidered statistically significant. Correlation coefficients
between variables were calculated by use of Fisher’s R
to Z transformation.

Results

The levels of sCD163 in the sera from patients with
different types of hepatitis and the NC group are shown
in Fig. 1. The mean levels of sCD163 were significantly
higher in patients with FHF (808.6 = 433.0ng/ml; n =
21) compared to those with AH (248.5 = 168.5ng/ml;
n = 17) and CH (148.3 * 51.4ng/ml; n = 22) and the
NC group (59.5 * 27.6ng/ml; n = 14) (P < 0.0001).

In order to identify the factors that influenced the
serum levels of sCD163 in patients with liver diseases,
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Fig. 1. Increased levels of soluble CD163 (sCDI163) in pa-
tients with CH, AH, and FHF. CH, chronic hepatitis; AH,
acute hepatitis; FHF, fulminant hepatic failure; NC, normal
control. *P < 0.0001 compared to AH, CH, and NC
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Fig. 2. The levels of sCD163 in individual patienis with AH -
and FHF on admission. All patients with AH had sCD163
serum levels of less than 600ng/ml; however, most of the
patients with FHF had sCD163 serum levels of more than
600ng/ml on admission. *P < 0.0001 compared to AH. Open
symbols, survivors; closed symbols, nonsurvivors

we evaluated the correlation between parameters of
liver function tests and serum sCD163. A strong corre-
lation was seen between the levels of serum sCD163
and PT (r = —0.677; P < 0.0001). However, the levels
of aspartate aminotransferase and alanine aminotrans-
ferase did not show any good correlation with serum
sCD163 (Table 2).

The levels of sCD163 in the sera in individual patients
with AH and FHF are shown in Fig. 2. The levels of
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Table 2. Relationship between the levels of sCD163 in the sera and parameters of liver
function tests

Number of patients r P
Prothrombin time (%) 60 —0.677 <0.0001
Total bilirubin (mg/dl) 60 0.278 0.031
Aspartate aminotransferase (TU/I) 60 0.19 0.14
Alanine aminotransferase (IU/) 60 0.12 0.37

Serum levels of total bilirubin, prothrombin time, and aspartate aminotransferase and alanine
aminotransferase levels were measured in a total of 60 patients (FHF, n = 21; AH, n = 17, CH,
n = 22) on admission. Correlation coefficients between variables were calculated by use of
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Fisher’s R to Z transformation
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Fig. 3. The levels of sCD163 in the sera were decreased in
survivors of FHF (open squares). In contrast, the levels of
sCD163 increased progressively in nonsurvivors of FHF
(closed circles)

sCD163 on admission were highly variable among
patients. The levels of serum sCD163 were below
600ng/ml in all patients with AH. However, in 14 of the
21 patients with FHF, the levels of serum sCD163 were
more than 600 ng/ml.

The levels of sCD163 in the sera from patients with
FHF (Fig. 3; n = 7) and patients with AH (Fig. 4, n = 9)
were serially observed. As shown in Fig. 3, of four pa-
tients with FHF who survived, the levels of sCD163 fell
in three patients. In one patient with FHF, the level of
sCD163 was increased slightly on day 30 after admis-
sion. This patient was on a “downhill” course, but sur-
vived, with a liver transplantation done on the thirtieth
day after admission. On the other hand, the three pa-
tients with FHF who did not survive showed progressive
elevation of sCD163 in the sera (Fig. 3). In contrast, in
most of the patients with AH, the levels of sCD163 in
the sera decreased with time (Fig. 4).
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Fig. 4. Kinetics of sCD163 in patients with AH. In most of the
patients with AH, the levels of sCD163 fell with time

Discussion

The extent of hepatitis varies considerably among pa-
tients with liver diseases. Patients with FHF develop
massive liver damage, which is progressive in nature.
These patients can only be saved by intensive therapies,
including liver transplantation. On the other hand, al-
though patients with AH exhibit features of severe liver
damage, the pathological lesion is self-limiting and most
of the patients recover after a single episode of hepati-
tis. The factors that regulate the extent of liver damage
are not well understood. However, virus-specific cyto-
toxic lymphocytes, polyclonal immune modulators, and
oxidative stress play important roles in this regard. In
fact, several studies have shown a role of lymphocytes in
the induction and progression of hepatitis.

In the present study, we have shown that
macrophage-related factors may have a dominant role
in determining the severity of hepatitis in patients with
FHYF. The levels of sCD163, which is released from
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activated macrophages, were significantly higher in the
sera from patients with FHF compared with levels in
patients with AH and CH and the NC group.

In the clinical situation, it is very imporiant to assess
whether a patient presenting with features of acute liver
damage would recover after an acute attack of hepa-
titis or would eventually develop FHF. Shiota et al’®
have reported the prognostic importance of hepatocyte
growth factor (HGF) by estimating the serum levels of
HGF on admission and after recovery in five patients
with FHF.

In this study, we showed that the levels of sCD163
were significantly higher in patients with FHF com-
pared to those in AH patients at diagnosis, suggesting
that sCD163 may have a role in the progression to FHF.
Interestingly, on admission, the levels of sCD163 in the
sera were more than 600ng/ml in most patients with
FHF, but not in any patient with AH. However, the
importance of levels of sCD163 in FHF should be con-
firmed by conducting a controlled study in future.

The kinetic study of serum sCD163 in patients with
FHF and AH showed that nonsurvivors of FHF showed
progressive increases of sCD163, in spite of receiving
intensive therapy (high-dose corticosteroid, plasma ex-
change, steroid pulse therapy, and hemodiafiltration).
However, the levels of serum sCD163 decreased in FHF
patients who survived. It might be hard to draw a firm
conclusion from the finding of this study, because it was
retrospective, and the number of subjects was not large
enough to draw a firm conclusion. The utility of sCD163
as a marker of the prognosis of FHF should be con-
firmed in a prospective study, and such a clinical evalu-
ation has been started in our laboratory.

The mechanism underlying the increase of sCD163 in
FHF, especially the progressive increase of sCD163 in
nonsurvivors of FHF, is not known. It is understandable
that sCD163 may be directly produced by activated
macrophages in the liver of FHF patients, because mac-
rophages play a dominant role in the pathogenesis of
severe inflammation in FHF.? It is possible that sCD163
may be produced because of the stimulation of acti-
vated macrophages by some intermediate inflammatory
mediators that are produced in FHF. It was reported
that lipopolysacharides induced sCD163 from the
surface of isolated monocytes.!! The direct effect of
sCID163 on hepatocytes has not been explored. CD163

A. Hiraoka et al.: Soluble CD163 in fulminant hepatic failure

was recently recognized as a specific hemoglobin-
haptoglobin receptor. Hemoglobin oxide is toxic and
has a proinflammatory effect. sCD163 may be involved
in the production of several inflammatory cytokines or
chemokines that may alter the hepatic inflammatory
milieu in FHF. Whatever the mechanism or mode of
action may be, sCDD163 appears to represent more se-
vere forms of FHF, and further study may reveal its
clinical significance.
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Summary

The chronic hepatitis B virus (HBV) carrier exhibits ongoing replication of
HBV and expresses abundant amounts of HBV-related antigens in the liver.
However, HBV-specific immune responses are either absent or narrowly
focused in these subjects. With the postulation that impaired functional abil-
ities of liver dendritic cells (DCs) might be responsible for this, we assessed the
functions of liver DCs in HBV transgenic mice (HBV-TM}, an animal model
of the HBV carrier state. Liver DCs were isolated from normal C57BL/6 mice
and HBV-TM without the use of cytokines or growth factors. Lymphoprolif-
erative assays were conducted to evaluate the ability of liver DCs to induce the
proliferation of allogenic T lymphocytes and hepatitis B surface antigen
(HBsAg)-enriched T lymphocytes. Liver DCs were stimulated with viral and
bacterial products to assess their cytokine-producing capacities. In com-
parison to liver DCs from normal C57BL/6 mice, liver DCs from HBV-TM
exhibited significantly decreased T cell proliferation-inducing capacities in
allogenic mixed leucocyte reaction (P < 0-05) and HBsAg-enriched T lympho-
cytes proliferation assays (P <0-05). Liver DCs from HBV-TM produced sig-
nificantly lower levels of interleukin-12p70, tumour necrosis factor-alpha,
interferon-gamma, and interleukin-6 (P < 0-05) compared to liver DCs from
normal C57BL/6 mice. This study provides evidence that liver DCs from
HBV-TM had impaired ability to induce both innate and adaptive immune
responses. This might account for a weak and almost undetectable HBV-
specific immune response in chronic HBV carriers. This inspires hope that
up-regulation of the functions of liver DCs in situ may have therapeutic impli-
cations in chronic HBV carriers.
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having a clearly detectable HBV-specific CD4 and CDS8

Introduction . . . oy
response for a wide range of different epitopes within the

About 350 million people in the world are chronically
infected with the hepatitis B virus (HBV). Considerable
numbers of chronic HBV carriers will develop progressive
liver diseases such as liver cirrhosis and hepatocellular carci-
noma. Also, all chronic HBV carriers are permanent sources
of HBV infection and are able to transmit the HBV to unin-
fected healthy people [1,2]. The exact mechanism underly-
ing the pathogenesis of the HBV carrier state is not well
understood; however, the immune responses of the host are
presumed to play a critical role in this regard. Patients who
control HBV after an acute infection are characterized by

HBV core, polymerase and envelope proteins [3]. In con-
trast, circulating HBV-specific T cells are very difficult to find
in chronic HBV carriers, and when they are present they are
often few and specific for single epitopes [4].

As the interaction between the virus and the host deter-
mines the magnitude of the virus-specific immune response,
defective processing and presentation of the HBV by anti-
gen-presenting dendritic cells (DCs) [5,6] might be respon-
sible for the impaired HBV-specific immune responses in
chronic HBV carriers. DCs originate in the bone marrow
and migrate through the blood to different non-lymphoid

© 2005 British Society for Immunology, Clinical and Experimental immunology, 139: 35-42 35
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tissues, where the phenotypes and functions of DCs undergo
modifications. This is evident from the phenotypic and
functional diversities of DCs in different tissues such as the
liver, lung, small intestine, large intestine, heart, kidney and
skin {7,8]. DCs in these non-lymphoid tissues recognize,
capture and process viruses in their endosomal compart-
ments, and express the antigenic peptides of the virus on
their surface. From this scenario, it is evident that improper
handling and processing of HBV by liver DCs might be
responsible for defective HBV-specific immune responses in
chronic HBV carriers. Currently, there is no study describing
the functions of liver DCs in human and murine HBV
carriers.

Some studies have reported on the functions of peripheral
blood and spleen DCs in humans and murine chronic HBV
carriers, respectively [9—11]. Although these studies repre-
sent the pioneer research on HBV/DC interactions in
chronic HBV infections, they have major and fundamental
limitations. In fact, blood and spleen DCs are not related
directly to the recognition, capturing and processing of HBV
in chronic HBV carrier [12].

This study was conducted to determine if the functions of
liver DCs were impaired in murine HBV carriers. It is very
difficult to isolate adequate numbers of liver DCs from nor-
mal mice for functional studies because there are very few
DCs in the liver. Accordingly, some investigators have
expanded liver DCs by administering fms-like tyrosine
kinase-3 ligand in vivo [13]. Others have cultured precursor
or progenitor populations of liver DCs from normal mice
with cytokines, growth factors and collagenase in vitro to
obtain adequate numbers of liver DCs [14,15]. However,
most of these agents induce either maturation or activation
of liver DCs, therefore altering the functions of liver DCs and
potentially compromising our study.

Hence, we isolated fresh liver DCs from HBV transgenic
mice (HBV-TM) and normal C57BL/6 mice without the use
of growth factors, cytokines or collagenase. This was
achieved by killing 10-15 normal mice or HBV-TM for each
experiment. After confirming the phenotype and functions
of liver DCs, we compared the T cell proliferation-inducing
capacities of liver DCs between HBV-TM and normal
C57BL/6 mice. Our study revealed that the liver DCs from
HBV-TM were inefficient in inducing proliferation of both
allogenic T cells and antigen-specific T cells. The mechanism
underlying the impaired T cell proliferation-inducing capac-
ity of liver DCs of HBV-TM was studied from their capacity
to produce proinflammatory cytokines in response to differ-
ent bacterial and viral products.

Methods

Mice

The HBV-TM (official designation, 1.2HB-BS10) were pre-
pared by microinjecting the complete genome of HBV plus

619 base pairs of HBV DNA into the fertilized eggs of
C57BL/6 mice. The HBV-TM expressed mRNAs of 3-5, 2.1,
and 0-8 kilo base pairs of HBV.in the liver and high levels of
the hepatitis B surface antigen (HBsAg) in the sera [16].

‘We purchased normal C57BL{6 mice (C57BL/6 ] Jel, H-2%
and normal C3H/He mice (C3H/HeN Jcl, H-2*) from CLEA
Japan Inc. (Tokyo, Japan). HBV-TM and normal mice
(C57BL/6 and C3H/He) were maintained separately in the
animal house at Ehime University School of Medicine,
Ehime, Japan, under controlled conditions (22°C, 55%
humidity and 12-h day/night rhythm), and were provided
with an unlimited supply of standard laboratory feed and
water. All animals received humane care and the study pro-
tocols conformed to institutional guidelines.

Detection of HBsAg and HBV DNA

The levels of HBsAg and HBV DNA in the sera of HBV-TM
were estimated using the chemiluminescence enzyme immu-
noassay method (Tokyo Institute of Immunology, Tokyo,
Japan) and the real time polymerase chain reaction method
(Special Reference Laboratory, Osaka, Japan), respectively.

Isolation of liver DCs

Liver DCs were isolated from mouse liver using a method-
ology described by Lu et al., with some modifications [14].
The mice were anaesthetized with pentobarbital sodium
(Dai Nippon Pharmaceutical Co., Ltd, Osaka, Japan). After
opening the abdomen, a 24-gauge intravenous canulla
(Vasculon™, Becton Dickinson, Helsborge, Sweden) was
inserted into the portal vein and the liver was perfused with
5ml of phosphate-buffered saline. The inferior vena cava
was cut to ensure the free outflow of blood. We removed the
liver and disrupted the perfused liver using the flat portion of
a plunger from a 10-ml syringe. The cell suspensions were
then passed through a sterile 75-iim pore size steel mesh
(Morimoto Yakuhin Co, Matsuyama, Japan), pelleted and
resuspended in 35% Percoll solution (Percoll™, Amersham
Bioscience Co, Tokyo, Japan) containing 100 [t/ml of hep-
arin. After centrifugation at 450 g for 15 min at room tem-
perature, non-parenchymal cells (NPCs) of the liver were
collected. '

In order to isolate liver DCs, NPCs were fractionated
based on CDl1lc expression with immunomagnetic beads
(MicroBeads Miltenyi Biotech, Bergisch Gladbach, Germany)
according the manufacturer’s instructions, after blocking Fc
receptors with monoclonal antibody 2.4G2 (BD Biosciences
Pharmingen, San Jose, CA, USA).

Preparation and isolation of HBsAg-enriched
T lymphocytes

In order to prepare HBsAg-enriched lymphocytes, normal
C57BL/6 mice were injected with 10 {tg of recombinant
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HBsAg in aluminium hydroxide, twice at 2-week intervals,
as described previously [17]. Allogenic T lymphocytes and
HBsAg-enriched T lymphocytes were isolated from C3H/He
mice and HBsAg-immunized C57BL/6 mice by magnetic cell
sorting using auto-MACS (Miltenyi Biotec). Single cell sus-
pension of the spleen was incubated with immunomagnetic
beads coated with monoclonal antibodies to mouse CD90
(Thy 1-2) (Miltenyi Biotec). These cells were then washed
twice through a MACS column. The positively selected cells
were collected as T lymphocytes.

Flow cytometry

After blocking the Fc receptor and then staining the
liver DCs with fluorescence isothiocyanate-conjugated,
phycoerythrin-conjugated or peridinin chlorophyll protein-
conjugated antibody, flow cytometry was performed using a
FACSCalibur flow cytometer (BD Biosciences). Liver DCs
were stained for DC (CD11c¢, HL3), lineage markers (CD3,
17A2; CD8q, 53-6-7, CD11b, M1/70, B220, RA3-6B2),
major histocompatibility complex (MHC) class I (AF6-
88-5), MHC class 1T (AF6-120-1) and co-stimulatory mole-
cules (CD80, 16-10A1; CD86, GL1). Analysis of the flow
cytometry data was conducted using CellQuest software (BD
Biosciences).

Proliferation-inducing capacities of liver DCs

T cells and DCs were cultured in 96-well U-bottomed plates
(Corning, Tokyo, Japan) for 4 days, as described [17]. Dur-
ing the last 12h, [*H]}-thymidine, 1-0 1Ci/ml (Amersham
Biosciences UK Limited, Buckinghamshire, UK) was added
to the culture. The levels of incorporation of [*H]-thymidine
were determined using a liquid scintillation counter (Beck-
man LS 6500, Beckman Instruments, Inc., Fullerton, CA,
USA) and the blastogenesis levels were expressed as counts
per minute (cpm).

Cytokines production by liver DCs

To assess cytokine production, 4 X 10° immunomagnetic
bead-purified CD11c" liver DCs were cultured in 200 pl of
medium in a 96-well U-bottomed Corning tissue culture
plate. Lipopolysaccharides, 5 g (Sigma, St Louis, MO, USA),
Staphylococcus aureus, Cowan strain-1 (SACS-1, 0-01%, Pan-
sorbin, no. 507861: Calbiochem, La Jolla, CA, USA) and her-
pes simplex virus-1 (HSV-1, 1 x 10° plaque-forming units,
kindly provided by Dr Masaki Yasukawa, Japan) were added
to the cultures. After 24 h, the culture supernatants were har-
vested and the levels of interleukin (IL)-6, IL-10, IL-12p70,
tumotir necrosis factor (TNF)-ot and interferon (IFN)-y (BD
Pharmingen) were calculated using a commercial kit for the
cytometric bead array, as described [18]. The standard neg-
ative control containing 0 pg/ml of different cytokines and
the standard positive control containing 5000 pg/ml of dif-

Liver DCs in chronic HBV carrier

ferent cytokines were provided with the kit. The mean fluo-
rescence intensities of the standard negative control, different
dilutions of standard positive controls and culture superna-
tants were measured using flow cytometry (FACSCalibur
flow cytometer). A standard curve was prepared from the
mean fluorescence intensities of the negative control and var-
ious dilutions of the positive controls using Cytometric Bead
Array Software (BD Biosciences). The levels of cytokines in
the culture supernatants were calibrated from the mean flu-
orescence intensities of the samples by Cytometric Bead
Array Software (BD Biosciences) using a Macintosh com-
puter (SAS Institute, Cary, NC, USA).

Statistical analysis

The data are shown as mean * standard deviation. Means

were compared using Student’s i-test. For differences deter-
mined by F-test, the t-test was adjusted for unequal variances

(Mann-Whitney U-test). P < 0-05 was considered to be sta-
tistically significant. Statistical calculations were performed
using STATVIEW (version 5-0) statistical computer program.

Results

Features of isolated liver DCs

In this study, DCs were isolated from mouse liver using per-
fusion, density centrifugation and magnetic cell sorting
without using cytokines or growth factors. Phenotypic anal-
yses revealed that more than 95% of the liver DCs expressed
CD1lc (Fig. 1a). Different subtypes of liver DCs were also
detected based on their expression of CD8q and CD11b
(Fig. 1b). About one-fourth of the liver DCs expressed the
B220 antigen, indicating that these liver DCs represented
plasmacytoid DCs (Fig. Ic). Functional analysis revealed
that liver DCs stimulated allogenic T cells from C3H/He
mice in a dose-dependent manner (Fig. 1d). Histopatholog-
ical analysis revealed no features of hepatitis in HBV-TM
(data not shown).

Phenotypes of liver DCs from normal C57BL/6 mice and
HBV-TM

The expression levels of MHC class I, MHC class II, CD80
and CD86 on liver DCs from normal C57BL/6 mice and
HBV-TM did not exhibit any significant difference. The data
shown in Fig. 2 are the representative flow cytometric pro-
files of five separate experiments of liver DCs from age- and
sex-matched normal C57BL/6 mice and HBV-TM.

Low T cell proliferation-inducing capacity of liver DCs
from HBV-TM

The T cell proliferation-inducing capacities of liver DCs were
assessed in an allogenic mixed lymphocyte reaction (MLR),
where allogenic T lymphocytes from C3H/He mice were cul-
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Fig. 1. Phenotypic and functional characterization of liver DCs. Liver DCs phenotypes were assessed in five separate experiments, The flow cytometric
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tured with liver DCs from normal C57BL/6 mice or HBV-
TM. To evalnate the ability of liver DCs to induce prolifera-
tion of HBsAg-enriched lymphocytes, HBsAg-enriched T
lymphocytes were cultured with liver DCs either without or
with HBsAg. The blastogenesis levels in lymphocyte prolif-
erative assays were measured in cpm. The blastogenesis levels
in allogenic MLR containing liver DCs from normal C57BL/
6 mice and liver DCs from HBV-TM were 101 299 + 13 293
(n=5), and 1468916308 (n=>5) cpm, respectively
(P < 0-01) (Table 1). '

The ability of liver DCs from HBV-TM and normal
C57BL/6 mice to induce proliferation of HBsAg-enriched
lymphocytes was evaluated in lymphoproliferative assays. In
comparison to liver DCs from normal C57BL/6 mice, liver
DCs from HBV-TM had significantly decreased capacity to
stimulate HBsAg-enriched lymphocytes (Fig. 3). Although
the blastogenesis levels increased along with increased
amounts of HBsAg in culture, liver DCs from HBV-TM
induced significantly lower levels of proliferation of HBsAg-
enriched lymphocytes at all doses of HBsAg (data not
shown).

Decreased levels of cytokines in the supernatants of
allogenic MLR containing liver DCs from HBV-TM

The T cell proliferation-inducing capacities of liver DCs
from HBV-TM were significantly lower than those of liver

DCs from normal C57BL/6 mice. However, the expression of
surface antigens was almost the same on liver DCs from
HBV-TM when compared to normal C57BL/6 mice. To
determine the underlying causes, we estimated the levels of
various cytokines in the supernatants of allogenic MLR. As
shown in Table 2, the levels of IL-12p70, TNF-0,, IFN-y and
IL-10 were significantly lower in the supernatants of allo-
genic MLR cultures containing liver DCs from HBV-TM
compared to cultures containing liver DCs from normal
C57BL/6 mice. However, the levels of IL-6 in allogenic MLR
supernatants containing liver DCs from normal C57BL/6
mice and HBV-TM are almost comparable (Table 2).

Decreased cytokine-producing ability of liver DCs from
HBV-TM in response to bacterial and viral products

The levels of various cytokines in allogenic MLR culture
supernatants containing liver DCs from HBV-TM were low.
However, this does not reflect the cytokine-producing ability
of only liver DCs because both T cells and DCs produce
cytokines in allogenic MLR. To study the cytokine-produc-
ing ability of the pure population of liver DCs, we cultured
liver DCs from normal C57BL/6 mice and HBV-TM with
different viral and bacterial products, such as lipopolysac-
charides, SACS and HSV-1. The levels of various cytokines
produced by liver DCs varied considerably based on the
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Fig. 2. There was no significant difference in the expression of MHC class I, MHC class IT, CD80, and CD86 on liver DCs from normal C57BL/6 mice
and HBV-TM. Liver DCs were isolated from the mouse liver without use of cytokines or growth factors. Five separate experiments were conducted to
evaluate the expression of MHC class I, MHC class II, CD80 and CD86 on liver DCs using direct flow cytometry. The data of one representative

experiment are shown.

Table 1. Low T cell proliferation-inducing ability of liver DCs from
HBV transgenic mice.

T cell proliferation-inducing ~ Mean * standard

Mouse capacity (cpm) deviation (cpm)
Normal C57BL/6 mice
Experiment 1 78 873
Experiment 2 101 001
Experiment 3 105 306 101299+£13293
Experiment 4 113169
Experiment 5 108 144
HBV-transgenic mice
Experiment 1 12828
Experiment 2 7097
Experiment 3 20419 14 689 + 6308*
Experiment 4 21950
Experiment 5 11151

Liver DCs from normal C57BL/6 mice and HBV transgenic mice
were cultured with allogenic T cells from C3H/He mice. The blastoge-
nesis levels were assessed by incorporating [*H)-thymidine in T lym-
phocytes from 12 microtitre wells and measured as counts per minutes
(cpm). Mean and standard deviation of cpm of five separate experi-
ments are shown. The mean cpm in cultures containing only 2 X 10° T
Iymphocytes or only 1 x 10" liver DCs were less than 500 and 100 cpm,
respectively. *P= 0-009, compared to the mean cpm of cultures con-
taining liver DCs from normal C57BL/6 mice.
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Fig. 3. Decreased ability of liver DCs from HBV-TM to induce prolifer-
ation of HBsAg-enriched lymphocytes. HBsAg-enriched lymphocytes
(2 % 10°) were produced by injecting HBsAg in adjuvant to normal
C57BL/6 mice, as described in the Methods section. HBsAg-enriched
lymphocytes were cultured with liver DCs from normal C57BL/6 mice
and HBV-TM (1 X 10" and 5 X 10*) for 4 days in the presence of HBsAg
(50 ng/ml), as described in the Methods section. The incorporation of
[*H]-thymidine during the last 12 h of the culture was assayed and
expressed as counts per minute {cpm). The mean levels of cpm: of five
separate experiments are shown. The mean cpm in cultures containing
only 2 x 10° T lymphocytes or only 1 x 10* liver DCs were less than 500
and 100 cpm, respectively. HBsAg-enriched lymphocytes did not prolif-
erate if HBsAg was not added to the cultures.
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Table 2. Decreased levels of cytokines in the supernatants of allogenic MLR cultures containing
liver DCs from HBV transgenic mice.

IL-12p70 TNEF-o. IFN-y IL-6 IL-10

Normal C57BL/6 mice 101 +43 422 £ 98 2825+ 608 63432 1494 + 820
HBV transgenic mice 13x7* 167 + 45* 1018 +293* 71141 227 + 56*

Liver DCs were isolated from normal C57BL/6 and HBV transgenic mice. Liver DCs (1 x 10%)
and allogenic T cells (2 x 10°) were cultured for 4 days. The levels of cytokines in the culture
supernatants were measured using the cytometric bead array method and are expressed as pg/ml.
Data are shown as mean  standard deviation of duplicate cultures of five separate experiments.
*P < 0-05 compared to normal C57BL/6 mice.

nature of the stimulants. However, liver DCs from HBV-TM

Discussion
produced lower levels of various cytokines, except IL-10, s¢
when compared to those produced by liver DCs from normal The purpose of this study was to assess the functional ability
C57BL/6 mice (Fig. 4). of liver DCs in HBV-TM and to determine the role, if any, of
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Fig. 4. Decreased production of proinflammatory cytokines from liver DCs of HBV-TM due to stimulation with viral and bacterial products. Liver

DCs from normal (open circles) and HBV-TM (filled circles) were stimulated with HSV-1 (1 X 10° plaque forming unit) (a), lipopolysaccharides (5 pig)
(b) and SACS {0-01%) (c) for 24 h. The levels of cytokines in the culture supernatants were measured using the cytomeric bead array method and

expressed as pg/ml. *P < 0-05 compared to the levels of cytokines produced by liver DCs from normal C57BL/6 mice.
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liver DCs in impaired HBV-specific immune responses in
HBV-TM. There were some distinctive features to this study.
First, we used HBV-TM, an animal model of the HBV carrier
state. HBV-TM have been used widely for studying immu-
nopathogenesis of the chronic HBV carrier state when it
could not be studied directly in human subjects [19,20].
These HBV-TM express HBV-related mRNAs (3-5, 21 and
0-08 kb) and antigens (HBsAg and hepatitis B core antigen)
in the liver [16]. Furthermore, liver DCs expressed HBV
DNA. Therefore, liver DCs of HBV-TM reside in a tissue
microenvironment, where HBV is replicating continuously.
We isolated fresh liver DCs, which were not expanded in vivo
or cultured in vitro by cytokines or other immune modula-
tors because these mediators induce maturation and activa-
tion of liver DCs [12—14]. In addition, all functional assays
were conducted just after isolation of the liver DCs. This
study was conducted using liver DCs which mostly retained
their in situ phenotypes and functions.

There was no significant difference in the frequencies of
liver DCs between normal C57BL/6 mice and HBV-TM.
Also, the viability of liver DCs did not differ between these
mice (data not shown). However, in comparison to liver
DCs from normal C57BL/6 mice, the T cell proliferation-
inducing capacities of liver DCs from HBV-TM were
significantly lower. This was evident in allogenic MIR and
HBsAg-enriched lymphoproliferative assays. Furthermore,
liver DCs from HBV-TM produced significantly lower
amounts of IL-12p70, IFN-y and TNF-¢. in response to viral
and bacterial products.

Humman liver DCs secrete significant amounts of IL-10 and
very little IL-12p70 [21]. Moreover, Hyodo etal. have
reported that hepatitis B core antigen stimulates IL-10 secre-
tion from peripheral blood T cells and monocytes from
patients with chronic hepatitis B [22]. We also found high
levels of IL-10 and low levels of IL-12 in cultures containing
liver DCs from normal C57BL/6 mice and HBV-TM. How-
ever, IL-10 production by liver DCs due to stimulation with
HSV-1, lipopolysaccharides and SACS was not significantly
different between normal C57BL/6 mice and HBV-TM. It
would be interesting to evaluate IL-10 production from
hepatitis B core antigen-stimulated DCs.

To the best of our knowledge, this is the first study about
liver DCs in HBV carriers, although there are some studies
about spleen and blood DCs in HBV carriers [9-11].
Although those studies provided some insights into DC/HBV
interactions, blood and spleen DCs are not involved in the
recognition, capture and processing of viruses. In fact, these
DCs represent the overall status of DCs under pathological
conditions and their functions show extreme heterogeneity
among infected subjects. This has been supported by studies
regarding DCs in chronic hepatitis C virus infection. Bain
et al. have shown a decrease in the allostimulatory ability and
lower IL-12 production by blood DCs in patients with
chronic hepatitis C [23], but Longman et al. did not find any
functional defects of blood DCs in these patients [24].

Liver DCs in chronic HBV carrier

However, the most important question is why the functions
of liver DCs were impaired in HBV-TM. This is an unresolved
but important issue regarding the DC/virus interaction. Pos-
sibly, the HBV was not propetly recognized by liver DCs in the
HBV-TM in spite of having abundant amounts of HBV and
their antigens around liver DCs. Liver DCs from HBV-TM
produced lower levels of proinflammatory cytokines. Ridge
et al. have shown that proinflammatory cytokines provide the
inflammatory mucosal milieu, which are required for recog-
nition of viruses as ‘danger’ and ‘harmful entities’ by DCs [25].
Inaddition, the HBV may interfere with the antigen capturing
and processing abilities of liver DCs. Some viruses also block
the maturation of DCs. Further studies are required to clarify
the underlying mechanism which impairs the functional
capabilities of liver DCs in HBV-TM.

To our knowledge, there is no report about the phenotypes
and functions of liver DCs in other transgenic mouse models.
We checked the functions of liver DCs in HBV-TM; however,
it is important to characterize liver DCs in patients with
chronic hepatitis B in order to transfer what is learned in the
laboratory to the patient’s bedside. We have reported previ-
ously about the localization of CD83-positive liver DCs in
patients with chronic hepatitis B [26). At this time, there is no
established methodology of isolating liver DCs from human
livers for a functional study, although it might be possible to
isolate liver DCs from a transplanted liver. Furthermore, it
might be possible to check the cytokine-producing ability of
liver DCs by isolating the liver-infiltrating cells and then
checking their expression of intraceltular cytokines.

Characterization of liver DCs in chronic HBV infection is
also important in the context of DC-based therapy for
chronic HBV carriers. We have shown that the administra-
tion of antigen-pulsed spleen DCs induced antigen-specific
immune responses in HBV-TM, but could not reduce HBV
replication [27-29]. There is little information regarding the
utility of antigen-pulsed tissue DCs for treatmient purposes.
The therapeutic utility of HBsAg-pulsed liver DCs in HBV-
TM should be assessed. Furthermore, it would be interesting

_to see if the use of antigen-pulsed spleen DCs alters the func-

tions of liver DCs in HBV-TM.

In conclusion, we isolated liver DCs from murine liver
without using cytokines or growth factors. To the best of our
knowledge, this is the first study showing that the functions
of liver DCs were impaired in HBV-TM. This study also pro-
vides the first direct evidence that liver DCs might be respon-
sible for impaired HBV-specific immune responses of
HBV-TM. At the same time, this study inspires hope that
DC-based therapy may be developed for chronic HBV
carriers by up-regulating the functions of liver DCs.
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Abstract

Background: Both the hepatitis B virus (HBV) and the immune response of the hosts to HBV play important roles in the pathogenesis of
chronic hepatitis B (CHB). Lamivudine is a potent antiviral agent with minimal immune modulator capacity. Moreover, lamivudine causes
severe side effects like breakthrough of HBV DNA and breakthrough hepatitis in patients with CHB. On the other hand, vaccine therapy, a
recently-developed immune therapy, exhibits potent immune modulatory potentials and almost no side effects, but possesses little antiviral
capacity in patients with CHB.

Objectives: The aim of this clinical trial is to evaluate the efficacy of a combination therapy of lamivudine and vaccine in patients with CHB.
Study design: Seventy~two patients with CHB (hepatitis B e antigen (HBeAg)-positive, 40; antibody to HBeAg (anti-HBe)-positive, 32). All
patients received lamivudine at a dose of 100 mg daily for 12 months. Fifteen patients (HBeAg™, 9; anti-HBe', 6) receiving oral lamivudine
were also given a vaccine containing 20 g of hepatitis B surface antigen, intradermally, once every 2 weeks for 12 times (combination
therapy). ‘

Results: Twelve months after the start of therapy, serum HBV DNA became negative in 9 of 9 (100%) HBeAg"™ CHB patients receiving
combination therapy and in 15 of 31 (48%) HBeAg+ CHB patients receiving lamivudine monotherapy (P <0.05). The rate of seroconversion
from HBeAg to anti-HBe was also significantly higher in patients receiving combination therapy (56% versus lamivudine monotherapy, 16%,
P <0.05). Of the 57 patients receiving lamivudine monotherapy, breakthrough of HBY DNA was found in 10 and breakthrough hepatitis was
found in 4: however, these were not seen in any patient receiving combination therapy. '
Conclusions: Combination therapy represents a better therapeutic regimen with few complications in patients with CHB.

© 2004 Elsevier B.V. All rights reserved.

Keywords: Chronic hepatitis B; Lamivudine; Vaccine therapy; Combination therapy

1. Introduction

Chronic hepatitis B (CHB) is associated with signifi-
cant morbidity and mortality and characterized by several
episodes of exacerbation and remission of hepatitis; a consid-

§ ! o ' ! ; erable numbers of patients with' CHB eventually experience
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treated with interferon-alpha. However, the use of interferon-
alpha is costly and they have shown limited therapeutic ef-
ficacy and considerable side effects in patients with CHB
(Lok, 2002; Lok et al., 1993). Currently, lamivudine, an oral
nucleoside analogue that potentially inhibit the replication
of hepatitis B virus (HBV) by interfering with HBV reverse
transcriptase (rt) activity, is used to treat patients with CHB.
Lamivudine therapy has resulted in marked decreases in HBV
DNA and alanine aminotransferase (ALT), the seroconver-
sion of hepatitis B e antigen (HBeAg) to antibody to HBeAg
(anti-HBe), and histological improvement in patients with
CHB (Dienstag et al., 1999; Lai et al., 1998). However, the
emergence of lamivudine-resistant HBV strains in patients

on long-term lamivudine therapy has been reported. Such re-

sistant viruses exhibit a characteristic mutation of the 204th
amino acid methionine of reverse transcriptase domain of
DNA polymerase gene to isoleucine or valine (rtM2041/V)
(Condreay, 1998). The emergence of these mutations of HBV
DNA results in the re-elevation of HBV DNA (DNA break-
through) and ALT (breakthrough hepatitis) (Stuyver et al.,
2001).

Several investigators are presently looking for other ther-
apies, including immune therapies, for patients with CHB.
Vaccine therapy, in which vaccine containing hepatitis B sur-
face antigen (HBsAg) or other HBV-related proteins is in-
jected, is now used as an immune therapy for patients with
CHB (Pol et al., 1994, 1998). Although few double-blind,
placebo-controlled trials of vaccine therapy have been con-
ducted during the last 10 years, it is now apparent that vaccine

- monotherapy does not possess the potent antiviral activity
that interferon-alpha and lamivudine do. However, vaccine
monotherapy is capable of inducing sustained normalization
of ALT and seroconversion to anti-HBe in some patients with
CHB (Couillin et al., 1999; Michel et al., 2001; Horiike et al.,
2002). Furthermore, in contrast to antiviral therapies, vaccine
therapy is cheaper and is devoid of any side effects in patients
with CHB. : .

Studies on the pathogenesis of CHB provide some in-
sights regarding the causes underlying the poor efficacy
of monotherapy with antiviral agents (interferon-alpha and
lamivudine) or immune modulators (vaccine therapy) in
patients with CHB. The pathogenesis of HBV is largely
immune-mediated; the virus itself is not cytopathic (Chisari,
1995), Accordingly, drugs or agents with both antiviral and
immune modulatory activities are needed for treating patients
with CHB. Unfortunately, the antiviral therapy and immune
therapy that are presently used individually to treat patients
with CHB are not endowed with both adequate antiviral and
immune modulatory activities.

We postulated that patients with CHB might benefit from
being treated with a combination of both antiviral drugs
and immune modulatory agents. In this study, we treated
a group of patients with CHB with only lamivudine (they
were known as the lamivudine monotherapy group). An-
other group of patients with CHB was treated with both
lamivudine and vaccine (they were known as the combi-

nation therapy group). The titer of HBV DNA, the pa-
rameters of the liver function test, the rate of seroconver-
sion to anti-HBe, the occurrence of breakthrough of HBV
DNA, and the occurrence of breakthrough hepatitis were
checked once a month for 12 consecutive months in these
patients.

2. Materials and methods
2.1. Patients

Seventy-two patients with CHB were enrolled in the study.
The clinical profiles of the patients are shown in Table 1.
All patients were suffering from chronic liver diseases and
regularly atfended the hospitals for periodic monitoring and
therapy. The diagnosis of CHB was made from the clinical
symptoms and the biochemical data of the liver function test
(Desmet et al., 1994). All patients were tested and found
to be positive for HBsAg and HBV DNA in the sera. They
also exhibited elevated levels of serum ALT. In 40 patients
with CHB, the final diagnosis was confirmed by the histolog-
ical evaluation of the liver biopsy specimens. Forty patients
were positive for HBeAg and the remaining 32 were positive
for anti-HBe in the sera. There was no significant difference
regarding age, sex, and the levels of ALT or HBV DNA be-
tween patients receiving lamivudine monotherapy and those
receiving combination therapy. None of these patients had
a history of other liver diseases such as autoimmune dis-
eases, alcoholic liver diseases, or metabolic diseases. Con-
comitant infection and super-infection with hepatitis A virus,
hepatitis C virus, cytomegalovirus, Epstein-Barr virus, or
herpes simplex virus were ruled out serologically or ge-
nomically. The nature and possible consequences of this
clinical trial were explained to all patients with CHB. All
patients with CHB (» = 72) gave written consent for re-
ceiving lamivudine therapy. In addition, 15 patients with
CHB also gave written consent to receive vaccine therapy
in addition to lamivudine therapy. The study protocol was
approved by the Ethical Committee of Ehime University,
Japan.

2.2. Estimation of HBV markers

The presence of HBsAg in the sera were determined us-
ing chemilumiscent immunoassay kits (Architect™ HBsAg,
Tokyo, Japan). The levels of HBeAg and anti-HBe were deter-
mined using enzyme immunoassay kits (AxSYM™ HBeAg
Assay and AXSYM™ HBeAg Assay, Dainabot). The HBV
DNA in the sera was assayed with a commercial kit (DNA
probe ‘Chugai-HBV’, Chugai Diagnostic Science Co. Ltd.,
Tokyo, Japan) and the levels were expressed as log genomic
equivalent (LGE/ml) (limit of HBV DNA detection >3.7
LGE/ml). The HBV sequencing at the precore and core pro-
moter regions was performed by direct sequencing of the
polymerase chain reaction product, as described elsewhere
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Table 1
The clinical profiles of patients
Combined therapy® Lamivudine monotherapy Total
HBeAg* HBeAbt HBeAg* HBeAb™ Combined Monotherapy
Numbers 9 6 31 26 15 57
Age (years) 3824091 350+ 121 454 +12.7 45.6 £ 124 3694101455126
Sex (male:female) 6:3 4:2 25:6 19:7 10:5 44:13
ALT (IUL) 133 £ 49 272 + 328 206 + 221 169 £ 237 193 + 142 189 4 230
Liver histology® '
Fibrosis
F1 2 1 3 1 3 4
F2 1 1 5 2 2 7
F3 6 4 7 7 10 14
Activity
Al 3 1 7 4 4 11
A2 3 3 7 4 6 11
A3 3 2 1 2 S 3
HBV DNA (LGE/ml) 73113 48+34 73+1.0 60+13 63422 6.7+k14
Titer of HBV
High (>7.5 LGE/ml) 4 2 12 10 6 22
Low (<7.5 LGE/ml) 5 4 19 16 9 35

The grading of fibrosis and activity of hepatitis in the liver specimen were done according to international criteria, as described by Desmet et al. (1994).
2 Patients with combined therapy received both lamivudine and vaccine; patients with lamivudine monotherapy received only lamivudine, as described in

Section 2. ALT, alanine aminotransferase.

(Kawai et al., 2003). The samples were collected just before
the start of therapy. The alteration of G to A at nucleotide
(nt) 1896 in the precore region was defined as the precore
mutation. The alteration of A to G at nt 1762 or that of
G to A at nt 1764 was defined as a core promoter muta-
tion.

2.3. Lamivudine monotherapy and combination therapy
in patients with chronic hepatitis B

The protocols for lamivadine monotherapy and combina-
tion therapy (lamivudine with vaccine therapy) are shown in
Fig. 1. All 72 patients with CHB were provided with lamivu-
dine at an oral dose of 100 mg once daily for 12 months. Out
of these 72 patients, 57 patients received only lamivudine
for 12 months and these patients belonged to the lamivu-
dine monotherapy group (Fig. 1A). As shown in Fig. 1B, the
other 15 patients were enrolled in the combination group.
They received lamivudine for 12 months according to the
protocol of the lamivudine monotherapy group. They also re-
ceived 12 intradermal injections with vaccine, once every 2
weeks. The first injection of vaccine was given 3 months after
they started taking lamivudine. Commercial vaccine contain-
ing 20 pg of HBsAg (Tokyo Mitsubishi, Tokyo, Japan) was
used. The therapeutic evaluation of lamivudine monother-
apy and combination therapy was performed 12 months af-
ter the start of lamivudine therapy. Sera were collected from
each patient once a month for 12 consecutive months and
assayed for the parameters of the liver function test as well
as HBeAg, anti-HBe, HBV DNA, the incidence of break-

through of HBV DNA, and the incidence of breakthrough
hepatitis.

2.4. Statistical analysis

The data were expressed as mean = standard deviation.
The statistical analyses were done with unpaired or paired
t-tests and the chi-square test where indicated. P-values less
than 0.05 were considered to indicate statistical significance.
Statistical analysis was performed using the Stat View™

(version 4.5) statistical program on a Macintosh computer.

[A] lamivudine monotherapy
Lamivudine; 100 mg, daily

[B] Combination therapy
Lamivudine; 100 mg, daily

T T T T T T 1T ]
e 1 2 3 4

5 6 7 8 9 10 11 12 (months)

AMAAA 4044444

Vaccine, once in every 2 weeks for 12 times

Fig. 1. The protocols for lamivudine monotherapy and combination ther-
apy are shown. (A) Patients in the lamivudine monotherapy group received
lamivudine orally at a dose of 100 mg daily for 12 months. (B) The patients
in the combination group also received lamivudine orally at a dose of 100 mg
daily for 12 months. In addition, they were given injections of vaccine once
every 2 weeks for 6 months (12 injections total). The first injection of vaccine
was given 3 months after the start of lamivudine therapy.
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Table 2
Clearance of HBV DNA from the sera of anti-HBe™ patients with chronic
hepatitis B

Table 3
Influence of initial viral load on seroconversion to anti-HBe in HBeAg™"
patients with chronic hepatitis B who received combination therapy

Therapy Number  Seronegativity of HBV DNA

6 months (%)° 12 months (%)
Lamivudine monotherapy* 26 26 (100) 24 (92)°
Combination therapy 6 6 (100) 6 (100)

8 Patients receiving lamivudine monotherapy and those receiving com-
bination therapy received lamivudine orally at a dose of 100 mg once daily
for 12 months. The patients receiving combination therapy also received 12
vaccines, one every 2 weeks, as described in Section 2.

b The duration is counted from the start of lamivudine therapy.

¢ Two patients in the lamivudine monotherapy group who became nega-
tive for HBV DNA 6 months after the start of therapy expressed HBV DNA
in the sera due to breakthrough of HBV.

3. Results

3.1. Both combination therapy and lamivudine
monotherapy induced HBV DNA negativity in anti-HBet
patients with CHB

All patients with CHB enrolled in the study completed the
therapy. As expected, all patients positive for the anti-HBe
antibody who received lamivudine monotherapy or combi-
nation therapy became negative for HBV DNA in the sera
6 months after the start of therapy (Table 2). When the fi-
nal therapeutic evaluation was performed 12 months aftet
the start of therapy, two patients in the lamivudine monother-
apy group were found to have breakthrough of HBV DNA;
however, this was not seen in any patient who had received
combination therapy.

< 1007 o Fy

& [A] @ 100 7 (Bl
é 80 - % 80

s 60 ‘2 604 *
z S

2 40 7 2 40

©

2 20 g .
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5 - 5 0

® Combination  Lamivudine 2]

Combination Lamivudine
Therapy mono therapy Therapy mono therapy

[n=9]  [n=31] [n=9] [n=31]

Fig. 2. Patients in the lamivudine monotherapy group and those in the com-
bination group received lamivudine orally at a dose 100 mg once daily for 12
months. The patients in the combination group received additional therapy
with injections of vaccine once every 2 weeks for 6 months as described
in Fig. 1. The therapeutic evaluation was performed 12 months after the
start of lamivudine therapy. (A) All nine HBeAg™ patients who received
combination therapy (100%) and 15 of 31 patients who received lamivu-
dine monotherapy (48%) became negative for HBV DNA in the sera (P <
0.05). (B) The rate of seroconversion from HBeAg™ to anti-HBe* was also
significantly higher in patients receiving combination therapy.

Factors HBeAgt HBeAg*
patients patients not
seroconverted seroconverted
to antj-HBe to anti-HBe

Numbers 5 4

Age (years) 344480 430+ 89

Sex (male;female) 4:1 2:2

ALT (IU/L) 122411 146 £ 70

Liver histology®

Fibrosis
F1 1 1
F2 0 1
F3 4 2
Activity
Al 2 1
A2 1
A3 2 1
HBV DNA (LGE/ml) 59410 8.4 + 04°
Titer of HBV
High (>7.5 LGE/ml)- 0 42
Low (<7.5 LGE/ml) 5 0
HBV mutations
Precore 0 0
Core promoter 3 4

Patients who received combination therapy received lamivudine orally at
a dose 100 mg once daily for 12 months. They also received 12 injections
with vaccine, one every 2 weeks as described in Section 2. Vaccination was
started 3 months after the start of lamivudine administration.

a p < 0.05 compared with the patients who did not seroconvert to anti-
HBe.

3.2. Potent therapeutic effect of combination therapy in
HBeAg™ CHB patients

The potent antiviral activity of combination therapy was
evident in HBeAg" patients with CHB. Twelve months af-
ter the therapy began, 9 of 9 (100%) HBeAg™ patients with
CHB who received combination therapy and 15 of 31 patients
(48%) HBeAg™ patients with CHB who received lamivudine
monotherapy became negative for HBV DNA in the sera (P
< 0.05) (Fig. 2A). Combination therapy also produced a fa-
vorable effect on seroconversion from HBeAg to anti-HBe.
Twelve months after the therapy began, the rate of seroconver-
sion was significantly higher in patients receiving combina-
tion therapy (56%) than that in patients receiving lamivudine
monotherapy (16%) (P < 0.05) (Fig. 2B).

3.3. Effect of increased viral load on the seroconversion
of patients receiving combination therapy

Five of the nine HBeAgt patients with CHB who re-
ceived combination therapy seroconverted to anti-HBe. To
determine the factors that influenced the seroconversion to
anti-HBe, we compared the clinical profiles and virologi-
cal markers between the patients who received combination
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Fig. 3. The incidences of breakthrough of HBV DNA and breakthrough hepatitis from lamivudine monotherapy and combination therapy are shown. Patients
receiving combination therapy showed neither breakthrough of HBV DNA (A) nor breakthrough hepatitis (B). On the other hand, patients receiving lamivudine
monotherapy showed both breakthrough of HBV DNA and breakthrough hepatitis. ’

therapy with and without seroconversion (Table 3). The ini-
tial viral load of the patients with CHB was significantly
higher in those patients who did not seroconvert compared to
those who seroconverted to anti-HBe (P <0.05). Patients with
CHB with low fibrosis score appears to had better serocon-
version to anti-HBe compared to patients with high fibrosis
score (Table 3). Howevet, this should be confirmed in a future
study.

3.4. Combination therapy is capable of veducing the
incidences of breakthrough of HBV DNA and
breakthrough hepatitis in patients with CHB

The occurrence of complications like the breakthrough
of HBV DNA and breakthrough hepatitis in patients with
CHB who were treated with lamivudine is shown in Fig,. 3.
Eight of 31 HBeAg™ patients with CHB (26%) and two
of 26 anti-HBeT patients with CHB (8%) who received
lamivudine monotherapy exhibited the breakthrough of
HBV DNA. Breakthrough hepatitis was seen in four of 31
HBeAg" patients with CHB (13%) who received lamivu-
dine monotherapy. Howevet, neither breakthrough of HBV
DNA nor breakthrough hepatitis was seen in any patient with
CHB who received combination therapy (Fig. 3).

4, Discussion

Despite the presence of an effective vaccine since 1982,
HBV still ranks among the highest causes of mortality from
infectious diseases worldwide (Alter, 2003). Evidence in-
creasingly indicates that an active antiviral treatment for pa-
tients with progressive disease associated with active HBV
replication might lead to significant reductions in morbidity
and mortality. The ultimate therapeutic goal for these pa-
tients has also been reconsidered because it is now certain
that complete eradication of HBV from patients with CHB
is unachievable due to the presence of covalently closed cit-
cular DNA in the liver and extrahepatic sites (Lok, 2000).
The therapy for patients with CHB is now directed at a re-

duction in the replication of HBV, the normalization of ALT,
and the seroconversion to anti-HBe. All of these would limit
the progression of liver diseases and minimize the damage to
hepatocytes.

In this context, two new therapeutic agents-lamivudine,
an antiviral agent, and vaccine therapy, an immune therapy,
have inspired considerable optimism for patients with CHB.
Lamivudine is a potent suppressor of viral replication that is
inexpensive and can be given orally (Dienstag et al., 1999).
On the other hand, vaccine therapy exhibits moderate antivi-
ral activity and considerable immune modulatory capacity
(Pol et al., 1994) in patients with CHB. However, lamivudine
monotherapy is associated with occurrences of breakthrough
of HBV DNA and breakthrough hepatitis in a considerable
number of patients with CHB (Schalm, 1997). On the other
hand, vaccine therapy does not possess strong antiviral po-
tential and is mainly effective in patients with low levels of
HBV replication.

On the basis of this information, we conducted a 12-month
therapeutic trial of lamivudine monotherapy and a combi-
nation therapy of lamivudine and vaccine in patients with
CHB. Vaccine therapy was given 3 months after the start
of lamivudine therapy because the levels of HBV DNA in
the sera reduced considerably during this time. Data from
this study show that a combination therapy of lamivudine
and vaccine is better than lamivudine monotherapy in pa-
tients with CHB regarding HBV DNA negativity and sero-
conversion to anti-HBe (Fig. 2). Most strikingly, none of the
patients with combination therapy showed the occurrences
of breakthrough of HBV DNA and breakthrough hepatitis,
although some patients receiving lamivudine monotherapy
showed both of these complications (Fig. 3).

Although the data on the combination therapy is highly
promising, it would be premature to draw a firm conclu-
sion regarding the efficacy of this therapy from this study
because only 15 patients were enrolled in combination ther-
apy group. A multi-center trial of combination therapy with
large numbers of patients with different ethnic and clinical
backgrounds is needed. However, a recent study indicates that
the therapeutic strategy that we have proposed here might
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be very effective. Sprengers et al. (2003) have shown that
in vivo immunization following virus suppression might be
a novel therapeutic approach for patients with CHB. They
used interferon-alpha to induce immunity in two patients with
CHB.

We are currently trying to determine why combination
therapy with lamivudine and vaccine showed such a potent
therapeutic effect and why there was no breakthrough of
HBV DNA or breakthrough hepatitis in patients with CHB
who received combination therapy. However, lamivudine by
virtue of its potent antiviral effect probably secured a fa-
vorable environment for the action of vaccine therapy in
patients with CHB (Couillin et al., 1999). Vaccines may
act directly to down-regulate the occurrence of mutation
of HBV DNA in patients with CHB. In fact, vaccine ther-
apy induces many cytokines and activates many cells of
the immune system including antigen-presenting dendritic
cells (Horiike et al., 2002). Further study of the means of
action of combination therapy is needed to understand the
therapeutic effects of this therapy and the cellular events un-
derlying the down-regulation of breakthrough of HBV DNA
mutation in patients with CHB who are treated with lamivu-
dine.

In conclusion, we have shown that a combination ther-
apy consisting of lamivudine and vaccine would be a better
therapeutic choice for treating patients with CHB than ei-
ther therapy alone. The combination therapy produced no
visible side effects. Patients with CHB who received combi-
nation therapy did not show any breakthrough of HBV DNA
or breakthrough hepatitis during the follow-up period.
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