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SUMMARY

 

In chronic hepatitis B virus (HBV) infection, immune responses to hepatitis B core antigen (HBcAg)
are weak. Interleukin (IL)-10 is a potent immunosuppressive cytokine which we reported recently to be
secreted in response to HBcAg by peripheral blood mononuclear cells (PBMCs) from patients with
chronic HBV infection or healthy controls. Using an enzyme-linked immunospot assay, we compared
the ability of HBcAg to stimulate IL-10 production by PBMC with that of lipopolysaccharide (LPS),
phytohaemagglutinin-P and hepatitis C virus-derived antigens in 16 patients with chronic HBV infec-
tion and six healthy controls. Frequencies of IL-10 spot-forming cells (SFC) in response to HBcAg were
comparable to those obtained with LPS in patients with chronic HBV infection. Frequencies of IL-10
SFC in response to HBcAg or to LPS were significantly higher in patients with chronic HBV infection
than in healthy controls. IL-10 SFC in response to HBcAg consisted of 26–35% T cells, 62–70% mono-
cytes and less than 1% B cells in patients with chronic HBV infection. Only monocytes contributed to
IL-10 production in controls. Frequencies of HBcAg stimulated IL-10 SFC representing T cells and
monocytes were significantly higher in patients with elevated serum alanine aminotransferase (ALT)
and detectable HBV DNA than in patients with normal ALT and undetectable HBV DNA. The potent
ability of HBcAg to stimulate IL-10 production by PBMC may contribute importantly to immune tol-
erance toward HBV.
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INTRODUCTION

 

In chronic hepatitis B virus (HBV) infection cellular immune
responses are weak or absent, except during acute exacerbation
[1–4]. The immunological and virological basis for viral persis-
tence in chronic HBV infection has not been elucidated fully,
although cytokine imbalance, T cell exhaustion, anergy and viral
mutations have been suggested as possible mechanisms [1].

Hepatitis B core antigen (HBcAg) possesses unique immu-
nological features conveying the properties of both T cell-
independent and -dependent antigens: as little as 0·025 

 

m

 

g of
HBcAg can elicit antibody production without need for an adju-
vant; immunization with HBcAg primes preferentially type 1
helper T (Th1) cells, and HBcAg is an effective carrier for heter-

ogeneous epitopes [5–7]. However, we found previously in
patients with chronic HBV infection that peripheral blood mono-
nuclear cells (PBMC) and lymphocytes infiltrating the liver
secreting the potent immune-suppressor interleukin (IL)-10 [8–
14] in response to HBcAg outnumber HBcAg-specific interferon
(IFN)-

 

g

 

-secreting cells [15]. In addition, IL-10-secreting cells were
induced upon stimulation of PBMC from healthy controls with
HBcAg. Thus HBcAg may promote HBV infection by stimulat-
ing production of immunosuppressive IL-10 in excess of immun-
ostimulatory IFN-

 

g

 

. Relationships between IL-10 production by
PBMC stimulated with HBV antigens and disease activities of
chronic HBV infection remain unclear [16,17], although IL-10
production by PBMC stimulated with HBcAg or HBeAg has
been reported to decrease with successful treatment in patients
with chronic HBV infection [18].

In the present study we found that HBcAg stimulated IL-10
production by CD4

 

+

 

 and CD8

 

+

 

 T cells, as well as by monocytes
from patients with chronic HBV infection. Frequencies of
HBcAg-stimulated IL-10 immunospot-forming cells (SFC)
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among PBMC were significantly higher in patients with serum
alanine aminotransferase (ALT) elevations and detectable HBV
DNA than in other patients with normal ALT concentrations and
undetectable HBV DNA. Additionally, we found that HBcAg
also stimulated IL-10 production by monocytes from healthy
controls.

 

PATIENTS AND METHODS

 

Subjects

 

Blood samples were obtained from 16 patients with chronic HBV
infection and from six healthy controls who had normal ALT con-
centrations and no serological markers of hepatitis virus infec-
tion. All patients were HBsAg-positive, HBsAb-negative and
HBcAb-positive with serum in a 1 : 200 dilution. Patients were
separated into two groups: group A, patients with elevated serum
ALT and detectable HBV-DNA measured by commercially avail-
able transcription-mediated amplification (TMA) assay with a
detection limit of 3·7 LEG/ml; and group N, patients with normal
serum ALT and undetectable HBV-DNA (Table 1). Patients had
not received immunomodulating drugs during the preceding
3 years and had no other cause of chronic liver injury, such as
HCV infection or excessive alcohol intake. Informed consent was
obtained from all subjects, and the study was approved by the
Ethical Review Committee of Jichi Medical School.

 

Antigens and mitogens

 

Recombinant HBcAg purchased from the Institute of Immunol-
ogy (Tokyo, Japan) was more than 95% pure according to high-
performance liquid chromatography. Lipopolysaccharide (LPS)
and phytohaemagglutinin (PHA-P) were obtained from Sigma
(Atlanta, GA, USA). HCV-derived core antigens (JCC-2 or C7)
were generous gifts from the Chemo-Sero-Therapeutic Research
Institute (Kumamoto, Japan) and the Advanced Life Science
Institute (Saitama, Japan), respectively.

 

Isolation of PBMC, CD3

 

+

 

 T cells, B cells and monocytes

 

PBMC isolated from heparinized venous blood by gradient
centrifugation using Ficoll-Hypaque (Amersham-Pharmacia
Biotech, Uppsala, Sweden) were suspended in RPMI-1640 sup-
plemented with 10% heat-inactivated fetal calf serum (RPMI-
1640/10% FCS). The cells were kept cool to avoid adhesion and
activation of monocytes.

To determine which cells among PBMC were responsible
for IL-10 production, PBMC were incubated for 18 h in a

14 ml polypropylene round-bottomed tube (Falcon 2059, BD
Biosciences, San Jose, CA, USA) with 10 

 

m

 

g/ml HBcAg, 1 

 

m

 

g/
ml LPS or medium alone at 37

 

∞

 

C in a humidified 5% CO

 

2

 

atmosphere. Then CD3

 

+

 

 T cells, B cells and monocytes were
isolated from stimulated PBMC by antibody-coated magnetic
beads. CD3

 

+

 

 T cells were isolated with MACS CD3

 

+

 

 micro-
beads (Miltenyi Biotec, Bergisch Gladbach, Germany), mono-
cytes with a monocyte negative-isolation kit (Dynal, Oslo,
Norway) and B cells with CD19-positive isolation beads and
Detacha-beads (Dynal), according to the manufacturers’
instructions.

 

Enzyme-linked immunospot (ELISpot) assay

 

Frequencies of IL-10-secreting cells among PBMC, isolated T
cells, B cells and monocytes were measured using an ELISpot
assay as described previously [15]. In brief, 2 

 

¥ 

 

10

 

4

 

 PBMC were
added to each well coated with antihuman IL-10 antibody
(Mabtech, Nacka, Sweden) for stimulation with 10 

 

m

 

g/ml of
HBcAg, 1 

 

m

 

g/ml of LPS, 10 

 

m

 

g/ml PHA-P, 10 

 

m

 

g/ml of HCV
derived antigens (JCC-2 and C7) or medium alone. For T cells, B
cells and monocytes isolated from HBcAg-stimulated PBMC, 10

 

5

 

T or B cells or 10

 

4

 

 monocytes were added to each well coated with
antihuman IL-10 antibody. After incubation for 20 h, spots
reflecting IL-10-secreting cells were visualized and counted.
Responses were considered significant when a minimum of five
SFC were present per well and the number was at least twice that
in wells without the stimulus. All results are expressed as means of
duplicate SFC in the presence of stimulus minus SFC without
stimulus.

 

Phenotype analysis

 

In selected patients, ELISpot assays were performed using CD4

 

+

 

or CD8

 

+

 

 cell-depleted non-adherent PBMC to analyse the phe-
notype of IL-10-secreting T cells. Non-adherent PBMC (lympho-
cytes) separated readily from monocytes which weakly express
CD4 but remain adherent to the culture dish after 4 h of PBMC
incubation with or without HBcAg. Non-adherent PBMC then
were incubated with magnetic Dynabeads (Dynal A.S) coated
with anti-CD4 or -CD8 monoclonal antibody, and cells bound to
the two types of beads were depleted from unbound cells. The two
types of unbound cells (CD4 depleted or CD8 depleted) were
added to each well of 96-well nitrocellulose membrane-bottomed
microtitre plates; well bottoms were coated with antihuman IL-10
antibody. Thus frequencies of specific IL-10-secreting cell types
could be determined. To evaluate the contribution of B cells to
IL-10 SFC, B cell depleted non-adherent PBMC also were
analysed.

 

Statistical analysis

 

Data were analysed using a Kruskal–Wallis test or a Mann–Whit-
ney 

 

U

 

-test. A 

 

P

 

-value less than 0·05 was considered indicative of
statistical significance. Statistical analyses were carried out using a
statistical software package 

 

STATVIEW

 

 version 5·0 for Macintosh
(SAS Institute, Cary, NC, USA).

 

RESULTS

 

Cells secreting IL-10 in response to stimulation with HBcAg, 
LPS, PHA-P or HCV-derived antigens

 

Frequencies of IL-10 SFC in response to different antigens and
mitogens are shown in Fig. 1

 

.

 

 The median (and range) of

 

Table 1.

 

Characteristics of chronic hepatitis B patients with elevated 
serum ALT and detectable HBV DNA (group A), patients with normal 

ALT and undetectable HBV DNA (group N) and healthy controls

Group A Group N Control

Number of subjects 7 9 6
Age (years) 42·5 

 

± 

 

3·5 34·7 

 

± 

 

2·2 28·2 

 

± 

 

0·4
Gender (M:F) 6 : 1 8 : 1 4 : 2
ALT (IU/l) 154·2 

 

± 

 

44·6 23·8 

 

± 

 

2·6 18·9 

 

± 

 

0·3
HBV DNA (LGE/ml) 5·7 

 

± 

 

0·6

 

<

 

3·7

 

<

 

3·7

Values are means 

 

±

 

 s.d. ALT, alanine aminotransferase; HBV, hepatitis
B virus.
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frequencies of IL-10 SFC/2 

 

¥

 

 10

 

4

 

 PBMC upon stimulation with
HBcAg in patients with chronic HBV infection and in healthy
controls were 126 (56–502) and 45 (31–66), respectively; those
with LPS stimulation were 94 (44–166) and 41 (18–70), respec-
tively. IL-10 SFC with PHA-P stimulation were 9 (7–29) and 4
(2–7), respectively. Few IL-10 SFC were detected in response to
HCV-derived antigens in either patients with chronic HBV
infection or healthy controls. Both HBcAg and LPS induced sig-
nificantly more IL-10 SFC than PHA-P and HCV-derived anti-
gens in patients with chronic HBV infection (

 

P

 

 

 

<

 

 

 

0·05).
Frequencies of IL-10 SFC induced by either HBcAg or LPS
were significantly higher in patients with chronic HBV infection
than in healthy controls (

 

P 

 

<

 

 

 

0·05). Frequencies of HBcAg-
induced IL-10 SFC were higher, although not significantly, than
those of LPS-induced IL-10 SFC in patients with chronic HBV
infection.

 

Frequencies of IL-10 SFC representing T cell, B cell and 
monocyte fractions of PBMC

 

In a preliminary study, T cells isolated from PBMC of patients
with chronic HBV infection did not respond to HBcAg in the
absence of antigen-presenting cells (APC). Thus we stimulated
PBMC with HBcAg or LPS before separating them into T cell, B
cell and monocyte fractions. The composition of T cells, B cells
and monocytes in PBMC stimulated with HBcAg or LPS were
26–45%, 5–9% and 16–28%, respectively.

Among PBMC, monocytes, T cells and a few B cells secreted
IL-10 in response to stimulation with HBcAg in patients with
chronic HBV infection; monocytes were the main IL-10-
producing cells in healthy controls (Fig. 2). Patients with
increased serum ALT and detectable serum HBV DNA had
higher frequencies of HBcAg-induced IL-10-secreting T cells
and monocytes than those with normal ALT and undetectable
HBV DNA (

 

P 

 

<

 

 

 

0·03 and 

 

P

 

 

 

<

 

 0·01, respectively; Table 2).
Frequencies of IL-10 SFC in monocytes stimulated with LPS

were higher in patients with chronic HBV infection than in
healthy controls (Fig. 3).

 

T cell subsets secreting IL-10 in response to HBcAg stimulation

 

T cell subsets of non-adherent PBMCs that secreted IL-10 in
response to HBcAg were analysed by the conventional magnetic
bead depletion methods in two patients with increased serum
ALT and detectable HBV DNA and in two patients with normal
ALT and undetectable HBV DNA. In both patients with
increased serum ALT and detectable HBV DNA, the frequency
of IL-10 SFC in non-adherent PBMC exposed to HBcAg was
reduced more by depletion of CD4

 

+

 

 cells than by depletion of
CD8

 

+

 

 cells. In contrast, in both patients with normal serum ALT
and undetectable HBV DNA, the frequency of IL-10 SFC among
non-adherent PBMC in response to HBcAg was reduced almost
equally by depletion of CD4

 

+

 

 cells and depletion of CD8

 

+

 

 cells
(Fig. 4).

 

Fig. 1.

 

Frequencies of IL-10-secreting cells upon stimulation with HBcAg,
LPS, PHA-P and HCV-derived peptides (JCC-2 and C-7) per 2 

 

¥

 

 10

 

4

 

PBMC. Open columns are frequencies of IL-10-secreting cells in healthy
controls, and filled columns are those in patients with chronic HBV infec-
tion. *

 

P 

 

<

 

 0·05. IL, interleukin; HBcAg, hepatitis B core antigen; LPS,
lipopolysaccharide; PHA-P, phytohaemagglutinin; HCV, hepatitis c virus;
PBMC, peripheral blood mononuclear cell.
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Fig. 2.

 

Frequencies of IL-10-secreting cells in 2 

 

¥

 

 10

 

4

 

 PBMC, 10

 

5

 

 CD3

 

+

 

 T
cells, 10

 

4

 

 monocytes and 10

 

5

 

 B cells separated from PBMC stimulated with
HBcAg. Open columns are frequencies of IL-10-secreting cells in healthy
controls and filled columns are frequencies in patients with chronic HBV
infection.*

 

P 

 

<

 

 0·05, **

 

P 

 

<

 

 0·01. IL, interleukin; PBMC, peripheral blood
mononuclear cell; HBV, hepatitis B virus.
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Fig. 3.

 

Frequencies of IL-10-secreting cells in 2 

 

¥

 

 10

 

4

 

 PBMC, 10

 

5

 

 CD3

 

+

 

 T
cells, 10

 

4

 

 monocytes and 10

 

5

 

 B cells separated from PBMC stimulated with
LPS. Open columns are frequencies of IL-10-secreting cells in healthy
controls, and filled columns are frequencies in patients with chronic HBV
infection. *

 

P 

 

<

 

 0·05.
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DISCUSSION

 

In the present study, we showed that HBcAg stimulates IL-10
secretion by peripheral blood T cells, monocytes and B cells in
patients with chronic HBV infection. Approximately 0·34% of T
cells, 2·5% of monocytes and 0·12% of B cells secreted IL-10 in
response to HBcAg at 10 

 

m

 

g/ml. IL-10 SFC among PBMC in
response to HBcAg stimulation were estimated to include 62–
70% of monocytes, 26–35% of T cells and less than 1% B cells.
Not only CD4

 

+

 

 T cells but also CD8

 

+

 

 T cells secreted IL-10 in
response to stimulation with HBcAg.

Frequencies of HBcAg-induced IL-10 SFC in peripheral
blood T cells and monocytes both were significantly higher in

patients with elevated ALT and detectable HBV DNA than in
patients with normal ALT and undetectable HBV DNA. We have
shown previously that frequencies of HBcAg-stimulated IFN-

 

g

 

SFC in the peripheral blood are higher in patients with elevated
serum ALT and detectable HBV DNA than in patients with nor-
mal ALT and undetectable HBV DNA [15]. IL-10 secretion by
human monocytes has been reported to be augmented by the
proinflammatory cytokine IFN-

 

g

 

 [14]; stimulation of IL-10 secre-
tion by HBcAg and its augmentation by IFN-

 

g

 

 may prevent devel-
opment of severe liver damage by suppressing immune responses
to HBV infection. However, excessive IL-10 production also may
contribute to viral persistence and weak cellular immune
responses to HBV antigens in patients with chronic HBV
infection.

Recently, a concept of anergic CD4

 

+

 

 and CD8

 

+

 

 T cell induc-
tion by immature dendritic cells primed by PBMC-derived IL-10
has attracted much attention [19,20]. Deranged APC function has
been reported in HBV transgenic mice as well as in humans with
chronic HBV infection [21,22]. IL-10 produced in response to
HBcAg stimulation may prime dendritic cells and monocytes to
induce anergic CD4

 

+

 

 and CD8

 

+

 

 T cells in chronic HBV infection.
IL-10-secreting CD8

 

+

 

 T cells are considered to be anergic, non-
cytolytic cells that prevent proliferation of cytolytic T cells
expressing type 1 cytokines [23–26]. In the present study, we
found that a portion of T cells secreting Il-10 in response to
HBcAg stimulation were CD8

 

+

 

. Based on negative correlations of
serum ALT with frequencies of IL-10-secreting CD8

 

+

 

 T cells and
extent of hepatic fibrosis, Prezzi 

 

et al

 

. [27] proposed that IL-10-
secreting CD8

 

+

 

 T cells act to prevent tissue damage caused by
cytolytic T cells expressing type 1 cytokines in chronic HCV infec-
tion. This hypothesis may also be applicable to HBV infection,
although further studies are necessary.

Our study also showed that HBcAg stimulates IL-10 secretion
by monocytes obtained from healthy people upon stimulation
with HBcAg. However, acute HBV infection in healthy adults is
generally self-limited, eliciting vigorous immune responses.
Although IL-10 is thought generally to be immunosuppressive,
this cytokine has been reported to induce potent cytotoxic T lym-
phocytes in the presence of IL-2 [28]. We have reported that
frequencies of HBcAg-specific Th1 cells assessed by HBcAg-
stimulated IFN-

 

g

 

 SFC increase markedly before peak acute exac-
erbation in chronic hepatitis B, followed by a decrease after the
peak [15]. Thus IL-10 may be bifunctional in HBV infection, par-
ticipating in strong antiviral T cell responses in the early phase of
acute HBV infection or acute exacerbation of a chronic infection
and suppressing responses in the recovery phase and in chronic
HBV infection.

 

Table 2.

 

Frequencies of IL-10 SFC among 2 

 

¥

 

 10

 

4

 

 PBMC, 10

 

5

 

 T cells, 10

 

5

 

 B cells and 10

 

4

 

 monocytes in 
response to HBcAg in chronic hepatitis B patients with normal ALT levels and undetectable HBV 

DNA (group N), and patients with elevated ALT and detectable HBV DNA (group A)

2 

 

¥ 

 

10

 

4

 

 PBMC 10

 

5

 

 T cells 10

 

5

 

 B cells 10

 

4

 

 monocytes

Group N 83 (63–146)* 293 (45–348)** 70 (25–265) 124 (38–323)***
Group A 146 (69–502)* 496 (395–596)** 80 (22–178) 362 (69–502)***

Values are medians (and ranges). SFC, spot-forming cell; PBMC, peripheral blood mononuclear
cell; HBcAg, hepatitis B core antigen; ALT, alanine aminotransferase; HBV, hepatitis B virus.
*

 

P =

 

 0·03, **

 

P

 

 = 0·02, ***

 

P

 

 = 0·007.

 

Fig. 4.

 

Phenotypes of non-adherent IL-10-secreting cells in a patient
with elevated serum ALT and detectable HBV DNA (group A represen-
tative patient) and a patient with normal ALT and undetectable HBV
DNA (group N representative patient). Two patients were studied from
each group and similar results were obtained within each pair of patients
with similar laboratory findings. Non-adherent PBMC collected from
HBcAg-stimulated PBMC were depleted of CD4

 

+

 

, CD8

 

+

 

 or B cells, and
frequencies of IL-10-secreting cells among fractionated and unfraction-
ated non-adherent PBMC were assayed. Frequencies of IL-10 SFC are
expressed as numbers among 10

 

5

 

 non-adherent PBMC before depletion.
Open columns represent IL-10-secreting cells among unfractionated
non-adherent PBMC; open columns with black stippling among B
cell-depleted non-adherent PBMC; hatched columns among CD8

 

+

 

 T
cell-depleted non-adherent PBMC; and filled columns among CD4

 

+

 

T cell-depleted non-adherent PBMC. IL, interleukin; ALT, alanine ami-
notransferase; HBV, hepatitis B virus; PBMC, peripheral blood mononu-
clear cell; SFC, spot-forming cell.
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In conclusion, HBcAg stimulates IL-10 production by T cells
as well as monocytes in patients with chronic HBV infection, and
by monocytes in healthy people. Both CD4

 

+

 

 and CD8

 

+ T cells in
the peripheral blood of patients with chronic HBV infection
secrete IL-10 in response to stimulation with HBcAg. IL-10 may
play a role in modulating antiviral responses in HBV infection,
contributing to protection from severe liver damage but also to
persistence of HBV infection.
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