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Abstract

Purpose Hepatocyte expression of HBV surface, core,

and x antigens (HBsAg, HBcAg and HBxAg), semi-quan-

titated by immunopathology, were correlated with clinical

and virological data in 80 patients with chronic hepatitis B.

Results Seventy patients were HBsAg positive in cyto-

plasm, 61 were HBcAg positive, including 45 in both

nucleus and cytoplasm and 16 in cytoplasm only, and 47

were HBxAg positive in cytoplasm. The detection rates for

HBcAg increased while those for HBsAg and HBxAg

decreased with HBV DNA levels. Positive HBcAg staining

usually suggested the presence of HBV DNA levels [106

copies/ml. HBcAg, HBsAg, and HBxAg expressions

showed no significant differences between patients with

genotype B and C. Serum HBeAg and HBV DNA levels

correlated positively with nuclear or cytoplasmic HBcAg

expression but inversely with HBsAg expression. By

multiple regression analysis, HBV DNA levels correlated

significantly only with nuclear HBcAg expression. ALT

levels and inflammatory grades correlated with cytoplas-

mic HBcAg expression. There was an inverse quantitative

relationship between HBcAg and HBsAg expression. Fur-

thermore, HBxAg expression correlated significantly with

HBsAg expression as well as male gender.

Conclusions With diminishing HBV DNA levels follow-

ing HBeAg seroconversion, HBcAg expression decreased

but HBsAg expression increased with a concomitant

increase in HBxAg expression. Whether the finding that a

significantly higher expression of HBxAg observed in

males than females may account for the gender difference in

long-term sequelae of chronic HBV infection needs further

investigation.
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Introduction

Hepatitis B virus (HBV) is the smallest known DNA virus

with a partially double-stranded DNA genome of only

3.2 kDa, which encodes four known overlapping open

reading frames, called S (surface), C (core), P (polymer-

ase), and X (HBx protein). By immunopathology, HBcAg

is detectable in the hepatocyte nucleus or cytoplasm, while

HBsAg is localized in the cytoplasm and occasionally on

the cell membrane but not in the nucleus [1, 2]. The

demonstration of HBcAg in tissues is almost invariably

correlated with circulating Dane particles. Hepatocyte

expression of HBcAg thus can be recognized as a marker

of active viral replication. On the contrary, the tissue

localization of HBsAg is linked to circulating 20-nm

spherical and tubular HBsAg particles, but not necessarily

to circulating Dane particles [1].

The clinical implication of intrahepatic expression of

HBsAg and HBcAg in chronic HBV infection has long

been studied [3–9]. Recently, there has been much progress

in HBV virological testing. For example, HBV genotyping

is of increasing clinical significance and the recent avail-

ability of polymerase chain reaction (PCR)-based assays

can detect serum HBV DNA levels as low as 102 copies/ml.

Further studies to correlate the expression of viral antigens
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in tissues with clinical and virological characteristics are

needed. On the other hand, data on the clinical implica-

tion of intrahepatic HBxAg expression in chronic HBV

infection are relatively limited and results remain

inconclusive.

In this study, we preformed immunopathology to study

the expression of HBcAg, HBsAg and HBxAg in tissues

from patients with chronic B hepatitis. The degrees of viral

antigen expression were semi-quantitated and correlated

with the clinical and virological characteristics as well as

with the expression of other viral antigens.

Materials and Methods

Patients

Eighty patients with clinico-pathologically verified chronic

hepatitis B were studied. None had ever received antiviral or

immunomodulatory therapy. This investigation was carried

out in accordance with the Helsinki declaration and signed

consent was obtained from all patients. Each patient was

recorded for age, sex, aspartate aminotransferase (AST),

alanine aminotransferase (ALT), hepatitis B e antigen

(HBeAg), HBV DNA levels, HBV genotype, inflammatory

grades and fibrosis stages. Clinical and laboratory data of the

80 patients are summarized in Table 1.

Laboratory Methods

HBsAg and HBeAg were tested by radioimmunoassays

(Abbott Diagnostics, Chicago, Illinois). Serum levels of

HBV DNA were tested using the COBAS Amplicor HBV

Monitor test (Roche diagnostics, Branchburg, NJ). The

detection sensitivity was 200 copies/ml. HBV genotypes

were determined by using the PCR-restriction fragment

length polymorphism of the surface gene of HBV, as pre-

viously described [10]. Percutaneous needle biopsies were

performed with a Menghini needle. A 1- to 3-cm biopsy

core was available from each patient for study. The liver

histological findings including inflammatory grades and

fibrosis stages were interpreted in accordance with the

scoring system proposed by Ishak et al. [11]. Immuno-

staining of viral antigens in hepatocytes was studied by the

avidin-biotin immunoperoxidase methods with paraffin

sections of liver specimens, as described in detail before [5,

6]. The primary antibodies used in this study included

rabbit polyclonal antibody against HBcAg, mouse mono-

clonal antibody against HBsAg (Dakopatts, Copenhagen,

Denmark) and rabbit polyclonal antibody against HBxAg

(Acris Antibodies GmbH, Germany). Analysis of staining

patterns was made by microscopic examination. The

degrees of vial antigen expression were expressed as a

proportion of the immunolabeled cells without consider-

ation for the staining intensity. The degrees of HBcAg and

HBsAg expression were semi-quantitated using a scale of

0–4, corresponding to positivity in 0, 1–10, 11–25, 26–50,

and [50% of hepatocytes examined, respectively, as

reported previously [4, 6]. The proportion of the HBxAg

positive hepatocytes was usually less than that of HBcAg

or HBsAg positive cells, so the degree of HBxAg expres-

sion was semi-quantitated using a scale of 0–4, corre-

sponding to positivity in 0, 1–5, 6–10, 11–20, and[20% of

hepatocytes examined, respectively.

Statistical Analysis

The degrees of hepatocyte expression of HBcAg, HBsAg

and HBxAg were correlated with clinical and virological

data and with the expression of other viral antigens by

using logistic regression for nominal data or Spearman’s

rank correlation for continuous data. Multiple regression

analysis was performed for independent variables with

colinearity. Statistical procedures were performed with

statistical software (3rd edition, Stat View; SAS Institute

Inc., Cary, NC). P values of \0.05 were considered

significant.

Results

Seventy patients (88%) were HBsAg positive in cytoplasm,

61 patients (76%) were HBcAg, including 45 in both

nucleus and cytoplasm and 16 in cytoplasm only, and 47

patients (59%) were HBxAg positive in cytoplasm. The

detection rates for HBcAg increased while the detection

rates for HBsAg and HBxAg decreased with increasing

serum levels of HBV DNA (see Table 2). Nuclear HBcAg

was rarely detected if serum levels of HBV DNA were less

than 107 copies/ml, as was cytoplasmic HBcAg if serum

levels of HBV DNA were less than 106 copies/ml. The

Table 1 Clinical and laboratory data of the study patients

Data Patients (n = 80)

Age (years) 39.2 ± 10.7

Male:female 59:21

HBeAg (positive:negative) 61:19

HBV genotype (B:C) 47:33

HBV DNA (log copies/ml) 7.56 ± 1.47

AST (IU/l) 67 ± 40

ALT (IU/l) 124 ± 87

Inflammatory grades 5.1 ± 2.7

Fibrosis stages 3.1 ± 1.3

Data are given as number value or mean ± standard deviation
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results of semi-quantitative expression of HBcAg, HBsAg

and HBxAg are summarized in Table 3.

The degrees of hepatocyte expression of nuclear

HBcAg, cytoplasmic HBcAg, cytoplasmic HBsAg and

HBxAg were correlated with clinical (age, gender, ALT

levels, inflammatory grades and fibrosis stages) and viro-

logical (HBeAg, HBV DNA levels and HBV genotypes)

characteristics, as well as with the expression of other viral

antigens, as summarized in Table 4.

Serum HBeAg and HBV DNA levels correlated signif-

icantly with the degrees of nuclear or cytoplasmic HBcAg

expression but inversely with the degrees of HBsAg

expression (Table 4; Fig. 1). Because nuclear HBcAg,

cytoplasmic HBcAg and HBsAg expression correlated

closely with each other (Table 4), further multiple regres-

sion analyses were performed. The results revealed that

serum levels of HBV DNA correlated significantly with

nuclear HBcAg (P = 0.014), but not with cytoplasmic

HBcAg (P = 0.06) or HBsAg expression (P = 0.19).

Serum ALT levels correlated significantly with the

degrees of nuclear and cytoplasmic HBcAg expression but

inversely with the degree of HBsAg expression (Table 4).

Multiple regression analysis revealed that ALT levels

correlated significantly with cytoplasmic HBcAg expres-

sion (P = 0.0005) but not with nuclear HBcAg (P = 0.80)

or HBsAg expression (P = 0.86). The inflammatory grades

also correlated significantly with the degree of cytoplasmic

HBcAg expression but not with nuclear HBcAg, HBsAg or

HBxAg expression.

Table 2 Relationship between hepatocyte staining of HBcAg, HBsAg and HBxAg and serum levels of HBV DNA

HBV DNA (log copies/ml) Number (%) with positive staining

Nuclear HBcAg Cytoplasmic HBcAg HBsAg HBxAg

\5 (n = 4) 0 0 4 (100) 3 (75)

5–5.99 (n = 11) 0 1 (9) 11 (100) 11 (100)

6–6.99 (n = 7) 0 5 (71) 6 (86) 4 (57)

7–7.99 (n = 20) 12 (60) 18 (90) 16 (80) 12 (60)

8–8.99 (n = 25) 20 (80) 25 (100) 22 (88) 11 (44)

C9 (n = 13) 13 (100) 13 (100) 11 (85) 6 (46)

Difference in positive rates between patients with HBV DNA C106 copies/ml and \106 copes/ml was significant for nuclear HBcAg

(P \ 0.0001), cytoplasmic HBcAg (P \ 0.0001) and HBxAg (P = 0.0025), and marginally significant (P = 0.1) for HBsAg

Table 3 Semi-quantitative expression of HBcAg, HBsAg and

HBxAg on hepatocytes in 80 patients with chronic hepatitis B

Degrees Nuclear HBcAg Cytoplasmic HBcAg HBsAg HBxAg

0 35 19 10 33

1 24 11 29 19

2 10 10 17 11

3 7 13 21 11

4 4 27 3 6

Table 4 Correlation of hepatocyte expression of nuclear and cytoplasmic HBcAg, HBsAg and HBxAg with clinical and virological

characteristics

Clinical and virological characteristics Nuclear HBcAg Cytoplasmic HBcAg HBsAg HBxAg

r P r P r P r P

Age (years) -0.025 0.82 -0.135 0.23 0.102 0.37 0.011 0.92

Sex (male = 1, female = 0) 0.012 0.48 0.144 0.36 0.066 0.78 0.59 0.019

HBV DNA (copies/ml) 0.746 \0.0001 0.713 \0.0001 -0.399 0.0004 -0.095 0.40

HBeAg (positive = 1, negative = 0) 0.503 \0.0001 1.469 \0.0001 -4.28 \0.0001 -0.333 0.09

Genotype (B = 1, C = 2) 0.138 0.48 0.147 0.31 -0.154 0.47 -0.092 0.63

ALT (U/l) 0.395 0.0004 0.55 \0.0001 -0.272 0.016 0.100 0.37

Inflammatory grades 0.129 0.25 0.400 0.0004 -0.083 0.46 0.159 0.16

Fibrosis stages 0.083 0.46 0.044 0.69 -0.109 0.34 -0.089 0.43

Nuclear HBcAg expression - - 0.649 \0.0001 -0.254 0.024 -0.231 0.07

Cytoplasmic HBcAg expression 0.649 \.0001 - - 0.479 \0.0001 -0.107 0.34

HBsAg expression -0.254 0.024 -0.367 0.0011 - - 0.479 \0.0001

HBxAg expression -0.231 0.07 -0.107 0.34 0.479 \0.0001 - -
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There was no significant correlation between HBxAg

expression and serum HBeAg, HBV DNA levels, HBV

genotypes, biochemical and histological activities. How-

ever, HBxAg expression correlated significantly with

HBsAg expression (Table 4). The median values (inter-

quartile range) of HBxAg expression were 0 (0–1), 0 (0–1),

1 (0–2), 2 (1–3), and 3 (3–4) for patients with degrees of

HBsAg expression of 0, 1, 2, 3, and 4, respectively (Fig. 2).

In addition, the degrees of HBxAg expression were sig-

nificantly higher in the males than the females (Table 4).

The median values (interquartile range) of HBxAg

expression were 1 (0–3) and 0 (0–1) for males and females,

respectively (Fig. 2).

Discussion

It has long been recognized that positive staining of

HBcAg in liver indicates active viral replication [1, 2]. In

this investigation, the detection rates of HBcAg in liver

increased with increasing serum levels of HBV DNA. As

shown in Table 2, HBcAg can rarely be detected in tissues

if serum levels of HBV DNA were less than 106 copies/ml.

The absence of HBcAg in tissues therefore cannot exclude

the presence of modest levels (\106 copies/ml) of HBV

DNA in serum. This range of HBV DNA levels indeed is

not uncommon in patients with chronic hepatitis B [12].

This investigation showed that serum HBeAg and HBV

DNA correlated significantly with the degrees of nuclear or

cytoplasmic HBcAg expression but inversely with the

degrees of HBsAg expression. However, nuclear HBcAg,

cytoplasmic HBcAg and HBsAg expression correlated

closely with each other (Table 4). Multiple regression

analysis revealed that serum HBV DNA correlated signif-

icantly with nuclear HBcAg expression but not with

cytoplasmic HBcAg or HBsAg expression. This finding

seems to be in keeping with the observations that HBcAg

was predominantly localized in the nucleus during the

immune tolerance phase of chronic HBV infection when

there are high HBV DNA levels in serum [3, 4, 7]. Nuclear

HBcAg expression thus can be recognized as a marker of

high levels of HBV replication. The presence of nuclear

HBcAg usually indicates relatively high serum HBV DNA

levels ([107 copies/ml), as shown in Table 2.

Furthermore, there is a positive correlation between the

degrees of cytoplasmic expression of HBcAg and bio-

chemical (ALT levels) and histological (inflammatory

grades) activities. Previous studies have shown that in the

course of chronic HBV infection HBcAg shifted from the

nucleus during the immune tolerance phase with normal

ALT to cytoplasm during the immune clearance phase with

elevated ALT [3, 5, 7]. Our data further suggest that the

degrees of cytoplasmic expression of HBcAg can be rec-

ognized as a marker of histological activity in liver.
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Fig. 1 Correlation between serum levels of HBV DNA (log copies/ml) and degrees of hepatocyte expression of nuclear and cytoplasmic HBcAg

and HBsAg
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Fig. 2 Box plot of the degrees

of hepatocyte HBxAg

expression, stratified according

to the degrees of hepatocyte

HBsAg expression (left) and

gender (right), in 80 patients

with chronic hepatitis B
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This investigation did not measure serum levels of

HBsAg in our patients, but previous studies have shown

that there was a highly significant and positive correlation

between serum levels of HBV DNA and HBsAg [13]. As

shown in Table 4, serum levels of HBV DNA correlated

negatively with expression of HBsAg in liver, so there was

an inverse relationship between levels of HBsAg in serum

and in liver. In addition, there was also an inverse rela-

tionship between hepatocyte expression of HBsAg and

HBcAg (Table 4). Taken together, these findings suggest

that during active viral replication, intracellular HBsAg,

packed with viral DNA and nucleocapsid proteins as a

complete virion, is efficiently exported, resulting in high

levels of HBsAg in serum and low levels of HBsAg in

liver. Conversely, when viral replication becomes inactive,

synthesis of HBcAg is diminished and the export of HBsAg

is reduced; as a result, there is increased accumulation of

intracellular HBsAg with decreased levels of HBsAg in

serum. Accordingly, hepatocytes with a wide-spread

cytoplasmic expression of HBsAg (so-called ‘‘ground

glass’’ hepatocytes) are usually observed in inactive

HBsAg carriers who carry a low level of viral replication.

The reported frequency of hepatocyte expression of

HBxAg by immunopathology in patients with chronic type

B hepatitis varies considerably from 30 to 95% [14–21].

HBxAg was distributed exclusively in cytoplasm [14, 15,

18, 21] or in cytoplasm and nucleus [16, 17]. The expres-

sion of HBxAg correlated active viral replication in some

studies [14, 18], but not in others [15, 20, 21]. Most studies

showed the expression of HBxAg did not correlate with

histological activity [15, 17, 19, 21]. In our study, 59% of

patients with chronic type B hepatitis were positive for

HBxAg in the cytoplasm, and the degrees of hepatocyte

expression of HBxAg did not correlate with age, serum

HBeAg, HBV DNA levels, HBV genotypes, AST and ALT

levels, inflammatory grades and fibrosis stages. However,

there was a significant positive correlation between the

degrees of HBxAg and HBsAg expression (Table 4;

Fig. 2). Given that hepatocyte expression of HBsAg

increased with decreasing levels of viral replication, these

data may suggest that during the course of chronic HBV

infection hepatocyte expression of HBxAg tends to

increase along with increasing accumulation of intracellu-

lar HBsAg when the viral replication decreases. The clin-

ical implication of these observations is unclear, but

several studies have shown that there is an over-expression

of HBxAg in HBV infected patients with hepatocellular

carcinoma [16, 21–23]. Perhaps another interesting finding

of our study is that the degrees of HBxAg expression, but

not of HBcAg or HBsAg expression, were significantly

higher in the male patients than the female patients

(Fig. 2). Further studies on a larger number of subjects are

indicated to clarify whether this finding may contribute to

the gender-related difference in the development of hepa-

tocellular carcinoma in chronic HBV infection.

In conclusion, hepatocyte expression of HBcAg and

HBsAg correlates with serum HBV DNA levels and his-

tological activity. Nuclear HBcAg expression correlates

with serum HBV DNA levels while cytoplasmic HBcAg

expression correlates with inflammatory activities. With

diminishing serum HBV DNA levels, hepatocyte HBcAg

expression decreases but HBsAg expression increases with

a concomitant increase in HBxAg expression. Additionally,

HBxAg expression is higher in males than females.
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