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Abstract: Hepatitis B core antigen is known to be a major target for virus-specific T cells and also reflects the pro-
gression of liver disease and viral replication. This study aims to evaluate whether topographical distribution of 
hepatitis B core antigen expression can predict viral response to Peginterferon alfa-2a (Peg-IFNα-2a) in patients with 
chronic hepatitis B. We enrolled 207 patients with chronic hepatitis B. All patients underwent liver biopsy, and the 
existence and pattern of hepatitis B core antigen evaluated by immunohistochemistry. All patients received 180 μg 
of Peg-IFNα-2a once weekly for 48 weeks following a liver biopsy. We checked viral response at 48 weeks during an-
tiviral therapy. Of 207 patients, 11 (5.31%) had no hepatitis B core antigen expression (HBcAg-negative), others had 
hepatitis B core antigen expression. Of the hepatitis B core antigen expression, 83 (42.35%) belong to cytoplasmic 
expression (cHBcAg), 105 (53.57%) cases was cytoplasmic dominance expression (cdHBcAg), while only 8 (4.08%) 
belong to cytoplasmic and nuclear mean expression (mHBcAg). HBcAg-negative group has lowest baseline HBV DNA 
among four groups (P<0.01). Liver tissue inflammation in HBcAg-negative group and cHBcAg group reached G3 (re-
spectively 54.55%, 42.17%), and were higher than other groups (P<0.01). The viral response was significantly 
higher in HBcAg-negative group than in hepatitis B core antigen-positive group (88.9% and 54.7%, respectively; 
P<0.001) after 48 weeks of Peg-IFNα therapy. In conclusion, chronic hepatitis B patients who are hepatitis B core 
antigen-negative have a better response to Peg-IFNα therapy than do hepatitis B core antigen-positive patients. 
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Introduction

Hepatitis B virus (HBV) is a circular, partially 
double-stranded DNA virus [1]. HBV infection 
often leads to chronic hepatitis when it occurs 
in the neonatal period or early childhood. The 
natural history of chronic hepatitis B (CHB) has 
been divided into 4 phases: immune tolerance, 
immune clearance, immune control, and reacti-
vation after HBV e antigen (HBeAg) seroconver-
sion [2]. HBV c antigen (HBcAg) is an intracel-
lular antigen that is expressed in HBV-infected 
hepatocytes. Immunodetection of HBcAg in 
hepatocytes in liver tissue thus provides help-
ful information about the replicative status of 
HBV and is usually performed as part of a histo-
pathological diagnosis of patients with chronic 
hepatitis B [3]. According to immunochemical 

staining patterns, HBcAg can be classified as 
cytoplasmic expression (cHBcAg), cytoplasmic 
dominance expression (cdHBcAg), cytoplasmic 
and nuclear mean expression (mHBcAg), or 
negative expression. Negative type shows no 
HBcAg expression in either the nucleus or cyto-
plasm of the hepatocytes, cytoplasmic type 
shows HBcAg expression only in the cytoplasm, 
but not in the nucleus of hepatocytes, cytoplas-
mic dominance type shows more than 2/3 
HBcAg expression in the cytoplasm, and mean 
type shows half HBcAg expression in the nucle-
us and half HBcAg expression in cytoplasm of 
the hepatocytes (Figure 1). The distribution of 
HBcAg expression in the hepatocyte nucleus 
and cytoplasm reflects the level of viral replica-
tion and histological activity in chronic HBV 
infection [4]. In the viral replicative stage, 
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HBcAg is localized primarily in the nucleus and 
has minimal liver injury and high HBV-DNA load. 
However, HBcAg is found in the cytoplasm of 
hepatocytes in the viral clearance phase and 
suggests severe liver cell injury and low viral 
load [5]. It was suggested that the absence or 
low levels of HBcAg expression at baseline  
may be an important predictor in the response 
to lamivudine and interferon treatment, espe-
cially in hepatitis B e antigen (HBeAg)-negative 
patients. HBcAg-negative staining likely result 

from a more active host immune T-cell response 
against a major viral target. Antiviral response 
by a nucleoside analogue seems to depend not 
only on inhibiting viral replication but also on 
modulating immune response. This explains 
the predictive values of negative expression in 
viral response to nucleoside analogues. The 
purpose of this study is to evaluate whether the 
HBcAg expression pattern in hepatocytes can 
predict viral response to Peg-IFNα in chronic 
hepatitis B. 

Figure 1. Topographical distribution of hepatitis B core antigen (HBcAg) in the hepatocytes of a patient with chronic 
hepatitis B virus (HBV) infection. The distribution of HBcAg in the hepatocytes of patients with chronic HBV infection 
was classified into four types in this study. A. The negative type showed no HBcAg expression in either the nucleus 
or cytoplasm of the hepatocytes (immunohistochemical stain for HBcAg, ×200). B. The cytoplasmic type showed 
HBcAg expression only in the cytoplasm and not in the nucleus of hepatocytes (immunohistochemical stain for 
HBcAg, ×200). C. The cytoplasmic dominance type showed more than 2/3 HBcAg expression in the cytoplasm of 
hepatocytes (immunohistochemical stain for HBcAg, ×200). D. The mean type showed half of HBcAg expression 
in the nucleus and half of HBcAg expression in the cytoplasm of the hepatocytes (immunohistochemical stain for 
HBcAg, ×200). 
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Materials and methods

Patients

We enrolled 207 patients with CHB, who were 
admitted to Hepatology Unit of Xiamen Hospital 
of Traditional Chinese Medicine from Septem- 
ber 2011 to August 2013; we reviewed their 
medical charts retrospectively. The study proto-
col was reviewed and approved by the Human 
Research Ethics Committee of Xiamen Hospital 
of Traditional Chinese Medicine. The written 
informed consent was obtained from each 
recruited patient before the questionnaire 
survey.

All patients had been positive for hepatitis B 
surface antigen (HBsAg) for at least 6 months, 
were HBeAg-positive, and had a serum HBV 
DNA level of at least 20000 IU/mL and an ALT 
level that was 2 to 10 times the upper limit of 
normal (ULN, 40 U/L). And tested negative for 
serological markers of the hepatitis A, C or D 
virus infection. None of the patients showed 
evidence of other liver diseases, including 
decompensate liver cirrhosis, HCC on presen-
tation, autoimmune disease, metabolic liver 
disease, or drug toxicity, alcohol intake was 
absent or <20 g/day in all patients. All patients 
received 180 μg of Peg-IFNα-2a once week 
after liver biopsy, and we checked HBV DNA 
titer at baseline and during antiviral therapy at 
48 weeks (end of treatment). We defined viral 
response as a decrease in serum HBV DNA to 
undetectable levels (<500 IU/mL) by PCR 
assays (COBAS TaqMan HBV test; Roche 
Diagnostics, Meylan, France) and viral unre-
sponse as a nondecrease to undetectable 
levels. 

Evaluation of liver biopsy specimens

All patients gave their informed consents to the 
liver biopsy procedure. Liver biopsy was per-
formed with 16 G biopsy needles guided by 
ultrasonography. A qualified biopsy specimen 
was either a minimum 1.5 cm long or displayed 
6 or more portal tracts. The specimens were 
fixed, paraffin-embedded, and stained with 
hematoxylin and eosin (HE staining). Scheuer’s 
scoring system was used to semi-quantify the 
histological necroinflammation from G0 to G4 
and fibrosis stages from S0 to S4 by the same 
pathologist, who was blinded to the biochemi-
cal and virologic results of the patients. Fibrosis 

was evaluated in all specimens by subjecting 
them to Masson-Trichrome staining. Biopsied 
tissue sections cut at 4 mm from representa-
tive tissue blocks are prepared and placed in a 
paraffin-oven to remove most of the paraffin. 
For complete deparaffinization, specimens are 
then passed through xylene and a series of 
alcohol Dilutions for 5 minutes, and microwave 
treatment was used for the antigen retrieval for 
10 minutes. After soaking in the methanol solu-
tion with 3% H2O2 for 5 minutes for blockage of 
endogenous peroxidase, peroxidase conjugat-
ed Envision kit (Envision-PO, Envision System; 
DAKO, Carpinteria, CA, USA) for rabbit primary 
antibodies are applied on the specimens for 
immunohistochemical staining for the HBcAg in 
the hepatocytes.

Combination response 

All clinical trials using antiviral agents address 
these responses individually or in combination. 
Different types of responses resulting from 
Peg-IFNα-2a therapy have been identified, 
namely, complete response (CR), partial re- 
sponse (partial response, PR), non-response 
(no response, NR), and HBeAg seroconversion.

CR is defined by ALT less than normal level and 
HBV DNA less than 500 IU/ml and disappear-
ance of HBeAg or appearance of HBeAb.

PR is defined by decrease of ALT, HBV DNA or 
disappearance of HBeAg or appearance of 
HBeAb. 

NR is defined by no progression of markers 
above mentioned.

HBeAg seroconversion means that disappear-
ance of HBeAg and appearance of HBeAb, in 
the meantime, HBV DNA <500 IU/mL.

Statistics

All statistics analyses were performed using 
SPSS 13.0 software (IBM Co., Armonk, NY, 
USA); measurement data were analyzed with 
mean ± SD, abnormal distribution was ana-
lyzed with a median (interquartile spacing). 
Student t-test, Pearson chi-square test, Spear- 
man rank correlation analysis, independent 
Wilcoxon rank sum test, Wilcoxon signed  
rank sum test were used where appropriate, 
and a P<0.05 was considered statistically 
significant.
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the four groups were significantly decreased 
compared to pre treatment in Figure 2, while 
and the AST and HBV DNA levels in the mHBcAg 
was no significantly decreased. 

HBcAg expression patterns and HBeAg serum 
conversion rate to Peg-IFNα

After Peg-IFNα treatment, the rate of HBeAg 
seroconversion was difference in four groups, 
and Fisher’s exact test is 0.0028. HBeAg sero-
conversion in the HBcAg-negative group was 
the highest compared to other groups (P<0.01). 
There were no significant difference was found 
among groups of cdHBcAg, cdHBcAg and mHB-
cAg (P>0.05) in Figure 3. There was no HBeAg 
seroconversion in mHBcAg group.

HBcAg expression patterns and combination 
response to Peg-IFNα

After 48 weeks of Peg-IFNα treatment, a signifi-
cant difference in viral response was seen 
among the four groups (P=0.0227). We also 
found a sequential increase in combination 
response from mean type to negative type. The 
HBcAg-negative group shows the highest rate 

Results

Expression and distribution of HBcAg in hepa-
tocytes

The baseline characteristics of our cohort are 
listed in Table 1. Of the 207 patients, 11 
(5.31%) had no hepatitis B core antigen expres-
sion (HBcAg-negative), others had hepatitis B 
core antigen expression. Of the hepatitis B core 
antigen expression, 83 (42.35%) belong to cyto- 
plasmic expression (cHBcAg), 105 (53.57%) 
cases was cytoplasmic dominance expression 
(cdHBcAg), while only 8 (4.08%) belong to cyto-
plasmic and nuclear mean expression (mHB-
cAg). HBcAg-negative group has the lowest 
baseline HBV DNA among the four groups 
(P<0.01), while other features such as age, sex, 
ALT, and AST has no differences.

Correlation between histologic activity of hepa-
titis and intracellular expression of HBcAg

From Table 2, there were statistical differences 
in the histologic necroinflammation among four 
groups (P<0.05) by the Spearman rank correla-
tion analysis and coefficient of contingency. In 
a subgroup analysis, the histologic necroinflam-

mation in the HB- 
cAg-negative group 
and cHBcAg group 
reached G3/G4 (re- 
spectively 54.55%, 
42.17%), while mo- 
st of cdHBcAg group 
and mHBcAg group 
maintain G1/G2. Fi- 
gure 1 shows the 
four types of HBcAg 
expression in liver 
tissue. Histologic ne- 
croinflammation wh- 
ich expressed in HB- 
cAg-negative or cHB-
cAg group were sign- 
ificantly higher than 
that of the cdHBcAg 
or mHBcAg group.

HBcAg expression 
patterns and ALT, 
AST and HBV DNA 
levels to Peg-IFNα

After 48 weeks of 
Peg-IFNα treatment, 
the ALT, AST and 
HBV DNA levels in 

Table 1. Clinical and laboratory features of the patients

Feature HBcAg-negative 
(n=11) cHBcAg (n=83) cdHBcAg 

(n=105) mHBcAg (n=8) p-value

Age, yr 31.2±5.1 29.5±6.8 29.0±6.5 29.8±5.0 0.7543
Sex 0.5674
    Male 9 55 72 7
    Female 2 28 33 1
ALT, U/L 157.0 (169.0) 183.0 (186.0) 197.0 (169.0) 222.5 (389.0) 0.4626
AST, U/L 60.0 (36.0) 60.0 (36.0) 101.0 (75.5) 97.5 (128.3) 0.0502
HBV DNA 5.40 (1.48) 7.15 (1.08) 7.37 (0.91) 7.14 (0.54) 0.000
Continuous variables are expressed as mean ± SD or median (interquartile range), and cat-
egorical variables are described by count. Pearson chi-square test and Student t-test were used 
for statistical analysis. Abbreviations: HBcAg, hepatitis B core antigen; HBeAg, hepatitis B e an-
tigen; AST, aspartate aminotransferase; ALT, alanine aminotransferase; HBV, hepatitis B virus.

Table 2. Histologic necroinflammation of hepatitis and intracellular expres-
sion of HBcAg

Feature HBcAg-Negative  
(n=11)

cHBcAg 
(n=83)

cdHBcAg 
(n=105)

mHBcAg  
(n=8)

Spearman  
rank  

correlation 

Coefficient of  
contingency

G1 1 1 2 0 0.0332 -0.1499
G2 4 47 73 7
G3 5 30 28 0
G4 1 5 2 1
Categorical variables are described by count and proportions. Pearson chi-square test, Spear-
man rank correlation analysis and coefficient of contingency were used for statistical analysis.
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10]. Predictors of response are useful to pro-
vide the most appropriate antiviral therapy to 
the most suitable patients, in order to achieve 
the best response and improve the clinical out-
come of chronic hepatitis B patients. If we can 
find more predictors of response to guide the 
Peg-IFNα therapy, we can acquire the better 
effects and reduce the waste of financial 
resources.

It is believed that cytoplasmic HBcAg is the 
main target antigen of CD8 T-lymphocytes (CTL) 
[11], which plays an important role in the 
immune injury of CHB. In the immune tolerant 
phase, HBcAg mainly in hepatocyte nucleus, 
and less in the hepatocyte cytoplasm. In the 

of complete response to Peg-IFNα, reached to 
72.7% (Table 3). 

Histologic activity of hepatitis pre-treatment 
and combination response to Peg-IFNα

According to histologic activity of hepatitis, of 
the 207 patients, most of cases (131) were  
G2, 63 cases were G3, and only 4 and 9 
patients were G1 and G4 respectively.  After 48 
weeks of Peg-IFNα treatment, a significant dif-
ference in combination response was seen 
according to histologic activity of hepatitis 
(P=0.0404) (Table 4). It was found that higher 
histologic activity of hepatitis, higher combina-
tion response. 

Discussion

Chronic hepatitis B (CHB) 
caused by persistent infection 
with hepatitis B virus (HBV), is 
a common chronic liver dis-
ease in mainland China. 
According to the latest nation-
al hepatitis B seroepidemio-
logical survey [6], the estimat-
ed current HBV carriers in 
mainland China run up to 93 
million, including 20-30 mil-
lion patients with CHB [7]. 
Current international guide-
lines recommend first-line 
treatment of CHB infection 
with pegylated interferon α, 
entecavir, or tenofovir, but the 
optimal treatment for an indi-
vidual patient is controversial.  

Peg-IFNα was recommended 
by 2012 APASL of CHB treat-
ment guidelines for its higher 
combined response rate and 
higher HBeAg seroconversion 
rate [8]. Researchers have 
shown that the clinical effect 
of Peg-IFNα is affected by sev-
eral factors, such as baseline 
HBV DNA level, baseline ALT 
level, gender, disease dura-
tion, whether the mother-to-
fetus transmission, baseline 
liver fibrosis, adherence to 
treatment and if combined 
with other viruses infection [9, 

Figure 2. HBcAg expression patterns and ALT, AST and HBV DNA levels to 
Peg-IFNα. A. ALT levels significantly decreased in four groups after treatment 
(P<0.01). B. AST levels significantly decreased in HBcAg-negative, cHBcAg 
and cdHBcAgr groups after treatment (P<0.01), while mHBcAg group has no 
significance. C. HBV DNA significantly decreased in HBcAg-negative, cHBcAg 
and cdHBcAgr groups after treatment (P<0.01), while mHBcAg group has no 
significance. Continuous variables are expressed as median (interquartile 
range). Pearson chi-square test and Student t-test were used for statistical 
analysis.
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group. However the immune function is not 
enough to remove HBV completely, then the 
immune function declined slowly and the 
inflammation was alleviated and HBV repro-

subsequent immune clearance phase, Cyto- 
plasmic HBcAg increases and nuclear HBcAg 
reduces. The expression of cytoplasmic HBcAg 
was positively correlated with the degree of 

liver inflammation. Patients 
with nuclear HBcAg or domi-
nant nuclear HBcAg staining 
had lower HAI and a lower 
PCNA score while cytoplasmic 
HBcAg or dominant cytoplas-
mic HBcAg staining had high-
er HAI and a higher PCNA 
score [12-14]. The relation-
ship between intrahepatic 
expression of HBcAg and the 
liver inflammatory activity 
was investigated in this study. 
In CHB patients, the histolog-
ic necroinflammation in the 
HBcAg-negative group and 
cHBcAg group reached G3/
G4 (respectively 54.55%, 
42.17%), while most of cdH-
BcAg group and mHBcAg 
group maintain G1/G2. His- 
tologic necroinflammation wh- 
ich expressed in HBcAg-ne- 
gative or cHBcAg group were 
significantly higher than that 
of the cdHBcAg or mHBcAg 
group. HBcAg negative group, 
cHBcAg group showed more 
piecemeal necrosis and focal 
necrosis by using microscope. 
This study suggests that cyto-
plasmic HBcAg is the main 
target antigen in CHB. In the 
process of immune clear-
ance, HBcAg migrate from 
hepatocyte nucleus to cyto-
plasm to stimulate immune 
response and induce histo-
logic necroinflammation. Wh- 
en HBcAg completely migrat-
ed to the cytoplasm, the 
immune function was fully 
motivated response to cyto-
plasm HBcAg and HBVDNA, 
and some cytoplasm HBcAg 
and HBVDNA were removed 
and the Hepatitis B virus 
(HBV) was reduced. It can be 
proved that lower HBVDNA 
lever in HBcAg negative 

Figure 3. HBcAg expression patterns and HBeAg serumconversion rate to 
Peg-IFNα. A. After Peg-IFNα treatment, the rate of HBeAg seroconversion was 
difference in four groups. Data are presented as number (%) and Fisher’s ex-
act test was used for statistical analysis. B. Comparison of HBeAg serumcon-
version rate to Peg-IFNα among HBcAg expression patterns, HBcAg-negative 
group was the highest compared to other groups (P<0.01). There were no 
significant difference was found among groups of cdHBcAg, cdHBcAg and 
mHBcAg (P>0.05). Pearson chi-square test and Student t-test were used for 
statistical analysis.

Table 3. HBcAg expression patterns and combination response to 
Peg-IFNα

Feature
HBcAg- 

negative 
(n=11)

cHBcAg  
(n=83)

cdHBcAg  
(n=105)

mHBcAg  
(n=8)

Spearman 
rank  

correlation 

coefficient 
of  

contingency
CR 8 19 23 0 0.0227 0.1583
PR 2 42 51 4
NR 1 22 31 4
Data are presented as number. Pearson chi-square test, Spearman rank correlation 
analysis and coefficient of contingency were used for statistical analysis.
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liver HBVDNA replication gradually increased,  
a new circle of immune activation occurs, and 
the repeated immune activation and necroin-
flammation is bound to cause liver fibrosis, cir-
rhosis and even liver cancer. Therefore, in the 
middle and later immune clearance stage, 
when the immune activated, HBVDNA and 
HBcAg decreased, the use of Peg-IFNα-2a can 
enhance the immunity and had a better anti 
HBV effect. It is a good treat timing.

This study is a prospective study which has 
clearly diagnostic criteria and unified treat-
ment, accuracy of the testing method, the 
integrity of the data. It has a certain clinical 
value. However, the source of this information 
is from Xiamen Hospital of Traditional Chinese 
Medical and the object is HBeAg-positive 
chronic hepatitis B which is lacking of inactive 
carriers and HBeAg-negative chronic hepatitis 
B. Therefore, it is lacking of hepatocyte nuclear 
HBcAg group and hepatocyte nuclear dominant 
HBcAg group which make the results could not 
accurately represent the overall population of 
patients with chronic HBV infection. It is bound 
to cause the selection bias and the results 
have a certain impact. Be undertaken multi-
center, large randomized controlled study can 
better control the bias and get more realistic 
results.
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duced again. We can use Peg-IFNα-2a to 
increase the immune function and anti HBV 
when the expression pattern of HBcAg was the 
HBcAg-negative group or cHBcAg group, which 
can further promote viral clearance and 
increase treatment efficiency.

This study also showed that HBeAg seroconver-
sion rate and complete response rate was the 
highest in HBcAg negative group after Peg-
IFNα-2a treatment, followed by cHBcAg. mHB-
cAg has the worst HBeAg seroconversion rate 
and complete response rate, which seroconver-
sion rate and complete response rate was only 
0. This study suggests that the expression pat-
tern of HBcAg and Peg-IFNα-2a antiviral effect 
is closely related and whether to choose IFNα 
antiretroviral therapy according to HBcAg 
expression patterns before antiviral therapy.

At the same time, the results showed that the 
activity of liver histologic necroinflammation 
was negatively correlated with the combination 
response to Peg-IFNα-2a. The higher the activi-
ty of liver histologic necroinflammation has 
before treatment, the better the antiviral effect 
has. The complete response rate of patients 
with G3 and G4 was 33.33% while the com-
plete response rate of G2 and G1 was 19.26%. 

As a result, we can draw the following conclu-
sions that in the immune tolerance, HBcAg is 
mainly distributed in hepatocyte nucleus, and 
the expression of the cytoplasm is less, and the 
activity of liver histologic necroinflammation is 
mild. In the early stage of immune clearance 
phase, the expression of cytoplasm HBcAg was 
increased, and the expression of hepatocyte 
nucleus decreased gradually. In the middle 
stage of immune clearance phase, HBcAg was 
dominant expressed in cytoplasm. In the late 
stage of immune clearance phase, HBcAg was 
completely transferred to the cytoplasm, and 
the immune response was fully activated, the 
hepatocytes where HBVDNA replicate and cyto-

plasmic HBcAg express were 
dissolved. The expression of 
HBcAg is HBcAg-negative and 
HBVDNA quantitative decline. 
However, such immune acti-
vation is not sufficient to elim-
inate the virus, only a tempo-
rary alleviate inflammation 
and immune control. With the 
gradual cease of immunity, 

Table 4. HBcAg expression patterns and viral response to Peg-IFNα

Feature G1  
(n=4)

G2  
(n=131)

G3  
(n=63)

G4  
(n=9)

Spearman  
rank correlation 

Coefficient  
of contingency

CR 1 25 22 2 0.0404 -0.1426
PR 2 65 26 6
NR 1 40 15 1
Data are presented as number. Pearson chi-square test, Spearman rank correlation 
analysis and coefficient of contingency were used for statistical analysis.
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