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The aim of this study was to characterize the expression and secretion of hepatitis B surface-antigen (HBsAg)
in the hepatocytes of hepatitis B virus (HBV)-infected patients at different phases of infection; as such, the as-
sociation of intrahepatic HBsAg expression with virological markers and the histological characteristics were
analyzed.

302 chronic HBV infection patients who had not received antiviral therapy were stratified by HBeAg status. The
proportion of HBsAg-positive cells was used as an indicator for HBsAg expression level.

In HBeAg-positive patients, there was a significant correlation between serum HBsAg and serum HBV DNA lev-
els (r=0.569, p<0.001). Intrahepatic HBsAg expression and serum HBsAg level in HBeAg-positive patients were
higher than those in HBeAg-negative patients (p=0.002 and p<0.001, respectively). A significant correlation be-
tween serum HBsAg level and intrahepatic HBsAg expression was found in HBeAg-negative patients (r=0.377,
p<0.001), but not in HBeAg-positive patients (r=0.051, p=0.557). Very interestingly, the correlation between
serum HBsAg level and HBsAg expression in hepatocytes gradually increased along with disease progression
through the immune-tolerant, immune-clearance, inactive, and recovery phases of HBV infection (r=—0.184,
0.068, 0.492, and 0.575; and p=0,238, 0,722, 0.012, and 0.002, respectively).

Different mechanisms may be involved in HBsAg synthesis and secretion in different phases of chronic HBV
infection.
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Material and Methods

Hepatitis B virus (HBV) infection is a health problem world-
wide. Globally there are ~240 million cases of chronic HBV in-
fection, which can lead to complications such as cirrhosis and
liver carcinoma, resulting in ~1 million deaths annually [1-3].
HBsAg is a gold-standard marker for diagnosis of HBV infec-
tion [4-6]. Recently, HBV surface antigen (HBsAg) level in se-
rum has been proposed to reflect the liver content of covalent-
ly closed circular DNA (cccDNA), which serves as a template
for the transcription of HBV genes [7,8]. Mathematical model-
ing of the decline in HBsAg level following treatment has been
developed and used to guide PEGylated-interferon alpha-2a
and nucleotide/nucleoside analog-based therapies required
for HBsAg seroconversion [9-12].

Previous studies have suggested that the dynamic course of
chronic HBV infection stemmed from interactions involving vi-
ral replication and the host immune system. Among different
phases of chronic HBV infection, the immune-clearance phase
positive for hepatitis B e antigen (HBeAg)- exhibited less se-
vere histological activities and harbored fewer mutations than
that negative for HBeAg [10,13-14]. HBsAg accumulation in
the liver was associated with specific viral mutations related
to disease activities [15,16]. Recently, several studies reported
that serum HBsAg level was associated with that of serum HBV
DNA [17]. However, the important question whether HBsAg ex-
pression in hepatocytes is related to overall HBsAg level, serum
HBV DNA level, and histological activity in different phases of
chronic HBV infection remains unanswered. It has been sug-
gested that HBsAg is synthesized from three different types of
templates and secreted into the serum: 1) transcription from
integrated S gene and then translation, 2) transcription from
HBV cccDNA and then translation, and 3) transcription from
HBV genomic DNA and then translation. Nevertheless, differ-
ences in HBsAg synthesis and secretion that occur in different
phases of chronic HBV infection, as well as other influencing
factors, remain unknown.

Chronic HBV infection can be divided into a few different phas-
es distinguishable by virological and serological markers. In
this study, HBsAg expression in hepatocytes was evaluated
in comparison with serum HBsAg level by phase (immune tol-
erance, immune clearance, inactive, and recovery) of chron-
ic HBV infection in order to discern the complex relationship
between HBsAg expression in hepatocytes and serum HBsAg
levels. Understanding this relationship will provide insights
into the mechanisms of HBsAg synthesis and secretion in dif-
ferent phases of chronic HBV infection.

Study population

Patients were recruited from January 2014 to January 2015 at
the Department of Infectious Diseases of The First Affiliated
Hospital of Anhui Medical University, and those who met the
inclusion criteria were retrospectively enrolled in this study.
The inclusion criteria included positive serum HBsAg for more
than six months and no history of anti-HBV treatment or im-
mune-modulatory therapy. The following patients were exclud-
ed: 1) patients with coinfection with hepatitis C virus, human
immunodeficiency virus, or hepatitis D virus; 2) patients with
an autoimmune disease or cirrhosis of the liver; and 3) pa-
tients with Wilson’s disease. This study was approved by the
ethics committee of the University, and all patients gave in-
formed consent for the liver biopsy procedure.

Laboratory assays

Serum HBV DNA level was determined by using a TagMan
real-time PCR assay (Shanghai Z) BioTech, Shanghai, China)
with a lower detection limit of 1,000 copies/mL. Serum HBsAg,
anti-HBs, HBeAg, anti-HBe, and anti-HBc were analyzed us-
ing commercially available kits (Abbott, Chicago, IL, USA).
Serum alanine aminotransferase (ALT) level was determined
at the time of sampling on an automatic biochemical analyz-
er (Roche, Basel, Switzerland). Liver stiffness was evaluated
by Fibroscan (FS; EchoSens, Paris, France). FS 9.4 was clas-
sified as significant fibrosis, and FS <6.0 was classified as no
significant fibrosis [18].

Histological examination and immunohistochemical
staining

All liver biopsies were performed by clinical doctors using
Surecut needles (Gainesville, Florida, USA) under the guidance
of B-mode ultrasound, with the length of the biopsy specimens
being 1.6 to 2.2 cm. Liver biopsy specimens were fixed in 10%
neutral-buffered formalin and embedded in paraffin. Sections
with a thickness of 4 pm were made and stained with hema-
toxylin and eosin and Masson’s trichrome. Histological data
were assessed (blinded) by two pathologists.

Pathological analysis of liver tissue was conducted according
to a modified histologic activity standard scoring system [19].
The hepatic pathological inflammation grade of chronic hepa-
titis was evaluated as 0 to 4 (G, ). Hepatitis activity including
lobular activity and periportal activity was classified as none,
minimal, moderate, or severe. The stage of fibrosis was also
graded on a scale of 0 to 4 (S,_,), and classified as no fibrosis,
portal fibrosis, periportal fibrosis, septal fibrosis, and cirrhosis.
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Table 1. Baseline characteristics of patients in the study.

CLINICAL RESEARCH

Characteristics Total (n=302)
Age (years)* 40 (31-47)
| Gender (male/female) 2785
CATGUN 104 (063-156)
| HBVDNA (og,, copies/ml)* 487  (336-696)
HBsag (og,, IU/mD* 345 (285-417)
 HBeAg (og,S/CO)* 056 (-101-255) -
AR (UMD 262 (180-449)
FibroScan score (kPa)* 650  (5.00-880)
HBsAgexpression 340 (900-735)

HBeAg- (n=166)

HBeAg+ (n= 136)

43 (18-69) 34 (14-76) <0.001
o oueso o3 0.400
085  (050-137) 108 (075-161) <0001
389 (300500 680 (530776 <0001
300 (250-353) 418 (353-467) <0001

109 (L12--103) 28 (1831 <0001
250  (180-390) 304 (L90-477) 0.069
675  (498-870) 625 (493905 0573
235 (600-6175) 435 (13.25-8325) 0.002

* Median (interquatile range); ALT — alanine aminotransferase; HBV — hepatitis B virus; AFP — alpha fetoprotein; HBsAg — hepatitis B

surface antigen; HBeAg — hepatitis B e antigen.

Hepatocyte expression of HBsAg was studied by using a strep-
tavidin peroxidase method (mouse anti-HBsAg from ZSGB-BIO,
Beijing, China). Negative-control experiments were performed
by substituting the primary antibody with phosphate-buffered
saline. HBsAg expression in hepatocytes was evaluated by quan-
titative analysis. Briefly, five fields were selected at random,
with 100 liver cells selected from each field, and the number
of positive cells was counted. Intracellular HBsAg localization
was classified as cytoplasmic, membrane, or cytoplasmic plus
membrane following evaluation of at least 500 cells.

HBYV infection phase

Patients were divided into four dynamic groups based on their
phase of infection: immune tolerant phase, immune clearance
phase, residual inactive phase, and reactive immune clearance
phase [20,21]. Immune tolerance phase is associated with
young, HBeAg seropositive patients with high viral loads, but
with a normal serum alanine aminotransferase (ALT) and near-
normal liver histology. Immune clearance phase is associated
with HBeAg and HBV DNA positivity, elevated or flare ALT, and
moderate or severe necro-inflammatory histological changes.
Residual inactive phase is associated with sustained normal
serum ALT, low serum HBV DNA and no or minimal necro-in-
flammatory histological changes, although some patients may
develop advanced fibrosis or cirrhosis. Reactive immune clear-
ance phase is associated with negative HBeAg, positive HBV
DNA, elevated or flare ALT, and moderate or severe necro-in-
flammatory histological changes.

Statistical analysis

The SPSS software version 16.0 (SPSS Inc., Chicago, IL, USA)
was used for statistical analysis. Continuous variables with
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normal distributions were compared by t test, and data with
non-normal distributions were analyzed by a nonparametric
test (Mann-Whitney U test). Correlation between different con-
tinuous variables with skewed distribution was determined by
Spearman’s rank correlation. Two-tailed values of p<0.05 were
considered statistically significant.

Results

Characteristics of enrolled patients

A total of 302 patients who met the inclusion criteria were
retrospectively enrolled in this study. The demographics, liver
biochemistry, HBsAg expression, and FS scores of all patients
are listed in Table 1. Most of the patients were male (71.9%),
with a median age of 40 years (31-47 years). HBeAg-positive
patients had significantly higher medians (interquartile range)
of HBV DNA, HBsAg, ALT, and HBsAg expression levels as com-
pared to those of HBeAg-negative patients (p<0.05) (Table 1).

Clinical, virological, and histological characteristics of the
patients

In HBeAg-positive patients, positive correlations existed be-
tween HBsAg and HBV DNA or serum HBeAg (r=0.569, p<0.001;
and r=0.565, p<0.001, respectively). A similar positive corre-
lation was observed between HBV DNA and serum HBeAg
(r=0.636, p<0.001). There was also a significant correlation
between ALT and alpha-fetoprotein levels (r=0.365, p<0.001).
However, there was a negative correlation between HBeAg
and age or fibrosis (r=—2.78, p=0.001 and r=-0.240, p=0.005,
respectively), while serum HBsAg levels did not correlate with
HBsAg expression in the liver. In HBeAg-negative patients,
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Table 2. Relationships among age, HBV DNA, ALT, HBsAg, HBeAg in serum and intrahepatic HBsAg expression.

HBsAg HBsAg HBVDNA  HBeAg
expression

HBSAg A 0051 0077 -odoz 0123 C0055 0088 0113
expression p 0.557 0.373 0.235 0.152 0.524 0.372 0.188
r 0.377 - 0.569 0.565 0.063 -0.210 -0.151 -0.271

HBSAG s
p <0.001 - <0.001 <0.001 0.468 0.014 0.122 0.001
r 0.130 0.110 - 0.636 0.127 -0.183 -0.141 -0.171

HBY DNA oo oo
p 0.095 0.157 - <0.001 0.140 0.033 0.151 0.047
r - - - - 0.037 -0.278 -0.266 -0.240

HBEAG e
p = = = = 0.671 0.001 0.006 0.005
r 0.144 0.077 0.358 - - -0.286 0.365 0.122

AT
p 0.064 0.324 <0.001 - - <0.001 <0.001 0.158
r -0.231 -0.167 -0.014 - -0.038 - 0.140 0.206

2= (R
p 0.003 0.032 0.875 = 0.628 = 0.151 0.016
r -0.026 0.009 0.147 - 0.125 0.040 - 0.251

AR
p 0.767 0.305 0.093 = 0.155 0.653 - 0.009

r -0.027 0.012 0.310 - 0.349 0.091 0.191 -
E ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
p 0.732 0.877 <0.001 - <0.001 0.245 0.029 =

’—’ — HBeAg negative; ‘+' — HBeAg positive. ALT — alanine aminotransferase; HBV — hepatitis B virus; AFP — alpha fetoprotein;
HBsAg — hepatitis B surface antigen; HBeAg — hepatitis B e antigen. E, FibroScan score. HBsAg expression: the degree of expression of

HBsAg in hepatocyte. Statistical results were determined by Spearman rank correlation.

however, serum HBsAg levels significantly correlated with
HBsAg expression in the liver (r=0.377, p<0.001). There were
also significant correlations between fibrosis and ALT or se-
rum HBV DNA titer (r=0.349, p<0.001; and r=0.310, p<0.001,
respectively) (Table 2).

HBsAg expression, virological markers, and histologic
activity of liver disease

The median intrahepatic HBsAg expression was significant-
ly higher in HBeAg-positive patients compared to HBeAg-
negative patients (p=0.002; Figure 1A). Similarly, median se-
rum HBsAg level was also higher in HBeAg-positive patients
(p<0.001; Figure 1B). In 302 chronic hepatitis B patients (166
HBeAg-negative and 136 HBeAg-positive), there was no signif-
icant correlation between level of histologic activity and stage
of fibrosis (S) or inflammation grade (G), or HBsAg expression
level in hepatocytes (all p>0.05; Figure 1C, 1D). However, the
serum HBV DNA levels correlated with the levels of S or G (all
p<0.05; Figure 1G, 1H). In HBeAg-negative patients, there was
no correlation between HBsAg serum titer and the level of S or
G (all p>0.05; Figure 1E), while S or G level exhibited positive

correlation with HBsAg serum titer in HBeAg-positive patients
(all p<0.005; Figure 1F).

Correlation between HBsAg titers in hepatocytes and
serum, and serum HBV DNA according to HBeAg status

The correlations between serum HBsAg titers and HBsAg ex-
pression in hepatocytes varied depending on HBeAg status
(HBeAg-positive: r=0.051, p=0.557; HBeAg-negative: r=0.377,
p<0.001; Figure 2A, 2B). Regardless of HBeAg status of patients
(positive of negative), HBV-DNA levels showed no significant
correlation with HBsAg expression in hepatocytes (all p>0.05;
Figure 2C, 2D). However, in HBeAg-positive patients, HBY DNA
level did correlate with serum HBsAg titers (r=0.569, p<0.001;
Figure 2F). In HBeAg-negative patients, HBV DNA levels did not
correlate with serum HBsAg titers (r=0.110, p=0.157; (Figure 2E).

The relationship between HBsAg expression in
hepatocytes and serum HBsAg level

The degree of association between serum HBsAg level and
HBsAg expression in hepatocytes during chronic HBV infection
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Figure 1. HBsAg expression, virological markers and histologic activity of liver disease. The correlation between HBsAg expression

in hepatocytes by HBeAg status (A). The correlation between serum HBsAg levels by HBeAg status (B). The correlation
between inflammation grade (G), stages of fibrosis (S), and HBsAg expression in hepatocytes by HBeAg status (C: negative,
D: positive). The relationship between G and S and serum HBsAg levels by HBeAg status (E: negative, F: positive). The
relationship between serum HBV DNA levels and G and S by HBeAg status (G: negative, H: positive).
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Figure 2. Correlation between HBsAg titers in hepatocytes and serum, and serum HBV DNA according to HBeAg status. The
relationship between serum HBsAg levels and HBsAg expression in hepatocytes by HBeAg status (A: negative, B: positive).
The relationship between the serum HBV DNA levels and HBsAg expression in hepatocytes by HBeAg status (C: negative,
D: positive). The relationship between serum HBV DNA levels and serum HBsAg levels by HBeAg status (E: negative, F:

positive).

increased along with phase progression (immune tolerance:
r=—0.184, p=0.238; immune clearance: r=0.068, p=0.722; in-
active: r=0.496, p=0.012; and recovery: r=0.575, p=0.002;
Figure 3).

Discussion

Data from this study showed that HBsAg and serum HBV DNA
levels were correlated in HBeAg-positive patients; however, no

such association was observed in HBeAg-negative patients. The
severity of inflammatory activity in the liver tissue, as well as
evidence of hepatic fibrosis, increased when serum HBV DNA
levels were in decline in HBeAg-positive patients, while these
same symptoms were observed in HBeAg-negative patients
when serum HBV DNA levels were on the rise. These results
agreed with those previous reports [22-24].

Several studies reported three possible pathways for HBsAg
secretion into the serum (Figure 4). Pathway 1: transcription
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Figure 3. The correlation between serum HBsAg levels and HBsAg expression in hepatocytes along the phases of HBV infection.
Immune-tolerant phase: HBeAg(+), FS <6, and HBV DNA >10° copies/mL (A). Immune-clearance phase: HBeAg(+), FS > 6, and
HBV DNA between 10° and 10° copies/mL (B). Inactive phase: HBeAg(-), FS >6, and HBV DNA <10° copies/mL (C). Recovery
phase: HBeAg(-), FS 9.4, and HBV DNA >103 copies/mL (D).
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from integration from the S gene (after the integration of the
pre-S gene into the host genome, HBsAg is synthesized and
truncated within the endoplasmic reticulum and Golgi appa-
ratus, followed by secretion into serum); Pathway 2: tran-
scription from HBV cccDNA (pre-S1 mRNA and pre-S2 smRNA
lead to synthesis of S proteins of different sizes, followed by
HBsAg production from S protein in the endoplasmic reticulum
and Golgi apparatus before entering the serum); or Pathway
3: transcription from HBV genomic DNA (the core protein ki-
nase and HBV polymerase package pregenomic RNA to form
a mature nucleocapsid through reverse transcription). Mature
Dane particles are then formed by the nucleocapsid and S pro-
tein in the endoplasmic reticulum and secreted into the serum
through the Golgi apparatus [5,25]. Generally, HBsAg synthesis
and secretion occurs via the first pathway, less often by the
second pathway, and rarely by the third pathway.

In this study, HBsAg expression and serum HBsAg titers in
HBeAg-positive patients were found to be much higher than
those observed in HBeAg-negative patients. There are sever-
al possible explanations for this. First, it is generally accepted
that HBeAg-positive patients mostly remain in the immune-tol-
erant and immune-clearance phases, and exhibit high levels of
HBsAg, HBeAg, and serum HBV DNA. HBsAg synthesis and se-
cretion occurs primarily through Pathway 1 in HBeAg-positive
patients, while HBeAg-negative patients mostly remain in the
low-replication and reactivation phases, during which HBsAg
synthesis and secretion primarily occur through Pathway 2. As
a result, compared to HBeAg-positive patients, HBsAg synthe-
sis and secretion are significantly lower in HBeAg-negative pa-
tients. Second, a negative-feedback mechanism affecting HBsAg
synthesis through HBV-related cccDNA in the liver has been
reported [25]. HBeAg-positive patients in the immune-tolerant
and immune-clearance phases exhibit negative-feedback factors
capable of inhibiting the secretion of relevant compositions,
such as HBsAg, HBeAg, and HBV DNA, resulting in significant
HBsAg accumulation in liver tissue. Third, as HBeAg-positive
patients became HBeAg-negative, liver hepatitis, necrosis, and
fibrosis are aggravated, leading to a decrease in liver paren-
chymal cells where HBV replication occurs. Last, HBsAg expres-
sion in liver tissues can be reduced due to immune-mediated
non-cytolytic mechanisms, which can also result in decreased
HBsAg expression in HBeAg-negative patients.

Our data showed that there was no correlation between HBsAg
expression in the liver and serum HBsAg levels in HBeAg-
positive patients, while in HBeAg-negative patients, a positive
correlation was observed. This could be explained by the dif-
ference in primary pathways by which HBsAg was synthesized
and secreted. Our data indicated that HBsAg synthesis and
secretion may mainly occur via Pathway 1 in HBeAg-positive
patients, while HBeAg-negative patients mostly remain in the
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low-replication and reactivation phases. In recent years, mu-
tations A1762T and G1764A in the basal core promoter (BCP)
region have been identified [26,27]. HBV variants with these
mutations remained and replicated under immune pressure and
left an integrated S gene in liver cells. As a result, Pathway 2
then plays a greater role than Pathway 1 in HBsAg synthesis
and secretion in HBeAg-positive patients [28,29]. In HBeAg-
negative patients, HBsAg, HBeAg, and serum HBV DNA lev-
els were low, and thus the titers of negative-feedback factors
were also correspondingly low. Therefore, a correlation be-
tween HBsAg levels in the liver and serum appeared in these
patients. Thus, reduction in negative-feedback factors and ac-
cumulation of mutations in the host immune system may sig-
nificantly affect HBV production and disease activity in HBeAg-
negative phases.

In this study, HBV patients were divided into four groups ac-
cording to the dynamic phases of their disease (immune toler-
ance, immune clearance, inactive, and recovery) and the rela-
tionship between HBsAg level in serum and HBsAg expression
in hepatocytes was studied. The results suggested correlation
between serum HBsAg level and HBsAg expression in hepato-
cytes in chronic hepatitis B patients, and that this correlation
increased along with phase progression (Figure 3). Our results
suggested that in patients with chronic hepatitis B, HBsAg syn-
thesis and secretion through Pathway 2 increased along with
phase progression of HBV infection, which was distinguish-
able by virological and serological markers.

Conclusions

In patients with chronic HBV infection, HBsAg synthesis and
secretion might be influenced by many factors, including the
levels of HBV-DNA, HBsAg, or HBeAg in serum, mutations, as
well as host immunologic function. HBsAg synthesis and se-
cretion through Pathway 2 increased along with phase pro-
gression of HBV infection. Data from this study suggested
that HBsAg synthesis and secretion may occur via different
mechanisms during different phases of chronic HBV infection.
However, elucidation of specific mechanisms requires further
study in the future.
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