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Introduction

Hepatitis B virus (HBV) is a double-stranded
enveloped DNA virus, that contains a relaxed-cir-
cular, partially duplex 3.2 kb genome within its
core1,2. This hepatotropic and non-cytopathic
virus has caused about 350 million people to be-
come chronically infected, and approximately 1
million people die from liver failure, cirrhosis
and hepatocellular carcinoma (HCC) each year3,4.
The mechanisms responsible for the liver damage
caused by HBV infection are complicated, and
both viral and host factors can influence the out-
come of HBV infection5-9. Inflammation and
apoptotic processes induced by the immune sys-
tem are the key mechanisms of virus elimination.
Previous studies have shown that a large amount
of the hepatocyte damage in patients with severe
hepatitis B (SHB) may be caused by necrosis and
apoptosis of hepatocytes; however, which one is
the main cause has not been determined10-13.
IFN-α is an important cytokine, can modulate

the immune response, induce antiviral protein ex-
pression, and inhibit HBV replication14. In vitro
experiments, IFN-α could suppress the level of
HBV replication in human hepatoma cell lines15.
It has also been shown that intrahepatic IFN-α
expression in patients with HBV infection can
activate NK cells, and mediate hepatocyte apop-
tosis via the tumor necrosis factor-related apopto-
sis-inducing ligand (TRAIL) pathway16.
This study focused on the relationship be-

tween intrahepatic IFN-α expression and disease
severity in patients with different outcomes of
HBV infection. The intrahepatic expression lev-
els of IFN-α in biopsy samples were examined
by immunohistochemistry (IHC), while the repli-
cation levels of HBV DNA in liver samples were
detected by in situ hybridization (ISH).
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Abstract. – BACKGROUND: Interferon-alpha
(IFN-αα), an active cytokine, plays an important
role in antiviral host responses, including pro-
tection against hepatitis B virus (HBV) infection.
This study was designed to investigate the cor-
relation between intrahepatic IFN-αα expression
levels and disease severity using liver biopsy
specimens from HBV-infected patients with dif-
ferent outcomes.

PATIENTS AND METHODS:: Immunohistochem-
istry (IHC) was performed to detect intrahepatic
IFN-αα expression in liver biopsy specimens ob-
tained from 69 HBV-infected patients with differ-
ent outcomes (including 23 cases with chronic
hepatitis B [CHB], 18 cases with severe hepatitis
B [SHB], and 28 cases with liver cirrhosis [LC]). In
situ hybridization (ISH) was carried out to mea-
sure the levels of HBV DNA in liver samples. In
addition, the liver specimens of 33 healthy liver
transplant donors without detectable liver dis-
eases comprised a normal control (NC) group. 

RESULTS: The intrahepatic expression levels
of IFN-αα were higher in the HBV-infected patients
than the NC group (p = 0.001). Intrahepatic IFN-αα
expression was also significantly higher in the
SHB and CHB groups compared to the NC group
(p = 0.001 and p = 0.001, respectively), while the
intrahepatic HBV DNA levels of the SHB patients
were higher than those of LC patients (p =
0.013). Furthermore, intrahepatic IFN-αα expres-
sion was positively correlated with serum ala-
nine aminotransferase (ALT) levels in CHB pa-
tients; no significant correlations were discov-
ered between intrahepatic IFN-αα expression and
intrahepatic HBV DNA levels in all other sub-
groups.

CONLUSIONS: Intrahepatic IFN-αα expression
may correlate with liver inflammation after he-
patitis B virus infection, and IFN-αα may play a vi-
tal role in the occurrence of SHB.
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nals were indicated by purple-blue or blue-black
staining. Two experienced pathologists examined
the integrated slides without information regard-
ing patients. The percentage of positive cells and
the intensity of positive staining were scored ac-
cording to the Axiotis score standard based on
evaluation of five randomly chosen fields at 400-
fold magnification17. If the histology scores of
the two pathologists were different for the same
sample, we chose the mean as the final result. 

Detection of Intrahepatic IFN-αα
Expression by Immunohistochemistry
Sections of formalin-fixed and paraffin-em-

bedded liver samples were incubated with a goat
anti-human IFN-α polyclonal antibody at a dilu-
tion of 1:200 (Santa Cruz Biotechnology; CA,
USA) at 4°C overnight. This step was followed
by three washes with phosphate-buffered saline
(PBS), and staining with biotin-labelled rabbit
anti-goat IgG at a dilution of 1:100 (Zhongshan
Goldenbridge Biotechnology; Beijing, China) at
room temperature for 1 h. Finally samples were
stained with a 3-3’-Diaminobenzidine kit
(Wuhan Boster Biological Technology; Wuhan,
China), and counterstained with hematoxylin.
Otherwise, samples were incubated with PBS in-
stead of IFN-α polyclonal antibody as a negative
control.

Detection of HBV DNA in Liver Tissue by
in Situ Hybridization (ISH)
ISH was carried out as previously described by

Long et al18. The levels of HBV DNA in the liver
biopsy samples were detected with a 3.2 kb HBV
DNA probe labelled with digoxin with the use of
a DIG-High prime kit (Roche; Basel, Switzer-
land). Briefly, paraffin sections were de-
paraffinised, rehydrated, incubated with H2O2, di-
gested with protease K and repaired with super-

CHB SHB LC NC p-value 

Total number 23 18 28 33 –
Age (year) 35.4 ± 8.3 44.1 ± 10.9 43.6 ± 9.3 38.1 ± 7.7 0.002
ALT (IU/L) 29.0 (13-101) 79.5 (19-2448) 46.0 (6-381) 33.0 (6-61) < 0.001
Serum HBV DNA 4.70E+06 6.20E+05 6.14E+04 NA 0.065
(copies/mL) (BLQ-5.70E+07) (BLQ-5.60E+07) (BLQ-4.34E+07)
IFN-αΨ 1.67 ± 0.65 1.86 ± 0.80 1.32 ± 0.76 1.02 ± 0.72 0.001
HBV DNAΨ 0.67 ± 0.58 0.86 ± 0.74 0.41 ± 0.68 NA 0.027

Table I. Characteristics of normal controls and patients with HBV infection.

ALT: alanine aminotransferase; BLQ: below limit of quantification; NA: not applicable. Ψ: ISH scores of intrahepatic IFN-α
expression and HBV DNA in liver samples. 

Patients and Methods

Study Subjects
The liver biopsy specimens were collected

from 69 patients with HBV infection, including
23 chronic hepatitis B (CHB) cases, 18 severe
hepatitis B (SHB) cases, and 28 cases of liver cir-
rhosis (LC). All patients were positive for hepati-
tis B surface antigen (HBsAg) for more than 6
months. Exclusion criteria included the follow-
ing: co-infection of human immunodeficiency
virus (HIV) or other hepatitis viruses (hepatitis
A, C and E viruses), autoimmune hepatitis, drug-
induced hepatitis and liver injury caused by other
etiologies, HCC, portal vein thrombosis or car-
diovascular comorbidities. In addition, 33 liver
specimens were collected from healthy liver
transplant donors with undetectable liver diseases
to serve as the normal control (NC group). The
detailed characteristics of these subjects are de-
scribed in Table I. 
Patients were informed of the aims of the

study and written consent was acquired. This
study was approved by the West China Hospital
Ethics Committee and conformed to the ethical
guidelines of the 1975 Declaration of Helsinki.

Preparation of Liver Biopsy Samples and
Integrated Tissue Slice Slides and 
Histologic Scoring System 
Percutaneous liver biopsies were performed us-

ing a 16-gauge biopsy needle under ultrasound
guidance. Biopsy specimens were fixed in 10%
phosphate-buffered formalin, embedded in paraffin,
and sectioned at 3 µm thickness. The slices were
stretched at 40°C and mounted on a glass slide at a
marked region. Then the integrated tissue slide was
accomplished with 12 tissue slices on one slide. 
Finally, positive IHC signals were indicated by

yellow, brown or tan staining; positive ISH sig-



2476

D.-b. Wu, F.-w. Liu, J. Li, C. Liu, L. Liu, E.-q. Chen, L.-s. Zhao, H. Tang, T.-y. Zhou

sonic waves. After being denatured, the slices
were put into -20°C anhydrous ethanol and the
hybridization solution containing the DIG-HBV
DNA probe was put into 0°C ice water; then
these were incubated together at 56 °C overnight.
This step was followed by three washes and an
incubation with anti-Dig-alkaline phosphatase
Fab fragments at a dilution of 1:200 (Roche;
Basel, Switzerland) at 37°C for 1 h. Finally, the
hybridized signal was detected with a NBT/BCIP
kit (Boehringer Mannheim GmbH; Mannheim,
Germany) . Each sample was counterstained with
1% methyl green before being mounted.

Statistical Analysis
The histological scores of intrahepatic IFN-α

expression and HBV DNA level in liver tissue
were presented as the mean ± standard deviation
of each sample. The Kruskal-Wallis test was used
to evaluate the differences among more than 2
groups, while the Mann-Whitney U test were
used to compare variables between 2 groups. The
correlation analysis was performed by using non-
parametric correlation analysis (Spearman). Data
were analyzed with SPSS statistical software

package, version 16.0 (SPSS Inc., Chicago, IL,
USA). A difference with a p value less than 0.05
was considered statistically significant.

Results

The data reported in the study were obtained
from CHB, SHB, LC patients and healthy liver
transplant donors. Detail characteristics of these
subjects are presented in Table I.

Intrahepatic Expression of IFN-αα in Liver
Samples from HBV-infected Patients and
Normal Controls
Intrahepatic IFN-α expression was detected by

IHC in all 69 samples from HBV-infected pa-
tients as well as 33 samples from healthy liver
transplant donors. Expression of IFN-α in liver
samples was apparent in the cytoplasm, and rep-
resentative images are showed in Figure 1.
As presented in Figure 2A, the expression lev-

el of IFN-α was higher in the HBV-infected
group (n=69) than that in the NC group (n=33; p
= 0.001) (Figure 2A). According to the statistical

Figure 1. Intrahepatic IFN-α expression in liver samples from HBV-infected patients with different outcomes and normal
controls (200-fold magnification, yellow and brown staining in the nucleus and cytoplasm indicate positive IFN-α expression).
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analysis presented in Figure 2B, the IHC scores
of intrahepatic IFN-α expression in the SHB
group were significantly higher than those ob-
served in the LC and NC groups (p = 0.032 and p
= 0.001, respectively). However, while the intra-
hepatic IFN-α expression levels in the SHB
group were higher than those of the CHB group,
the difference was not statistically significant (p
= 0.349). Moreover, there was no statistically
significant difference in IFN-α expression be-
tween the LC and CHB groups (p = 0.098).

Levels of HBV DNA in Liver Samples
from HBV-infected Patients with 
Different Outcomes 
The presence of HBV DNA in liver biopsy sam-

ples was observed in the nucleus/cytoplasm (Fig-
ure 3A, B, C). There was significant difference in
the levels of HBV DNA in the 69 HBV-infected
patients (χ2 = 7.198, p = 0.027). The levels of HBV
DNA in the SHB group were higher than those ob-
served in the LC group (p = 0.013) (Figure 3D);
however there was no statistically significant dif-
ference when comparing with the CHB group (p =
0.489), and this result was similar to the intrahepat-
ic IFN-α expression of the SHB group. Moreover,
we observed a statistically significant difference
between expression levels of HBV DNA between
the CHB and LC groups (p = 0.043) (Figure 3D).

Correlation of Intrahepatic IFN-αα
Expression with Serum ALT Levels,
and with the Levels of HBV DNA in
Liver Biopsy Samples
In this study, it was observed that there was a

positive correlation between the intrahepatic ex-

pression of IFN-α and serum ALT levels in CHB
patients (r = 0.508, p = 0.014) (Figure 4), but not
in SHB, LC or NC patients (r = -0.298, p =
0.229; r = 0.105, p = 0.594; and r = -0234, p =
0.189; respectively). In addition, correlation
analysis showed that there was no significant cor-
relation between intrahepatic IFN-α expression
and HBV DNA levels in liver biopsy samples in
the CHB, SHB or LC groups (r = -0.129, p =
0.558; r = -0.095, p = 0.708; and r = -0.013, p =
0.946, respectively).

Discussion

The mechanism of HBV infection is complicat-
ed, as both the virus and the host immune re-
sponse can have a direct impact on the natural
course of HBV infection and the clinical outcome
of liver disease4,8,19. As an active cytokine, IFN-α
can coordinate the immune response against virus-
es and other intracellular infections. Previous stud-
ies have shown that IFN-α can active the expres-
sion of hundreds of genes, and generate some
IFN-inducible proteins to establish the “antiviral
state”20-22. IFN-α also directly enhances NK cell-
mediated cytotoxicity through activating NK cell
receptors, and also regulates cytotoxic T cells dif-
ferentiation23-26. Both IFN-α and IFN-γ are re-
quired to maintain NK cell function27. At present
IFN-α is a candidate for the first-line treatment of
patients with chronic hepatitis B, chronic hepatitis
C and other viral infection.
Many studies have shown that IFN-α expres-

sion can directly inhibit HBV DNA replication
and intracellular hepatitis B surface antigen se-

Figure 2. Intrahepatic IFN-α expression in liver samples. A, Intrahepatic IFN-α expression in HBV-infected patients (n=69)
and normal controls (n=33). B, Intrahepatic IFN-α expression in HBV-infected patients with different outcomes.

A B
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cretion15,28. Intrahepatic IFN-α expression in liver
tissue from patients with acute hepatitis B infec-
tion was significantly higher than patients with
chronic hepatitis B infection29. IFN-α also can
induce apoptosis in hepatocytes through stimulat-
ing tumor necrosis factor-related apoptosis-in-
ducing ligand (TRAIL) pathway or non-TRAIL-
induced apoptosis pathways in the liver16. On the
other hand, severe hepatitis caused by HBV in-
fection can lead to large areas of necrosis of he-
patocyte, and this process may involve IFN-α-
mediated immune clearance response and hepa-
tocyte apoptosis10-13,30. Leifeld, et al31 reported
that intrahepatic IFN-α expression in patients
with fulminant liver failure caused by a variety of
etiologies was significantly higher than that ob-
served in chronic liver disease cases (including
chronic hepatitis B, chronic hepatitis C, primary

Figure 3. Levels of HBV DNA in liver samples from HBV-infected patients. A, HBV DNA detected by ISH in liver samples
from CHB patients. B, HBV DNA detected by ISH in liver samples from SHB patients. C, HBV DNA detected by ISH in liver
samples from LC patients (200-fold magnification, blue and purple-blue staining inside the nucleus/cytoplasm indicate pres-
ence of HBV DNA). D,Axiotis scores of HBV DNA in liver samples from HBV-infected patients.

Figure 4. Correlation between intrahepatic IFN-α expres-
sion and serum ALT level in CHB patients (Pearson’s corre-
lation coefficient, r = 0.508, p = 0.014).



biliary cirrhosis and chronic alcoholic hepatitis)
and normal subjects. Our data showed that com-
pared with normal subjects, intrahepatic IFN-α
expression was significantly higher in HBV-in-
fected patients, and intrahepatic IFN-α expres-
sion was higher in the CHB group (or SHB
group) than in the NC group. It has been suggest-
ed that a modest rise in IFN-α expression may
contribute to controlling the progression of HBV
infection-related diseases, the immune response
and preventing chronicity of HBV infection.
IFN-α also has a potential role in promoting the
inflammatory response through the tumor necro-
sis factor (TNF) signal pathway32. In this study,
there was a positive correlation between the ex-
pression levels of IFN-α in liver tissue from
CHB patients and serum ALT levels. It is possi-
ble that the antiviral process accompanied by ele-
vated intrahepatic IFN-α overexpression after
HBV infection, promoted active inflammation
and apoptosis mechanisms, and this led to the he-
patocyte injury favouring the clearance of HBV
infection. Moreover, the intrahepatic IFN-α ex-
pression levels in the SHB group was higher
compared to the CHB group, demonstrating that
elevated intrahepatic IFN-α expression may be
involved in severe liver injury and occurrence of
SHB; however, there was no statistically signifi-
cant difference between the two group. 
Kupffer cells, plasmacytoid dendritic cells, fi-

broblasts, and endothelial cells are the major
source of intrahepatic IFN-α/β22,29,33,34. In pa-
tients with liver cirrhosis, disruption of the nor-
mal liver architecture, the formation of
pseudolobuli, encircled by fibrosis, and de-
creased numbers of IFN-α expression cells (such
as Kupffer cells) are observed by liver histology.
These changes may lead to reduced IFN-α ex-
pression levels in liver samples from patients
with liver cirrhosis, and no statistically signifi-
cant difference was observed in intrahepatic IFN-
α expression between the LC and NC groups,
this was also the case for the LC and CHB
groups. Moreover, normally or slightly elevated
ALT levels could be found inconspicuously in
cirrhosis patients at times, and bilirubin enzyme
separation phenomenon could be observed in
SHB patients with the recurrence of condition. It
is possible this is the reason why no correlation
was found between intrahepatic IFN-α expres-
sion and serum ALT levels in the LC and SHB
groups. Further work is required to understand
the underline mechanisms of how IFN-α regu-
lates the immune response after HBV infection.

Conclusions

Our study suggests that intrahepatic IFN-α ex-
pression may correlate with liver inflammation
after hepatitis B virus infection, and plays an im-
portant role in the occurrence of SHB.
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