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INTRODUCTION
Hepatocellular carcinoma (HCC) is one of  the most 
prevalent malignant tumors in Asia, especially in China, 
where hepatitis B virus (HBV) is the major etiologic 
factor for it[1-3]. The HBV X protein (HBx), a small 
regulatory protein, that is required for the establishment 
of  viral infection[4,5], is believed to contribute to the 
development of  HCC [6-8].

Interferon-alpha (IFN-α) has been used clinically for 
the treatment of  viral infections[9-11] and malignances[12-14], 
for it plays an important role in both antiviral and 
antitumor host defenses. IFN-α also delays or prevents 
HCC in pat ients with HBV-related cir rhosis [15]. 
Therefore, IFN-α may exhibit an antitumor activity in 
HBV-related HCC through inhibiting the HBx-mediated 
cellular responses.

In this study, we aimed to explore the strong effect 
of  IFN-α to restrain the growth and invasive potential 
of  HCC induced by HBx protein through transfection 
of  the HBx gene expression to human hepatoma cells.

MATERIALS AND METHODS
Cell lines and interferon
pcDNA3.1-HBx Chang liver cells (Chang/HBx) and 
pcDNA3.1 Chang liver cells (Chang/pcDNA3.1) were 
kindly donated by Liver Cancer Laboratory, Department 
of  Surgery, Xiangya Hospital, Central South University 
(Changsha, Hunan Province, China). The IFN-α was 
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Abstract
AIM: To investigate the effects of interferon-alpha 
(IFN-α) to restrain the growth and invasive potential of 
hepatocellular carcinoma (HCC) induced by hepatitis B 
virus (HBV) X protein.
METHODS: The pcDNA3.1-HBx p lasmid was 
transfected into Chang cells by Lipofectamine in vitro, 
and Chang/HBx was co-cultured with IFN-α. Cell survival 
growth curve and clonogenicity assay were used to test 
the growth potential of Chang/pcDNA3.1, Chang/HBx 
and IFN-α-Chang/HBx in vitro . Growth assay in nude 
mice was used to detect the growth potential of Chang/
pcDNA3.1, Chang/HBx and IFN-α-Chang/HBx in vivo . 
Wound healing and transwell migration assays were 
used to detect the invasive ability of Chang/pcDNA3.1, 
Chang/HBx and IFN-α-Chang/HBx.
RESULTS: Compared with CCL13 cells transfected 
with pcDNA3.1, CCL13 with stable expression of 
hepatitis B virus X protein showed the characteristics 
of malignant cells with high capability of growth and 
invasion by detecting their growth curves, colony 
forming efficiency, wound healing , transwell migration 
assays and growth assays in nude mice. Its capability 
of growth and invasion could be controlled by IFN-α.
CONCLUSION: IFN-α can restrain the growth and 
invasive potential of HCC cells induced by HBx protein, 
which has provided an experimental basis for IFN-α 
therapy of HCC.
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purchased from Roche Pharmaceuticals Ltd. (Guangxi, 
China).
 
Cell culture and passage
The Chang/HBx and Chang/pcDNA3.1 were cultured 
and subcultured in Dulbecco’s modified Eagle’s medium 
(DMEM) supplemented with 10% fetal bovine serum 
and incubated in 5% CO2 at 37℃ for further research. 
The IFN-α concentration in the nutritive medium of  
IFN-α-Chang/HBx was 1000 ku/L.
 
Growth curve
The growth curve was designed to compare the 
proliferative ability of  Chang/HBx cells with that of  
Chang/HBx cells cocultured with IFN-α and Chang/ 
pcDNBA3.1 cells. First, 2 × 104 cells per well were 
placed into 24-well plates. Next, the cells in 3 wells were 
counted daily during the 8 d of  culture for evaluation 
of  cell proliferation. Finally, the viability of  the cells was 
determined by Trypan blue exclusion.
 
Clonogenic assay
Chang/HBx, IFN-α -Chang/HBx and Chang/
pcDNA3.1 cells were plated onto 60-mm Petri dishes 
at a density of  2 × 103 cells per dish and cultured in 
conditioned medium for 2 wk. The formed colonies 
were stained with Giemsa to allow calculation of  their 
average colony-forming efficiency.
 
Wound healing assays
Six-well plates (Costar) were coated overnight with  
10 mg/mL f ibronect in (Becton Dick inson) in 
phosphate-buffered saline (PBS) and blocked with 1% 
bovine serum albumin (Sigma) in DMEM. Chang/
HBx, IFN-α-Chang/HBx and Chang/pcDNA3.1 cells 
were suspended with 0.05% trypsin and 5.3 mmol/L 
ethylene diaminetetraacetic acid (EDTA) (Gibco) and 
then counted. Next, 5 × 105 cells per well were plated in 
serum-free DMEM with applicable inhibitors or DMSO 
for 3 h. Monolayer cultures were wounded with a P-200 
pipette tip, and the medium was replaced with DMEM, 
5% fetal bovine serum, and 2 mg/mL G418. Cells were 
photographed at a magnification of  × 20 adjacent to a 
reference line etched onto the bottom of  the plate. Cells 
were allowed to grow and migrate for 24 h at 37℃ in 5% 
CO2 before being photographed a second time. DMSO 
levels were adjusted to be equal in all wells within each 
experiment and were never higher than 0.5% DMSO. 
Each experiment was performed in triplicate and 
repeated three times.
 
Transwell migration assay
Matrigel-coated filter inserts with 8-μm pores that fit 
into 24-well invasion chambers were obtained from 
Becton Dickinson. Chang/HBx cells, IFN-α-Chang/
HBx cells, and Chang/pcDNA3.1 cells were detached 
from the tissue culture plates, washed, resuspended 
in conditioned medium (5 × 104 cells/200 μL), and 
then added to the upper compartment of  the invasion 
chamber with or without plasmin (1.8 μg). Conditioned 

medium (500 μL) was added to the lower compartment 
of  the invasion chamber. The Matrigel invasion 
chambers were incubated at 37℃ for 24 h in 5% CO2. 
After incubation, the filter inserts were removed from 
the wells, and the cells on the upper side of  the filter 
were removed using cotton swabs. The filters were fixed, 
mounted, and stained according to the manufacturer’s 
instructions. The cells that invaded through the Matrigel 
were counted on the underside of  the filter. Three to 
five invasion chambers were used for each experimental 
condition. The values obtained were calculated by 
averaging the total number of  cells from three filters.
 
Growth assays in nude mice
Male BALB/C-nu/nu athymic nude mice were obtained 
from Shanghai Laboratory Animal Center (China) at  
4 wk of  age. The Chang/HBx, IFN-α-Chang/HBx and 
Chang/pcDNA3.1 cells were collected by trypsinization 
and were washed with D-Hank’s solution. To produce 
experimental metastasis, 1 × 107 cells from each culture 
were injected into the right forelimb armpit of  the mice. 
IFN-α was administrated subcutaneously at dosage of  1.5 
× 10 U/kg per day in the group of  IFN-α-Chang/HBx 
cells. After 2 wk, 2 mice from each group were killed and 
analyzed per week. Neoplasms were removed, rinsed in 
ice-cold PBS, fixed, stained with hematoxylin and eosin, 
and photographed.
 
Statistical analysis
All the data were presented as the mean ± SE. The 
significance of  differences from the control values was 
determined with Student’s t test or the χ2 test. P < 0.05 
was considered statistically significant.

RESULTS
Cell survival growth curve and clonogenicity assay
The cell survival growth curve of  Chang/HBx cells 
showed faster growth than that of  Chang/pcDNA3.1 
cells and IFN-α-Chang/HBx cells (Figure 1). Their 
average colony-forming efficiency was also significantly 
different (Figure 2). These findings showed that Chang/

Figure 1  The growth curve of Chang/HBx cells shows a shift to the left from 
that of Chang/pcDNA3.1 and IFN-a-Chang/HBx cells.
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HBx was more proliferative than Chang/pcDNA3.1 and 
IFN-α-Chang/HBx cells.
 
HBx promotes invasion of chang cells in vitro
The wound-healing assay showed that Chang/HBx cells 
had a higher ability to heal themselves than the control 
cells and IFN-α-Chang/HBx cells (Figure 3).

In the transwell migration assay, edge collection 
phenomena was found on cells in the transwell chamber, 
with few cells in the center of  the wells; therefore, we 
selected superior, inferior, left, right, and center sites 
so as to represent the migration assay correctly. The 
assay showed that the Chang/HBx cells also had greater 
migration ability than the control cells and IFN-α-
Chang/HBx cells (P < 0.05) (Figure 4A-C). The average 
number of  Chang/HBx cells that migrated through the 
Matrigel was 41.6 ± 3.1 cells/site compared with 7.4 ± 
1.2 cells/site in the control cells and 9.2 ± 1.6 cells/site 
in IFN-α-Chang/HBx cells (Figure 4D).

IFN-α inhibits proliferation of chang/HBx cells in vivo
The growth assay in nude mice showed a 100% growth 
rate of  neoplasms after inoculation of  the HCC cells. 
The average latency period was 5 d, and the growth rate 
was 65.5 ± 7.6 mm3/d. There was no distant metastasis 
from the transfectant. The sizes of  the neoplasms from 
IFN-α-Chang/HBx were obviously smaller than the 
tumors of  Chang/HBx injected mice (P < 0.05), and 
the neoplasms from Chang/HBx grew more slowly than 
those from Chang/pcDNA3.1 (P < 0.05), but there 

was no statistical difference between them in our test. 
Although Chang liver cells contained the Hela marker, 
the formed tumor indeed was hepatoma (Figure 5), 
which could progress to HCC.

DISCUSSION
Interferons are a family of  cytokine that are produced 
by cells of  the immune system. Three classes of  
interferons have been identified: α, β and γ. Each class 
has different effects though their activities overlap. The 
interferons direct the attack of  the immune system on 
viruses, bacteria, tumors and other foreign substances 
that may invade the body[16]. IFN-α is known to have 
antiproliferative effects on human HCC cells, both in vivo 
and in vitro[17,18]. The effectiveness of  IFN-α in treating 
HCC patients has been reported to be positive in a few 
previous clinical trials[19-21]. It was also shown that IFN-α 
delayed or prevented HCC in patients with HBV-related 
cirrhosis[15]. In addition, combination of  IFN-α and 
5-FU significantly prolonged the survival rate of  patients 
with HCC[22]. These observations suggest that IFN-α 
has a capability of  anticancer agents against HCC. But 
the precise mechanisms remain poorly understood. To 
investigate weather IFN-α could regulate the function 
of  HBx protein and inhibit the growth and invasion 
potential of  HBV-related HCC cells, we investigated 
Chang hepatocytes encoding HBx gene and observed 
that the transfected cells had acquired growth and 
invasive properties in vitro, but these properties could be 

Figure 2  Cell proliferative ability comparisons. The average colony-forming efficiency of Chang/HBx (A) was 29.3 ± 4.5, which was significantly different from that of 
Chang/pcDNA3.1 (B) (12.8 ± 2.6) and IFN-a-Chang/HBx (C) cells (13.5 ± 2.3) (P < 0.05).

A B C

Figure 3  HBx promotes the invasive capacity of Chang liver cells in vitro. Wound-healing assays were performed at 0 and 24 h and observed under a phase-contrast 
microscope (x 100). A: Chang liver cells with pcDNA3.1-HBx were disrupted, and wound healing occurred after 24 h; B: IFN-a-Chang/HBx cells were disrupted, and 
the wound did not heal completely after 24 h; C: Chang cells with pcDNA3.1 were disrupted, and the wound did not heal completely after 24 h.
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controlled by IFN-α effectively.
Through cell survival growth curve and clonogenic 

assays, we found that Chang cells encoding HBx had 
higher dynamics for growth than the Chang cells. These 
cells also showed multilaminar growth. Because they 
had lost contact inhibition completely, their colony-
forming ability was greater than that of  the parental cell 
line. However, the growth and colony-forming ability of  
Chang-HBx could be inhibited by IFN-α obviously.

Our study also showed that HBx-transfected Chang 
had higher wound healing ability than the control cells. 
The transwell migration assay showed that Chang/HBx 
had a more obviously invasive ability than the control 
cells. But IFN-α could inhibit these malignant biologic 
behavior of  Chang/HBx induced by HBx protein.

Nude mice were used as the mimic system in our 
study for observing the effects of  cell tumorigenicity 
of  HBx protein in Chang liver cells in vivo. However, in 
the growth assays of  nude mice, we found that Chang/
HBx cells grew more slowly than Chang/pcDNA3.1 
cells. At the same time, Chang/HBx cells treated with 
IFN-α were found growing more slowly than Chang/
HBx cells without IFN-α treatment, which inhibited the 
tumorigenicity of  Chang/HBx cells.

Some studies have shown that HBx can induce tumor 
proliferation and invasion through down-regulating the 
function of  P53[23,24], up-regulating the expression of  
survivin[25], activating with several important cell signaling 
pathways, including PKB/Akt[26], RAS/RAF/MAPK[27], 
wnt/β-catenin[28] and NF-κB[29]. It has also proved that 
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Figure 4  HBx promotes the invasive capacity 
of Chang liver cells in vitro. A: Chang cells 
transfected with pcDNA3.1-HBx invaded through 
the Matrigel were counted on the underside of 
the transwell filter and compared with Chang/HBx 
cells (B) and control cells Chang/pcDNA3.1 (C) 
(x 200). There was no difference between IFN-a-
Chang/HBx cells and Chang/pcDNA3.1; D: The 
average number of migrated cells per site seen 
under a high-power microscope (x 400) was 41.6 
± 3.1 for the transfected Chang/HBx cells and 7.4 
± 1.2 for IFN-a-Chang/HBx cells and 9.2 ± 1.6 for 
the control Chang/pcDNA3.1 cells.
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Figure 5  A: A nude mouse migration model with 
pcDNA3.1-HBx Chang cells, IFN-a-Chang/HBx 
cells and Chang/pcDNA3.1 cells were constructed 
on the 7th wk; B: The volume of neoplasms in 
the three groups were observed. The sizes of the 
hepatomas from Chang/pcDNA3.1 and IFN-a-
Chang/HBx injected nude mice were obviously 
larger than the tumors of Chang/HBx injected 
mice; C: Neoplasm growth in the Chang/HBx-
inoculated nude mice compared between IFN-
a-Chang/HBx and the control Chang/pcDNA3.1-
inoculated mice.
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IFN-α can induce p53-dependent apoptosis[30], down-
regulate the expression of  survivin[31] and inactive NF-
κB[32] respectively. It is possible that IFN-α could control 
the growth and invasive potential of  HBV-related HCC by 
inhibiting the function of  HBx. The reason why Chang/
HBx cells grew more slowly than Chang/pcDNA3.1 cells, 
is the growth of  Chang/HBx cells in nude mice need 
more nutrient than Chang/pcDNA3.1 cells, however, as 
the early tumorigenesis of  Chang/HBx cells formed, the 
nutrient was not sufficient and the cells might enter into 
rest phase as proliferation ceases.

In conclusion, IFN-α could inhibit the growth and 
invasive potential of  Chang cells induced by HBx. IFN-α 
is a main drug for type B hepatitis and can delay and 
prevent HBV-related cirrhosis effectively. Postoperative 
IFN-α therapy can improve the survival of  patients 
with HBV-related HCC. IFN-α therapy might be a very 
important means for preventing and curing HBV-related 
HCC. Our study provides a new evidence for this.
 
 COMMENTS
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Hepatocellular carcinoma (HCC) is one of the most common cancers in the 
world, especially in China. About 53% of HCC cases in the world are related 
to hepatitis B virus (HBV) infection. Chronic HBV infection is a leading risk 
factor for HCC. It has been proved that IFN-α could control the infection of 
HBV, prevent HBV-related cirrhosis, lower tumor recurrence rate after surgical 
resection or ablation of HCC and prolong the survival rate of patients with HCC. 
IFN-α therapy has been applied to treat HBV-related HCC as an effective drug, 
but its precise mechanism remains poorly understood.
Research frontiers
Some studies have proved that IFN-α could inhibit the growth of HCC cells in 
vivo and in vitro. It could regulate expression of VEGF, bFGF and angiopoietins 
and inhibit tumor angiogenesis in human HCC cells. But there are few reports 
about the impact of IFN-α on the malignant characteristics of HCC cells 
induced by HBx protein.
Innovations and breakthroughs
Our results reveal that the liver cell lines CCL13 containing HBx gene expression 
have the characteristics of malignant cells, which was verified by means of 
detecting their growth curve, colony forming efficiency, wound healing, transwell 
migration assays and growth assay in nude mice. All of these could be controlled 
by IFN-α.
Applications
IFN-α therapy is a very important means for preventing and curing HBV-related 
HCC. This study provides some experimental evidence for it.
Terminology
Interferons are natural proteins produced by the cells of the immune system of 
most vertebrates in response to challenges by foreign agents such as viruses, 
parasites and tumor cells. Three classes of interferons have been identified: α, 
β and γ. The interferons direct the attack of immune system on viruses, bacteria, 
tumors and other foreign substances that may invade the body. The JAK-STAT 
signaling pathway is the most specific and commonly accepted IFN signaling 
pathway.
Peer review
This is an interesting article which investigated the effect of IFN-α on the 
malignant characters of human liver cell lines CCL13 containing HBx gene 
expression. The design of experiment is novel and the result is significant. It 
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the clinical therapy of HCC.
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