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Abstract— Hepatocellular Carcinoma (HCC), the most common 

form of primary liver cancer, has been reportedly linked 

epidemiologically to the chronic infection of Hepatitis B Virus 

(HBV). During chronic infection, HBV is observed to be 

integrated into the host genome and HBx- host chimeric 

transcripts are often observed in HCC patients. In this study, we 

examined HepG2 cells stably expressing either vector only (VC), 

Wild-type HBx (WT) or HBx-host chimera (P1T). This study 

aims to investigate the effects of HBx-host chimerism on the 

progression of HCC by studying the hallmarks of cancer: 

resistance to apoptosis, sustained proliferation and 

transformation. Western blot analyses, Real Time RT-PCR and 

immunofluorescence assays were initially performed to ensure 

that the transfected proteins were adequately expressed by the 

stable cell lines. Cell proliferation was then observed through the 

cell counting assay and the cell confluency assay while its 

transformation ability was assessed using the soft agar assay. The 

apoptosis assay was done to investigate programmed cell death 

under the induction of chemotherapy drugs. P1T had a 

significantly higher level of cell proliferation compared to WT 

and VC. This correlated with the upregulation of PCNA, a 

known cell proliferation marker which is involved in the cell 

cycle. P1T was also observed to have a higher level of resistance 

to chemotherapy induced cell death compared to WT. Overall, 

this study showed that the HBx-host chimeric P1T protein 

enhances HepG2 cell proliferation and may promote HCC 

progression. 
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I.  INTRODUCTION 

Hepatocellular carcinoma (HCC) is the most common form 
of primary liver cancer, accounting for half a million deaths 
every year (Poustchi; et al, 2010). Its development has been 
linked epidemiologically to the chronic infection of Hepatitis B 
Virus (HBV) (Bisceglie, 2011). Recent studies show that HBV 
infections are implicated in more than 50% of HCC worldwide 
(Guerrieri; et al, 2013), with 350 million people infected with 
HBV at greater risk of HCC (Nguyen; et al, 2009). 

HBV is a double-stranded DNA virus and its genome 
encodes seven proteins: preS1, preS2, HBsAg, HBeAg, 
polymerase, core protein, and X protein (HBx) (Homs; et al, 
2011). The preferred region within the HBV genome involved 
in integration is at the 3ʹ-end of HBx. The HBx–human 
chimeric transcripts can be expressed as chimeric proteins 
(Toh; et al, 2013). This project will focus on the HBx gene as it 
is often included in the HBV DNA that integrates into the 

human cellular DNA which is found to be functionally active 
in HCC (Kew, 2011). 

HBx-host chimerism was detected in HCC patients via 
DNA sequencing (Toh; et al, 2013) and stable expression was 
achieved in the HepG2 cell line (ATCC, USA), obtained from 
liver tissue in HCC patients. HepG2 is an effective in vitro 
system for the investigation of the expression and replication of 
HBV (Sells; et al, 1987). We examined the HepG2 cells stably 
expressing either vector only (VC), Wild-type HBx (WT) or 
HBx-host chimera (P1T).  The VC acts as a negative control 
for confounding factors; WT codes for the Wild-type HBx 
protein; P1T codes for the HBx-host chimeric protein in figure 
1.  

 

Figure 1: The HBx-host chimeric protein (P1T) and the Wild-type HBx 

(WT) protein examined, with functional domains labelled. The grey area 

represents the human region. 
 

One of the major molecular mechanisms of 
hepatocarcinogenesis by HBV infection is the integration of the 
HBV DNA into the host genome (Hai; et al, 2014) which 
affects gene expression and results in the genetic alteration of 
the host genome (cis effect) or the HBV genome (trans effect). 
Furthermore, the transcription of HBx can affect the expression 
of growth control genes such as by inactivating the tumour 
suppressor p53, hence disrupting DNA damage checkpoints in 
the cell cycle, increasing cell proliferation (Farazi; et al, 2006). 

The aim of this project is to investigate the effects of the 
HBx-host chimeric protein on hepatocarcinogenesis by 
studying the hallmarks of cancer: resistance to apoptosis, 
sustained proliferation, and transformation. 

II. MATERIAL AND METHODS 

A. Real Time Reverse-Transcriptase PCR 

Using the QIAShredder (Qiagen, Germany), 500,000 cells 
of VC, WT and P1T were harvested and homogenised. The 
RNA was purified and measured using the RNeasy Mini Kit 
(Qiagen, Germany) and the Nanodrop 1000 spectrophotometer 
(Thermo Fisher Scientific, USA) respectively. Next, 500 ng of 
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RNA was diluted using 9 μl of water. Superscript II Reverse 
Transcriptase (Thermo Fisher Scientific, USA) was used to 
transcribe the RNA into cDNA. The primers used were 
GAPDH 1 , WT 2  and P1T 3 . SYBR® Green (Thermo Fisher 
Scientific, USA) was used as a double-stranded DNA-specific 
dye. The data was then collected using the Applied Biosystems 
7500 Real-Time PCR System (Thermo Fisher Scientific, 
USA). 

B. Western Blot 

HepG2 stable cells harvested in different conditions were 
used for protein extraction. Proteins were extracted with RIPA 
buffer (Thermo Fisher Scientific, USA) with protease inhibitor 
for 30 minutes at 4 °C, followed by centrifugation at 13,000 
rpm for 30 minutes. Proteins were separated by Sodium 
Dodecyl Sulfate-PolyAcrylamide Gel Electrophoresis (SDS-
PAGE) and immunoblotting experiments were conducted using 
the 1: 8000 Anti-HBx rabbit polyclonal primary antibody 
(Abcam, UK); 1: 20,000 Anti-GAPDH rabbit polyclonal 
primary antibody (Merck Millipore, USA) and the 1: 2000 
Proliferating Cell Nuclear Antigen (PCNA) mouse primary 
antibody (Research Biolabs, Singapore). 

C. Immunofluorescence Assay 

Cells were plated onto sterile coverslips in a 6-well plate at 
a density of 10,000 cells/cm2 in each well and incubated 
overnight, then fixed with 2% formaldehyde in Phosphate 
Buffered Saline (PBS) for 30 minutes in the dark at RT. The 
cover slips were then incubated with quenching solution (100 
mM of Glycine in PBS) for 15 minutes and blocked with 
blocking solution (10% fetal calf serum in PBS) for 1 hour in 
the dark at RT. The cover slips were then incubated with 150 μl 
of 1:200 Anti-HBx rabbit polyclonal primary antibody and 1: 
1000 Alexa Fluor 568 Phalloidin (Thermo Fisher Scientific, 
USA) for 1 hour in the dark at RT, then with 150 μl of 1:500 
Alexa Fluor 488 Goat anti-Rabbit IgG (Thermo Fisher 
Scientific, USA) for 30 minutes in the dark at RT. 20 μl of 
mounting medium (Thermo Fisher Scientific, USA) was used 
to seal the coverslips to the slides. The immunofluorescence 
staining was then analysed by the Olympus FV1000 upright 
Microscope (Olympus, Japan) with the assistance of lab 
colleagues. 

D. Cell Confluence Assay 

The VC, WT and P1T cells were plated into a 96-well cell 
culture plate which was loaded into the IncuCyte ZOOM® 
System (Essen BioScience, USA). Three pictures of each well 
were taken every 3 hours for a period of 7 days. The cell 
number was estimated by the confluency of the cells. 

E. Cell Proliferation Assay 

Ten µl of cells was added under a coverslip on the 
haemocytometer and observed under the microscope using the 
10x objective lens. The cells were counted manually by the 
average summation of the number of cells in three of the 16-
grid squares. In a 6-well plate, 200,000 cells were plated in 

                                                           
1 forward - TGCACCACCAACTGCTTAGC; reverse - GGCATGGACTGTGGTCATGAG 
2 forward - GGGACGTCCTTTGTTTACGTC; reverse - ACGGAGAAGGGGACGAGAGA 
3 forward - GCATGGAGACCACCGTGAAC; reverse - AAGGCTAGGTCTTGACCCCA 

each well. Each of the 3 stable cell lines had 3 duplicates.  One 
6-well plate was counted each day, with the counting procedure 
repeated at the same time for 5 days. 

F. Soft Agar Assay 

To measure the proliferation rate of the three stable HepG2 
cell lines, initial populations (32,000 and 64,000) of VC, WT 
and P1T were seeded into soft agar in a 6-well plate and 
incubated at 37 °C for 2 weeks. 2 ml of 0.005% crystal violet 
in methanol was added to each well, and the colonies were 
counted digitally using the OpenCFU software. 

G. Apoptosis Assay 

Camptothecin (CPT) (Abcam, UK) of 5 μM was added to 
1x106 cells of VC, WT and P1T respectively. Equal volumes 
of Dimethyl sulfoxide (DMSO) (ATCC, USA) was added to 
the control wells. The cells were incubated for 16 hours at 37 
°C, with 1x106 cells/ml resuspended in 1x Binding Buffer and 
1x105 cells transferred to a 5 ml Fluorescence-activated cell 
sorting (FACS) tube. Five μl of PE Annexin V (BD 
Biosciences, USA) and 5 μl of 7-aminoactinomycin D (7-
AAD) (BD Biosciences, USA) were added to the tube. After a 
15 minute incubation at room temperature (RT) in the dark, 
400 μl of 1x Binding Buffer (Thermo Fisher Scientific, USA) 
was added into each tube. The cells were analysed by the 
FACSCanto flow cytometer (BD Biosciences, USA). 

III. RESULTS AND DISCUSSION 

To quantitate the relative mRNA level of HBx, the Real 
Time RT-PCR was performed. 

 

 

Figure 2: The relative mRNA level of VC, WT and P1T using WT HBx 
primer (top) and P1T HBx primer (bottom) in HepG2 stable cells 

As observed from figure 2, the mRNA level of WT and 
P1T in control stables were normalized as 1, and the relative 



transcripts level of WT and P1T were 10,000 and 200,000 
times more, compared to the control stables respectively. The 
mRNA level of P1T was 20 times more than the mRNA level 
of WT, which coincides with the protein level of WT and P1T 
in the presence of MG132.  

To investigate the effect of HBx host chimeras on the 
progression of HCC, a western blot analysis was first carried 
out to observe the expression of the chimeric protein and the 
WT HBx. As HBx is relatively unstable and is present at low 
levels in the cell (Kim; et al, 2003), the proteasome inhibitor 
MG132 was added to reduce the degradation of HBx. 

 

Figure 3: Western blot analysis of cell lysate from HepG2 stably 
expressing VC, WT or P1T, probing for PCNA (29 kDa), HBx protein (16.5 
kDa) and GAPDH (37 kDa), with and without the MG132 drug 

As observed in figure 3, the HBx protein was not detectable 
in HepG2 stable cells without the presence of MG132. WT 
(16.5 kDa) and P1T (12 kDa) HBx were observed when 
proteasome inhibitor MG132 was added. This indicates that the 
HBx protein has been integrated into the HepG2 cells and was 
expressed at an adequate level. The data also confirmed that 
WT and P1T HBx are both unstable and are degraded through 
a proteasome pathway. GAPDH was used for normalisation to 
show that identical amounts of samples were loaded. 
Therefore, the difference in experimental results would be 
solely due to the HBx-host chimeric protein. It is notable that 
in the presence of MG132, the protein level in P1T is slightly 
higher than in WT. 

The immunofluorescence assay was carried out to observe 
the staining of HBx and the localisation of HBx in the cell. 

 

 

Figure 4: Confocal microscopy of HepG2 cells stably expressing VC 
(top) and WT (right), labelled with phalloidin (red), anti-HBx (green) and 
4',6-diamidino-2-phenylindole (DAPI) (blue) 

As seen in figure 4, the HBx antibody had a very high 
background in the immunofluorescence staining. There was a 
slightly stronger staining of HBx in WT compared to VC. The 
localisation of WT HBx was also observed to be in both the 
nucleus and cytoplasm. This may provide insights into the 
compartmentalisation of HBx for the understanding of its 
functions in the pathogenesis of HBx related diseases. 

The cell confluence assay, cell counting proliferation assay 
and the soft agar assay was performed to investigate the rate of 
cell proliferation between the three stable cell lines. 



 

 

 

Figure 5: Cell confluency assay over a period of 7 days (top) Cell 
proliferation counting assay over a period of 5 days with 3 days incubation 
beforehand (bottom) of VC, WT and P1T in HepG2 stable cells 

As seen in figure 5, the cell confluency results showed that 
P1T had the highest percentage of confluence (68.7%), 
followed by WT (30.4%) and VC (5.87%). The cell 
proliferation counting results also showed that P1T had the 
highest cell count (1,056,111), followed by WT (413,333) and 
VC (243,750).  

 

Figure 6: Soft agar assay experimental results of VC, WT and P1T in 
HepG2 stable cells at 32,000 and 64,000 starting cell numbers 

A similar trend can be observed in figure 6 whereby P1T 
had more colonies (239) than WT (1) and VC (4) at the 32,000 
starting cell number; P1T also had more colonies (345) than 
WT (28) and VC (23) at the 64,000 starting cell number. This 
indicates that the HBx-host chimeric protein may have 
disrupted cell cycle pathways, resulting in a higher cell 
proliferation rate compared to WT HBx, as well as anchorage-

independent growth, which is a hallmark of carcinogenesis 
(Borowicz, et al, 2014). 

PCNA is a specific marker for cell division (Strzalka; et al, 
2011). As seen in figure 2, in the presence of MG132, 
comparable levels of PCNA were observed in the three cell 
lines, indicating that PCNA was stabilised. However, without 
MG132, P1T had a higher level of PCNA compared to VC and 
WT, indicating a higher level of cell proliferation due to the 
HBx-host chimeric protein. This is notable as in patients 
infected with HBV, the HBx-host chimeric protein may have 
disrupted the regulation of the cell cycle by upregulating the 
expression of PCNA which interacts with several eukaryotic 
cell cycle proteins such as p21 (Stoimenov; et al, 2009). This 
may be one of the mechanisms involved in the increase in cell 
proliferation due to the presence of the HBx-host chimeric 
protein.  

To investigate the programmed cell death of VC, WT and 
P1T under drug induction, the Annexin V apoptosis assay was 
performed using CPT, which is commonly used in 
chemotherapy to induce apoptosis in cells (Zeng; et al, 2012). 

 

 

Figure 7: (Top) Dot plots with Annexin V and 7AAD as the y and x axis 
respectively, with each HepG2 cell (dot) positioned in its respective quadrants 
(Q) of 7 AAD positive (Q1), Annexin V positive (Q3), or both Annexin V and 
7 AAD positive (Q2). (Bottom) Chart depicting the percentages of HepG2 
cells with and without the presence of CPT. 

Annexin V identifies apoptotic cells by detecting 
phosphatidylserine at the outer plasma membrane. 7 AAD 
identifies cells with low membrane integrity as those 
undergoing the late apoptotic stage. As observed in figure 7, 
P1T has less apoptotic cells (26.1%) than WT (45.4%), but 
more than VC (22.6%). This indicates that even though cells 
infected with HBV tend to undergo apoptosis more than VC 
cells, the HBx-host chimeric protein increases the resistance to 
apoptosis, which is a hallmark of cancer. This may reduce the 
effectiveness of chemotherapy drugs targeted at cancer cells. 



IV. CONCLUSION 

The HBx-host chimeric protein may disrupt important 
cellular processes, leading to genetic instability and the 
progression of HCC. From our findings, the HepG2 P1T 
chimeric stables have a significantly higher level of cell 
proliferation compared to WT. Furthermore, the P1T chimera 
is more resistant to chemotherapy induced cell death 
suggesting HBV chimerism may reduce the effectiveness of 
treatment drugs in the pathogenesis of cancer. Since HBx is 
known to be involved in mitosis and apoptosis pathways 
(Reuben, 2015), high throughput genomics and proteomics 
studies such as microarray, RNA-sequencing, and protein mass 
spectrometry are required to investigate the HBx-host chimeric 
pathway and binding partners. This can shed light on the exact 
functions and mechanisms between HBx-host chimerism and 
cancer progression. 
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