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Abstract: The hepatitis C virus (HCV) core protein is an important causative agent in HCV related hepatocellular 
carcinoma (HCC). Tumor suppressor gene PTEN appears to act in the liver at the crossroad of processes controlling 
cell proliferation. In this study we investigated the effect of the HCV core protein on the PTEN pathway in hepatocar-
cinogenesis. The HCV core was transfected stably into HepG2 cell. The effect of HCV core on cell proliferation and 
viability were detected by 3-(4, 5)-dimethylthiahiazo-(-z-y1)-3, 5-di-phenytetrazoliumromide (MTT) assay, clonogenic 
survival assay and Fluorescence Activating Cell Sorter (FACS) analysis. The expressions of PTEN were detected by 
real time RT-PCR and/or Western blot analysis, also the mechanism of down-regulation of PTEN was explored by 
western blot, luciferase assay and RNA interference. We found the HCV core promoted cell proliferation, survival and 
G2/M phase accumulation. It downregulated PTEN at mRNA and protein level and activated PTEN downstream gene 
Akt accompanied with NF-κB activation. Furthermore, the inhibition of HCV core by its specific shRNAs decreased 
the effect of growth promotion and G2/M phase arrest, inhibited the expression of nuclear p65 and increased PTEN 
expression. The activity of PTEN was restored when treated with NF-κB inhibitor PDTC. By luciferase assay we found 
that NF-κB inhibited PTEN promoter transcription activity directly in HCV core cells, while PDTC was contrary. Our 
study suggests that HCV proteins could modulate PTEN by activating NF-κB. Furthermore strategies designed to 
restore the expression of PTEN may be promising therapies for preventing HCV dependent hepatocarcinogenesis. 
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Introduction

Hepatocellular carcinoma (HCC) is one of the 
most common malignant tumors in the world 
especially in China which ranks third among all 
malignancies both in incidence and in mortali-
ty. Hepatitis C virus (HCV) is an important caus-
ative agent which often leads to liver cirrhosis 
and hepatocellular carcinoma. However, the 
precise role of HCV in hepatocarcinogenesis 
remains unknown. Among HCV viral proteins, 
the hepatitis C virus core protein is likely to be 
important determinant in mediating pathologi-
cal effects of HCV through several of its multi-
functional activities. The HCV core protein has 
been shown to possess a number of regulatory 
functions for viral and cellular gene expression 
as well as oncogenic potential [1, 2]. It was 
reported that transgenic mice expressing the 
HCV core gene developed hepatocellular carci-
noma [3]. 

The phosphoinositide 3-kinase (PI3K)/Akt sig-
naling pathway plays an important role in carci-
nogenesis through regulating of cell growth and 
survival in several cell systems. Among the 
pathway PTEN is the famous strong negative 
controller by inhibiting PIP3 and inactivation of 
Akt phosphorylation [4]. Although frequent loss 
of expression of the PTEN gene have been 
found in HCC [5, 6], the role of the HCV core 
protein in the regulation of PTEN in HCC has not 
been previously studied. Furthermore to under-
stand the role of the HCV core protein in hepa-
tocarcinogenesis, it is necessary to investigate 
whether the HCV core protein can modulate the 
PI3/Akt pathway through inhibiting PTEN func-
tion during the transformation processes. 

In this study, we investigated the effect of the 
HCV core protein on the expression of PTEN. We 
reported that the HCV core protein decreased 
the expression of PTEN through activating 
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nuclear factor-κB (NF-κB) by inhibiting the tran-
scriptional activity of PTEN in its promoter 
region, which resulting in rapid cell proli- 
feration. 

Material and methods

Cell line, plasmids and reagents

The human liver cancer cell line HepG2 was 
purchased from the Cell Bank of Type Culture 
Collection of Chinese Academy of Sciences 
(Shanghai, China). The cells were cultured at 
37°C with 5% CO2 and 95% air in Dulbecco’s 
modified Eagle’s medium (DMEM) supplement-
ed with 10% (v/v) fetal bovine serum (FBS). 

The expression vector pEGFP-C3 (Clontech, 
Palo Alto, CA, USA), which contains both the 
green fluorescence protein (GFP) coding 
sequences and a neomycin resistance cas-
sette (Neor), was used as a negative control. 
pEGFP-Core which expresses the full-length 
coding sequences of core region (amino acids 
1-191) of the HCV 1b genotype were construct-
ed by our group previously. The eukaryotic 
expression vector pGenesil1 for construction of 
HCV core shRNA was purchased from Wuhan 
GeneSil Biotechnology Co. Led (Wuhan, China). 
The NF-κB inhibitor PDTC was obtained from 
Sigma (Saint Louis, MO, USA).

In vitro DNA stable transfection

On the day before transfection, 3.0 × 105 cells 
were seeded into each well of 6-well culture 
plates. The cells were transfected with pEGFP-
Core using LipofectamineTM 2000 (Gibco) in 
accordance with the instructions of the manu-
facturer. At 24 h after transfection, the media 
was replaced with DMEM supplemented with 
10% (v/v) FBS and G-418 sulfate (G418) at 800 
μg /ml for selection and formation of single 
colonies of cells. After about 14 days, the sin-
gle colonies were isolated and maintained in 
media containing 200 μg/ml of G418. The 
empty vector pEGFP-C3 transfectants we used 
as mock group. 

Regular and real-time reverse transcription-
polymerase chain reaction (RT-PCR) 

Total RNA was isolated using TRIzol reagent 
(Invitrogen). One microgram of total RNA from 
each sample was used to synthesize first-

strand cDNA using the Revert Aid TM H Minus 
first strand cDNA synthesis kit (Fermentas). 
Expression of HCV core mRNA was detected by 
regular RT-PCR using the following primers: for-
ward: 5’-CGGGATCCATGAGCACGAATCCTAAACC- 
TCAA-3’, reverse: 5’-GGAATTCTTAGGCTGAAGC- 
GGGCACAGT-3’. Each 25 μl PCR reaction mix-
ture contained 1.25 U rTaq, 10 μM sense prim-
er, 10 μM antisense primer, 1 μg of cDNA. The 
PCR conditions were 95°C for 5 min, followed 
by 40 cycles of 95°C for 30 s, 52.0°C for 30 s, 
and 72°C for 50 s, with final 7-min incubation 
at 72°C. Expression of PTEN mRNA was detect-
ed by real-time RT-PCR using the following prim-
ers: forward: 5’-GACGAACTGGTGTAATGATATG- 
TGC-3’, reverse: 5’-AAAGTACATGAACTTGTCTTC- 
CCGT-3’. β-actin was used as the internal refer-
ence; The primers were: forward: 5’-ATCATG- 
TTTGAGACCTTCAACA-3’, reverse: 5’-CATCTC- 
TTGCTCGAAGTCCA-3’. The real-time RT-PCR 
reaction mixture contained 7.5 μl of 2 × iQTM 
SYBR® Green Supermix (Bio-Rad Laboratories), 
0.33 M sense primer, 0.33 M antisense primer, 
1 μg of cDNA, and water to a final volume of 15 
μl. The PCR conditions were 95°C for 3 min, fol-
lowed by 40 cycles of 94°C for 30 s, 68.0°C for 
30 s, and 72°C for 30 s. Relative mRNA expres-
sion was calculated using the 2-ΔΔCt method.

MTT analysis

Cells were seeded into 96-well plates at 1000 
cells/well and incubated at 37°C. At different 
time intervals (1, 2, 3, 4 and 5 days), the culture 
medium was removed and 3-(4, 5)-dimethylthi-
ahiazo-(-z-y1)-3, 5-di-phenytetrazoliumromide 
(MTT) dye (5 mg/ml) was added into each well, 
followed by incubaton for a further 4 h. The 
reaction was stopped by adding dimethyl sulf-
oxide (DMSO), and the absorbance was mea-
sured at a wavelength of 490 nm in a micro-
plate reader (BioRad Model 680, Hercules, 
California, USA). Experiments were repeated at 
six independent experiments done at different 
times.

Clonogenic survival assay

For clonogenic survival assay, cells were seed-
ed in six-well tissue culture dishes with 100 
cells each dish. After 14 days, the cells were 
washed and stained with crystal violet, and the 
colonies containing > 50 cells were counted. 
Plating efficiency was calculated by dividing the 
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average number of cell colonies per well by the 
number of cells plated. 

Cell-cycle analysis

Cells were harvested and fixed in cold 70% eth-
anol and incubated overnight at 4°C. Fixed cells 
were then resuspended in 100 µl and stained 
with propidium iodide (PI) (50 µg/ml) after 
treatment with 100 µl of ribonuclease A (RNase 
A) (10 mg/ml). The stained cells were analyzed 
for DNA content using a FACScan instrument 
(Becton Dickinson, Franklin Lakes, New Jersey, 
USA). 

Western blot analysis

Whole cell lysates or nuclear proteins were sep-
arated by sodium dodecyl sulfate-polyacryl-
amide gel electrophoresis (SDS-PAGE), trans-
ferred to polyvinylidene difluoride (PVDF) mem-
branes, probed with primary and secondary 
antibodies, and visualized by Enhanced chemi-
luminescence (ECL) (Pierce, Rockford, IL, USA). 
Antibodies were obtained from Meridian Life 
Science (Memphis, TN, USA; HCV core protein), 
NeoMarker (Fremont, Ca, USA; PTEN), Cell 
Signaling Technologies (Danvers, MA, USA; 
phospho-Akt (Ser-473), p65 (NF-κB) and IκB-α) 
and Santa Cruz (Santa Cruz, CA, USA; β-actin). 

Luciferase assay

A PCR fragment encompassing the human 
PTEN promoter was amplified with the primers 
5’-ggtaccGAGGAGTGGCACCAGTTTG-3’ (forwa- 
rd) and 5’-ctcgagGCTGCTCAGTGTAGAGGGAA-3’ 
(reverse). The PCR fragment was cut with the 
restriction enzymes KpnI and XhoI and inserted 
in the corresponding sites of the pGL3 promot-
er reporter vector (Promega, Madison, WI, USA). 
Cell transfections were conducted. Briefly, 1 × 
105 HepG2 cells transfected with HCV core or 
mock were seeded into each well of 24-well cul-
ture plates the day before transfection. The 
cells were transfected using LipofectamineTM 
2000 (Gibco, Grand Island, NY, USA) and lucif-
erase reporter plasmid PTEN promoter. After 5 
h of incubation, the transfection mix was 
replaced with fresh medium with DMEM sup-
plemented with 20% (v/v) FBS and 16 h after 
transfection the medium was replaced with 60 
μmol/L PDTC. Luciferase activity was measured 
at 12 h after PDTC treatment by using the Dual-
Luciferase Reporter Assay System (Promega). 
Cells were also transfected with pGL3 Control 

and pGL3 Promoter (Promega) which served as 
positive and negative controls, respectively. 

Construction of HCV core shRNA 

The double-stranded shRNA (short-hairpin 
RNA, shRNA) fragments containing nine base 
loop regions, a terminator sequence, and 
restriction enzyme sites (BamHI and HindIII) 
specifically targeted HCV core gene nt 370-390 
with the published sequence (GenBank acces-
sion no. AF054247) as Liu et al previous 
described [7], and they were cloned into the 
BamHI and HindIII restriction enzyme site posi-
tion in the eukaryotic expression vector pGen-
esil1 carrying green fluorescent protein and the 
Neor gene. The specific shRNA sequences as 
follows: sense: 5’-GATCCAAACCAAACGTAAC- 
ACCAACCTTCAAGACG GGTTGGTGTTACGTTTG- 
GTTTTTTTTTGTCGACA-3’; antisense: 5’-AGCT- 
TGTCGACA A A A A A A A ACCA A ACGTA ACAC - 
CAACCCGTCTTGAAGGTTGGTGTTACGTTTG- 
GTTTG-3’. Scrambled-shRNA was used as-  
negative control for silencing and the sequenc-
esas follows: sense: 5’-GATCCGACTTCATAAGG- 
CGCATGCTTCA AGACGGCATGCGCCTTATG- 
AAGTCTTTTTTGTCGACA-3’; antisense: 5’-AGC- 
TTGTCGACAAAAAAGACTTCATAAGGCGCAT- 
GCCGTCTTGAAGCATGCGCCTTATGAAGTCG- 
3’. 

RNA interference

To confirm the effects of HCV core on PTEN 
expression and cell proliferation further, the 
transformant with core were transfected with 
core specific or scrambled shRNAs. Briefly, 3 × 
105 HepG2 cells transfected with HCV core 
were seeded into each well of 6-well culture 
plates the day before transfection. Cells were 
transiently transfected with core specific or 
scrambled shRNAs in serum free media using 
Lipofectamine™ 2000 (Invitrogen) at a ratio of 
1:3 (plasmid: Lipofectamine) according to the 
manufacturer’s protocol. After 6 hrs incubation 
at 37°C in 5% CO2, the complete culture medi-
um was added to the cells. Cells were then har-
vested for gene expression, protein analysis 
and Cell-cycle analysis after 48 hours. 

Statistical analysis

Statistical analysis was performed using SPSS 
software for Windows. All analyzes used two-
sided hypothesis tests. The differences 
between experimental groups were determined 
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using the t-test and one-way analysis of vari-
ance (ANOVA). 

Results

HCV core enhanced cell growth and survival in 
vitro

The pEGFP-core which can express the HCV 
core protein was stably transfected into human 
liver cancer cell line HepG2. By RT-PCR and 
Western blotting analysis we found that there 
were high HCV core mRNA and protein expres-
sion in the stable transfectant while no HCV 

core expression in pEGFP-C3 cells (mock group) 
(Figures 1, 2). 

We carried out an MTT assay and found that 
the absorbance from pEGFP-core transfectants 
between the second day and fifth day was sig-
nificantly higher than that from mock transfec-
tants (P < 0.05) indicating that HCV core expres-
sion caused an increase in the cell proliferation 
(Figure 3). Also the viability of cells was 
assessed by a clonogenic survival assay. As 
shown in Figure 4, the plating efficiency in the 
cells expressing core protein (81.0 ± 2.0) was 
increased compared to the mock group (57.0 ± 
3.0). Fluorescence Activating Cell Sorter (FACS) 
analysis revealed that HepG2 core positive 
cells displayed an accumulation of cells in 
G2/M phase (33% ± 1.25 vs. 12% ± 2.46 of 
control cells) (Figure 5). 

Figure 1. RT-PCR analysis showed a high HCV core 
mRNA expression in the HCV core stable transfec-
tant. Mock: cells transfected with empty vector pEG-
FP-C3; Core: cells transfected with HCV core. 

Figure 2. Western blotting analysis for HCV core and 
PTEN expression. Mock: cells transfected with empty 
vector pEGFP-C3; Core: cells transfected with HCV 
core; SiRNA: transient transfection of core specific 
shRNAs in the HCV core transformant; ScRNA: tran-
sient transfection of scrambled shRNAs in the HCV 
core transformant. 

Figure 3. HCV core enhanced cell proliferation. MTT 
assay demonstrated that the absorbance from HCV 
core transfectant was higher than that from mock 
while the inhibition of HCV core by its specific shR-
NAs decreased the effect of growth promotion. Each 
data point represents the mean ± SD of six indepen-
dent experiments. *P < 0.05 between groups.

Figure 4. HCV core enhanced cell survival. The vi-
ability of cells was assessed by a clonogenic survival 
assay. As shown in the figure the plating efficiency 
in the cells expressing core protein increased com-
pared to the mock groups. Each data point repre-
sents the mean ± SD of three independent experi-
ments. *P < 0.05.



HCV core protein down regulated PTEN

7355 Int J Clin Exp Pathol 2014;7(11):7351-7359

HCV core decreased PTEN expression

By real time RT-PCR and Western blot, we also 
found that PTEN gene could be obviously down-
regulated both at mRNA and protein level in 
core-group while there was high PTEN expres-
sion in mock cells (Figures 2, 6). The mRNA 
level in core-group reduced about 11.1 times 
compared to the mock-group (P < 0.05). In 
addition, considering the inhibition of PTEN on 
the activation of AKT the expression of phos-
phorylated Akt (pAkt) was carried out by 

Western blot and we found a reduction in PTEN 
expression by HCV core protein resulted in the 
activation of AKT protein with an increase in 
AKT phosphorylated form (pAkt) in HCV core-
expressing cells (Figure 7). 

HCV core down-regulated PTEN through acti-
vating NF-κB

NF-κB is a key transcription factor controlling a 
variety of cellular functions. The pivotal roles of 
it have been described in abnormal cell growth, 

Figure 5. Fluorescence Activating Cell Sorter (FACS) analysis revealed that HepG2 core positive cells displayed an 
accumulation of cells in G2/M phase while HCV core specific shRNAs suppressed G2/M phase accumulation (P < 
0.05). 
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immune and inflammatory responses through 
the regulation of pro- and anti-inflammatory 
genes as well as in oncogenesis. Its activity is 
regulated by IκB (inhibitor of NF-κB) isoforms by 
complexing with NF-κB in the cytoplasm and 
preventing nuclear translocation. As reported 
HCV core protein can markedly activate nuclear 
factor-κB (NF-κB) in hepatic cells [8-10], we 
hypothesized that the down-regulation of PTEN 
expression by HCV core may be induced by the 
activation of NF-κB. 

By Western blot detection we found that con-
comitant with PTEN decrease, a similar reduc-

tion in IκB with an obvious increase of nuclear 
p65 was also observed, demonstrating HCV 
core induced IκB (inhibitor of NF-κB) degrada-
tion and then activated NF-κB. But the reduc-
tion of PTEN was suppressed when treated with 
NF-κB inhibitor PDTC with a decrease expres-
sion in pAkt in HCV core cells (Figure 7). 

In addition, we constructed a reporter plasmid 
containing 1,100 bp of the human PTEN pro-
moter which containing six possible NF-κB bind-
ing sites (NCBI accession no. NM_000314) 
inserted upstream of the luciferase reporter 
gene. By luciferase assay we found the relative 
luciferase activity decreased to 0.41 ± 0.04 in 
core-group and resumed to 0.86 ± 0.08 when 
treated with PDTC while the relative luciferase 
activity in mock-group and mock-group with 
PDTC treatment were 1.20 ± 0.09 and 1.14 ± 
0.19. There was a significant decrease of lucif-
erase activity in the HCV core cells compared 

Figure 6. HCV core decreased PTEN expression at 
mRNA level by real time RT-PCR analysis. Each data 
point represents the mean ± SD of three indepen-
dent experiments. *P < 0.05.

Figure 8. Luciferase assay displayed that there was a 
significant decrease of luciferase activity in the HCV 
core cells compared with the mock cells and the lu-
ciferase activity in the HCV core cells was increased 
when treated with NF-κB inhibitor PDTC, while no sig-
nificant response was observed in mock cells with 
PDTC treatment. Each data point represents the 
mean ± SD of three independent experiments. *P < 
0.05.

Figure 7. HCV core down-regulated PTEN through 
activating NF-κB. Western blot detection revealed a 
decrease in both PTEN and IκB (inhibitor of NF-κB) 
expression and an increase in pAkt and nuclear p65 
(activated NF-κB) in HCV core group. But the changes 
were suppressed when treated with NF-κB inhibitor 
PDTC. In the mock group no obvious difference were 
found with PDTC treatment.  

Figure 9. Western blotting analysis for nuclear p65. 
Mock: cells transfected with empty vector pEGFP-C3; 
Core: cells transfected with HCV core; SiRNA: tran-
sient transfection of core specific shRNAs in the HCV 
core transformant; ScRNA: transient transfection of 
scrambled shRNAs in the HCV core transformant. 
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with the mock cells and the luciferase activity 
in the HCV core cells was increased when treat-
ed with NF-κB inhibitor PDTC, while no signifi-
cant response was observed in mock cells with 
PDTC treatment (Figure 8). These results dem-
onstrated that HCV core protein could down-
express PTEN by activating NF-κB which may 
inhibit the transcriptional activity of PTEN in its 
promoter region. 

Inhibition of core protein expression by shR-
NAs reduced cell growth and PTEN expression

Next we utilized gene silencing against HCV 
core to investigate its involvement in the regu-
lation of cell growth and PTEN expression. 
Transient transfection of core specific shRNAs 
after 48 hrs showed a dramatic reduction of 
protein expression of HCV core (Figure 2) in the 
HCV core transformant. MTT revealed that the 
inhibition of HCV core by its specific shRNAs 
decreased the effect of growth promotion by 
HCV core and also the effect of G2/M phase 
arrest was suppressed (Figures 3 and 5). The 
effect of HCV core shRNAs on mRNA expres-
sion level of PTEN in HCV core transfected cells 
was further determined. We found HCV core 
shRNAs dramatically resumed PTEN mRNA 
expression for 7.8 fold compared to the HCV 
core group (P < 0.05) (Figure 6). Complementary 
to increased mRNA levels, PTEN protein expres-
sion was also improved with HCV core shRNAs 
(Figure 2). Besides, a similar reduction of 
nuclear p65 was also observed as compared to 
control scramble shRNA (Figure 9), demon-
strating activated NF-κB was inhibited partly. 

Discussion

PTEN (phosphatase and tensin homolog delet-
ed in chromosome 10) is a tumor suppressor 
gene which is the first found tumor suppressor 
gene functioned with a dual-specificity lipid and 
protein phosphatase. PTEN negatively controls 
the phosphoinositide 3-kinase/AKT signaling 
pathway involved in the regulation of cell growth 
and survival. A reduced PTEN function deter-
mines a marked increase in PIP3 and activation 
of AKT survival signaling pathways, leading to 
inhibition of apoptosis and contributing to 
tumor formation [4, 11]. Frequent genetic alter-
ations and loss of expression of the PTEN gene 
have been found in a variety of human cancers 
including HCC [5, 6]. Yet, despite the important 
role played by PTEN in cellular processes and 

the extensive characterization of mutations in 
human cancers, only a few reports have evalu-
ated the regulation of PTEN expression. A TNF-
α-induced down-regulation of PTEN mediated 
through a TNF-α/NIK/NF-κB pathway has been 
described [12-14]. Another study has suggest-
ed that the Hepatitis B virus-X protein (HBx) 
could downregulate PTEN mRNA and protein 
expression leading to uncontrolled Akt activa-
tion in Chang liver cells [15, 16]. 

The hepatitis C virus core protein is likely to be 
important determinant in mediating pathologi-
cal effects of HCV [1, 2]. It was also reported 
that transgenic mice expressing the HCV core 
gene developed hepatocellular carcinoma. The 
core protein of HCV can modulate Rb pathway 
through pRb down-regulation and induce the 
expression of FAS ligand and the activity of 
NF-κB [17, 18]. But studies about HCV mediate 
alterations of PTEN expression and subsequent 
hepatocytes dysfunctions are scarce. 

In this study, we found that the HCV core down-
regulated PTEN at the transcriptional levels 
and activated its downstream gene Akt. The 
HepG2 cells expressing HCV core protein also 
obtained stronger activity of growth and sur-
vival and G2/M phase cells accumulation that 
were similar to the results of others with core 
transfected HepG2 cells [19, 20], but in con-
trast to results for Huh-7 cells expressing core 
[21]. This results were also in accordance with 
the results in PTEN deficient HCC cells [22] sug-
gesting a possible role of HCV core protein in 
carcinogenesis by inhibiting the expressing of 
PTEN and activating Akt. RNA interference with 
HCV core specific shRNAs further proved that 
inhibition of HCV core could decrease growth 
promotion and suppress G2/M phase accumu-
lation. Also the mRNA and protein expression 
level of PTEN were resumed when HCV core 
protein was inhibited. 

As far as we know, there isn’t a direct effect of 
the core protein on PTEN and none binding 
sites of HCV core could been found in PTEN pro-
moter. We deemed the decrease of PTEN by 
HCV core protein might via regulating other fac-
tors. Considering that NF-κB could down-regu-
late PTEN at the transcriptional levels [13, 14, 
23] and NF-κB played an important role in the 
process of HCV core carcinogenesis [8, 10, 24], 
we presumed if HCV core protein modulated 
PTEN through activating NF-κB. We found an 



HCV core protein down regulated PTEN

7358 Int J Clin Exp Pathol 2014;7(11):7351-7359

activation of NF-κB was accompanied with 
PTEN decrease in HCV core expressing cells. 
The inhibition of HCV core protein expression by 
its specific shRNAs also inhibited the expres-
sion of nuclear p65 and increased PTEN expres-
sion indicated that depression of HCV core 
could suppress the activation of NF-κB and 
then resume PTEN activity. Furthermore, we 
also found that the activity of PTEN was 
restored when treated with NF-κB inhibitor 
PDTC with an increase expression of PTEN and 
a decrease expression in pAkt. In addition, by 
luciferase assay we demonstrated that NF-κB 
inhibited PTEN promoter transcription activity 
directly in HCV core cells, while NF-κB inhibitor 
PDTC was contrary. These results indicated 
that HCV core protein down-regulated PTEN 
mediated through activating NF-κB. 

It is worth noting that the downstream inhibited 
Akt by PTEN can also induce NF-κB activity [4, 
25, 26]. Akt can activate IKK (IκB kinase) by 
phosphorylation which promotes dissociation 
of IκB from NF-κB, and then induces NF-κB 
activity and translocates into the nucleus [27]. 
The HCV core down-regulates PTEN through 
activating NF-κB and increases pAkt also sug-
gests an interesting positive feedback loop, 
where activated Akt further facilitates NF-κB 
activation. Such a feedback loop may augment 
HCV core activity in tumor growth and 
invasion. 

Taken together these results suggest that HCV 
proteins could modulate PTEN by activating 
NF-κB. These data suggest a possible role of 
HCV core protein in carcinogenesis by inhibiting 
the expressing of tumor suppressor gene. 
Furthermore strategies designed to restore the 
expression of PTEN may be promising thera-
pies for preventing HCV dependent hepato- 
carcinogenesis. 
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