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Abstract

Hepatitis B viral infection-induced hepatocellular carcinoma is one of the major problems in the developing countries. One
of the HBV proteins, HBx, modulates the host cell machinery via several mechanisms. In this study we hypothesized that
HBV enhances cell proliferation via HBx-induced microRNA-21 in hepatocellular carcinoma. HBx gene was over-expressed,
and miRNA-21 expression and cell proliferation were measured in Huh 7 and Hep G2 cells. miRNA-21 was over-expressed in
these cells, cell proliferation and the target proteins were analyzed. To confirm the role of miRNA-21 in HBx-induced
proliferation, Hep G 2.2.1.5 cells (a cell line that expresses HBV stably) were used for miRNA-21 inhibition studies. HBx over-
expression enhanced proliferation (3.7- and 4.5-fold increase; n = 3; p,0.01) and miRNA-21 expression (24- and 36-fold
increase, normalized with 5S rRNA; p,0.001) in Huh 7 and Hep G2 cells respectively. HBx also resulted in the inhibition of
miRNA-21 target proteins, PDCD4 and PTEN. miRNA-21 resulted in a significant increase in proliferation (2- and 2.3-fold
increase over control cells; p,0.05 in Huh 7 and Hep G2 cells respectively) and decreased target proteins, PDCD4 and PTEN
expression. Anti-miR-21 resulted in a significant decrease in proliferation (p,0.05) and increased miRNA-21 target protein
expression. We conclude that HBV infection enhances cell proliferation, at least in part, via HBx-induced miRNA-21
expression during hepatocellular carcinoma progression.
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Introduction

Hepatocellular carcinoma (HCC) is one of the major malignant

neoplasm, affecting more than half a million people worldwide

each year, and has a multifactorial etiology including hepatitis B or

hepatitis C infections and alcoholism [1]. Several studies have

shown that there is an association between hepatitis B infection

and HCC, but precise molecular mechanisms that regulate the

proliferation in these cells remain unknown [1,2].

Several studies have shown that the ‘X’ open reading frame of

Hepatitis B oncogenic viral genome, encoding a 17 kD protein, is

necessary for in vivo infection and stimulates the HBV replication

by increasing mitochondrial calcium uptake as well as a critical

contributor in the initiation of neoplastic transformation [2–4].

Paterlini et al. found that HBV DNA was integrated in the

chromosomal DNA of hepatocytes in HBV-related HCC patients

negative for HBV surface antigen (HBsAg), but positive for X-

transcript, implying a significant role of the integrated-X gene in

transformation [5]. HBx knock-in transgenic mice at the p21 locus

developed liver tumor at 18 months after birth, suggesting the

oncogenic potential of X protein [6].

Several studies reveal that HBx can promote proliferation,

motility and invasion in human hepatocytes by up-regulating

MEKK2, MIG, MMP-9, IKKa and Capn4 [7–11]. It is also

suggested that HBx may possibly alter the adhesion-de-adhesion

balance of the cells in the primary tumor site, favoring integrin-

mediated cell migration as well as modulate cell cycle regulatory

proteins of G1 phase in a calcium-dependent manner [12,13].

Emerging data show that miRNAs are involved in HBx-induced

cell proliferation and invasion in HCC [14–18].

microRNAs (miRNAs) are endogenous, non-coding ,22

nucleotide RNA molecules, shown to modulate gene expression

via post-transcriptional manner, thus becoming crucial regulators

in complex gene regulatory networks. Several studies are available

to show the deregulated expression of miRNAs in cancer and

reveal a key role in the initiation and progression of the disease

[19]. It was shown that at least 17 miRNAs were down-regulated

in HCC, which in turn activated many oncogenic pathways

including cell cycle progression, while 6 miRNAs were up-
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regulated, which were responsible for the anti-tumor immune

response [20]. Recently it was shown that miRNA-148a is down

regulated by HBx and caused increased tumorigenesis [14]. In

another study, HBx up-regulated miRNA-143, thereby promoting

metastasis [21]. Very limited data is available on the role of HBx-

induced miRNAs in HCC.

MicroRNA-21 (miRNA-21) is a multifaceted microRNA,

regulating multiple genes involved in several cellular programs.

APAF1, the core of the apoptosome, essential for activating

caspases to initiate apoptosis, contains a miRNA-21 target site in

its 39UTR, and is found to be down-regulated while miRNA-21 is

up regulated in gliomas, augmenting proliferation [22]. MiRNA-

21 induces AP-1 activity in response to ras onco-protein by directly

repressing tumor-suppressor gene PDCD4, contributing to

tumorigenesis by auto-regulatory mechanism [23]. In anaplastic

thyroid carcinoma and lung cancer, early activation of ras and its

two downstream pathways raf-MAPK and PI3K pathways

triggered high miRNA-21 expression in neoplastic transformation

in vivo [24]. It has been reported that miRNA-21 plays a vital role

in keratinocyte migration and in re-epithelialization during wound

healing, directly targeting TIMP3 in vitro and in vivo [25]. By

down-regulating PDCD4, miRNA-21 contributes to glioblastoma

proliferation while its inhibition induced apoptosis and decreased

cell cycle progression, down-regulating EGFR, activated akt,

cyclin D and bcl-2 in vitro and in vivo suggesting an important

therapeutic potential of miRNA-21 [26,27]. Thus, the fact that

miRNA-21 is frequently elevated in most malignancies and its in

vivo knockdown suppresses tumorous potential, suggests that its

high levels are essential for promoting pathological cell growth. In

HCC tissues and multiple HCC cell lines, it promoted cell

proliferation, invasion and migration by repressing the expression

of tumour-suppressor genes Programmed Cell Death Protein-4

(PDCD4) and Phosphatase and Tensin homologue (PTEN)

[28,29].

HBx and miRNA-21, both are reported to play a causal role in

the proliferation and neoplastic transformation. However, it is not

known whether HBx mediates the proliferation through miRNA-

21. Hence, in this study we investigated the role of miRNA-21 in

HBx-induced proliferation in hepatoma cells.

Materials and Methods

Cell Culture and Transfection
Human hepatoma cell lines HepG2, Huh7 and HepG2.2.15

were maintained in Dulbecco’s modified Eagle’s medium (Hi

Media, India) supplemented with 10% fetal bovine serum

(Invitrogen, USA) containing penicillin-streptomycin antibiotics

Figure 1. Transfection efficiency in Huh 7 and Hep G2 cells.
Both Huh 7 (A and B) and Hep G2 (C and D) cells were transfected with
eGFP-N1 plasmid using the similar transfection conditions as HBx. After
48 hours of transfection, the cells were observed (106 magnification).
Both A and C are fluorescent pictures and B and D are corresponding
phase-contrast pictures.
doi:10.1371/journal.pone.0091745.g001

Figure 2. Effect of HBx on the proliferation. HBx protein was over-expressed in both Huh 7 and Hep G2 cells (A). HBx was over-expressed in
hepatoma cells and the empty vector was used as transfection control. Lane 1, Control; lane 2, Empty vector; and lane 3, HBx transfected cells. Cell
proliferation assay was performed using WST1 reagent in Huh 7 (B) and Hep G2 (C) cells. After 48 hours of transfection the proliferation assay was
performed. (n = 3; *p,0.01).
doi:10.1371/journal.pone.0091745.g002

HBx Induces Proliferation via miRNA-21
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(Invitrogen, USA) at 37uC in a humidified atmosphere with 5%

CO2.

For transfection with plasmid DNA, cells were plated in 6-well

plates at a density of 16106 cells/well. After 24 hours, the

transfection was performed using lipofectamine LTX with PLUS

reagent (Invitrogen) according to the manufacturer’s instructions.

For transfection with pre-miRNA oligos (Sigma Aldrich, USA) or

anti-miR-21, siPORT NeoFX transfection agent (Applied Biosys-

tems, USA) was used according to the manufacturer’s instructions.

pSG5-HBx plasmid was used to transfect HBx gene in hepatic

cells, and as a control, an empty vector was used in all the plasmid

transfection experiments. To test the efficiency of transfection,

enhanced Green Fluorescent Protein-N1 (eGFP-N1) plasmid

vector was used in initial experiments. For inhibition of miRNA-

21, anti-miR-21 oligos were transfected same as described above

followed by transfection of HBx plasmid after 24 hours of anti-

miR-21 transfection. After 48 hours of transfection of HBx

plasmids, the cells were collected for the Western blot experiments.

Cell lysates were collected for running the western blots and total

RNA isolation. All transfection experiments were done in

duplicates and repeated at least three times.

RNA Isolation, quantification and reverse transcription
PCR analysis (qPCR)

Total RNA enriched with miRNAs was isolated using mirVana

miRNA Isolation Kit (Ambion, USA) as described by us previously

[30,31]. To evaluate miRNA-21 expression, real-time quantitative

reverse transcriptase-polymerase chain reaction was performed.

cDNA was generated by reverse transcription using 10 ng of total

RNA according to the manufacturer’s instructions (Universal

cDNA synthesis kit, Exiqon, Denmark). Following first strand

cDNA synthesis, SYBR green qPCR was carried out using

miRCURY LNA Universal RT microRNA PCR in a LightCycler

480 Real-Time PCR System (Roche, India) to quantify relative

miRNA-21 levels which were normalized using control 5S RNA

(Exiqon). The relative expression was analyzed using the 2DDCT-

method [32].

Figure 3. Effect of HBx on PDCD4 and PTEN. HBx protein was over-expressed in both Huh 7 (A) and Hep G2 (B) cells and the expression of
miRNA-21 was estimated using real time PCR (n = 3; *p,0.001). HBx was over-expressed in both Huh 7 and Hep G2 cells and the target proteins for
miRNA-21 were determined using Western blots. This picture is a representative of the three experiments (C). Lane 1, Control; lane 2, Empty vector;
and lane 3, HBx transfected cells. b-actin was used as loading control. These Western blots were quantified using Li-COR’s image studio lite software
and the data are presented for Huh 7 (D) and Hep G2 (E) cells (n = 3; *p,0.05).
doi:10.1371/journal.pone.0091745.g003

HBx Induces Proliferation via miRNA-21
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Figure 4. Role of miRNA-21 on proliferation of hepatoma cells. miRNA-21 was over-expressed in Hep G2 (A & C) and Huh 7 (B & D) cells.
Relative expression of miRNA-21 was measured in the transfected cells (A & B) to determine the miRNA-21 levels (n = 3; *p,0.05 and **p,0.01). As an
internal control, 5S RNA was quantified in all real time PCR experiments. Both C & D show the cell proliferation assays in miRNA-21 over-expressing
cells. Cells were plated at a density of 8000/well in a 96-well plate for the proliferation assays. As a control in all these experiments NS-miRNA was
used in parallel experiments (n = 3; *p,0.05).
doi:10.1371/journal.pone.0091745.g004

Figure 5. Effect of miRNA-21 on PDCD4 and PTEN proteins. A, shows the Western blot results of miRNA-21 target proteins, PDCD4 and PTEN
in miRNA-21 over-expressing cells. As an internal control b-actin was used in all the Western blot experiments. This is a representative picture from
three experiments. Lane 1, Control; lane 2, NS-miRNA transfected cells; and lane 3, miRNA-21 transfected cells. The Western blots were quantified and
the data are presented for Huh 7 (B) and Hep G2 (C) cells (n = 3; *p,0.05).
doi:10.1371/journal.pone.0091745.g005
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Western Blot Analysis
Cells grown in 6-well plates were washed twice with phosphate

buffered saline, followed by lysis using mammalian protein

extraction reagent and HALT protease inhibitor cocktail (Thermo

Scientific, USA). The protein content was quantified using

bicinconinic acid reagent (Thermo Scientific, USA). The protein

samples (30–60 mg/lane) were separated using 10% polyacryl-

amide gels and transferred to polyvinylidene fluoride membranes.

Membranes were blocked with 5% non-fat dry milk in tris buffered

saline (TBS) and proteins were detected using antibodies against

HBx (provided by Dr Vijay Kumar, ICGEB, New Delhi), PTEN,

PDCD4, Akt or Phospho-Akt (Cell Signalling Technology, USA).

Anti-b-actin was used as an internal control (Santa Cruz

Biotechnologies, USA). Membranes were incubated with the

horseradish–peroxidase conjugated secondary antibodies, and the

blots were visualized using enhanced chemi-luminescence kit

(Amersham, Germany), followed by developing on the films.

Cell Proliferation Assay
The cells were seeded in 96 well plates at a density of 8,000

cells/well and were transfected with plasmid DNA or miRNAs in

separate experiments. After 48–72 hours, they were assayed for

proliferation using WST-1 reagent (Roche) as described previously

[30].

Statistical Analysis
All the experiments were performed at least three times. The

data were expressed as mean 6 standard deviation and p,0.05

was considered as statistically significant. The statistical signifi-

cance was calculated using analysis of variance, followed by paired

t-tests.

Results

MiRNA-21 has been shown to induce cell proliferation in a

variety of cells. Previous studies have shown that HBx induces cell

proliferation of the HCC cells [7,13,24]. Although, HBx induces

proliferation via several mechanisms, very limited data is available

on the role of HBx-induced miRNAs in regulating the prolifer-

ation and metastasis in HCC [9,14,18]. Hence, in this study we

have tested the hypothesis that HBx might induce cell prolifera-

tion, at least in part, via miRNA-21, in hepatoma cells. To test this

hypothesis, first HBx was over expressed in both Huh 7 and Hep

G2 cells and the effect on cell proliferation was studied. In parallel

experiments, as a positive control, eGFP-N1 plasmid vector was

used to determine the transfection efficiency and was found to be

more than 80% in all the experiments in both Huh 7 (Figure 1A

and 1B) and Hep G2 cells (Figure 1C & 1D). HBx expression was

assessed in HBx transfected cells and it was found that the HBx

protein was expressed at high levels in both HBx-transfected Huh7

and Hep G2 cells (Figure 2A) but no expression was observed in

Figure 6. Effect of miRNA-21 on phospho-akt levels. A, shows the Western blot results of phsopho-akt and akt proteins in the miRNA-21-
transfected cells. This is a representative picture from three experiments. Lane 1, Control; lane 2, NS-miRNA transfected cells; and lane 3, miRNA-21
transfected cells. B, Western blots were quantified and the data are presented in the graph (n = 3; *p,0.05).
doi:10.1371/journal.pone.0091745.g006
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control or empty vector-transfected cells. Previously it was shown

that HBx was involved in the proliferation of HCC cells. Hence,

the proliferation was analyzed in HBx over-expressing cells using

WST1 assay as described in materials and methods. The

proliferation of Huh 7 and Hep G2 cells transfected with HBx

plasmid increased to 3.7 fold and 4.5 fold respectively (Figure 2B &

2C) compared to cells transfected with control plasmid (empty

vector).

Next, the effect of HBx over-expression on the intracellular

expression of miRNA-21 was studied in both these cells. The cells

were transfected with HBx or empty vector and the cells were

collected either for real time PCR or Western blots after 48 hours

of transfection. The total RNA enriched with miRNAs was

isolated, cDNA was synthesized and real time RT-PCR was

performed for miRNA-21 expression. The results showed that

there was a 24-fold and 36-fold increase in the expression of

miRNA-21 in HBx over-expressing Huh7 and Hep G2 cells

compared to empty vector-transfected cells respectively (Figure 3A

and 3B). Previously it has been shown by several researchers that

the major target proteins for miRNA-21 are PDCD4 and PTEN.

Both these proteins are involved in regulating apoptosis. Western

blots were performed in the cell lysates collected after the over-

expression of HBx, empty vector or control cells. The results

showed that there was a significant decrease in the expression of

both PDCD4 and PTEN (Figure 3C). The Western blots were

quantified and the results showed that both PDCD4 and PTEN

were inhibited 2- and 3-fold in Huh 7 cells, and 8- and 3-fold in

Hep G2 cells (p,0.05; Figure 3D and 3E).

Several studies have reported that miRNA-21 is up regulated in

cancer tissues and their over-expression resulted in increased cell

proliferation [7,13,24]. Effect of over-expression of miRNA-21 on

the proliferation of the hepatoma cells was analyzed. For this, the

cells were transfected with premiR-21 oligos using NeoFX

siPORT transfection agent as described in materials and methods.

There was a 17- and 5-fold increase in the intracellular levels of

miRNA-21 (Figure 4A & 4B) compared to the NS-miRNA

transfected cells of Huh 7 and Hep G2 respectively. Overexpres-

sion of miRNA-21 led to 2- and 2.3-fold increase in the

proliferation of both Huh 7 and Hep G2 cells respectively

(n = 3; p,0.05; Figure 4C & 4D). It was expected that when the

proliferation goes up, miRNA-21 would inhibit its target proteins.

After 72 hours of transfection, the cells were collected, protein was

isolated and Western blots were performed for PDCD4 and

PTEN. In all these experiments b-actin was used as loading

control. The results showed that miRNA-21 transfected cells

showed a significant decrease in the expression of these two

proteins (Figure 5A). These Western blot images were quantified

using Li-COR’s image studio lite software from 3 experiments and

the data showed that there was a significant decrease in these

target proteins (n = 3; p,0.01). These results clearly show that

HBx induces proliferation, at least in part, via inducing miRNA-

21.

Next, we wanted to analyze the downstream signaling pathway.

The cellular protein was isolated from the miRNA-21 transfected

cells and Western blotting was performed for phospho-Akt and

Akt. As expected the overexpression of miRNA-21 resulted in the

activation of phospho-Akt to two-fold levels compared to the

control or the NS-miRNA transfected cells (Figure 6A and 6B;

n = 3; p,0.05). Since over-expressing miRNA-21 results in

decreased proliferation, we anticipated that inhibiting miRNA-

21 would increase its target proteins and decrease cell prolifera-

tion. To further confirm this hypothesis, HBV stably transfected

Figure 7. Effect of anti-miR21 on proliferation and miRNA-21 target proteins. Intracellular miRNA-21 was inhibited using anti-miR-21 oligos
in Hep G 2.2.1.5 cells. A, Relative expression of miRNA-21 was measured in the anti-miR-21 transfected cells and NS-anti-miR was used as control in all
the experiments (n = 3; *p,0.01). B, The proliferation assay was also performed in anti-miR-21 transfected cells (n = 3; *p,0.05). C, Western blot was
performed to measure the protein levels of miRNA-21 target proteins, PDCD4 and PTEN in anti-miR-21 transfected cells. As an internal control b-actin
was used in all the Western blot experiments. Lane 1, Control; lane 2, NS-anti-miR transfected cells; and lane 3, anti-miR-21 transfected cells. D, The
Western blots were quantified and the data are presented from three experiments (*p,0.05).
doi:10.1371/journal.pone.0091745.g007
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cell line, Hep G 2.2.1.5 cells, were used for inhibiting intracellular

miRNA-21 levels by anti-miR-21 oligos and the cell proliferation

and target protein expression were analyzed. As a control non-

specific anti-miRNA oligos (NS-antimiR) were used in all the

miRNA-21 inhibitor experiments. The intracellular expression of

miRNA-21 was studied in anti-miR-21 transfected cells using real

time PCR experiments. It was found that there was an 80%

inhibition of the intracellular levels of miRNA-21 (Figure 7A). Also

a significant inhibition of proliferation of Hep G 2.2.1.5 was seen

after transfection with anti-miR-21 (n = 3; p,0.05; Figure 7B).

Next, target proteins of miRNA-21 were studied and as expected it

was found that there was a significant increase in the levels of both

PDCD4 and PTEN upon inhibition of miRNA-21 (Figure 7C).

Figure 7D shows the quantitative Western blot results from 3

experiments (p,0.05).

Next, the role of miRNA-21 in HBx-induced cellular prolifer-

ation was studied. For this, the cells were transfected with anti-

miR-21 and then the same cells were transfected with HBx

plasmid. The cells were collected after 48 hours of HBx plasmid

transfection and the cellular protein was isolated. Western blotting

was performed for PDCD4 and PTEN (Figure 8A) and it was

found that transfection with HBx alone resulted in maximum

inhibition of PDCD4 and PTEN compared to control cells

(Figure 8B; 90% and 80% inhibition respectively; n = 3; p,0.01),

while inhibition of miRNA-21 partially recovered the expression of

both these proteins (Figure 8B; 45% and 50% inhibition

respectively compared to the control cells; n = 3; p,0.01). Finally,

the effect of miRNA-21 was checked in other cell lines, LX2

(hepatic stellate cell line) cells and Hela (cervical cancer cell line)

cells. The results showed that both PDCD4 and PTEN were

inhibited just like hepatic cancer cell lines (Figure 9A). The blots

were quantitated and the quantitative data showed that both

PDCD4 and PTEN were significantly inhibited in both LX2 cells

(Figure 9B) and Hela cells (Figure 9C).

Discussion

Previously we have shown that miRNA-21 was up-regulated

when there was liver regeneration after injury [31] or after partial

hepatectomy [33]. Reports from other investigators have shown

that miRNA-21 is involved in enhancing cell proliferation and is

up-regulated in several cancer tissues [7,13,24]. Studies have

shown that HBx plays an important role in the progression of

HBV-associated HCC [2,34]. HBx has been shown to induce

various signaling pathways and cellular proteins that could link

HCC with HBV infection [7–11]. Till date, very little is known on

the role of miRNAs in HBx-induced proliferation and metastasis.

In this study, we have delineated the role of HBx on the expression

of miRNA-21 expression and its role in inducing the proliferation

of hepatoma cells.

It was shown that HBx inhibited apoptosis via activation of the

Phosphatidyl inositol 3-kinase (PI3K) pathway and inhibition of

the PI3K pathway blocked the anti-apoptotic effect of HBx [9,35].

A similar study in Hep3B cells that were stably transfected with

HBx showed that HBx also inhibited TGF-b-induced DNA

fragmentation through a PI3K-dependent pathway [36]. In

another study, HBx was shown to activate the PI3K pathway

and inhibit apoptosis by down regulating the expression of PTEN

in Chang cells [37]. Our data show that PTEN is inhibited by the

over-expression of HBx in both Hep G2 and Huh7 cells. Our data

also showed that PDCD4 was inhibited when HBx was over-

expressed. Since PDCD4 and PTEN are pro-apoptotic proteins,

our data is in agreement with the previous data that HBx inhibits

apoptosis and enhances cellular proliferation in hepatoma cells

[26,28].

Emerging evidences suggest that HBx modulates the miRNA in

HCC. Previous studies have shown that miRNA-21 is elevated in

various cancer tissues and it promotes cell proliferation of various

cancerous cells. However, the relationship between HBx and

miRNA-21 expression was not known. To analyze this, we

hypothesized that HBx could induce the expression of miRNA-21,

which in turn could induce the cell proliferation via inhibiting the

pro-apoptotic proteins, PDCD4 and PTEN, target genes of

miRNA-21. It was shown that HBx upregulates miRNA-29a,

which in turn inhibits PTEN in hepatoma cells, leading to

increased migration [18]. Our data also show that over-expression

of HBx inhibited PTEN in our cell culture model system. Indeed,

over-expression of HBx in hepatoma cells not only increased cell

proliferation but also induced the intracellular expression of

miRNA-21. This data shows that HBx induces cell proliferation, at

least in part, via inducing miRNA-21 in HBV associated HCC.

Previous studies have shown that miRNAs play an important role

in HBx-induced cell proliferation. HBx was shown to inhibit the

expression of miRNA-148a to induce tumorigenesis [14]. Expres-

sion of miRNA-148a inhibited mTOR via inhibition of the

expression of Akt and Erk proteins [14]. Our study confirms the

Figure 8. Effect of HBx in miRNA-21-induced PDCD4 and PTEN
in Hep G2 cells. Hep G2 cells were transfected with anti-miR21,
followed by transfection with HBx plasmid. After 48 hours of HBx
plasmid transfection, the cells were collected and Western blots for
PDCD4 and PTEN were performed. A, shows the protein levels of
miRNA-21 target proteins, PDCD4 and PTEN in anti-miR-21 transfected
cells. As an internal control b-actin was used in all the Western blot
experiments. Lane 1, Control; lane 2, Anti-miR21 and HBx-transfected
cells; and lane 3, HBx only transfected cells. B, The Western blots were
quantified and the data are presented from three experiments.
(*p,0.05, compared with HBx only transfected cell; **p,0.01,
compared with control cells).
doi:10.1371/journal.pone.0091745.g008
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previous finding that HBx utilizes miRNAs for its tumorigenesis.

Our data show that HBx enhances the expression of miRNA-21

and increases Akt by inhibiting PTEN, thereby increasing the

proliferation of hepatic cells.

When miRNA-21 was over expressed in Hep G2 and Huh 7

cells, cell proliferation was enhanced. This is in agreement with

several studies, which show that miRNA-21 increases cell

proliferation [24,26,28]. It was studied whether over expressing

miRNA-21 could inhibit its target proteins, PDCD4 and PTEN.

The resulting inhibition of PDCD4 and PTEN showed that the

exogenously transfected pre-miRNA-21 were functionally active.

Other studies also have shown that miRNA-21 is involved in

proliferation via enhancing PI3K pathway [9,35,36]. Previously,

Kong et al [18] have shown that HBx induces the expression of

miRNA-29a, and induces migration of Hep G2-X cells (HBx-

transfected hepatoma cells) while inhibition of miRNA-29a

resulted in a complete abolition of migration of these cells. In

our study, we found that HBx induces cellular proliferation, at

least in part, via miRNA-21 in Hep G2 cells. These data suggest

that HBx uses more than one mechanism to induce the cell

proliferation [18].

It has been reported that HBx up-regulated miR-143 through

NF-kB, promoting HCC metastasis in an athymic nude mouse

model and miR-29a promoted migration of HepG2 cells via HBx

targeting PTEN [18,21]. Here, we show that when HBx is

ectopically expressed in hepatoma cells, it up-regulated miRNA-21

significantly, which caused inhibition of its target proteins, PDCD4

and PTEN. Both PDCD4 and PTEN contain putative binding

sites for miRNA-21 in their 39UTRs.

Onco-protein HBx, a transcriptional transactivator encoded by

the hepatitis B virus has been widely accepted to create a pro-

proliferative environment in the human hepatocytes by activating

various cell growth-promoting signaling pathways as well as

deregulating cell cycle control genes which ultimately augments

neoplastic transformation [34]. HBx protein induced proliferation

of HepG2 and Huh7 hepatoma cells by enhancing the expression

of miRNA-21, indicating that oncomiR-21, which is reported to

be up-regulated in HCC, could possibly get up-regulated much

before the hepatocytes becomes malignant.

When anti-miR-21 was transfected in HepG2.2.15 cells in

which the Hepatitis B virus is stably integrated, the proliferation

Figure 9. Effect of miRNA-21 on PDCD4 and PTEN proteins in LX2 and Hela Cells. A, shows a representative picture of Western blot results
of miRNA-21 target proteins, PDCD4 and PTEN in miRNA-21 over-expressing LX2 and Hela cells. As an internal control b-actin was used in all the
Western blot experiments. Lane 1, Control; lane 2, NS-miRNA transfected cells; and lane 3, miRNA-21 transfected cells. The Western blots were
quantified and the data are presented for LX2 (B) and Hela (C) cells (n = 3; *p,0.05).
doi:10.1371/journal.pone.0091745.g009

Figure 10. Proposed Model of HBx-miRNA-21 relationship.
Schematic diagram showing the relationship between HBx, miRNA-21,
akt and cellular proliferation in hepatic cells.
doi:10.1371/journal.pone.0091745.g010
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was significantly inhibited and the intracellular expression of

miRNA-21 was also down regulated.

In summary, our data show that HBx at least in part, induces

cell proliferation via inducing miRNA-21, which in turn inhibits

PDCD4 and PTEN, and activates Akt. The proposed model is

presented in Figure 10. Identifying key miRNAs, which are

modulated at early stages of cancer, is important for novel

therapeutic interventions that could prevent further disease

progression. Nonetheless, further studies are required to confirm

these findings using in vivo expression studies.
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