
ORIGINAL RESEARCH
published: 24 April 2019

doi: 10.3389/fonc.2019.00308

Frontiers in Oncology | www.frontiersin.org 1 April 2019 | Volume 9 | Article 308

Edited by:

Sergio Giannattasio,

Consiglio Nazionale delle Ricerche,

Istituto di Biomembrane,

Bioenergetica e Biotecnologie

Molecolari (IBIOM), Italy

Reviewed by:

Apollonia Tullo,

Istituto di Biomembrane,

Bioenergetica e Biotecnologie

Molecolari (IBIOM), Italy

Gabriele Multhoff,

Technische Universität München,

Germany

*Correspondence:

Savneet Kaur

savykaur@gmail.com

Specialty section:

This article was submitted to

Molecular and Cellular Oncology,

a section of the journal

Frontiers in Oncology

Received: 04 February 2019

Accepted: 04 April 2019

Published: 24 April 2019

Citation:

Rawal P, Siddiqui H, Hassan M,

Choudhary MC, Tripathi DM, Nain V,

Trehanpati N and Kaur S (2019)

Endothelial Cell-Derived TGF-β

Promotes Epithelial-Mesenchymal

Transition via CD133 in HBx-Infected

Hepatoma Cells. Front. Oncol. 9:308.

doi: 10.3389/fonc.2019.00308

Endothelial Cell-Derived TGF-β
Promotes Epithelial-Mesenchymal
Transition via CD133 in HBx-Infected
Hepatoma Cells
Preety Rawal 1, Hamda Siddiqui 2, Mohsin Hassan 2, Manish Chandra Choudhary 2,

Dinesh M. Tripathi 2, Vikrant Nain 1, Nirupama Trehanpati 2 and Savneet Kaur 2*

1 School of Biotechnology, Gautam Buddha University, Greater Noida, India, 2Department of Molecular and Cellular Medicine,

Institute of Liver and Biliary Sciences, New Delhi, India

Background: Hepatitis B-X Protein (HBx) encoded in Hepatitis B virus (HBV) is

known to play a critical role in development and progression of HBV induced

hepatocellular carcinoma (HCC). HBx interacts with and activates various cells in HCC

microenvironment to promote tumor initiation, progression and invasion. In this study, we

investigated how surrounding stromal cells interact with HBx-infected hepatoma cells by

a series of in vitro co-culture studies.

Methods: Huh7 hepatoma cells were cultured and transfected with the mammalian

expression vector pGFP-HBx. Co-culture assays were performed between

HBx-transfected Huh7 cells and conditioned media (CM) from stromal cells [endothelial

cell lines (HUVECs) and hepatic stellate cell lines (LX2 cells)]. The effect of these

interactions was studied by a series of functional assays like chemotaxis, invasion,

and wound healing scratch assays. Also, quantitative real time (RT)-PCRs of the

mesenchymal genes was performed in the hepatoma cells with and without the

co-cultures. Hep3B cells with an integrated HBV genomewere taken as positive controls.

Results: HBx-transfected Huh7 cells cultured in presence of CM from HUVECs

illustrated enhanced migration and tube formation as compared to HBx-transfected

cells cultured alone or co-cultured with LX2 cells. HBx-transfected hepatoma cells

incubated with CM from HUVECs also expressed mesenchymal genes including

Thy1, CDH2, TGFβR1, VIM, and CD133. ELISAs revealed increased levels of TGF-β

in CM from HUVECs. In comparison to unstimulated HBx-transfected Huh7 cells,

TGF-β stimulated cells displayed increased invasive properties and mesenchymal gene

expression. RT-PCR and flow cytometry analysis further demonstrated that incubation

with either CM from HUVECs or TGF-β significantly increased the expression of a

stemness marker, CD133 in HBx-infected hepatoma cells. Gene inhibition experiments

with CD133 siRNA showed a downregulation of mesenchymal gene expression

and properties in TGF-β induced HBx-infected hepatoma cells as compared to
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that observed in control siRNA treated cells, indicating CD133 as one of the key

molecules affecting epithelial to mesenchymal transition (EMT) in HBx-infected cells.

Conclusion: The study indicates that secretory factors like TGF-β from neighboring

endothelial cells may enhance expression of CD133 and impart an aggressive EMT

phenotype to HBx-infected hepatoma cells in HBV induced HCC.

Keywords: epithelial tomesenchymal transition (EMT), endothelial cells, hepatocellular carcinoma (HCC), hepatitis

B virus X protein (HBx), transforming growth factor Beta (TGF-β), tumor microenvironment

INTRODUCTION

Hepatocellular Carcinoma (HCC) is one of the most
common cancer worldwide, representing approximately 4%
of all malignancies (1). It has been estimated that more than
50% of HCC cases in the world are associated with hepatitis
B virus (HBV) (2). HBV is a partially double stranded DNA
virus belonging to the Hepadnavirus family. The HBV genome
is 3.2 kb in size and contains four overlapping major open
reading frames tightly arranged that encode polymerase, surface
(HBsAg), core (HBcAg), and X proteins (HBx). HBx, a 17-kd
protein is the most frequently integrated viral sequence found
in HBV-induced HCCs (3). HBx is known to interact with
various transcription factors of the host and affect activation
and modulation of several signal transduction pathways (4). The
activation of these signal transduction pathways by HBx leads to
the upregulation of a number of cellular genes, including those
of growth factors and oncogenes. During late stages of tumor
progression, HBx also drives the activation of cellular pathways
associated with metastasis and angiogenesis, which play an
important role in the growth and spread of HCC (5).

Many recent studies have now demonstrated that the growth
and spread of tumor is not only affected by alterations in the
tumor cells themselves but also by the surrounding niche cells
(6). Microenvironment components are known to both inhibit
and augment the activity of the tumor cells (7). The stromal
environment of HCC in liver consists of several cell types,
endothelial cells, hepatic stellate cells, macrophages and immune
cells. Studies have reported that HBx interacts and activates
most of these cells in liver tumor microenvironment to promote
tumor initiation, progression, invasion, and metastasis (8). In the
current study, we investigated the effects of two types of stromal
cells, that is, endothelial cells and hepatic stellate cells on tumor
properties of HBx-infected hepatoma cells.

MATERIALS AND METHODS

Cell Cultures
Huh7, HepG2, and Hep3B cells were cultured in
Dulbecco’s Modified Eagle’s medium (DMEM) (GIBCO)
with 10% FBS (Hyclone) and 100µg/ml streptomycin and 100
IU/ml penicillin (GIBCO) at 37◦C in humified atmosphere
containing 5% CO2. LX2 cells (Hepatic stellate cells) were
cultured in Dulbecco’s Modified Eagle’s medium (DMEM)
(Gibco) with 2% FBS (Hyclone) and 100µg/ml streptomycin
and 100 IU/ml penicillin at 37◦C with 5% CO2. HUVECs cells

[Human umbilical venules endothelial cells (GIBCO), purchased
from Invitrogen] were grown in Endothelial medium (HiMedia
Laboratories) with growth factors and 1% antibiotics on gelatin
coated plates.

Coculture of Cells

To study how endothelial cells and stellate cells modulate the
tumorigenic behavior of HBx-Huh7, we performed the assays
in indirect and direct co-cultures. For indirect co-cultures,
Huh7 cells were treated with conditioned media (CM) from
HUVECs/LX2 cells. CMs were prepared after serum starvation
of these cells for 24 h and then collecting the supernatants after
centrifugation to remove cell debris. For direct co-cultures, Huh7
cells were mixed with LX2/HUVECs in similar ratios to create 1:1
coculture system. For obtaining TGF-β treated cells, hepatoma
cells were exposed to 5 ng/ml concentration as depicted by ELISA
used for 48 h (9, 10).

Transfection in Hepatoma Cell Lines
Huh7 and HepG2 cells were transfected with the mammalian
expression vector pGFP-HBx (purchased from addgene #
24931) (11). The vector was amplified in Escherichia coli
cells, followed by plasmid isolation using the plasmid isolation
kit (Promega, India). For transfection, lipofectamine 2000
(ThermoFisher Scientific, Invitrogen #11668-019) was used
according to manufacturer’s instructions. As a control, pcDNA3-
EGFP plasmid vector (kind gift from Dr. Vijay) was used
as control in all transfection experiments. Huh7 and Hep3B
cells were further silenced by transfection with CD133 siRNA
(purchased from ThermoFisher Scientific #AM16708) and
control siRNA (addgene #10900)′ using Lipofectamine reagent
2000 as per the instructions. Forty-eight hours after transfection,
the cells were seen under an inverted fluorescent microscope
(Nikon ECLIPSE Ti).

Chemotaxis and Invasion Assays
HBx-transfected, control-transfected, CD133 silenced and TGF-
β stimulated hepatoma cells were detached, harvested by
centrifugation and resuspended in DMEM (without serum),
and then placed in the upper chamber of a modified Boyden
chamber consisting of uncoated polycarbonate filter membranes
of 8µm pore size. For invasion assays, transwell insert first
coated with matrigel.The chamber was placed in a 24-well
culture dish containing DMEM (as control), LX2 and HUVECs
cells as monolayer (50,000 cells/well seeded overnight prior
to experiment) in lower chamber. For chemotaxis, after 24 h
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incubation and for invasion, after 48 h, at 37◦C, the lower
side of the filter was washed with PBS and fixed with
4% paraformaldeyde for 2min. Then cells were washed and
permeabilized by 100% methanol for 20min. For quantification,
cell nuclei were stained with 0.5% crystal violet. The upper
side of the filter containing the non-migrating cells was
scraped with a cotton swab. Cells migrating toward the lower
chamber were counted manually at 4X objective in random
microscopic fields.

Wound Healing/Scratch Migration Assays
HBx-transfected, control-transfected, CD133 silenced and TGF-
β stimulated hepatoma cells were plated in 12-well plates (3 ×

106cells/well). After 6 h of serum starved condition, a scratch
was made on the cell layer using a 100 µl sterile micropipette
tip to create a wound. Cellular debris was carefully removed
by washing with media to remove floating cells. The CM from
LX2 and HUVECs were added to the cells and incubated for the
next 24 h (as indirect cocultures). The cells were photographed
using a phase-contrast microscope, to determine the wound
width at time 0 h. The cultures were continued, and the cells
were photographed again after 24 h of wounding the cell layer.
Wound healing was visualized by comparing photographs taken
at 0 h with 24 h later and analyzed for the distance migrated
by the leading edge of the wound at each time point in all the
study groups. The relative wound width was measured as wound
width at the time 24 h divided by wound width at time point 0 h.
The measurements were done by Software NIS Elements from
NIKON Eclipse Ti. The unit for measurement was µm.

Quantitative RT-PCR (qRT-PCR) Analysis
For qRT-PCR, cells were harvested by using trypsin-EDTA
solution (0.25%). Total RNA was isolated by using Nucleopore
kit as per manufacturer’s instructions. RNA quantified
at 260/280 nm with Thermo Scientific Nanodrop 2000
Spectrophotometer. The absorption ratio A260 nm/A280 nm
between 1.90 and 2 was taken into consideration for cDNA
preparation. First strand cDNA was synthesized from 1 µg
of total RNA with reverse transcriptase (Thermo Scientific
Verso cDNA synthesis kit) according to manufacturer
instructions. Quantitative real time PCR was carried with
SYBR green PCR master mix (Fermentas Life Sciences) on
the ViiA7 instrument PCR system (Applied Biosystems, USA).
Dissociation curve was generated at the end of each PCR to
verify that a single DNA species was amplified. The following
cycling parameters were used: start at 95◦C for 5min, denaturing
at 95◦C for 30 s, annealing at 60◦C for 30 s, elongation at
72◦C for 30 s, and a final 5min extra extension at the end
of the reaction to ensure that all amplicons were completely
extended and repeated for 40 amplification cycles. The
expression of test genes were normalized by using housekeeping
gene i.e., 18S. The primer pairs used in the study are given
in Table S1.

ELISA Assays
HUVECs, LX2 cells and hepatoma cells (HBx-transfected and
control-transfected both) were cultured with serum-free medium

for 24 h. The supernatant was collected and concentrated on
a Speed-Vac and ELISA for VEGF, PDGF-BB and TGF-β
were performed using ELISA kits (Thermofisher Scientific)
as per manufacturer’s protocol. The optical density values
were measured at 450 nm wavelength using microplate reader
(Synergy/H1 Hybrid Multimode Plate Reader). Unknown values
were extrapolated from the standard curves and normalized with
respect to 106 cells/ml (10).

Immunophenotyping for Mesenchymal
Genes
HBx-transfected, control-transfected, CD133 silenced and TGF-
β stimulated hepatoma cells were fixed with permeabilizing
solution containing Triton-X and ethyl alcohol for 20min and
incubated with primary antibodies CD133, VIM, and CDH1
followed by secondary antibody FITC, at 4◦C in the dark for
45min. After staining, the cells were analyzed using a flow
cytometer (BD FACs Calibur). All experiments were performed
at least in triplicates.

Statistical Analysis
All quantitative data are expressed as mean± standard deviation.
Statistical significance is accepted as p ≤ 0.05(∗), p ≤ 0.01(∗∗), or
p ≤ 0.001(∗∗∗). Student’s unpaired t-tests were used to analyze
and compare the groups. All experiments were repeated at least
three times.

RESULTS

HBx-Transfected Cells Show Enhanced
Invasion and Angiogenesis in Presence of
Endothelial Cells
To assess the invasive properties of hepatoma cell lines
in presence of HBV infection and stromal cells, we first
conducted the transfection of Huh7 and HepG2 cells with
the Hbx plasmids. After 48 h of transfection in hepatoma
cells with pHBx-GFP, it was observed that Huh7 cells showed
almost double the incorporation of the HBx plasmid as
compared to that observed in HepG2 cells (Figures S1A–D).
All experiments were henceforth conducted in Huh7 cells
because they showed a higher transfection efficiency and HBx
gene expression as compared to HepG2 cells (Figures S1E,F).
The presence of gene expression of HBx in HBx-transfected
Huh7 cells further validated the transfection (Figure S1F). Low
gene expression of HBx was observed in HepG2 cells as
compared to Huh7 (Figure S1F). Hence Huh7 cells were used for
further assays.

To study the effect of endothelial and stellate cells on
the chemotactic properties of hepatoma cells with or without
HBx, control or HBx-transfected Huh7 cells were cultured
on the top of culture inserts while media, HUVECs or LX2
were placed beneath the inserts. After 24 h, in comparison
to the control-transfected cells, we observed an increase in
the number of HBx-transfected Huh7 cells that migrated in
the lower chamber with media (Figures 1A,B). With LX2
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cells in the lower chamber, the number of both HBx-
transfected and control-cells that migrated toward the lower
chamber substantially decreased as compared to the respective
hepatoma cells with media (P < 0.05 each, Figures 1A,B).
However, intriguingly, we observed a significant increase in the
migration of HBx-transfected hepatoma cells toward HUVECs
in comparison to that observed with media in the lower chamber
(P < 0.05, Figures 1A,B, Figures S2C,D).

Next, to assess the cell migration, we performed wound
healing migration assays of the control and HBx-transfected
hepatoma cells in presence of media alone and CM from
endothelial and stellate cells. Lesser wound width and early
closure implied more migration of hepatoma cells. In presence
of media, HBx-Huh7 cells showed decreased wound width in
comparison to control Huh7 cells (Figures 1Ci–iv,D). After
co-cultures with CM from LX2 cells, both control and HBx-
Huh7 cells showed increased wound width as compared to
that observed in these cells without co-cultures (Figures 1Cv–
viii,D). In presence of CM from HUVECs, however, both
control and HBx-Huh7 cells illustrated significantly reduced
wound width showing maximum migration as compared to that
observed in these cells under other conditions (Figures 1Cix–
xii,D). Migration assays with Hep3B cells also showed decreased
wound width in these cells when incubated with HUVECs CM as
compared to that observed in these cells alone (Figures S2A,B).

Upregulation of Mesenchymal Genes in
HBx-Transfected Hepatoma Cells
Co-cultured With Conditioned Media (CM)
From Endothelial Cells
Epithelial to mesenchymal transition (EMT) in hepatoma cells
was further validated by studying the expression of mesenchymal
genes. RT-PCR studies showed that there was a significant
increase in the expression of mesenchymal genes, Thy1, CDH2,
and TGFβR1 in HBx-Huh7 cells as compared to that observed
in the controls (Figures 2A,D,E). Gene expression of the studied
mesenchymal genes in Huh7 cells co-cultured with LX2-CM
were not significantly different as compared to the controls in
presence or absence of HBx (Figures 2A–E). Expression of Thy1,
CDH2, and TGFβR1 were markedly upregulated in HBx-Huh7
cells treated with HUVECs-CM in comparison to the controls
(Figures 2A,C,D,E). Also, in presence of HUVECs-CM, the gene
expression of epithelial marker, CDH1was reduced inHBx-Huh7
cells as compared to the controls (Figure 2B).

Endothelial Cells Secrete High Levels of
TGF-β in the Cultures
To investigate paracrine factors present in CM from endothelial
and stellate cell lines, ELISAs for VEGF, PDGF-BB, and TGF-
β were performed using supernatants from all the cells. Results
illustrated that the basal levels of VEGF secreted by HUVECs
were negligible. LX2 and hepatoma cells secreted increased
amounts of VEGF in the cultures. In comparison to the HBx-
Huh7 cells, Ct-Huh7 cells secreted higher amounts of VEGF in
culture medium (P < 0.05, Figure 3A). In contrast, secretion of
PDGF-BB was increased in HBx-Huh7 cells in comparison to

Ct-Huh7 cells (P < 0.01, Figure 3B). TGF-β secretion was also
enhanced in HBx-Huh7 cells and was maximum in HUVECs as
compared to the Ct-Huh7 cells and LX2 cells (Figure 3C).

TGF-β Imparts Invasive and Angiogenic
Properties to Hepatoma Cells
To validate the role of TGF-β in HBx- induced EMT, further
experiments were performed in presence of TGF-β. In these
experiments, a positive control cell line with integrated
HBV genome, Hep3B was also used along with Huh7 cells.
In all cells, Ct-Huh7, HBx-Huh7, and Hep3B cells, TGF-β
significantly enhanced mesenchymal properties including
decreased wound width, increased chemotaxis (migration),
and invasion (Figures 4A–C, Figures S3A–C). Maximum
enhancement in mesenchymal properties and gene expression
was observed in HBx-transfected Huh7 cells in presence of
TGF- β (Figures 4A–C, Figures S3A–C). In terms of gene
expression too, all cells including Huh7, HBx-Huh7, and
Hep3B cells displayed significantly increased expression of
mesenchymal genes, VIM, CDH2, and TGFβR1 in presence
of TGF-β as compared to that observed in cells without
TGF-β (Figure 4D).

CD133 Mediates EMT in Hepatoma Cells
Since CD133 is known to regulate EMT in certain types of
cancers, we hypothesized that CD133 may also be mediating
EMT in HBx-transfected hepatoma cells in our study. CD133
expression was significantly high in HBx-Huh7 cells cocultured
with HUVECs-CM as compared to that in control Huh7 cells
(Figure 5A). CD133 gene expression was significantly enhanced
in control Huh7, HBx-Huh7, and Hep3B cells when they were
treated with TGF-β (Figure 5B). The protein expression of
CD133 by flow cytometry assays further validated the above
observations (Figures 5C,D). To elucidate the role of CD133
in EMT induction, we silenced CD133 by transfection with
CD133 siRNA after TGF-β treatment in both Huh7 and
Hep3B cells. HBx-Huh7 cells were not used in the CD133
siRNA experiments as double transfection led to significant
cell death and loss. The inhibition of CD133 gene and
protein expression in both the hepatoma cells was confirmed
by RT-PCR and flow cytometery, respectively (Figures 5E,F,
Figures S4A,B). In both the cell lines used, CD133 silencing led
to a marked reduction of mesenchymal properties, including
wound healing and chemotaxis as compared to control siRNA
treated cells (Figures 6A–C, Figures S5A–C). The expression of
mesenchymal genes, CDH2, VIM, TGFβR1 was substantially
reduced and that of epithelial gene, CDH1 was increased in
CD133 silenced as compared to control siRNA silenced cells
(Figure 6D). Flow cytometry data also showed an increase in the
percentage of CDH1 positive cells and a decrease in VIM positive
cells after treatment with CD133 siRNA in comparison to that
observed in the cells treated with control siRNA (Figure 6E).

DISCUSSION

A mutual crosstalk between cells and their microenvironment
is essential for both normal tissue homeostasis and for
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FIGURE 1 | Functional assays showing migration of control transfected (Ct) and HBx transfected (HBx) Huh7 cells. (A) Phase contrast images of transwell assays

showing migration of Ct and HBx cells from the upper chamber toward lower chamber containing media, LX2 cells or HUVECs after 24 h (magnification at 4X). (B) Bar

diagram showing the number of migrated Ct and HBx cells in transwell assays under different conditions. (C) Phase contrast images showing migration of Ct and HBx

cells after creation of a scratch/wound in presence of media alone, conditioned media (CM) from HUVECs (HUVECs-CM) or CM from LX2 cells (LX2-CM) at 0 and 24 h

(magnification at 10X). (D) Bar diagram showing average relative wound width of Huh7 cells under different conditions. The relative wound width (µm) were calculated

as wound width at time point 24 h divided by wound width at time point 0 h. Data is represented as mean ± SD (n = 3 each). *p < 0.05.

tumor growth. Interactions between tumor cells and the tissue
stroma strongly influence disease initiation, progression and
ultimately patient survival. The major findings of the current
study are that there exists a paracrine crosstalk between
the liver tumor and the endothelial cells. Paracrine factor,
TGF-β from endothelial cells imparts an invasive phenotype
to the hepatoma cells via EMT and the presence of HBV
protein, HBx in these cells further aggravate their invasive and
mesenchymal properties.

Several studies report that endothelial cells are important
regulators of tissue remodeling and endothelial cell-initiated
signaling is known to promote the survival and tumorigenic
potential of cancer stem cells (12). Secreted factors from
endothelial cells have been reported to promote EMT and
stemness traits in epithelial cells (13, 14). Studies by Chiew
et al. have shown in co-culture models that physical supports
from HepG2 cells are indispensable for the differentiation and
remodeling of endothelial cells (15). In our study, we report
that endothelial cells also stimulate migration and invasion of
HCC cells via EMT in a paracrine manner even in the absence
of a physical contact with the hepatoma cells. Intriguingly,
tumor invasion properties and mesenchymal gene expression
including increased expression of CD133, vimentin and N-
cadherin and a decreased expression of E-cadherin are further
enhanced in hepatoma cells in presence of both HUVECs
and HBx. This indicates that factors from HUVECs act in
conjunction with HBx-stimulated pathways to enhance tumor

invasion. HBx has already been demonstrated to play a critical
role in EMT in HCC (16). In contrast to HUVECs, we
observed that fibroblastic LX2 cells significantly inhibited the
migratory phenotype of both control and HBx-transfected cells
in a contact-independent manner indicative of their tumor
inhibitory role in HCC. Previous studies have reported that
normal fibroblasts restrict the growth and progression of
cancer in both contact dependent and independent manner
(17). In an altered tumor environment in vivo, the restrictive
tumor fibroblasts can also turn into supportive fibroblast as
shown existence of cancer—associated fibroblasts (CAFs) in
HCCs. Secreted factors from CAFs are known to support
the growth of Hep3B cells via increased production of
cytokines such as hepatocyte growth factor (HGF), FGF, IL-
6, SDF-1 (18). We observed an inhibitory function of LX2
cells in our cultures as these were normal fibroblasts and
not CAFs.

Analysis of paracrine factors from different cell types revealed
that VEGF secretion was more in supernatants from control
hepatoma cells as compared to that observed in HBx-transfected
cells while PDGF-BB and TGF-β levels were markedly enhanced
in HBx-transfected hepatoma cells indicating that increased
VEGF secretion may be inhibiting EMT while PDGF-BB and
TGF-β may be a promoter of EMT phenotype. A study by
Hong et al. have reported an inhibitory role of VEGF in
EMT, however there are other contrasting studies which have
shown that VEGF connects EMT and angiogenesis in tumor
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FIGURE 2 | Relative mRNA expression of genes (A) THY-1 (B) CDH1 (C) VIM (D) CDH2 (E) TGFβR1 in Huh7 cells in presence of HBx, control (Ct) media, CM of LX2,

and CM of HUVECs. Huh7 cells transfected with GFP plasmid were used as controls. Data is represented as mean ± SD (n = 3 each). *p < 0.05; **p < 0.01.

FIGURE 3 | Bar diagrams showing the levels of (A) VEGF, (B) PDGF-BB, and (C) TGF-β secreted in culture supernatants or CM from control-transfected Huh7

(Ct-Huh7), HBx-transfected Huh7 (HBx-Huh7), LX2 cells, and HUVECs. Data is represented as mean ± SD (n = 3 each). *p < 0.05; **p < 0.01.

progression (19–21). The role of PDGF in promoting TGF-β
mediated EMT and hence tumor invasion is well reported (22).
We focussed our attention on TGF-β, as its secretion was highest
in supernatants from HUVECs. A concentration of 5 ng/ml
TGF-β was selected as HUVECs secreted TGF-β in the range
of 3–5 ng/ml of TGF-β levels. TGF-β induces EMT in several
cancer cell lines by acquisition of mesenchymal morphology and
increased expression of vimentin and Thy-1 (23, 24). In our
system too, TGF-β promoted mesenchymal characteristics in all
the cell lines including control Huh7, HBx-transfected Huh7 and
Hep3B cells.

EMT is one of the early events in primary tumor invasion
during which tumor cells lose epithelial markers and gain

mesenchymal traits that confer stem-like properties and a
migratory phenotype (23, 25). TGF-β has been earlier known
to induce cancer stemness and EMT via CD133 (25, 26).
HBx mice have also been shown to also exhibit a stronger
expression of CD133 previously (11). Hence, it was worthwhile
to further investigate if CD133 also connects endothelial
cell-mediated increase in tumor invasive properties of HBx-
transfected hepatoma cells. We observed a significant increase
in CD133 expression in HBx-transfected Huh7 cells both after
treatments with CM from HUVECs as well as with TGF-β.
After the silencing of CD133 gene in TGF-β treated hepatoma
cells, there was a dramatic reduction in mesenchymal properties
as well as an increment in epithelial characteristics, clearly
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FIGURE 4 | Epithelial mesenchymal transition in different hepatoma cells in presence of media alone or TGF-β. (A) Bar diagram showing average relative wound width

at 24 h divided by that at 0 h in control transfected Huh7 (Ct-Huh7), HBx-Huh7, and Hep3B cells. (B,C) Chemotaxis and matrigel invasion transwell assays depicting

migration of hepatoma cells from upper to lower chamber. (D) Relative mRNA expression of mesenchymal genes in hepatoma cells. Data is represented as mean ±

SD (n = 3 each). *p < 0.05; **p < 0.01, ***p < 0.001.

FIGURE 5 | CD133 expression and silencing in different hepatoma cells. (A) Relative mRNA expression of CD133 in hepatoma cells in presence of media alone and

CM of HUVECs. (B) Relative mRNA expression of CD133 in hepatoma cells in presence of media alone and TGF-β. (C,D) Dot-plots and bar diagram of flow cytometry

data depicting percentage of CD133 positive cell population in Huh7 and Hep3B cells treated with media alone or TGF-β. (E) Relative mRNA expression of CD133 in

TGF-β treated hepatoma cells after transfection with control or CD133 siRNA. (F) Flow cytometry quantitative data of CD133 gene in TGF-β treated hepatoma cells

after transfection with control or CD133 siRNA. Data is represented as mean ± SD (n = 3 each). *p < 0.05; ***p < 0.001.

indicating that the gain of mesenchymal features in these cells
is attributed to increase in the expression of stemness-associated
marker, CD133.

In summary, our study describes that increased expression of
HBx during HBV infection in association with secretory factors
released by HBx-transfected hepatoma cells or neighboring
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FIGURE 6 | Epithelial mesenchymal transition in TGF-β incubated hepatoma cells treated with control siRNA or CD133 siRNA. (A) Bar diagram showing average of

relative wound width at 24 h divided by that of 0 h. (B,C) Chemotaxis and matrigel invasion transwell assays showing migration of hepatoma cells from upper to lower

chamber. Bar diagram showing the number of TGF-β exposed silenced hepatoma cells migrated toward the lower chamber in various conditions, respectively.

(D) Relative mRNA expression of EMT genes in the hepatoma cells. (E) Flow cytometry analysis showing percentage of hepatoma cells expressing specific EMT

markers (i.e., CDH1 and VIM). Data is represented as mean ± SD (n = 3 each). *p < 0.05; **p < 0.01; ***p < 0.001.

endothelial cells, particularly TGF-β, imparts invasive properties
to these cells via EMT induction through increased expression of
CD133. It would be worthwhile to validate these findings under in
vivo settings where the tumor microenvironment is much more
complex, as macrophages, neutrophils, and lymphocytes are
also recruited to the tumor stroma. Most therapeutic strategies
against cancer have focused either on targeting tumor cells
or the stromal cells, including various angiogenesis inhibitors,
both of which have limited benefits. Given the vital role
of tumor-stroma dialogue in tumor metastasis, it becomes
imperative to identify the underlying signaling mechanisms
of interaction and designing of novel therapeutic strategies
to manipulate these interactions for blocking tumor growth
and progression.
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