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Abstract Hepatocellular carcinomas (HCC) are aggres-
sive cancers, and the prognosis of HCC patients is poor.
This study investigated the roles of CD29 in epithelial-
mesenchymal transition (EMT) and chemoresistance and
radioresistance in HCC tumors. CD29 expression in HCC
and peritumoral tissues was measured by immunohisto-
chemistry. CD29 overexpression was established by an
adenovirus-carrying CD29 gene expression cassette, while
silencing of CD29 expression was established by an ade-
novirus-carrying shRNA. Western blot was used to mea-
sure protein expression, and MTT was used to analyze cell
viability. Xenograft HCC mouse model was established
by inoculating isolated CD29" and CD29~ HCC tumor
cells. Significantly higher percentage of positive CD29
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expression was observed in HCC tissues compared to
peritumoral tissues. Xenograft CD29" tumors grew more
quickly than CD29~ tumors. CD29" tumors were more
resistant to radiotherapy and cisplatin therapy than CD29™
tumors. Overexpression of CD29 significantly increased
the resistance of CD29™ tumors to radiation and cisplatin
treatment. In contrast, silencing of CD29 expression sig-
nificantly sensitized CD29™" tumors to irradiation and cis-
platin treatment. Overexpression of CD29 decreased
E-cadherin, but increased fibronectin, vimentin, ILK ac-
tivity, Akt Ser*’® phosphorylation, and mTORC]1 protein
expression in Hep G2 and THLE-3 cells. Moreover,
overexpression of CD29 significantly increased the resis-
tance of Hep G2 and THLE-3 cells to starvation, radiation,
and cisplatin treatments. This study suggests that CD29
plays a crucial role in the resistance of HCC to chemo/
radiotherapy and EMT of liver epithelial cells.

Keywords Hepatocellular carcinoma - CD29 - EMT -
Chemotherapy - Radiotherapy

Introduction

Liver cancer is the leading cause of cancer-related deaths
in China, and the crude mortality of liver cancer in 2009
was reported to be 26.04/100,000 [1]. Hepatocellular car-
cinoma (HCC) is an aggressive tumor with poor prognosis.
The 5-year survival rate of early detected HCC is around
70 %, and 15 % of patients experience cancer recurrence
[2]. However, most patients with HCC are diagnosed at an
advanced stage [3]. Patients with advanced-stage HCC
have a median survival of only 6-20 months and a 5-year
survival rate of 3 % [4]. These figures suggest that the
mechanisms related to tumorigenesis, progression, and
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therapeutic resistance of HCC have not been fully
elucidated.

Integrins are heterodimeric membrane glycoproteins
composed of an alpha chain and a beta chain. The CD29
gene encodes an integrin B1 chain, which forms a complex
with alpha chains to produce integrins, such as a3B1 and
a4B1. [5]. Integrin-linked kinase (ILK) is a serine/thre-
onine protein kinase. ILK can be activated by extracellular
stimulation through interacting with the cytoplasmic do-
mains of B1 and B3 integrins [6]. ILK can also activate Akt
through phosphorylating AKT at Ser*’®, which subse-
quently activates mTOR signaling. The ILK-Akt-mTOR
signaling cascade significantly contributes to Bl integrin-
mediated anchorage-dependent survival of cells [7]. Inte-
grins exhibit a broad spectrum of biological activities, and
their roles in cancer cell migration, invasion, and metas-
tasis have been intensively investigated [8]. CD29 ex-
pression has previously been detected in HCC [9, 10], and
its role has been linked to the metastasis of HCC cells [11].
Studies during the past decade have found a subset of
cancer cells with the ability to escape from chemo/radio-
therapy. This cancer cell subpopulation, called cancer stem
cells (CSCs), can initiate tumor growth and cause tumor
recurrence [12]. A recent study demonstrated that CD29 is
a CSC marker and is involved in epithelial-mesenchymal
transition (EMT). As a stem cell marker, CD29 may be
involved in tumor progression and drug resistance [13].

Epithelial-mesenchymal transition is thought to be an
early event in tumor progression comparable to invasion
and metastasis. Cells that undergo EMT often lose their
epithelial characteristics, and these cells exhibit a decrease
in E-cadherin expression. With the loss of epithelial char-
acteristics, cells that undergo EMT also gain mesenchymal
properties, such as differentiation, proliferation, and mi-
gration with an upregulation of vimentin and fibronectin
expression [14, 15]. EMT is thought to play a critical role
in tumor metastasis, recurrence, and resistance to therapy
[16]. Although CD29 expression has been observed in
HCQC, it is unclear whether CD29 is involved in the EMT of
liver epithelial cells and HCC cells.

In this study, we investigated the expression of CD29
protein in HCC tumor tissues and peritumoral tissues. We
further investigated the sensitivity of CD29" and CD29~
HCC cells to radiation and cisplatin treatment and the roles
of CD29 in EMT of HCC and liver epithelial cells.

Materials and methods
Subjects

Fifty-eight hepatocellular carcinoma (HCC) specimens
were collected at Xiangya Hospital from January 2013 to

@ Springer

December 2014. The HCCs were diagnosed by clinical
symptoms, ultrasound B screening, and histological stain-
ing. Of the 58 HCC patients, 47 were male and 11 were
female with an average age of 47.2 years. Among the 58
HCC patients, two had lymph node metastasis and 13 pa-
tients had vascular invasion. No patient was given preop-
erative chemotherapy or radiotherapy before sampling.
Twenty-four peritumoral tissues were collected from the 58
HCC patients. Peritumoral tissues were collected at >3 cm
from the edge of tumor mass. Tumor and peritumoral tis-
sues were routinely paraffin-embedded. This study was
approved by the Human Research Ethics Committee of
Xiangya Hospital.

Immunohistochemistry

The paraffin-embedded tumors and peritumoral tissues
were sectioned at 5 pm, and the immunostaining was
carried out using EnVision™ Detection Kit (Dako
Laboratories, CA, USA) according to the manufacturer’s
protocol. Briefly, the sections were deparaffinized and in-
cubated with peroxidase inhibitor (3 % H,0,) before
staining. After washing with 1xPBS, sections were incu-
bated with rabbit anti-human CD29 antibody for 1 h fol-
lowed by HRP-conjugated goat-anti-rabbit antibody for
30 min after washing with 1xPBS. Sections were then
stained with DAB and counter-stained with hematoxylin.
The positive controls were purchased from Beijing
Zhongshan Golden Bridge Biotechnology (Beijing, China).
Anti-green fluorescence protein antibody was used as
negative control in place of the primary antibody. The
positively stained cells were counted under 400x magni-
fication as previously reported [17]. Both the percentage of
positive cells and staining intensity were used for deter-
mining whether a sample showed positive or negative
overall expression. A sample was defined as strongly
positive when >50 % of cells showed positive staining. A
sample was defined as moderately positive when >25 %,
but <50 % of cells showed positive staining. A sample was
defined as negative when <25 % of cells showed positive
staining or cells showed negative staining.

Isolation of CD29* and CD29~ HCC cell subsets

HCC tumor tissues from five patients were used for cell
isolation, and the mixed cells were used for animal ex-
periments. Briefly, the tumor tissues were cut into small
pieces and incubated in a working solution of collagenase
(0.25 Wiinsch U/mL). After washing with DMEM/F-12 K
medium, the single cells were cultured for one passage in
DMEM/F-12 K medium containing 10 % FCS (fetal calf
serum). The trypsinized cells were then suspended at a
concentration of 1 x 10%mL and incubated with FITC-
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anti-human CD29 mAb (BioSS, China) for 1 h in the dark.
After rinsing with 1 xPBS, cells were fixed and treated with
permeabilization solution. CD29" and CD29~ cells were
sorted with MoFlo flow cytometry (Dako, CA, USA).

CD29 overexpression and silencing vectors

The overexpression of human CD29 gene was established by
delivery of adenovirus-carrying human CD29 gene expres-
sion cassette. The adenovirus was produced using AdEasy ™
Adenoviral Vector System (Agilent Technologies). Briefly,
human CD29 gene (BC020057) was amplified by PCR using
forward primer: 5-GCTCGAGAAGATGAATTTACAAC
CAATTTTCTGG-3' and reverse primer: 5'-GGATATCCT
CATTTTCCCTCATATTCGG-3' from a human cDNA li-
brary. The amplified fragment (2409 bp) was purified and
directly cloned into pAdtrack-CMV vector at Xhol and
EcoRV sites. The CD29 gene sequence was validated by
directly sequencing the positive clones using six primers
among the human CD29 gene (400 bp per primer). The
pAdtrack-CMV vector containing correct human CD29 se-
quence was subjected to virus production as previously de-
scribed [18]. The produced adenovirus-carrying human
CD29 gene expression cassette was called Ad-CD29. To
knock down CD29 gene expression, Ad-h-ITGB1-shRNA
virus expressing shRNA to knockdown of human CD29
mRNA was purchased from Vector BioLabs (Malvern, PA,
USA). This virus was called AdsiCD29 in this study and
amplified as previously described. An adenovirus produced
directly from pAdtrack-CMV blank vector was used as
negative control, called AANC.

Tumor growth experiments

One hundred Balb/C nude mice (BALB/c, nu/nu) weighing
21-22 g were purchased from Shanghai Biological Science
Institution and housed in the animal facility of Central
South University. The animal protocol was approved by the
Animal Use Committee of Central South University, and
all experiments were performed in accordance with the
animal care guidelines of the Chinese Council.

Experiment 1

Approximately 1 x 10° CD29" HCC tumor cells were
subcutaneously injected into the right hind limbs of 50
mice. After the tumors grew to 100 mm3, mice were ran-
domly divided into five groups (N = 10 for each group):
the control group receiving AANC control virus injection,
radiation group receiving AANC injection plus radiation,
cisplatin group receiving AANC and cisplatin injection,
Rad+AdsiCD29 group receiving radiation plus AdsiCD29
virus injection, and Cis+AdsiCD29 group receiving

cisplatin and AdsiCD29 virus injection. Tumors were ir-
radiated for 5 Gy using 320 kV X-rays for three continuous
days, while covering the rest of the mouse’s body. Cis-
platin was injected intraperitoneally at a concentration of
4 mg/kg daily for 6 days. AANC, ADCD29, or AdsiCD29
virus (1 x 10® pfu in 50 pL saline) was intratumorally
injected just after irradiation or cisplatin injection one time
per week for three weeks. Animals were killed 30 days
after treatments. Tumor volume was calculated with the
formula (L x W?)/2, where L is the tumor length and W is
the tumor width, both of which were measured with a
caliper.

Experiment 2

1 x 10° CD29~ HCC tumor cells were subcutaneously in-
jected into the right hind limbs of 50 mice. After the tumors
grew to 100 mm3, mice were randomly divided into five
groups (N = 10 for each group): the control group receiving
AdNC control virus injection, radiation group receiving
AdNC injection plus radiation, cisplatin group receiving
AdNC and cisplatin injection, Rad+AdCD29 group receiving
radiation plus AdCD29 virus injection, and Cis+AdCD29
group receiving cisplatin and AdCD29 virus injection. Ani-
mals were irradiated and injected as described above.

Cell culture

Hep G2, a human liver hepatocellular adenocarcinoma cell
line, and THLE-3, a human liver epithelial cell line, were
originally purchased from ATCC (American Type Culture
Collection) and incubated in DMEM/F-12 (Invitrogen) and
BEGM (Lonza/Clonetics Corporation, Walkersville, MD)
medium, respectively. The complete medium contained
10 % fetal bovine serum and 1 % penicillin/streptomycin.
Cells were cultured at 37 °C, 5 % CO..

Western blot

Hep G2 and THLE-3 cells were passed 24 h and grew in
10-cm dishes at 70-80 % confluency before treatments.
Cells were infected with 10 MOI (multiple of infection) of
AdCD29, AdANC control virus, or no virus for 24 h. Cells
were harvested and homogenized, and Western blot was
performed as previously described [19]. Briefly, 10 pg of
total protein was loaded onto each lane of a 4-15 % SDS-
PAGE gel. After transferring the protein onto a PVDF
membrane and blocking with 5 % nonfat milk for 30 min,
membranes were incubated with primary antibody at room
temperature for 2 h, followed by HRP-labeled secondary
antibody (1:2000 dilution) for 2 h at room temperature.
Immunoreactive proteins were visualized using a chemi-
luminescence reagent (Pierce, Rockford, IL, USA). To
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control for loading efficiency, the blots were stripped and
re-probed with «-tubulin antibody (Sigma-Aldrich, St.
Louis, MO, USA). The CD29, Akt Ser*’?, mTORC1, and
peroxidase-labeled secondary antibodies were purchased
from Cell Signaling Technology (Beverley, MA, USA).
The antibodies for E-cadherin, N-cadherin, fibronectin, and
vimentin were purchased from Abcam (USA).

ILK activity assay

Hep G2 and THLE-3 cells at 70-80 % confluency in 10-cm
dishes were infected with 10 MOI of AdCD29, AANC
control virus, or no virus for 24 h. Cells were harvested and
homogenized. ILK activity was analyzed as previously
described [20].

MTT assay

Hep G2 or THLE-3 cells were seeded into each well of
96-well plates. After treatments, the 3-(4,5-dimethylth-
iazol-2yl)-2,5-diphenyltetrazolium bromide (MTT) assay
was performed as previously described [18]. The cell via-
bility was calculated as the percentage of absorbance in the
non-virus-infected control (blank control).

Starvation experiments

1 x 10*Hep G2 or THLE-3 cells were seeded into each well
of 96-well plates. After 24 h, cells were infected with 10
MOI of AdCD29 or AdNC virus. Cells without virus infec-
tion were used as blank control. Cells were then incubated
with medium containing no FCS for 72 h. Cells without virus
infection were incubated with medium containing 10 % FCS
as a control. Cells were then subjected to MTT assay.

Irradiation of cells
Hep G2 or THLE-3 cells were seeded and infected as de-

scribed above. Cells were irradiated for 0, 1, 2, 4, 6, and
8 Gy. After 72 h, cells were subjected to MTT assay.

Cisplatin treatment of cells
Hep G2 or THLE-3 cells were seeded and infected as de-
scribed above. Cells were then incubated with 0, 10, 30,

100, 300, and 1000 pM of cisplatin for 72 h, followed by
MTT assay.

Statistical analysis

Data were presented as mean =+ standard error and ana-
lyzed using SPSS version 17.0 (SPSS Inc., Chicago, IL,
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USA). One-way ANOVA was used for statistical analyses
and for comparison between groups. A P < 0.05 was
considered statistically significant.

Results

The expression of CD29 in HCC and peritumoral
tissues

Immunohistological staining showed that CD29 protein
expression was mainly located in the cytoplasm and nu-
cleus (Fig. 1a). Among the 58 HCC tumors, CD29 ex-
pression was negative in 14 (24.1 %) patients, moderately
positive in 18 (31.0 %) patients, and strongly positive in 26
(44.8 %) patients. Among the 24 peritumoral tissues, CD29
expression was negative in 15 (62.5 %) samples, moder-
ately positive in four (16.6 %) samples, and strongly
positive in five (20.8 %) samples. Significant differences in
the percentage of CD29 positive expression were observed
between HCC and peritumoral tissues (Fig. 1b)
(P < 0.001).
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Fig. 1 CD29 expression in tumor and peritumoral tissues. a Repre-
sentative immunohistochemical staining of CD29 expression. HCC
hepatocellular carcinomas, PTT peritumoral tissues. b Percentage of
positive CD29 expression in HCC or peritumoral tissues. NW
negative or weak expression, MP moderately positive, SP strongly
positive
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CD29" HCC tumors are more resistant to chemo-
and radiotherapy in xenograft animal models

The roles of CD29 in radioresistance and chemoresistance
were investigated using xenograft CD29" and CD29~
HCC tumor models. Tumors that grew from inoculation of
CD29" HCC cells took 15 days to grow to 100 mm?> in
volume (Fig. 2a). In contrast, tumors in mice inoculated
with CD29~ HCC cells took 27 days to grow to 100 mm?
(Fig. 2a). After tumors grew to 100 mm’, mice were
treated as described in the Methods section above. A sig-
nificant difference in tumor growth between the radiation
and cisplatin injection group and the control group was
observed 15 days after first radiation or cisplatin injection
in mice inoculated with CD29™ HCC cells (Fig. 2b). Sig-
nificant differences between treatment groups and control
groups can only be seen 24 days post-treatments in mice
inoculated with CD29% HCC cells (Fig. 2c). CD29" tu-
mors were more resistant to irradiation and cisplatin
treatment than CD29~ tumors (P < 0.01). To further
validate the role of CD29, CD29 expression was silenced in
mice with CD29" tumors by intratumoral injection of
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AdsiCD29, and CD29 was overexpressed in mice with
CD29™ tumors by intratumoral injection of AdCD29 virus.
Injection of AdCD29 significantly increased the resistance
of CD29™ tumors to irradiation and cisplatin treatment
(Fig. 2b). In contrast, injection of AdsiCD29 virus sig-
nificantly increased the sensitivity of CD29" tumors to
irradiation and cisplatin treatment (Fig. 2c).

The expression of CD29 in xenograft tumor tissues was
measured by Western blot. CD29 was weakly expressed in
CD29™ tumors, and injection of AdCD29 virus caused a
high expression of CD29 in tumor tissues (Fig. 2d). CD29
protein levels were highly expressed in CD29" tumors, and
injection of AdsiRNA significantly decreased CD29 ex-
pression in CD29™ tumors (Fig. 2e).

Overexpression of CD29 enhanced EMT in HCC
tumor cells and liver epithelial cells through
a CD29-ILK-Akt-mTORC1 pathway

Hep G2 (Fig. 3a) and THLE-3 (Fig. 3b) cells at 80 %
confluency were infected with AdCD29, AdNC virus, or no
virus infection for 24 h. Cells were harvested for Western
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Fig. 2 Tumor growth and CD29 expression. a Comparison of tumor
growth between CD29" and CD29~ tumors. b Growth of CD29~
tumors with different treatments. CD29~ tumors were sensitive to
irradiation and cisplatin treatment, while AdCD29 virus injection
significantly increased the resistance to irradiation and cisplatin
treatments. ¢ Growth of CD29" tumors under different treatments.
CD29" tumors were resistant to irradiation and cisplatin treatment,
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while AdsiCD29 virus injection significantly sensitized tumors to
irradiation and cisplatin treatments. d Representative CD29 protein
expression in CD29™ tumors. Injection of AdCD29 virus resulted in
overexpression of CD29. e Representative CD29 expression in
CD29" tumors. Injection of AdsiCD29 virus obviously inhibited
CD29 expression, N = 10
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Fig. 3 Western blot of protein expression. a Western blot of protein
expression in Hep G2 cells. b Western blot of protein expression in
THLE-3 cells. Cells were infected with negative control virus
(AdNC), CD29 expression virus (AdCD29), or no virus (blank).
Western blot was performed after cells were infected for 24 h, N = 5

blot assay. AACD29 virus infection caused an overex-
pression of CD29 protein in both Hep G2 and THLE-3
cells. The protein expression of E-cadherin was low in Hep
G2 (Fig. 3a) and high in THLE-3 (Fig. 3b) cells. However,
AdCD29 infection significantly decreased E-cadherin pro-
tein expression in both cell lines. In contrast, the protein
expression of fibronectin and vimentin was significantly
increased in AdCD29-infected Hep G2 (Fig. 3a) and
THLE-3 (Fig. 3b) cells. No changes in N-cadherin ex-
pression were observed. These results suggested that: (1)
high CD29 expression can further decrease N-cadherin
expression, but increase fibronectin and vimentin expres-
sion in HCC tumor cells, which suggested EMT in HCC
tumor cells, and (2) high CD29 expression caused EMT in
liver epithelial cells. To further investigate the downstream
signaling of CD29, the ILK-Akt-mTOR signaling was
studied. AdCD29 infection significantly increased ILK
activity, Akt Ser*’? phosphorylation, and mTORC]1 protein
expression in both Hep G2 (Fig. 3a) and THLE-3 (Fig. 3b)
cells, but the role of AdCD29 infection was more sig-
nificant in THLE-3 cells. These results suggested that the
activated EMT may be mediated by CD29-ILK-Akt-mTOR
signaling.

Overexpression of CD29 increased the resistance
of cells to starvation, radiation, and cisplatin
treatments

Hep G2 (Fig. 4a) and THLE-3 (Fig. 4b) cells infected with

AdCD29 or AdANC virus were cultured in medium con-
taining no FCS for 72 h. MTT assay showed that AdCD29
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infection significantly increased the resistance of Hep G2
(P < 0.05) and THLE-3 cells (P < 0.001) to starvation.
The effect was more significant in THLE-3 cells. We fur-
ther observed the effect of CD29 in chemoresistance and
radioresistance. AACD29 infection significantly increased
the resistance of Hep G2 cells to 4, 6, and 8 Gy irradiation
(Fig. 4c) and 30-1000 uM cisplatin treatments (Fig. 4d).
Similarly, AdCD29 infection significantly increased the
resistance of THLE-3 cells to 4, 6, and 8 Gy irradiation
(Fig. 4e) and 30-1000 uM cisplatin treatments (Fig. 4f).

Discussion

Previous studies reported increased CD29 (integrin 1)
expression in HCC tissues and suggested that CD29 is a
stem cell marker involved in tumor progression and drug
resistance. Also, CD29 has been revealed to participate in
EMT. However, (1) the role of CD29 in EMT of HCC
tumors, (2) the role of CD29 in the tumorigenesis of HCC,
(3) the role of CD29 in chemo/radioresistance of HCC, (4)
the role of CD29 in cell survival of HCC under a cir-
cumstance of nutrition deficiency, (5) the role of EMT in
HCC chemo/radioresistance, and (6) the signal pathway of
CD29-mediated EMT in HCC and liver epithelial cells
have not been examined. These questions have been an-
swered in this study through experiments with xenograft
CD29* and CD29~ HCC models in vivo and HCC tumor
cells and normal liver epithelial cells in vitro. Our study
suggests that high CD29 expression is involved in EMT of
both the HCC tumor cells and liver epithelial cells though
CD29-ILK-Akt-mTOR signaling, which confers chemore-
sistance and radioresistance to HCC tumors.

Consistent with previous studies [9, 10], this study
demonstrated that CD29 was highly expressed in HCC
tumor tissues (75.9 % positive) compared to the peritu-
moral tissues (37.4 % positive). To identify the biological
activities of CD29 in HCC, CD29% and CD29~ tumor cells
were isolated from human HCC tumors and inoculated in
nude mice. Our results showed that xenograft CD29" HCC
tumors grew more quickly than CD29~ tumors. Impor-
tantly, these CD29" tumors were more resistant to both
irradiation and cisplatin treatment than CD29™ tumors. The
resistance of CD29" tumor to chemo/radiotherapy was
reversed by silencing of CD29 expression via an adeno-
virus-carrying shRNA. Conversely, the CD29™ tumor be-
came resistant when CD29 was overexpressed through an
adenovirus-carrying CD29 expression cassette. These ob-
servations provide solid evidence that HCC tumor cells
with high expression of CD29 are more aggressive and
high CD29 expression renders the HCC tumor cells resis-
tant to chemo/radiotherapy. A previous study had
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demonstrated that CD29 is a CSC marker [13]. We propose
that CD29 may also a CSC marker in HCC.

A previous study observed the role of CD29 in EMT of
cancer cells [12], but its roles in HCC have not been re-
ported. This study demonstrated that overexpression of
CD29 decreased E-cadherin protein expression, while in-
creasing fibronectin and vimentin protein expression in
Hep G2 HCC tumor cells. E-cadherin is an epithelial
marker, and fibronectin and vimentin are mesenchymal
markers [14, 15]. This suggests that high CD29 expression
could lead to EMT in HCC tumor cells. Moreover, over-
expression of CD29 significantly increased the resistance
of Hep G2 cells to starvation, irradiation, and cisplatin
treatment. Therefore, the CD29-mediated EMT is involved
in the survival and chemo/radioresistance of HCC tumor
cells. A novel finding in this study is that overexpression of
CD29 caused more significant changes in E-cadherin,

fibronectin, and vimentin expression in THLE-3 normal
liver epithelial cells, suggesting that high CD29 expression
could induce EMT in normal liver epithelial cells. Fur-
thermore, overexpression of CD29 also significantly in-
creased the resistance of THLE-3 cells to starvation,
irradiation, and cisplatin treatment. This further suggests
that liver epithelial cells could gain characteristics of
cancer cells through EMT and CD29 may be involved in
the tumorigenesis of liver cancer.

A previous study demonstrated that constitutive activa-
tion of ILK can lead to oncogenic phenotypes in epithelial
cells through downregulation of E-cadherin expression and
subsequent epithelial to mesenchymal transformation [6].
Our study demonstrated that overexpression of CD29 in-
creased ILK activation, Akt Ser*’® phosphorylation, and
mTOR protein expression in THLE-3 normal liver ep-
ithelial cells. The activation of ILK-Akt-mTOR signaling
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parallels the downregulation of E-cadherin and upregula-
tion of fibronectin and vimentin expression. Moreover, the
normal epithelial cells overexpressing CD29 are resistant
to starvation and chemo/radiotherapy. This suggests that
high CD29 expression can result in EMT in liver epithelial
cells through activation of ILK-Akt-mTOR signaling. The
observation in THLE-3 cells was confirmed in Hep G2
HCC tumor cells. Therefore, our study highlighted the role
of CD29 in HCC tumorigenesis, HCC cell survival, and
resistance to therapies.

In conclusion, this study suggests that high CD29 ex-
pression activates ILK-Akt-mTOR signaling, which sub-
sequently results in EMT in both normal liver epithelial
cells and HCC tumor cells. CD29-mediated EMT is in-
volved in the tumorigenesis of HCC and survival and
chemo/radioresistance of HCC cells.
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