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Abstract. Although it is difficult to detect αvβ6 integrin 
(αvβ6) in normal epithelia cells, its expression is upregulated 
during wound healing and carcinogenesis. Overexpression of 
αvβ6 has been demonstrated in epithelial cell carcinomas, 
such as adenocarcinoma of the colon and ovary. However, the 
expression of αvβ6 has not been reported in hepatocellular 
carcinoma (HCC). We previously indicated that LPA may 
induce αvβ6‑mediated TGF‑β1 signaling mechanisms during 
the pathogenesis of lung injury and fibrosis. In addition, 
transforming growth factor‑β1 (TGF‑β1) and lysophospha-
tidic acid (LPA) have been demonstrated to participate in the 
progression of HCC. In the present study, we hypothesized 
that TGF‑β1 and LPA would serve a key role in the subunit 
integrin β6 (Itgβ6) transcriptional regulatory mechanism in 
HCC. It was identified that human HCC tissues and Hep‑3B 
cells expressed Itgβ6. Treatment of Hep‑3B with TGF‑β1 or 
LPA increased the expression of Itgβ6. Furthermore, trun-
cation experiments indicated a positive regulatory region 
at ‑326 to ‑157 bp of the Itgβ6 promoter. TGF‑β1 and LPA 
increased transcriptional activation at this regulatory region. 
To the best of our knowledge, the present study was the first 
to demonstrate Itgβ6 expression in HCC, and the data indi-
cate that TGF‑β1 and LPA regulate Itgβ6 expression through 
the Itgβ6 gene promoter, which is an important factor in the 
development of HCC.

Introduction

Primary liver cancers (PLC), including cholangiocarcinoma 
(CC) and hepatocellular carcinoma (HCC), are the third and 
sixth most common causes of cancer‑associated mortalities for 
men and women, respectively. Worldwide, >560,000 people 
are diagnosed with PLC annually (1,2). Of these, 55% of the 
cases are in China, where PLC was the second most common 
cause of cancer mortality in 2002 (1‑3). HCC accounts for 
85‑90% of all PLC worldwide (4); HCC and PLC often are 
used interchangeably. The median survival length in unresect-
able cases is >4 months, and >1 year for untreated patients 
with less advanced disease, which demonstrates the poor 
prognosis of this type of cancer (1,4,5). Therefore, it is crucial 
to understand the mechanisms that regulate the progression of 
HCC for the development of novel and effective therapeutic 
approaches.

Integrins mediate the adhesion between the cellular cyto-
skeleton and extracellular matrix. They serve a key role in 
outside‑in and inside‑out signaling, and also control a variety 
of vital cell functions including: Adhesion; differentiation; 
migration; cell division; and apoptosis (6‑8). αvβ6 integrin 
(αvβ6) is an important member of the integrin family, which 
is unique as it is expressed exclusively in epithelial cells (9). 
During embryogenesis, αvβ6 is expressed at high levels in 
the developing lung, skin and kidney epithelia cells, while 
its expression is downregulated in healthy adult epithelia 
cells  (10‑12). Previously, αvβ6 integrin was demonstrated 
to be highly upregulated in carcinomas of the breast, chol-
angiocarcinoma, pancreatic ductal, colon, stomach, ovary 
and endometrium, and also in liver metastases derived from 
colorectal and pancreatic carcinomas  (13‑19). However, 
the expression and role of αvβ6 has not been thoroughly 
investigated in HCC.

We previously indicated that Lysophosphatidic acid 
(LPA) induces αvβ6‑mediated transforming growth factor‑β1 
(TGF‑β1) activation (20), and Geng et al (21) demonstrated 
similar results. TGF‑β1 is involved in the development of 
tumor‑initiating cells, contributes to angiogenesis and promotes 
liver cancer development (22‑24). There is significant evidence 
that also indicates its important role for Autotaxin‑LPA 
signaling in human HCC (25‑27). Furthermore, β6 only part-
ners with αv, forming a single heterodimer, and its synthesis 
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is rate‑limiting for αvβ6 expression (9). Based on results from 
these previous studies, we hypothesized that the integrin β6 
subunit (Itgβ6) is upregulated in HCC, and that there is an 
association between TGF‑β1 and LPA in the expression of 
Itgβ6. In the present study, the expression levels for Itgβ6 
in HCC tissue samples and tumor‑derived cell lines were 
evaluated, and the role of LPA and TGF‑β1 in the regulation 
of Itgβ6 expression and transcriptional activation of Itgβ6 gene 
promoter was investigated in Hep‑3B.

Materials and methods

Cell culture. Cell lines were purchased from the Shanghai 
Institute of Biochemistry and Cell Biology, Shanghai Institutes 
of Biological Sciences, Chinese Academy of Sciences 
(Shanghai, China). Human hepatic cancer Hep‑3B cells were 
cultured in Dulbecco's modified Eagle's medium (DMEM; 
Gibco; Thermo Fisher Scientific, Inc., Waltham, MA, USA) 
supplemented with 10% fetal bovine serum (FBS; Gibco; 
Thermo Fisher Scientific, Inc.). Human hepatocyte HL‑7702 
cells were maintained in RPMI‑1640 (RPMI‑1640; Gibco; 
Thermo Fisher Scientific, Inc.) supplemented with 20% FBS 
containing penicillin (100 U/ml) and streptomycin sulfate 
(100 µg/ml). Cell lines were maintained at 37˚C with 5% CO2 
in a humid incubator. 

Human samples. Paraffin‑embedded human liver and 
colorectal carcinoma tissues were obtained from the Second 
Affiliated Hospital of Shantou Medical College (Shantou, 
China). Samples were collected from consecutive patients 
undergoing surgical resection for HCC (n=23), hepatic meta-
static adenoma [n=2; 1 male, 1 female, age range 50‑52 years 
(mean, 51.00±1.41)] and colorectal carcinoma [n=5; 4 males, 
1 female, age range 54‑78  years (mean, 64.80±11.30)]. 
Histologically normal liver tissues were collected from 
patients undergoing resection for other carcinomas [n=4; 3 
males, 1 female, age range 54‑78 years (mean, 62.00±10.86)], 
and served as controls. The population of patients with 
HCC included 21 men and 2 women ranging in age between 
37‑78  years (mean, 50.04±2.45). HCC was histologically 
confirmed, and tumor staging was performed using the Cancer 
of the Liver Italian Program (CLIP; which incorporates Child 
stage, tumor morphology, AFP levels, and the presence of 
portal vein thrombosis) system (28). Patient characteristics 
are summarized in Table I; no patients had received preop-
erative chemotherapy. The Ethical Committees of the Second 
Affiliated Hospital of Shantou Medical College and the 
Medical College of Shantou University approved the present 
study, and all patients provided written informed consent.

Immunohistochemistry. The histological sections were 
de‑paraffinized in 100% xylene for 30 min at room tempera-
ture, and then incubated in graded ethanol (100% ethanol 
for 15 min, 95% ethanol for 5 min, 90% ethanol for 5 min, 
then 70% ethanol for 5 min, successively) for 30 min at room 
temperature. Subsequent to blocking endogenous peroxidase 
activity in 3% H2O2 for 30 min at room temperature, the 
sections were incubated at 4˚C overnight with the primary 
anti‑Itgβ6 mouse monoclonal antibody (Merck KGaA, 
Darmstadt, Germany) applied at a dilution rate of 1:50 in 

antibody diluents (Dako; Agilent Technologies, Inc., Santa 
Clara, CA, USA), followed by PV9000 reagent (ZSGB‑BIO; 
OriGene Technologies, Inc., Beijing, China) according to 
the manufacturer's protocol. A 3‑amino‑9‑ethylcarbazole 
kit (ZSGB‑BIO; OriGene Technologies, Inc.) was used to 
visualize positive staining according to the manufacturer's 
protocol. Nuclei were stained with 0.5% hematoxylin for 10 sec 
at room temperature and covered with glycerogelatin. The 
primary antibodies were replaced by antibody diluent to serve 
as controls (50:1; DAKO; Agilent Technologies, Inc., Santa 
Clara, CA, USA). The anti‑Itgβ6 mouse monoclonal antibody 
(mAb) immunoreactivity colorectal carcinoma specimen that 
is known to be positive for β6 was used as a positive control. 
Staining was scored using the following scale: Negative (‑, 0% 
of cytoplasmic stain), weak (+, <20%), moderate (++, 20‑50%), 
strong (+++, >50%). A total of 10 random views were taken 
of each section and the proportions of cytoplasmic stain 
were calculated in these views. Representative images were 
captured at x200 original magnification using a light micro-
scope (BX‑51TRF; Olympus Corporation, Tokyo, Japan).

Reverse transcription‑quantitative polymerase chain 
reaction (RT‑qPCR). Hep‑3B cells were stimulated with 
either: i)  TGF‑β1 (5  ng/ml) for 8, 12 and 24  h; ii) LPA 
(10 µM) for 12, 24, 48 and 72 h; iii) DMEM/0.1% bovine 
serum albumin (BSA) alone (serving as a negative control) in 
6 well plates. Hep‑3B cells were stimulated with either TGF‑β 
(5 ng/ml) for 8 h, LPA (10 µM) for 24 h, TGF‑β (5 ng/ml) for 
8 h + LPA (10 µM) for 24 h, or DMEM/0.1% BSA alone 
(serving as a negative control) in 6 well plates. Total RNA 
was extracted using universal RNA Pure reagent (Guangzhou 
Dongsheng Biotech, Guangzhou, China) according to the 
manufacturer's protocol. PCR conditions were: 94˚C for 
2 min, followed by 35‑40 cycles of 94˚C for 30 sec, 58˚C 
for 30 sec and 72˚C for 1 min, finished at 72˚C for 5‑10 min. 
Template cDNA was obtained using reverse transcription of 
1 µg of the total RNA with EasyScript First‑Strand cDNA 
Synthesis SuperMix (Beijing TransGen Biotech Co., Ltd., 
Beijing, China), and relative transcript levels were quantified 

Table I. Characteristics of patients with HCC.

Variables	 HCC (n=23)

Age, years	
  Mean ± standard error of the mean	 50.04±2.445
Sex 	
  Male	 21
  Female	 2
CLIP stages (0‑6)	
  0	 5
  1	 3
  2	 11
  3	 4

CLIP, cancer of the liver Italian program; HCC, hepatocellular 
carcinoma.
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using qPCR on an ABI PRISM® 7300 Fast Real‑Time PCR 
System (Applied Biosystems; Thermo Fisher Scientific, Inc.), 
according to the manufacturer's protocol. The expression 
of Itgβ6 and the housekeeping gene human 18s rRNA (18s) 
gene were determined using the primer sequences: Itgβ6 
forward primer 5'‑GCA​AGC​TGC​TGT​GTG​TAA​GGA​A‑3' 
and reverse primer 5'‑CTT​GGG​TTA​CAG​CGA​AGA​TCA​
A‑3'; 18s forward primer 5'‑TTG​GTG​GAG​CGA​TTT​GTC​
TG‑3' and reverse primer 5'‑AAT​GGG​GTT​CAA​CGG​GTT​
AC‑3'. Itgβ6 and 18s transcripts were amplified using the 
SYBR® Premix Ex Taq™ kit (Takara Biotechnology Co., 
Ltd., Dalian, China), according to manufacturer's protocol. 
The thermocycler conditions were as follows: Initial dena-
turation at 94˚C for 30 sec, followed by 40 cycles of 95˚C for 
5 sec and 60˚C for 30 sec. The relative expression levels of 
Itgβ6 mRNAs were determined using the comparative cycle 
threshold (Cq) method (29) that utilized 18s as the endog-
enous control. Quantity One 4.4 (Bio‑Rad Laboratories, Inc., 
Hercules, CA, USA) was used for analysis.

Western blot assays. Hep‑3B cells were seeded in 25 cm2 flasks 
(Corning Incorporated, NY, USA) containing DMEM supple-
mented with 10% FBS. Cells were grown to 60‑70% confluence 
and the medium was changed to DMEM with 0.1% BSA for 
30 h in the absence (control) or presence of TGF‑β1 (5 ng/ml) 
for 14 h, LPA (10 µM) for 30 h, or TGF‑β1 (5 ng/ml) for 14 h 
+ LPA (10 µM) for 30 h. Cells were then washed with ice‑cold 
PBS 3 times and lysed in radioimmunoprecipitation assay 
buffer (50 mM Tris‑HCl, pH 7.4, 1% Nonidet P‑40, 150 mM 
NaCl, 1 mM EDTA, 1 mM phenylmethylsulfonyl fluoride, 
1 µg/ml aprotinin and leupeptin, 1 mM sodium orthovanadate 
and 1 mM NaF). Following centrifugation (13,400 x g at 4˚C 
for 15 min), the supernatant was collected for protein analysis. 
Protein concentrations were determined using a BCA Protein 
Assay kit (Merck KGaA) according to the manufacturer's 
protocol. Protein samples (80 µg) were separated by 10% 
SDS‑PAGE and transferred onto nitrocellulose membranes 
(Bio TraceTMNT; Pall Corporation, Port Washington, NY, 
USA), and incubated with anti‑integrin β6 mouse mAb (cat. 
no., 442.5C4; Merck KGaA; dilution, 1:200) in TBST at 4˚C 

overnight prior to washing and incubation at room temperature 
for 1 h with horseradish peroxidase‑conjugated goat anti‑mouse 
secondary antibody (sc‑2031; Santa Cruz Biotechnology, Inc., 
Hercules, CA, USA) diluted to 1:1,000 in TBST with 1% BSA. 
Immunoreactive bands were visualized using an EasySee™ 
Western Blot kit (TransGen Biotech, Beijing, China). GAPDH 
(1:1,000) was used as a loading control. The optical densities 
for each band and the density ratio for β6 to GAPDH were 
analyzed using the Quantity One software 4.62 (Bio‑Rad 
Laboratories, Inc.).

Transfection and luciferase assays. The sequence containing 
the full‑length β6 promoter region (‑946/+189 bp, 1,135 bp) 
was generated by PCR as aforementioned. The amplified 
fragment was digested with Kpn I/Xho I and inserted into 
the Kpn I/Xho I sites of pGL2‑Basic luciferase reporter 
gene, and the resulting plasmid was identified as pGLB‑FL. 
Promoter deletions were generated from pGLB‑FL by PCR 
as aforementioned, and inserted into the pGL2‑Basic plasmid 
as previously described  (30). Plasmids were identified as 
pGLB‑112 (+60/+172; 112 bp), pGLB‑207 (‑35/+172; 207 bp), 
pGLB‑359 (‑187/+172; 359 bp), pGLB‑630 (‑458/+172; 630 bp), 
pGLB‑A (‑470/‑157; 313 bp), pGLB‑B (‑388/‑157; 231 bp) and 
pGLB‑C (‑326/ ‑157; 169 bp), respectively.

Hep‑3B cells cultured to 70‑80% confluency were 
transfected using METAFECTENE®PRO reagent (Biontex 
Laboratories GmbH, München, Germany) with 0.2 µg for 
each of the Itgβ6 constructs, and mixed at ratio of 200:1 with 
a control Renilla construct (Biontex Laboratories GmbH) 
according to the manufacturer's protocol. Cell extracts were 
evaluated for promoter activity at 48 h following transfection. 
Prior to collecting cells for extracts, the cells were treated with 
either TGF‑β1 (5 ng/ml) for 24 h, LPA (10 µM) for 24 h, or 
DMEM/0.1% BSA alone as a negative control. Luciferase and 
Renilla activities were determined using a Dual‑Luciferase® 
Reporter Assay System (Promega Corporation, Madison, 
USA) according to manufacturer's protocol. Luminescence 
was measured using an EG&G Berthold Lumat LB9507 
luminometer (Berthold Technologies GmbH & Co. KG, Bad 
Wildbad, Germany). For each sample, luciferase relative light 

Figure 1. Itgβ6 immunohistochemistry in normal liver, hepatocellular carcinoma, and colorectal carcinoma. (A) Normal liver tissue. (B) Normal intrahepatic 
bile ducts. (C and D) Hepatocellular carcinoma nests. (E and F) Intrahepatic bile ducts of the HCC. (G) colorectal carcinoma. (D and F) Negative controls in the 
(D) nests and (F) intrahepatic bile ducts of the HCC. Itgβ6 staining was absent from normal livers, while it is clearly visible in HCC and colorectal carcinoma 
cells. Representative images are presented at magnification, x200. Itgβ6, integrin β6.
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units were adjusted based on Renilla activity to normalize for 
transfection efficiency.

Statistical analysis. Statistical analyses were performed using 
GraphPad Prism 5 (GraphPad Software, Inc., La Jolla, CA, 
USA). Analyses included one‑tailed Pearson tests, two‑tailed 
Student t‑tests for single comparisons and one‑way analysis 
of variance for comparing multiple treatment groups with a 
control group. Bonferroni post hoc test was used to determine 
which results differed significantly. The data are expressed as 
the mean ± standard error of the mean, unless stated otherwise. 
P<0.05 was considered to indicate a statistically significant 
difference.

Results

Itgβ6 immunohistochemistry in human liver tumors. 
Immunoreactivity for Itgβ6 was absent in normal liver tissue, 
liver cells, and intrahepatic bile ducts, which was similar to the 
negative controls (Fig. 1A and B). In contrast, strong staining 
was present in the nests and intrahepatic bile ducts of the 
HCC samples (Fig. 1C and D); blank controls are presented 
in Fig. 1E and F. Itgβ6 immunoreactivity was present in the 
positive control colorectal carcinoma sections (Fig. 1G) and 
detected in hepatic metastases adenoma samples (data not 
shown). The expression of Itgβ6 was measured at mRNA 
levels in the human normal hepatocyte HL‑7702 and human 
hepatic cancer Hep‑3B cell lines. Itgβ6 mRNA was detected 
in Hep‑3B cells, but Itgβ6 expression was not detected in 
HL‑7702 cells (Fig. 2).

No clear association between Itgβ6 immunoreactivity and the 
grade of HCC. No clear association between Itgβ6 immuno-
reactivity and the CLIP grade was observed. There was also 
no significant correlation between Itgβ6 expression and tumor 
grade (r=‑0.284) observed, probably due to the small group 
size (n=23; Table II).

TGF‑β1 and LPA induce Itgβ6 expression in Hep‑3B 
cells. The association between the Itgβ6 mRNA levels and 
TGF‑β1/LPA was evaluated in Hep‑3B cells treated with 
or without TGF‑β1 or LPA for the time periods indicated 
(Fig. 3A and B). TGF‑β1 and LPA induced an increase in 
Itgβ6 expression at mRNA and protein levels in Hep‑3B 
cells (Fig. 3C and D). When compared with the non‑treated 
cells, TGF‑β1, LPA and TGF‑β1+LPA treatments increased 
β6 mRNA levels by 1.87‑, 2.00‑ and 4.53‑fold, respectively 
(Fig. 3E), and protein levels by 2.68‑, 2.76‑ and 4.29‑fold, 
respectively (Fig. 3F).

TGF‑β1 and LPA activate the Itgβ6 gene promoter. To 
confirm that TGF‑β1 and LPA induce transcriptional activa-
tion of the human Itgβ6 gene, the Itgβ6 promoter was cloned 
and luciferase reporter gene assays measured the activity by 
the generation of a series of Itgβ6 promoter deletion mutants. 
Hep‑3B cells were transiently transfected with pGLB‑112, 
pGLB‑207, pGLB‑359, pGLB‑630, pGLB‑FL, and 
pGL2‑basic (pGLB, control). The pGLB‑630 (‑458/+172 bp 
region) was identified to stimulate the maximal luciferase 
activity (Fig. 4A). Sequence deletion from ‑458 to ‑187 bp 

resulted in an ~50% reduction in luciferase activity. To 
investigate the role of the specific regions in stimulation 
of Itgβ6 promoter activity, the region from ‑470 to ‑157 bp 
(containing ‑458 to ‑187 bp) was amplified, and additional 
deletion constructs were generated for the region and named 
pGLB‑A (‑470/‑157 bp), pGLB‑B (‑388/‑157 bp), and pGLB‑C 
(‑326/‑157 bp). Hep‑3B cells were transiently transfected with 
the plasmids containing these deletion constructs. The trans-
fected cells treated with TGF‑β1 or LPA markedly increased 
luciferase activity (Fig. 4B), thus confirming that TGF‑β1 
and LPA trigger transcriptional activation of the Itgβ6 gene 
promoter. Notably, the ‑326 to ‑157 bp proximal fragment was 
identified to be the minimum sequence that retained the full 
response to TGF‑β1 or LPA. Transcriptional Element Search 
System (TESS; http://www.cbil.upenn.edu/tess) analysis indi-
cated that the cloned fragment contained several well‑defined 
transcription factor‑binding sites, including Activator 
protein (AP‑1), transcriptional activator (c‑Myb), hepatocyte 
nuclear factor (HNF)‑1/HNF‑1B, serum response factor 
(SRF), and Yin Yang 1 (YY1) that have been implicated in 
hepatocarcinogenesis (Fig. 4C).

Discussion

In the present study, the expression levels of Itgβ6 were evalu-
ated using hepatocellular carcinoma. Itgβ6 expression was 
increased in HCC cell lines and tissue samples compared with 

Figure 2. Itgβ6 mRNA was detected in Hep‑3B cells, but not detectable in 
HL‑7702 cells. Itgβ6, integrin β6.

Table II. Integrin β6 expression in HCC.

	 Integrin β6 
	 expression, n (%)
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Variables	‑	  +	 ++	 +++

HCC (n=23)	 0	 3 (13)	 9 (39)	 11 (48)

Negative (‑), 0% of cytoplasmic stain; weak (+), <20%; moderate 
(++), 20‑50%, strong (+++), >50%. HCC, hepatocellular carcinoma. 
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normal liver cells and liver tissue; TGF‑β1 and LPA induced 
Itgβ6 expression and activated the Itgβ6 gene promoter. The 
positive regulatory region of the promoter at ‑326 to ‑157 bp 
was identified by deletion analysis.

Itgβ6 was expressed in human HCC tissues and the 
Hep‑3B hepatocellular carcinoma cell line, while Itgβ6 
expression was absent in human normal liver tissue and the 
normal HL‑7702 hepatocyte cell line. These results contrast 
the results demonstrated by Patsenker  et  al  (14), which 
demonstrated the complete absence of Itgβ6 in HCC in 
samples obtained from the Department of Visceral Surgery 
and Medicine, University of Bern (Bern, Switzerland). The 
difference in the expression of Itgβ6 may be due to race and 

hepatitis infection status. For example, hepatitis C virus is 
involved in the development of HCC in the Swiss population, 
while hepatitis B virus‑associated HCC occurs at a higher 
rate in China (31,32).

A previous study indicated that the expression of Itgβ6 was 
associated with poor prognosis and survival in colorectal carci-
noma (33). However, in non‑small lung carcinoma, expression 
of Itgβ6 was predominantly observed in well‑differentiated 
tumors, and considered to be an indicator of good prog-
nosis  (34). In the present study, there was no significant 
correlation between Itgβ6 immunoreactivity and CLIP stage 
in patients with HCC, which may be due to the small group 
size (n=23).

Figure 3. TGF‑β1 and LPA induces the Itgβ6 expression in Hep‑3B cells. Itgβ6 expression was examined using reverse transcription PCR and western blot 
analysis in Hep‑3B cells. Hep‑3B cells were serum‑starved for 24 h, then treated with either TGF‑β1 or LPA for various time periods. Hep‑3B cells were 
serum‑starved for 24 h, then treated with either TGF‑β (5 ng/ml) for 8 h, LPA (10 µM) for 24 h, TGF‑β (5 ng/ml) for 8 h + LPA (10 µM) for 24 h, or DMEM/0.1% 
BSA alone (serving as a negative control). (A) TGF‑β1‑ and (B) LPA‑induced Itgβ6 expression for various time periods in Hep‑3B cells. (C) Itgβ6 and 18s 
mRNA expression by PCR that included 28 cycles. Ethidium bromide staining of β6 and 18s electrophoresis gels was included to indicate equal loading among 
the same set of RNA samples. (D) Hep‑3B cells were serum‑starved for 24 h then treated with either TGF‑β (5 ng/ml) for 14 h, LPA (10 µM) for 30 h or TGF‑β 
(5 ng/ml) for 14 h+ LPA (10 µM) for 30 h, or DMEM/0.1% BSA alone (serving as a negative control), followed by western blot analysis with the indicated 
antibodies. (E) When compared with non‑treated cells, the increased β6 mRNA expression induced by TGF‑β1, LPA or TGF‑β1+LPA was 1.87‑, 2.00‑ and 
4.53‑fold, respectively. (F) When compared to non‑treated cells, the increased β6 protein expression induced by TGF‑β1, LPA or TGF‑β1+LPA was 2.68‑, 
2.76‑ and 4.29‑fold, respectively. Data are presented as the mean ± standard error of the mean for three independent experiments performed in triplicate with 
similar results. *P<0.05 and **P<0.01 vs. control. TGF‑β1, transforming growth factor‑β1; LPA, lysophosphatidic acid; Itgβ6/β6, integrin β6; PCR, polymerase 
chain reaction.
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TGF‑β1 and LPA treatment in Hep‑3B cells increased Itgβ6 
mRNA and protein expression. Notably, the additive stimula-
tory effect of the combination of TGF‑β1 and LPA suggests a 
potential for multiple mechanisms regulating Itgβ6 expression. 
These results are consistent with previous studies that demon-
strated TGF‑β1 and LPA may facilitate the development of 
human HCC (22‑26).

Although it has been well‑established that Itgβ6 is impli-
cated in numerous aspects of cancer cell biology (13‑19,35‑37), 
the transcription factors and signal transduction pathways 
involved remain poorly understood. The present study 
describes experiments investigating the Itgβ6 promoter. 
Truncation experiments indicated that the cloned human 
Itgβ6 promoter region (‑946/+189, 1,135 bp) contained a posi-
tive regulatory region from ‑326 to ‑157 bp. TESS analysis 

demonstrated that this region harbored certain well‑defined 
transcription factor‑binding sites that are associated with hepa-
tocarcinogenesis, including AP‑1, c‑Myb, HNF‑1/HNF‑1B, 
SRF, and YY1.

Additionally, activation of Itgβ6 by TGF‑β1 and LPA were 
revealed to significantly increase Itgβ6 promoter activity, 
therefore confirming that TGF‑β1 and LPA triggered transcrip-
tional activation of the Itgβ6 gene promoter. This observation 
was in accordance with induced increases in Itgβ6 mRNA 
and protein levels by TGF‑β1 and LPA in Hep‑3B cells, and 
highlights the possibility that TGF‑β1 and LPA may contribute 
to the transcriptional activation of Itgβ6 through the regulation 
of the aforementioned transcription factor‑binding sites. In 
conclusion, to the best of our knowledge, the present study is 
the first to identify Itgβ6 expression in HCC. TGF‑β1 and LPA 

Figure 4. TGF‑β1 and LPA activates the Itgβ6 gene promoter. (A) Deletion analysis of the Itgβ6 gene promoter: Hep‑3B cells were transfected with lucif-
erase reporter constructs containing different lengths of the β6 promoter as indicated. In the right column, luciferase activity was converted to percent 
activity normalized to cells transfected with the construct containing the full‑length Itgβ6 promoter (‑946 to +189 bp), defined as 100%. The pGLB‑630 
(‑458/+172 bp region) was identified to exhibit maximum luciferase activity. Data are the mean ± SEM of triplicate assays, representative of three independent 
experiments. (B) Hep‑3B cells were transfected with luciferase reporter constructs containing the ‑470 to ‑157 bp fragment (pGLB‑A) or its deletion forms, 
pGLB‑B (‑388/‑157 bp) and pGLB‑C (‑326/‑157 bp). Fold increases in luciferase activity induced by TGF‑β1 and LPA in transfected cells were determined 
using one‑way analysis of variance with *P<0.05 and **P<0.01 vs. control (no treatment). Data are the mean ± SEM of triplicate assays, representative of 
two independent experiments. (C) TESS analysis indicated that the cloned fragment harbored certain well‑defined transcription factor‑binding sites: AP‑1, 
c‑Myb, HNF‑1/HNF‑1B, SRF and YY1; these were implicated in hepatocarcinogenesis. AP‑1, Activator protein; c‑Myb, transcriptional activator; HNF‑1/‑1B, 
hepatocyte nuclear factor ‑1/‑1B; SRF serum response factor; YY1, Yin Yang 1; TGF‑β1, transforming growth factor‑β1; LPA, lysophosphatidic acid; Itgβ6/β6, 
integrin β6; SEM, standard error of the mean.
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induced the Itgβ6 expression in Hep‑3B cells and activated the 
Itgβ6 gene promoter. Future studies will include examination 
of therapeutic strategies for hepatocellular carcinoma by Itgβ6 
genetic intervention.
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