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Abstract
BACKGROUND
The integrin β6 gene, which is expressed in epithelial cancer, plays a pivotal role
in various aspects of cancer progression. The present research for integrin β6
regulation mainly focuses on the post-transcription and translation related
regulation mechanism and its role in tumorigenesis. The mechanisms of how the
integrin β6 gene is regulated transcriptionally, and the promoter and
transcription factors responsible for basic transcription of integrin β6 gene remain
unknown.

AIM
To clone and characterize the integrin β6 promoter.

METHODS
Software analysis was used to predict the region of integrin β6 promoter.
Luciferase reporter plasmids, which contained the integrin β6 promoter, were
constructed. Element deletion analysis was performed to identify the location of
core promoter and binding sites for transcription factors.

RESULTS
The regulatory elements for the transcription of the integrin β6 gene were located
between -286 and -85 and contained binding sites for transcription factors such as
STAT3 and Ets-1.

CONCLUSION
For the first time, we found the region of β6 core promoter and demonstrated the
binding sites for transcription factors such as Ets-1 and STAT3, which are
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important for integrin β6 promoter transcription activity. These findings are
important for investigating the mechanism of integrin β6 activation in cancer
progression.

Key words: Integrin β6; Integrin β6 promoter; Regulatory elements; Transcription factors;
Colon cancer cell
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Core tip: In this paper, the transcription regulation of integrin β6 is described and the
region of core promoter region is identified. Meanwhile, the mechanism of transcription
regulation of integrin β6 is explored.
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INTRODUCTION
As a member of the cell adhesion molecular family, integrin αvβ6 is a subtype of
integrin,  expressed  strictly  in  epithelia,  up-regulated  in  parallel  with  embryo
formation, oncogenesis, and epithelial repair, and rarely expressed in normal tissue[1,2].
Previous studies revealed that integrin αvβ6 played an important role in invasion,
proliferation, apoptosis, tumor immunity, and epithelial-mesenchymal transition of
malignant tumor cells[3-6]. It is worth noting that the expression of integrin αvβ6 was
closely  related with clinicopathological  features  of  many carcinomas,  as  well  as
patient prognosis[7,8].  Integrin αvβ6 expression depends on integrin β6 expression,
because integrin β6 only partners with subunit αv, forming a single heterodimer.
Therefore, it is important to explore the mechanisms underlying the regulation of
integrin β6 expression.

The expression of integrin β6 is regulated at the level of transcription initiation[9,10].
Although it has been reported that transcription factors, such as Smad3 and AP-1[11,12],
regulate the expression of integrin β6, the mechanism and core regulated factors that
mediate the transcription of integrin β6 are still unclear. Furthermore, little is known
about the regulation of integrin β6 in colon cancer cell lines, in which the expression
of integrin β6 is up-regulated abnormally. In the present study, the transcription
regulation of integrin β6 was investigated and the region of core promoter region was
identified. Meanwhile, the mechanism of transcription regulation of integrin β6 was
explored.

MATERIALS AND METHODS

Cell culture
Human colon cancer cell lines HT-29 and WiDr were purchased from the American
Type Culture Collection. HT-29 and WiDr cells express integrin β6 constantly. The
cells  were  maintained  as  monolayers  in  Dulbecco's  Modified  Eagle  Medium
containing  10%  fetal  bovine  serum,  100  U/mL  penicillin,  and  0.1  mg/mL
streptomycin, at 37°C in a 5% CO2  incubator. Dulbecco's Modified Eagle Medium,
fetal bovine serum, penicillin, and streptomycin were all obtained from Hyclone.

RNA isolation and reverse transcription-polymerase chain reaction
Total  RNA was isolated from cells  by using an RNA Extraction Kit  (Invitrogen),
according to the manufacturer’s protocol. Total RNA was reverse transcribed using a
Fast Quant RT Kit (Boshang Biotech, Shanghai, China) and reverse transcription-
polymerase chain reaction (RT-PCR) was performed by using a SuperReal PreMix
(Boshang Biotech, Shanghai, China).

Cloning of integrin β6 promoter and construction of luciferase reporter plasmids
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containing integrin β6 promoter
Prediction of human integrin β6 promoter region: The 5’-flanking region spanning -
3000 to +500 of the human integrin β6 gene was analyzed with FirstEF, MatInspector,
and Proscan Prediction software.

Cloning of integrin β6 promoter and construction and confirmation of pGL4-β6-B1:
A 1129-bp DNA fragment, corresponding to the region -921/+208 of integrin β6 (the
transcription start was designated as +1), was amplified from DNA obtained from
HT-29 and WiDr cells by PCR using the primers sense -921 and antisense +208 listed
in Table 1. A series of 5’ deletion elements were divided into -921/+208, -755/+208, -
513/+208,  -350/+208,  and  -85/+208,  then  using  PCR  products  generated  the
fragments. The primers are listed in Table 1. To obtain the fragment of the integrin β6
promoter, the suitable primers which contain Kpn I and Hind III were used for PCR.
Then, β6-B1 was cloned into the multiple cloning site of a pGL4-Basic plasmid to
construct  pGL4-β6-B1  with  the  correct  sequence.  Alkaline  denaturation  was
performed to obtain the correct plasmid from engineering bacteria named JM109
containing pGL4-Basic.All products were digested with Kpn I and Hind III(TAKARA,
Dalian,  China),  and  primers  were  synthesized  by  Boshang  Bio  Company,  and
subcloned into the pGL4-Basic luciferase vector (Tianwei Tec, Beijing, China).

Transfection  and  dual-luciferase  reporter  assay:  For  the  analysis  of  promoter
activity, HT-29 and WiDr cells were seeded in 96-well plates. Approximately 100 ng of
each plasmid combined with 0.25 ng of pRL-TK was transfected into cells. Then, cells
were harvested after 24 h. Firefly luciferase activity was determined using a dual-
luciferase  reporter  assay system (Promega,  China)  and analyzed using a  Lumat
luminometer.

The  plasmids  constructed  above  and  pGL4-Basic  (negative  control)  were  co-
transfected with pRL-TK into colon cancer cell lines HT-29 and WiDr. The firefly
luciferase activity (M1) was normalized with the Renilla luciferase activity of pRL-TK
(M2) and the ratio of M1/M2 stands for the relative activity of plasmids.

Identification of the core promoter region of integrin β6
Fragments of -350/-85, -286/-85, -210/-85, and -156/-85 named pGL4-B6, B7, B8, and
B9 were selected to construct an array of truncated promoter plasmids, using pGL4-
β6-B1 as a template (Table 2). The plasmids constructed above andpGL4-Basic were
transiently co-transfected into HT-29 and WiDr cells. Luciferase reporter gene assay
was performed 24 h after transfection.

Exploration of transcription regulation of human integrin β6 and prediction and
analysis of transcription factors in 5’-flanking region of integrin β6
To identify regulatory elements involved in basal transcriptional activity and positive
regulation of integrin β6, sequence analysis was performed with TRANSFAC-TESS or
AliBaba2 analysis software.

RESULTS

Cloning and analysis of integrin β6 promoter
Prediction of integrin β6 promoter: Three kinds of software were used to predict the
integrin  β6  promoter,  including  FirstEF,  Mat  Inspector,  and Proscan  Prediction
software. Mat Inspector predicted that the region between -756 and +79 was the main
sequence where integrin β6 promoter was located. FirstEF predicted that the region
between -560 and +325 was the main sequence,  and Proscan Prediction software
predicted  that  the  region  between  -316  and  +198  was  the  main  sequence  that
positively regulates integrin β6 transcription.  Since the prediction was based on
mathematical statistics and the region of transcription was generally wide, we finally
identified that the region between -921 and +198 was the main fragment.

Cloning of integrin β6 promoter and construction of the reporter plasmid pGL4-β6-
B1:  The successful  construction of  the reporter plasmid pGL4-β6-B1 ensured the
fidelity  of  amplification and correct  luciferase  reporter  plasmids.  The results  of
electrophoresis  showed a  fragment  of  DNA, which were  consistent  with that  of
designed target sequences (Figure 1). Alkaline denaturation was performed to obtain
the correct plasmid from engineering bacteria named JM109 containing pGL4-Basic
(Figure 1).

Transfection  and dual-luciferase  reporter  assay:  The  results  of  dual-luciferase
reporter  assays showed that  pGL4-β6-B1 could highly express about 56 times of

WJGO https://www.wjgnet.com May 15, 2020 Volume 12 Issue 5

Niu W et al. Integrin β6 gene in colon cancer cells

528



Table 1  Primers used for integrin β6 promoter reporter construction

Construct Primer Sequence (5’-3’)

pGL4-B1 (-921/+208) Sense -921 GGGGTACCCACAGGCATTGACCTG

pGL4-B2 (-755/+208) Sense -755 GGGGTACTGACACCGATTGTCGAT

pGL4-B3 (-513/+208) Sense -513 GGGGTAGACTGACTGCCATTGAGGTGAT

pGL4-B4 (-350/+208) Sense -350 GGGGTCCCCACGGATTCCGTAGACCTC

pGL4-B5 (-85/+208) Sense -85 GGGGTAGGTACAGGAACCGACCTA

Antisense GGGGTCCCGACATTCGATTGTCGCCTT

pGL4-Basic in HT-29 cells (Figure 2). In WiDr cells, the luciferase activity of pGL4-β6-
B1 was about 41 times of pGL4-Basic (Figure 2). The results showed that pGL4-β6-B1
contains the maximum promoter activity.

Identification of core promoter region of integrin β6
Fragments  of  -755-+198,  -513-+198,  -350-+198,  and -85-+198,  which were  named
integrin β6-B2, B3, B4, and B5, respectively, were selected to construct an array of
truncated promoter plasmids, using pGL4-β6-B1 as the template (Figure 3). Then,
identification of pGL4-B3, B4, and B5 was performed by enzyme analysis (Figure 4). A
similar level of expression was observed using the -755-+198 region in both cell lines.
However, when the region between -921 and -513 was deleted, the -513-+198 region of
integrin β6 revealed the maximum luciferase activity (Figure 5). The data displayed
that the region between -350 and -85 is the main sequence that positively regulates
integrin β6 transcription.

To further describe the regulatory fragments that positively regulate integrin β6
transcription, a series of 5’ deletion of the region between -350 and -85 were divided
into -350/-85,-286/-85, -210/-85, and -156/-85. Then, the expression of luciferase
activity was analyzed.  Truncation of  the sequence from -286 to -85 resulted in a
decrease in luciferase expression by 1.7 times and 2.1 times in the HT-29 cells and
WiDr  cells,  respectively  (Figure  5).  These  results  displayed  that  the  regulatory
elements for integrin β6 positive transcription are located between the -286 to -85
region of integrin β6 gene.

Transcription regulation of human integrin β6
Sequence analysis revealed the existence of many transcription regulatory elements
spanning -300 to +10, for example, the binding sites for Ets, STAT3, and AP-1. To
investigate the transcription regulation of integrin β6 by Ets-1 and STAT3, sequence
analysis was performed with AliBaba2 software, which revealed the existence of three
putative STAT3 binding sites and one Ets-1 binding site in the core promoter region of
integrin β6 (Figure 6). To study the influence of STAT3 on the transcription of integrin
β6, dual-luciferase reporter assay was performed. Our previous results in HT-29 cells
showed that  pGL-B7  can  highly  express  about  36  times  of  pGL-Basic  (negative
control). With the truncation of 5’-flanking region, the luciferase activity ofpGL-B8,
which lacked two STAT3 binding sites, decreased to about 13 times of pGL-Basic.
When it was truncated to -156, allSTAT3 binding sites were cut off, and the activity
decreased obviously. The results indicated that STAT3 may be responsible for the
basic transcription level. The same result was obtained in the WiDr group.

To explore the effect of the potential Ets-1 binding site on integrin β6 transcription
activity, a binding site mutant pGL4-B5-M-Ets in the vector pGL4-B5 was generated
(Forward:  5’-ATAAGGAGAACAAGGAAGTAAATCATG-3’;  reverse:  5’-
ATAACGAGTTTACGGATGTGGATCATCG).  After  transient  transfection,  the
relative luciferase activities of these constructs were assayed. The promoter activity
was significantly reduced. The results suggested that the putative Ets-1 binding site
was important for integrin β6 promoter transcription activity.

DISCUSSION
To detect the activity of integrin β6-B1 promoter, we constructed luciferase reporter
plasmids. The reporter gene was used to detect the effect of gene expression and
interaction of  trans-acting factors.  pGL4-Basic  is  a  kind of  reporter  plasmid and
usually used to detect  the promoter  activity of  elements  based on the luciferase
reporter.

STAT3 mediates the biological behavior of cells in the presence of extracellular

WJGO https://www.wjgnet.com May 15, 2020 Volume 12 Issue 5

Niu W et al. Integrin β6 gene in colon cancer cells

529



Table 2  Primers used for integrin β6 core promoter reporter construction

Construct Primer Sequence (5’-3’)

pGL4-B6 (-350/-85) Sense -350 GGGGTACCCAAAGGCACTGATTTGC

pGL4-B7 (-286/-85) Sense -286 GGGGTACTGACAGGCATTGTCGATTGAG

pGL4-B8 (-210/-85) Sense -210 GGGGTAGACTGACAATTATTGAGGTGAT

pGL4-B9 (-156/-85) Sense -156 GGGGTCCTTGCGGATTCCGTAGACGTC

Antisense GGGGTCGGGACAACGAATGTCGGCTTC

signals and plays an important role in chronic inflammatory and carcinogenesis[13].
Karin  et  al[14]  reported  that  the  deficiency  of  STAT3  was  sufficient  to  inhibit
tumorigenesis and progression in a colitis associated cancer model[15]. Conversely, the
activation of STAT3 could promote the development of colitis associated cancer[16].
Meanwhile, STAT3 up-regulated the expression of Cyclin-D, CDC25A, c-Myc, and
Pim1  proteins,  which  significantly  promoted  cell  proliferation  and  reduced
apoptosis[17].  Clinical  research  reported  that  in  60%  of  liver  cancer  cases,  the
expression of STAT3 increased abnormally[18]. On the one hand, STAT3 promoted cell
proliferation and reduced apoptosis. On the other hand, it induced tumor invasion
and metastasis. Besides, STAT3 enhanced angiogenesis via up-regulating the activity
of vascular endothelial  growth factor (VEGF),  epidermal growth factor,  platelet-
derived growth factor, and hepatocyte growth factor[19,20].The expression of VEGF was
mediated via STAT3, which increased the invasion of tumor associated macrophages
and promoted tumor related disease[21,22]. We found that integrin β6 had a potential
binding site for STAT3. Deletion of this site decreased the activity of integrin β6
expression. This result suggested that STAT3 could up-regulate the expression of
integrin β6. However, the underlying mechanisms need further study, as the activity
of STAT3 in cell lines is still unclear.

As an oncogenic protein of the Ets family, Ets-1 can regulate cell  proliferation,
angiogenesis, and apoptosis[23-25]. All Ets family members contain an 85 amino acid
DNA binding domain, and regulate a number of cellular genes. So, we can predict
that Ets-1 plays an important role in regulating integrin β6 expression and promoting
the development of cancer.

The main limitation of this study is that the effect of transcriptional regulatory
factors on the expression of integrin β6 was only verified at the molecular level, and
its role has not been further verified in cell  tests and animal experiments.  In the
future, we will carefully resolve this issue.

Integrin β6 is a critical subunit of the integrin αvβ6 and plays an important role in
the development of cancer and wound healing. To investigate the transcriptional
regulation  of  integrin  β6  gene  in  cancer  cells,  we  have  identified  its  promoter.
Furthermore, our results indicated that the transcription factors STAT3 and Ets-1 are
both involved in the regulation of integrin β6 transcription in colon cancer cell lines.
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Figure 1

Figure 1  Identification of pGL4-B1 (1129 bp) and confirmation of pGL4-Basic (4.2 kb) by enzyme analysis.

Figure 2

Figure 2  Fold increase of relative luciferase activities of pGL4-β6-B1 in HT-29 cells and WiDr cells.

Figure 3

Figure 3  Polymerase chain reaction amplification of pGL4-B2, B3, B4, and B5.
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Figure 4

Figure 4  Identification of pGL4-B2 and pGL4-B3, B4, and B5 by enzyme analysis. A: pGL4-B2; B: pGL4-B3, B4, and B5.

Figure 5

Figure 5  Fold increase of relative luciferase activities in HT-29 cells and WiDr cells. A and C: HT-29 cells; B and D: WiDr cells.
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Figure 6

Figure 6  Nucleotide sequence of human integrin β6 promoter.

ARTICLE HIGHLIGHTS
Research background
The integrin β6 gene, which is expressed in epithelial cancer, plays a pivotal role in various
aspects of cancer progression. The present research for integrin β6 regulation mainly focuses on
the  post-transcription  and  translation  related  regulation  mechanism  and  its  role  in
tumorigenesis.

Research motivation
The mechanism of how the integrin β6 gene is regulated, and the promoter and transcription
factors responsible for basic transcription of integrin β6 gene remain unknown.

Research objectives
This study aimed to clone and characterize the integrin β6 promoter.

Research methods
The region containing the integrin β6 promoter was predicted and luciferase reporter plasmids
were constructed. The location of core promoter and binding site for transcription factors were
identified by element deletion analysis.

Research results
We found that  the  regulatory  elements  for  transcription  of  integrin  β6  gene  were  located
between -286 and-85 and contained binding sites for transcription factors such as STAT3 and Ets-
1.

Research conclusions
We have identified the region of β6 core promoter and the binding sites for transcription factors
such as Ets-1 and STAT3, which are important for integrin β6 promoter transcription activity.

Research perspectives
The  findings  of  this  study  are  important  for  investigating  the  mechanism  of  integrin  β6
activation in cancer progression.
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