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FOXA2 promotes the proliferation, migration and invasion,
and epithelial mesenchymal transition in colon cancer

BAOLEI WANG', GUANGWEI LIU2, LEI DING®, JUN ZHAO* and YUN LU!

1Department of Gastrointestinal Surgery, The Affiliated Hospital of Qingdao University, Qingdao,

Shandong 266555; 2Ernergency Department; 3Medical Administration Division; 4Depanment of Pharmacy,
The Affiliated Hospital of Qingdao University, Qingdao, Shandong 266003, P.R. China

Received September 10, 2017; Accepted April 24,2018

DOI: 10.3892/etm.2018.6157

Abstract. The present study determined the expression
and biological functions of FOXA?2 gene in colon cancer in
tissues, cells and animals. A total of 66 patients with colon
cancer were included in the present study. Using The Human
Protein Atlas database, expression and distribution of FOXA2
in colon cancer tissues were analyzed. Using immunohisto-
chemistry, the expression and distribution of FOXA?2 in colon
cancer cells were studied. Reverse transcription-quantitative
polymerase chain reaction (RT-qPCR) was performed to
determine the expression of FOXA2 mRNA in colon cancer
tissues. Following in vitro transfection with FOXA?2 inter-
ference sequence (siR-FOXA2), the proliferation, cell cycle,
migration and invasion of colon cancer HCT116 and HT29
cells were investigated using Cell Counting Kit-8 assay, flow
cytometry, and Transwell assay, respectively. Furthermore,
flow cytometry was used to determine apoptosis of HCT116
and HT29 cells. Western blotting was used to determine
the expression of epithelial mesenchymal transition (EMT)
proteins, E-Cadherin and Vimentin. Laser scanning confocal
microscopy was performed to observe the cytoskeleton in
HCT116 and HT29 cells. Results indicated tumorigenesis of
colon cancer cells in nude mice. In addition, the expression
of FOXAZ2 in colon cancer tissues was elevated and associ-
ated with the metastasis and clinical staging of colon cancer.
Notably, inhibition of FOXA2 reduced the proliferation of
colon cancer cells in vitro and reduced expression of FOXA2
was able to decrease the migration and invasion abilities of
colon cancer cells. Furthermore, FOXA?2 promoted EMT,
inhibited apoptosis and enhanced the invasion ability of
colon cancer cells. Decreased expression of FOXA?2 inhibited
tumorigenesis of colon cancer cells in nude mice. To conclude,
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the present study demonstrated that the expression of FOXA?2
in colon cancer tissues was elevated and associated with the
metastasis and clinical staging of colon cancer. As an onco-
gene, FOXA?2 may promote the proliferation, migration and
invasion and EMT in colon cancer.

Introduction

Colon cancer is a clinically common malignant tumor in
digestive tract, and it has a very high incidence all over the
world (1,2). It is reported that the incidence of colon cancer is
the third highest among all malignant tumors (3). At present,
surgery combined with radiochemotherapy and immuno-
therapy are the main ways of clinical treatments for colon
cancer (4-6). In patients with early-stage colon cancer, the
degree of malignancy is not high, and lymph node metastasis
does not occur (7). These patients usually have good postop-
erative recovery, and a 5-year survival rate of over 60% (8).
By contrast, patients with advanced colon cancer usually have
poor clinical treatment effects and a 5-year survival rate of
20%, because of widespread metastasis and drug resistance (9).
The invasion and metastasis of cancer is the main cause of
death in colon cancer patients, but its molecular mechanism is
still unclear. Forkhead box (Fox) family genes are abundant in
fungi and animal cells, and their main function is to regulate
gene expression by binding with DNA promoter region as a
transcription factor (10). Fox family is first discovered to regu-
late embryonic development, and more and more studies show
that Fox family proteins play a key regulatory role in immune
system, cell cycle, energy metabolism, and cell aging (11,12).
FOXAZ2 gene, a member of Fox family, is localized at human
chromosome 20pl1, with a length of 45 kb (13,14). It contains
3 exons and 2 introns, and its protein product has 457 amino
acids (13,14). The amino acid sequence of its binding site at
DNA is 5-RYMAYAY-3' (13,14). It is discovered that FOXA?2
can bind to the promoter region of genes such as CREB and
HNF®6, thereby activating their transcription (15,16). Under
normal conditions, FOXA?2 is expressed differently in liver,
lungs, pancreas and other tissues, and its activity is regulated
by phosphorylation and acetylation (17). It is also reported that
the expression of FOXA?2 is abnormal in many tumor tissues,
and abnormal FOXA?2 is involved in the processes of prolif-
eration, invasion and metastasis, and epithelial mesenchymal
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transition (EMT) of various tumors, such as liver cancer,
prostate cancer, stomach cancer, and bladder cancer (18,19). At
present, the expression and function of FOXA2 gene in colon
cancer is still unclear.

EMT refers to a transformation process in which epithelial
cells, under the influence by certain factors, lose the polarity
of epithelial cells and acquire the characteristics of mesen-
chymal cells (20). This process is accompanied by changes in
cell morphology, function, and gene expression profiles (21).
EMT is a key step for tumor cells to break away from their
original sites and gain the ability of invasion and metastasis,
and alleviation of EMT suppresses invasion and metastasis
of tumor cells (22). Therefore, it is necessary to study the
molecular mechanism of tumor cell EMT. Studies show that a
variety of transcription factors play important roles in tumor
EMT, including ZEB1, E47 and Twist (23,24). However,
whether FOXA?2 is involved in the regulation of EMT and
thereby affecting tumor metastasis has not been reported
before. In the present study, we investigate the expression and
mechanism of action of FOXA?2 in colon cancer at tissue and
cellular levels.

Materials and methods

Patients. A total of 66 patients with colon cancer who
received treatments at our hospital between January 2014 and
December 2016 were included in the present study. Among
the patients, 49 were males, and 17 were females, with an
age range of 35-64 years and an average age of 48.5 years.
The inclusion criterion was that the patients were initially
diagnosed of colon cancer. The exclusion criteria were: i) the
patient had other tumors; ii) the patient received radiotherapy
or chemotherapy; iii) the patient had a long history of drug
intake; iv) the patient had chronic diseases. None of the
patients received radiochemotherapy before surgeries. The
clinical and pathological data were collected, including tumor
size, clinical stage, histological differentiation, lymph node
metastasis and distant metastasis. Colon cancer tissues were
collected from all patients. In addition, tumor-adjacent tissues
were collected as control. All procedures were approved
by the Ethics Committee of Qingdao University. Written
informed consents were obtained from all patients or their
families.

Cells. Normal colonic epithelial NCM460 cells, and colon
cancer HCT116 and HT29 cells were cultured in DMEM
medium supplemented with 10% fetal bovine serum, 100 TU/ml
penicillin and 100 IU/ml streptomycin under 37°C, 5% CO,,
and 70% humidity. The cells were passaged every three days,
and log-phase cells were collected for experiments.

One day before transfection, log-phase HCT116 and HT29
cells (2x10%) were seeded onto 24-well plates, and cultured in
serum-free DMEM medium until reaching 70% confluency.
In the first vial, 1.5 ul FOXA2 siRNA [20 pmol/ul; FOXA2
interference sequence (siR-FOXA?2) group] or 0.5 ug FOXA2
plasmids (Hanbio Biotechnology Co., Ltd., Shanghai, China)
was mixed with 50 gl Opti Memi medium (Thermo Fisher
Scientific, Inc., Waltham, MA, USA). In the second vial, 1 ul
Lipofectamine 2000 (Thermo Fisher Scientific, Inc.) was
mixed with 50 ul Opti-MEMI medium. After standing still
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for 5 min, the two vials were combined for another waiting at
room temperature for 20 min. Then, the mixtures were added
onto cells in respective groups. Six hours later, the medium
was replaced with DMEM medium containing 10% fetal
bovine serum. After cultivation at 37°C and 5% CO, for 48 h,
the cells were collected for further assays.

Immunohistochemical data analysis. After logging on The
Human Protein Atlas database (http:/www.proteinatlas.org/),
the name of ‘FOXA?2’ was searched to query the expression of
FOXAZ2 in colon cancer and normal colon tissues. In human
tissues, FOXA?2 scores were given by the website. Search
on the website showed that FOXA?2 protein expression is
up-regulated. Therefore, we tested protein and mRNA expres-
sion at cellular and tissue levels as shown below. In addition,
positive rate and distribution were analyzed.

Reverse transcription-quantitative polymerase chain
reaction (RT-qPCR). Colon cancer tissues and control tissues
(100 mg) were ground into powder in liquid nitrogen and
mixed with 1 ml Trizol (Thermo Fisher Scientific, Inc.) for
lysis. Then, total RNA was extracted using phenol chloroform
method. The purity of RNA was determined by A260/A280
using ultraviolet spectrophotometry (Nanodrop ND2000;
Thermo Fisher Scientific, Inc.). Then, cDNA was obtained
by reverse transcription from 1 yg RNA and stored at -20°C.
Reverse transcription of was carried out using miScript II RT
kit (Qiagen, Hilden, Germany).

For RT-qPCR, miScript SYBR® Green PCR Kit (Qiagen)
was used. The RT-qPCR reaction system was composed of
10 ul RT-qPCR-Mix, 0.5 ul upstream primer (5'-CCCCTG
AGTTGGCGGTGGT-3"), 0.5 pl downstream primer (5-TTG
CTCACGGAAGAGTAG-3'), 2 ul cDNA and 7 ul ddH,O. The
reaction protocol was: Initial denaturation at 95°C for 10 min;
40 cycles of denaturation at 95°C for 1 min and annealing at
60°C for 30 sec.

Western blotting. Cells (1x10°) in each group were trypsinized
and collected. Then, precooled radio immunoprecipitation
assay (RIPA) lysis buffer (1,000 ul; 50 mM Tris-base, 1 mM
EDTA, 150 mM NaCl, 0.1% sodium dodecyl sulfate,
1% Triton X-100, 1% sodium deoxycholate; Beyotime Institute
of Biotechnology, Shanghai, China) was added to the samples.
After lysis for 30 min on ice, the mixture was centrifuged at
12,000 x g ta 4°C for 10 min. The supernatant was used to
determine protein concentration by bicinchoninic acid (BCA)
protein concentration determination kit (RTP7102; Real-Times
Biotechnology Co., Ltd., Beijing, China). Protein samples
(6 ug) were then mixed with 5X sodium dodecyl sulfate loading
buffer before denaturation in boiling water bath for 10 min.
Afterwards, the samples (10 ul) were subjected to 10% sodium
dodecyl sulfate-polyacrylamide gel electrophoresis (80 V).
The resolved proteins were transferred to polyvinylidene
difluoride membranes on ice (100 V, 1 h) and blocked with
50 g/1 skimmed milk at room temperature for 1 h. Then, the
membranes were incubated with rabbit anti-human FOXA?2
polyclonal primary antibody (1:1,000; Abcam, Cambridge,
UK), rabbit anti-human E-Cadherin polyclonal primary anti-
body (1:1,000; Abcam), rabbit anti-human Vimentin polyclonal
primary antibody (1:1,000; Abcam), and rabbit anti-human
GAPDH primary antibody (1:4,000; Abcam) at 4°C overnight.
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After extensive washing with phosphate-buffered saline with
Tween-20 for 5 times of 5 min, the membranes were incubated
with goat anti-rabbit (1:2,000 for FOXA2, E-Cadherin and
Vimentin) or goat anti-mouse (1:4,000 for GAPDH)-labelled
horseradish peroxidase-conjugated secondary antibodies
(Abcam) for 1 h at room temperature before washing with
phosphate-buffered saline with Tween-20 for 5 times of 5 min.
Then, the membrane was developed with enhanced chemi-
luminescence detection kit (Sigma-Aldrich; Merck KGaA,
Darmstadt, Germany) for imaging. Image lab v3.0 software
(Bio-Rad Laboratories, Inc., Hercules, CA, USA) was used to
acquire and analyze imaging signals. The relative contents of
target proteins were expressed against GAPDH.

Cell Counting Kit-8 (CCK-8) assay. Cells were seeded at
a density of 2,000/well in 96-well plates. At 0, 24, 48 and
72 h, 20 ul CCK-8 (5 g/l) solution (Beyotime Institute of
Biotechnology) was added onto the cells. On the last day, 150 pl
CCK-8 reaction solution was added and the cells were incubated
at 37°C for 2 h. The absorbance of each well was measured at
490 nm for plotting cell proliferation curves. Each group was
tested in 3 replicate wells and the values were averaged.

Transwell assay. Matrigel was thawed at 4°C overnight and
diluted with serum-free DMEM medium (dilution 1:3). The
mixture (50 ul) was evenly smeared into the upper chamber
(HyClone; GE Healthcare Life Sciences, Logan, UT, USA)
and incubated at 37°C for 1 h. After solidification, 1x10° cells
from each group were seeded into the upper chamber
containing 200 pl serum-free DMEM medium. In addition,
500 ¢l DMEM medium supplemented with 10% fetal bovine
serum was added into the lower chamber. After incubation at
37°C and 5% CO, for 24 h, the chamber was removed and
the cells in the upper chamber were wiped off. After being
fixed with 4% formaldehyde for 10 min, the membrane was
stained using Giemsa method for microscopic observation of 5
random fields (magnification, x200). The number of transwell
cells was calculated for the evaluation of cell invasion and
migration ability. All procedures were carried out on ice with
pipetting tips being precooled at 4°C.

Flow cytometry. At 24 h after transfection, cells (1x10°) in each
group were washed with pre-cooled phosphate-buffered saline
twice and subjected to cell cycle detection using Cycletest™
Plus DNA Reagent kit (BD Biosciences, Franklin Lakes, NJ,
USA) following the manufacturer's manual. The data were
analyzed using ModFit software (Verity Software House,
Topsham, ME, USA).

Laser scanning confocal microscopy. At 24 h after transfec-
tion with siR-FOXA2, cells (1x10°) in each group were seeded
onto petri-dishes (diameter, 6 cm) and incubated at 37°C and
under 5% CO, for 24 h. After discarding medium, the cells
were washed with phosphate-buffered saline for three times,
and fixed with 4% formaldehyde for 10 min. After washing
with phosphate-buffered saline for 3 times, the cells were
stained with 5 yM rhodamine for 5 min. After additional
washing with phosphate-buffered saline for 3 times, the cells
were visualized under a laser scanning confocal microscope
(SPS; Leica, Wetzlar, Germany).
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In vivo assay in animal model. Sixteen BALB/C nude mice
were divided evenly into two groups, negative control (NC)
and siR-FOXA?2 group. NC and siR-FOXA?2 sequences were
transfected into HCT116 cells using Lipofectamine 2000
(Thermo Fisher Scientific, Inc.) following the manufac-
turer's manual. At 24 h after transfection, the cells (2x10°)
in each group were trypsinized and resuspended with sterile
phosphate-buffered saline (0.2 ml). Then, the cell suspension
was inoculated in nude mouse armpit to construct xenograft
tumor model nude mice. Vital signs of nude mice were
observed, and the mice were sacrificed in week 5 to extract
tumor tissues. After fixation with 4% formaldehyde, the
tumor tissues were dehydrated, paraffin-embedded, and sliced
(4 nm thick) for immunohistochemistry test. E-Cadeherin and
Vimentin rabbit anti-human polyclonal antibodies (Beyotime
Institute of Biotechnology) were diluted at a ratio of 1:50 with
water, and used to incubate the slices at 4°C overnight. After
washing with phosphate-buffered saline twice, goat anti-rabbit
secondary antibody was added, followed by incubation at 37°C
for 30 min before color development. All animal experiments
were conducted according to the ethical guidelines of Qingdao
University (Qingdao, China).

Statistical analysis. Statistical analysis was performed using
SPSS 17.0 software (IBM Corp., Armonk, NY, USA). The data
were expressed as mean + standard deviation and intergroup
comparison was carried out using Student's t-test. Comparison
of multiple groups was performed using ANOVA followed by
Tukey's or Dunnett's test. P<0.05 was considered to indicate a
statistically significant difference.

Results

Expression of FOXA2 in colon cancer tissues is elevated,
and closely related with the metastasis and clinical staging of
colon cancer. To examine the localization of FOXA?2, we used
immunohistochemistry. By comparing with public immu-
nohistochemical database (http://www.proteinatlas.org/), we
discovered that FOX A2 expression in colon cancer tissues was
significantly higher than that in normal colon tissues (all data
from Protein Atlas database; Fig. 1A). Immunohistochemical
data showed that FOXA2 was localized in the nucleus of
NCM460 cells, and the nucleus, cytoplasm and membrane of
HCT116 and HT?29 cells (Fig. 1B). To measure the expression
of FOXA2, RT-qPCR was performed. The data showed that
FOXAZ2 expression in colon cancer tissues was significantly
higher than that in normal colon tissues (Fig. 1C). In addi-
tion, FOX A2 expression in colon cancer tissues from patients
with lymphatic metastasis was significantly higher than
that from patients without lymphatic metastasis (Fig. 1D).
Clinical staging showed that FOXA?2 level in colon cancer
tissues at IV stage was significantly higher than those at
I, IT and IIT stages (Fig. 1E). These results suggest that the
expression of FOXA?2 in colon cancer tissues is elevated, and
closely related with the metastasis and clinical staging of colon
cancer.

Inhibition of FOXA?2 reduces the proliferation of colon cancer
cells in vitro. To determine the expression of FOXA2 protein,
western blotting was used. The data showed that transfection
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Figure 1. Expression and distribution of FOX A2 in colon cancer. (A) Expression
of FOXA2 in colon cancer tissues shown by immunohistochemistry. The figure
was obtained from the Human Protein Atlas database (https://www.protein-
atlas.org/ENSG00000125798-FOX A2/tissue/colon#) (38). (B) Expression and
distribution of FOXA2 in colon cancer HCT116 and HT29 cells. Magnification,
x100. (C-E) Expression of FOXA2 mRNA in (C) normal and colon cancer
tissues ("P<0.05 compared with normal), (D) patients without/with lymphatic
metastasis ("P<0.05 compared with stage NO), or (E) patients in different
clinical stages (comparison of multiple groups was performed using ANOVA
followed by Tukey's/Dunnett's test; 'P<0.05 compared with V).
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with siR-FOXA?2 reduced the protein expression of FOXA?2
in HCT116 and HT?29 cells (Fig. 2A). To detect the prolifera-
tion of HCT116 and HT29 cells, CCK-8 assay was carried out.
The data showed that the proliferation of HCT116 and HT29
cells transfected with siR-FOXA2 was significantly reduced
compared with negative control group (P<0.05; Fig. 2B).
Flow cytometry showed that G1/S phase transition in HCT116
and HT?29 cells transfected with siR-FOXA?2 was reduced
compared with negative control group (Fig. 2C). These results
indicate that inhibition of FOXA?2 reduces the proliferation of
colon cancer cells in vitro, and suppresses the transition from
Gl phase to S phase.

Reduced expression of FOXA2 is able to decrease the migra-
tion and invasion abilities of colon cancer cells. To determine
the migration and invasion abilities of HCT116 and HT29
cells, Transwell assay was employed. The data showed that
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Figure 2. Effect of FOXA?2 on the proliferation of colon cancer cells in vitro.
(A) Expression of FOXA2 in HCT116 and HT29 cells transfected with
FOXAZ2 interference sequence (siR-FOXA?2). Western blotting was used to
determine protein expression. "P<0.05 compared with negative control (NC)
as indicated. (B) Proliferation curves for HCT116 and HT29 cells transfected
with siR-FOXA2. CCK-8 assay was performed to detect cell proliferation.
“P<0.05 compared with NC. (C) Percentages of cells in G1, S or G2/M phases.
Flow cytometry was used to detect cell phases. "P<0.05 compared with NC
as indicated.

the number of transwell HCT116 cells after transfection with
siR-FOX A2 was significantly reduced than that in negative
control group in both migration and invasion assays (P<0.05;
Fig. 3). Similarly, the number of transwell HT29 cells after
transfection with siR-FOX A2 was significantly lower than that
in negative control group in both migration and invasion assays
(P<0.05; Fig. 3). The results suggest that reduced expression of
FOXAZ2 is able to decrease the migration and invasion abilities
of colon cancer cells.

FOXA2 may promote EMT, inhibit apoptosis, and enhance the
invasion ability of colon cancer cells. To detect EMT, apop-
tosis and cytoskeleton, Western blotting, flow cytometry and
laser scanning confocal microscopy were carried out, respec-
tively. Western blots showed that the expression of E-Cadherin
in HCT116 and HT29 cells transfected with siR-FOXA2 was
significantly higher than that in NC group, while expression
of Vimentin in HCT116 and HT29 cells transfected with
siR-FOX A2 was lower than that in NC group (Fig. 4A). In the
meantime, flow cytometry showed that the apoptosis of HCT116
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Figure 3. Effect of FOXA2 on the migration and invasion of colon cancer cells. (A) Images of HCT116 and HT29 cells transfected with FOXA?2 interfer-
ence sequence (siR-FOXA2). Magnification, x100. (B) Number of HCT116 and HT29 cells transfected with siR-FOXA2. Transwell assay was performed to
determine migration and invasion abilities. “P<0.05 compared with NC as indicated.
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Figure 4. Effect of FOX A2 on epithelial mesenchymal transition of colon cancer cells. (A) Expression of E-Cadherin and Vimentin in HCT116 and HT29 cells
transfected with FOX A2 interference sequence (siR-FOXA2). Western blotting was used to measure the expression of E-Cadherin and Vimentin. (B) Apoptosis
of HCT116 and HT29 cells transfected with siR-FOXA?2. Flow cytometry was performed to detect apoptosis. (C) Protrusion of the cell membrane in HCT116
and HT29 cells transfected with siR-FOXA2. Laser scanning confocal microscopy was used to observe the cells (magnification, x400).
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Figure 5. Effect of FOXA2 on tumorigenesis of colon cancer cells in nude
mice. (A) Representative images of xenograft formed by HCT116 cells
transfected with FOXA?2 interference sequence (siR-FOXA2). (B) Weight of
tumors from nude mice inoculated with HCT116 or HT29 cells that were trans-
fected with siR-FOXA2. "P<0.05 vs. negative control (NC). (C) Expression of
E-Cadherin and Vimentin in xenograft tissues derived from HCT116 cells
that were transfected with siR-FOXA2. Immunohistochemistry was used to
detect the expression of E-Cadherin and Vimentin. Magnification, x200.

and HT29 cells transfected with siR-FOXA2 was enhanced
than those of NC groups (Fig. 4B). Laser scanning confocal
microscopy showed that protrusion of the cell membrane in
HCT116 and HT29 cells transfected with siR-FOXA2 was
reduced than that in NC group (Fig. 4C). These results indicate
that FOX A2 may promote EMT, inhibit apoptosis, and enhance
the invasion ability of colon cancer cells.

Decreased expression of FOXA2 inhibits tumorigenesis of
colon cancer cells in nude mice. To test the effect of FOXA?2
on the formation of colon tumor, nude mice were used. Tumor
diameter in siR-FOXA?2 group seemed smaller than that in
NC group (Fig. 5A). Similarly, weights of colon tumors from
mice inoculated with HCT116 or HT29 cells transfected with
siR-FOX A2 were significantly lower than that in NC group,
respectively (P<0.05; Fig. 5B). Immunohistochemistry showed
that E-Cadherin expression in siR-FOXA?2 group seemed
higher than that in NC group, while Vimentin expression in in
siR-FOX A2 group seemed lower than that in NC group (Fig. 5C).
The results suggest that decreased expression of FOXA?2 inhibits
tumorigenesis of colon cancer cells in nude mice.
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Discussion

Tumor recurrence and metastasis are the key factors that
restrict the postoperative survival of colon cancer patients (25).
Studies show that the recurrence and metastasis of colon
cancer are closely related to gene expression, methylation,
mutation, tumor stem cells, drug resistance and immunosup-
pression (7,26). Transcription factors play key regulatory roles
in the process of gene expression regulation, and they are
important drug targets (27). In the present study, we discover
that the expression of FOXA?2 is up-regulated in colon cancer
tissues, and correlated with lymphatic metastasis and clinical
staging of colon cancer. In vitro and in vivo experiments show
that FOX A2 can promote the proliferation, migration and inva-
sion of colon cancer cells, and EMT may be the key factor for
FOXAZ2 to promote metastasis of colon cancer. These results
suggest that FOXA2 plays an oncogene role by promoting
EMT and colon cancer recurrence and metastasis.

Transcription factors can bind to the binding sites of the
promoter region of genes, and initiate gene transcription,
having important regulatory functions (28,29). In cancer,
transcription factors are often able to initiate transcription
of multiple downstream oncogenes or tumor-suppressor
genes, thereby inducing a cascade of responses that regulate
cell proliferation, invasion, metastasis, differentiation, drug
resistance, and apoptosis (30,31). Studies show that multiple
transcription factors are closely related to the recurrence and
metastasis of colon cancer. For example, Ma et al discover that
KLF4 inhibits the proliferation of colon cancer by activating
NDRG?2 expression (32). Stein et al discover that MACCI indi-
rectly activates the HGF/c-Met signaling pathway by activating
transcription of c-Met gene, and promotes the recurrence and
metastasis of colon cancer (33). In the present study, we find
that transcription factor FOXA?2 is up-regulated in colon cancer
tissues. Moreover, our immunohistochemical data show that
FOXAZ2 expression is distributed in the nucleus, cytoplasm and
membrane in colon cancer, which is abnormal. Our RT-qPCR
data demonstrate that expression of FOXA?2 is up-regulated in
colon cancer tissues, and positively correlated with lymphatic
metastasis and clinical staging. These results indicate that
FOXAZ2 is associated with the development and progression of
colon cancer and may play the role of an oncogene.

Some studies show that the function of FOXA?2 in tumors
is two-sided. For example, Li et al report that miR-187 can
target the expression of FOXA?2 and promote the prolifera-
tion and metastasis of gastric cancer, suggesting that FOXA?2
may be a tumor-suppressor gene in gastric cancer (34).
Down-regulation of FOXA?2 may promote EMT in pancreatic
cancer, suggesting that FOXA2 may inhibit tumor EMT (35).
Tu et al discover that miR-1291 inhibits proliferation and
metastasis of pancreatic cancer by targeting FOXA?2 (36). Our
results in the present study show that FOXA?2 expression is
elevated in HCT116 and HT29 cells. CCK-8 assay shows that
interference of FOXA?2 expression reduces the proliferation
of HCT116 and HT29 cells. In addition, HCT116 and HT29
cells in FOXA?2 interference group have shown GI1/S arrest,
suggesting that down-regulation of FOX A2 inhibits the prolif-
eration of colon cancer cells. Transwell assay shows that the
number of cells that cross the membrane in FOXA?2 interfer-
ence group is lower than that in control group, suggesting that
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FOXAZ2 is able to promote the migration and invasion of colon
cancer cells. Furthermore, our Western blotting data show that
expression of E-Cadherin and Vimentin in FOXA2 interfer-
ence group is up-regulated and down-regulated, respectively
than that in control group, suggesting that EMT of colon
cancer is inhibited by down-regulation of FOXA?2. Of note, the
apoptosis of cells in FOXA?2 interference group is enhanced
than control group, and laser scanning confocal microscopy
shows that the cytoskeleton in the cell membrane of the
FOXAZ2 interference group is more abundant, suggesting that
these cells have stronger mobility. Tumor formation in nude
mice shows that the growth rate of tumor in FOXA?2 interfer-
ence group is significantly lower than that in NC group. In
addition, E-Cadherin expression is up-regulated and Vimentin
expression is down-regulated in tumor tissues of FOXA2
interference group, suggesting that EMT is inhibited. These
results indicate that FOX A2 promotes the proliferation, migra-
tion and EMT of colon cancer cells.

In conclusion, the present study demonstrates that FOXA2
is an oncogene in colon cancer, and the up-regulation of its
expression promotes the proliferation, migration and invasion
of colon cancer. As a transcription factor, up-regulation of
FOXAZ2 expression has clinical values in the diagnosis and
prognosis evaluation of colon cancer. Because FOXA?2 initi-
ates the expression of a large number of downstream genes,
it can also be a potential diagnostic and therapeutic target for
colon cancer, being consistent with a previous report (37). In
future studies, we will investigate the molecular mechanisms
of FOX A2 in colon cancer, such as downstream transcriptional
genes of FOX A2 and relevant signaling pathways.
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