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CDX2 Inhibits Invasion and Migration of Gastric Cancer
Cells by Phosphatase and Tensin Homologue Deleted from
Chromosome 10/Akt Signaling Pathway

Yong-Qiang Liu, Zhi-Gang Bai, Xue-Mei Ma, Zhong-Tao Zhang
Department of General Surgery, Beijing Friendship Hospital, Capital Medical University, Beijing 100050, China

Background: Gastric cancer (GC) is one of the most prevalent malignancies in the world today, with a high mortality rate. CDX2 is a
Drosophila caudal-related homeobox transcription factor that plays an important role in GC. Phosphatase and tensin homologue deleted
from chromosome 10 (PTEN) is an important tumor suppressor which is widely expressed in normal human tissues. The aim of the study
was to determine the relationship and mechanism between CDX2 and PTEN in invasion and migration of GC cells.

Methods: pcDNA3-CDX2 plasmids were transfected into MGC-803 cells to up-regulate CDX2 protein, and small interfering RNA-CDX?2
was transfected to down-regulate CDX2. The influence of CDX2 or PTEN on cell migration and invasion was measured by invasion,
migration and wound healing assays. Western blotting assay and immunofluorescence were used to detect the expression of CDX2, PTEN,
phosphorylation of Akt, E-cadherin and N-cadherin. Statistical significance was determined by one-way analysis of variance.

Results: The results showed that CDX2 reduced the migration and invasion of GC cells (P < 0.05), and inhibited the activity of Akt
through down-regulating PTEN expression (P < 0.05). CDX2 also restrained epithelial-mesenchymal transition of GC cells.
Conclusions: CDX2 inhibited invasion and migration of GC cells by PTEN/Akt signaling pathway, and that may be used for potential

therapeutic target.
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INTRODUCTION

Gastric cancer (GC) is the fourth most common malignancy
worldwide and the second most common cause of cancer-related
deaths each year (10.4% of cancer deaths).l' A total of 989,600
new stomach cancer cases and 738,000 deaths are estimated to
have occurred in 2008, and over 70% of new cases and deaths
occur in developing countries such as China.”! Although the
detailed mechanisms of gastric carcinogenesis are not yet fully
understood, several associated environmental and genetic factors
have been reported to play an important role in promoting
GC, such as Helicobacter pylori infection, and mutation in the
E-cadherin/CDH1 gene. GC has been classified histologically
into either intestinal or diffuse types by the Lauren classification
system.””! The intestinal type cancer has been identified to evolve
in apparently sequential steps that progress through chronic
gastritis, atrophy, intestinal metaplasia, and dysplasia.! CDX2 is
specifically expressed in the intestine, which makes it important
for intestinal metaplasia of the stomach.
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CDX2 is a Drosophila caudal-related homeobox transcription
factor that regulates cellular processes such as cell
differentiation, proliferation, cell adhesion, migration, and
tumor genesis.’! CDX2 is specifically expressed in the
intestine, colon and intestinal metaplasia of the stomach, but
not in the normal epithelium of the esophagus and stomach
in adults.?” CDX2 is important for the proliferation and
differentiation of intestinal epithelial cells and maintenance of
the intestinal phenotype. CDX2 is involved in the pathogenesis
of gastric intestinal metaplasia and GC. According to a
study, CDX2 expression is detected in 87.1% of intestinal
metaplasia, 48.2% of GC."! Immunohistochemical analysis
demonstrates that the expression of CDX2 was significantly
higher in intestinal-type cancer than in diffuse type. The
patients with CDX2-positive expression showed a lower
proliferation rate and a higher survival rate than those with
CDX2-negative expression.® Therefore, CDX2 is connected
with intestinal metaplasia and the intestinal-type GC. CDX2
is a useful marker for the prognosis of GC.

A phosphatase and tensin homologue deleted from chromosome
10 (PTEN) is an important tumor suppressor gene that is

Address for correspondence: Dr. Zhong-Tao Zhang,
Department of General Surgery, Beijing Friendship Hospital,
Capital Medical University, Beijing 100050, China

E-Mail: zhangzht@medmail.com.cn

.Chinese Medical Journal | April 20,2015 | Volume 128 | Issue 8




widely expressed in normal human tissues. PTEN is involved
in the control of cell growth, proliferation, migration and
apoptosis.l”) The PTEN gene is mutated in a wide kind of
human cancers including glioblastoma, hysterocarcinoma,
breast cancer, prostate cancer and GC prognosis.'*!!! Several
researches indicated that PTEN plays a critical role in apoptosis,
proliferation and metastasis of tumor cells, and promotes
intestinal differentiation.!'>!3! The PTEN protein antagonizes
PI3K activity and inhibits the downstream signaling pathway
through Akt. Inhibition of Akt protein leads to activation of
Caspase-9, which is associated with cell apoptosis. The intestinal
CDX2 homeobox gene is a target of PTEN/phosphatidylinositol
3-kinase signaling and tumor necrosis factor o signaling via
Nuclear Factor kB—dependent pathways.'¥! CDX2 plays an
important role in the differentiation, inhibiting proliferation,
and increasing sensitivity to apoptosis of GC, and PTEN is
involved in tumor invasion and migration.!”!

This study aimed to investigate the possible role of CDX2 and
PTEN in GC, and to discover its involvement to the invasion
and migration of cancer. We overexpressed CDX2 and PTEN
in MGC-803 cells, and suppressed CDX2 and PTEN in
NCI-N87 cells to determine if CDX2 and PTEN contributed
to tumor epithelial-mesenchymal transition (EMT).

MeTtHoDS

Reagents

MGC-803 and NCI-N87 cells were purchased from American
Type Culture Collection. Dulbeco’s Modified Eagle’s
Medium (DMEM) was purchased from Hyclone (Logan, UT,
USA), fetal bovine serum, Lipofectamine 2000, and transwell
chambers were purchased from Invitrogen (Carlsbad, CA,
USA), Matrigel was purchased from BD Biosciences (NY,
USA), CDX2, PTEN, E-cadherin, N-cadherin, GAPDH, and
immunoglobulin G (IgG) antibodies were purchased from Santa
Cruz Biotechnology (CA, USA), phosphorylation of Akt (pAkt)
was purchased from Abcam (Cambridge, MA USA), immobilon
western chemilumihescent horseradish peroxidase (HRP)
substrate was purchased from Millipore (Billerica, MA, USA),
and DAPI was purchased from Sigma (St. Louis, MO, USA).

Plasmid construction

The coding sequence (CDS) region of human CDX2 gene
was amplified from cDNA, digested with BamHI1/Hindlll and
cloned into pcDNA3 vector. Similarly, human PTEN CDS was
digested with Xhol/BamHI, and cloned into pcDNA3 vector.
The resulting constructs were confirmed by DNA sequencing.

Cell culture and transfection

MGC-803 and NCI-N87 cells were cultured in DMEM
supplemented with 10% fetal bovine serum at 37°C
in a humidified atmosphere containing 5% CO,. The
CDX2-expressing vectors (pcDNA3-CDX2) were
transfected into MGC-803 cells by using Lipofectamine
2000 transfection reagent.

CDX2 gene silencing
The small interfering RNA (siRNA) was
synthesized from Invitrogen. The target

sequence (5~ AACCAGGACGAAAGACAAAUA-3’) was
used to down-regulate CDX2 in vitro. A nontarget siRNA
sequence was used as a negative control. Lipofectamine 2000
transfection reagent was used for transfection of siRNAs.

Targeted and nontargeted siRNA was transfected into cells at
a final concentration of 25 nmol/L and cells were incubated
for 24 h before the medium was exchanged. The total time
of incubation with siRNA was 72 h.

Invasion and migration assay

Cell invasion and migration assays were performed using
Transwell chambers. 2 x 10° cells were seeded into the
upper chamber in a serum-free DMEM. For invasion assay,
the upper chamber was coated with Matrigel and incubated
overnight before starting the invasion assay. The lower
chamber was filled with 10% serum DMEM, which acted as
a chemo-attractant. Cells were further incubated at 37°C in
5% CO, for 24 h. The passed cells on the lower surface of the
membrane were fixed and stained with crystal violet solution.
Cells was counted under the light microscope (x10 objective)
from 10 random fields for each well. Migration assay was
performed as for the invasion assay described above with no
Matrigel precoated.

Wound healing assay

In wound healing assay, the cells were cultured to 80-90%
confluence in six-well plates. A 200 ul sterile pipet tip was used
to make a central linear wound, and the plates were washed
with PBS to remove the floating cells. Micrographs were taken
at 0 and 48 h. The speed of wound closure was analyzed by
measuring the distance of the wound edge to the original wound
site. Each experiment was performed in triplicate.

Western blotting analysis

Cells were lysed at 4°C with RIPA lysis buffer containing
1 umol/L PMSF. Equal amounts of protein were separated by
sodium dodecyl sulphate-polyacrylamide gel electrophoresis
and electrotransferred onto polyvinylidene fluoride membrane.
The membrane was sealed with PBS containing 5%
Skimmed milk powder for 1 h and incubated with primary
antibodies (CDX2, PTEN, E-cadherin, N-cadherin, GAPDH,
and pAkt) at 4°C overnight. The membrane was washed
with PBST (PBS, pH 7.5, containing 0.1% Tween-20) and
incubated with a secondary antibody for 1 h. Anti-mouse or
anti-rabbit antibodies against IgG conjugated with HRP were
adopted as the secondary antibodies. Immobilon western
chemilumihescent HRP substrate was used to detect peroxidase
activity.

Immunofluorescence

Cells adhered to chamber slides and grew to 50—
60% confluence, then fixed with cold methanol. The
slides were incubated 1 h at 37°C with the primary
antibodies (E-cadherin and N-cadherin) and secondary
antibodies. The FITC- and TRITC-conjugated mouse
and rabbit IgG antibody were used as labels for
immunofluorescence assay. After immunolabeling, cells
were washed, stained with DAPI, mounted, and then viewed
with fluorescent microscopy (Nikon, Japan).
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Statistical analysis

Results were expressed as mean =+ standard deviation (SD).
All data analyses were performed by one-way analysis of
variance (ANOVA) using SPSS version 19 software (IBM,
Armonk, NY, USA). Differences were considered statistically
significant at values of P < 0.05.

ResuLts

CDX2 inhibits migration and invasion of gastric cancer
cells

Given the up-regulated cell model in MGC-803 and
knockdown cell model in NCI-N87, we studied the

invasion and migration ability of MGC-803 and NCI-N87
after performing CDX2 over-expression or knockdown,
respectively. As presented in Figure la and b, significant
decrease of cell invasion and migration was observed
in the CDX2-transfected MGC-803 cells compared
with the negative vector control (P < 0.05). We also
observed an obvious increase in CDX2-siRNA-transfected
NCI-N87 cells compared with the negative vector
control (P < 0.05, Figure 1le and f).

As shown in Figure 1c and d, following a wound healing
assay, the CDX2-transfected MGC-803 cells showed about
a two-fold decreased migration distance than the negative
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Figure 1: Effect of CDX2 overexpression and knockdown on invasion and migration abilities in gastric cancer cells. (a and b) The CDX2
overexpression reduced the migration and invasion abilities of MGC-803 cells; (c and d) In the wound healing assay, the MGC-803/CDX2 cells
exhibited decreased migration ability; (e and f) The down-regulated CDX2 expression significantly increased the migration and invasion abilities; (g
and h) The results of wound healing assay revealed the NCI-N87/siR-CDX2 cells decreased the migration ability. Results were presented as
mean =+ standard deviation of three independent experiments, *P < 0.05.
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control (P < 0.05). The analysis also suggested a three-fold
increase in the speed of wound healing in CDX2-siRNA—
transfected NCI-N87 cells compared with the negative vector
control (P <0.05, Figure 1g and h). The results proved that
CDX2 inhibits the migration and invasion ability of GC cells.

CDX2 impacts the expression of PTEN and the activity
of Akt

Transfection of pcDNA3/CDX2 plasmid revealed that CDX2
was overexpressed in MGC-803 cells (P < 0.05). Compared
with the negative control, PTEN expression significantly
increased in MGC-803/CDX2 cells (P <0.05, Figure 2a and
b). The expression of the pAkt decreased in the transfection
of CDX2 in MGC-803 cells compared with the negative
vector control (P < 0.05, Figure 2a and b). Obviously, the
overexpression of CDX2 induced PTEN expression and
repressed Akt activation in MGC-803 cells. Similarly,
Western blotting analysis in CDX2-siRNA—transfected
NCI-N87 cells showed the corresponding experimental
results [Figure 2¢ and d].

CDX2 determines the epithelial phenotype of gastric
cancer

Epithelial cells can convert into mesenchymal cells through
a process known as EMT. EMT contributes to cancer
invasion and metastasis. EMT markers include E-cadherin,
cytokeratin and occludin (down-regulating during EMT);
and N-cadherin, vimentin, and fibronectin (up-regulating
during EMT). Immunofluorescence and Western blotting
assay revealed increased E-cadherin and decreased
N-cadherin in MGC-803/CDX2 cells compared with the
negative control (P <0.05, Figure 3a-c). For NCI-N87 cells,

knockdown CDX2 by siRNA decreased E-cadherin
expression and increased N-cadherin expression detected
with immunofluorescence and Western blotting (P < 0.05,
Figure 3d-f).

CDX2 inhibits invasion, migration and
epithelial-mesenchymal transition of gastric cancer
by targeting PTEN

We used MGC-803/PTEN cells and NCI-N87/siR-PTEN
cells to investigate the effect of PTEN on cell invasion
and migration. The migration and invasion cell numbers
per field were about two-fold and 1.9-fold less in MGC-
803/PTEN cells than that of the negative control cells,
respectively (P <0.05, Figure 4a and b). We also observed an
obvious increase of invasion and migration in PTEN-siRNA—
transfected NCI-N87 cells compared with the negative
vector control (P < 0.05, Figure 4¢ and f). In the wound
healing assay, cell migration rate of MGC-803/PTEN cells
was significantly lower than the negative control (P < 0.05,
Figure 4c and d). Moreover, the cell migration rate of
NCI-N87/siR-PTEN cells was about 1.5-fold higher than
the negative control (P < 0.05, Figure 4g and h).

In the Western blotting assay, overexpression or
knockdown the PTEN protein had no effect on the CDX2
expression [Figure 5]. We detected the expression of
EMT marker E-cadherin and N-cadherin in GC cells
with PTEN up- or down-regulated. Figure 5 showed that
the overexpression of PTEN resulted in an increased
expression of E-cadherin and a decreased expression of
N-cadherin (P < 0.05, Figure 5a and b), indicative of EMT.
While we down-regulated PTEN expression in NCI-N87/
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Figure 2: Detection of PTEN and phosphorylation of Akt (pAkt) expression with up-regulated and down-regulated CDX2 by Western blotting assay. (a
and b) Detection of expressed CDX2, PTEN, Akt, and pAkt in MGC-803/CDX2 cells. The increased levels of CDX2 led to increased PTEN expression and
decreased Akt activation; (c and d) The expression of CDX2, PTEN, Akt, and pAktin NCI-N87/siR-CDX2 cells were detected. The repressed CDX2 expression
down-regulated the PTEN protein and up-regulated the phosphorylation of Akt. Results were presented as mean =+ standard deviation, n = 3, *P < 0.05.
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Figure 3: The expression of epithelial-mesenchymal transition markers was impacted by CDX2. (a) Immunofluorescence images of E-cadherin
and N-cadherin in MGC-803/CDX2 cells; (b and c) Western blotting assay presented that E-cadherin expression up-regulated and N-cadherin
expression down-regulated by CDX2 overexpression; (d) Immunofluorescence images of E-cadherin and N-cadherin in NCI-N87/siR-CDX2 cells; (e
and f) With CDX2 down-regulated in NCI-N87/siR-CDX2 cells, the expression of E-cadherin was decreased, while the expression of N-cadherin
was increased. Results were presented as mean + standard deviation, n = 3, *P < 0.05.

siR-PTEN cells, E-cadherin expression decreased and
N-cadherin expression increased compared with the negative
control (P < 0.05, Figure 5c and d).

Discussion

In the present study, we constructed recombinant
pcDNA3-CDX2 plasmids and successfully transfected
these plasmids into human GC MGC-803 cells. Our results
clearly showed that CDX2 overexpression in MGC-803 cells
inhibited GC cell migration and invasion. We found that
the transfection of NCI-N87 cells with CDX2 siRNA could
knock down the expression of CDX2 and promote cell
invasion and migration in vitro. These data showed that
CDX2 played an important role in GC cell invasion and
migration.

We found that expression of PTEN was increased when
CDX2 was transfected into MGC-803 cells. And also,
when CDX2 gene was knocked down, the expression of
PTEN was decreased. So, we transfected pcDNA3-PTEN
into MGC-803 cells, and found that the abilities of invasion
and migration were inhibited, but the expression of CDX2
was not changed. Thus, we concluded that CDX2 acted as

a potential tumor suppressor in GC, whose function was
connected with PTEN.

Phosphatase and tensin homologue deleted from chromosome
10 is a tumor suppressor gene with phosphatase activity, in
which mutations can often promote tumorigenicity.!"! Our
study revealed that when CDX2 protein was overexpressed,
expression of PTEN increased, while pAkt expression declined.
Furthermore, if CDX2 was down-regulated, PTEN expression
was decreased, while the expression of pAkt increased. PI3K/
Akt pathway played an important role in tumor cell invasion.
In PI3K/Akt pathway, Racl acted to modulate cell adhesion
properties, Akt induced MMP-9 production, and both Racl
and Akt promote cell migration and invasion.!' PTEN can
dephosphorylate PIP3 to reduce the level of phosphorylation
Akt, and then inhibited the invasion and migration of cancer
cells. This suggested that CDX2 inhibited the invasion and
migration through the PTEN-PI3K/Akt pathway in the GC cells.

Epithelial-mesenchymal transition is a key reversible step
that facilitates tumor migration, invasion and metastasis.!!”:!#
And inhibition of EMT is an attractive therapeutic approach
that can significantly alter disease outcome.!"” Our studies
examined the E-cadherin and N-cadherin expression with
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Figure 4: Effect of phosphatase and tensin homologue deleted from chromosome 10 (PTEN) on invasion and migration abilities in gastric cancer
cells. (a and b) With overexpression of PTEN in MGC-803 cells, the migration and invasion abilities were repressed compared with the negative
control; (c and d) The migration distance was lower in MGC-803/PTEN cells than the negative control; (e and f) The down-regulated PTEN in NCI-N87/
siR-PTEN cells significantly increased the migration and invasion abilities compared with the negative control; (g and h) With the down-regulated
PTEN protein, the higher migration distance was detected. Results were presented as mean + standard deviation, n = 3, *P < 0.05.

respect to CDX2 up-regulation or knockdown in MGC-803
and NCI-N87 cells. Data showed that E-cadherin expression
was up-regulated and N-cadherin was down-regulated
following CDX2 expression up-regulation; down-regulated
CDX2 also resulted in decreased E-cadherin and increased
N-cadherin. Concomitantly, PTEN overexpression revealed
up-expression of E-cadherin and down-expression of
N-cadherin, all of which are consistent with EMT.

In the present study, we found that in GC, up-regulated
CDX2 restrained EMT and down-regulated CDX2 promoted
EMT, while the overexpression of PTEN inhibited EMT.

CDX2 may regulate GC cell EMT via PTEN. In general,
CDX2 was identified as an inhibitor of EMT.

In conclusion, CDX2 was up-regulated leading to inhibited
migration and invasion of GC cells, and, up-regulation
of CDX2 restrained the development of EMT in GC via
inhibition of PTEN expression. In conclusion, our study
showed that CDX2 can decrease migratory, invasive and
EMT behaviors by increasing the expression of PTEN and
attenuating the activity of Akt. Our findings indicated that the
restoration of the tumor suppressor CDX2 might be useful
in the anti-GC therapy.
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Figure 5: Western blotting assay of CDX2, E-cadherin and N-cadherin in MGC-803/phosphatase and tensin homologue deleted from chromosome
10 (PTEN) cells and NCI-N87/siR-CDX2 cells; (a and b) The up-regulated PTEN had no effect on CDX2 expression, but increased the expression
of E-cadherin, and meanwhile decreased the N-cadherin compared with the negative control; (c and d) The down-regulated PTEN in NCI-N87/
SiR-CDX2 cells led to the decrease of E-cadherin and increase of N-cadherin compared with the negative control. Results were presented as
mean + standard deviation, n = 3, *P < 0.05.
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