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Abstract
AIM: To investigate the effects of small interference 
RNA (siRNA) targeting of Cdx2 on human gastric can-
cer MGC-803 cells in vitro  and in vivo .

METHODS: The recombinant pSilencer 4.1-Cdx2 siRNA 
plasmids were constructed and transfected into gastric 
cancer MGC-803 cells in vitro . The stable transfectants 
were selected. The effects of Cdx2 siRNA on growth, 
proliferation, cell cycle, apoptosis, migration and inva-
siveness of human gastric cancer MGC-803 cells were 
evaluated and the expression of phosphatase and 
tensin homolog (PTEN), caspase-9 and caspase-3 was 
observed in vitro  by reverse transcription polymerase 

chain reaction (RT-PCR) and Western blotting analy-
sis. We also investigated the effect of Cdx2 siRNA on 
growth of MGC-803 cells in nude mice in vivo .

RESULTS: Cdx2 siRNA led to inhibition of endogenous 
Cdx2 mRNA and protein expression as determined by 
RT-PCR and Western blotting analysis. Cdx2 siRNA sig-
nificantly inhibited cell growth and proliferation, blocked 
entry into the S-phase of the cell cycle, induced cell 
apoptosis, and reduced the motility and invasion of 
MGC-803 cells. Cdx2 siRNA also increased PTEN expres-
sion, and activated caspase-9 and caspase-3 in MGC-803 
cells in vitro  . In addition, siRNA targeting of Cdx2 inhib-
ited the growth of MGC-803 cells and promoted tumor 
cell apoptosis in vivo in nude mice tumor models.

CONCLUSION: Cdx2 was involved in regulating pro-
gression of human gastric cancer cells MGC-803. 
Manipulation of Cdx2 expression may be a potential 
therapeutic strategy for gastric cancer.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION 

The transcription factor, Cdx2, is a member of  the caudal-
related homeobox gene family, and is mainly expressed in 
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the intestine. Cdx2 plays important roles in early differen-
tiation, proliferation, and maintenance of  intestinal epithe-
lial cells, and in the transcription of  genes such as multi-
drug resistance 1[1,2]. Overexpression of  Cdx2 in the small 
intestine is associated with reduced postnatal growth, early 
epithelial maturation, alterations in the development of  a 
differentiated phenotype in crypt base organization, and 
changes in paneth and goblet cell lineages[3]. 

Initially, Cdx2 was reported to be a tumor suppressor. 
Several investigators reported that low levels of  Cdx2 is 
a characteristic feature of  human colon and squamous 
esophageal cancer[4,5], and overexpression of  Cdx2 could 
decrease mobility and antagonize metastasis of  colon 
cancer cells[6]. However, other studies showed that strong 
and robust expression of  Cdx2 was found in > 80% of  
colorectal cancers and non-small cell lung cancer[7,8]. In 
addition, Cdx2 was found to enhance proliferation and 
have tumorigenic potential in the human colon cancer 
cell lines, LoVo and SW48[9]. These studies suggested 
that Cdx2 also had oncogenic property. Together, these 
conflicting findings point to a complex role for Cdx2 in 
the regulation of  cell proliferation. 

Gastric cancer is the third most common cancer in 
China, and is one of  the most frequent causes of  can-
cer-related mortality in China, with an incidence of  0.4 
million new cases and 0.3 million deaths annually[10]. In-
testinal metaplasia has been shown to be a precursor of  
intestinal-type gastric adenocarcinoma. Since intestinal 
metaplasia cannot be eradicated, it is important to deter-
mine how to reduce the morbidity from intestinal meta-
plasia to gastric cancer. However, the histogenesis of  in-
testinal metaplasia and factors in the metaplastic epitheli-
um that lead to its development into carcinoma is still in 
dispute[11,12]. In adult humans, Cdx2 has been reported to 
be associated with intestinal metaplasia in the stomach in 
which ectopic expression of  Cdx2 is speculated to cause 
the gastric epithelial cells to trans-differentiate and take 
the intestinal phenotype[13]. In addition, Cdx2 transgenic 
mice have been shown to induce intestinal metaplasia 
and have a high incidence of  gastric carcinoma[14,15]. This 
indicates a direct relationship between Cdx2-induced in-
testinal metaplasia and gastric carcinogenesis. 

In the present study, we constructed small interference 
RNA (siRNA) sequences targeting of  Cdx2, transfected 
them into the human gastric cancer cell line MGC-803, 
selected the stable transfectants, and explored changes in 
growth, proliferation, cell cycle, apoptosis, metastasis and 
invasiveness. We also observed the effect of  Cdx2 siRNA 
on the expression of  phosphatase and tensin homolog 
(PTEN), caspase-9, and caspase-3. Moreover, we investi-
gated the effects of  Cdx2 downregulation on the growth 
and apoptosis of  MGC-803 cells in nude mice. 

MATERIALS AND METHODS
Cell culture
The human gastric carcinoma cell line, MGC-803, was 
supplied by the Cell Bank of  Shanghai Institute of  Cell 

Biology, Chinese Academy of  Sciences. Cells were cul-
tured in Dulbecco’s modified Eagle’s medium (DMEM) 
(Invitrogen, Gaithersburg, MD, United States). All media 
were supplemented with 10% fetal bovine serum (FBS), 
penicillin (100 U/mL), and streptomycin (100 μg/mL). 
Cells were cultured in an incubator with 5% CO2 at 
37 ℃ with medium changes every 3 d.

Antibodies 
Anti-Cdx2, anti-β-actin and secondary antibody were ob-
tained from Santa Cruz Biotechnology Inc., Santa Cruz, 
CA, United States. Antibodies specific for PTEN, pro-
caspase-9, cleaved caspase-9, pro-caspase-3, cleaved cas-
pase-3, and glyceraldehyde-3-phosphate dehydrogenase 
(GAPDH) were from Cell Signaling Technology, Beverly, 
MA, United States.

Plasmid construction and transfection
Double strand siRNA oligonucleotides were obtained 
from Gima Biotechnology Company (China). There 
were two reversed repeated sequences with 21 inserted 
sequences (GACAAATATCGAGTGGTGTAC, TA-
ACCCGCGATCTGTTCTGCA) in the complementary 
sequence, with BamHⅠ and HindⅢ sites for ligation into 
the pSilencer 4.1 vector, which contained a neomycin 
resistance marker for the selection of  stable transfectants 
in the presence of  G418. The siRNA targeting site of  the 
transcripted product was nucleotides 115-818 of  Cdx2 
mRNA (GeneBank No. NM-001265). The negative con-
trol was the siRNA sequence with no homology to any 
human gene sequence.

After ligation, the plasmid was transformed into Es-
cherichia coli TOP10 cells, and then cultured on solid LB 
medium (LB solid medium containing 50 ng/L ampicil-
lin and 2% agarose gel) at 37 ℃ for 16 h. Positive clones 
were identified by DNA sequence analysis (Majorbio 
Biotech Co., Ltd), and the resulting plasmid was named 
pSilencer 4.1-Cdx2(+) or pSilencer 4.1-Cdx2(-). Six-well 
plates were inoculated with MGC-803 cells (1 × 105), and 
cells were transfected with pSilencer 4.1-Cdx2(+) recom-
bination plasmids. For selection of  stable transfectants, 
G418 (Life Technologies) was added to the cells 48 h 
after transfection. The concentration of  G418 for selec-
tion was gradually decreased as follows: 1 mg/mL for 4 d; 
750 μg/mL for 4 d; 500 μg/mL for 4 d; and 250 μg/mL 
as a sustaining dose. At day 20 after transfection, G418-
resistant clones were isolated. The selected cell colonies 
were transferred from 10-mm dishes to 96-well plates, 
and then from 96-well plates to 24-well plates. The trans-
formants selected by G418 were analyzed by measuring 
the expression of  Cdx2 mRNA and protein. The nega-
tive control cells were transfected with vector pSilencer 
4.1-Cdx2(-) alone, and maintained under identical condi-
tions. In the case of  cells that were selected in medium 
containing G418, antibiotics were routinely included in 
their growth medium until 1 to 2 d before experiments 
were carried out. The cells were divided into 3 groups: 
MGC-803/Cdx2 siRNA, MGC-803/Cdx2 negative con-
trol and MGC-803 group.
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Semi-quantitative reverse transcription polymerase 
chain reaction
Total RNA was extracted from the positive cell clone 
using TRIzol Reagent (Invitrogen). Neo gene segments 
were amplified and verified by semi-quantitative reverse 
transcription polymerase chain reaction (RT-PCR). Com-
plementary deoxyribonucleic acids (cDNAs) were re-
verse-transcribed from 2 μg of  total RNA. Primers used 
in this study were as follows: Cdx2 forward primer (5’
-CGGCAGCCAAGTGAAAAC-3’) and reverse primer 
(5’-GATGGTGATGTAGCGACTGTAGTG-3’), PCR 
product: 100 base pairs (bp); β-actin forward primer (5’
-AACTCCATCATGAAGTGTGA-3’) and reverse prim-
er (5’-ACTCCTGCTTGCTGATCCAC -3’), PCR prod-
uct: 247 bp. The PCR products were checked by agarose 
gel electrophoresis, and the abundance of  each mRNA 
was detected and normalized to that of  β-actin mRNA. 

Western blotting analysis
Cell lysates were prepared in a buffer containing 100 
mmol/L NaCl, 10 mmol/L Tris-Cl (pH 7.6), 1 mmol/L 
ethylenediaminetetraacetic acid (pH 8.0), 1 μg/mL apro-
tinin, 100 μg/mL phenylmethylsulfonyl fluoride, and 1% 
(v/v) NP-40. After protein quantitation using the Lowry 
protein assay, equal amounts of  proteins were separated 
by sodium dodecyl sulfate polyacrylamide gel electro-
phoresis, and blotted onto nitrocellulose membranes by 
the semi-dry blotting method using a three buffer sys-
tem. The membrane was blocked with 5% bovine serum 
albumin in phosphate buffer solution Tween-20 (PBST) 
(PBS, pH 7.5, containing 0.1% Tween-20), and incubated 
with a 1:500 dilution of  primary antibody (anti-Cdx2) 
overnight at 4 ℃. The membrane was then washed with 
PBST and incubated with a peroxidase-conjugated sec-
ondary antibody (1:1000) for 1 h. Specific antibody bind-
ing was detected using a chemiluminescence detection 
system (Pierce, Rockford, IL, United States), according 
to the manufacturer’s recommendations. Western blot-
ting film was scanned, and the net intensities of  the 
bands were quantified using Image-QuanT software 
(Molecular Dynamics, Sunnyvale, CA, United States). 
After development, the membrane was stripped and rep-
robed with antibody against β-actin (1:1000) to confirm 
equal sample loading.

Cell growth and proliferation assay
The growth of  MGC-803 cells was determined by an 
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium 
bromide (MTT) assay using a CellTiter 96 AQueous 
assay system (Promega, Madison, WI, United States), 
according to the manufacturer’s instructions. This assay 
measures dehydrogenase enzyme activity in metaboli-
cally active tumor cells, as reflected by the conversion of  
MTT to formazan, which is soluble in tissue culture me-
dium and is detected by absorbance (A) at 490 nm. The 
production of  formazan is proportional to the number 
of  living cells, with the intensity of  the produced color 
serving as an indicator of  cell viability. Briefly, MGC-803 

cells were plated at a density of  5 × 103 cells/well in 
96-well plates, and cultured for 72 h. The percentage 
of  cell survival was calculated using the background-
corrected absorbance: % proliferation rate = 100 × A 
of  experimental well/A of  untreated control well. All 
experiments were performed at least three times.

Colony formation assay
Cell suspensions from each group were diluted in DMEM 
with 10% FBS, and immediately re-plated in 6-well plates 
at a density of  20 cells/cm2. The plates were incubated 
until cells in control wells formed sufficiently large colo-
nies. After that, the colonies were fixed in 6% glutaral-
dehyde and stained with 0.5% crystal violet. The plates 
were photographed and their digital images were analyzed 
manually to determine colony number.

Cell cycle analysis by flow cytometry
For cell cycle analysis, MGC-803 cells (1 × 106) were 
washed twice with ice-cold PBS, treated with trypsin, 
and then fixed in 70% cold ethanol at 4 ℃ for 30 min. 
The cell pellet was incubated in a solution containing 50 
ng/mL propidium iodide, 0.2 mg/mL RNase, and 0.1% 
Triton X-100 at room temperature for 30 min, and then 
analyzed by flow cytometry using a FACscan (Becton 
Dickinson, Mountain View, CA, United States). Data 
were analyzed with the MultiCycle for Windows (Phoenix 
Flow Systems, San Diego, United States).

Apoptosis assay by flow cytometry
Apoptotic cells were determined using the Annexin 
V-fluorescein isothiocyanate (FITC) Apoptosis Detec-
tion Kit (Jingmei Biotech Co., Shenzhen, China) and an 
EPICS XL-MCL flow cytometer (Becton Dickinson) 
according to the manufacturer’s instructions. Briefly, 1 
× 106 cells were stained with Annexin V/FITC for 30 
min at 4 ℃ in the dark and then stained with propidium 
iodide for 10 min before flow cytometric analysis.

Wound healing assay
The cells were cultured to confluence in 6-well plates, 
and were then treated with mitomycin C to inhibit cell 
proliferation. A central linear wound was made with a 
200 μL sterile pipet tip. Media were changed gently to 
remove any floating cells. Phase micrographs of  the 
wound cultures were taken at 0 and 36 h. The photo-
graphs were analyzed by measuring the distance from the 
wound edge of  the cell sheet to the original wound site. 
Migratory activity was calculated as the mean distance 
between edges of  three points in 12 fields per well. Rela-
tive motility = (mean original distance - mean distance at 
a time point)/mean original distance × 100%. Each test 
group was assayed in triplicate.

Cell invasion assay 
Cell invasion was assessed using Transwell chambers 
(6.5 mm; Corning, New York, United States) with 50 μL 
serum-free DMEM containing 1 μg/mL Matrigel (De-
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partment of  Biology, Beijing University, China) in the 
upper chamber. The lower chamber was filled with 50 
μL DMEM containing 0.1 μg/mL fibronectin (Beijing 
University). Cells (1 × 105) were suspended in 100 μL 
DMEM with 1% fetal calf  serum and plated into the up-
per chamber. PBS (5%) 500 μL was added in the lower 
chamber. After a 24 h incubation with 5% CO2 at 37 ℃, 
the number of  cells with Giemsa staining on the under-
surface of  the polycarbonate membranes was scored 
visually in five random fields at a 400 × magnification by 
light microscopy. 

Analyses of PTEN, caspase-9 and caspase-3 expression
Semi-quantitative RT-PCR was performed as previously 
described. Primers used in this study were as follows: 
(1) PTEN forward primer (5’-CTGGAAAGGGAC-
GAACTG-3’) and reverse primer (5’-AGGTAACG-
GCTGAGGGA-3’), PCR product: 368 bp; (2) Caspase-9 
forward primer (5’-GGCTGTCTACGGCACAGAT-
GGA-3’) and reverse primer (5’-CTGGCTCGGGGT-
TACTGCCAG-3’), PCR product: 200 bp; (3) Caspase-3 
forward primer (5’-AAGCGAATCAATGGACTC-3’) and 
reverse primer (5’-TTCCTGACTTCATATTTCAA-3’), 
PCR product: 192 bp; (4) GAPDH (a) forward primer 
(5’-ACAGCAACAGGGTGGTGGAC-3’) and reverse 
primer (5’-TTTGAGGGTGCAGCGAACTT-3’), PCR 
product: 252 bp; and (5) GAPDH (b) forward primer (5’
-ACCACAGTCCATGCCATCAC-3’) and reverse primer 
(5’-TCACCACCCTGTTGCTGTA-3’), PCR product: 
450 bp. Western blotting analysis was carried out as pre-
viously described. 

Animal studies
BALB/c male nude mice at 5 wk old were obtained from 
Guangxi Animal Center, China. All animals were kept 
under specific pathogen-free conditions and tended to in 
accordance with institutional guidelines. All experimental 
studies were approved by the Guangxi Medical Univer-
sity Animal Care and Use Committee. MGC-803/Cdx2 
siRNA cells, MGC-803/Cdx2 negative control cells and 
MGC-803 cells were used for tumor implantation. There 
were six mice in each group. Approximately 2 × 106 tu-
mor cells were implanted subcutaneously into the flanks 
of  the nude mice. Tumor sizes were measured every 4 
d with a caliper, and the diameters were recorded. The 
tumor volume (TV) was calculated by the formula: TV = 
W2 × L/2, where L was the length and W was the width 
of  the tumor. The relative tumor volume (RTV) was 
calculated by the formula: RTV = Vt/V0 (V0 is the TV 
at the day when the chemicals were given, and Vt is the 
TV of  subsequent measurement). After mice were killed, 
total RNA and protein were extracted from tumor tis-
sues. The expression of  Cdx2 mRNA and protein were 
detected by semi-quantitative RT-PCR and Western blot-
ting analysis, respectively. Tumor cells were assessed for 
apoptosis using in situ terminal deoxynucleotidyl trans-
ferase-mediated 2’-deoxyuridine, 5’-triphosphate nick 
end labeling assays (TUNEL). Apoptosis was evaluated 

by counting the positive cells (brown-stained cells) as 
well as the total number of  cells in 10 arbitrarily selected 
fields at 400 × magnifications in a double-blinded man-
ner. The apoptotic index (per 400 × microscopic field) 
was calculated as the number of  apoptotic cells × 100/
total number of  cells. Brown-stained nuclei immediately 
at the edge of  a tissue section were excluded from cell 
counts to minimize false positives.

Statistical analysis
Data are expressed as mean ± SE. Statistical significance 
was determined using χ 2 test, student’s t test, or one-way 
analysis of  variance. Statistical analysis were carried out 
using SPSS, version 13.0 (SPSS Inc., Chicago, IL, United 
States) or Origin 7.5 software programs (OriginLab Co., 
Northampton, MA, United States). A value of  P < 0.05 
was considered as statistically significant.

RESULTS 
pSilencer 4.1-Cdx2(+) inhibits Cdx2 mRNA and protein 
expression
Recombinant pSilencer 4.1-Cdx2(+) and pSilencer 4.1- 
Cdx2(-) sequences were verified by DNA sequenced 
analysis (data not shown) which demonstrated that the 
inserted siRNA coding frames and frame sequences were 
correct. This confirmed that the construction of  Cdx2 
siRNA expression plasmid was successful.

The transfection of  pSilencer 4.1-Cdx2(+) plasmid 
into MGC-803 cells led to remarkable inhibition of  Cdx2 
mRNA and protein expression. Densitometric analysis 
showed that Cdx2 mRNA and protein in MGC-803/
Cdx2 siRNA cells were about 11- and 7-fold lower, re-
spectively, than those in the two control groups (P < 0.05), 
while no differences were found between MGC-803/
Cdx2 negative control cells and MGC-803 cells (Figure 1). 

Cdx2 siRNA inhibits cell growth and proliferation in 
gastric cancer MGC-803 cells
Next, we determined the in vitro survival rates of  gastric 
tumor cells stably transfected with pSilencer 4.1-Cdx2(+) 
plasmids, using the gastric carcinoma cell line, MGC-803, 
as a model for gastric cancer. As shown in Figure 2, Cdx2 
siRNA significantly reduced cell survival, as assessed 
by the MTT assay. We observed that MGC-803/Cdx2 
siRNA cells obviously grew slower than MGC-803/Cdx2 
negative control cells and MGC-803 cells (P < 0.05), 
which was consistent with the decreased levels of  Cdx2 
in MGC-803/Cdx2 siRNA cells. Additionally, MGC-803/
Cdx2 negative control cells and MGC-803 cells exhib-
ited about 3-fold higher mean proliferation rates than 
MGC-803/Cdx2 siRNA cells (P < 0.05). These results in-
dicate a suppressive effect of  Cdx2 siRNA on MGC-803 
cell growth and survival.

To confirm the inhibitory effect of  Cdx2 siRNA on 
the growth of  MGC-803 cells, we performed colony 
formation assays to measure the capability of  the cells 
to grow in an anchorage-independent environment by 
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culturing the cells in soft agarose. As shown in Figure 
3, three cell lines were able to form colonies in soft aga-
rose, but the number of  colony formation in MGC-803/
Cdx2 siRNA cells after 3 wk was 51.4 ± 3.2, with a 
60.1% and 57.6% decrease, compared to the two control 
groups, respectively (P < 0.05). Together, these data sug-
gest that Cdx2 siRNA inhibits cell growth and prolifera-
tion in gastric cancer cells. 

Effect of Cdx2 siRNA on cell cycle control in gastric 
cancer MGC-803 cells
We used flow cytometry to determine whether the in-
hibitory effect of  Cdx2 siRNA on MGC-803 cell prolif-
eration was mediated, at least in part, through affecting 
cell cycle progression. We found that MGC-803/Cdx2 
siRNA cells were 73.1% in G0/G1 phase and 18.2% in 
S phase, with a 13.8% and 16.2% increase in the G0/G1 
phase cell population, and a 17% and 18% decrease in 
the S phase cell population, compared to MGC-803 cells 
and MGC-803/Cdx2 negative control cells (P < 0.05) 
(Figure 4). These data indicate that cell growth inhibition 
by Cdx2 siRNA is associated with significant cell cycle 
arrest in G0/G1 phase, and suggest that siRNA directed 
against the Cdx2 gene suppresses cell proliferation by 
controlling the G1 and S checkpoints and inducing a 
specific block in cell cycle progression.

Cdx2 siRNA induces cellular apoptosis
To further study the effect of  Cdx2 siRNA on MGC-803 
cell apoptosis, cells were stained with Annexin V-FITC 
and propidium iodide, and then subsequently analyzed 
by flow cytometry. The dual parameter fluorescent dot 
plots showed that the viable cells were in the lower left 
quadrant, and the apoptotic cells were in the right quad-
rant. As shown in Figure 5, the apoptotic percentage of  
MGC-803/Cdx2 siRNA cells was 11.7% ± 2.2%, which 
was significantly higher than that of  MGC-803/Cdx2 
negative control (5.3% ± 1.3%) and MGC-803 cells (5.6% 
± 1.1%) (P < 0.05). This implies that inhibition of  Cdx2 is 
able to induce apoptosis in gastric cancer MGC-803 cells.

Cdx2 siRNA decreases migration and invasion of gastric 
cancer cells
We measured the migratory ability of  three cell groups 
using the wound healing assay by scratching the single-
layer cells. As shown in Figure 6, the distance between 
the wound edges was determined at 0 and 36 h and 
the healing rate was calculated in the three groups. 
MGC-803/Cdx2 siRNA cells showed a lower migratory 
ability at 36 h than MGC-803/Cdx2 negative control and 
MGC-803 cells. The healing rate of  MGC-803/Cdx2 
siRNA cells after 36 h was 53.7% ± 7.2%, with a 39.9% 
and 40.8% decrease, as compared to MGC-803/Cdx2 
negative control cells and MGC-803 cells (P < 0.05). 

Since siRNA targeting of  Cdx2 inhibited the expres-
sion of  Cdx2 gene in gastric cancer cells, we assessed its 
ability to inhibit cell invasion. After incubation for 24 h 
in the invasion assay, the numbers of  MGC-803/Cdx2 
negative control and MGC-803 cells invaded through the 
membrane of  Matrigel chamber were 2.9- and 3.0-fold 
greater than that of  MGC-803/Cdx2 siRNA cells, re-
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Figure 2  Cdx2 small interference RNA inhibits cell proliferation in MGC-803 
cells. MGC-803 cells, MGC-803/Cdx2 negative control cells and MGC-803/Cdx2 
small interference RNA (siRNA) cells were treated with 3-(4,5-dimethylthiazol-
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Figure 3  MGC-803/Cdx2 small interference RNA cells exhibited fewer colonies than MGC-803/Cdx2 negative control cells or MGC-803 cells. A: MGC-803 
cells, MGC-803/Cdx2 negative control cells and MGC-803/Cdx2 small interference RNA (siRNA) cells were plated in 6-well plates at a density of 20 cells/cm2, and 
the colonies were observed under optical microscope at 13 d (×100); B: The surviving fraction of cells (visible colonies) was stained with gentian violet, and counted 
manually. MGC-803/Cdx2 siRNA cells exhibited fewer colonies than MGC-803/Cdx2 negative control cells or MGC-803 cells. Each column presents as mean ± SE 
from 3 independent experiments. aP < 0.05 for MGC-803/Cdx2 siRNA group vs MGC-803 and MGC-803/Cdx2 negative control group. Lane 1: MGC-803 group; Lane 2: 
MGC-803/Cdx2 negative control group; Lane 3: MGC-803/Cdx2 siRNA group.

Figure 4  Cdx2 small interference RNA caused cell cycle arrest in the G0/G1 phase. Cell cycle was analyzed by flow cytometry in MGC-803 cells, MGC-803/Cdx2 
negative control cells and MGC-803/Cdx2 small interference RNA (siRNA) cells. The data were representative of 3 independent experiments. A: MGC-803 group; B: 
MGC-803/Cdx2 negative control group; C: MGC-803/Cdx2 siRNA group.
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Figure 5  The mean apoptotic rate in MGC-803/Cdx2 small interference RNA cells was significantly higher than that in MGC-803/Cdx2 negative control 
or MGC-803 cells. Percentages of apoptotic cells analyzed by flow cytometry. Numbers in the quadrants reflected the percentage of cells. A: MGC-803 group; B: 
MGC-803/Cdx2 negative control group; C: MGC-803/Cdx2 small interference RNA group. PI: Propidium iodide; FITC: Fluorescein isothiocyanate.

Figure 6  Cdx2 small interference RNA decreased migration of MGC-803 cells in wound healing assay. MGC-803 cells, MGC-803/Cdx2 negative control cells 
and MGC-803/Cdx2 small interference RNA (siRNA) cells were cultured to confluence on 6-well plates, a central linear wound was made with a 200 μL sterile pipet 
tip. The central linear was photographed at different intervals (× 100). A: MGC-803 cells at 0 h; B: MGC-803/Cdx2 negative control cells at 0 h; C: MGC-803/Cdx2 
siRNA cells at 0 h; D: MGC-803 cells at 36 h; E: MGC-803/Cdx2 negative control cells at 36 h; F: MGC-803/Cdx2 siRNA cells at 36 h. Lane 1: MGC-803 group; Lane 2: 
MGC-803/Cdx2 negative control group; Lane 3: MGC-803/Cdx2 siRNA group.

Figure 7  Cdx2 small interference RNA decreased invasion of MGC-803 cells. MGC-803 cells (A), MGC-803/Cdx2 negative control cells (B) and MGC-803/Cdx2 
small interference RNA cells (C) were loaded onto Matrigel-coated upper chambers of Transwell plates. Filtrated cells on the undersurface of the polycarbonate mem-
branes were stained and counted under a optical microscope at 24 h (× 200).  
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spectively (P < 0.05) (Figure 7). The results indicate that 
Cdx2 siRNA reduces the migratory and invasion ability 
of  gastric cancer MGC-803 cells.

Cdx2 siRNA increases PTEN expression, and activates 
caspase-9 and caspase-3 
To investigate the mechanism by which Cdx2 siRNA 
induces apoptosis in MGC-803 cells, we detected expres-
sion levels of  several apoptotic family members includ-
ing PTEN, caspase-9, and caspase-3 by semi-quantitative 
RT-PCR and Western blotting analysis. As shown in 
Figure 8, densitometric analysis showed that PTEN, 
caspase-9, and caspase-3 mRNA of  MGC-803/Cdx2 
siRNA cells were higher than that in MGC-803 cells and 
MGC-803/Cdx2 negative control cells (P < 0.05), while 
no differences were found between MGC-803/Cdx2 
negative control cells and MGC-803 cells. As shown in 
Figure 9, Cdx2 siRNA led to the cleavage of  pro-cas-
pase-9 (47 kDa) and pro-caspase-3 (35 kDa) into other 
multiple, cleaved, maturation products (data not shown), 
but only the 37-kDa form of  cleaved caspase-9 and the 
17-kDa form of  cleaved caspase-3 were observed. Den-

sitometric analysis showed that PTEN, p37 cleaved cas-
pase-9, and p17 cleaved caspase-3 protein of  MGC-803/
Cdx2 siRNA cells were higher, while pro-caspase-9 and 
pro-caspase-3 were lower than that in MGC-803 cells 
and MGC-803/Cdx2 negative control cells (P < 0.05). 
No differences were found between MGC-803/Cdx2 
negative control cells and MGC-803 cells. 

Inhibitory effect of Cdx2 siRNA in vivo
We also examined the effect of  Cdx2 siRNA on growth 
of  MGC-803 cells in vivo by implanting MGC-803/Cdx2 
siRNA cells subcutaneously into the flanks of  BALB/c 
nude mice. Four weeks after implantation, tumor weight 
from MGC-803/Cdx2 siRNA cells was 0.773 ± 0.054 g, 
which was significantly less than 2.334 ± 0.087 g from 
MGC-803 cells, and 2.356 ± 0.092 g from MGC-803/
Cdx2 negative control cells (P < 0.05). As shown in Fig-
ure 10, the tumor growth curves indicate the significant 
growth inhibition in MGC-803/Cdx2 siRNA cells (P < 
0.05). Densitometric analysis showed that Cdx2 mRNA 
expression in MGC-803/Cdx2 siRNA cells (0.305 ± 
0.053) was lower than that in MGC-803 cells (1.524 ± 
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Figure 8  Cdx2 small interference RNA upregulated phosphatase and tensin homolog, caspase-9 and caspase-3 mRNA expression. A: Semi-quantitative 
reverse transcription polymerase chain reaction (RT-PCR) analysis. The RNA samples (2 μg in each) extracted from MGC-803 cells, MGC-803/Cdx2 negative control 
cells and MGC-803/Cdx2 small interference RNA (siRNA) cells were subjected to RT-PCR for phosphatase and tensin homolog (PTEN), caspase-9, caspase-3 and 
glyceraldehyde-3-phosphate dehydrogenase (GAPDH) mRNAs. RT-PCR for GAPDH was performed in parallel to show an equal amount of total RNA in the sample. 
Lane 1: MGC-803 group; Lane 2: MGC-803/Cdx2 negative control group; Lane 3: MGC-803/Cdx2 siRNA group; M: 600 bp marker; B: PTEN, caspase-9 and caspase-3 
mRNA levels were measured at three groups, normalized to those of GAPDH and presented as mean ± SE. aP < 0.05 for MGC-803/Cdx2 siRNA group vs MGC-803 
and MGC-803/Cdx2 negative control group. 
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0.323) and MGC-803/Cdx2 negative control cells (1.441 
± 0.269), as determined by semi-quantitative RT-PCR 
(P < 0.05) (Figure 11A). In addition, the relative protein 
expression of  Cdx2 in MGC-803/Cdx2 siRNA cells 
(0.134 ± 0.087) also significantly decreased (P < 0.05), 
when compared to MGC-803 cells (0.634 ± 0.156) and 
MGC-803/Cdx2 negative control cells (0.569 ± 0.167), 

as determined by Western blotting analysis (Figure 11B). 
As shown in Figure 12, the percent of  apoptotic tumor 
cells in MGC-803/Cdx2 siRNA cells was 16.7% ± 5.6%, 
which was more than 10.5% ± 4.1% in MGC-803/Cdx2 
negative control cells and 11.2% ± 4.3% in MGC-803 
cells, as determined by the TUNEL method.
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Figure 9  Cdx2 small interference RNA significantly increased phosphatase and tensin homolog, cleaved caspase-9 and cleaved caspase-3 protein con-
centrations while pro-caspase-9 and pro-caspase-3 are decreased. A: Western blotting analysis. Whole protein extracts (100 μg in each) were prepared from 
MGC-803 cells, MGC-803/Cdx2 negative control cells and MGC-803/Cdx2 small interference RNA (siRNA) cells. The expression of phosphatase and tensin homolog 
(PTEN), pro-caspase-9, p37 cleaved caspase-9, pro-caspase-3, and p17 cleaved caspase-3 was determined by Western blotting with an anti-PTEN, pro-caspase-9, 
cleaved caspase-9, pro-caspase-3 and cleaved caspase-3 antibody. The glyceraldehyde-3-phosphate dehydrogenase (GAPDH) protein expression levels were de-
termined as a control for equivalent protein loading. Lane 1: MGC-803 group; Lane 2: MGC-803/Cdx2 negative control group; Lane 3: MGC-803/Cdx2 siRNA group; 
B: PTEN, pro-caspase-9, p37 cleaved caspase-9, pro-caspase-3 and p17 cleaved caspase-3 protein levels were measured at three groups, normalized to those of 
GAPDH and presented as mean ± SE. aP < 0.05 for MGC-803/Cdx2 siRNA group vs MGC-803 and MGC-803/Cdx2 negative control group. 

Figure 10  Tumor growth curve showed a significant growth tendency in 
MGC-803 cells and in MGC-803/Cdx2 negative control cells, while the tu-
mor growth in MGC-803/Cdx2 small interference RNA cells was obviously 
inhibited. MGC-803 cells, MGC-803/Cdx2 negative control cells and MGC-803/
Cdx2 small interference RNA (siRNA) cells were implanted subcutaneously 
into the flanks of the nude mice. The relative tumor volume (RTV) of nude mice 
in each group were presented. Each time point represented the mean of RTV 
for each group; aP < 0.05 for MGC-803/Cdx2 siRNA group vs MGC-803 and 
MGC-803/Cdx2 negative control group. 

Figure 11  Cdx2 mRNA and protein expression was suppressed in MGC-803/
Cdx2 small interference RNA tumor tissue. A: Semi-quantitative reverse 
transcription polymerase chain reaction (RT-PCR) analysis. Total RNAs (2 μg 
in each) extracted from tumor tissue were subjected to RT-PCR for Cdx2 and 
β-actin mRNAs. RT-PCR for β-actin was performed in parallel to show an equal 
amount of total RNA in the sample; Lanes 1-3: MGC-803/Cdx2 small interfer-
ence RNA (siRNA) group; Lanes 4-6: MGC-803/Cdx2 negative control group; 
Lanes 7-9: MGC-803 group; M: 600 bp marker; B: Western blotting analysis. 
Equal amounts of protein extracts (100 μg in each) were prepared from tumor 
tissue. The expression of Cdx2 protein was determined by Western blotting 
with an anti-Cdx2 antibody. The β-actin expression levels were determined 
as a control for equivalent protein loading. Lane 1: MGC-803 group; Lane 2: 
MGC-803/Cdx2 negative control group; Lane 3: MGC-803/Cdx2 siRNA group.
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DISCUSSION
The Cdx2 homeobox gene, which is homologous to the 
Drosophila gene caudal, has an essential role during early 
development[4]. In adults, Cdx2 expression is restricted to 
intestinal epithelial cells. Overexpression of  Cdx2 in hu-
man colon cancer cells induces a less malignant pheno-
type, inhibiting proliferation, invasion, and migration[16], 
and Cdx2 expression is progressively reduced in gastric 
cancer[17]. Moreover, heterozygous-null Cdx2 mice are 
more sensitive to azoxymethane-induced colonic adeno-
carcinomas[18], and mice that are compound heterozy-
gotes for Cdx2 and the tumor suppressor Adenomatous 
Polyposis Coli (Apc) developed more adenomatous 
polyps in the colon than their heterozygous Apc litter-
mates[19]. These studies suggested that Cdx2 is a putative 
tumor suppressor. 

However, other reports have shown that Cdx2 plays 
a pivotal role in the development of  intestinal metapla-
sia[20,21]. The implication of  Cdx2 in intestinal metaplasia 
has been demonstrated in intestinal metaplasia of  the 
stomach where Cdx2 was ectopically overexpressed, 
suggesting that it could play a major role during intes-
tinal metaplasia formation in the stomach[21]. Intestinal 
metaplasia is a precursor of  intestinal-type gastric ad-
enocarcinoma. Long-term intestinal metaplasia induced 
gastric adenocarcinoma in the Cdx2-transgenic mouse 
stomach, and no significant changes were noted in wild-
type littermates[14]. The tumor incidence was 100% at 
100 wk after birth[15]. It can thus be concluded that Cdx2-
induced intestinal metaplasia itself  is a precancerous 
lesion leading to gastric carcinoma. Furthermore, Cdx2 
is overexpressed in most colorectal tumors compared 
to matched normal mucosa in adults[7]. Dang et al[22] 
showed that Cdx2 does not suppress tumorigenicity in 
the human gastric cancer cell line, MKN45. It can be 
concluded that, in contrast to the prevailing paradigm, 
Cdx2 does not serve as a tumor suppressor in the devel-
opment of  most sporadic colorectal tumors. Rather, in 
the context of  earlier observations of  its role in promot-
ing the neoplastic phenotype in some cells and tissues, 
many observations suggest the intriguing possibility that 
Cdx2 could serve as an oncogene in the gastrointestinal 

tract[9,23]. This suggests that the level of  Cdx2 expression 
may contribute to its function[9], thereby raising the pos-
sibility that intervening with Cdx2 expression in gastric 
cancer cells with RNA interference may control their 
growth rate.

Our study indicated that Cdx2 siRNA led to remark-
able inhibition of  Cdx2 mRNA and protein expression 
in MGC-803 cells, inhibited cell growth, caused cell cycle 
arrest in the G0/G1 phase, and induced cell apopto-
sis. Furthermore, RNAi-directed targeting of  Cdx2 in 
MGC-803 cells reduced the capability of  cell motion, 
invasion, and colony formation. Moreover, a strong anti-
tumor effect of  Cdx2-siRNA in vivo was observed, as 
tumor growth was suppressed and tumor apoptosis was 
increased in nude mice when Cdx2 mRNA and protein 
was silenced by Cdx2 siRNA. These findings suggest 
that Cdx2 has tumorigenic potential in the human gastric 
cancer cell lines MGC-803.

However, our previous study showed that Cdx2 over-
expression in human gastric cancer MGC-803 cells pro-
duce similar results as Cdx2 siRNA[24]. Moreover, Cdx2 
overexpression was associated with cell cycle arrest in 
the G0/G1 phase which was the same as Cdx2 siRNA. 
This suggests that Cdx2 plays a double role in the regu-
lation of  MGC-803 cell growth and death. Thus, we 
can only speculate on potential explanations for these 
observed contrasts. First, appropriate activity and ex-
pression levels of  Cdx2 are necessary for the normal cell 
cycle, even in promoting tumor proliferation and regres-
sion. Just like E2F-1, both the upregulation and down-
regulation of  E2F-1 can suppress human gastric cancer 
MGC-803 cell growth in vitro[25,26]. Second, these two 
conflicting results may involve different mechanisms. 
Our previous data showed that overexpression of  Cdx2 
inhibits MGC-803 cell progression via the Wnt signal-
ing pathway (unpublished data). In this result, PTEN, 
caspase-9 and caspase-3 expression were all increment 
when Cdx2 was downregulated. The PTEN protein 
product is a lipid phosphatase that antagonizes PI3K 
function and consequently inhibits downstream signaling 
transduction through Akt[27]. Caspase-9, a member of  
the protease family, is intimately associated with the ini-
tiation of  apoptosis, and is thought to be activated while 
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Figure 12  Cdx2 small interference RNA promoted tumor cells apoptosis. Tumor cells were assessed for apoptosis using terminal deoxynucleotidyl transferase-
mediated 2’-deoxyuridine, 5’-triphosphate nick end labeling assay. The apoptotic cells were brown-stained and counted under a optical microscope (× 400). A: 
MGC-803 group; B: MGC-803/Cdx2 negative control group; C: MGC-803/Cdx2 small interference RNA group.
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Akt is inhibited[28]. Activated caspase-9 is able to cleave 
caspase-3 in vitro, leading to apoptosis[29]. Therefore, in 
the present study, inhibition of  Cdx2 expression may in-
crease PTEN expression directly or indirectly, leading to 
activation of  caspase-9 and caspase-3 via the PI3K/Akt 
signaling pathway, which is responsible for inhibition of  
MGC-803 cell growth in vitro and in vivo. Further studies 
are needed to confirm our results.

Gastric cancer is a worldwide problem. Besides the 
undetermined etiological factors, there are also limita-
tions in surgery, chemotherapy and radiotherapy, which 
to date, are the major therapies for gastric cancer[30]. 
Many patients lose the chance of  surgery because of  
their systemic condition, while many cannot tolerate 
the side effects of  chemotherapy or radiotherapy. It is 
important to find a new way to effectively inhibit cancer 
cell growth and avoid the side effects of  drugs or radio-
active rays. Gene target therapies have proved to be a 
promising way to achieve this goal[26]. In this study, we 
showed that Cdx2 plays a critical role in gastric cancer 
cell proliferation, invasion, and apoptosis. The down-
regulation of  Cdx2 using RNAi successfully reduced 
the progression of  gastric cancer MGC-803 cells in vitro 
and in vivo. In conclusion, this study lays the foundation 
for treatment of  gastric cancer through manipulation of  
Cdx2 expression. 
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