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Figure 5: In vitro GC cancer cell functional assays.  Overexpression or knock down of Barx2 inhibited or elevated GC cells 
proliferation a, b., colony formation c, d., wound healing e, f., migration and invasion ability g, h., compared with their control group, 
respectively (* P <0.05; ** P <0.01; *** P<0.001). e–f. Original magnification: 100×; g–h. Original magnification: 200×. i-k. Western 
blot analysis of cell cycle-related proteins (c-myc and CyclinD1), biomarkers of cell invasion (MMP2 and MMP7), and EMT markers 
(E-cadherin and vimentin) in the Barx2 overexpressing or knockdown cells compared with their control groups.
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Figure 7: Barx2 inhibits the proliferation, migration, and invasion of GC cells by negatively regulating the Wnt/β-
catenin signaling pathway. a. WB analysis of the association between expression levels of Barx2 and β-catenin in total cellular, 
nuclear, and cytoplasmic fractions isolated from BGC-823 cells at 48 h after transfection with Barx2 overexpression or the control empty 
vector. BGC-823 cells with Barx2 overexpression or vector control were grown in media with or without 200 ng/ml inhibitor of Wnt 
signaling Dickkopf-related protein 1 (Dkk1); CCK-8 assays b., wound healing c. and transwell assays d. were used to examine the GC cells’ 
proliferation, migration, and invasion ability, respectively. (* P<0.05, # P>0.05).

Figure 6: Knock-down of Barx2 promoted tumor formation ability of GC cells in nude mice (Left flank of the 5 nude 
mice: Barx2 knock-down; Right flank of the 5 nude mice: vector control) a. After four weeks, xenograft weight b. and volume 
c. curves were compared with controls (n =5, *P <0.05, **P <0.01). d. Immunochemical staining of xenograft tumors for biomarkers of 
cell proliferation (Ki-67 and PCNA) and EMT markers (E-cadherin and vimentin). Original magnification: 200×.
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as a central downstream effector of Wnt signaling, plays a 
key role in the regulation of growth and development [43]. 
Because Barx2 has been reported to be involved in Wnt 
signaling [44], we explored the effect of Barx2 on the Wnt/
β-catenin signaling pathway in GC carcinogenesis. We 
found a significant negative correlation between Barx2 and 
downstream target genes of the Wnt/β-catenin signaling 
pathway, such as c-myc, CyclinD1 and MMP-7. Barx2 
inhibited nuclear β-catenin accumulation, an indicator of 
active Wnt/β-catenin pathway, in GC cells [45], further 
confirming that Barx2 inhibits Wnt/β-catenin signaling in 
GC. Inhibition of Wnt signaling using Dickkopf-related 
protein 1 (Dkk1) suppressed GC cell proliferation, wound 
healing, and invasion ability in cells transfected with 
empty vector significantly more than in cells with Barx2 
overexpression, indicating that Wnt/β-catenin signaling is 
a key target of Barx2 during GC tumorigenesis.

In summary, this study provides the first insight into 
the clinical significance of the Barx2 in human GC. We 
demonstrate that Barx2 expression was down-regulated 
in GC samples and that Barx2 downregulation promotes 
proliferation, invasion, and metastasis using in vitro and 
in vivo assays. Finally, we reveal that Barx2 inhibits Wnt/
β-catenin signaling pathway by decreasing expression 
of its downstream target genes in GC, highlighting 
its importance in altered cell signaling leading to GC 
carcinogenesis and progression.

MATERIALS AND METHODS

Patients and tissue specimens

A total of 264 GC patient samples were included 
at the time of diagnosis from patients treated at general 
surgery departments of the Shanghai Jiaotong University 
affiliated Shanghai General Hospital between 2004 
and 2009. There were 157 males and 107 females with 
a mean age of 66 years (range 27-89 years). Written 
informed consent was obtained from all subjects and the 
research was carried out according to the World Medical 
Association Declaration of Helsinki. Overall survival 
(OS) and disease-free survival (DFS) rates were defined 
as the interval from the initial surgery to clinically or 
radiologically proven recurrence/ metastasis and death, 
respectively.

All patient-derived specimens were collected and 
archived under protocols approved by the institutional 
review boards of Shanghai General Hospital Affiliated to 
Shanghai Jiao Tong University. Procedures were carried 
out in accordance with approved guidelines. Frozen in 
liquid nitrogen or formalin-fixed, paraffin-embedded 
cancer tissues and their paired adjacent normal mucosa 
were collected immediately after surgical resection, for 
subsequent RNA extraction or immunohistochemical 
staining. All diagnoses were confirmed by at least two 
certified pathologists, and the tumor grade and stage 

classification was based on pathological findings according 
to the International Union Against Cancer guidelines.

Quantitative real-time PCR

Total RNA was isolated from primary tumor tissues, 
adjacent normal mucosa, and cell culture using TRIzol 
reagent (TaKaRa, Japan) according to the manufacturer’s 
instructions. RevertAid™First Strand cDNA Synthesis Kit 
(Fermentas, USA) was used to reverse transcribe 2 ug of 
RNA according to the manufacturer’s recommendations. 
Quantitative real-time PCR assays were performed with 
4 μl of cDNA (1:10 dilution) and SYBR green (TaKaRa) 
in a total volume of 20 μl using the ABI 7900 Real-time 
PCR System (ABI, USA). The primers used for qRT-PCR 
were: Barx2, sense 5’-ATG ATC GAC GAG ATC CTC 
TC-3’ and antisense 5’-GCT TAA TGG TGG GGG TTC 
CG-3’; GAPDH, sense 5’-GGG AAG GTG AAG GTC 
GGA GT-3’ and antisense 5’-GGG GTC ATT GAT GGC 
AAC A-3’. Relative quantities (Δ cycle threshold (Ct) 
values) were obtained by normalizing to glyceraldehyde-
3-phosphate dehydrogenase (GAPDH). Each PCR product 
was run in triplicate, and the relative Barx2 mRNA level 
was calculated by 2-∆∆Ct.

Western blot analysis

Tissue and cell lysates were extracted using 
RIPA lysis buffer with the protease inhibitor 
phenylmethanesulfonyl fluoride (Beyotime Biotechnology, 
Jiangsu, China) Protein concentration was measured using 
the BCA protein assay kit (Beyotime Biotechnology) 
according to the manufacturer’s instructions. Equivalent 
amounts of protein (30 ug) were separated on 10% SDS-
PAGE gel and then transferred onto PVDF membranes 
(Millipore, Billeria, MA) using standard protocols. 
Membranes were blocked in 5% skim milk in TBST 
buffer for 1.5 h at room temperature, followed by 
incubation with primary antibodies at 4°C overnight. 
After incubation with a secondary antibody for 2 h at room 
temperature, proteins were detected using ECL regent 
(Millipore, Billeria, MA). Primary antibodies specific to 
Barx2 (1:200), GAPDH (1:1000), MMP7 (1:500) were 
purchased from Santa Cruz Biotechnology (Santa Cruz, 
CA, USA), and c-myc (1:000), CyclinD1 (1:1000), MMP2 
(1:000), E-cadherin (1:800), vimentin (1:800), β-catenin 
(1:1000) were purchased from Cell Signaling Technology 
(Massachusetts, USA).

TMA construction and immunohistochemical 
staining

TMA construction was undertaken as reported 
previously [46]. The expression of Barx2 in the TMA and 
tumor samples taken from nude mice were tested using 
standard immunohistochemical methods, and the staining 
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intensity for Barx2 was scored as: 0 (negative), 1 (weak), 
2 (moderate), and 3 (strong). Staining area was scored as: 
0 (negative staining), 1 (less than 10% positive staining), 
2 (10-50% positive staining), and 3 (50-100% positive 
staining). The sum of staining intensity and staining area 
scores provided the overall score, which was divided 
into three groups: 0–2, negative expression; 3–4, weak 
expression; and 5–6, strong expression [47, 48]. The 
corresponding primary antibodies were: Barx2 (1:100, 
Santa Cruz Biotechnology, Santa Cruz, CA, USA), Ki-67 
(1:500, Cell Signaling Technology, Massachusetts, USA), 
PCNA (1:400, Cell Signaling Technology, Massachusetts, 
USA), E-cadherin (1:200, Cell Signaling Technology, 
Massachusetts, USA) and Vimentin (1:400, Cell Signaling 
Technology, Massachusetts, USA).

Cell culture and transfection

Human GC cell lines AGS, HGC-27, BGC-823, 
MKN-45, MGC-803, MKN-28, SGC-7901, and the healthy 
human gastric mucosa cell line GES-1 were all obtained 
from the Type Culture Collection of the Chinese Academy 
of Sciences (Shanghai, China). All cell lines were cultured in 
1640 medium supplemented with 10% FBS (Gibco, USA), 
under a humidified atmosphere containing 5% CO2 at 37°C.

Both small interfering RNA (siRNA) specially 
targeting Barx2 and pcDNA3.1-Barx2 plasmid for gene 
overexpression test and their control sequences were 
obtained from Biolink Biotechnology Co. (Shanghai, 
China). GC cells were transfected using Lipofectamine 
2000 following the manufacturer’s instructions.

Cell proliferation and plate colony formation 
assays

Cell proliferation assay was evaluated with 
Cell Counting Kit-8 (CCK-8) assay according to 
the manufacturer’s instructions. Cell viability was 
confirmed by measuring the absorbance at 490 nm on a 
Gen5 microplate reader (BioTek, Vermont, USA) at the 
appropriate time (1, 2, 3, 4, and 5 days).

For plate colony formation assays, transfected cells 
were seeded in six-well plates (800 cells/well) and cultured 
at 37°C under a humidified atmosphere containing 5% CO2 
for 14 days. Following fixation by methyl alcohol for 15 
min, cells were stained with 0.1% crystal violet solution 
for 20 min. Colonies were then counted and photographed. 
All assays were independently performed in triplicate.

Wound healing and transwell assays

Transfected cells were trypsinized and seeded 
into 6-well plates (1.0 × 105 cells/ well). Upon reaching 
the exponential growth phase, cells were wounded by 
a sterile pipette tip and then washed with PBS. Images 
were captured at 0, 12, 24, and 48-h intervals, and wound 
widths were quantified and compared to baseline values.

The transwell 24-well Boyden chamber (Corning, 
USA) with 8.0 μm pore size polycarbonate membrane 
was used for the cell migration (without Matrigel) and 
invasion assays (with Matrigel) assays according to the 
manufacturer’s protocol. Briefly, each group of cells 
(5  ×104/chamber) was plated in the upper chambers 
in 200 ul serum-free media for 36 h, while the bottom 
chambers contained 600 ul media supplemented with 
10% fetal bovine serum (FBS) as a chemoattractant. Cells 
that migrated and invaded to the reverse side of chamber 
inserts were fixed by methyl alcohol and stained with 0.1% 
crystal violet. Experiments were carried out in triplicate.

Tumor formation assay in nude mice

The in vivo assay using nude mice was approved 
by the Institutional Animal Care and Use Committee of 
Shanghai Jiaotong University Affiliated Shanghai General 
Hospital. Four-week-old male BALB/C nude mice were 
purchased from Shanghai Research Center for Model 
Organisms and housed under pathogen-free conditions 
in the animal experiment center of Shanghai General 
Hospital. Stable cell lines SGC-7901/si-Barx2 and SGC-
7901/Scramble were constructed by Biolink Biotechnology 
Co. (Shanghai, China). We subcutaneously inoculated 
1 ×  107 cells in 200 μL RPMI-1640 medium into the 
left or right flanks of nude mice, respectively. Tumor 
volumes were measured weekly using an In-Vivo Imaging 
System (IVIS; Xenogen). After four weeks, the mice 
were euthanized. Xenografted tumor tissue samples were 
separated, weighted and embedded in paraffin. All animal 
protocols were approved by Shanghai Jiaotong University 
Affiliated Shanghai General Hospital Animal Care.

Statistical analysis

Data analysis were carried out using the SPSS 22.0 
statistical software package (SPSS, Chicago, IL, USA). 
Differences of Barx2 mRNA expression between GC 
tissues and adjacent normal mucosa were estimated by 
the Student’s T-test. The χ2 test or Fisher’s exact test was 
appropriately used to determine the statistical significance 
between Barx2 expression and clinicopathological 
variables. Survival curves were calculated by the 
Kaplan–Meier method with the log-rank test employed 
for the comparison of differences. The hazard ratio (HR) 
with 95% confidence interval in the Cox proportional 
hazards regressions were applied to estimate hazard risk 
of individual factors for DFS and OS. For all tests, P-
value<0.05 was considered to be statistically significant.
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