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Abstract. – OBJECTIVE: Gastric cancer is a 
common malignancy, with high metastasis and 
poor prognosis. Our purpose was to explore po-
tential molecular mechanisms of gastric cancer.

PATIENTS AND METHODS: A total of 10 pairs 
of gastric cancer tissues and adjacent normal 
gastric tissues were collected for RNA sequenc-
ing (RNA-seq), followed by differential expres-
sion analysis. Combining qRT-PCR results, two 
novel genes were selected for in-depth analysis, 
including up-regulated ONECUT and down-regu-
lated SST. To investigate the effects of ONECUT 
and SST on the biological behaviors of gastric 
cancer cells, gastric cancer cell lines were trans-
fected by ONECUT2 knockdown and SST over-
expression. Afterwards, cell migration and inva-
sion were examined using transwell assays, and 
the expressions of epithelial-mesenchymal tran-
sition (EMT)-related proteins were measured by 
Western blot analysis. Furthermore, cell viability 
was detected by CCK-8 assay. Finally, tumorige-
nicity in nude mice was performed.

RESULTS: Gastric cancer cell migration and 
invasion were inhibited in BGC823 cells trans-
fected by shONECUT2. Similar results were ob-
served in SST overexpression in MGC803 cells. 
Silencing ONECUT2 or overexpressing SST re-
duced the expressions of mesenchymal mark-
ers (N-cadherin and vimentin), STAT3, fibronec-
tin, Wnt2, β-catenin and increased epithelial 
marker (E-cadherin), p-STAT3, smad2/3, α-cat-
enin protein levels. In addition, inhibiting ONE-
CUT2 or elevated SST suppressed tumor cell vi-
ability in vitro. Moreover, ONECUT2 silencing 
or elevated SST significantly inhibited tumor 
growth in vivo.

CONCLUSIONS: Up-regulated ONECUT2 and 
down-regulated SST promote gastric cell migra-
tion, invasion, epithelial-mesenchymal transi-
tion and tumor growth in gastric cancer.
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Introduction

Gastric cancer is a common malignant tumor 
in the digestive system worldwide, with high 
morbidity and mortality1,2. Surgical resection is a 
main curative treatment3,4. Metastasis contributes 
to poor prognosis and high mortality in gastric 
cancer5. In the advanced stage of gastric cancer, 
tumor cells invade the blood or lymphatic vessels 
and transfer to distant organs6. Therefore, inhi-
bition of metastasis is a key to improving gastric 
cancer patients’ prognosis7,8. Although surgery 
and chemotherapy have improved over the past 
few decades, gastric cancer metastasis has not 
been resolved. High metastatic rate and low sen-
sitivity chemotherapy in gastric cancer patients 
result in poor prognosis9. Therefore, more efforts 
are still needed to reveal the mechanism of gas-
tric cancer metastasis and to promote the devel-
opment of gastric cancer treatment.

EMT participates in gastric cancer metastasis10. 
It can induce the transformation of epithelial cells 
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into cells with a mesenchymal phenotype, first 
described in embryonic development11. Several 
indicators such as epithelial markers (E-cadherin 
and β-catenin), mesenchymal markers (N-cad-
herin, vimentin, and fibronectin) and Wnt signal-
ing pathways are involved in EMT process12,13. 
One of the most reliable risk factors of prognosis 
is tumor stage that may reflect invasion depth 
and metastasis degree. In addition, tumor size 
and histological type are also useful prognostic 
factors14. It has been considered that primary 
tumor invasion and lymph node metastasis are 
the most reasonable prognostic risk factors in a 
variety of clinical pathological parameters, how-
ever, the accuracy of TNM classification remains 
a controversy in the clinical application of gastric 
cancer15. In view of the biological features of ma-
lignancies, highly specific markers are capable of 
improving the accuracy to predict the prognosis 
of gastric cancer. Despite in-depth research on 
the mechanisms of gastric cancer, little is known 
about its metastasis and invasion. In our study, we 
aimed to explore new molecular markers that may 
lead to gastric cancer metastasis.

RNA-seq, a high-throughput technology, pro-
vides a comprehensive view of the entire tran-
scriptome. It could recognize novel genes, al-
lele-specific expression, fusion genes, disease-re-
lated single nucleotide polymorphisms (SNPs), 
post-transcriptional modifications and ncRNA16-18. 
Gastric cancer is characterized by heterogeneity, 
which evolves in a variety of genetic and epigen-
etic changes, such as transcriptional changes19. 
In our study, we took advantage of RNA-seq to 
choose differentially expressed genes. Two spe-
cific genes including overexpressed ONECUT2 
and down-regulated SST were selected for further 
analysis. Silencing ONECUT2 or overexpressing 
SST could significantly inhibit gastric cancer 
cell migration and invasion and could affect the 
expression of EMT-associated proteins. Silencing 
ONECUT2 or overexpressing SST suppressed 
tumor growth in vivo. Up-regulated ONECUT2 
and down-regulated SST could promote gastric 
cell migration, invasion, epithelial-mesenchymal 
transition and tumor growth in gastric cancer.

Patients and Methods

RNA-seq
From September 2017 to December 2017, 10 

pairs of gastric cancer tissues and their corre-
sponding adjacent normal tissues were collected 

from the First Affiliated Hospital of Guangxi 
Medical University (Nanning, Guangxi, China). 
Adjacent normal gastric tissues were 5 cm away 
from the edge of tumors. All specimens were im-
mediately stored in liquid nitrogen before RNA 
extraction20,21. All patients were diagnosed by 
pathologists and histologically according to the 
Chinese Society of Clinical Oncology (CSCO). 
Gastric cancer patients who did not receive pre-
operative treatment (including chemotherapy, ra-
diotherapy or target therapy) were included in 
this study. Our study was approved by the Ethics 
Committee of the First Affiliated Hospital of 
Guangxi Medical University (2016-KY-173), and 
all patients signed informed consent.

Total RNA was extracted from tissues. The 
quality and quantity evaluation, cDNA library 
preparation, and sequencing were achieved by 
BasePair BioTechnology Co., Ltd. (Suzhou, 
Jiangsu, China). Genes with p<0.05 and |fold 
change|>2 were considered as differentially ex-
pressed genes. Functional enrichment analysis 
was performed to predict the potential functions 
of differentially expressed genes. Based on the 
sequencing results, differentially expressed genes 
associated with cell migration were identified.

Cell Culture
Human gastric epithelial cells GES-1, human 

gastric cancer cells including SGC7901, SNU-1, 
HGC-27, MGC803, AGS, RATO3 and BGC823 
were purchased from Sailan Biological Technol-
ogy Co., Ltd. (Hangzhou, Zhejiang, China). All 
cells were cultured in 1640 medium with 10% 
fetal bovine serum (FBS) in a humidified atmo-
sphere of 5% CO2 at 37°C.

qRT-PCR
Total RNA was extracted from tissues or cells 

using TRIzol (TakaRa, Dailian, China). The RNA 
samples were reverse-transcribed into cDNA by 
a RevertAid First Strand cDNA synthesis Kit 
(Thermo Fisher Scientific, Waltham, MA, USA). 
The cDNA templates were amplified by qRT-PCR 
using SsoAdvance Universal SYBR Green Su-
permix (Bio-Rad, Hercules, CA, USA). GAPDH 
served as an endogenous control. Relative fold 
changes of target genes were calculated with the 
2-∆∆Ct method. The primers are listed in Table I.

Cell Transfection
ONECUT2 shRNAs, and SST overexpression 

lentivirus vector were synthesized by Sailan Bi-
ological Technology Co., Ltd (Hangzhou, Zheji-
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ang, China). Transfection was performed using 
Lipofectamine 3000 (Invitrogen, Carlsbad, CA, 
USA). After transfection for 48 h, all cells 
were harvested. The target sequence of ONE-
CUT2-shRNA1 was as follows: 5’-CAACCTC-
TACAGTCCCTACAA-3’. To examine transfec-
tion effects, qRT-PCR and Western blot were 
performed.

Transwell Assay
Transwell assay was carried out based on 

24-well transwell chambers (Corning, NY, USA). 
The upper chambers were uncoated (migration) 
and coated Matrigel (invasion; BD Biosciences, 
Franklin Lakes, NJ, USA). Cells were added to 
the upper chamber for 48 h. The upper chambers 
were fixed and stained with 0.1% crystal violet 
for 2 min. After that, migrated and invaded cells 
were counted in five random fields under a micro-
scope, respectively.

Western Blot Analysis
Total protein was extracted from cells using 

radio immunoprecipitation (RIPA) buffer con-
taining protease inhibitor cocktail (Beyotime 
Biotechnology Co., Ltd., Shanghai, China). The 
extracted protein was separated by sodium do-
decyl sulphate-polyacrylamide gel electrophore-
sis (SDS-PAGE) and transferred onto polyvi-
nylidene difluoride (PVDF) membranes (Mil-
lipore, Billerica, MA, USA). The PVDF mem-
branes were then blocked with a 5% non-fat 
milk for 2 h at room temperature. After that, the 
membranes were incubated with primary anti-
bodies at 4°C overnight, followed by secondary 
antibody. The target protein was detected with a 
ClarityTM Western ECL Substrate Kit (Beyotime 
Biotechnology Co., Ltd., Shanghai, China)22. The 
primary antibodies included fibronectin, E-cad-
herin, N-cadherin, α-catenin, p-STAT3, STAT3, 
β-catenin, p-smad2/3, smad2/3, vimentin, Wnt2, 
SST, onecut2 and GAPDH antibody (1: 5000, Cell 
Signaling, Danvers, MA, USA). GAPDH served 
as an internal control.

Cell Counting Kit-8 (CCK-8)
After incubating BGC823 and MGC803 cells 

for 48 h, 10 ul of CCK-8 solution was added 
to each well, mixed and incubated at 37°C for 
4 h. Then, 10 ul of stop solution was added to 
each well. Finally, cell viability was measured at 
OD450 with a microplate reader.

Tumorigenicity in Nude Mice
BGC823 cells transfected by sh-ONECUT2 

and MGC803 cells transfected by SST overex-
pression were harvested and inoculated subcu-
taneously into male nude mice (4-5 weeks old; 
four nude mice each group). Tumor size was 
measured every four days with a caliper. Mice 
were sacrificed after 4 weeks. Tumor volume 
(mm3) was then calculated as follows: volume 
(mm3=1/2×length×width2). Our study was ap-
proved by the Ethics Committee of the First Af-
filiated Hospital of Guangxi Medical University 
(2016-KY-173).

Statistical Analysis
All experiments were performed at least three 

times independently. All statistical analyses were 
performed using GraphPad Prism 7 (La Jolla, 
CA, USA). Data were expressed as the mean ± 
SD. Comparisons were evaluated using Student’s 
t-test or one-way analysis of variance. p≤0.05 was 
considered statistically significant.

Results

Highly Expressed ONECUT2 and Lowly 
Expressed SST in Gastric Cancer Tissues

Differentially expressed genes were identified 
between 10 pairs of gastric cancer tissues and ad-
jacent normal tissues using RNA-seq. According 
to bioinformatics analysis, it was predicted that 
ONECUT2 and SST could be associated with 
cancer cell migration. To detect RNA-seq results, 
qRT-PCR was carried out. Consistent with RNA-
seq results, the expression levels of ONECUT2 

Table I. The primers for qRT-PCR.

 Target genes  Primer sequences

human ONECUT 5’-GGAATCCAAAACCGTGGAGTAA-3’
 5’-CTCTTTGCGTTTGCACGCTG-3’
human SST 5’-ACCCAACCAGACGGAGAATGA-3’
 5’-GCCGGGTTTGAGTTAGCAGA-3’
Human GAPDH 5’-CTCGCTTCGGCAGCACA-3’
 5’-AACGCTTCACGAATTTGCGT-3’
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were lower in normal tissues than in tumor tis-
sues (Figure 1A), while the expression levels of 
SST in normal tissues were higher than those in 
gastric cancer tissues (Figure 1B). However, there 
was no correlation between ONECUT2 and SST 
in gastric cancer. Therefore, we further analyzed 
the expression patterns of these differentially 
expressed genes in gastric cancer using GEPIA. 
ONECUT2 was significantly up-regulated in gas-
tric cancer compared with normal samples (Fig-
ure 2A), furthermore, high ONECUT2 expres-
sion was in association with poorer disease-free 
survival time (Figure 2B). In addition, the results 
confirmed that SST was significantly down-reg-
ulated in gastric cancer compared with normal 
samples (Figure 2C). Moreover, low SST expres-
sion indicated better disease-free survival time 
(Figure 2D). Therefore, ONECUT2 and SST were 
both abnormally expressed in gastric cancer and 
were associated with prognosis of gastric cancer.

BGC823 and MGC803 Cells Successfully 
Transfected by ONECUT2 and SST

To select an appropriate cell line to construct 
interference strain of ONECUT2 and overexpres-
sion strain of SST, we detected the expression of 
SST and ONECUT2 in 8 cells including GES-
1, SGC7901, SNU-1, AGS, HGC-27, MGC803, 
RATO3 and BGC823 cells after transfection. 
qRT-PCR results showed that SST had the high-
est mRNA relative expression level in MGC803 
cells. ONECUT2 had the lowest mRNA relative 
expression level in BGC823 cells (Figure 3). 
Therefore, we chose BGC823 cells transfected 
by ONECUT2, and MGC803 cells transfected 
by SST.

To evaluate the effects of ONECUT2 knock-
down in BGC823 cells transfected by its shONE-
CUT2, qRT-PCR and Western blot results sug-
gested that ONECUT2 expression was signifi-
cantly decreased after transfection at the mRNA 
and protein levels (Figure 4A-4C). Similarly, 
to assess the effects of SST overexpression in 
MGC803 cells, the results demonstrated that the 
mRNA and protein expression levels of SST were 
both elevated after transfection (Figure 4D-4F).

Up-Regulated ONECUT2 and 
Down-Regulated SST Promote Gastric 
Cancer Cell Migration and Invasion 
In Vitro

To further investigate the roles of ONECUT2 
and SST in gastric cancer cell migration, inva-
sion and EMT, transwell assays were performed. 
The results showed that cell migrated, and in-
vaded abilities were suppressed in BGC823 
cells transfected by shONECUT2 (Figure 5A-
C). Similar results were observed in MGC803 
cells transfected by SST overexpression (Figure 
6A-C).

Up-Regulated ONECUT2 and 
Down-Regulated SST Promote EMT 
in Gastric Cancer Cell In Vitro

EMT is a critical event in the metastasis of 
tumor cells. Western blotting analysis was per-
formed to detect the expression levels of EMT-as-
sociated proteins in gastric cancer cells. Intrigu-
ingly, inhibiting ONECUT2 decreased the ex-
pression of mesenchymal markers (N-cadherin 
and vimentin), STAT3, fibronectin, Wnt2, β-cat-
enin and increased the expression of epithelial 

Figure 1. The mRNA relative expression levels of ONECUT2 and SST between gastric cancer tissues and normal tissues by 
qRT-PCR. (A) ONECUT2; (B) SST.
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Figure 2. Up-regulated ONECUT2 and down-regulated SST are associated with gastric cancer prognosis. A, ONECUT2 is 
up-regulated in gastric cancer compared to normal samples. B, Disease free survival analysis of ONECUT2. C, SST is down-
regulated in gastric cancer compared to normal samples. D, Disease free survival analysis of SST. *p<0.05.

Figure 3. The mRNA expression levels of SST and ONECUT2 in 8 cells by qRT-PCR.
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Figure 4. Successful construction of cell transfection. A-C, The mRNA and protein expression levels of ONECUT2 in 
BGC823 cells after transfection; D-F, The mRNA and protein expression levels of SST in MGC803 cells after transfection. 
*p<0.05; **p <0.01; ***p<0.001.

Figure 5. Inhibiting ONECUT2 expression decreases migration and invasion of BGC823 cells. A, Representative images 
(×200). B, Migration cell number. C, Invasion cell number. *p<0.05; **p<0.01.
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marker (E-cadherin), p-STAT3, smad2/3, α-cat-
enin (Figure 7A-K), while the similar results were 
detected when SST overexpression in MGC803 
cells (Figure 8A-K). The results strongly suggest-
ed that up-regulated ONECUT2 and down-regu-
lated SST could promote EMT in gastric cancer 
cells.

Up-Regulated ONECUT2 and 
Down-Regulated SST Promote Gastric 
Cancer Cell Viability In Vitro

To observe whether ONECUT2 and SST could 
affect gastric cancer cell viability, CCK-8 assay 
was performed after enforcing SST expression 
or inhibiting ONECUT2 expression. The results 
revealed that cell viability of BGC823 cells trans-
fected by shONECUT2 was inhibited compared 
with control group (Figure 9A). The cell viability 
of MGC803 cells transfected by overexpressed 
SST was also suppressed (Figure 9B). Therefore, 
up-regulated ONECUT2 and down-regulated 
SST could promote gastric cancer cell viability 
in vitro.

Up-Regulated ONECUT2 and 
Down-Regulated SST Promote 
Tumor Growth In Vivo

We further investigated whether ONECUT2 
and SST could affect tumor growth in vivo. 
BGC823 cells transfected by sh-ONECUT2 and 
MGC803 cells transfected by SST overexpression 
were inoculated subcutaneously into male nude 
mice. The results showed that tumor volumes 
in BGC823 cells transfected by sh-ONECUT2 
groups were smaller compared with control group 
(Figure 10A, 10C). Furthermore, tumor volumes 
in MGC803 cells transfected by SST group were 
smaller compared with control group (Figure 
10B, 10D). Tumor growth curves were drawn 
(Figure 10E, F). Therefore, ONECUT2 and SST 
could affect tumor growth in vivo. The hypothesis 
diagram of our study is shown in Figure 11.

Discussion

In the present study, we identified two novel 
differentially expressed genes (ONECUT2 and 

Figure 6. Overexpressed SST expression decreases migration and invasion of MGC803 cells. A, Representative images 
(×200). B, Migration cell number. C, Invasion cell number. **p <0.01; ***p<0.001.
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SST) associated with gastric cancer cell migra-
tion, invasion and EMT in vitro. Furthermore, 
up-regulated ONECUT2 and down-regulated 
SST could promote tumor growth in vivo. Our 
findings revealed that ONECUT2 and SST could 

be involved in the development of gastric cancer.
In this study, we analyzed 10 pairs of gastric 

cancer tissues and corresponding adjacent nor-
mal tissues using RNA-seq. qRT-PCR results 
further confirmed RNA-seq results. Finally, 

Figure 7. The expressions of EMT-related marker in BGC823 cells transfected by shONECUT2 by Western blot. A, 
Representative images; B, fibronectin; C, E-cadherin; D, N-cadherin; E, α-catenin; F, p-STAT3/STAT3; G, β-catenin; H, 
p-smad2/3/smad2/3; I, vimentin; J, ONECUT2; K, Wnt2. **p<0.01; ****p<0.0001.

Figure 8. The expressions of EMT-related marker in MGC803 cells with overexpressed SST by Western blot. A, Representative 
images; B, fibronectin; C, E-cadherin; D, N-cadherin; E, α-catenin; F, p-STAT3/STAT3; G, β-catenin; H, p-smad2/3/smad2/3; 
I, vimentin; J, Wnt2; K, SST. **p<0.01; ***p<0.001; ****p<0.0001.
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Figure 10. Inhibiting ONECUT2 and elevated SST suppress tumor growth in vivo. A, C, ONECUT2 silencing suppressed 
tumor growth; B, D, SST overexpression suppressed tumor growth; E, F, Tumor growth curves. *p<0.05; ****p<0.0001.

Figure 11. Hypothesis diagram illustrates function and mechanisms of ONECUT2 and SST in gastric cancer metastasis.

Figure 9. Silencing ONECUT2 and elevated SST suppress gastric tumor cell viability in vitro. A, The cell viability of 
BGC823 cells transfected by shONECUT2. B, The cell viability of MGC803 cells transfected by SST overexpression. *p<0.05.
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two novel genes up-regulated ONECUT2 and 
down-regulated SST were selected for further 
analysis. Correlation analysis revealed that there 
was no significant correlation between ONE-
CUT2 and SST in gastric cancer. ONECUT2, 
one cut homeobox 2, encodes a member of the 
one cut family of transcription factors charac-
terized by a cut domain and an atypical home-
odomain23. ONECUT2 participates in the EMT, 
migration, and invasion of colorectal cancer 
cells24. ONECUT2 knockdown suppresses ovar-
ian tumor cell proliferation, migration, invasion 
and angiogenesis25. In addition, ONECUT2 in-
hibits the androgen axis in prostate cancer26. 
SST, somatostatin, encodes the hormone soma-
tostatin, which has active 14 aa and 28 aa forms. 
SST has anti-tumor and anti-secretion activities 
in a few human cancers like prostate cancer, 
cervical cancer, small cell lung cancer27-29. In 
addition, it has significant differences in gene 
expression and DNA methylation in gastric can-
cer30.

Our findings revealed that inhibiting ONE-
CUT2 or overexpressing SST suppressed in 
gastric cancer migration and invasion in vitro. 
The cell migration and invasion were inhibited 
in BGC823 cells transfected by shONECUT2. 
Similar results were observed in MGC803 cells 
transfected by SST overexpression. Further-
more, inhibiting ONECUT2 or elevated SST 
affected the expression of EMT-associated pro-
teins. EMT is a critical cellular process in 
gastric cancer metastasis31. In our study, silenc-
ing ONECUT2 reduced mesenchymal marker 
(N-cadherin and vimentin), STAT3, fibronec-
tin, Wnt2, β-catenin and increased epitheli-
al marker (E-cadherin), p-STAT3, smad2/3, 
α-catenin protein levels. Intriguingly, similar 
results were observed when overexpressing 
SST in MGC803 cells. Previous studies have 
confirmed that these proteins are involved in 
EMT processes. Cadherins involve in cellular 
invasion and migration. Over-expressed E-cad-
herin can significantly inhibit gastric cancer 
cell migration and invasion32. Silencing Cav-1 
may induce EMT of gastric cancer cell via 
mediating E-cadherin33. Silencing N-cadherin 
inhibits cancer cell invasion and migration. 
Down-regulated vimentin can inhibit gastric 
cancer migration34. α-catenin participates in 
cadherin-mediated epithelium development and 
tissue maintenance, as well as cancer progres-
sion and metastasis35,36. Furthermore, cell-cell 
adhesion depends on α-catenin·β-catenin-bind-

ing interface37. STAT3 aggravates epitheli-
al-to-mesenchymal transition and migration38. 
Up-regulated fibronectin participates in the mi-
gration of gastric cancer cells39. Several genes 
have been confirmed to regulate fibronectin. 
So, miR-200c, binding with fibronectin 1, can 
inhibit gastric cancer cell migration40. In our 
study, we found that inhibiting ONECUT2 or 
overexpressing SST could decrease the ex-
pression level of fibronectin. The Wnt/β-cat-
enin pathway is the classical part of the Wnt 
signaling pathway, which is marked by the 
accumulation of β-catenin and is transferred 
into the nucleus. The Wnt/β-catenin pathway 
is well known for regulating cell proliferation 
and migration, and its aberrant activation is 
involved in gastric carcinogenesis and progres-
sion41. Smad2/3 signaling pathway contributes 
to gastric cancer metastasis42,43. More impor-
tantly, our results were consistent with above 
findings. Therefore, our findings suggested that 
ONECUT2 and SST were involved in gastric 
cancer cell metastasis. Furthermore, we also 
found that inhibiting ONECUT2 or elevat-
ed SST significantly suppressed gastric tumor 
cell viability, suggesting the two genes could 
affect gastric cell proliferation and apoptosis. 
We also investigated the effects of inhibiting 
ONECUT2 or elevated SST for in vivo. The re-
sults revealed that up-regulated ONECUT2 and 
down-regulated SST promoted tumor growth.

This study has several novelties. First, our 
study identified two novel genes including 
up-regulated ONECUT2 and down-regulated 
SST for gastric cancer. Second, we identified 
the functions of the two genes in gastric can-
cer. Inhibiting ONECUT2 or overexpressing 
SST could significantly inhibit gastric cancer 
migration and invasion in vitro and suppress 
tumor growth in vivo. Therefore, ONECUT2 
and SST might possess potential value as thera-
peutic targets for gastric cancer, which deserve 
further analysis.

Conclusions

Our findings showed up-regulated ONE-
CUT2 and down-regulated SST in gastric can-
cer tissues. Inhibiting ONECUT2 and overex-
pressing SST suppressed gastric cancer cell 
migration, invasion and EMT process. Further-
more, gastric cancer cell viability was inhibit-
ed. Inhibiting ONECUT2 and overexpressing 
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SST inhibited tumor growth in vivo. Therefore, 
ONECUT2 and SST could be involved in the 
development of gastric cancer, which worth 
further research.
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