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Background: Metastasis suppressor 1 (MTSS1), a potential metastasis suppressor gene

associated with tumor progression, may play an important role in cancer development. Our

previous study demonstrated that MTSS1 was downregulated significantly when gastric

cancer (GC) progressed and metastasized, suggesting that MTSS1 may be involved in the

physiopathologic mechanism of GC.

Purpose: The objective of this study was to evaluate the effect of MTSS1 expression on the

biological behavior of gastric cancer cell both in vitro and in vivo.

Materials and methods: The gain-and-loss function of MTSS1 in GC cells were analyzed

after transfection with pEGFP-N1-MTSS1 and ShRNA431. Proliferation and invasion abil-

ities were measured by means of plate clone formation assay and transwell assay. To further

explore the underlying mechanism of MTSS1-induced tumor restrain, cell cycle distribution

was analyzed using flow cytometry.

Results: The results revealed that overexpression of MTSS1 significantly reduced prolifera-

tion, migration and invasion of GC cells in vivo and in vitro, while downregulation of MTSS1

had the opposite biological manifestations. Moreover, overexpression of MTSS1 induced

accumulation of GC cells in G2/M phase, increased phosphorylated Cdc2 expression and

decreased Cdc25C and cyclinB1 levels, suggestingMTSS1 could cause G2/M cell cycle arrest.

Conclusion: Our data provided insight into an important role for MTSS1 in suppressing

tumor cell proliferation, invasion and migration, indicating that MTSS, as a functional tumor

suppressor in GC, could be a potential therapeutic target to prevent GC metastasis.
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Introduction
Gastric cancer (GC) is the fifth most common cancer worldwide, and the incidence rates

of GC are highest in Eastern Asia.1 By 2002, the number of GC patients in China

accounts for approximately 40% of worldwide occurrences. It is estimated that 400,000

new GC cases and 300,000 deaths occurred each year in China. Despite advances being

made in preventive measures and early diagnosis, over the past decade, GC still ranks

the second leading cause of cancer-related death.2 According to the Japanese GC

Association (JGCA) data collected from 208 participating hospitals during 2002 to

2008, most early treatment of primary GC at stage IA achieved beneficial outcomes by

the estimated 5-year survival rate of 92%.3 However, more than half of radically resected

GC patients relapse locally or with distant metastases. The median overall survival rarely

exceeds 12 months, and 5-year survival is <10% because of lack of effective biomarkers

to assess bioprocess of GC.4 Therefore, it is an urgent need to reveal the mechanisms of

carcinogenesis of GC and find more therapeutic targets.
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Metastasis suppressor-1 (MTSS1), as a metastasis sup-

pressor gene, belongs to IRSp53 and MIM (missing in

metastasis) domain-family (IMD-family) mapped to

human chromosome 8q24.1, which is missing in meta-

static bladder carcinoma cell lines, suggesting it may

play an important role in invasion and metastatic

behavior.5 Accumulated evidence indicated that downre-

gulation of MTSS1 was associated with unfavorable clin-

ical and pathological features as well as poor prognosis in

various types of cancer such as breast cancer and esopha-

geal cancer.6–8 Controversially, opposite results were also

proposed in colorectal cancer, hepatocellular carcinoma,

cervical cancer and lung squamous cell carcinoma.9–12

Recently, Ling et al13 showed that MTSS1 has various

roles in different subtypes of non-small cell lung cancer

(NSCLC), suggesting the expression patterns and biologi-

cal roles of MTSS1 might be tissue-type specific.

Our previous study demonstrated that MTSS1 expres-

sion was missing in GC patients’ samples and associated

with poor prognosis.14 However, little is known about its

biological effect in GC. In this study, we explored the role

of MTSS1 in GC cell proliferation, migration and inva-

sion. Besides, we also investigated the underlying mechan-

isms to provide a novel therapeutic target.

Materials and methods
Cell lines
Human GC cell lines MKN45, MKN28, AGS, BCG-823,

SGC-7901, HGC-27, MGc80-3, SH-10-TC, N87and gas-

tric epithelial cell line GES were obtained from Institute of

Biochemistry and Cell Biology of the Chinese Academy of

Science (Shanghai, China). All the cells were maintained

in RPMI-1640 medium (Gibco, Grand Island, NY, , USA),

containing 10% FBS(Biowest, Maine et Loire, France),

100 U/mL penicillin, 100 μg/mL streptomycin sulfate

and 1 mmol/L sodium pyruvate with 5% CO2 at 37°C.

Western blot
Total protein was extracted from GC cells. Briefly, cells

were washed by ice PBS, disrupted by lysate and

Phenylmethanesulfonyl fluoride (PMSF), and then the

insoluble tissue debris was removed by centrifugation at

10,000×g for 5 mins. Western blotting was performed as

described previously.14 pAb to phospho-cdc2 (Tyr15) was

purchased from New England Biolabs (Ipswich, MA,

USA). pAb to Cdc25C (sc-327), monoclonal antibody

toCdc2 (sc-54) and cyclin B1 (sc-245) were from Santa

Cruz Biotechnology (Dallas, TX, USA). Amersham

enhanced chemiluminescence system was used to detect

the probe proteins. Equal protein sample loading was mon-

itored with an anti-β-actin antibody.

qRT-PCR
RNA was isolated with the TRIzol method and analyzed

for purity via nanodrop. PCR amplification was carried out

with Ex Taq DNA polymerase reaction system (Takara,

Kyoto, Japan) by TProfessional PCR (Biometra, Jena,

Germany). The primer sequences for MTSS1 were as

follows: 5ʹ-ACATGGCCACCAACACACGTG-3ʹ (for-

ward) and 5ʹ- CGAAAACTGCCTCAGCTTGGCT-3ʹ

(reverse). The primer sequences for glyceraldehyde-

3-phosphate dehydrogenase (GAPDH) primers were as

follows: 5ʹ-ACCCACTCCTCCACCTTTGA-3ʹ (forward)

and 5ʹ-CTGTTGCTGTAGCCAAATTCGT-3ʹ (reverse).

Conditions for PCR were 94°C 4 mins, 30 s at 94°C for

denaturation, 30 s at 60°C for annealing and 90 s at 72°C

for elongation (30 cycles). The RT-PCR products were

analyzed on 1% agarose gel and visualized with ethidium

bromide staining. Quantity of the target was normalized

against the quantity of GAPDH.

Plasmid construction and cell transfection
All the experiments of upregulated MTSS1 were divided

into three groups: A: control group; B: blank-loaded trans-

fection group; C: experimental group. pEGFP-N1 was

purchased from Invitrogen (CA, USA). pEGFP-N1-

MTSS1 eukaryotic expression vector was assisted

designed by the Biotechnology Company (Genechem,

Shanghai, China). AGS cells were transfected with

pEGFP-N1-MTSS1 or empty vector pEGFP-N1 by

LipofectMINE2000TM Reagent (Invitrogen) according to

the manufacturer’s specifications. The plasmid expressing

GFP (Green fluorescent protein) was used to evaluate the

transfection efficacy. G418-resistant (Sigma, MO, USA)

colonies at a concentration of 1 mg/mL were selected for

further use.

shRNA preparation and transfection
Experiments of downregulated MTSS1 were also divided into

three groups. shRNA431 was synthesized by GenePharma

(Shanghai, China). The shRNA sequences were described as

follows: MTSS1-homo-431: 5ʹ-GUC UCU CGG AAG GUG

AAA UTT-3ʹ (forward) and 5ʹ-AUU UCA CCU UCC GAG

AGA CTT-3ʹ (reverse). The negative control shRNAs were
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designed as follows: 5ʹ-UUCUCCGAACGUGUCACGUTT

-3ʹ (forward) and 5ʹ- ACGUGACACGUUCGGAGAATT-3ʹ

(reverse). GAPDH-positive control shRNAswere described as

follows: 5ʹ-GUA UGA CAA CAG CCU CAAG-3ʹ (forward)

and 5ʹ-CUU GAG GCU GUU GUC AUA CTT-3ʹ (reverse).

The transfections of shRNA were carried out with

LipofectMINE2000TM Reagent in 6-well plates. Until

50–70% confluence is reached, MGc80-3 cells were trans-

fected with 20 nM of shRNA for 6–12 hrs and then replaced

with the regular growth media. 24–72 hrs post-transfection,

cells were either harvested for validation or replaced for addi-

tional analysis.

Cell proliferation assay
Cells were seeded into 96-well culture plates at a density

of 2×103 cells in a final volume of 200 μl/well and incu-

bated at 37°C for 8 days. At the day of 0, 1, 2, 3, 4 and 8,

the samples were treated with 20 μL MTT storage solution

(5 mg/mL) and cultured for another 4 hrs. Then, absor-

bance was detected at 490 nm using an ELISA plate

reader. Growth curves were drawn by measured data.

Colony formation assay
Stably transfected AGS and MGc80-3 cells were cultured

in 6-well plates (1000 per well) at 37°C until cell colony

was settled. The colonies with cell numbers of >50 cells

were fixed in cold methanol and stained with H&E. The

colonies were counted under an inverted phase microscope

(Tokyo,Olympus, Japan) and photographed.

Transwell migration/invasive assay
Transwell migration assay was performed using polycarbo-

nate transwell filters ( 8 μmCorning, New York, NY, USA).

1×105 cells/well/200 μL were plated on the upper chamber,

and 1640 culture medium containing 10% FBS was filled

into the bottom chambers. After incubation at 37°C for 24

hrs, cells on the upper surface were removed, and then cells

on the lower surface were fixed in cold methanol and

stained with 0.4% crystal violet (Sigma, Shanghai, China).

The number of transmigrated cells in five random fields on

the underside of the filter was counted and photographed.

To perform transwell invasion assay, each membrane was

coated with 15 μg of Matrigel matrix (Gibco), which was

rehydrated by adding 45 μL of serum-free medium. After

incubating at 37°C for 4 hrs, the Matrigel solidified and

served as the extracellular matrix for analysis of tumor cell

invasion. Subsequent steps were the same as the transwell

migration assay.

Cell cycle analysis
Cells were fixed in 70% ethanol at 4°C overnight and then

stained with PI at 4°C in shade overnight. The fractions of the

cells in the G0/G1, S and G2/M phases were analyzed by flow

cytometry (EPICS-ELITE-ESP, Coulter, Glanville, MI, USA).

Vivo tumorigenicity
Cells (1×107/mL) were injected subcutaneously into the

right flank of nude mice. Mice were kept in a sterile envir-

onment and randomized into three mice per group. Body

weight, health status and growth of subcutaneous nodules

were observed regularly. Tumor volume was measured as

the following formula: tumor volume=Length (L)×Width

(W)2/2. 6 weeks later, the mice were sacrificed, and the

tumor tissues were weighed. All procedures pertaining to

animal care and treatments strictly adhered to the recom-

mendations in the Guide for the Care and Use of Laboratory

Animals (US National Research Council, 11016). The study

was conducted in accordance with the ethical procedures

and policies approved by the Administrative Committee of

the Experimental Animal Care and Use of Second Military

Medical University (viz. Naval Medical University)

(SMMU, License No.20130602).

Statistical analysis
All the experiments were repeated three times. All calcu-

lations were performed with SPSS version 13.0. The

statistical analyses were performed with a Student t-test

and analysis of variance. The Chi-square test was used

for analysis correlation and rates. P<0.05 was considered

statistically different.

Results
MTSS1 expression in GC and epithelial

cell lines
Initially, we tried to identify if MTSS1 expression was chan-

ged among different malignant cell lines of GC. For this

purpose, we examined MTSS1mRNA and protein level in

GC lines including MKN45, MKN28, AGS, BCG-823,

SGC-7901, HGC-27, MGc80-3, SH-10-TC, N87 as well as

human immortalized gastric mucosa epithelial cell line GES.

As shown in Figure 1, we could observe highMTSS1mRNA

expression in all GC cell lines compared with GES.

However, the MTSS1 protein expression was varied among

these GC cell lines. The human undifferentiated HGC-

27cells, poorly differentiated MGc-803cells as well as

SGC-7901 had relatively higher MTSS1 protein expression
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than GES cell line. Another GC cell lines exhibited lower

MTSS1 protein expression, especially AGS, BCG-823, SH-

10-TC and MKN45. Collectively, the expression of MTSS1

was varied among different GC cell lines, which may be

related to histologic differentiation grade.

Elevated MTSS1 inhibits GC growth

in vitro and in vivo
To investigate the role of MTSS1 in GC,AGS cells were

transfected with pEGFP-N1-MTSS1 (MTSS1-AGS group)

to overexpress MTSS1. The expression of MTSS1 was

significantly observed upregulated by Western blot and qRT-

PCR (Figure 2A). Cell viability analysis showed that elevated

expression of MTSS1significantly suppressed cell prolifera-

tion in MTSS1-AGS cells compared with control vector (Vec-

AGS group) (Figure 2B).The inhibitory effect on AGS cell

proliferation was further confirmed by colony formation assay

(Figure 2C). To validate whether MTSS1 could inhibit the

tumorigenic activity of AGS cells in vivo, we examined tumor

burden in immunodeficient mice. The results showed that

tumorigenic activity was significantly inhibited in MTSS1-

AGS implanted nude mice compared with Vec-AGS or nega-

tive control (Figure 2D). As shown in Figure 2E, the tumor

MTSS1
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development was also suppressed by testing of tumor masses

and volumes when MTSS1 was overexpressed. Together,

these data indicated that MTSS1 may act as tumor suppressor

in GC growth.

Overexpression of MTSS1 restrains

migration and invasion of AGS cells
To further address the effect of MTSS1 on invasive and

migratory ability, transwell assay was performed. The

results showed that MTSS1-AGS cells had, respectively,

2.2-fold and 2.0-fold decreased migratory ability compared

to AGS cells and Vec-AGS cells (Figure 3A). Consistently,

transwell invasive assay demonstrated that MTSS1-AGS

cells had a significant 5.8-fold decreased ability of invasion

compared to Vec-AGS group and 6.8-fold decreased ability

compared to untreated AGS cells (Figure 3B). These results

further demonstrated that ectopic MTSS1 expression

affected cell migration and invasion in GC cells.

Loss of MTSS1 enhances GC growth
Having proved that upregulated MTSS1 resulted in less pro-

liferative, invasive and migratory phenotype in AGS cells, we

next constructedMTSS1 silencedGCcells to further substanti-

ate the functional significance of MTSS1 in GC. MGc80-3

cellswith relatively high level ofMTSS1were transfectedwith

ShRNA431 (shRNA-MTSS1 group) or negative control

shRNA (NC group) to establish a transient knockdown of

MTSS1 expression. The MTSS1 expression was dramatically

reduced in shRNA-MTSS1 cells versus control cells

(Figure 4A). Next, cell proliferation was evaluated by MTT

assays. As shown in Figure 4B, silenced expression ofMTSS1

promoted cell growth in shRNA431-803 cells. Furthermore,

the colony formation assay showed that the shRNA431-803

cells possessed a significantly higher colony forming effi-

ciency (Figure 4C). Meanwhile, MGc80-3 cells transfected

with shRNA431 were injected subcutaneously into nude

mice to assess tumor growth. On the contrary, in silencing

MTSS1 model, shRNA431-803 group had more tumorigenic

activity and higher amount of tumor mass and volume com-

pared to negative control group (Figure 4D and E). The results

demonstrated that loss of MTSS1 expression had a positive

effect on tumor growth in GC.

Inhibition of MTSS1 leads to invasive and

migratory phenotype of MGc80-3 cells
We next investigated the effect of MTSS1 knockdown on cell

invasion and migration. As shown in Figure 5A, shRNA431-

803 cells had significantly elevated migratory ability (2.2-fold,

2.1-fold, respectively) compared to MGc80-3 and NC cells.

Additionally, similar to the results seen in themigratory ability,

silencing MTSS1 exhibited significance of 3.1-fold and

3.6-fold increase in invasion compared with untreated and

NC cells, respectively (Figure 5B). These results suggested

that loss of MTSS1 promoted cell migration and invasion.

MTSS1 acts as tumor suppressor by

arrest cell cycle progression at G2/M

phase
Previous results suggested that MTSS1 participated in the

growth, migration and invasion of gastric tumor. To further

A

B

AGS Vector-AGS MTSS1-AGS
AGS

C
el

l n
um

be
rs

0
100
200
300
400
500
600

C
el

l n
um

be
rs

0

100

200

50

150

250

Vector-AGS MTSS1-AGS

AGS

Vector-AGS

MTSS1-AGS

AGS

Vec-AGS

MTSS1-AGS

AGS Vector-AGS MTSS1-AGS

AGS Vector-AGS MTSS1-AGS

Figure 3 Overexpression of MTSS1 restrains migration and invasion of AGS cells. AGS cells were transfected with 5 ug pEGFP-N1-MTSS1, control vector or transfection

reagent for 48 hrs. (A) Transwell migration cell counting was determined. Data were expressed as mean ± SD (n=3), *P<0.05 versus control. (B) Transwell invasive assay was
performed by cell counting. Data were expressed as mean±SD (n=3), **P<0.05 versus control.

Dovepress Liu et al

OncoTargets and Therapy 2019:12 submit your manuscript | www.dovepress.com

DovePress
5147

http://www.dovepress.com
http://www.dovepress.com


explore the underlying mechanism of MTSS1-induced

tumor restrain, cell cycle was assessed by flow cytometry.

The result showed that MTSS1-AGS cells transfected with

pEGFP-N1-MTSS1 had higher number of cells in G2/M

phase compared with the empty vector or untreated control

(Figure 6A). However, in MGc80-3 cells transfected with

shRNA431, cell cycle detection showed no significant

statistical difference compared with control groups. To

further validate whether MTSS1 could induce cell cycle

arrest at the G2/M phase, we focused on the effect of
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MTSS1 on Cdc2 phosphorylation and cyclin B1 location.

Cdc2 is identified to be a representative cyclin-dependent

kinase directly regulating G2-M transition, and it is phos-

phorylated at Tyr-15 in the G2 phase but is dephosphory-

lated in the M phase. Cdc25c is M-phase inducer

phosphatase 3, which could direct dephosphorylation of

Cdc2 and triggers entry into mitosis. Another important

biomarker of G2-M phase is cyclin B1, which is localized

in the cytoplasm in the G2 phase but translocated to the

nucleus in the M phase. Then, we determined the protein

expression level of Cdc2, p-Cdc2, Cdc25c as well as

cyclinB1 between the transfected cells and controls. As

shown in Figure 6B, Western blot showed that phosphory-

lated Cdc2 was significantly higher when MTSS1 was

overexpressed. And other G2/M related proteins such as

Cdc25C and cyclinB1 levels were found to decrease mod-

estly after MTSS1 transfection. These results suggested

that MTSS1 might participate in the regulation of gastric

carcinomas through affecting the G2/M checkpoint.

Discussion
Our previously intriguing findings demonstrated that MTSS1

was downregulated in GC tissue and associated with patients’

survival. To address the functional effect of MTSS1 on GC,

we performed the present study to explore the effect of

MTSS1 on the growth, migration and invasion of GC cell

and elucidate the potential mechanism. First, we found that

overexpression of MTSS1 could suppress cell growth in vivo

and in vitro, whereas loss of MTSS1 could enhance cell

growth. Second, overexpression of MTSS1 by transfecting

with pEGFP-N1-MTSS1 could inhibit migration and invasion

of cancer cell both in GC cell line and in nude mice model.

Conversely, shRNA-mediated knockdown of MTSS1 has

opposite effect on GC cell migration and invasion. Besides,

we further analyzed the effect of MTSS1 on cell cycle to

elucidate the underlying mechanism on how MTSS1 could

inhibit GC growth, and the results demonstratedMTSS1 could

cause G2/M cell cycle arrest. Altogether, these observations

clearly highlight the critical role of MTSS1 as a tumor sup-

pressor in GC.

In 2002, Lee etal firstly identified a gene deleted from

metastatic bladder cancer cell lines by mRNA differential

display technique, and sequenced to transcript mapped to

8q24.1, which then was named as MIM, as known as

MTSS1.5 It remained controversial about the role of

MTSS1 in cancer development. Some studies have demon-

strated that MTSS1 played a significant role in inhibiting

cancer development, and MTSS1 was identified to be an

indicator of prognosis and good survival such as prostate

cancer, bladder cancer and breast cancer.6–8,15–19 More

recently, several studies yielded opposite results that elevated

level of MTSS1 was associated with poor prognosis such as

colorectal cancer, hepatocellular carcinoma, etc.9–12,20,21

These controversial results suggest the tissue-specific effect

of MTSS1 in cancer development. In 2010, our previous

study observed that downregulation of MTSS1 is associated

with nodal metastasis and poor outcome in Chinese patients

with GC.14 However, the effect of MTSS1 on GC cell was
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not fully clear, then we conducted the present study to eluci-

date the potential role of MTSS1 in the growth, migration

and invasion of GC cells. Our current study initially exam-

ined the expression of MTSS1 in different GC cell lines and

found that MTSS1 expression levels were varied among

different GC cell lines. The results suggested that MTSS

expression level may be related to histologic differentiation

grade.

Based on the MTSS1 expression level, we selected

AGS cells and MGc80-3 cells to verify the effect of

MTSS1 on tumor cell proliferation, migration and invasion

via transfecting with pEGFP-N1-MTSS1 and shRNA,

respectively. Loss and gain function analysis revealed

MTSS1 could inhibit GC cell proliferation, invasion as

well as migration. This inhibitory effect could be also

observed in other types of tumors. Taylor et al have

found that overexpression of MTSS1 in NCI-H1299

decreased in vitro lung adenocarcinoma invasion and

migration, while knockdown of MTSS1 in A549 caused

a significant increase in cell invasion and migration.

Meanwhile, MTSS1 expression in lung adenocarcinoma

was associated with decreased metastatic burden, as

assessed by an in vivo orthotopic model.22 Other studies

also found that overexpression of MTSS1 could reduce the

growth, invasion, adhesion and migration of kidney cell

and bladder cell in vitro.23,24 MTSS1 is a good candidate

as a scaffold protein involved in action dynamics. Several

studies have investigated the underlying mechanisms of

MTSS1 on invasion and migration of cancer cell. One

potential mechanism was that MTSS1 could prevent inva-

sion and metastasis of tumor cell by increasing Rac-GTP

levels in order to inhibit cell–cell junction disassembly,

thereby elevating actin assembly at the cell–cell contacts

and preventing cellular dissemination.25 MTSS1 also

could interact with actin, preferentially ATP-bound

G-actin, an active form of actin for polymerization, sug-

gesting MTSS1 may have the potential to control the

elongation of actin filaments and undesired nucleation.26

Besides, previous studies also demonstrated that MTSS1

could inhibit tumor metastasis via interacting with cortac-

tin, cell membrane and RPTP (Receptor-type protein tyr-

osine phosphatase) delta.19 Meanwhile, MTSS1 may be

involved in the PDGF(Platelet-derived growth factor) sig-

naling and SHH (Sonic hedgehog) signaling pathway that

regulates cell shape changes via protein tyrosine

kinases.27,28 Recently, Wag has assessed the role of

MTSS1 in GC. Consistent with our result, they also

found MTSS1 could diminish the cell viability, attenuate

the invasion ability and cause a loss of migratory

potential.29 The further mechanism investigation demon-

strates that MTSS1 could repress TGF-β1-induced EMT

(Epithelial-Mesenchymal Transition), and MTSS1 could

be positively regulated by PTEN (Phosphatase and tennis

homolog) as a tumor suppressor by inactivating PI3K/

AKT oncogenic pathway. In pancreatic ductal adenocarci-

noma, Zeleniak reported PTEN could form a complex with

MTSS1 in order to stabilize and protect MTSS1 from

proteasomal degradation, eventually causinga significant

decrease in cellular migration and invasion.30 Therefore,

PTEN may play an important role in the influence of

MTSS1 on tumor metastases. Besides, previous studies

found that miR-29a and miR-182-5p could increase the

proliferative and invasive capacity of tumor cells via tar-

geting MTSS1.31,32

In the present study, we also found MTSS1 could increase

p-Cdc2 level but cause a decrease in the levels of cyclin B1,

Cdc2, and Cdc25c, eventually induce the G2/M phase cell

cycle arrest in GC. As we know, G2-M transition is regulated

by the complex of cyclin-dependent kinase 1 (cdc2) and two

types of cyclin, cyclin A, regulating both G1-S and G2-M

regulatory proteins, and cyclinB1, whichworks selectively for

G2-M transition.33 Previous studies have demonstrated that

these modulators also play a role in progression and can be

used to predict patient prognosis in some carcinomas.34,35

Recent research suggested cyclin B1 led to uncontrolled cell

growth by binding to its partner Cdc2, which then triggered

phosphorylation of other substrates at inappropriate time and

unregulated proliferation.36 Several studies have further

demonstrated that cyclin B1 and cdc2 are overexpressed

among the different types of cancers,37–39 and cyclin B1 is

negatively correlated with the prognosis.38,40 Reduction of

cdc2 and cyclin B1 can stop cells in the G2 phase and triggers

cell death by preventing the chromosomes from condensing

and aligning.40 In the present study, we showed that G2/

M-related proteins, such as cyclin B1, cdc2 and cdc25c, are

downregulated and pCdc2 which presented plentifully in the

G2 phase is upregulated after MTSS1 overexpression, sug-

gesting MTSS1 suppressed the proliferation, migration and

invasion of the GC cells through regulating cell cycle signal-

ing. This mechanism is firstly reported in GC, and whether it

could also occur in other types of tumor is unknown, it

required to be explored in the future.

Obviously, there are several limitations to the present

study. First, we have observed that MTSS1 has a negative

effect on the migration and invasion of GC cell, but we did

not further elucidate the underlying mechanism of this
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inhibitory effect. Previous studies have provided some

evidence to support cooperative roles of MTSS1 and

PTEN, SHH pathway and PI3K/AKT pathway in prevent-

ing cancer cell invasion, but we did not conduct the

experiments to seek the potential mechanisms of MTSS1

on the migration and invasion of GC cell. We will further

finish this work in the next step. Second, the reason why

MTSS1 is downregulated in GC remained unknown.

Previous studies have demonstrated that miRNA may be

involved in the regulation of MTSS1 expression such as

miR-29a and miR-182-5p, and also PTEN may play a key

important role in the maintenance of MTSS function. In

the next step, we also could further measure miRNA

expression and further analyze the association of miRNA

and MTSS1 function in GC.

Conclusion
In conclusion, the present study demonstrated that MTSS1

could inhibit proliferation, invasion and migration of GC

cell. Also, we provide the first evidence, to the best of our

knowledge, that MTSS1 could repress GC cell prolifera-

tion via inducing G2/M cell cycle arrest. Overall, all these

results suggested that MTSS1 could act as a functional

tumor suppressor in GC, which could be a potential ther-

apeutic target to prevent GC metastasis.
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