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Abstract: Background: Metastasis suppressor-1 (MTSS1) is a novel potential metastasis suppressor gene in several 
types of human cancers. However, the exact function and regulatory mechanism of MTSS1 in Tongue squamous 
cellular carcinoma (TSCC) have not been elucidated. Material/Methods: We first confirmed the MTSS1 gene expres-
sion by using quantitative real time-PCR (qRT-PCR) and immunohistochemical staining. Then we detected the effect 
of MTSS1 gene on Tca8113 cells proliferation and invasion ability by using MTT, wound healing and invasion assay. 
Finally by using bioinformatics analysis, luciferase reporter assay and a serial method, we analyzed the targeting 
of miR-96 on MTSS1 and the ability of miR-96 on MTSS1 gene mediated biological alterations in Tca8113 cells. 
Results: Our findings showed that the expression of MTSS1 was down-regulated in both TSCC tissues and Tca8113 
cells. Forced expression of MTSS1 led to inhibited cell proliferation ability, retarded wound closing and reduced 
trans-membrane cell numbers. MiR-96 is confirmed to be a direct target of MTSS1 gene and could regulate MTSS1 
mediated Tca8113 cells proliferation and metastasis. But miR-96 could not completely restore the invasion abil-
ity of Tca8113 cells. Conclusions: MiR-96 targeting and promoting MTSS1 repression may precipitate in the TSCC 
tumorigenesis through bypassing cell proliferation and metastasis control.
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Introduction

Tongue cancer is one of the most common 
malignancies in oral and maxillofacial region, 
with more than 98% being tongue squamous 
cellular carcinoma (TSCC). TSCC occurs more 
common in men than in women and was char-
acterized with local infiltrating growth and cer-
vical lymph node metastasis. Now, the main 
treatment strategy for TSCC is still the compre-
hensive treatment based on surgery. Although 
great progress has been made in the cancer 
treatment, the 5 years survival rate of TSCC 
was still hovering around 50% [1]. Tumor metas-
tasis is the most significant contributor to the 
mortality of patients with cancer. It is thus nec-
essary to elucidate the molecular mechanisms 
underlying TSCC metastasis and identify novel 
therapeutic targets.

Metastasis suppressor-1 (MTSS1), also known 
as missing in metastasis (MIM), mapped to 
human chromosome 8q24.1, is a novel poten-
tial metastasis suppressor gene which was ini-
tially identified as a tumor suppressor gene in 
non-metastatic bladder cancer cell lines [2]. 
Usually the expression of MTSS1 is lost in meta-
static cells, but confusing in primary tumors. 
For example, in ovarian cancer, colorectal can-
cer, oesophageal cancer, prostate cancer and 
breast cancer, the expression of MTSS1 has 
been shown to be reduced [3-5], whereas up-
regulation of MTSS1 expression has also been 
observed in hepato-cellular carcinoma and 
breast cancer [6, 7]. Recent research showed 
that weak or absent staining of MTSS1 protein 
was observed both in kidney cancer and blad-
der cancer [8, 9]. Our previous gene array 
results also indicated that MTSS1 gene was 
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down-regulated in TSCC tissue (Fold changes = 
3.527), which needs further confirmation. 
Functional and mechanism analysis suggested 
that MTSS1 protein may be related to cancer 
progression or tumor metastasis in a variety of 
organ sites, most likely through an interaction 
with the actin cytoskeleton or regulated by 
some factors including microRNAs [4, 10-12]. 
Till now, there was no report about the role and 
mechanism of MTSS1 gene in TSCC.

In this study, we first confirmed the expression 
of MTSS1 gene in both TSCC tissues and TSCC 
Tca8113 cells. Then we analyzed the growth, 
migration and invasion ability of MTSS1 gene in 
Tca8113 cells. Finally, we explored the mecha-
nism of MTSS1 induced biological alteration in 
cell models. Our results revealed the role and 
mechanism of MTSS1 gene in the TSCC pro-
gression, which further provided target for the 
development of novel therapeutic strategies 
against TSCC.

Material and methods

Cell culture and clinical specimens

The human TSCC cell line Tca8113 and human 
normal oral keratinocyte cell line (hNOK) were 
purchased from Shanghai Institute of Cell 
Biology, Chinese Academy of Sciences and 
were cultured in RPMI 1640 medium supple-
mented with 10% fetal bovine serum under an 
atmosphere of 95% air and 5% CO2 at 37°C. 
Total fifty paired TSCC tissues and adjacent 
normal tissues were obtained from the Affiliated 
Stomatology Hospital of China Medical Uni- 
versity. All the patients signed informed con-
sent and the studies were approved by the 
Ethics Committee. Tissue samples were trim- 
med and stored at -80°C until use. 

qRT-PCR

Total RNA was extracted using Trizol reagent 
and cDNA was synthesized by the High Capacity 
cDNA Reverse Transcription Kit (# 4368814, 
Applied Biosystems) according to the manufac-
turer’s protocol. Then the MTSS1 expression 
level was detected with SYBR (# 4367659, 
Applied Biosystems) through Applied Biosys- 
tems 7500 Real-Time PCR System. The Ct 
value of detected gene between 18 and 30 was 
selected and quantified with the 2-ΔΔCt method.

Immunohistochemical staining

Fifty paired paraffin sections of TSCC and adja-
cent normal tissues were cut at a thickness  
of 6 μm. The experiment was performed by 
StreptAvidin peroxidase conjugated method for 
MTSS1 according to the operation manual. In 
brief, the deparaffinized and rehydrated sec-
tions were incubated with the primary poly-
clonal against MTSS1 (# 4385, Cell Signaling 
Technology) in a dilution of 1:100 at 4°C over-
night and secondary antibody in 1:500 at 37°C 
for 30 min. Then, after thorough washing with 
PBS for 10 min, streptavidin for 30 min, the 
sections were stained with liquid Diaminoben- 
zydine (DAB) for 5 min. Finally, the sections 
were photographed and the staining was as- 
sessed independently by pathologists. 

Construction of MTSS1 over-expression vec-
tors and transfection

The MTSS1 over-expression vector pEGFP-
N1-MTSS1 was constructed by the company 
(Genescript, Nanjing, China). To brief, the whole 
cDNA of MTSS1 gene labeled with EcoRI-BamHI 
enzyme cutting sites was chemically synthe-
sized following sub-cloned to pEGFP-N1 plas-
mid. Then the plasmid was purified and trans-
fected into Tca8113 cells using LipofectamineTM 
3000 Reagent (Invitrogen, USA) according to 
the manufacturer’s instructions. For the tran-
sient transfection, the cells were cultured with 
pEGFP-N1-MTSS1 plasmid 48 h and then the 
biological effect of MTSS1 gene on the Tca8113 
cells was assayed. For the stable transfection, 
the cells transfected with pEGFP-N1-MTSS1 
plasmid were continuous cultured and selected 
with G418 up to 3 w. Then the transfectants 
were verified for their expression of MTSS1 and 
successful clones were used in the MTSS1 
mechanism analysis. 

Biological behavior assay of MTSS1 gene in 
Tca8113 cells

Cell proliferation ability detected by MTT and in 
vitro invasion ability detected by using Transwell 
Chamber were finished as previously described 
[13]. For the Wound healing assay, Tca8113 
cells were seeded into 6 well plates and when 
the cell confluence reached approximately 80% 
post-transfection, scratches were made by us- 
ing a 100 μl pipette tip. After incubation for 48 
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h, detached cells were washed and 3 fields of 
observations were randomly picked for pho- 
tograph. 

MicroRNA targets prediction and dual-lucifer-
ase reporter assay

The miRNAs prediction of MTSS1 gene was fin-
ished by TargetScan (http://www.targetscan.
org) and miRanda http://www.microrna.org). 
The dual-luciferase reporter plasmids, pmiR-
MTSS1-wt (containing the wild-type MTSS1 
3’UTR binding site in pmiR-RB-REPORTTM lucif-
erase reporter plasmid (RiboBio Co. Ltd., 
China)) and pmiR-MTSS1-mut (containing the 
mutant MTSS1 3’UTR) were constructed by the 
company (Genescript, Nanjing, China) as men-
tioned above. For the luciferase assay, the con-
structed plasmid (500 ng) and miR-96 mimics 
(100 nM) were co-transfected into Tca8113 
cells by using LipofectamineTM 3000 Reagent 
(Invitrogen, USA). Then the dual-luciferase re- 
porter assay system (Promega, USA) was used 
to assay the luciferase activity after co-trans-

fection Tca8113 cells 48 h according to the 
manufacturer’s instructions.

Western blot analysis

Total 20 mg of protein was used for western 
blot. Samples were resolved in SDS-PAGE gels 
and transferred to PVDF membranes. After 
blocked, the membranes were probed with pri-
mary polyclonal against MTSS1 (# 4385, Cell 
Signaling Technology) and beta-tubulin (# 
2128, Cell signaling Technology) overnight at 
4°C. Then incubated with horseradish peroxi-
dase (HRP)-conjugated secondary anti-mouse 
or anti-rabbit antibody (Cell Signaling Tech- 
nology, Beverly, MA). Proteins were enhanced 
by chemiluminescence detection kit. The pro-
tein quantification was performed using ImageJ 
software. 

Statistical analysis

All statistical analysis was performed using 
SPSS 16.0 software. The data were presented 
as mean ± SD of three independent experi-

Figure 1. MTSS1 is down-regulated in human TSCC. A. representative qRT-PCR results of MTSS1 gene expression in 
fifty TSCC and adjacent normal tissues. B. Statistic analysis results of MTSS1 gene expression in TSCC tissues and 
Tca8113 cell line. The results were shown as mean ± SD. *P < 0.05 versus adjacent normal tissues and hNOK cell 
line. C-E. representative immunohistochemical staining results of MTSS1 protein in fifty TSCC and adjacent normal 
tissues. C is adjacent normal tissues, D is well differentiated TSCC and E is poorly differentiated TSCC (SP, original 
magnification 200 ×).
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ments and compared using Student’s t-test 
and one-way ANOVA. A P-value of less than 
0.05 was considered to be statistically signifi-
cant and indicated by (*).

Results

MTSS1 is down-regulated in TSCC tissues and 
cells

In order to verify the results of TSCC gene-array, 
we first estimated the expression levels of 
MTSS1 transcript in fifty TSCC patient speci-
mens using qRT-PCR. The results showed that 
lower mRNA expression level of MTSS1 was 
observed in TSCC tissues when compared to 
the paired adjacent normal tissues (P < 0.001) 

(Figure 1A). Further, we examined the expres-
sion of MTSS1 in Tca8113 cells and the result 
showed that MTSS1 was expressed at a very 
low level (Figure 1B). Finally, we assayed the 
expression pattern of MTSS1 in the human 
TSCC tissue sections (n = 50) using immunohis-
tochemical analysis. Staining results showed 
that MTSS1 protein was expressed in the cyto-
plasm and nuclei of adjacent normal tissues 
and well differentiated TSCC tissues, while 
MTSS1 was not detected in the poorly differen-
tiated TSCC tissues (Figure 1C-E). Statistically 
analysis revealed that the expression of MTSS1 
protein was significantly reduced or absent 
than those in the paired adjacent normal tis-
sues (P < 0.001). Together, all the results were 
consistent with our gene-array data, which indi-

Figure 2. Biological effect of MTSS1 gene on Tca8113 cells. A. Fluorescence microscope observation the efficiency 
after pEGFP-N1-MTSS1 transfection 48 h. B. Cell proliferation ability measured by the MTT assay. Results are means 
of three independent experiments ± SD. C. Wound healing assay (48 h). D. Statistic analysis of reduced cover area. 
The results were shown as mean ± SD. *P < 0.05. E. Transwell (magnification, 200 ×). F. statistical analysis of aver-
age invasive cell number of three independent experiments ± SD. *P < 0.05.
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cated that MTSS1 may play some important 
roles in human TSCC.

MTSS1 inhibits Tca8113 cells proliferation and 
metastasis

To investigate the impact of MTSS1 on the 
functions of TSCC cells, the constructed MTSS1 
expression vectors were utilized to over-express 
MTSS1 in TSCC Tca8113 cells. Fluorescence 
microscope observation confirmed the suc-
cessful of transfection (Figure 2A). MTT results 
showed significantly difference between PBS, 
pEGFP-N1 vector and pEGFP-N1-MTSS1 trans-
fection groups, which revealed that MTSS1 
functions as inhibitor in Tca8113 cells prolifera-
tion (Figure 2B). As for MTSS1 is a tumor 
metastasis suppressor gene, we future explore 
whether the expression of MTSS1 could 
decrease the invasion capacity of Tca8113 

cells. As shown in Figure 2C and 2D, forced 
expression of MTSS1 led to retarded wound 
closing compared to other groups. Transwell 
assay was used to verify the metastasis func-
tion of MTSS1 in Tca8113 cells. After 24 h, the 
trans-membrane cells were fixed, stained and 
observed microscopically. The results demon-
strated that MTSS1 over-expression led to sig-
nificantly inhibition of cell invasion (Figure 2E 
and 2F). 

MiR-96 functionally targets MTSS1 in Tca8113

As for the important function of MTSS1 gene in 
TSCC, further mechanism analysis is becoming 
necessary. Using the publicly available data-
bases TargetScan and miRanda, we found two 
conserved miR-96 binding sites in the 3’UTRs 
of MTSS1 gene (261-268 bp and 1929-1935 
bp). However, only site 1/miR-96 with PCT = 

Figure 3. The 3’UTR of MTSS1 was a functional target of miR-96 in Tca8113 cells. A. 3’UTR region of MTSS1 mRNA 
is partially complementary to miR-96. B and C. Effect of miR-96 on the luciferase activity of pmiR-MTSS1-3’UTR and 
pmiR-MTSS1-3’UTR mutation. Firefly luciferase activity was normalized to Renilla luciferase. Each experiment was 
performed in triplicate. Data are shown as mean ± SD. *P < 0.05.
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0.89 was predicted in both databases and 
highly conserved (Figure 3A). 

To further investigate whether MTSS1 was a 
target of miR-96, we constructed luciferase 
reporter plasmids containing either wild-type or 
mutant 3’-UTRs of MTSS1. As shown in Figure 
3B, the relative luciferase activity was signifi-
cantly lower in cells after 48 h co-transfection 
with pmiR-MTSS1-wt and pre-miR-96 as com-
pared with the NC (P < 0.05). However, no sta-
tistically significant difference was observed 
between cells co-transfected with pmiR-
MTSS1-mut and the pre-miR-96 or NC. On the 
opposite, the relative luciferase activity was 
significantly higher in cells after 48 h co-trans-
fection with pmiR-MTSS1-wt and anti-miR-96 
as compared with the NC (P < 0.05) (Figure 3C). 
These results indicated that the 3’UTR of 
MTSS1 was a functional target of miR-96 in 
Tca8113 cells.

MiR-96 regulates MTSS1 mediated Tca8113 
cells proliferation and metastasis

To further prove if miR-96 represses MTSS1 
expression, following cell proliferation and 
metastasis inhibition in the Tca8113 cells, we 
constructed a cell model with pre-miR-96 and 
pEGFP-N1-MTSS1 stable transfected Tca8113 
cells. After pre-miR-96 interferences pEGFP-
N1-MTSS1 stable transfected Tca8113 cells 
48 h, serials of assays were used to verify our 
hypothesis. Fluorescence microscope observa-
tion showed that the green fluorescence of pre-
miR-96 transfection group was significantly 
weaker than that in the NC group (Figure 4A 
and 4B). Meanwhile, western blot assays were 
taken to evaluate the protein level of MTSS1. 
The results showed that MTSS1 was also dra-
matically decreased in protein level after ecto-
pic over-expression of miR-96 (Figure 4C and 

Figure 4. MiR-96 regulates MTSS1 mediated Tca8113 cells proliferation and metastasis. A. Fluorescence micro-
scope observation the expression of MTSS1 after pEGFP-N1-MTSS1 stable transfection in Tca8113 cells. B. Statis-
tic Luminous intensity analysis of MTSS1 expression. The results were shown as mean ± SD. *P < 0.05. C and D. 
Western blot analysis results of MTSS1 protein expression in pEGFP-N1-MTSS1 stable transfected Tca8113 cells. 
Tubulin was used as a reference control. Quantitative analysis was done by measure the IVD of protein bands. The 
results were shown as mean ± SD. *P < 0.05. E. MTT assay after pre-miR-96 transfection into pEGFP-N1-MTSS1 sta-
ble expressed Tca8113 cells. The results were shown as mean ± SD. *P < 0.05. F. Transwell assay after pre-miR-96 
transfection into pEGFP-N1-MTSS1 stable expressed Tca8113 cells (magnification, 200 ×). G. Statistic analysis of 
average invasive cell number of three independent experiments ± SD. *P < 0.05. 18 ± 2.1 and 32 ± 2.3 means 
trans-membrane cell numbers in pre-miR-96 transfected pEGFP-N1-MTSS1 stable expressed Tca8113 cells and 
Tca8113 cells transient transfected with pEGFP-N1-MTSS1 plasmid. 
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4D). Collectively, these data supported our 
speculation that MTSS1 is a direct target of 
miR-96.

Next, MTT and Transwell assays were applied 
to detect the cell proliferation and metastasis 
ability changes after MTSS1 repressed with 
miR-96. Both the MTT and Transwell results 
showed significantly proliferation and trans-
membrane ability improved compared with the 
NC group. But interestingly, the transmem-
brane cells of pre-miR-96 interfered MTSS1 
stable expression cells was 18 ± 2.1, while the 
transmembrane cells of Tca8113 cells was 32 
± 2.3, which revealed that transfection of miR-
96 could not completely restore the invasion 
ability of Tca8113 cells (Figure 4E-G). Together, 
our results suggest that MTSS1 expression was 
partly regulated by miR-96, thereby inhibiting 
TSCC progression.

Discussion

Although MTSS1 gene was identified as a novel 
potential metastasis suppressor gene, its func-
tion as a tumor suppressor was in some ways 
controversial. Researchers reported that pa- 
tients with tumors expressing reduced levels of 
MTSS1 had a poorer prognosis and over-
expression of MTSS1 significantly suppressed 
the invasive, migratory, growth and adherence 
properties of a human breast cancer cell line, 
while knockdown of MTSS1 dramatically en- 
hanced these properties [7]. Du P et al showed 
reduced expression level of MTSS1 in bladder 
cancer cells and MTSS1 over-expression signifi-
cantly suppressed the aggressiveness of blad-
der cancer cells through inhibiting cell growth, 
and adhesion [9]. All these results suggest that 
MTSS1 gene may function as a tumor suppres-
sor. But Mattila and his colleagues suggest that 
MTSS1 gene may function as a tissue-specific 
regulator of cytoskeletal dynamics, interact 
with ATP-actin monomers through its C-terminal 
WH2 domain, while not as a tumor suppressor 
gene [14]. In this study, we confirmed that 
MTSS1 gene was down-regulated in TSCC tis-
sues and Tca8113 cells. Forced expression of 
MTSS1 in Tca8113 cells led to a reduced cell 
proliferation, a retarded wound closing and an 
inhibition of cell invasion which were tentatively 
indicated in other tumor cells, including breast 
cancer cells and oesophageal cancer cells [5, 
7]. Together, we conclude that MTSS1 gene 

playing a key role in the TSCC aggressiveness 
functioned as a potential tumor suppressor. 

As miRNAs function as important regulators of 
target genes involved in normal development 
and disease such as cancer [15], researchers 
made great efforts in finding miRNAs as regula-
tors in cancer progression and development 
recently years. As for MTSS1 gene, miR-182 
was shown to be a directed target and contrib-
uted to the aggressive of breast cancer, ovari-
an cancer, prostate cancer and hepatocellular 
carcinoma largely by its negative regulation of 
MTSS1 [12, 16-18]. MicroRNA-135 and miR-
23a was reported to regulate MTSS1 expres-
sion and promote migration and invasion in 
colorectal cancer [4, 19, 20]. In this study, by 
using the TargetScan and miRanda software, 
we predicted miR-96 is a putative regulator of 
MTSS1 gene. Following detection with lucifer-
ase reporter, western blot and serials of assays, 
we confirmed that MTSS1 was a direct target of 
miR-96 in Tca8113 cells and miR-96 could pro-
mote MTSS1 repression bypassing cell prolif-
eration and metastasis controls. Our results 
revealed that miR-96 is critical for the develop-
ment of human TSCC, and miR-96 is one of the 
mechanisms of MTSS1 repression in TSCC 
tumorigenesis.

As we all known, miR-96, miR-183 and miR-182 
belong to the same miR-183 family and share 
the same transcription start site (chr7: 129- 
207158), may be coordinately expressed and 
play roles together during tumorigenesis [21]. 
A recent report showed that the up-regulation  
of microRNA-182 and microRNA-96 targeting 
forkhead box O3 played a significant role in the 
pro-proliferation effect of leptin on ovarian can-
cer cells [22]. Knocking down of miR-182 and 
miR-183, both highly over-expressed in ductal 
carcinoma in situ (preinvasive breast cancer), 
increased the expression of CBX7, DOK4, NMT2 
and EGR1 [23]. In addition, miR-96, miR-182 
and miR-183 over-expressed in endometrial 
cancer and functioned as an oncogene through 
repressing FOXO1 expression. Then aberrant 
miR-183 family expression resulted in deregu-
lated cell cycle control and impaired apoptotic 
responses [24]. In this study, we also predicted 
miR-182 and miR-183 binding sites in the 
3’UTR of MTSS1 transcripts by two miRNAs pre-
diction software (TargetScan and miRanda). 
Together with our present findings that trans-
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fection of pre-miR-96 was insufficient to fully 
restore the invasion ability mediated by MTSS1 
gene in Tca8113 cells. We speculated that as 
miR-183 family members, miR-182 and/or miR-
183 may also regulate MTSS1 expression in a 
miR-96-depend directly or indirectly manner, 
which need further exploring.

In summary, we identified MTSS1 gene was 
down-regulated in TSCC and the ability of miR-
96 to promote MTSS1 repression may precipi-
tate in the TSCC tumorigenesis through bypass-
ing cell proliferation and metastasis control.

Conclusions 

MTSS1 gene was down-regulated in TSCC and 
the ability of miR-96 to promote MTSS1 repres-
sion may precipitate in the TSCC tumorigenesis 
through bypassing cell proliferation and metas-
tasis control. MiR-183 family members, miR-
182 and/or miR-183 weather regulate MTSS1 
expression in a miR-96-depend directly or indi-
rectly manner need further exploring.
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