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Abstract: In the current study, we intended to analyze the expression of membrane type 1 matrix metalloproteinase
(MT1-MMP) in oral squamous cell carcinoma (OSCC) and its correlations with clinicopathologic characteristic, and
to further identify the function of MT1-MMP in promoting cancer invasion from the point of view of the extracellular
matrix degradation. We collected 122 cases of OSCC tissue specimens from patients. Test results were correlated
with clinical and pathological parameters. The effects of MT1-MMP in oral cancer cells on the regulation of associ-
ated MMPs expression and the invasive and migratory abilities were analyzed. Our results demonstrated that the
high expression of MT1-MMP in tumors significantly correlated with the lymph node metastasis, pathological grade,
recurrence and follow-up, and high expression of MT1-MMP at the invasive front of tumor significantly correlated
with the lymph node metastasis. Furthermore, the patients with higher expression of MT1-MMP had shorter survival
time in OSCC. Multivariate analysis indicated that MT1-MMP expression could serve as an independent prognostic
indicator for the survival of patients with OSCC. In addition, MT1-MMP, through regulating associated MMPs expres-
sion, contributes to promoting the invasion and metastasis in oral cancer cells. In conclusion, MT1-MMP may play
an important role in OSCC invasion and metastasis and could act as a promising target for prognostic prediction.
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Introduction

Much effort has been devoted to suggest a key
determinant for cellular components in the de-
velopment and progression of carcinoma [1-3].
However, recent studies have also highlighted
the importance of noncellular components dur-
ing cancer progression, especially the extracel-
lular matrix (ECM) [4-7]. ECM has been known
as a major component of the local microenvi-
ronment in which cancer cell plays important
roles in cancer development, invasion and me-
tastases [8]. ECM can directly or indirectly in-
fluence almost all cellular behaviors so that
affects cancer progression, thus promotes for-
mation of a tumor microenvironment [8, 9]. The
mechanism of ECM function for this regula-
tion of cellular behaviors is dependent on the
remolding of ECM structure. Matrix metallopro-

teinases (MMPs), as key components of the
ECM, are the most significant enzymes in ECM
degradation and remodeling [9-11].

Membrane type 1-MMP (MT1-MMP), a member
of the MMPs, has a potential transmembrane
domain and a short cytoplasmic tail [12, 13].
The expression and activity of MT1-MMP in
tumors implicated that MT1-MMP as a mem-
brane-bound proteinase was associated with
the ECM-induced cancer invasion and metasta-
sis [11, 14-16]. MT1-MMP can directly degrade
a number of ECM molecules such as collagen
types |, lll, IV, fibronectin, laminin and vitronec-
tin as well as active MMP-2 [12], MMP-13 to
their active form [12, 17, 18], which in turn ac-
tivate pro-MMP-9. MMP-2 (gelatinase-A) is se-
creted proteinase produced by tissues as inac-
tive form which plays a significant role in con-
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tributing to the invasion and metastases of
malignant tumor by degrading the elements
of ECM and basement membrane (BM) [18-
24]. Previous findings have revealed that MT1-
MMP expression associated with clinical pa-
thological parameters in various cancer, includ-
ing breast cancer, lung cancer, cervical cancer,
colon cancer and prostate cancer [19-23]. MT1-
MMP has been reported to serve as a clinical
prognostic factor in cervical carcinoma, breast
cancer, non-small cell lung cancer and gastric
cancer [20, 23-25]. However, the expression
of MT1-MMP correlating with the clinicopatho-
logical characteristics and prognoses of OSCC
patients has not been clarified clearly. Our pre-
vious research demonstrated that MT1-MMP
plays a crucial role in inducing an epithelial to
mesenchymal transition (EMT) in OSCC, and
thus promoting cancer cell invasion and me-
tastasis [26]. However, the role of MT1-MMP
in mediating oral cancer cell invasion through
ECM degradation has not been reported yet.

In the current study, we intended to analyze
the expression of MT1-MMP in OSCC and its
correlation with clinicopathologic characteris-
tics, and then to further identify the function of
MT1-MMP in promoting cancer invasion from
the point of view of the ECM degradation. These
aspects of MT1-MMP function in cancer inva-
sion and metastasis are giving our approaches
to a better understanding of cancer therapy
and prognosis strategies to OSCC.

Materials and methods
Cell culture

Human oral squamous cell carcinoma SCC9
and SCC25 cells were obtained from the
American Type Culture Collection (ATCC, Ma-
nassas, VA, USA). Cells were maintained in a
1:1 mixture of Dulbecco’s Modified Eagle’s
medium and Ham’s F12 medium (Invitrogen,
Burlington, Ontario, Canada) supplemented
with 10% fetal bovine serum (FBS, Invitrogen),
400 ng/ml hydrocortisone (Sigma-Aldrich, St
Louis, MO, USA) and penicillin (100 U/ml)/
streptomycin (100 pg/ml) (Invitrogen).

Transient and stable cell transfections

The cDNA expression vector for GFP-tagged
MT1-MMP was constructed. Expression plas-
mids were transfected into cells using lipo-
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fectamine 2000 (Invitrogen). For transfection
experiments, cells were cultured in six-well
plates (Corning, Lowell, MA, USA) to 80% con-
fluence. The stable overexpression of MT1-
MMP in SCC9 cells were obtained from the
experiment before [26]. Four lentivirus-miRNA
interference vectors and one negative control
vector were constructed and we performed
real-time RT-PCR to detect and select the in-
terfere efficiency (data not shown). The most
effective and specific lentivirus-miRNA inter-
ference vector was transfected to SCC25 cells
(8CC25-miM), the same vector with a scram-
bled miRNA sequences was transfected to
SCC25 cells (SCC25-mock) as experimental
control.

Western blot

To investigate the proteins activities, the cells
were grown to 90% confluence in 25 cm? cul-
ture-flasks (Corning) and washed with phos-
phate-buffered saline (PBS), lysed with a RIPA
lysis buffer (Beyotime, Shanghai, China), and
then subjected to SDS-PAGE and transferred
to PVDF membranes (Millipore, Billerica, MA,
USA), which were blocked for 2 h at room
temperature with 5% nonfat milk in PBST. The
membranes were incubated with the primary
antibodies: anti-B-actin (1:1000, Santa Cruz
Biotechnology, Santa Cruz, CA, USA), anti-MT1-
MMP (1:500, Abcam Cambridge MA, USA), anti-
MMP-9 (1:200, Bioworld technology, USA), anti-
MMP-13 (1:500, Bioworld technology), anti-
MMP-2 (1:200, Proteinetch Group, Chicago IL,
USA). B-actin was used as internal control.

Real-time RT-PCR

Total RNA was extracted from cancer cells with
the Trizol reagent (Invitrogen). The purified total
RNA was then reverse-transcribed into cDNA
using the PrimeScript™ RT Master Mix (Takara,
Otsu, Shiga, Japan) at 37°C for 15 min for re-
verse-transcription and 85°C for 5 s for heat
inactivation of reverse transcriptase. The ex-
pression levels of human MT1-MMP, MMP-2,
MMP-9, MMP-13 were detected by real-time
quantitative PCR using SYBR Premix Ex Taq
(Takara) with the 7300 ABI Real-Time PCR
System (Applied Biosystems, Foster City, CA,
USA). The following primers were used to the
real time RT-PCR. GAPDH (5-GAAGGTGAAGG-
TCGGAGTC-3’, 5-GAGATGGTGATGGGATTTC-3’),
MT1-MMP (5-GGAACCCTGTAGCTTTGTGTCTGT-
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C-3’, 5-TGAGGGTCCTGCCTTCAAGTG-3’), MMP-
2 (5-CTCATCGCAGATGCCTGGAA-3’, 5-CAGCC-
TAGCCAGTCGGATTTG-3’), MMP-9 (5-ACGCAC-
GACGTCTTCCAGTA-3’, 5-CCACCTGGTTCAACT-
CACTCC-3’), MMP-13 (5'-CCCTTGATGCCATTAC-
CAGTC-3’, 5’-TCCGCATCAACCTGCTGAG-3’). The
reaction conditions were followed by the manu-
facture’s protocol: initial denaturation at 95°C
for 30 s, and then run for 40 cycles of 95°C
for 5 s, 60°C for 31 s. The data were analy-
zed using the 2 (-AACT) methods. The expres-
sion levels of GAPDH mRNA in each sample
were used as controls.

Immunofluorescence assay

Cells grown on glass coverslips were washed
with phosphate-buffered saline (PBS), fixed
with 4% paraformaldehyde (PFA) for 30 min
at room temperature, and blocked with goat
serum albumin for 30 min 37°C, followed by
reacted with indicated antibodies overnight at
4°C: fibronectin (1:50) (Sigma-Aldrich), MT1-
MMP (1:50) (Abcam). The appropriate second-
ary antibodies (diluted 1:25) were then used,
and the nuclei were stained by 4, 6-diamidino-
2-phenylindole (DAPI, 1:1000, Beyotime) for
20 s. Negative controls without primary anti-
bodies were also included; no obvious fluores-
cence was observed. Samples were obser-
ved by Zeiss LSM-710 laser-scanning confocal
microscopy and image-captured.

Transwell assay

The polycarbonate filters (8 um pore size,
costar, Lowell, MA, USA) were pre-coated with
Matrigel Basement Membrane Matrix (BD
Biosciences, MA, USA) diluted with serum-free
medium (1:7) for 30 min at 37°C. The cells
(3x10%) were resuspended with 200 ul serum-
free medium inoculated in the upper chamber
and then 500 pl medium containing 10% FBS
was placed in the lower chamber. The plates
were placed at 37°C in 5% CO, for 16 h. Then
the chambers were fixed with 4% PFA and
stained with 0.1% crystal violet (Beyotime) for
20 min. Cotton tips were used to remove the
cells remained in the matrigel or attached to
the upper side of the filter. The non-migratory
cells were removed, and the migratory cells
were counted as those presenting on the lower
surface of the upper chamber. Images of ran-
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domly ten fields per chamber were viewed at
100x magnification (Olympus).

Wound healing migration assay

The wound healing migration assay was used
to evaluate the effect of MT1-MMP on cell
migration. The cells were allowed to grow to
90% confluence and then the cell wounded by
scratching with a pipette tip in the suitable
area, and then washed by PBS to remove the
floating cells and debris. The cells were allowed
to grow and close the wound. Photographs
were taken at the same position of the wound
at the indicated time points.

Flow cytometry

The effect of MT1-MMP on the ability of OSCC
to proliferation was demonstrated by flow
cytometry. The cells were synchronized with
serum-free medium for 12 h. Then cells were
treated with trypsin and resuspended as sin-
gle-cell, washed three times with PBS, and then
resuspended in 75% alcohol. For proliferation
assay, the prepared cells were stained with
100 mg/ml of propidium iodide (BD Pharmin-
gen, San Jose, CA, USA) and analysed using a
BD FACS Calibur (BD Biosciences) and Cell
Quest Pro software (BD Biosciences).

Patients and tissue specimens

A total of 122 cases of OSCC tissue specimens
from patients (August 2007-March 2013) diag-
nosed and treated at the Department of Oral
Pathology and the Department of Oral Maxil-
lofacial Surgery, Affiliated Hospital of Stoma-
tology, Nanjing Medical University. A total of
72 patients were men and 50 patients were
women. The mean age was 61 years (range
34-88 years). None of the patient underwent
chemotherapy or radiotherapy before surgery.
As a result, the primary tumors were located
in the tongue (n=49), gingiva (n=24), buccal
mucosa (n=31), palate (n=5), lower lip (n=4),
jaw (n=4) and others (n=5). The Tumor-Nodes-
Metastasis classification and clinical staging
were classified according to the International
Union Against Cancer (UICC). The pathological
grade was classified into groups according to
the WHO classification. The patients were fol-
lowed up for 2 to 91 months with a median
of 39 months. The study was approved by the
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Table 1. Relationship between MT1-MMP expression levels of tu-

mors and clinical variables

. MT1-MMP MT1-MMP (invasive front)
Variable
N+L H P N+L H P
Sex 0.814 0.502
Male 72 39 33 15 57
Female 50 26 24 8 42
Age (years) 0.203 0.140
<50 23 15 8 7 16
>50 99 50 49 16 83
Tumor location 0.256 0.300
Tongue 49 27 22 11 38
Gingiva 24 13 11 2 22
Buccal mucosa 31 12 19 5 26
Palate 5 3 2 1 4
Lower Lip 4 4 0 2 2
Jaw 4 2 2 0 4
Others 5 4 1 2 3
Tumor size 0.318 0.656
T1 21 8 13 3 18
T2 66 37 29 13 53
T3 25 16 9 5 20
T4 10 4 6 2 8
Lymph node metastasis 0.014 0.001
NO 72 45 27 21 51
N (+) 50 20 30 2 48
Metastasis 0.216 1.000
MO 120 65 55 23 97
M (+) 2 0o 2 0 2
Clinical stage 0.087 0.134
| 12 6 6 3 9
Il 42 26 16 10 32
1 32 20 12 6 26
% 36 13 23 4 32
Pathological grade 0.048 0.280
| 75 44 31 16 59
Il 39 21 18 7 32
I 8 0o 8 0 8
Local invasion 0.446 0.467
No 88 45 43 18 70
Yes 34 20 14 5 29
Recurrence 0.005 0.056
No 80 50 30 19 61
Yes 42 15 27 4 38
Follow-up 0.002 0.093
Live 89 55 34 20 69
Dead 33 10 23 3 30

No., Number of patients; N, Negative; L, Low expression; H, High expression. NO, No
lymph node metastasis; N (+), Node metastasis. MO, No metastasis; M (+), Metasta-

sis. Bold values signify P<0.05.
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Ethics Committee of the
Nanjing Medical University.

Immunohistochemical (IHC)
staining

The formalin-fixed, Paraffin-
embedded specimens were
cut at 4 um interval, heated
for 3 h at 70°C, deparaffini-
zed in xylene, and rehydrat-
ed in ethanol series. Antigen
retrieval was carried out
with microwave heating in
citrate retrieval buffer (PH
6.0) for 20 min, and then
washed three times with
PBS for 3 min. Endogenous
peroxidase activity was blo-
cked with 3% hydrogen per-
oxide for 15 min at room
temperature followed by wa-
shing with PBS plus 0.1%
Tween 20. The slides were
incubated with primary mo-
noclonal anti-human MT1-
MMP (1:200, Abcam) anti-
bodies at 4°C overnight.
After washing with PBS buf-
fer, sections were incubated
with the streptavidin-con-
jugated horseradish pero-
xidase (HRP) (MaxVision, Fu-
zhou, China) for 15 min.
Finally, the reaction com-
plexes were viewed using a
diaminobenzidine kit (Mai-
xin Biotechnology, Fuzhou,
China). PBS was used in all
negative controls of IHC.

Evaluation of IHC

The results of the I[HC
stained sections were cal-
culated by two independ-
ent pathologists blinded to
the clinical information of
the patients. Each slice was
randomly selected from 10
high visual field, the posi-
tive cells were observed and
counted the cell percent-
age, as well as the cells
staining intensity. The immu-
noreactive score of the cells
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Figure 1. MT1-MMP expression was examined in the normal oral mucosa and in oral squamous cell carcinoma
(OSCC) specimens by immunohistochemistry. (A-C) Negative staining of MT1-MMP was observed in the normal
mucosa. The strong positive expression of MT1-MMP (D-F) was observed in tumor cells. The low expression of MT1-
MMP (G-I) was found in tumor cells. Bar, 100 ym.

were calculated as intensity score x proportion
score as we reported previously. Intensity score
was defined as: O, negative; 1, weak; 2, moder-
ate; and 3, strong. The proportion score was
defined as: O, negative; 1, <10%; 2, 11-50%; 3,
51-80%; and 4, >80% positive cells. Immu-
noreactivity was divided into two expression
groups based on the final score: 0-4, low ex-
pression; and 4-12, high expression (The final
score: 0, negative only 2 cases <5).

Statistical analysis

Statistical analyses were performed using the
SPSS statistical software (for Windows, version
16.0). The various clinical characteristics and
the expression of MT1-MMP were assessed
with the chi-square test, Fisher’'s exact test,
Cochran-Mantel-Haenszel chi-squared test.
The overall survival rate was analyzed using
Kaplan-Meier method and compared with the
log-rank test. The univariate and multivariate
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Cox proportional hazard regression model were
used to analyze the independent prognos-
tic factors. P-value (two sided) less than 0.05
were considered statistically significant.

Results

MT1-MMP expression in OSCC patients and
the correlation of the clinicopathological pa-
rameters with the expression levels of MT1-
MMP

In order to understand the clinical significance
of MT1-MMP in OSCC patients’ prognosis, the
correlations between MT1-MMP and clinical
pathological parameters were evaluated. The
clinical pathological characteristic (age, gender,
tumor location, tumor size, lymph node metas-
tasis, metastasis, clinical stage, pathological
grade, recurrence, follow-up) of these patients
are analyzed and summarized in Table 1. In the
tumor nest, 57 out of 122 (47%) tissue samples

Int J Clin Exp Pathol 2017;10(2):1186-1198
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Figure 2. Survival curves of 122 OSCC patients. A. Overall survival curves
of patients for 122 OSCC patients. B. Patients with high expression of MT1-
MMP have a significantly poorer survival rate than patients with negative and
low MT1-MMP expression (log-rank test, P<0.05). N: negative; L: low expres-

sion; H: high expression.

showed high expression of MT1-MMP, which
significantly correlated with the lymph node
metastasis (P=0.014), pathological grade (P=
0.048), recurrence (P=0.005) and follow-up
(P=0.002). Of the 122 cases, 99 (81%) show-
ed high expression of MT1-MMP at the inva-
sive front of tumor, which significantly correlat-
ed with the lymph node metastasis (P=0.001).
Representative labeling of MT1-MMP in normal
mucosa and OSCC is shown in Figure 1. The
IHC results exhibited that negative staining of
MT1-MMP was observed in the normal mucosa.
However, MT1-MMP exhibited strong positive
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expression and localized in
il Pumetisn the membrane and the cyto-
+= Censored plasm of tumor cells in OSCC,
otherwise MT1-MMP exhibit-
ed low expression in tumor
cells.

Correlation between the ex-
pression of MT1-MMP and
survival analysis

At the end of the follow-
up period, 89 of the 122
patients (73%) were alive and
disease-free, 33 (27%) had
died due to metastases, re-
currence or other unrelated
diseases; 42 (34.4%) had re-
currence, and 50 (41%) lym-
ph nodal metastases. The
pa— Kaplan-Meier survival analy-
H sis by log-rank test indicated

= Nel-censored . . .
- Hcensored that patients with high ex-
pression of MT1-MMP in OS-
CC was significantly associat-
ed with shorter overall sur-
vival (P=0.005). And the 3-
year survival rate was 77.95%
and 5-year survival rate was
70.96% (Figure 2). The uni-
variate and multivariate sur-
vival analyses (Cox propor-
tional hazards regression mo-
del) were performed to fur-
ther determine the indepen-
dent prognostic factors for
OSCC patients. In the univari-
ate survival analysis, MT1-
MMP expression was signifi-
cantly associated with overall
survival [hazard ratio (HR)=
2.924, P=0.005 for MT1-
MMP] (Table 2). Furthermore, the multivariate
survival analysis was employed to estimate the
independent prognostic factors, whereas MT1-
MMP was identified as an independent prog-
nostic markers for the overall survival of 0OSCC

patients (HR=2.575, P=0.038) (Table 3).

mmpldz

Cancer cell MT1-MMP expression was associ-
ated with the expression of MMP-2, MMP-9
and MMP-13

To further determine the role of MT1-MMP in
oral cancer cells, the most effective lentivirus-

Int J Clin Exp Pathol 2017;10(2):1186-1198
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Table 2. Univariate Cox regression analysis of overall survival

Covariate P-value Risk ratio 95% ClI

Sex (male, female) 0.274 1.464 (0.780, 2.148)
Age (<50 or younger, >50) 0.131 2.498 (1.310, 3.686)
Tumor location Post1 0.802 1.125 (0.206, 2.044)
Tumor location Post2 0.517 1.314 (0.489, 2.139)
Tumor location Post3 0.885 0.861 (-1.173, 2.895)
Tumor location Post4 0.983 0.000 (-1235.653, 1235.653)
Tumor location Post5 0.340 2.068 (0.576, 3.560)
Tumor location Post6 0.981 0.000 (-1081.610, 1081.610)
Tumor size (T1-T4) 0.243 1.273 (0.867, 1.679)
Nodal metastasis (NO, N (+)) 0.307 1.428 (0.746, 2.110)
metastasis (MO, M (+)) 0.561 0.048 (-10.201, 10.297)
Clinical stage (I, II, IIl, IV) 0.400 1.162 (0.813, 1.511)
Pathological grade (I, II, IIl) 0.736 0.888 (0.200, 1.576)
MT1-MMP in tumor expression (Low, High) 0.005 2.924 (2.181, 3.667)

Bold values signify P<0.05.

Table 3. Multivariate Cox regression analysis of overall survival

Covariate P-value Risk ratio 95% ClI

Sex (male, female) 0.057 2.210 (1.393, 3.027)
Age (<50 or younger, >50) 0.293 2.068 (0.716, 3.420)
Tumor location Post1 0.644 0.763 (-0.388, 1.914)
Tumor location Post2 0.213 1.779 (0.873, 2.685)
Tumor location Post3 0.935 0.916 (-1.189, 3.021)
Tumor location Post4 0.985 0.000 (-1391.818, 1391.818)
Tumor location Post5 0.672 1.571 (-0.522, 3.664)
Tumor location Post6 0.985 0.000 (-1310.411, 1310.411)
Tumor size (T1-T4) 0.161 1.523 (0.935, 2.111)
Nodal metastasis (NO, N (+)) 0.962 1.030 (-0.160, 2.220)
metastasis (MO, M (+)) 0.984 0.000 (-1490.292, 1490.292)
Clinical stage (I, II, Ill, V) 0.430 0.756 (0.062, 1.450)
Pathological grade (I, Il, Ill) 0.025 1.755 (1.261, 2.249)
MT1-MMP in tumor expression (Low, High) 0.038 2.575 (1.679, 3.470)

Bold values signify P<0.05.

miRNA interference vector was transfected to
down-regulate MT1-MMP expression in SCC25
cells. Human oral squamous cell carcinoma
SCC25 cells are more aggressive, which corre-
late with a higher expression of endogenous
MT1-MMP than observed in less aggressive
SCC9 cells (Figure 3A). We used the same
vector with a scrambled miRNA sequences
to transfect SCC25 cells (SCC25-mock) as an
experiment control. The transfected SCC25
cells expressed green fluorescent protein (GFP)
can be viewed under fluorescence microscope
(Figure 3B). Furthermore, the down-regulation
of MT1-MMP in SCC25 cells was also confirmed
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by real-time RT-PCR (Figure 3C) and western
blot (Figure 3D). The immunofluorescence
staining exhibited the down-regulation of MT1-
MMP in SCC25 cells by miRNA interference
vector (Figure 3E).

MT1-MMP was recognized as an activator of
pro-MMP-2 and pro-MMP-13, which in turn ac-
tivated pro-MMP-9 [27]. To identify whether
MT1-MMP was correlated with activating of
MMPs in oral cancer cells, the expressions of
genes were detected using real-time RT-PCR.
The quantitative determination of the mRNA
expression in SCC25 cells revealed that down-

Int J Clin Exp Pathol 2017;10(2):1186-1198
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Figure 3. Downregulation of MT1-MMP in SCC25 cells. A. The Real-Time RT-PCR results showed that the SCC25 cells have a higher expression of endogenous MT1-
MMP than observed in SCC9 cells. GAPDH was used as a control. **P<0.01. B. The transfected SCC25 cells expressed green fluorescent protein (GFP) can be
viewed under fluorescence microscope. Bar, 100 um. C. Quantitative determination of miRNA expression of MT1-MMP in SCC25, transfected SCC25 cells expressing
GFP (SCC25-GFP) and MT1-MMP (SCC25-miM). GAPDH was used as a control. **P<0.01. D. MT1-MMP protein level in SCC25, SCC25-GFP and SCC25-miM was
analyzed by Western blot. B-actin was employed as a loading control. E. Immunofluorescence staining of MT1-MMP (red) in SCC25, SCC25-GFP and SCC25-miM.
The nuclei were stained with DAPI (blue). Images were taken at x400 magnification. Bar, 100 um.
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Figure 4. Cancer cell MT1-MMP expression was associated with the expression of MMP-2, MMP-9 and MMP-13.
A. Quantitative determination of miRNA expression of MMP-2, MMP-9, MMP-13 in SCC25, SCC25-GFP and SCC25-
miM cells. GAPDH was used as a control. *P<0.05. B. Western blot was performed to analyze the expression of
MMP-2, MMP-9, MMP-13 in SCC25, SCC25-GFP and SCC25-miM cells on the protein level. B-actin was used as a
control. C. The Real-Time RT-PCR was performed to detect the expression of MMP-2, MMP-9, MMP-13 in SCC9 cells,
stable SCC9 cells expressing an empty vector (SCC9-N) and MT1-MMP (SCC9-M). GAPDH was used as a control.
*P<0.05, **P<0.01. D. Western blot was performed to analyze the expression of MMP-2, MMP-9, MMP-13 in SCC9,
SCC9-N and SCC9-M cells on the protein level. B-actin was used as a control.

regulation of MT1-MMP by miRNA interference
could cause a decreased level of MMP-2,
MMP-9 and MMP-13 (Figure 4A). The western
blot analysis further confirmed the changes in
the gene expression (Figure 4B). In our previ-
ous study, overexpression of MT1-MMP in SCC9
cells were stably constructed and were per-
formed a series of related experiments [26].
Meanwhile, up-regulation of MT1-MMP in SCC9
cells could also activate the expression of
MMP-2, MMP-9 and MMP-13. The results of
real-time RT-PCR and western blot verified this
point (Figure 4C and 4D). All the data above
demonstrated that oral cancer cell MT1-MMP
expression was associated with the expression
of MMP-2, MMP-9 and MMP-13.

Cancer cell MT1-MMP expression affects the
invasive ability of cancer cells and promotes
the invasion and metastasis by the degrada-
tion of ECM

The wound healing assay showed that the

wound was closed after 48 h in SCC25 and
SCC25-GFP cells, whereas, the SCC25-miM
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cells exhibited decreased ability to close the
wound (Figure 5A). The flow cytometry was per-
formed to show that there was no significant
effect of MT1-MMP on the proliferation ability
of OSCC cells (Figure 5B). All these indicated
that cancer cell MT1-MMP expression could
affect the migratory ability of OSCC cells. A
Transwell assay was performed to investigate
the role of MT1-MMP in cancer cell invasion.
After cultured for 16 h, the cells of penetra-
ting Matrigel basement membrane matrix were
captured in random field. The quantity of SC-
C25 cells for penetrating BM was significant-
ly decreased by MT1-MMP downregulation. A
similar quantitative analysis revealed that an
increase of invasive ability in SCC9 cells of
MT1-MMP overexpression compared with SC-
C9 and SCCO-N cells (Figure 5C). Collectively,
these data elucidated that cancer cell MT1-
MMP expression affected the invasive ability of
cancer cells. The immunofluorescence assay
showed that FN was displayed obviously degra-
dation in SCC9-M cells, while presented in-
tegrated expression in the cell cytoplasm and
membrane of SCC25-miM cells (Figure 5D).
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SCC9-N
SCC9-M
Oh - 6h
Merge
B
SCC25-GFP
W SCC25
409 mm SCC25-GFP
B SCC25-miM
Merge
SCC25-miM

SCC25 SCC25-GFP SCC25-miM

SCC25 SCC25-GFP SCC25-miM

Figure 5. Cancer cell MT1-MMP expression affects the invasive and motive ability of cancer cells and functions for degrading ECM components. A. The wound
healing assay indicated that SCC25-miM have the decreased ability to close the wound after 48 h. Photographs were taken at the same position of the indicated
time points (x100 maghnification). Bar, 100 um. B. Cell-cycle analysis of SCC25 cells, SCC25-GFP and SCC25-miM. C. Pictures presenting the cells penetrating the
Matrigel basement membrane matrix after 16 h. Bar, 100 ym. D. The immunofluorescence staining of Fibronectin (FN: red) in SCC9-N, SCC9-M, SCC25-GFP and
SCC25-miM cells. The nuclei image sets were stained with DAPI (blue). Images were taken at x400 magnification. Bar, 200 pm.
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Discussion

MT1-MMP was reported to be up-regulated in
almost all types of human cancer, such as
breast cancer [20], lung cancer [21], colon can-
cer [22] and prostate cancer [28]. Previous
studies have showed MT1-MMP is a key enzy-
me that contributes to tumor cell invasion and
metastasis through direct ECM degradation
and/or activation of downstream MMPs [29,
30]. However, the interaction between the MT1-
MMP expression and clinicopathological fea-
tures and activation of MMPs in OSCC has not
been elucidated clearly.

In the current study, we first analyzed the ex-
pression of MT1-MMP in 122 OSCC samples
to identify the role of MT1-MMP in the deve-
lopment and progression of OSCC. Consistent
with previous studies [20, 24, 25], MT1-MMP
expression has been demonstrated to be as-
sociated with poor clinical outcome in various
human carcinoma, and our data indicated that
the high expressions of MT1-MMP correlated
with several important clinicopathological pa-
rameters in OSCC. The IHC staining results con-
firmed that high expression of MT1-MMP in
tumors significantly correlated with the lymph
node metastasis, pathological grade, recurren-
ce and follow-up, and high expression of MT1-
MMP at the invasive front of tumor significant-
ly correlated with the lymph node metastasis.
Collectively, these results strongly suggest that
MT1-MMP was closely correlated to OSCC inva-
sion and metastasis, which may play unfavor-
able roles in OSCC pathogenesis.

Advances made in tongue cancer treatment
in the past decades have not improved the
patient survival rate. The meta-analysis show-
ed that MT1-MMP was a potential prognostic
factor in human cancers [31]. In this study, we
first presented that the patients with higher
expression of MT1-MMP had shorter survi-
val time in OSCC. According to multivariate
analyses, high expression of MT1-MMP could
be seen as an independent high-risk prognos-
tic factor for OSCC patients. Our results of MT1-
MMP are consistent with previous investiga-
tions on other human cancers, indicating that
MT1-MMP could constitute a molecular prog-
nostic marker for patients [20, 23, 25].

The acquisition of invasive potential by tumor
cells is a complex process. Our previous re-
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search verified that overexpression of MT1-
MMP induced EMT and resulted in high inva-
sive abilities in SCC9O cells [26]. In this study,
our findings suggested that MT1-MMP plays a
role in activation of MMP-2, MMP-9 and MMP-
13 up-regulation in oral cancer cells, and fur-
ther affected the invasive and metastatic abili-
ties of cancer cells. Our results support the
previous research that the expression of MT1-
MMP resulted in enhancing the associated-pro-
teolytic activity and directly or indirectly contrib-
uted to degrading the ECM components includ-
ing fibronectin [32, 33]. MT1-MMP regulates
cell migration via mediating changes of cell-
cell junctions and cell-matrix focal adhesions
[34]. The activated MMP-2 and MMP-9 by MT1-
MMP are known as the type IV collagenases,
and can also degrade the major members of
ECM and BM [35]. This regulation of ECM deg-
radation affected the biological behaviors of
cancer cells infiltrating in the local microenvi-
ronment. In summary, our study further clari-
fied the function of MT1-MMP in processing
MMPs expression in oral cancer cells, and the
role of MT1-MMP in promoting invasion and
metastasis in OSCC from the point of view of
tumor microenvironment remodeling.

In conclusion, our study demonstrates that
the MT1-MMP expression in OSCC patients is
associated with poor overall survival and has
significant clinicopathological characteristics.
Furthermore, MT1-MMP expression could serve
as an independent prognostic indicator for the
survival of patients with OSCC. More important,
MT1-MMP, through regulating MMP-2, MMP-9,
MMP-13 expression, contributes to promoting
the invasion and metastasis in oral cancer cells
by degrading major ECM components and fur-
ther influencing biological behaviors of cancer
cells in tumor microenvironment. Collectively,
MT1-MMP may play an important role in OSCC
invasion and metastasis and could act as a
promising target for prognostic prediction.
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