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Abstract: Matrix metalloproteinase 14 (MMP14) has been shown to play a significant role in several types of can-
cers, but little is known about the function of MMP14 in nasopharyngeal carcinoma (NPC) carcinogenesis. The aim
of this study was to investigate the role of MMP14 in NPC using NPC tumor samples or tissue microarray. We have
shown that MMP14 was increased in NPC samples compared with normal nasopharynx (NP) tissues in microar-
ray data (GSE13597). Both MMP14 mRNA and protein expression were markedly higher in NPC tissues than in
NP tissues. High levels of MMP14 protein were found positively correlate with the status of late clinical stages of
tumor and tumor with lymph node metastasis. Moreover, we have shown that MMP14 expression promoted the cell
migration and invasion of NPC cells in vitro and regulated the expression of EMT-associated genes. Our data dem-
onstrated that MMP14 plays an important role in regulation of migration and invasion of NPC cells, and constitutes
a potential novel therapeutic target for NPC.

Keywords: Matrix metalloproteinase 14, nasopharyngeal carcinoma, biomarker, metastasis, epithelial-mesenchy-
mal transition

Introduction

Nasopharyngeal carcinoma (NPC) is the most
common malignant tumor of the nasopharynx.
It is rare in most populations but is frequent in
Southeast Asia, especially Southern China. It
poses one of the serious health problems in
southern China where an annual incidence of
more than 20 cases per 100,000 is reported
[1]. Most NPC patients tend to present with an
advanced stage of disease at the time of diag-
nosis because of anatomical location and
ambiguous symptoms. Thus, understanding
the molecular events associated with NPC ini-
tiation, progression and prognosis may lead to
earlier diagnosis, prognosis prediction, and
potential therapeutic target.

The human matrix metalloproteinases (MMPs)
family is comprised of twenty-four zinc-contain-

ing enzymes which share several functional
domains. MMPs are often referred to by a
descriptive name such as gelatinases (MMP2
and MMP9) and collagenases (MMP1, MMPS,
MMP13, and MMP14) [2]. MMPs are involved in
many phases of cancer progression, including
tumor invasion, metastasis, and angiogenesis
[2].

MMP14, the first member of membrane-type
MMPs family, is distinguished from soluble
MMPs by a C-terminal transmembrane domain
and a cytoplasmic tail [3]. In the human genome,
MMP14 is encoded by a single copy gene locat-
ed on chromosome 14 [3]. MMP14 is generally
considered pro-invasive and pro-tumorigenic
because both the expression and the activity of
MMP14 are increased in tumor cells, and
because elevated expression of MMP14 direct-
ly correlate with enhanced cell invasion and
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migration [4]. The function of MMP14 is mainly
responsible for degrading collagen type | to lll
and other extracellular matrix proteins [5]. At
cell surface, MMP14 binds to tissue inhibitor of
metalloprotease-2 and the secreted pro-
MMP2, forming a trimolecular complex that
results in the activation and release of active
MMP2 [4, 6]. Meanwhile, MMP14 activity is not
restricted to extracellular matrix degradation
and is necessary for induction of the epithelial-
mesenchymal transition (EMT) [7]. Although
MMP14 has been studied in several types of
cancer, little is known about its significance in
NPC.

The aim of this study was to investigate the
roles of MMP14 in NPC. We have shown that
MMP14 mRNA and protein were increased in
NPC tissue compared with nasopharynx (NP)
tissues and MMP14 expression was associat-
ed with clinical stages and lymph node metas-
tasis of NPC. MMP14 expression was also
increased in NPC cell lines compared with nor-
mal nasopharyngeal epithelial cell line. MMP14
was found to regulate NPC cell migration, inva-
sion, and EMT-associated gene expression in
vitro.

Materials and methods
Cell culture

NPC cell lines 5-8F, 6-10B, CNE-2, and CNE-1
were maintained in RPMI 1640 medium sup-
plemented with 10% fetal bovine serum (FBS;
Gibco, USA). NP69, an immortalized human
nasopharyngeal epithelial cell line, was grown
in defined-KSFM medium supplemented with
epidermal growth factor (EGF; Invitrogen, USA).
All cell lines were incubated in a humidified
chamber with 5% CO, at 37°C.

Collection of primary NPC and noncancerous
nasopharynx specimens

Fifty-eight fresh NPC tissues and twenty-seven
fresh nasopharynx (NP) tissues were obtained
at the time of diagnosis before any therapy
from Second Hospital of Longyan City and
Fujian Medical University. All fresh samples
were immediately preserved in liquid nitrogen.
The clinical processes were approved by the
Ethics Committees of Second Hospital of
Longyan City and Fujian Medical University. The
patients provided informed consents. The clini-

951

cal staging was based on the 7th AJCC Cancer
Staging Manual.

Analysis of microarray data

Microarray data set (GEO accession number:
GSE13597) from 25 NPC samples, and 3 con-
trol samples was retrieved from the GEO data-
base. Those differentially expressed genes
were screened and identified by Real-time PCR
for the following study.

Real-time PCR

To quantitate mRNA expression, total RNA was
extracted from clinical samples with RNAiso
Plus (Takara, Japan). The isolated total RNA
was reverse transcribed using the PrimeScript
RT Master Mix (Perfect Real Time) (Takara,
Japan) for MMP14, according to manufacturer
instructions. The sequence-specific forward
and reverse primers sequences for MMP14
mRNA were 5-GGATACCCAATGCCCATTGGC-
CA-3" and 5’-CCTCGGTGCACCATGTTTGGC-3' re-
spectively. Forward and reverse primers se-
quences for GAPDH mRNA were 5-GCACC-
GTCAAGGCTGAGAAC-3’ and 5-TGGTGAAGACG-
CCAGTGGA-3’ respectively. gPCR was perfor-
med using SYBR Premix Ex TaqTM Il (Takara,
Japan) on a LightCycler (Roche Diagnostics,
USA). Relative quantification of miRNA expres-
sion was calculated by using the 2-AACt meth-
od. The raw data were presented as the relative
quantity of target mRNA, normalized with
GAPDH, and relative to a calibrator sample.
All gRT-PCR reactions were performed in
triplicate.

Cell line transfection

Plasmid construct were examined according
to previous study [8]. To produce a short-
hairpin RNA (shRNA) targeting the MMP14
mRNA in position 436 to 456 (GenBank Acc.#
NM_004995.2), two DNA sequences: 5-GATC-
CATGCAGAAGTTTTACGGCTTGTTCAAGAGACAA-
GCCGTAAAACTTCTGCATTTTTTTGGAAA-3" and
5'-AGCTTTTCCAAAAAATGCAGAAGTTTTACG
GCTTGTCTCTTGAACAAGCCGTAAAACTTCTGCA-
TG-3’ were annealed and cloned into the pSi-
lencer 3.1-H1 hygro vector according to the
manufacturer’s protocol. Ascrambled sequence
was provided by Ambion. It consists of the
same pSilencer hygro plasmid with an shRNA
sequence that is not found in the human,
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mouse or rat genome database. Full-length
cDNA of MMP14 (GenBank Acc.#NM_004995)
was amplified by PCR and cloned into the
peakl12 vector. This expression vector contains
the EF-1 alpha promoter and the coding
sequence of MT1-MMP was cloned between
Spel and Hindlll restriction enzyme sites. 5-8F
and 6-10B cells were transfected with the pSi-
lencer or pSilencer-shMMP14 plasmid and
pEAK12 or pEAK12-MMP14 plasmid, respec-
tively, using the Lipofectamine 2000 according
to the manufacturer’s instructions (Invitrogen,
USA).

Cell proliferation assays

Cell proliferation was analyzed using MTT
assay. Briefly, 1x10° cells were seeded into a
96-well plate with quadruplicate repeat for
each condition. The cells were incubated for 1,
2, 3, and 4 days. Twenty microliters of MTT (5
mg/ml) (Sigma, USA) was added to each well
and incubated for 4 h. At the end of incubation,
the supernatants were removed and 150 ul of
DMSO (Sigma, USA) was added to each well.
The absorbance value (OD) of each well was
measured at 490 nm. Experiments were
performed three times.

Cell migration and invasion assays

In vitro cell migration and invasion assays were
examined according to previous study [9].
Briefly, 1x10° cells were seeded on a fibronec-
tin-coated polycarbonate membrane insertin a
transwell apparatus (Corning, Corning, USA).
After the cells were incubated for 12 h, Giemsa-
stained cells adhering to the lower surface
were counted under a microscope in five prede-
termined fields (100x%). For the cell invasion
assay, the procedure was similar to the cell
migration assay, except that the transwell
membranes were pre-coated with 24 mg/ml
Matrigel (Corning, USA).

Western blot

Western blot was carried out according as
described [8] with anti-MMP14, E-Cadherin,
Vimentin, Snail, Slug, ZEB1 (1:1000; Cell signal-
ing technology, USA), and anti-Twist (1:1000;
Abcam, USA). HRP-conjugated anti-rabbit/
mouse IgG antibody was used as the secondary
antibody (1:2000; Cell signaling technology,
USA). Signals were detected using enhanced
chemiluminescence reagents (Pierce, USA).
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Statistical analysis

All data were analyzed for statistical signifi-
cance using SPSS 13.0 software. Two-tailed
Student’s t test was used for comparisons of
two independent groups including examina-
tions of cell migration and invasion assays,
relationships between MMP14 expression lev-
els and clinicopathologic characteristics, and
differences of MMP14 expression between
NPC and NP tissues). One-way ANOVA was used
to determine cell growth in vitro. A P-value of
less than 0.05 was considered statistically
significant.

Results
MMP14 is increased in NPC tissue

From our microarray data, MMP14 was highly
expressed in NPC tissues compared with NP
tissues with an average of 2.40 folds (Figure
1A). Furthermore, Using real-time PCR to mea-
sure the expression of MMP14 transcripts, we
found that the MMP14 expression level was
significantly increased with an average increase
of 3.58-fold in NPC tissue in comparison to NP
tissue (P<0.001, Figure 1B). Meanwhile, The
MMP14 protein expression was detected by
western blot, and increased expression of
MMP14 was observed in NPC tissue compared
to NP tissue (Figure 1F).

Relationship between clinicopathological
characteristics and expression of MMP14 in
NPC patients

The relationship between clinicopathological
characteristics and MMP14 expression levels
in patients with NPC were analyzed (Figure
1C-E). We found that MMP14 was positively
associated with clinical stage (I-ll vs. IV,
P<0.001) and N classification (NO-N1 vs.
N2-N3, P=0.004) in NPC. However, we did not
find any significant association of MMP14
expression levels with patient’s gender, age,
and T classification.

Expression of MMP14 in NPC cancer cell lines

We first analyzed the expression level of
MMP14 in NP cell line and NPC cell lines with
different degrees of differentiation and meta-
static ability including CNE-1 (high differentia-
tion), CNE-2 (low differentiation), 5-8F (high
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Figure 1. Expression of MMP14 in NPC tissues. A. Increased MMP14 expression was shown in NPC and NP samples
by microarray data analysis of GSE13597 data set retrieved from the GEO database. B. The mRNA expression of
MMP14 was increased in NPC. C-E. Relationship between clinicopathological characteristics and expression of
MMP14 in NPC patients. F. The protein expression of MMP14 was increased in NPC than those in NP.

metastatic ability), 6-10B (low metastatic abili- the cell with high metastatic ability compared
ty) (Figure 2A). We observed that MMP14 with the cell with low metastatic ability, sug-
expression was markedly higher in NPC cells gesting that MMP14 expression may be associ-
compared with NP cells, and relatively higher in ated with the metastatic ability of NPC cells.
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Figure 2. The effect of MMP14 expression on proliferation, migration, and invasion capacities of NPC cell in vitro.
A. MMP14 expression is elevated in NPC cell lines. B. Efficiencies of plasmids were distinguished by western blot in
NPC cells. C. MMP14 expression had no effect on the proliferation of NPC cells. D, E. MMP14 expression regulated

cells migration and invasion in NPC.
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Figure 3. MMP14 regulates the expression of EMT-
associated genes. Knockdown of MMP14 decreased
the expression of Vimentin, Twist, and ZEB1 and
increased E-cadherin expression. On the contrary,
overexpression of MMP14 promoted the activation
of Vimentin, Twist, and ZEB1 and suppressed the ex-
pression of E-cadherin. However, the expression of
Snail and Slug were not affected by MMP14.

Based on this expression pattern, we therefore
chose 5-8F cell for the following loss-of-func-
tion studies and 6-10B for the following gain-of-
function studies.

Knockdown of MMP14 inhibits the NPC cells
migration and invasion

We used shRNA to generate a stable MMP14
knockdown in the 5-8F cell line, which is the
highest MMP14 expression cell line in the four
NPC cell lines (Figure 2A). The transfection effi-
ciency was confirmed using western blot. As
shown in Figure 2B, the 5-8F cells that had
been transfected with the MMP14 shRNA plas-
mid displayed significantly decreased MMP14
expression at protein levels compared with the
control cells.

The effects of MMP14 knockdown on cell
growth was assayed by MTT. As shown in Figure
2C, MMP14 knockdown had no effect on the
growth of 5-8F cells. Furthermore, we exam-
ined whether MMP14 knockdown could inhibit
the migratory and invasive capacities of 5-8F
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cells. The effect of MMP14 knockdown on cell
migration and invasion were measured by tran-
swell migration and invasion assays, we found
knocking down MMP14 expression significantly
reduced the abilities of migration and invasion
in 5-8F cells (both P<0.001, Figure 2D, 2E).

Overexpression of MMP14 promotes the NPC
cells migration and invasion

The 6-10B cell line, which was the lowest
MMP14 expression cell line in the four NPC
cells (Figure 2A), had been transfected with the
MMP14 expression plasmid displayed signifi-
cantly increased MMP14 expression at protein
levels compared with the vector cell lines
(Figure 2B).

Increased MMP14 expression had no effect on
NPC cell growth (Figure 2C), but significantly
promoted the migration and invasion of 6-10B
cells (both P<0.001, Figure 2D, 2E), which was
contrary to the phenotype of migration and
invasion induced by knocking down MMP14
expression.

MMP14 regulates the expression of EMT-asso-
ciated genes

To further study the mechanism by which
MMP14 regulates cell migration and invasion,
we examined protein levels EMT-associated
genes in NPC cells with suppressed and
increased MMP14 expression respectively
(Figure 3). We found that knockdown of MMP14
decreased the expression of Vimentin, Twist,
and ZEB1 and increased E-cadherin expres-
sion. On the contrary, overexpression of MMP14
promoted the activation of Vimentin, Twist, and
ZEB1 and suppressed the expression of
E-cadherin. However, the expression of Snail
and Slug were not affected by MMP14.

Discussion

Matrix metalloproteinase-14 (MMP14) was the
first membrane type matrix metalloproteinase
discovered, and hence is also referred to as
membrane type 1-matrix metalloproteinase
(MT1-MMP). MMP14 has been suggested to
involve in many biological processes, such as
proliferation, invasion, angiogenesis, and base-
ment membrane remodeling [10]. Generally,
MMPs are produced by tissues as inactive
zymogens and require further activation.
However, MMP14 does not require additional
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activation, due to its capacity to be presented
on the cell membrane in its active form [4].

The high expression of MMP14 was observed
in human lung cancer [11], breast cancer [12],
colon cancer [12], prostate cancer [13], and
glioblastomas [14] in comparison to benign
tumor or normal tissue, but little is known about
the role of MMP14 in NPC. In a recent microar-
ray analysis, we found significantly high levels
of MMP14 in squamous cell lung cancer com-
pared to normal lung tissues [15]. Similar to a
microarray analysis performed by Bose et al.
(GSE13597) [16], we found MMP14 was higher
level in NPC samples compared with normal
nasopharyngeal samples. In addition, we fur-
ther presented evidence to verify the mRNA
and protein expression levels of MMP14 were
higher in NPC tissues than those in normal
nasopharyngeal epithelial tissues through
Real-time PCR and western blot. This expres-
sion pattern was similar to the microarray data.

Recent study indicated that MMP14 overex-
pression was significantly correlated with N
classification (lymph node metastasis), M clas-
sification (distance metastasis), and clinical
stages in patients with non-small cell lung can-
cer [11]. In small cell lung cancer, Michael et al.
also demonstrated that increased MMP14
expression significantly correlated with clinical
stages (limited and extensive) [17]. Similar to
reports in gastric cancer, He et al. and Peng et
al. demonstrated that the MMP14 expression
related to serosa invasion and clinical stages in
gastric cancer patients [18, 19]. In our results,
we found that MMP14 expression was signifi-
cantly increased in advanced clinical stages
compared with early clinical stages, and in high
N classification compared with low N classifica-
tion. Our results implicated that MMP14 plays
significant roles in NPC progression through
promoting NPC cells invasion and metastasis.

In order to explore the role of MMP14 in NPC
cells proliferation, migration, and invasion, the
experiments in vitro were performed. Our
results indicated that the MMP14 expression
had no effect on NPC cell proliferation, but
knocking down MMP14 expression significantly
reduced the abilities of migration and invasion
and increased MMP14 expression significantly
promoted the migration and invasion in NPC
cells. Similarly, present study indicated that a
selective MMP-14 inhibitor reduced cancer cell
motility and tumor growth in human melanoma,
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fibrosarcoma, tongue squamous cell carcino-
ma, oral carcinoma, and breast carcinoma cell
line [20]. Moreover, increased plasma mem-
brane localization of MMP14 can facilitate
prostate cancer cell invasion and metastasis
[24].

MMP14 was originally known as a tumor spe-
cific activator of MMP2 [6, 22] and is now iden-
tified to induce the epithelial-mesenchymal
transition (EMT). EMT is a critical process by
which epithelial cells lose their epithelial mor-
phology and acquire a mesenchymal pheno-
type, characterized by the decrease of epitheli-
al proteins such as E-cadherin, and the increase
of mesenchymal proteins such as vimentin [23,
24]. Several transcription factors have been
identified to induce the process of EMT by
inhibiting E-cadherin, such as Twist, ZEB1,
Snail, and Slug [25-28]. It is widely accepted
that EMT plays a significant role during tumor
invasion and metastasis, and aggressive can-
cer cells often present with a loss of epithelial
characteristics and acquire a mesenchymal
phenotype [29]. In Oral squamous cell carcino-
ma, Yang et al. indicated that overexpression of
MMP14 induces EMT and results in the acquisi-
tion of cancer stem cell-like properties [7].
Similar to our study in NPC, we found MMP14
markedly regulated the expression of EMT-
associated genes including E-cadherin, vimen-
tin, Twist, and ZEB1, but had no effect on Snail
and Slug expression. These results consistently
suggested that MMP14 play an important role
in regulating the process of EMT.

In conclusion, our studies suggested that the
expression of MMP14 is significantly increased
in NPC cell lines and clinical sample and corre-
lated with clinical stage and lymph node metas-
tasis of NPC patients. Furthermore, The MMP14
expression significantly regulated the cell
migration and invasion in vitro and the expres-
sion of EMT-associated genes.
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