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Abstract

Background: Matrix metalloproteinase-11 (MMP-11) is reported to be overexpressed in several cancers and may contribute
to tumorigenesis. The current study investigated the association between the clinicopathological characteristics and plasma
level of MMP-11 in oral squamous cell carcinoma (OSCC) patients.

Methodology and Principal Findings: The plasma MMP-11 concentration was determined by ELISA on 330 male OSCC
patients. In addition, the metastatic effects of the MMP-11 knockdown on the oral cancer cells were investigated by cell
migration assay. Our results showed that the plasma MMP-11 levels were significantly higher in patients with advanced T
status (p =0.001), lymph node metastasis (p =0.006) and higher TNM stages (p<<0.001). Moreover, treatment with the MMP-
11 shRNA exerted an inhibitory effect on migration in SCC9 oral cancer cells.

Conclusion: Our study showed that plasma level of MMP-11 may be useful for assessment of the disease progression,
especially lymph node metastasis, in patients with OSCC.
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Introduction degradation of the extracellular matrix (ECM) and access of
blood vessels and lymphatics for cancer cells is one of the key
processes. Matrix metalloproteinases (MMPs) are zinc-dependent
endopeptidases that efficiently degrade the components of the
ECM and basement membranes, and increased production of
these enzymes is observed in almost all human cancers and has
been associated with the invasive and/or metastatic phenotypes in

Oral squamous cell carcinoma (OSCC) is the most common
malignancy of the head and neck region, accounting for 2-4% of
all cancer cases in Western countries and even more than 10% in
some areas of the Asia [1,2]. Currently, the mainstay treatment for
OSCC includes extensive surgical excision with or without
adjuvant radiotherapy and/or chemotherapy [3]. However, even
with these aggressive interventions, the 5-year relative survival rate
remains unfavorable in a considerable portion of OSCC patients
because invasion of the neighboring tissues and metastasis to the
neck lymph nodes by cancer cells are common [4]. Therefore,
identifying new biomarkers that can predict the risk of OSCC
progression, especially local invasion and lymph node metastasis, is
needed to improve the control of this deadly form of cancer.

Tumor invasion and metastasis involve a series of complex
processes, including cell adhesion, migration, invasion, angiogen-
esis, and anchorage-independent growth [5]. Among them,

many tumors [6,7]. Matrix metalloproteinase-11 (MMP-11) is also
known as Stromelysin-3, and was initially identified in invasive
breast carcinomas. It is associated with intense tissue remodeling
during tissue involution, embryogenesis and wound healing in
normal physiologic conditions [8]. Unlike most MMP family
members, MMP-11 does not cleave major components of the
ECM. Furthermore, whereas most MMPs are secreted as
proenzymes that need extracellular activation, MMP-11 is
processed intracellularly and secreted as an active enzyme. This
suggests that this endopeptidase may have a unique role in tumor
development and progression [9,10]. Increased expression of
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Table 1. Demographic characteristics and clinical features of OSCC patients.

Variables

0OSCC (n=330)

Age (years)
Smoking status
No

Yes

Drinking status
No

Yes

Betel nuts chewing
No

Yes

Cancer location
Buccal mucosa
Tongue

Gingiva

Others

Stage

|
Il

n

\"

Tumor T status

T1

T2

T3

T4

Lymph node status

NO

N1

N2

N3

Metastasis

Mo

M1

Cell differentiation

Well differentiated

Moderately or poorly differentiated

54.99+10.88

35 (10.6%)
295 (89.4%)

138 (41.8%)
192 (58.2%)

72 (21.8%)
258 (78.2%)

120 (36.4%)
98 (29.7%)
49 (14.8%)
63 (19.1%)

72 (21.8%)
59 (17.9%)
36 (10.9%)
163 (49.4%)

92 (27.9%)
97 (29.4%)
32 (9.7%)
109 (33.0%)

201 (60.9%)
43 (13.0%)
83 (25.2%)
3 (0.9%)

328 (99.4%)
2 (0.6%)

35 (10.6%)
295 (89.4%)

doi:10.1371/journal.pone.0113129.t001

MMP-11 has been observed in most invasive human carcinomas,
including breast, lung, colorectal and ovarian carcinomas, and
high levels of its mRINA was reportedly correlated with aggressive
phenotypes and poor clinical outcome [11-13].

The clinicopathological significance of MMP-11 has also been
demonstrated by immunohistochemical staining on tumor speci-
mens of OSCC patients [14-16]. Soni et al found that, in
surgically resected tissue specimens or biopsy samples of OSCC
patients, expression of MMP-11 was significantly associated with
the involvement of neck lymph node [15]. Another study
investigated the expression levels of MMP-11 and relevant
proangiogenic factors in OSCC and precancerous lesions, and
found that concomitant expression of MMP-11 and proangiogenic
factors was important predictor for progression from precancerous
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stage to malignancy [16]. These findings, however, were mainly
based on immunohistochemical analyses on surgical tumor
specimens or biopsied samples. The level of plasma MMP-11 in
patients with OSCC is still not clear. The current study
investigated the association between the clinicopathological
characteristics and plasma level of this endopeptidase in OSCC
patients.

Materials and Methods

Subjects and Specimen Collection

We recruited 330 OSCC male patients (mean age of
54.99%+10.88 years) at Chung Shan Medical University Hospital
in Taichung and Changhua Christian Hospital in Changhua,
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Table 2. Correlation between plasma levels of MMP-11 and clinicopathological parameters in 330 OSCC patients.

No. of case (%) MMP-11 level p value
Variables n=330 Mean *+ S.D. (ng/mL)
Age (years)
<55 166 (50.3%) 15.69+10.12 0.592
=55 164 (49.7%) 15.12%9.10
Smoking status
No 35 (10.6%) 14.08£9.44 0.388
Yes 295 (89.4%) 15.56£9.64
Drinking status
No 138 (41.8%) 14.85+9.45 0.377
Yes 192 (58.2%) 15.80£9.74
Betel nuts chewing
No 72 (21.8%) 14.369.51 0.297
Yes 258 (78.2%) 15.70%9.65
Cancer location
Buccal mucosa 120 (36.4%) 14.17+9.00 0.195
Tongue 98 (29.7%) 15.24+9.61
Gingiva 49 (14.8%) 16.6010.88
Others 63 (19.1%) 17.10%£9.61
Stage
1+ 131 (39.7%) 12.90+8.01 <0.001*
N+V 199 (60.3%) 17.06+10.23
Tumor T status
T1+T2 189 (57.3%) 13.85+8.64 0.001 *
T3+T4 141 (42.7%) 17.48+10.47
Lymph node status
NO 201 (60.9%) 14.25+8.98 0.006*
NT1+N2+N3 129 (39.1%) 17.21+£10.32
Metastasis
Mo 328 (99.4%) 15.31£9.56 0.183
M1 2 (0.6%) 30.86%+6.65
Cell differentiation
Well differentiated 35 (10.6%) 15.36+9.38 0.975
Moderately or poorly differentiated 295 (89.4%) 15.41%9.66

*p<0.05.
doi:10.1371/journal.pone.0113129.t002

Taiwan between 2008 and 2012. Medical information of the
OSCC patients, including TNM clinical staging, primary tumor
size, lymph node involvement, and histological grade, was
obtained from their medical records. Patients with OSCC were
clinically staged at the time of diagnosis according to the TNM
staging system of American Joint Committee on Cancer (AJCC)
Staging Manual, seventh edition. The whole blood samples were
collected from OSCC patients and placed in tubes containing
ethylenediaminetetraacetic acid (EDTA). After immediate centri-
fugation at 3000 rpm, the supernatants were stored at —80°C.
Before conducting this study, approval from the Institutional
Review Board of Chung Shan Medical University Hospital and
informed written consent to participate in the study were obtained
from each individual.
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Quantitative analysis of plasma MMP-11 level

The plasma MMP-11 concentration was determined quantita-
tively by the enzyme-linked immunosorbent assay (ELISA)
according to the manufacturer’s specification (Human MMP-11
Immunoassay) (s£90224Hu); (USCN Life Science, Wuhan,
China). One hundred microliters of plasma samples (100 fold
dilution), standard control samples and internal quality controls
were dispensed into the microtitre plates coated with a monoclonal
antibody against MMP-11 and incubated for 2 hours at room
temperature on a horizontal orbital shaker at 200 rpm. After
washing the plates to remove unbound protein, 100 pL of
detection reagent A solution was added and incubated for 1 hour
at room temperature on a shaker. After added 100 pL of detection
reagent B, the plates were washed, and then further incubated
with 90 pL. of substrate solution for 20 minutes at room
temperature protected from light. The color development was
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Figure 1. ELISA-determined plasma MMP-11 level of OSCC
patients at various clinical features. (A) MMP-11 levels were
compared according to stage and results showed that MMP-11 levels
were significantly higher in tumor stage I, lll and IV when compared
with stage | patients. (B) MMP-11 levels were compared according to
tumor T status and results showed that MMP-11 levels were
significantly higher in advanced tumor extent when compared with
T1 patients. (C) MMP-11 levels were compared according to N status
and results showed that MMP-11 levels were significantly higher in N2,
but not in N1 when compared with patients without nodal metastasis.
doi:10.1371/journal.pone.0113129.g001

stopped after 30 min by adding 50 pL of stop solution and the
absorbance was measured at 450 nm by a spectrophotometer
microplate reader. The MMP-11 levels were quantified with a
calibration curve using human MMP-11 as a standard.

Cell culture

The SCC9, SCC25 and HSC3 human oral cancer cell lines
were purchased from ATCC (ATCC: American Type Culture
Collection, Manassas, VA, USA). The SAS human oral cancer cell
lines were purchased from JCRB (JCRB: Japanese Collection of
Research Bioresources, Osaka, Japan). TW2.6 cells were kind gifts
of Dr. Cheng-Chia Yu at Chung Shan Medical University
(Taichung, Taiwan) [17]. HSC3 cells were cultured in Dulbecco’s
modified Eagle’s medium (Life Technologies, Grand Island, NY,
USA). SCCY, SCC25, SAS and TW2.6 cells were cultured in
Dulbecco’s modified Eagle’s medium supplemented with an equal
volume of a nutrient mixture, F-12 Ham’s medium (Life
Technologies, Grand Island, NY, USA). All cell cultures were
maintained at 37°C in a humidified atmosphere of 5% COs,.

Establishment of short hairpin (sh)RNA-MMP-11
knockdown in oral cancer Cells

Lentiviral constructs of shRNA were purchased from the
National RNA Interference Core Facility (Institute of Molecular
Biology, Academia Sinica, Taipei, Taiwan). A construct
(TRCN0000050713) of shRNA targeting MMP-11 and shLuc
(as non-targeting shRNA control) were used. For lentivirus
production, the supernatant of 293T cells was harvested 48 hr
after transfection with shRNA vectors. Targeted cells were then
incubated with lentiviruses and 8 mg/ml polybrene (Sigma—
Aldrich) for 24 hr. MMP-11 knockdown in SCC9 oral cancer
cells was confirmed by Western blot analysis and gRT-PCR assay.

Western Blot Analysis

Cellular lysates were prepared by suspending 2x10°/10 em
dish in 200 pL. of RIPA buffer containing protease inhibitors
cocktail. Cell lysates were subjected to a centrifugation of
10,000 rpm for 10 min at 4°C, and the insoluble pellet was
discarded. The protein concentration of cell lysates was deter-
mined by Bradford assay. The 20 pg samples of cell lysates was
separated by SDS-PAGE on 10% polyacrylamide gels and
transferred onto a nitrocellulose membrane using the Mini-
Protean Tetra Electrophoresis System as described previously
[18]. The blot was subsequently incubated with 5% non-fat milk in
Tris-buffered saline (20 mM Tris, 137 mM NaCl, pH 7.6) for 1 h
to block non-specific binding and then overnight with polyclonal
antibodies against MMP-11 (Santa Cruz, CA, USA; Cat# sc-
8836-R; 1:1000 dilutions) and B-actin (Novus Biologicals, Co,
USA; Cat# NB600-501; 1:5000 dilutions). Moreover, Hela
whole cell lysate is recommended for detection of MMP-11 as the
positive control to ensure the specificity of the bands. Blots were
then incubated with a horseradish peroxidase anti-rabbit IgG for
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Figure 2. MMP-11 expression in oral cancer cell lines and the MMP-11 knockdown in SCC9 cells reduce cell migration. (A) Western
blot analysis showing the expression of MMP-11 protein in five oral cancer cell lines. (B) MMP-11 mRNA levels in five oral cancer cell lines were
determined by quantitative real-time PCR using B-actin as an endogenous control. Results are shown as mean *= SD of three independent

PLOS ONE | www.plosone.org 5 November 2014 | Volume 9 | Issue 11 | e113129



MMP-11 Expression in Oral Cancer

experiments. (C) Endogenous MMP-11 expression is silenced by infection with 4 different shRNA constructs (#1 and #2, #3 and #4) for MMP-11 in
SCC9 oral cancer cells. Knockdown efficiency was analyzed by Western blotting. Results showed an approximately 80% reduction of #1 shRNA of
MMP-11. *¥p<<0.05. (D) MMP-11 Knockdown efficiency in SCC9 cell was confirmed by quantitative real-time PCR. (E) Detection of cell migration ability
by infection with shLuc or shRNA of MMP-11 in SCC9 cell. Results shown that MMP-11 shRNA significantly reduced the migration of SCC9 cells. *p<

0.05.
doi:10.1371/journal.pone.0113129.9002

1 h. Afterwards, signal was detected by using enhanced chemilu-
minescence (ECL) commercial kit (Amersham Biosciences).

RNA Isolation and TagMan Quantitative Real-time PCR

Total RNA was isolated from 1x10° HSC3, SAS, SCCO,
SCCG25 and TW2.6 cells using Trizol (Life Technologies, Grand
Island, NY) according to the manufacturer’s instructions. The
quality of the isolated RNA was detected by a measurement of
OD260/0D 280 ratio. Our RNA has an A260/A280 of 2.0.
Total RNA (2 pug) was reverse transcribed into cDNA by
SuperScript III First-Strand Synthesis Supermix (Invitrogen,
Carlsbad, CA). Quantitative real-time PCR analysis was carried
out using Tagman one-step PCR Master Mix (Applied Biosys-
tems). 100 ng of total cDNA was added per 25 pl reaction with
MMP-11 or GAPDH primers and Tagman probes. The MMP-11
and GAPDH primers and probes were designed using commercial
software (ABI PRISM Sequence Detection System; Applied
Biosystems). Quantitative real-time PCR assays were carried out
in triplicate on a StepOnePlus sequence detection system. The
threshold was set above the non-template control background and
within the linear phase of target gene amplification to calculate the
cycle number at which the transcript was detected.

Cell Migration Assays

After a treatment with the shLuc (as non-targeting shRNA
control) and MMP-11 shRNA for 24 h, SCC9 cells were harvested
and seeded to Boyden chamber (Neuro Probe, Cabin John, MD,
USA) at 10* cell/well in serum free medium and then incubated
for 24 h at 37°C. The invaded cells were fixed with 100%
methanol and stained with 5% Giemsa. Cell numbers were
counted under a light microscope.

Statistical Analysis

The data of demography were presented by number (%) and
mean * standard deviation (SD). The significances of differences
between means were calculated by Student’s t-test. In addition,
gender, smoking status, drinking status and betel nuts chewing
were analyzed by %% test. p<<0.05 was considered as statistically
significant. Analyses were performed using SPSS 16.0 statistical
software (SPSS Inc., Chicago, IL, USA).

Results

Patient Characteristics

Three hundred and thirty patients with OSCC were included in
the current analyses. Table 1 presents the demographic data,
which showed that 89.4% patients with OSCC were smokers,
58.2% patients with OSCC were alcohol consumers, and 78.2%
patients with OSCC chewed betel nuts. Furthermore, among the
330 cases, tumors were located in the buccal mucosa (n=120),
tongue (n=98), gingiva (n = 39), and others (n =63). TNM status
and types of tumor cell differentiation of OSCC patients are also
shown in Table 1.

PLOS ONE | www.plosone.org

Correlation between plasma MMP-11 levels and
clinicopathological characteristics of patients

The relationship between plasma MMP-11 levels and various
clinicopathological parameters of OSCC patient is summarized in
Table 2. Plasma levels of MMP-11 protein were not correlated
with age, sex, smoking, drinking, betel nuts chewing, cancer
location, distant metastasis and cell differentiation. However,
MMP-11 protein levels were significantly higher in patients
suffering with advanced T status (T3+T4; p=10.001), lymph node
metastasis (N1+N2+N3; p = 0.006) and higher TNM stages (stage
III + stage IV; p<0.001). Detailed comparisons of plasma MMP-
11 between OSCC patients with different disease severities are
further illustrated in Figure 1. The levels of plasma MMP-11 were
significantly higher in patients with TNM stages II (15.19%£9.30
ng/mL), IIT (17.34+11.21 ng/mL) and IV (16.99%10.04 ng/mL)
when compared with stage I (11.02%6.23 ng/mlL) patients
(Figure 1A). The levels of MMP-11 were significantly higher in
patients with advanced tumor extent (T2: 16.10%9.74 ng/mL,
T3: 18.58%10.82 ng/mL and T4: 17.16%£10.39 ng/mL) when
compared with T1 (11.48%£6.56 ng/mL) patients (Iigure 1B). As
to N stage, the levels of MMP-11 were significantly higher in
patients with N2 (16.96%9.93 ng/mlL), but not NI
(17.12%10.05 ng/mL), when compared with patients without
nodal metastasis (14.25%8.98 ng/mL) (Figure 1C).

MMP-11 shRNA reduced the migration of oral cancer cell
lines

Since we found that expression of MMP-11 was significantly
correlated with the presence of lymph node metastasis, the effects
of the MMP-11 knockdown on the oral cancer cell line were
investigated by cell migration assay. To select oral cancer cell lines
suitable for MMP-11 knockdown experiments, we examined the
MMP-11 protein and mRNA in five oral cancer cell lines (HSC3,
SAS, SCCY, SCC25 and TW2.6) by Western blot and qRT-PCR
analysis. Our data showed that MMP-11 expression was
significantly higher in SCC9 and SAS, as compared to the one
in HSC3, SCC25 and TW2.6 oral cancer cell (Fig. 2A). The gRT-
PCR results are consistent with the Western blotting results
(Fig. 2B). Thus, we used a Lentiviral-shRNA (shRNA) approach to
inhibit endogenous MMP-11 expression in the SCC9 cell lines.
We used 4 different shRNA constructs (#1 and #2, #3 and #4)
for MMP-11. Compared with the shLuc control (non-targeting
control), results from Western blotting showed an approximately
80% reduction of MMP-11 expression in the #1 MMP-11 shRNA
constructs (Fig. 2C). This effect of MMP-11 reduction was also
confirmed by qRT-PCR (Fig. 2D). Using the cell migration assay
with a Boyden chamber, it was shown that MMP-11 shRNA
significantly reduced the migration of SCC9 cells, with only 56%
remaining after treatment with MMP-11 shRNA (Fig. 2E).

Discussion

MMPs are considered important in the carcinogenic process
due to their proteolytic ability [19,20], although later studies have
demonstrated that they have more complex role in tumorigenesis
[21-25]. Almost all members of the MMP-family have been
implicated in the genesis of various human cancers, including
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OSCCs [7,26]. In the current study, we for the first time
demonstrated the biomarker potential of MMP-11 plasma level for
predicting clinicopathological characteristics in OSCC. patients.

For head and neck cancers, MMP-1, MMP-2, MMP-9 and
membrane type-1 MMP have been found overexpressed in the
tumor tissues and been associated with cancer progression [26,27].
MMP-11 on the other hand, has been less investigated in this
regard. Soni et al performed immunohistochemical analysis of
MMP-11 expression in tumor specimens of 177 OSCC patients
and found positive expression in 123 (70%) of these [15]. Their
data also demonstrated that MMP-11 positivity was associated
with lymph node involvement, although Kaplan-Meier analysis
failed to reveal association between MMP-11 expression and
survival of OSCC patients. Another study by Arora et al, which
investigated the expression of MMP-11 and relevant proangio-
genic factors in 220 OSCC and 90 precancerous lesions, showed
that concomitant expression of MMP-11 and proangiogenic
factors was an important predictor for progression from precan-
cerous stage to malignancy [16]. Although these data can serve as
references for the application of MMP-11 as a tumor marker, the
specimens in these studies were obtained from surgical tumors or
biopsied samples.

The advantage of plasma tumor markers, on the other hand, is
that plasma can be easily obtained before treatments and during
any time of the patient’s follow-up without the necessity of invasive
excising of tissue. Previous studies of head and neck cancers have
discovered that MMP-9 plasma concentrations correlate with
disease stages of the cancer and MMP-8 plasma levels correlate
with T-status, N-status and disease staging [28,29]. The subject of
these studies, however, was mainly pharyngeal and laryngeal
cancers instead of OSCCs. A recent study of 148 OSCC patients
found that elevated plasma Decoy receptor 3, a member of tumor
necrosis factor receptors, was associated with nodal metastasis and
worse prognosis [30].

Our investigation on MMP-11 in 330 male OSCC patients
demonstrated that the plasma levels of MMP-11 protein correlated
with primary tumor extent, nodal metastasis (except N1) and
TNM staging of the disease (Figure 1). Moreover, to test the
biological effects of reduced expression of MMP-11 protein on
OSCC ' cell, migration assay of oral cancer cell line with
knockdown MMP-11 was conducted, and demonstrated treatment
with the MMP-11 shRNA exerted an inhibitory effect on
migration in SCC9 oral cancer cells (Fig. 2E). These data
suggested that MMP-11 may play an important role in the
carcinogenesis of OSCC, and the detection of MMP-11 protein in
the plasma might serve as tumor marker predicting the likelihood
for patients without OSCC.

It is clinically invaluable to have biomarkers which can provide
information regarding the likelihood of lymph node metastasis.
This is particularly important in the context of OSCCs because
there is clear evidence that in patients who are clinically staged
with a NO status disease, often occult neck node metastases are
already present [31,32]. Finding reliable tumor markers for OSCC
patients would help not only for estimation of the prognosis, but
also for the prediction of tumor behavior and adequate therapy
planning. Consequently, our findings that elevated plasma levels of
MMP-11 correlate with nodal metastasis should have an
important implication in the treatment of OSCCs.
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It should be mentioned, however, that although mean MMP-11
level in plasma of N1 patients was higher to those of N2 patients, it
did not show significant difference with the respective of patients
with lymph node metastasis (Fig. 1C). The reasons may include:
first, the patient number of N1 was smaller than N2 (45 vs 85) and,
second, the standard deviation for MMP-11 level was larger for
N1 group than N2 group (17.12+10.05 ng/mL vs 16.96+9.93 ng/
mL). Because our data failed to show a significant difference of
MMP-11 level in plasma between N1 and NO diseases, plasma
MMP-11 probably cannot separate reliably between NO and N1
diseases, although enrollment of more patients in the future may
find a significant difference between the two.

Except for oral cancer, overexpression of plasma MMP-11 has
also been demonstrated as a useful marker for diagnosis, prognosis
and treatment in other cancers. High plasma levels of MMP-11
were found to be associated with lymph node metastasis and
prognosis in patients with gastric cancer, especially advanced
carcinoma [33]. A recent study also showed that MMP-11 could
be as a promising biomarker for breast cancer and a suitable target
for cancer immunotherapy strategies [34]. Together with our
results, plasma concentration of MMP-11 protein appears to be a
promising candidate biomarker for various human cancers and
deserves clinical verification by further studies.

To the best of our knowledge, this is the first study to examine
the association between plasma MMP-11 level and clinicopatho-
logical characteristics for OSCC patients, with an attempt to
explore the application of this molecule as a tumor marker.
Limitations, however, do exist in our investigation and should be
highlighted. First, the information on alcohol, betel nut, and
tobacco use is dichotomized into “ever-user” versus ‘“never-user”.
As a result, more detailed analysis based on amount and length of
tobacco consumption was not able to be performed. Second,
mability to perform Kaplan-Meier survival analysis impedes the
investigation about association between plasma MMP-11 and
disease prognosis. Third, regarding the migration analyses in vitro,
we have not checked if MMP-11 knock-down affected prolifera-
tion or apoptotic rate of the SCC9 cell. In future studies, we will
include control subjects and take more OSCC risk factors into
account in the analysis to adequately validate these findings.
Furthermore, with a long enough follow-up period for these
OSCC patients, we will be able to perform a Kaplan-Meier
analysis to look at the relationship of plasma MMP-11 and disease
prognosis.

In conclusion, our study indicated that a substantial increase in
the plasma level of MMP-11 by performing ELISA assay is useful
for assessment of the disease progression, especially lymph node
metastasis, in patients with OSCC. Furthermore, in vitro study
also showed that MMP-11 knockdown had an inhibitory effect on
migration in SCC9 oral cancer cell. As a secreted protein, MMP-
11 may play an important role in carcinogenesis and find clinical
applications as a biomarker for disease diagnosis and therapy
planning for human OSCCs.

Author Contributions

Conceived and designed the experiments: CHH CWL. Performed the
experiments: HPL SFY. Analyzed the data: MKC MYC CHT.
Contributed reagents/materials/analysis tools: CHH MKC. Contributed
to the writing of the manuscript: CHH CWL.

3. Huang SH, O’Sullivan B (2013) Oral cancer: Current role of radiotherapy and
chemotherapy. Med Oral Patol Oral Cir Bucal 18: €233-240.

November 2014 | Volume 9 | Issue 11 | e113129



. Zini A, Czerninski R, Sgan-Cohen HD (2010) Oral cancer over four decades:

epidemiology, trends, histology, and survival by anatomical sites. J Oral Pathol
Med 39: 299-305.

. Hanahan D, Weinberg RA (2011) Hallmarks of cancer: the next generation. Cell

144: 646-674.

“ox G, O’Byrne KJ (2001) Matrix metalloproteinases and cancer. Anticancer
Res 21: 4207-4219.

Shuman Moss LA, Jensen-Taubman S, Stetler-Stevenson WG (2012) Matrix
metalloproteinases: changing roles in tumor progression and metastasis.
Am J Pathol 181: 1895-1899.

. Lefebvre O, Regnier C, Chenard MP, Wendling C, Chambon P, et al. (1995)

Developmental expression of mouse stromelysin-3 mRNA. Development 121:
947-955.

. Deng H, Guo RF, Li WM, Zhao M, Lu YY (2005) Matrix metalloproteinase 11

depletion inhibits cell proliferation in gastric cancer cells. Biochem Biophys Res
Commun 326: 274-281.

. Fiorentino M, Fu L, Shi YB (2009) Mutational analysis of the cleavage of the

cancer-associated laminin receptor by stromelysin-3 reveals the contribution of
flanking sequences to site recognition and cleavage efficiency. Int ] Mol Med 23:
389-397.

. Rouyer N, Wolf C, Chenard MP, Rio MC, Chambon P, et al. (1994)

Stromelysin-3 gene expression in human cancer: an overview. Invasion
Metastasis 14: 269-275.

. Anderson IC, Sugarbaker DJ, Ganju RK, Tsarwhas DG, Richards WG, et al.

(1995) Stromelysin-3 is overexpressed by stromal elements in primary non-small
cell lung cancers and regulated by retinoic acid in pulmonary fibroblasts. Cancer
Res 55: 4120-4126.

. Porte H, Chastre E, Prevot S, Nordlinger B, Empereur S, et al. (1995) Neoplastic

progression of human colorectal cancer is associated with overexpression of the
stromelysin-3 and BM-40/SPARC genes. Int J Cancer 64: 70-75.

. Birkedal-Hansen B, Pavelic ZP, Gluckman JL, Stambrook P, Li YQ, et al. (2000)

MMP and TIMP gene expression in head and neck squamous cell carcinomas
and adjacent tissues. Oral Dis 6: 376-382.

Soni S, Mathur M, Shukla NK, Deo SV, Ralhan R (2003) Stromelysin-3
expression is an early event in human oral tumorigenesis. Int ] Cancer 107:

309-316.

. Arora S, Kaur J, Sharma C, Mathur M, Bahadur S, et al. (2005) Stromelysin 3,

Ets-1, and vascular endothelial growth factor expression in oral precancerous
and cancerous lesions: correlation with microvessel density, progression, and

prognosis. Clin Cancer Res 11: 2272-2284.

. Kok SH, Hong CY, Lin SK, Lee JJ, Chiang CP, et al. (2007) Establishment and

characterization of a tumorigenic cell line from areca quid and tobacco smoke-
associated buccal carcinoma. Oral Oncol 43: 639-647.

. Lin CW, Chou YE, Chiou HL, Chen MK, Yang WE, et al. (2014) Pterostilbene

suppresses oral cancer cell invasion by inhibiting MMP-2 expression. Expert

Opin Ther Targets 18: 1109-1120.

PLOS ONE | www.plosone.org

19.

20.

21.

22.

23.

24.

26.

27.

28.

29.

30.

31.

32.

33.

34.

MMP-11 Expression in Oral Cancer

Sternlicht MD, Werb Z (2001) How matrix metalloproteinases regulate cell
behavior. Annu Rev Cell Dev Biol 17: 463-516.

Liotta LA (1986) Tumor invasion and metastases—role of the extracellular
matrix: Rhoads Memorial Award lecture. Cancer Res 46: 1-7.

Egeblad M, Werb Z (2002) New functions for the matrix metalloproteinases in
cancer progression. Nat Rev Cancer 2: 161-174.

Lynch CC, Matrisian LM (2002) Matrix metalloproteinases in tumor-host cell
communication. Differentiation 70: 561-573.

Shekhar MP, Werdell J, Santner SJ, Pauley RJ, Tait L (2001) Breast stroma
plays a dominant regulatory role in breast epithelial growth and differentiation:
implications for tumor development and progression. Cancer Res 61: 1320
1326.

Rosenthal EL, McCrory A, Talbert M, Carroll W, Magnuson JS, et al. (2004)
Expression of proteolytic enzymes in head and neck cancer-associated
fibroblasts. Arch Otolaryngol Head Neck Surg 130: 943-947.

. DeClerck YA, Mercurio AM, Stack MS, Chapman HA, Zutter MM, et al.

(2004) Proteases, extracellular matrix, and cancer: a workshop of the path B
study section. Am J Pathol 164: 1131-1139.

Rosenthal EL, Matrisian LM (2006) Matrix metalloproteases in head and neck
cancer. Head Neck 28: 639-648.

P OC, Rhys-Evans PH, Eccles SA (2001) Expression of matrix metalloprotei-
nases and their inhibitors correlates with invasion and metastasis in squamous
cell carcinoma of the head and neck. Arch Otolaryngol Head Neck Surg 127:
813-820.

Riedel F, Gotte K, Schwalb J, Hormann K (2000) Serum levels of matrix
metalloproteinase-2 and -9 in patients with head and neck squamous cell
carcinoma. Anticancer Res 20: 3045-3049.

Kuropkat C, Plehn S, Herz U, Dunne AA, Renz H, et al. (2002) Tumor marker
potential of serum matrix metalloproteinases in patients with head and neck
cancer. Anticancer Res 22: 2221-2227.

Tu HF, Liu CJ, Liu SY, Chen YP, Yu EH, et al. (2011) Serum decoy receptor 3
level: a predictive marker for nodal metastasis and survival among oral cavity
cancer patients. Head Neck 33: 396-402.

Hiratsuka H, Miyakawa A, Nakamori K, Kido Y, Sunakawa H, et al. (1997)
Multivariate analysis of occult lymph node metastasis as a prognostic indicator
for patients with squamous cell carcinoma of the oral cavity. Cancer 80: 351—
356.

Alvi A, Johnson JT (1996) Extracapsular spread in the clinically negative neck
(NO): implications and outcome. Otolaryngol Head Neck Surg 114: 65-70.
Yan D, Dai H, Liu JW (2011) Serum levels of MMP-11 correlate with clinical
outcome in Chinese patients with advanced gastric adenocarcinoma. BMC
Cancer 11: 151.

Roscilli G, Cappelletti M, De Vitis C, Ciliberto G, Di Napoli A, et al. (2014)
Circulating MMPI11 and specific antibody immune response in breast and
prostate cancer patients. J Transl Med 12: 54.

November 2014 | Volume 9 | Issue 11 | e113129



