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Background: Though matrix metalloproteinase 2 (MMP-2) involvement in tumor aggres-
siveness and invasion is well-known, its prognostic impacts still remain largely controversial.
Furthermore, the correlations between MMP-2 and epithelial-mesenchymal transition (EMT)
have not been directly established in nasopharyngeal carcinoma (NPC).

Materials and methods: The purpose of this study was to investigate MMP-2 expression
in NPC. Tissue microarrays from 144 patients with NPC and 45 non-cancerous pharynx
tissues were analyzed for MMP-2 expression by immunohistochemistry. MMP-2 expression
in relation to clinicopathological characteristics and EMT were assessed in NPC. Tumor-
invasive potential affected by exogenous expression of MMP-2 in NPC cells was also
detected in vitro.

Results: Compared to normal nasopharyngeal epithelium, high expression of tumoral MMP-2
was detected in 47.9% of NPC samples. Significant association was found between MMP-2
expression and various aggressive features including T classification, M classification and tumor
stage (P<0.05). Of note, high expression of MMP-2 was prominently observed at tumor invasive
front, neoplastic spindle cells migrating into the stroma and vessel invasion. Importantly, high
MMP-2 expression predicted worse survival in patients with stage III-IV (P=0.039).
Overexpression of MMP-2 could decrease cell-cell adhesion, promote tumor invasion and
EMT including downregulation of E-cadherin and upregulation of N-cadherin, Fibronectin and
Slug of NPC cells.

Conclusion: Our findings demonstrate that MMP-2 expression contributes to tumor aggres-
siveness and poor prognosis, and induces the occurrence of EMT in NPC.

Keywords: MMP-2, epithelial-mesenchymal transition, nasopharyngeal carcinoma,
prognosis, immunohistochemistry

Introduction

Nasopharyngeal carcinoma (NPC) is the most frequently diagnosed malignancy in
Southern China (especially in people of Cantonese ancestry region), with a high
incidence rate of 2050 cases per 100,000 people each year.! Different from other
head and neck cancers, most types of NPCs are undifferentiated squamous cell
carcinomas, which are more aggressive and tend to have distant organ metastases.”
Unfortunately, the precise molecules responsible for the progression and prognosis
of NPC still remain incompletely understood.
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Degradation of extracellular matrix (ECM) and pene-
tration of basement membranes by matrix metalloprotei-
nases (MMPs) are of eminent importance in invasion and
metastasis.” Matrix metalloproteinase 2 (MMP-2), an
important member of the MMPs family, has been shown
to facilitate tumor invasion and metastasis and regulated
by a variety of pathway.*’ For example, Kenny HA and
colleagues reported that MMP-2 regulated varian cancer
(OvCa) invasion and metastasis through cleavage of ECM
proteins Fibronectin (FN) into small fragments and pro-
moted binding of OvCa cells to these FN fragments.” Our
report recently has also demonstrated that MMP-2 could
regulate non-small cell lung cancer invasion and modu-
lated by LATS2.® Moreover, several MMP inhibitors have
been considered extremely potential to attenuate tumor
invasion and progression.”'? Importantly, an increased
expression of MMP-2 has been reported in a number of
tumors including renal cell carcinoma, prostate cancer and
ovarian cancer, and contributes to unfavorable outcome of
patients.'> !> These advances indicate that MMP-2 might
be crucial for the development and progression of tumors.
However, the prognostic impacts of tumoral MMP-2
expression on patients remain largely controversial.'®"'®
For example, Pellikainen JM shows that high MMP-2
expression in carcinoma cells possessed no prognostic
value for breast cancer.'® Even more, Wong JC and col-
leagues had the opposite conclusion. They found that
absence of tumoral MMP2 expression correlated with
poor clinical outcomes in rectal cancer.'®

In consequence, the purpose of this study was to investi-
gate and clarify the prognostic significance of neoplastic
expression of MMP-2 in patients with NPC. Furthermore,
the direct and functional impacts of MMP-2 overexpression
on the invasive potential of NPC in vitro were also assessed.

Materials and methods

Patients and samples

One hundred and forty-four cancer tissues with NPC (median
age, 49.4 y; range, 19-75 y; 107 male, 37 female) and 45 non-
cancerous pharynx tissues were collected from Affiliated
Hospital of Guangdong Medical College and the People’s
Hospital of Gaozhou City, China. Prior to unitizing these
tumor samples, approval from the Institutional Research
Ethics Committee of Guangdong Medical College was
obtained. Informed consent was obtained from all patients
and the study was conducted in accordance with the principles
of the Declaration of Helsinki. No radiation/chemotherapy

treatment was applied to any of the patients included in this
study. According to the WHO histological classification
(2005), all of 144 NPC samples were classified as non-
keratinizing carcinoma.'® All of the tumors were classified
based on the UICC (2002) TNM classification and the clin-
icopathological features were described in detail as listed in
Table S1. The survival time was counted from the date of
diagnosis to the follow-up deadline or date of death. The
follow-up deadline was August 2011, and it was ranged
from 10 to 106 months (median follow-up time, 65.7 months).

Immunohistochemical staining
Immunohistochemistry (IHC) analysis was performed as pre-
viously reported.?’ In brief, paraffin-embedded sections were
baked at 60 °C for 2 h followed by being deparaffinized in
xylenes for 20 min and rehydrated in an ethanol gradient. The
sections were submerged into EDTA buffer and boiled for
2 mins with high-pressure for antigenic retrieval. After natural
cooling, the slides were treated with 3% H,O, to quench
endogenous peroxidase activity, followed by incubation with
1% bovine serum albumin (BSA) to block non-specific bind-
ing. The slides were incubated with the MMP-2 rabbit poly-
clonal antibody (catalog ab110186, dilution 1:500; AbCam)
overnight at 4 °C. PBS buffer was used as negative controls,
and colon cancer tissue was used as positive control. After
PBS washing, the sections were reacted with the biotinylated
secondary antibody (Zymed, San Francisco, CA). Sections
were then visualized with 3,3'-diaminobenzidine (DAB) for
2 min, counterstained with hematoxylin and were mounted
under a light microscopy. Pan-cytokeratin was used to distin-
guish neoplastic spindle cells from fibroblast cells or other
stromal cells in NPC tissues.

Evaluation of immunohistochemical data

The degree of immunostaining were examined and scored
independently by two pathologists based on the proportion
of positively stained tumor cells and intensity of staining.
The proportion of positive tumor cells was evaluated as
follows: 0 (no positive tumor cells), 1 (<10% positive
tumor cells), 2 (10-50% positive tumor cells), and 3
(>50% positive tumor cells). Staining intensity was graded
according to the following criteria: 0 (no staining), 1 (weak
staining, light yellow), 2 (modest staining, yellow brown),
and 3 (strong staining, brown). We evaluated the expression
of MMP-2 in NPC specimens (including tumor cells and
tumor stroma) and non-cancerous nasopharyngeal tissues by
determining the staining index (0, 1, 2, 3, 4, 6, or 9), which
was calculated by multiplication of proportion and intensity.
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The cutoff value for low and high expression level of
MMP-2 was <4 (including 0, 1, 3, 4) and >6 (including 6
and 9), respectively.?'

Plasmids, lentivirus production, and

transduction

To produce virus particles expressing vector or MMP-2, LV-
pGV208 (used as vector control) or LV-pGV208-MMP-2
along with packaging plasmids pHelper 1.0 and pHelper 2.0
were transfected into HEK293T cells (maintained in 10%
FBS) using Lipofectamine 2000 reagent (Invitrogen) accord-
ing to the manufacturers’ instruction. After 48 h transfection,
virus supernatant was harvested from these cells, and then used
to infect CNE-1 and SUNE-1 cells. To get 100% percentage of
infected cells, lentiviral infected cells were sorted by Flow
Cytometry based on EGFP assay. The successful overexpres-
sion of MMP-2 was verified by Western blot and gRT-PCR.

Cell culture, immunofluorescence analysis
Human NPC cell lines CNE-1 (epithelial-like) and SUNE-1
were provided by Cancer Research Institute of Southern
Medical University, Institutional Review Boards of Southern
Medical University approved the use of these cell lines. Two
cell lines were grown in RPMI 1640 culture medium (100
units/ml of penicillin and 100 pg/ml streptomycin) in a humi-
dified 5% CO2 atmosphere at 37 °C. For immunofluores-
cence analysis, cells were grown on sterile 12-mm glass
coverslips for 24 h at 37 °C. After washing twice with PBS,
cell lines were plated on culture slides (Costar, MA) and after
24 hrs were rinsed with PBS and fixed in 4% paraformalde-
hyde for 15 min, then permeabilized with 0.05% triton X-100.
The cells were then blocked for 30 min in 10% BSA (Sigma,
MO) in PBS and then incubated with the appropriate primary
antibodies including E-cadherin (1:500), N-cadherin (1:100),
Fibronectin (1:200), Slug (1:300). Finally, cell nuclei were
stained with DAPI (Boisynthesis biotechnology, Beijing,
China) and representative images were examined using
a confocal microscope (FV300 Olympus, Tokyo, Japan).

RNA isolation, reverse transcription and
gRT-PCR

For mRNA analyses, total RNA from NPC cells was extracted
with Trizol Reagent (TaKaRa) according to the protocol pro-
vided by the manufacturer. Total RNA was reversely tran-
scribed with the PrimeScript RT reagent Kit (TaKaRa).
Expression of mRNA analysis was performed using SYBR
Green Master Mix (TaKaRa) as described using GAPDH for

normalization on a Stratagene Mx3000P qRT-PCR System.
The primers used for the amplification of the indicated genes
were as previously described.?'** All samples were normal-
ized to internal controls and fold changes were calculated
through relative quantification (2784,

Cell-cell homotypic adhesion experiment
CNE-1 and SUNE-1 cells were digested and diluted to
5x10* cells/mL. Cells were seeded into a 24-well plate
(1 mL/well); each kind of cell was placed in three wells.
Cells were then cultured at 37 °C in 5% CO2 until cells fused
in a single layer without any gaps. Meanwhile, CNE-1 and
SUNE-1 cells were digested to prepare unicell suspension
(1x10° cells/mL). After removal of culture solutions in the
24-well plate, the prepared unicell suspensions (1 mL/well)
were added into corresponding wells containing the same
type of cells. The 24-well plate was oscillated at 37 °C on
a shaker slowly to make the cells fully adhere. Non-adhered
tumor cells were carefully collected at 15 min, 45 min and
75 min after oscillation, respectively, and counted under
a light microscope. Cell-cell adhesion rate (%) = ([total cell
count] —[non-adhered cell count]/[total cell count])x100%o
All values are presented as mean + SD of three experiments.

Tumor invasion assays

Before invasion assay, matrigel (BD Biosciences) was added in
the upper chamber overnight for dry. For transwell migration
assay, 1x10° cells were seeded into the upper chamber (with
8.0 um pores, BD Biosciences) in serum-free RPMI 1640.
RPMI 1640 with 10% FBS was loaded in the lower compart-
ment as chemo-attractant. After 20 hrs, the migrated or invaded
cells were fixed with 100% methanol, stained with hematox-
ylin solution (Sigma), and counted in three randomly selected
optical fields.

Statistical analysis

All statistical analyses were carried out using the SPSS13.0
(SPSS Inc., Chicago, IL). The correlation between the clinico-
pathologic features and MMP-2 expression was analyzed by
the y2 test. Survival curves were estimated using the Kaplan-
Meier method and the log-rank test. Correlation coefficients
between MMP-2 expression and variable factors were exam-
ined by the Spearman correlation method. Data were presented
as mean + SEM unless otherwise indicated of at least 3 inde-
pendent experiments. Two-tailed Student’s #-test was used for
comparisons of 2 independent groups. Statistical significance
was assessed by the independent-samples #-test (*P<0.05;
**P<0.01).
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Results

Cytoplasmic MMP-2 is highly expressed in
tumor cells of NPC samples

The immunohistochemical staining for MMP-2 expression in
144 paraffin-embedded tissues of NPC were presented in
Table S1. Among 45 noncancerous tissues, negative or weak
signals of MMP-2 were observed in non-cancerous nasophar-
yngeal epithelium (Figure 1A and B), only 7 samples (15.6%)
were highly expressed for MMP-2 (Figure 1C and D). MMP-2
was localized in the cytoplasm of cancer cells. Of the 144
tumors, 75 (52.1%) cases exhibited negative (Figure 1E and F)
or weak (Figure 1G and H) cytoplasmic immunoreactivity for
MMP-2, and 69 (47.9%) cases displayed high cytoplasmic
staining (Figure 11 and J). There was a significant increase in
MMP-2 expression in NPC samples compared with noncan-
cerous tissues. In addition, MMP-2 was high expressed in
endothelial cells in tumor specimens and was used as internal
positive controls (Figure 1K and L).

Association of MMP-2 expression with
clinicopathological variables and prognosis in
NPC

The relationship between MMP-2 expression and clinico-
pathological variables of NPC was further analyzed. As sum-
marized in Table 1, there were no statistically significant
differences between the expression levels of MMP-2 and sex
(P=0.155), age (P=0 0.889), N classification (P=0.076). On the

other side, MMP-2 protein expression was significantly asso-
ciated with tumor histology (Figure 2A; P=0.022),
T classification (Figure 2B; P=0.004), M classification
(Figure 2C; P=0.023) and tumor stage (Figure 2D; P=0.000).
Similarly, spearman correlation analysis revealed the positive
MMP-2 and tumor
T classification, M classification and tumor stage, with

correlation  between histology,
a spearman correlation coefficient of 0.190, 0.239, 0.189 and
0.310, respectively. As listed in Table 2, univariate analysis
shows that M classification was the most significant factor for
the overall survival of NPC patients (P=0.000), followed by
tumor stage (P=0.001), T classification (P=0.004) and
N classification (P=0.013). However, neoplastic MMP-2
expression showed no prognostic value for overall survival
time of patients (P=0.363; Table 2). As showed in Figure 2E,
there was no significant difference in the postoperative survival
according to MMP-2 expression in tumor cells. The average
overall survival time for patients with high MMP-2 expression
was 70.2 months (95% confidence interval, 61.7—78.7), when
it was 78.3 months (95% confidence interval, 70.9—85.7) for
patients with low MMP-2 positivity (P=0.359).

Furthermore, we have investigated the prognostic value of
MMP-2 on different subgroups of clinical stage. As shown in
Figure 2G, patients with high MMP-2 expression in advanced
clinical stage (III-1V) had shorter survival time than those with
low expression of MMP-2 (P=0.039). The median survival
time of patients with high MMP-2 expression was
43.00 months (95% confidence interval, 38.30-47.70),

Non-cancerous
tissues

R
NPC |4

NPC

Figure | MMP-2 expression in non-cancerous nasopharyngeal tissues and nasopharyngeal carcinoma (NPC). The MMP-2 protein was weakly (A and B) and highly
upregulated (C and D) in non-cancerous tissues. Representative images showed that the expression levels of MMP-2 were negative (E and F), weak (G and H) and strong
(I and J) in NPC tissues. The brown staining indicates MMP-2 immunoreactivity. MMP-2 overexpression in endothelial cells of blood vessels in tumor tissues was used as

positive controls (K and L). Magnifications were X200 and %400, respectively.
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Table | Association of MMP-2 expression with clinical charac-
teristics in 144 patients with nasopharyngeal carcinoma (NPC)

Variables Cases Neoplastic MMP-2 expression
Low (n, %) High (n, %) P

Sex
Female 37 23 (62.2) 14 (37.8) 0.155
Male 107 52 (48.6) 55 (51.4)

Age (y)
<50 76 40 (52.6) 36 (47.4) 0.889
=50 68 35 (51.5) 33 (48.5)

Tumor histology
DNKC 28 20 (71.4) 8 (28.6) 0.022
ubC 116 55 (47.4) 61 (52.6)

Vessel invasion
No 99 55 (55.6) 44 (44.4) 0.216
Yes 45 20 (44.4) 25 (55.6)

T classification
TI-T2 68 44 (64.7) 24 (35.3) 0.004
T3-T4 76 31 (40.8) 45 (59.2)

N classification
NO-NI 86 50 (58.1) 36 (41.9) 0.076
N2-N3 58 25 (43.1) 33 (56.9)

M classification
No 121 68 (56.2) 53 (43.8) 0.023
Yes 23 7 (30.4) 16 (59.6)

Tumor stage
-l 42 32 (76.2) 10 (23.8) 0.000
-V 102 43 (42.2) 59 (57.8)

Abbreviations: DNKC, differentiated nonkeratinizing carcinoma; UDC, undiffer-
entiated carcinoma; T, tumor size; N, lymph node metastasis; M, distant metastasis.

whereas the median survival time of patients with low MMP-2
expression was 90.00 months (95% confidence interval,
80.76-99.24). On the other hand, no significant difference
was found in the subgroup of patients with I -II tumor stage
(P=0.143). (Figure 2F)

Overexpression of MMP-2 contributes to
tumor invasion and EMT in NPC

In cancer tissues, high expression of MMP-2 was prominently
observed at tumor invasive front, cancer cells migrating into
the stroma and vessel invasion (Figure 3A), indicating this
protein might be correlated with the invasive and metastatic

properties of NPC. It is noted that these malignant cells often
displayed spindle-shaped cells morphology. As shown in
Figure 3C, MMP-2 expression in tumor cells was significantly
associated with E-cadherin (r =—0.227, P=0.006), N-cadherin
(r=0.234, P=0.005), Fibronectin (r =0.176, P=0.035) and Slug
(r =0.233, P=0.001) in NPC samples, whereas not with
Vimentin (r =0.114, P=0.172) and Snail expression
(r =0.083, P=0.324). Representative images shows that high
MMP-2 expression in tumor cells correlated closely with
increased expression of N-cadherin expression (Figure 3B).

To understand whether MMP-2 overexpression directly
induces EMT and invasion and motility of NPC cells, we
detected the EMT-related markers and phenotypic changes of
NPC cells including CNE-1 cells and SUNEI cells with ecto-
pic expression of MMP-2. The immunofluorescence and qRT-
PCR results demonstrated ectopic expression of MMP-2 of
CNE-1 cells could significantly reduced the expression of
epithelial marker E-cadherin and increased the expression of
mesenchymal markers including N-cadherin, FN and Slug
(Figure 3D and E). Reduced expression of E-cadherin and
enhanced expression of N-cadherin, FN and Slug were also
found in the overexpressing-MMP-2 group compared with
control group in SUNEI cell lines. The cell-cell adhesion
assay showed that cell-cell adhesive abilities of CNE-1 cells
were decreased significantly (Figure 3F; P<0.001). Similar
results were found in the SUNEI1 cells groups. Compared
with the controls, the rates of cell-cell adhesion of overexpres-
sing-MMP-2 group was 18.35+1.26 vs 12.82+0.72, 42.60
+1.39 vs 29.63£1.08, 68.374£2.28 vs 0.46.55+1.90 in 15 min,
45 min and 75 min, respectively. Transwell invasion assay
implied that the invasive activities of CNE-1 cells were up-
regulated (Figure 3G and H; P<0.001) in MMP-2 overexpres-
sing groups. Similarlly, the invasive abilities of SUNEI cells
were increased in MMP-2 overexpressing groups in compari-
sion with the control groups (82.45+6.20 vs 32.65+4.60,
P<0.001).

Discussion

MMP-2 belongs to a Zn”>" dependent endopeptidase, which is
known to be crucial for tumor invasion and metastasis due to
their ability to degrade type IV collagen.®> Moreover, increased
expression of MMP-2 has been detected in a variety of human
malignancies, and correlated closely with aggressive
behaviors.*” In NPC, several indirect observations have indi-
cated that the induction of MMP-2 by various pathways was
involved in tumor cell invasion in vitro.”** Based on these
observations, the determination of MMP-2 expression in NPC

tissues seems to be important for better understanding of tumor
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Figure 2 Relationship between MMP-2 expression of tumors and different clincalpathological features and prognosis in nasopharyngeal carcinoma (NPC). Representative
images of MMP-2 expression in NPC biopsies of different TNM stages including tumor histology (A), T stage (B), M stage (C) and clinical stage (D). Kaplan-Meier curves
with univariate analyses according to patients with different MMP-2 expression. (E) There was no significant difference in the overall survival rate between patients with low
and high MMP-2 groups. Kaplan-Meier methods of overall survival in patients with stage | - Il (F), stage Il - IV (G) according to MMP-2 expression. The patients with stage
Il - IV with high MMP-2 expression had a significantly shorter overall survival than those patients with low MMP-2 expression. P-values were evaluated by the log-rank test.

biology and for the development of new therapy approaches.
However, to our knowledge, prognostic significance of
tumoral MMP-2 expression and its correlation with EMT
have not been fully established.

In the current study, we observed that the expression
levels of neoplastic MMP-2 expression were highly
increased in NPC tissues compared with non-tumoral epithe-
lium, suggesting that this molecule might be involved in the
pathogenesis of NPC. Furthermore, high expression of
MMP-2 linked strongly with various clinicopathologic fea-
tures including tumor histology, T classification (depth of
tumor infiltration), M classification and tumor stage. Our
results suggest that MMP-2 is involved in the development

and progression of NPC. On the other hand, Cui D et al
reported that the expression levels of MMP-2 were positively
correlated with lymph node metastasis in NPC.?* In contrast,
we failed to demonstrate a significant relationship between
them, though patients with high MMP-2 expression had
a tendency to lymph node metastasis. The inconsistency
would be likely due to the different numbers of specimens
used. Studies have demonstrated that growth factors and
other genes, such as TGF-b, bone sialoprotein and prosta-
glandin E2, can regulate the expression levels of MMP-2 in
various tumors.2*2° In NPC HONE-1 cells, Chen MK et al
recently showed that at treatment with the bcl-2 inhibitor
HA14-1 had an inhibitory effect on tumor migration and
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Table 2 Univariate and multivariate analysis on overall survival of nasopharyngeal carcinoma (NPC) patients
Variables Univariate analysis Multivariate analysis
HR (95% ClI) P HR (95% ClI) P

Sex

Female vs male 1.215 (0.722-2.046) 0.464 1.562 (0.897-2.720) 0.115
Age (y)

<50 vs 250 0.937 (0.585-1.500) 0.785 0.887 (0.536—1.469) 0.642
Tumor histology

DNKC vs UDC 1.040 (0.579—1.868) 0.897 0.708 (0.381-1.316) 0.275
T classification

TI-T2 vs T3-T4 2.040 (1.250-3.330) 0.004 0.686 (0.325-1.448) 0.322
N classification

NO-NI vs N2-N3 1.811 (1.131-2.900) 0.013 1.066 (0.558-1.813) 0.985
M classification

No vs Yes 5.199 (3.079-8.780) 0.000 5.294 (2.934-9.552) 0.000
Tumor stage

-1 vs NI-1V 3.080 (1.615-5.874) 0.001 2.108 (0.799-5.562) 0.132
Vessel invasion

No vs yes 1.047 (0.627-1.749) 0.861 0.910 (0.530-1.563) 0.733
Tumoral MMP-2

Low vs high 1.245 (0.777-1.996) 0.363 0.868 (0.528-1.427) 0.577

Abbreviations: DNKC, differentiated nonkeratinizing carcinoma; UDC, undifferentiated carcinoma; T, tumor size; N, lymph node; HR, hazard ratio; 95%Cl, 95%

confidence interval.

MMP-2 expression.*® Our recent report indicates that FoxM1
increases expression of MMPs including MMP1 and MMP9,
whereas FoxM1 knockdown has the opposite effect.®’ As we
know, EBV plays an important role in NPC pathogenesis
through the regulation of MMPs. For example, Lu J et al
showed that the EBV-related protein LMP1 could regulate
the expression and activity of MMP-1 and confered the
invasive properties of NPC.*> Further studies are needed to
investigate the correlation between EBV-related factors and
MMP-2 induction in NPC.

Epithelial-mesenchymal transition (EMT) is crucial for the
initiation of invasion and metastasis for tumor progression.*
Of note, as other groups reported previously, EMT may occur
more frequently in the invasive front of tumors, including
colorectal cancer, oesophageal squamous cell carcinoma, cra-

thyroid carcinoma.** >’

niopharyngioma and papillary
Recently, we also found that nuclear Vimentin and other EMT-
related markers were aberrantly expressed in tumor invasive
front of NPC.*® Interestingly, MMP-2 protein was also found
to be overexpressed at the tumor invasive front, such as head
and neck cancer, hepatocellular carcinoma and cervical

cancer.’® ' These findings suggest a possible relationship

between MMP-2 and EMT in cancer progression. Actually,
experimental data has shown that cancer cells that undergo
EMT can enhance MMP-2 expression to facilitate cell inva-
sion and metastasis.*>** In the current study, we observed that
MMP-2 was markedly distributed at the invasive front of
cancers. In some cases, the expression of MMP-2 was
increased in tumor cells migrating the stroma with mesench-
ymal phenotypes, and these cells have been shown to be
conferred with EMT properties in our recent study.*
Furthermore, we found that neoplastic MMP-2 expression
correlated closely with EMT-related markers including
E-cadherin, N-cadherin, Fibronectin and Slug in NPC sam-
ples. Based on these observations, it seems likely that cancer
cells expressing MMP-2 in NPC may have an advantage to
invade and metastasize as compared to MMP-2-negative can-
cer cells. At last, a direct linking between EMT and MMP-2 in
NPC in vitro was further examined. As expected, we found
that upregulation of MMP-2 triggered EMT-like cellular mar-
ker changes and spindle-shaped morphology (a more aggres-
sive phenotype), and enhanced the motility and invasion of
NPC cells. These findings were strongly supported by MMP-
2-mediated EMT in NPC specimens as described above. For
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The cell-cell adhesion assay in overexpressing MMP-2

and control groups

Groups 15min 45min 75min P

LV-pGV 13.36£0.86 45.69+1.42 63.52+1.26

LV-MMP2  10.88+1.54  32.85+0.72 46.15+1.37 <0.001

*LV-MMP2 Vs LV-pGV in 15,45 and 75min
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Figure 3 MMP-2 overexpression enhances tumor invasion and epithelial-mesenchymal transition (EMT) in nasopharyngeal carcinoma (NPC). (A) High expression of MMP-2
was prominently observed at tumor invasive front, malignant spindle cells migrating into the stroma and vessel invasion. (B) Representative images show that high MMP-2
expression in tumor cells correlated strongly with high N-cadherin expression. (C) Histogram shows that MMP-2 staining in tumor cells correlated significantly with EMT
characteristics including E-cadherin, N-cadherin, Fibronectin and Slug. (D and E) Exogenous expression of MMP-2 triggered EMT markers alteration and partly induced
mesenchymal phenotypes of CNE-| cells. (F) The cell-cell adhesion assay shows that cell-cell adhesive abilities of CNE-1 decreased significantly in MMP-2 overexpressing
groups. All values are presented as mean+SD of three experiments. (G and H) The invasive activities of MMP-2-overexpressing CNEI cells based on transwell invasion
assays. Migrated cells were plotted as the average number of cells per field of view from three independent experiments.
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the first time, we here clarify the correlation between EMT and
MMP-2 in NPC.

In the past years, MMP-2 overexpression in tumor cells
has been shown to contribute to unfavorable prognostic out-
comes in various types of tumors.'*'> For example, Passlick
B et al found a significant correlation of MMP-2 overexpres-
sion with shortened cancer-related survival in 193 patients
with non-small cell lung cancer (NSCLC).* However, con-
troversy still exists about the prognostic impacts of tumoral
expression of MMP-2. Conflicted with Passlick B et al’s
results in NSCLC, for instance, Ishikawa S and colleagues
suggested that 5-year survival rate of patients with strong
MMP-2 expression was not significantly worse than those
with weak MMP-2 in breast cancer.'” Such a conclusion was
also obtained by Pellikainen JM groups reported in breast
cancer.'® Similar to these findings, our findings also showed
no prognostic significance of MMP-2 overexpression for
overall time with NPC patients. However, we found that
high MMP-2 expression could stratify survival time of
patients in advanced clinical stage (III-IV). As we know,
patients diagnosed at stage III-IV tend to have local recur-
rence and distant metastases after treatment. In consequence,
we suggest that tumoral MMP-2 expression might be used as
a potential biomarker for patients with late-stage.

Conclusion

We here show that high expression of MMP-2 was asso-
ciated strongly with tumor aggressive features/phenotypes
and poor survival in patients with stage III-IV. Finally,
overexpression of MMP-2 enhanced the invasive abilities
and induced EMT in NPC. Our results provide a deep
insight into tumor aggressiveness and clinical outcomes
of MMP-2 in tumor cells in NPC.
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Supplementary material

Table S1 Overview of clinicopathologic characteristics of |44
nasopharyngeal carcinoma (NPC) patients and MMP-2 expression

Variables, n (%)

Sex
Female 37 (25.7)
Male 107 (74.3)
Age (y)
<50 76 (52.8)
250 68 (47.2)

Tumor histology

DNKC 28 (19.4)
ubC 116 (80.6)

T classification

TI-T2 68 (47.2)
T3-T4 76 (52.8)

N classification

NO-NI 86 (59.7)
N2-N3 58 (40.3)

M classification

No 121 (84.0)
Yes 23 (16.0)

Tumor stage

[-11 42 (29.2)
(Y 102 (70.8)

Status at follow-up

Alive 74 (51.4)
Death 70 (48.6)

MMP-2 expression

Low expression 75 (52.1)
High expression 69 (47.9)

Abbreviations: DNKC, differentiated nonkeratinizing carcinoma; UDC, undiffer-
entiated carcinoma; T, tumor size; N, lymph node metastasis; M, distant metastasis.
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