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Colorectal cancer (CRC) is the third leading cause of
cancer-related death in the western world. In this study, we
evaluated the expression of matrix metalloproteinase 2
gene (MMP2) in CRC and analyzed its correlation with
clinicopathological features. We found that the expression
of MMP2 was significantly higher in CRC tissues than in
the colorectal tissues. In addition, high levels of MMP2
protein were positively correlated with the status of tumor
size, lymph node metastasis, distant metastasis, Dukes’
stage, and tumor invasion. Moreover, patients with higher
MMP2 levels had markedly shorter overall survivals than
those with low MMP2 levels. Multivariate analysis results
suggested that the level of MMP2 expression is
an independent prognostic indicator for the survival of
patients with CRC. Silencing MMP2 expression in CRC
cell lines with lentiviral-mediated shRNA markedly sup-
pressed cell proliferation, colony formation, and invasion.
Furthermore, we observed that vascular endothelial growth
factor (VEGF) and membrane type 1 (MT1)-MMP protein
levels were decreased in MMP2-down-regulated colorectal
cells. Therefore, our study demonstrated that MMP2 is an
important factor related to carcinogenesis and metastasis of
CRC, and MMP2 promotes CRC cell growth and invasion
by up-regulating VEGF and MT1-MMP expression, which
makes this pathway a potential target for cancer treatment.
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Introduction

With 655, 000 deaths worldwide per year, colorectal cancer
(CRC) is the third leading cause of cancer-related death in
the western world (http:/www.cancer.gov/cancertopics/
commoncancers). Although the incidence of CRC in China is
lower than that in the west countries, it has been increased in
recent years and has already become one of the most
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common malignant diseases in China [1]. Despite intensive
investigation having been made toward understanding the sig-
naling pathway related to CRC, a few useful biomarkers for
diagnosis, prognosis, and targets for treatment are available.

Matrix metalloproteinase-2 (MMP2) is a member of the
matrix metalloproteinase (MMP) family, which is involved
in the breakdown of extracellular matrix in normal physio-
logical processes, such as embryonic development, reproduc-
tion, angiogenesis [2,3], and tissue remodeling, as well as in
disease processes, such as arthritis and tumor invasion and
metastasis [4]. In the past few years, MMPs overexpression
has been intensively investigated as potential biomarkers and
unfavorable factors in a range of types of cancer including
CRC [5-10]. MMP2 gene encodes an enzyme which
degrades the major structural component of basement mem-
branes, type IV collagen, and thus plays an important role in
promoting the invasion and metastasis of tumor cell.
Overexpression of MMP2 has been detected in bladder
cancer [11], oral carcinoma [12], CRC [13,14], lung cancer
[15], prostate cancer [16], as well as gastric cancer [17].
However, the correlation between MMP2 expression and
clinicopathological features in CRC as well as its function in
CRC carcinogenesis has not been fully elucidated yet.

In this study, we found that overexpression of MMP2
protein was positively correlated with tumor size, lymph
node metastasis, distant metastasis, Dukes’ stage, and
tumor invasion. Moreover, we observed that patients with
higher MMP2 levels had markedly shorter overall survivals
than those with low MMP2 levels. Silencing MMP?2
expression in CRC cell lines markedly suppressed cell pro-
liferation, colony formation, and invasion by regulating
vascular endothelial growth factor (VEGF) and membrane
type 1 (MT1)-MMP in colorectal cells.

Materials and Methods

Sample collection
Eight freshly paired CRC and adjacent non-cancerous
colorectal samples, 172 paraffin-embedded CRC, and 45
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colorectal samples were obtained from China—Japan Union
Hospital of Jilin University. In the 172 CRC cases, there
were 116 males and 56 females with age ranging from 23
to 83 years (median, 56.5 years). The CRC samples were
obtained from patients without any neoadjuvant therapy. A
complete 5S-year follow-up was available in all 172
patients. For the use of these clinical materials for research
purposes, prior consents from the patients and approval
from the Ethics Committees of our hospital were obtained.
Histological classification and clinicopathological staging
of the samples were performed according to the Japanese
General Rules for Clinical and Pathological Studies on
Cancer of the Colon, Rectum, and Anus along with the
International Union against Cancer classification.

Real-time polymerase chain reaction (PCR)

Total RNA was extracted from CRC and normal colorectal
tissues with TRIzol reagent (Invitrogen, Carlsbad, USA)
according to the manufacturer’s protocol. cDNA was syn-
thesized using RT reagents (Takara, Dalian, China) from
1 pg of total RNA using oligo(dT);s in 20 pl reaction
volume. Real-time PCR was used to measure the
expression of MMP2 mRNA using SYBR Pre-mix Ex Taq
according to the manufacturer’s protocol (Takara) with an
Mx3000P real-time PCR system (Stratagene, La Jolla,
USA) as described previously [18]. The sequence for sense
primer was 5'-ACCAGCTGGCCTAGTGATGATG-3', and
for anti-sense primer was 5'-GGCTTCCGCATGGTCTCG
ATG-3'. GAPDH gene was used as an internal control
using the sense primer 5'-GCACCGTCAAGGCTGAGA
AC-3' and anti-sense primer 5-TGGTGAAGACGCCAG
TGGA-3'. Real-time PCR was performed in a final reaction
volume of 20 pl containing 10 wl 2x SYBR pre-mixture,
0.4 ul Rox reference dye (Takara) 1wl templates, 2 pl
each of the primer pair (10 pmol), and 6.6 pl sterilized
water. PCR conditions were as follows: pre-heating for
3 min at 95°C, 45 cycles of 94°C for 15, 55°C for 20 s,
and 72°C for 15 s.

Immunohistochemistry

All the reagents of immunohistochemistry including IHC
Biotin Block Kit, SP Detection Kit, and DAB
Visualization Kit were purchased from Maxim Inc.
(Fuzhou, China). The experiments were performed accord-
ing to the instruction of manufacturers. Paraffin sections
(4 pm) from samples of 172 CRCs and 45 colorectal
tissues were deparaffinized in 100% xylene and re-hydrated
in descending ethanol series and water according to stan-
dard protocols. Heat-induced antigen retrieval was per-
formed in 10 mM citrate buffer for 2min at 100°C.
Endogenous peroxidase activity and non-specific antigen
were blocked with peroxidase blocking reagent containing
3% hydrogen peroxide and serum, followed by incubation

with mouse anti-human MMP2 antibody (1:100; Santa
Cruz, Santa Cruz, USA) overnight. After washing, the sec-
tions were incubated with biotin-labeled goat anti-mouse
IgG antibody (Maxin) for 10 min at room temperature, and
subsequently were incubated with streptavidin-conjugated
horseradish peroxidase (HRP) (Maxin). Sections were visu-
alized with diaminobenzidine (DAB) and counterstained
with hematoxylin, mounted in neutral gum, and analyzed
using a bright field microscope (vanoxah-fl-2; Olympus
Inc., Tokyo, Japan).

Evaluation of staining

The immunohistochemically stained tissue sections were
reviewed and scored separately. The extent of the staining,
defined as the percentage of positive staining areas of
tumor cells or normal nasopharyngeal epithelial cells
related to the whole tissue area, was scored on a scale of
0-4 as follows: 0, <10%; 1, 10-25%; 2, 26—50%, 3,
51-75%; and 4, >75%. The sum of the staining-intensity
and staining-extent scores was used as the final staining
score for MMP2 (0—7). For statistical analysis, a final
staining score of 0—5 and 6—7 were considered to be low
and high expression [19], respectively.

Establishment of CRC cell lines with stably expressing

short hairpin RNA (shRNA) shRNA-MMP2

The construction of lentiviral vector of shRNA targeting
MMP?2 and establishment of CRC cell lines stably expres-
sing shRNA had been described previously [20]. In brief,
we selected one sequence (MMP2 1917: sense,
5'-CGCGTCCCCGCGGAGACAAATTCTGGAGATTTC
AAGAGAATCTCCAGAATTTGTCTCCGCTTTTTGGA
AAT-3'; anti-sense: 5-CGATTTCCAAAAAGCGGAGA
CAAATTCTGGAGATTCTCTTGAAATCTCCAGAATTT
GTCTCCGCGGGGA-3') for targeting the MMP2 gene
using the BLOCK-It RNAi Designer (Invitrogen). The
preparation of lentiviral vectors expressing human MMP2
shRNA was performed using the pLVTHM-green fluor-
escent protein (GFP) Lentiviral RNAi Expression System
endowed by Trono Laboratory (Lausanne, Switzerland).
Replication-incompetent  lentivirus was produced by
cotransfection of the pLVTHM/MMP2-shRNA expression
vector and ViraPower packaging mix containing an opti-
mized mixture of two packaging plasmids: psPAX2 and
pMD2.G into 293FT cells. CRC HT29 and SW480 cells
were infected with lentiviral particles containing specific or
negative control vectors, and the polyclonal cells with
strong GFP expression were selected by flow cytometry
sorting using anti-GFP monoclonal antibody (BD
Company, New York, USA) to culture and expand.
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Cell proliferation analysis

Cell growth was determined by MTT assay (Sigma,
St. Louis, USA). Briefly, 1 x 10° cells were seeded into a
96-well plate with quadruplicate for each condition.
Seventy-two hours later, MTT reagent was added to each
well at 5 mg/ml in 20 pl and incubated for another 4 h.
The formazan crystals formed by viable cells were then
dissolved in dimethyl sulfoxide and measured at 490 nm
for the absorbance (A) values. Each experiment was per-
formed in triplicate.

Plate colony formation assay

The cells (1 x 10%) were added to each well of a six-well
culture plate. After incubation at 37°C for 13 d, cells were
washed twice with phosphate-buffered saline (PBS) and
stained with Giemsa solution. The number of colonies con-
taining >50 cells was counted under a microscope (plate
clone formation efficiency = number of colonies/number
of cells inoculated x 100%). Each experiment was per-
formed in triplicate.

In vitro invasion assay

Cells in log phase was treated with trypsin and
re-suspended as single-cell solution. A total of 1 x 10°
cells were seeded on a fibronectin-coated polycarbonate
membrane insert with pre-coated ECMatrix in a transwell
apparatus (Corning Inc., New York, USA). In the lower
chamber, 600 w1 RPMI 1640 medium with 10% NBCS
was added as chemoattractant. After cells were incubated
for 14 h at 37°C in 5% CO,, the insert was washed with
PBS, and cells on the top surface of the insert were
removed by a cotton swab. Cells adhering to the lower
surface were fixed by methanol, stained by Giemsa and
counted under a microscope in five pre-determined fields
(x200). All assays were independently repeated at least
three times.

Western blot analysis

Cells were lysed in RIPA buffer [SO mM Tris-HCI, pH 8.0,
I mM EDTA, pH 8.0, 5mM dithiothreitol, 2% sodium
dodecyl sulfate (SDS)], and protein concentration was
determined using bicinchoninic acid assay (Beyotime Inc.,
Shanghai, China). Total protein (30 .g) was resolved using
a 10% SDS-polyacrylamide gel electrophoresis and electro-
transferred to  polyvinylidene fluoride = membranes
(Invitrogen) [21], and blocked with 5% non-fat dry milk in
Tris-buffered saline, pH 7.5. Membranes were immuno-
blotted overnight at 4°C with goat anti-human polyclonal
MMP2 antibody (1:800; Abcam, Cambridge, UK),
polyclonal rabbit anti-human polyclonal ACTB antibody
(1:500; Santa Cruz), rabbit anti-human monoclonal
VEGF (1:1000), and rabbit anti-human polyclonal
MTI1-MMP (1:1000; Epitomics, Burlingame, USA). An
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HRP-conjugated anti-rabbit or goat IgG antibody was used
as the secondary antibody (Zhongshan Inc., Beijing, China).

Statistical analyses

All statistical analyses were performed using SPSS 13.0
software. The x” and Kruska and Wallis tests were used to
analyze the correlation between the levels of MMP2
expression and clinicopathological characteristics. Survival
curves were plotted using the Kaplan—Meier method and
compared using the log-rank test. The significances of
various variables in survival were analyzed using univari-
ate and multivariate Cox proportional-hazards model.
One-way analysis of variance was used to determine the
differences between groups for all in vitro and in vivo
analyses. P < 0.05 was considered statistically significant.

Results

Up-regulated expression of MMP2 in CRC

In order to assess the role of MMP2 in CRC, we performed
real-time PCR to measure the expression of MMP2 mRNA
in eight-paired CRCs and their adjacent colorectal tissues.
As shown in Fig. 1(A), all eight CRC tissues showed elev-
ated expression of MMP2 compared with their matched
normal tissues. Among them, five CRC tissues showed
markedly increased changes (>2 fold).

Immunohistochemical analysis of MMP2 protein in
CRC and normal colorectal tissues

We measured the level and subcellular localization of
MMP2 in 172 archived paraffin-embedded CRC samples
and 45 normal colorectal samples using immunohistochem-
ical staining [Fig. 1(B), a,b,c]. Specific MMP2 protein
staining was mainly found in the cytoplasm of non-
cancerous epithelial and malignant tumor cells [Fig. 1(B),
b,c]. Furthermore, we observed that in 61.2% (116 of 172)
CRC samples, MMP2 was highly expressed. In contrast,
only 31.1% (14 of 45) normal colorectal samples had
highly expressed MMP2, significantly lower than those in
the CRC samples (P < 0.001) (Table 1).

Correlation between clinicopathological features and
MMP2 level in CRC patients

The relationships between clinicopathological character-
istics and MMP?2 levels in individuals with CRC were ana-
lyzed. We did not find any significant association of
MMP2 levels with patient’s age, sex, smoking, tumor site,
and differentiation degree in 172 CRC cases. However, we
observed that the level of MMP2 was positively correlated
with tumor size (P < 0.001), tumor invasion (P = 0.016),
lymph node metastasis (P < 0.001), distant metastasis (P
= 0.003), and Dukes’ stage (P < 0.001) in CRC patients
(Table 2).
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Figure 1 Overexpression of MMP2 is unfavorable for CRC patients’ survival (A) MMP2 mRNA level was markedly up-regulated in CRC tissues
compared with their matched normal tissues. T, CRC sample; N, normal sample. (B) (a) Negative expression of MMP2 in normal colorectal sample; (b)
weak expression of MMP2 in CRC samples (magnification x400); (c): strong staining of MMP2 in CRC samples (magnification x400). Arrows means
MMP2 positive staining. (C) Kaplan—Meier survival analysis of overall survival duration in 172 CRC patients according to MMP2 protein level. The

log-rank test was used to calculate p values.

Table 1 Protein level of MMP2 between CRC and colorectal samples

Group Protein level P value
Cases  High level Low level

Cancer 172 116 (61.2%) 56 (38.8%)

Normal 45 14 (31.1%) 31 (68.9%) <0.001

Survival analysis

To investigate the prognostic value of MMP?2 expression
for CRC, we assessed the association between the levels of
MMP?2 expression and patients’ survival using Kaplan—
Meier analysis with the log-rank test. In 172 CRC cases
with prognosis information, we observed that the level of
MMP2 protein was significantly correlated with the overall
survival of CRC patients [Fig. 1(C)]. Patients with high
MMP?2 expression level had poorer survival than those
with lower level of MMP2 expression. In univariate analy-
sis, using Cox’s proportional-hazard regression model,
tumor size, tumor invasion, lymph node metastasis, distant

metastasis, Dukes’stage, and MMP2 expression were found
to be significantly correlated with patients’ survival (P <
0.001, P=10.041, P< 0.001, P < 0.001, P < 0.001, and P
< 0.001, respectively) (Table 3). Further Cox’s
proportional-hazard regression model was then used to
determine which factors were jointly predicative of overall
survival. All variables with P < 0.05 in univariate analysis
(Table 3) were included in this analysis. Tumor size,
lymph node metastasis, distant metastasis, and MMP2
expression were significantly related to overall survival of
CRC patients (P <<0.001, P=0.011, P<0.001, P=
0.007, respectively). MMP2 expression might potentially
be prognostic indicator in CRC patients (Table 3).

Reduced expression of MMP2 in CRC cells

To study the biological functions of MMP2, we introduced
a lentiviral vector containing shRNA specifically targeting
MMP?2 to stably knock down the endogenous expression of
MMP?2 in CRC HT29 and SW480 cells, and stably infected
polyclonal cells were obtained. Western blot assay results
showed that MMP2 protein in two shRNA-MMP2
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Table 2 Correlation between the clinicopathological characteristics
and level of MMP2 protein in CRC

Characteristics n MMP2 (n) P value
High level Low level

Gender 0.624
Male 116 66 50
Female 56 29 27

Age 1.000
>50 81 55 26
<50 91 61 30

Smoking 0.241
Yes 39 30 9
No 133 87 46

Tumor site 0.093
Colon 109 79 30
Rectum 64 38 26

Tumor size (cm) <0.001
<5 81 13 68
>5 91 48 43

Tumor differentiation 0.216
Good + moderate 33 19 14
Poor 139 97 42

Tumor invasion 0.016"
Expansive 34 16 18
Intermediate 82 o6l 21
Infiltrative 56 39 17

Lymph node metastasis <0.001
Positive 9 78 18
Negative 76 39 37

Distant metastasis 0.003
Positive 46 39 7
Negative 126 77 49

Dukes’ stage <0.001
A+B 60 20 40
C+D 112 95 17

“Kruska—Wallis test.

polyclonal cells was markedly reduced expression, while
two control empty vector clone cells did not show any
change in MMP2 protein level based on densitometry
analysis (Fig. 2).

Decreased expression of MMP2 suppressed the
expression of VEGF and MT1-MMP in colorectal cells
To further study the mechanism by which MMP2 regulates
cell growth and invasion, we examined the protein levels
of VEGF and MTI-MMP after MMP2 expression was
inhibited by lentiviral-mediated shRNA in CRC HT29 and
SW480 cells. Using western blot analysis, we found that
VEGF and MTI1-MMP levels were significantly decreased
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in both MMP2-suppressed CRC HT29 and SW480 cells
compared with their corresponding control cells (Fig. 2).

Suppressed expression of MMP2 reduces cell
proliferation in vitro

To analyze the function of MMP2, we studied the rate of
cell proliferation of shRNA-MMP2 CRC cells. The growth
curves determined by MTT assay showed that decreased
MMP?2 expression inhibited cell proliferation of HT29 and
SW480 cells in comparison with control cells [Fig. 3(A)].
The results from plate colony formation assay showed that
MMP2-down-regulating HT29 and SW480 (53 + 4; 48 +
5) cells formed significantly less colonies than control
clone cells (71 + 4; 66 + 3) (P < 0.05 for both cell types)
[Fig. 3(B)], suggesting the proliferation effect of MMP2 on
anchorage-dependent growth of CRC cells.

Down-regulated MMP2 expression suppresses cell
invasion

Using a boyden chamber coated with matrigel, we deter-
mined changes in cell invasiveness after 14-h incubation.
Compared with the negative control Ctr-HT29 and
Ctr-SW480 cells (175 + 13; 183 + 10), MMP2-down-
regulating HT29 and SW480 cells (82 + 16; 99 + 9) both
showed significantly decreased cell invasiveness (for both
P < 0.05) [Fig. 3(C)].

Discussion

CRC is a malignant tumor arising from the mucosal epi-
thelium of the large intestine. Genetic alterations, together
with epigenetic components and dietary factors, play a fun-
damental role in the initiation and progression of CRC by
causing a number of deregulations, such as the activation
of oncogenes and inactivation of tumor suppressors [22—
27]. However, the molecular mechanism of CRC pathogen-
esis remains incompletely understood.

MMP2, a member of Zn2+-dependent endopeptidase
family, is capable of cleaving most extracellular matrix
and basement membrane, which promotes the invasion
and metastasis of tumor cells, and thus involves in the
progression and metastasis of many tumors. The positive
expression of MMP2 was associated with higher grade
glioma. Patients with MMP2 expression had the lower
survival rate [28]. In endometrial carcinoma, a positive
correlation was found between MMP2 overexpression and
vascular and lymphatic invasion, respectively [29]. MMP2
expression was increased with the elevated grade of
cervical intra-epithelial neoplasia (CIN). However, upon
transition from CIN to invasive cancer, major
up-regulation of MMP2 expression will be observed in
invasive cancer [30].
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Table 3 Summary of univariate and multivariate Cox regression analysis of overall survival duration

Parameter Univariate analysis Multivariate analysis
P HR 95%CI P HR 95%CI
Age
>50 vs. <50 years 0.368 0.805 0.502-1.291 - - -
Gender
Male vs. female 0.348 1.254 0.782-2.010 - - -
Smoking
Yes vs. no 0.680 0.891 0.515-1.541 - - -
Tumor site
Colon vs. rectum 0.061 0.608 0.361-1.023 - - -
Tumor size
<5vs.>5 0.000 6.025 3.382-10.732 0.000 4.066 2.174-7.603
Lymph node metastasis
Positive vs. negative 0.000 3.693 2.081-6.553 0.011 2.443 1.229-4.854
Distant metastasis
Positive vs. negative 0.000 0.172 0.106—0.278 0.000 0.300 0.177-0.509
Dukes’ classification
A+Bvs.C+D 0.000 5.239 2.546—11.154 0.231 0.532 0.189-1.493
Tumor differentiation
Good + moderate vs. poor 0.551 1.217 0.639-2.318 - - -
Extent of tumor invasion
Expansive vs. intermediate vs. infiltrative 0.041 1.423 1.015-1.994 0.316 1.214 0.177-0.509
MMP2 expression
High vs. low 0.000 6.685 2.889-15.471 0.007 3.758 1.429-9.879
MMP2 VEGF MT1-MMP
1.001
0.801
S 060 % . J
c ¥
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Figure 2 MMP?2 regulated the expression of VEGF and MT1-MMP in CRC cells

Western blot showed that VEGF and MT1-MMP levels were

significantly reduced in MMP2 expression-suppressed CRC HT29 and SW480 cells compared with their control-vector cells.

In this study, we demonstrated that MMP2 was predomi-
nantly expressed in the cancer cells and epithelial cells,
which was consistent with Lipari’s and Jeffery’ reports
[12,13]. Similar to the report from Wang et al. [14], we con-
firmed that MMP2 protein levels was markedly increased in
CRC tissues compared with colorectal tissues, suggesting
that MMP2 was involved in the pathogenesis of CRC.

Using immunohistochemical assay, Li et al. [31] have
found that increased expression of MMP2 is significantly
related to higher tumor grade and larger tumor size in
node-negative breast cancer. In addition, Danilewicz et al.
[32] also have discovered that MMP2 immunostaining in
laryngeal cancer patients with lymph node metastases is
markedly increased compared with those patients without
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Figure 3 Suppressed MMP2 expression inhibited cell proliferation and invasiveness in vitro (A) The growth of control-vector cells and
shRNA-HT29 and SW480 cells was examined by MTT assay over a 7-day period. *P < 0.05, compared with their corresponding control-vector cells.
(B) The growth of control-vector cells and shRNA-HT29, and SW480 cells, was examined by plate colony formation assay. *P < 0.05, compared with
their corresponding control-vector cells. (C) Cell invasion capabilities of two control-vector cells, shARNA-HT29 and SW480, were examined using
boyden chamber assay. Data were presented as mean + SD for three independent experiments. *P < 0.05, as compared with their corresponding

control-vector cells.

lymph node involvement. In this study, we also found
that MMP2 overexpression was significantly associated
with tumor size, lymph node metastasis, tumor invasion,
distant metastasis, and Dukes’ stage of CRC patients.
This result is similar to Wang’s report [14], suggesting
that overexpressed MMP2 promoted the progression in
CRC patients and played an unfavorable role in CRC
pathogenesis. However, the correlation between MMP2
expression and the survival of CRC patients has been
never reported.

Elevated expression of MMP2 in tumor cells has been
shown to be an unfavorable prognostic factor in a few
tumors. In renal cell carcinoma, the rate of increased
expression of MMP2 is up to 67%. Its overexpression is
not only correlated with high tumor grade, but also as an
expression marker that correlated with shortened survival
[33]. Interestingly, similar results were revealed in lung
cancer, breast cancer, laryngeal cancer, and so on. By
investigation of 189 patients with early-stage non-small-
cell lung carcinoma, Passlick et al. [34] have found a sig-
nificant association between MMP2 overexpression and
shortened overall survival and disease-free survival.
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Yamamura et al. [15] also demonstrate that high expression
of MMP?2 protein significantly associates with poor overall
survival in non-small cell lung carcinomas. In lymph node-
negative breast cancer, overexpressed MMP2 as an unfa-
vorable prognostic factor is not correlated with overall sur-
vival of patients, but relates to patients’ shortened
relapse-free survival [31]. This result is similar to Leppd
et al’s investigation. However, the latter further presented
MMP2 level of serum as an independent predictor for
overall survival in node-positive breast carcinoma [35].
Furthermore, Danilewicz et al. [32] have reported in laryn-
geal cancer that the survival time of patients with higher
MMP?2 expression tumor is significantly shorter than that
with low MMP2 expression.

In the current study, we presented the evidence that
MMP2 protein expression in CRC was inversely associated
with patient’s overall survival. According to Kaplan—Meier
curve analysis, there was a significant difference in overall
survival between MMP2 negative and MMP2 positive
patients, and the patients with higher level of MMP2
protein had shorter overall survival time than those of
patients with lower MMP?2 level.
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In univariate analysis, using Cox’s proportional-hazard
regression model we found MMP2 expression was signifi-
cantly associated with patients’ overall survival (p<<
0.001). In multivariate analysis, using Cox proportional-
hazard model we found elevated expression of MMP2,
larger tumor size, lymph node metastasis, and distant
metastasis were unfavorable for shortened overall
survival time (p= 0.007, <0.001, =0.011, and <0.001
for each). We concluded that MMP2 was an unfavorable
prognostic factor in CRC patients. Therefore, MMP2
expression might be potential predictive factor in CRC
patients.

It is well known that MMP2 plays an important role in
survival, growth, and invasion of malignant cells. To better
understand the mechanisms of MMP2 promotes tumor cell
growth and invasion, we decreased MMP2 expression in
CRC cell lines with lentiviral-mediated shRNA. Analogous
to previous studies [36,37], we found that inhibition of
MMP?2 expression could markedly reduce the ability of cell
proliferation and invasiveness in vitro. These results
suggested a promoting role of MMP2 in the development
and progression of CRCs. Furthermore, we found that the
protein levels of VEGF and MT1-MMP were markedly
reduced in MMP2-suppressed colorectal cells compared
with their control cells, suggesting that MMP2 can posi-
tively regulate the expression of VEGF and MT1-MMP to
promote cell proliferation and invasion [3,38,39].

In summary, our investigation demonstrated that the
expression level of MMP2 was significantly increased in
CRC and correlated with the malignant progression status
of CRC. In addition, our data suggested that increased
expression of MMP2 was an important adverse prognosis
factor for CRC. To our knowledge, our study reported, for
the first time, the association of MMP2 expression with the
survival in CRC. Furthermore, we found that suppression
of MMP?2 could reduce the ability of cell growth and inva-
sion by regulating the expression VEGF and MT1-MMP.
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