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Abstract. Matrix metalloproteinases (MMPs), a family of 
endopeptidases also known as gelatinases, have been reported 
to affect the acquisition of the cell proliferative, cell invasive 
and metastatic phenotype of several types of cancer. In 
particular, the gelatinases MMP-2 and -9 have been revealed to 
facilitate tumor growth and invasion in patients with colorectal 
cancer (CRC). However, it is not known whether the gelatinase 
activity of MMP-2 and -9 is also elevated in Vietnamese 
patients with CRC. The activity of MMP-2 and -9 in the tissue 
samples of 103 patients with CRC was evaluated by gelatin 
zymography and quantified using ImageJ. The association 
between the level of activity of MMP-2 and -9 and various 
clinicopathological factors was analyzed, and Chisio BioPAX 
Editor software was used to visualize the biological pathways 
regulating the activity of the MMPs. The present study noticed 
significantly increased activity of active MMP‑2 and MMP‑9 
in tumor tissues (P<0.01), and significantly decreased levels 
of pro-form MMP-2 and MMP-9 in tumor tissues (P<0.01), 
compared with that in adjacent tissues in patients with CRC. 
A correlation between the normalized different activity of 
MMP-2 and -9 and various clinicopathological features was 
observed. Furthermore, bioinformatics analysis indicated 
that the alteration in the activity of MMP-2 and MMP-9 may 
have been controlled by biological pathways involving the 
tissue inhibitors of metalloprotease-2 and -1. These findings 
indicate that the activity of the gelatinases MMP-2 and -9 
affects the tumor progression and metastasis of patients with 
CRC, providing a potential novel approach for determining the 
prognosis of CRC.

Introduction

Colorectal cancer (CRC) is the third most common type of 
cancer worldwide (1), ranking fourth with respect to lethality 
level with 694,000 mortalities in 2012 (2). Early diagnosis 
by population-wide screening and identification of novel 
molecular markers may be a solution to decrease the mortality 
rate of CRC.

The incidence of CRC is hypothesized to be lower in 
Asian countries than in the Western continent (3). However, 
the incidence of CRC has gradually grown over previous years 
due to the acquisition of a Western lifestyle, resulting in the 
increased consumption of red meat and alcohol in Asia (4). In 
Vietnam, the incidence of CRC is only exceeded by lung, liver 
and stomach cancer for men, and ranks fifth with respect to 
cancer incidence for women (5). However, national guidelines 
on CRC screening for Vietnamese patients remain poor.

Matrix metalloproteinases (MMPs) or gelatinases, a group 
of zinc-dependent endopeptidases involved in the degrada-
tion of the extracellular matrix (ECM), serve a critical role 
in the regulation of cell growth and other physiological 
processes (6). MMPs are also demonstrated to serve a role 
in tumor initiation, invasion, angiogenesis and metastasis by 
breaking down the connections between cells and between the 
cells and the matrix, which function as tissue barriers (7,8). 
Numerous studies indicate that MMP-9 and MMP-2 may act 
as prospective biomarkers for CRC (9-11). In addition, MMP-9 
and MMP‑2 have been suggested to contribute to the inflam-
matory process in inflammatory bowel diseases (12). However, 
the role of gelatinase activity in Vietnamese patients with CRC 
remains unknown, although a preliminary study has been 
performed (13).

The present study used gelatin zymography to detect the 
levels of activity of MMP-2 and MMP-9, and established the 
association between their activity and various clinicopatholog-
ical features in a cohort of Vietnamese patients with CRC. The 
results demonstrate that the activity levels of active MMP-2 
and MMP-9 in tumor tissue increased compared with those in 
adjacent tissue. By contrast, the activity of pro-form MMP-2 
and MMP-9 was noticed to be lower in tumor tissue compared 
with that in adjacent non-tumorous tissue. Since changes in 
expression and activity usually result from genomic alterations 
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via a complicated interplay between multiple genes and their 
products, the present study identified certain potential biolog-
ical pathways that may regulate the expression of MMPs. The 
analysis revealed the critical role of tissue inhibitors of metal-
loproteinases (TIMPs) in the control of MMP activity in cells 
and CRC. The results of the present study suggest that MMP-2 
and MMP-9 may be useful for the prognosis of Vietnamese 
patients with CRC.

Materials and methods

Materials. A total of 103 pairs of tissue samples of tumors 
and adjacent tissues, ~5-10 cm from the tumors of patients 
with CRC were obtained immediately upon surgical resection 
between August 2012 to June 2014 and stored at ‑80˚C until 
required. These samples were provided by the Department 
of Anatomical Pathology-Cytopathology, Vietnam National 
Cancer Hospital (Hanoi, Vietnam), who also classified the 
patients with cancer according to the tumor node metastasis 
classification (14). The study was approved by the local Ethics 
Committee of Vietnam National University (Hanoi, Vietnam) 
and informed consent was obtained from all patients. 
The standard enzymes used in the present study proform 
(pro)MMP-2, proMMP-9, active MMP-2 and active MMP-9, 
were obtained from Calbiochem (EMD Millipore, Billerica, 
MA, USA).

Sample preparation. The tissue samples were manually 
homogenised in 50 mM Tris-HCl (pH 7.5), 75 mM NaCl, 1% 
[volume/volume (v/v)] Triton X-100 and 0.1% [weight/volume 
(w/v)] SDS, and centrifuged at 4,500 x g for 20 min at 4˚C. 
The protein content of the resulting tissue extracts was deter-
mined by the Bradford method using bovine serum albumin 
(Sigma-Aldrich; Merck Millipore, Darmstadt, Germany) as a 
standard.

Gelatin zymography. Gelatin zymography was performed 
to quantify the activity of the activated and proenzyme 
forms of the gelatinases MMP-2 and MMP-9 in the tissue 
extracts, as described by Murnane et al (15). Each extract was 
diluted in the appropriate ratio with loading buffer [0.125 M 
Tris-HCl (pH 6.8), 17.4% (v/v) glycerol, 4% (w/v) SDS and 
0.01% (w/v) bromophenol blue], and loaded on a 10% (w/v) 
SDS-polyacrylamide gel containing 0.1% (w/v) gelatin 
(Sigma-Aldrich; Merck Millipore) as a substrate.

Subsequent to running, the gels were washed 3 times in 2.5% 
(v/v) Triton X-100 for 30 min at room temperature to remove 
the SDS. The gels were incubated overnight at 37˚C in 50 mM 
Tris-HCl (pH 8.0), 150 mM NaCl and 10 mM CaCl2 under gentle 
agitation to recover the activity of the enzymes. The gels were 
stained for 45 min with 0.25% (w/v) Coomassie Brilliant Blue 
R250 dissolved in 40% (v/v) methanol and 10% (v/v) glacial 
acetic acid. Proteolytic activities were visualised as clear zones 
against a dark blue background, indicating lysis of gelatin.

A total of 0.5 ng per lane of recombinant proMMP-2, 
active MMP-2, proMMP-9 and active MMP-9 were loaded as 
standards to identify the bands corresponding to each enzyme 
and to allow the comparison of their activities (Fig. 1). The 
activation of recombinant proMMP-2 and MMP-9 was 
achieved by incubation with 1 mM p-amino-phenylmercuric 

acetate (APMA), as recommended by the manufacturer 
(Sigma-Aldrich; Merck Millipore).

Quantification of the proteinase activity using ImageJ. ImageJ 
software (version 1.48; National Institutes of Health, Bethesda, 
MD, USA) was used to compare the expression levels of 
MMPs between the samples. To normalize the data between 
the lanes and the samples, the pixel density of each band in a 
gel was divided by the total pixel density of all bands in the 
same lane to yield the ‘normalized value’. Normalized values 
of each band are calculated using the following formula: 
X(%)=(100xSn)/∑Si, where Sn is the area value of the nth band 
in a lane; ∑Si is the total of area value of all the bands in a lane; 
and X is the normalized intensity value.

Visualization of pathways involving MMP‑2 and MMP‑9 
using Chisio BioPAX Editor (ChiBE). ChiBE is a free soft-
ware tool designed to visualize and analyze human pathways 
through the combination of deep pathway information, diverse 
genomic data and expression profiles (16). In the present study, 
ChiBE (version 2.2.0; https://code.google.com/p/chibe) was 
used to globally represent the pathway connections associated 
with MMP-2 and MMP-9, which were input as queries.

Statistical analysis. Comparisons between MMP levels in 
tumor tissue and adjacent tissue were performed using statis-
tical tests, including Student's t-test and Kruskal-Wallis test. 
P<0.05 was considered to indicate a as statistically significant 
difference.

Results

Activity of MMPs by gelatin zymography. The present study 
aimed to determine the precise location of active and pro-forms 
of MMPs in the gel. Fig. 1 illustrates the presence and loca-
tion of active MMPs and proMMPs derived from standard 
enzymes and tissue extracts of two patients with CRC, patients 
no. 39002 and 42527, which were representative of all the cases 
evaluated. Zymography clearly identified the location of stan-
dard active MMP-2 (lane active MMP-2; Fig. 1A), two bands 
of standard active MMP-9 (lane active MMP-9; Fig. 1A), two 
bands corresponding to standard proMMP-2 (lane proMMP-2, 
Fig. 1A) and a band representing standard proMMP-9 (lane 
proMMP-9, Fig. 1A).

In the tumor sample, the location of the bands corre-
sponding to proMMP-2 and active MMP-2 (Fig. 1B) was 
identified from the bands in the standards (Fig. 1A). These 
data also revealed the inverse activity of the bands corre-
sponding to proMMP-2 and active MMP-2 observed in the 
two patients (Fig. 1B). Thus, subsequent to being activated, 
the area of the band corresponding to active MMP-2 increased 
by 1.8-fold, while that of proMMP-2 decreased by 1.8-fold 
(Fig. 1B, case no. 39002). The effect of activation was revealed 
in a tissue sample from patient no. 42527, where treatment 
with APMA increased the activity of the band corresponding 
to active MMP-2 by 18-fold (Fig. 1B).

Based on the aforementioned defined locations of the active 
and proforms of MMP-2 and MMP-9, the present study carried 
out gelatin zymography for 103 pairs of samples from patients 
with CRC. The analysis identified the presence of proMMP‑9, 
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active MMP-9, proMMP-2 and active MMP-2 in the tissue 
samples of Vietnamese patients with CRC (Fig. 2). Overall, in 
the majority of the samples, the activity of active MMP-2 and 
MMP-9 increased in the tumor tissues compared with that in the 
adjacent tissues. These results were additionally used to measure 
the levels of the active and proforms of MMP-2 and MMP-9 for 
each sample using ImageJ. In addition, the present study observed 
the appearance of other bands of larger molecular weight (Fig. 2), 
which may be due to the tissue extracts containing other types of 
proteinases exhibiting gelatinase activity.

The levels of active MMP-2 and MMP-9 in tumor tissues 
were revealed to be significantly higher than those in adjacent 
tissues. The normalized activity of active MMP-2 and MMP-9 
was ~1.9 times higher in the tumor than in the adjacent tissue 
(P<0.001; Table I). The method used in the present study also 
allowed the calculation of the active/proenzyme ratio in the 
two types of sample. The ratio of active MMP-2/proMMP-2 
and active MMP-9/proMMP-9 of tumor tissue was double 
that of adjacent tissue (P<0.001; Table I). This may associated 
with the decrease in the level of proMMP-2 and proMMP-9 
in tumor tissue in comparison with that in adjacent tissue 
(P<0.01; Table I).

Association between the activity of active MMPs, proMMPs 
and clinicopathological parameters of patients with CRC. 
Table II presents the association between the activities of 
active MMP-2 and MMP-9, their proforms and several clini-
copathological features of patients with CRC. The normalized 
different activity was defined as the difference between the 
level of activity of a certain enzyme in the tumor and that in 
the adjacent tissue in each group. The normalized different 
activity of proMMP‑2 exhibited a significant positive corre-
lation with the extent of lymph node metastasis (N stage; 
P=0.049) and the extent of tumor invasion (T stage; P=0.030). 
The level of activity of proMMP-2 in tumor tissue at T1 and 
T2 increased almost by 4-fold compared with that at T3 and 
T4. The normalized different activity of active MMP-2 was 
inversely correlated with the size of the tumors (P=0.044; 
Table I). In addition, no association was detected between age, 
gender or differentiation and MMP-2 activity (P>0.05).

Table II demonstrates that the normalized different activity 
of proMMP-9 was different between genders (P=0.012). In the 
female group, the value was 1/3 higher compared with that 
in the male group. Similarly, the present study observed an 
association between the level of active MMP-9 and T stage 

Figure 1. Gelatinase activity of MMPs in human colorectal cancer tissue extracts detected by quantitative gelatin zymography. (A) The position of proMMP-2, 
MMP‑2, proMMP‑9 and MMP‑9 was confirmed using standard enzymes and APMA, ratio 10:1. (B) Gelatinase activity of active and proforms of MMP‑2 
in tumor samples from patients no. 39002 and 42527 prior and subsequent to activation by APMA. MMP‑2 and proMMP‑2 activities were quantified using 
ImageJ. MMP, matrix metalloproteinase; pro, proform; APMA, p-amino-phenylmercuric acetate.



BUI et al:  ACTIVITY OF MMP-2 AND MMP-9 IN COLORECTAL CANCER2100

(P=0.023), with tumor tissue at T stages 1 and 2 showing an 
almost 2-times higher level of normalized different activity 
compared with that of tumor tissue at T stages 3 and 4. None of 
the remaining parameters exhibited a correlation with MMP-9 
activity (P>0.05).

Biological pathways associated with MMP‑2, MMP‑9 and 
their changes in CRC. The present study then investigated 
the possible consequences of the alteration in the levels of 
activity of MMP-2 and MMP-9 in tumor tissue by evalu-
ating the molecular connections of these MMPs to cellular 
pathway networks. The majority of MMPs exhibited close 

functional associations at the molecular level (Fig. 3). For 
example, MMP-2, MMP-7, MMP-9 and cluster of differentia-
tion 44 form a complex that has a functional interaction with 
MMP-1. The α2-macroglobulin (A2M) complex consists 
of A2M and various MMPs, including MMP-1, MMP-3 
and MMP‑2. In addition, this network identified a catalytic 
connection between MMP-1 and MMP-9, suggesting that 
MMP-1 affects the activation of MMP-9. Notably, the present 
study detected the natural inhibitors of MMPs, TIMP-2 and 
TIMP-1, in the pathway landscape of MMP-2 and MMP-9, 
respectively. TIMP-2, MMP-14 and MMP-2 form a functional 
complex, similar to MMP-9 and TIMP-1.

Figure 2. Gelatinase activity of the active and proforms of MMP-2 and MMP-9 in tissue samples of patients with colorectal cancer by quantitative gelatin 
zymography. Representative samples from patients no. 10136, 10626, 19563, 19601, 27158, 38432, 39400 and 38784 are shown. MMP, matrix metalloproteinases; 
proMMP, pro-form MMP; A, adjacent tissue; T, tumor tissue.

Table I. Normalized activity of MMP-2 and MMP-9 in tumor tissue and adjacent tissue of patients with colorectal cancer, n=103.

 Mean normalized activity (standard deviation)
 ------------------------------------------------------------------------------------------------------------------------------------
 Adjacent tissue Tumor tissue P-value

MMP-2
  ProMMP-2 23.9 (19.5) 18.6 (11.1) 0.007
  Active MMP-2 4.9 (4.3) 9.3 (5.8) 4.8x10-9

  Ratio of active MMP-2/proMMP-2 0.31 0.68 8.2x10-8

MMP-9
  ProMMP-9 42.3 (16.9) 36.8 (13.6) 0.006
  Active MMP-9 6.1 (8.6) 11.7 (8.9) 2.9x10-6

  Ratio of active MMP-9/proMMP-9 0.19 0.38 2.0x10-5

MMP, matrix metalloproteinase; pro, proform.
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Discussion

The present study demonstrated that active MMP-2 and 
MMP-9 levels are significantly increased in tumor tissue 
compared with those in adjacent tissue of Vietnamese 
patients with CRC. This result is consistent with previous 
studies investigating the association between the activity 
of MMP-2 and MMP-9 and the progression of CRC (15,17) 
Murnane et al (15) observed the expression of active MMP-2 
in 99% of 269 patients with CRC, and 95% of these patients 
exhibited an elevated activity of active MMP-2 in tumor 
tissues, which was ~10 times higher than that in normal 
tissues. While the activity of proMMP-2 and proMMP-9 has 
also been shown to rise in tumor tissue compared with that in 
normal tissue (15,17), the results of the present study demon-
strate a lower level of activity of proMMP-2 and proMMP-9 
in tumor samples compared with that in adjacent tissue, 
suggesting that the activation of MMP-2 and MMP-9 may be 
a crucial step in the process of tumor invasion. Indeed, the 
MMP-2 test was revealed to be the most effective with respect 

to the detection of CRC, with a sensitivity and specificity of 
84 and 93%, respectively (15).

By gelatin zymography, MMP activity has been verified 
in the breast tissues of Indian patients (18). Active MMP-2 
and MMP-9 levels in malignant breast tissue were higher 
compared with that in adjacent tissue, and proMMP-2 levels 
were significantly higher in adjacent tissue compared with 
malignant breast tissue, which is consistent with the results 
of the present study. Weng et al (19) investigated the role 
of the activity of MMP-2 and MMP-9 in Chinese patients 
with early-stage lung cancer, revealing that MMP-9 activity 
decreased, while MMP-2 activity increased, in cancer tissues 
compared with that in normal samples (19). In addition, in 
Italian patients with bladder tumors, prostate cancer and renal 
carcinoma, the majority of cancerous urine samples contained 
MMP-9 activity, but only a small number contained MMP-2 
activity (20-22).

The increased activity of active MMP-2 and MMP-9 in 
tumor tissue may be due to the decreased level of TIMP-2 and 
TIMP-1; however, in the scope of the present study, the impact 

Table II. Normalized different activity of MMP-2 and MMP-9 in colorectal tissues vs. adjacent tissues and its association with 
clinicopathological parameters.

 Normalized different activity
 ---------------------------------------------------------------------------------------------------------------------------------------------------
Parameter No. of cases ProMMP-2 Active MMP-2 ProMMP-9 Active MMP-9

Age, years
  <50 22 -9.8 3.8 -5.1 9.4
  ≥50 81 ‑4.7 4.4 ‑5.2 5.5
  P-value  0.180 0.361 0.298 0.086
Gender
  Male 42 -7.7 5.4 -4.1 7.9
  Female 61 -4.4 3.4 -5.8 5.3
  P-value  0.089 0.218 0.012 0.132
Differentiation
  High 11 6.4 5.8 -6.4 8.5
  Moderate 67 -6.8 4.1 -5.2 6.1
  Poor   6 -5.8 1.9 -4.7 11.9
  P-value  0.174 0.533 0.967 0.356
Tumor size, cm
  <3.0 27 -9.5 6.1 -3.4 8.9
  3.0-3.5 36 -3.1 5.2 -7.5 4.6
  >3.5 38 -5.7 1.9 -4.7 6.5
  P-value  0.492 0.044 0.596 0.297
N stage
  N0 68 -8.3 3.8 -4.0 7.1
  N1,2 35 -7.9 5.1 -7.4 4.8
  P-value  0.049 0.201 0.186 0.159
T stage
  T1,2 35 -11.8 5.0 -5.0 9.3
  T3,4 68 -2.6 3.9 -5.2 4.8
  P-value  0.030 0.243 0.476 0.023

MMP, matrix metalloproteinase; pro, proform.
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of TIMPs was only considered with respect to the network. 
The association between TIMPs, MMPs and cancer remains 
unknown. Offenberg et al (23) revealed an elevated expres-
sion of TIMP-1 and a reduced expression of TIMP-2 in CRC 
samples in comparison with that in normal samples. In addi-
tion, an association between the downregulation of TIMP-2 
expression and the increased activity of MMP-2 in patients 
with CRC patients has been identified (24,25). By contrast, 
upregulation of TIMP-2 has been reported to promote MMP-2 
activation and invasion in human glioblastoma cells (26). 
Utilizing bioinformatics tools, the present study explained 
the association between TIMP-2 and MMP-2 based on the 
biological pathways connecting them (Fig. 3). At the post-trans-
lational level, TIMP-2 forms a complex with MMP-14, which 
activates proMMP-2 on the tumor cell surface (27). From this 
point of view, there is a proportional correlation between the 
expression of TIMP-2 and MMP-2. Notably, the present study 
revealed that, besides MMP-14, MMP-16 may also contribute 
to catalysis through this type of interaction. In fact, MMP-2 
has been observed to be activated by several members of 

the membrane-anchored MMP family, including MMP-14, 
MMP-15, MMP-16 and MMP-17 (27,28). The arrangement of 
the activated cell surface associated MMP-3 is well known, 
although cell surface-associated activator receptor mecha-
nisms for MMP-9 remain unclear.

TIMP-1 is well known as the inhibitor of MMP-9, and the 
present study identified TIMP‑1 in the pathway regulating the 
activity of MMP-9 in the network represented in Fig. 3. It has 
been shown that the expression of TIMP-1 increased in the 
tumor tissue of patients with CRC (29). Whether the impact of 
TIMP-1 on MMP-9 activity across different types of cancer 
is identical, however, remains unknown. In case of thymic 
epithelial tumors, neither MMP-9 nor TIMP-1 were observed 
to affect cancer invasiveness (30).

With respect to clinicopathological features, the present 
study revealed certain unexpected results. While the study of 
Waas et al (17) revealed no correlation between the expression 
or activity of active or proMMP-2 and MMP-9 and T stage, the 
results of the present study revealed a reverse correlation in the 
case of proMMP-2 and active MMP-9. Normalized different 

Figure 3. Network of biological pathways associated with MMP-2 and MMP-9. All molecular components interact with MMP-2 and MMP-9 by physical or 
functional interaction. A2M, α2-macroglobulin; CD, cluster of differentiation; MMP, matrix metalloproteinase; TIMP, tissue inhibitors of metalloproteinase.
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activity of proMMP-2 and active MMP-9 in tumors at T1 and 
T2 stages were 4 and 2-times higher than that of tumors at T3 
and T4 stages, respectively (Table II). There was no correlation 
detected in the case of MMP-2 (Table II), which is consistent 
with the study of Waas et al (17). According to that study, 
the transition tissues located between the tumor and normal 
tissues of the patients with newly developing metastases 
express a higher level of enzyme activity than that exhibited 
by the group of patients without metastasis.

The present study observed that the normalized different 
activity of MMP-2 declined as the tumor size decreased. The 
degradation of the ECM structure by MMP-2 is required during 
the early stages of tumor development in order to destroy the 
surrounding connective tissues, and this is considered to be 
the consequence of the elevated expression of MMP-2 (31). 
However, when the tumor matures to a defined dimension, its 
invasion into the ECM may be reduced, which would result in 
a reduction in the activity of MMP-2, which was observed in 
the present study.

The present study identified a correlation between the 
level of MMP-9 activity and the invasive state of the tumor. 
Measuring protein expression in the tissue of patients with 
CRC, Kostova et al (32) noticed that the expression of MMP-9 
exhibited a positive correlation with the level of tumor inva-
sion. By contrast, no correlation was detected in the present 
study between active MMP-2 and the level of tumor invasion. 
The difference between MMP-2 and MMP-9 in terms of their 
association with T stage may be due to the diversification with 
respect to function. MMP-2 participates in a wide range of 
functional pathways, including remodeling of vasculature, 
tissue morphogenesis, regulating the bioavailability of several 
growth factors, inflammation (33) and atherosclerotic plaque 
rupture (34), whereas MMP-9 mainly serves a role in the local 
proteolysis of the ECM, angiogenesis and leukocyte migra-
tion (35).

In conclusion, the present study identified elevated levels 
of MMP-2 and MMP-9 activity in tumor tissues compared 
with those in adjacent tissues in Vietnamese patients with 
CRC. The present study clearly demonstrated the differences 
between MMP-2 and MMP-9 in terms of proteinase activity 
and correlation with clinical parameters. The present results 
suggest the importance of distinguishing the participation of 
active and proforms of MMPs in colorectal tumor progres-
sion. These results emphasize the potential application of 
MMPs in the development of CRC prognosis and the require-
ment of additional investigation into the mechanism of how 
changes in the levels of MMP expression elevate cancer, and 
whether differences between studies may be associated with 
differences in patient cohorts and ethnicity, which may affect 
disease onset and progression. Additional studies on a larger 
population of Vietnamese patients with CRC are required to 
define the importance of MMP‑2 and MMP‑9 as markers for 
CRC. The data presented in the present study are prerequisite 
to a forthcoming study on the 5-year survival rate of patients 
with CRC.
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