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Objective: Matrix metalloprotease 9 (MMP9) is a group of proteolytic enzymes that mediate breaking down the 

components of the fibrillar extracellular matrix during tissue rearrangement,physical,biological and pathological 

conditions such as growth, wound healing, inflammation and tumor progression. To investigate the association 

of these markers with clinicopathologic features and survival of colorectal cancers(CRC),we examined its 

expression in colorectal cancer tissues. 

Methods: The expression of MMP9 in 91 paraffin embedded specimens of colorectal cancer and normal tissue 

adjacent to the tumor of patients referred to Imam Khomeini Hospital in Sari,Iran was studied 

immunohistochemically and the relationship between the clinical data and pathological features were 

considered,too. 

Result: 91 samples (43 women and 48 men) were studied including 6 mucinous carcinoma and 88 

adenocarcinoma. MMP9 expression was negative and positive in 31 and 66 cases respectively. Expression of 

MMP9 in normal tissue around the tumor was 5.5%. Our finding revealed that the MMP9 correlated 

significantly with tumor depth (p-value: 0.033) and metastasis to lymph node (p-value: 0.007). The association 

of MMP9 expression with the other clinicopathologic factors was not statistically significant (p-value> 0.05). 

Conclusion: According to this study,the relationship between the expression of MMP9 with lymph node 

metastasis and depth of tumor was observed. To confirm the result, vast studies with more samples and also 

with the other matrix metalloproteinase proteases is recommended. 
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Introduction 

Impetigo is an infectious skin disease caused by S. 

Colorectal cancer is the third most common 

malignancy and the second leading cause of cancer 

death, with an incidence of approximately half a 

million deaths annually and five hundred thousand 

deaths annually in the world(1, 2).Colorectal 

cancer is the third most common cancer in men and 

the fourth most common cancer in women in Iran 

(with the exception of skin cancer) that its 

prevalence is rising nowedays(3).The pathogenesis 

of colorectal cancer is the result of complex steps 

and neoplastic changes in the normal cell, tissue 

invasion and finally metastasis. In all tissues, 

extracellular matrix creates structural and 

biochemical networks to support the cells ,and so 

tumor cells react with the extracellular matrix.This 

structural rearrangement reaction is important for 

them to migrate from the original site.Extracellular 

matrix proteins play an important role in cell 

proliferation and migration and protease inhibitors 

control the matrix rearrangement.(4) In recent 

years, many studies have been done on the invasion 

ability of tumor cell using various markers 

including stem cells and lately cellular matrix 

components.(5) 

Matrix metalloproteinase is a family of 

extracellular matrix that is dependent to zinc to 

break endopeptidase and show similar activation 

mechanisms and performance(6). On the basis of 

substrate specificity and amino acid sequences,they 

are divided into four categories: Collagenase 

(MMP1,3,8), Gelatinase (MMP2,9), Stromlysine 

(MMP3,7,10,12), and membrane-type 

metalloprotease ( MT-MMP1,5) (7-9).Amond 

these,MMP9(or gelatinaseB) is an important 

member of Gelatinase ,the gene of it is located on 
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chromosome 20q11.2-q13.1.MMP9 plays a role in 

several cancer progressions by degrading collagen 

type 4 in basement membrane and facilitating 

tumor progression in extracellular 

matrix(10).Although the main substrate of MMP9 

is collagen 4 and gelatin,it has proteolytic activity 

against the other components of the extracellular 

matrix.  

Several studies showed a correlation between 

increased expression of MMP9 and poor prognosis 

in CRC patients (11-14).In addition,others 

recognized high levels of MMP9 expression in 

cancer cells compared to normal epithelial cells 

(12, 13).Some studies showed correlation of 

MMP9 expression in CRC with depth of 

invasion,lymph node metastasis and low grade 

tumors (13,15).It has been claimed that MMP9 was 

significantly associated with histological grade and 

tumor location(16-18).The relationship between 

this marker and stage in addition to metastasis has 

also been reported (12, 16,19-22).It seemed that 

there is association of MMP9 with 

clinicopathologic characteristics including age(17) 

and survival(14).  

5-year survival of patients with colorectal cancer 

has been stated 50% independent of the type of 

treatment(23) and this reaches below 10% in the 

case of metastases (24-26). Thus,regarding the high 

incidence of colorectal cancer in North Iran and the 

rising trend through the world besides a high 

occurrence in young people (27), this study aimed 

to identify the role of a new marker as MMP9 in 

colorectal cancer by immunohistochemical method 

and determine the relationship between MMP9 and  

clinicopathological parameters and also the 

survival rate. 

 

Methods  

Patients and samples:  

In this study, paraffin blocks of 91 patients with 

colorectal cancer diagnosed between years 1382 to 

1392 at Imam Khomeini hospital in Sari,Iran were 

used. The clinicopathologic data was gathered by 

using hematoxylin and eosin slides in archives, 

pathology and medical records and patients contact 

,too. Clinico-pathological parameters included age, 

gender, tumor type, depth of invasion, lymph node 

metastasis, distant metastasis (including 

liver),stage, grade,vascular and lymphatic 

invasions, type of treatment, recurrence, survival 

(based on month) and recurrence (alive/dead due to 

cancer or its complications). Patients who had 

received chemotherapy before surgery or had a 

history of familial polyposis or IBD had been 

removed.All samples were fixed in 10% formalin 

and blocked in paraffin. All sections including 

tumor and non-tumoral tissue were examined and 

selected for IHC stain. 

IHC staining proceure: 

First of all, paraffin was removed by immersing in 

xylene and secondly,the tissues were dehydrated by 

descending concentrations of ethanol,and were put 

in buffer TRIS-EDTA (PH=9).Then,they were 

transferred into microwave to boil buffer.After that, 

microwave power was reduced to 40% and after 15 

minutes the tissues were removed and placed at 

room temperature for 15 minutes.After 

washing,murine monoclonal antibody kit with 

dilution of 1.100 was used and incubated overnight 

at room temperature(Abcam anti-MMP9 100 

μg).Afterwards,the tissues were treated with 

peroxidase for 30 minutes and then chromogenic 

reaction was carried out.Breast cancer tissue 

(figure-1) and tumors were covered only by buffer 

(figure-2) were selected as MMP9 positive and 

negative control tissues respectively.The prepared 

slides were looked by two independent pathologists 

in blinded fashion under Nockon light microscopy 

at magnification of 40x. 

 

Evaluation of MMP9 staining 

Cancer cells showed diffuse cytoplasmic staining 

with no stromal expression.Accordingly,the 

intensity and percentage of cytoplasmic staining 

were determined by 4-grade system 

respectively(28) ;(0): negative(no detectable) 

(figure-1), (1):weak, (2):moderate ,(3): strong ,and 

zero: 0%, one: 1 to 5 %, 2: 6 to 75 %, 3: 76 to 

100% .The sums of total scores of staining intensity 

and percentage were considered as final score so 

that scores equal or more than 3 were considered as 

positive results (Figure 3).Marker was positive in 

60% of tumors. 

 
Figure 1.  -   Immunohistochemistry. Breast 

infiltrative carcinoma as positive control (power 

10X) 
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Figure 2. Immunohistochemistry. Colorectal cancer 

as negative control (power 10X) 

 

 
   3 erug 3. Immunohistochemistry. Colorectal 

cancer, positive in cytoplasm of tumoral 

cells(power 10x) 

 

Statistical Analysis 

The results of immunohistochemistry and patients’ 

data were analyzed by SPSS software (IBM SPSS 

statistics 20.0.1).The relationship between staining 

and clinicopathological data were assessed by the 

χ2 test or Fisher’s exact test. The Mann–Whitney 

U-test was applied to determine the correlation 

between age and the immunoreactivity. Analysis of 

variance was only used for deriving the mean 

values of each individual stratum. Univariate 

survival analysis for the outcome measure was 

based on Kaplan–Meier method. To assess the 

value of MMP-9 as an independent predictor, a 

multivariate survival analysis was done using the 

Cox proportional hazards regression model 

controlling for the confounding of MMP- 9 by the 

following variables. P- value below 0.05 was 

considered significant.  

 

Results 

In 91 patients, mean age was 56.96 ± 12.65 years, 

range 37 to 86 years. The mean age of patients with 

adenocarcinoma and mucinous carcinoma was 

65.37±13.8   and 52.33 ± 10.7 years old 

respectively . MMP9 expression was positive in 60 

cases and negative in 31. The mean age of negative 

and positive patients in terms of marker was 63.24 

± 12 and 63.24 ± 16.3 years respectively.48 

patients were male and 43 were female.The mean 

age of men and women was 63.48 ± 15.62 and 

65.71 ± 12.11 years respectively. The type of tumor 

in 85 patients was adenocarcinomas (88% in men 

and 100% in weman) and in 6 patients was 

mucinous carcinoma (1 in men and 5 in women).  

MMP9 expression in terms of male gender 

distribution was negative and positive in 34.9 % 

and 68.1% , of patients respectively and there was 

not a significant difference between the two 

groups. ( p= 0.87).MMP9 expression in adjacent 

normal tissue was found in 5.5% of cases which 

was not associated with clinical factors. 

In regard to tumor pathology,there was not a 

significant relationship between the nature of the 

tumor and MMP9(p = 0.35) in a way 35.3 % and 

64.7 % of MMP9 negative and positive groups 

were adenocarcinoma respectively.The mean tumor 

size of patients was 4/75 ± 1/94 cm with range of 

1-10 cm. Statistically tumor size was not 

significantly correlated with this marker 

expression.63 cases (69.2 %) were well , 23 cases 

(25.3 %) moderately, and 5 cases were (5.5 %) 

poorly differentiated.  

MMP9 in 21 negative and 42 positive cases were 

well differentiated (33.3 % against 66.7 %),but 

according to Fisher's exact test, there was no 

significant difference between the two groups (p= 

0.06).Of all 91 patients who studied 48 (49.5%) 

had lymph node metastasis in whom according to 

Chi-square and Fisher exact tests,lymph node 

metastasis was correlated significantly with marker 

expression(P = 0.007). As to distant metastases, 14 

people (15.4%) had metastasis in various 

organs,but no significance association was 

found(p> 0.05).The mean survival time after 

diagnosis was 33/83 ± 24/66 month with the range 

of 1- 120 month. The mean survival time in 

patients was 40/56 ± 30 month and according to the 

T-test the difference between the two groups was 

not significant (p = 0.13).Based on our data ,11 

patients had recurrence after initial treatment. 

Recurrence was occurred in 45/5 % of MMP9-

negative and 65% of MMP9-positive patients, but 

there was not a significant difference between these 

two groups. (P = 0.39) 
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Table-1. Statistical results of immunohistochemical 

assay 

 

 

 

 
                                     n MMP9        P 

+ - 

    

Total 91 60           31  

Gender   0.87 

  Men 

  Women 

43 

48 

28           15 

32           16 

 

Age 

  <55 

  >55 

Tumor location 

  Right colon 

  Left colon 

  Rectum 

Histologic grade 

  Well differentiated 

  Moderately differentiated 

  Poorly diffiferentiated 

Depth of invasion 

  T1     

  T2 

  T3 

  T4 

Lymph node status 

  N0 

  N1 

Distant metastasis 

  M0 

  M1 

  

 

 

 

 

41 

31 

19 

 

63 

23 

5 

 

      1 

     16 

     27 

     47 

 

    46 

    45 

 

    77 

    14                                         

 

 

 

 

24            17 

19            12 

17             2 

 

42            21 

17             6 

1                4 

 

1                0 

6              10 

17            10 

3 

 

       121 

 

 

       0.16 

 

 

 

       0.06 

 

 

 

       0.03 

 

 

 

 

      0.007 

 

 

       0.9 

 

 

Discussion  

Colorectal cancer is one of the most malignant 

neoplasm.The tumor pathogenesis is multistep and 

multi-factorial which is along with abnormalities of 

tumor suppressor genes and oncogenes, DNA 

repair genes and cell-cell adhesion factors(29).Cell 

proliferation and metastasis in colorectal cancer are 

the most important prognostic features.Metastasis 

is an elaborated process involving the sequential 

steps behind the invasion,such as 

seeding,colonization,migration and proliferation of 

vascular bed in distant sites(30-33). MMP9 plays 

an essential role in metastasis of CRC by 

influencing ECM(34).That is the most complex  

 

 

 

member in matrix metalloproteinase family which 

has the ability to break down elastin,laminin and 

collagen type 4 and 5(31, 32) .The MMP9 

expression and association with clinicopathological 

factors have been conducted by several studies in 

different countries in which some contradictory 

results have been obtained.Given the important role 

of proteases in the spread of cancer cells and 

metastasis,one of the most important matrix 

metalloproteinase as MMP9 was examined by 

immunohistochemistry. Abdelbaset et al. studied 

MMP9 by IHC on colorectal cancer and showed 

the relationship of MMP9 with the tumor grade and 
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its location but with no other factors (17),while 

Dake chu et al. showed that there was no 

relationship with MMP9 and tumor grade and 

location(12).More over,Nina et al. did not observe 

any correlation between MMP9 and tumor 

differentiation and location(18).Accordingly,in this 

study,no correlation with MMP9 and tumor grade 

and location was found.In this way, some 

researchers ,such as BoYang,Dake chu and 

Abdelbaset et al. revealed no relatinship with age, 

gender and type of tumor (12, 16, 17) which were 

similar to our results. Literally,this could be due to 

the limited number of studies of this marker,less 

evaluated colorectal cases in the studies ;besides, 

being as a brand new marker in this context. 

Dake chu et al. displayed the association of  MMP9 

expression with lymph node metastasis and depth 

of invasion in colon cancer (12),similarly Bo Yang 

et al. found this association with lymph node 

involvement     (16),while this association was not 

found in Abdelbaset (17)and this study (p-value < 

0.05). 

 

Conclusion 

Colorectal cancer is the third most common 

malignancy worldwide and its incidence is rising. 

In this study by examining IHC on a 

metalloprotease, found that positive cytoplasmic 

expression of MMP9 and depth of tumor invasion 

is associated with lymph node involvement but 

there is no association with other clinicopathologic 

factors for colorectal cancer. This may indicate that 

further studies on matrix metalloproteinase 

inhibitors can help to improve the prognosis of 

patients with colorectal cancer and to obtain 

valuable information. 
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