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Abstract 

Matrix metalloproteinases (MMPs) are a group of zinc -dependent enzymes that have a role in  the 

tumor cell invasion and metastasis, so involved in different malignancies ,MMPs are essential in the 

degradation process and also promote cellular migration, regulate growth factors and cytokines, 

influence apoptosis and collaborate in neovascularization , the expression of these proteins is 

regulated by their physiological inhibitors :tissue inhibitors of metalloprotein (TIMPs) ,the expression 

levels of these proteins in tumoral, stromal, and inflammatory cells can be considered potential 

tumoral microenvironment invasion markers. 

The expression level of MMP2 and TIMP1 in serum  wasdetermined by Eliza  ,and in tissues  by 

Immunohistochemistry. 

The present studyrevealed that MMP2&Timp1 levels were significantly higher in prostate cancer 

serum and tissue compared to controls, and their levels were positive associated with Gleason 

grades and stages in patients. 
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Introduction 

Cancer is a type of diseasecharacterized by uncontrolled cell proliferation, invasion, and 

metastasis of cells from the primary site to other parts of the body (Aghajani et al., 2020) 

 Prostate cancer is the most commonlydiagnosed malignancies cancer and the leading 

cause of cancer death in men, with morbidity and mortality caused mostly by invasion and 

metastasis (Jemal et al.,2009). 
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Matrix metalloproteinases (MMPs) are  Ca2+–Zn2+-dependent endopeptidases  family and  

that play important role in proliferation, migration, angiogenesis  and death of cells  (Abdul-

Muneer et al.,2016) ,MMPproduced by neoplasticandstromal cells, are divide into five 

categories:gelatinases collagenases,stromelysins ,matrilysins, and membrane-type 

metalloproteinases (Vihinen  and Kahari,2002). 

MMPs can stimulate the growth ofa tumor,cell invasion,angiogenesis ,metastasis ,and 

vascularization by regulating the expression  and activity ofcytokines, growth factors,, and 

chemokines(Yadav et al.,2014).Several of MMPs protiens,including MMP2,have been 

associated to poor outocomes and can be used as  prognostic indicators for solid 

tumors,with elevatedexpression levels of MMP in tumors orplasma \serum of patients 

(Tantai  et al,2016). 

Tissue inhibitors of metalloproteinases (TIMPs) are endogenous proteins could decrease 

cell proliferation and migration by blockingthe function of Matrix metalloproteinases 

(MMPs). Previous studies have revealed that disrupting the equilibriumbetween  MMPs 

and TIMPs was disrupted can lead to the breakdown of the extracellular matrix and 

stimulate tumor cell migration, invasion, or other receptor-mediated modulation (Tauro 

and Lynch , 2018). 

MMPs and there tissue inhibitors  have a dynamic balance that have a role in extracellular 

matrix degradation, repair, angiogenesis, and tissue remodeling  (Sato and Takino,2010), 

Several studies have detected the role matrix metalloproteinases (MMPs) and their tissue 

inhibitors (TIMPs) in  PCa metastasis and tumorigenesis  majority of the studies conducted 

by looking at in situ expression of the metalloproteinases,via immunohistochemistry with 

biopsy or postoperative tissue or through transcriptional measures, Wilson.,et 

al.2002RevealsMMP-2 is secreted by the human prostate gland, both in vivo and in vitro,  

higher expression levels of MMP-2 are associated with rising Gleason scores, tumor 

metastasis, and  more aggressive  prostate cancer (El-Chaeret al.,2018) 

The aim of this study was to evaluate the expression levels of MMP-2 and TIMP-1 in the 

serum and  tissue, determine correlation between their levels  withadvanced Gleason score 

&stage  in order to achieve a better knowledge of the role of MMP-2&TIMP1 in prostate 

cancer and possibility to be a biomarker for cancer 

 

 

 

https://www.ncbi.nlm.nih.gov/pubmed/?term=El-Chaer%20WK%5BAuthor%5D&cauthor=true&cauthor_uid=30123587
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Materials and Methods 

 The groups of the current study were included100 serum sample (50 healthy &50 patients) 

, and 60 sample offormaline fixed paraffin embedded tissue(FFPE)(30 benign and 30 

malignant) from AL-Sader Hospital 

The range of ages was 50-80 in all samples, the protocol of this study was confirmed by an 

ethical committee, information on cancer histopathology, and other information was 

included age, weight, sport, smoking, job, from pathology reports. 

          The PC samples were divided into two categories according to their  PC grades (grade 

2-5 )and  (grade 6-9 ) and according to stages divide tostage  stage1,stage2,stage3,stage4. 

           Serum levels of circulating MMP2&TIMP1 was assessed by using Immunosorbent 

assay (ELISA) kit (BioSource company ,USA) on 96-well microtiter plates using 8-well stripes 

according to manufactures instructions. 

Assessment of MMP2&TIMP1 in prostatic tissue was assayed by Immunohistochemistry 

assay with FFPE tissue procedure(Cuello,1993). 

Formaline fixed paraffin embedded tissue was cutting to 4 mm in  thickness ,then 

deparaffinized , rehydrated,immunostaining for MMP-2&TIMP-1 involved  heat-based 

antigen retrieval(5 min at 95C) was conducted ,followed by  endogenous  peroxidase 

blocking with  3% hydrogen peroxide for 5 min , 100 μl primary antibody solution was 

added to the  slides at 37 °C for at least 60 minutes with humidified, Secondary Antibody 

Reaction: 100 μl of biotinylated secondary antibody was applied to every Slide, a humidity 

of chamber for at least 30 minutes. at room temperature, Substrate Preparation: One drop 

(approximately 20μl) from DAB chromogen  added to each 1ml of substrate buffer ,mixed 

immediately and applied to tissue sections, Counterstaining   with  Mayer's hematoxylin 

was applied to cover the sections then incubated for 5 minutes,  then rinsed gently with 

distilled water for 5 minutes  mounted and examined. 

The immunostaining  MMP2 &TIMP-1 in  the samples was detected by founding or not of 

brown granules in the cytoplasm of the cells to  detect positive &negative staining, then 

scored by semi-quantitative according to the evaluating intensity& percent of positively 

stained cells, due to the staining intensity ,the samples were categories into  0 : negative 

1:Weak, 2:intermediat, and  3: Strong,and according to the percent of positive staining, 

the cases were grouped to 3 categories as follow score  0 :0%  negative score ,  and (1:<10%   

,2:10-50% , :3 >50%) positive score , in positive staining the highest score was:6 and the 
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minimum:1, in the final we have a threshold  value of 3, so a value≥3 considered as  a high 

score and <3 as a low score(Nagel et al .,2004). 

 The statically analysis  for all data was performed by using SPSS.23 ,independent T-test 

,one way a nova and Chi-square test were performed to detect correlation  coefficient 

betweenexpression of MMP2&MMP9 in differentvariables,statisticalcal significance  

(P<0.05) was consideredastatistically significant and all data were represented by mean ± 

Standard deviation. 

Results 

Serum levels of MMP2&MMP9 

The results showed that the comparison between serum levels of  the circulating MMP-

2between patients and controlswere significantly difference( p <0.05) ,since in patient 

group was :(19.9686±5.9068) whereas in  controls group was :( 11.0762±4.20832), also 

there was significant difference in  serum level ofTIMP1 between  patients and controls 

group which was: (1756.984±162.0659) and : (1601.681±331.5612) respectively (figure 

1:A&B) . 

  

 

 

 

 

Figure (1) Serum level of MMP-2(A)&TIMP1 (B) in patients and controls groups ,as 

determined  by independent t-test . 

Expression levels of MMP2 and timp1according to different PC Grades 

The results reveals that there were significant differences(P<0.05 )  in serum levels of 

MMP2according to different grades of prostate cancer, since the expression  level of MMP2  

was  (12.2003 ±4.2727 )in (Grade 2-5 ) group whereas it was ( 19.9229± 6.77136) in (grade 

6-9 )groupfigure 4(A) 

 The expression  level of TIMP-1 also showed significant differences(P<0.05 )  between  

grades groups, which was (1633.9765 ± 335.89899 )in(Grade 2-5 )  and was (1832.2786± 

140.70016 ) in (grade 6-9 )  figure 4(B) 
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Figure (4:A&B)Comparisonexpression levels of MMP2(A) and timp1(B)between  

twoGleason score groups in PC patients 

Comparison serum  levels of MMP2 & TIMP-1 according to different PC stages 

Theresults showed that there were differences in serum level of MMP-2between different 

stages groups of PC which was (7.06 ± 1.83521)in stage1,  (11.004±5.55248) in stage 2, 

(11.3666±5.50291) in stage 3 and  (22.4136 ±6.60953) in stage 4,these different were not 

significant  between stage 1,stage 2 and stage 3, statistically significant different (P<0.05 

)was only between stage4 when compared with other stages figure (5) 

 

  

  

 

 

 

Figure (5) : Correlation expression level of MMP-2 between different stages  of  PC patients 

samples,the differencewas significantly  only between stage 4 and other stage  

Also results showed there were different inThe expression level of TIMP-1  between 

different stages of PC which was (1503.2435 ±232.618) in stage1,( 1599.1373±250.6076) in 

stage 2 , (1730.8312± 84.47494) in stage 3 and (1849.7651± 106.1139 ),statistically 

significant  different(P<0.05) was only  between stage4  and stage 1,figure (6) 
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Figure (6) : Correlation expression level of TIMP-1 between different stages  of  PC patients 

samples,the different was significantly  only between stage 4 and  stage1 , (P<0.05 ) as 

determined  by one way a nova. 

Quantitative detection of  MMP-2&TIMP-1 

 The expressionofMMP2 &TIMP-1   was checked in prostate cancer and benign  

prostatichyperplasia tissues  by using the Immunohistochemistry staining technique , the 

expression was classified  into  positive when staining strong,moderate,low  , and negative 

when there are no staining(7&8) 

Semi quantitative detection of  MMP-2&TIMP-1 

The expression of MMP-2 &TIMP-1 were resides in the cytoplasm or interstitial , 

resultsrevealed that there were significant differences in MMP2 &TIMP-1expression level  

between benign and malignant of prostate tumor at (P value <0.05 ),  table (1) & (2) based 

on the immune positive tumoral percentage and intensity of staining  

Table 1: Immunoscore of MMP2 between benign and malignant tumor showed significantly 

different between malignant and benign tumor tissue,as determined  by Chi-squaretest  

<3 >3

Count 6 24 30

%within 

Malignant prostate 0.007

Prostate tumor tumor

Count 16 14 26

%within 53.30% 46.70% 100%

prostate

tumor

Total

MMP2 Immunoscore cross tabulation

P-valueperson chi squar

Immunoscore

100%

7.177a

Benign

20% 80%

 

Table2: Immunoscore of TIMP-1 between benign and malignant tumor showed significantly 

different between malignant and benign tumor tissue,   as determined by Chi-square. 
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<3 >3

Count 0 20 20

%within 

Malignant PC 100% 0.05

Prostate tumor

Count 17 13 30

%within 

BH 56.70% 43.30% 100%

TIMP1    Immunoscore cross tabulation

Benign

Immunoscore

Total person chi squar

73%26.70%

P-value

14.118a

 

 

 

  

 

 

 

 

  

  

 

 

Figure(7): Immunohistochemistry expression of MMP2 in human Prostate  tissue  with 

different intensity,(A ) positive strong staining(B)positive  moderate staining ,(c)positive 

weak staining ,(D) negative staining  . 
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Figure(8):  Immunohistochemistry expression of TIMP-1 in human Prostate  tissue  with 

different intensity,(A ) positive strong staining(B)positive  moderate staining ,(c)positive 

weak staining ,(D) negative staining   

Discussion 

Matrix metalloproteinases play a key role in the destruction ofthe extracellular matrix 

(ECM) and their bioactivities  are control by the (TIMPs)( Bourboulia and Stetler-

Stevenson.,2010). 

Both MMPs and TIMPs have been reported to be changed in malignant and benign tumors, 

as well as during invasion and metastasis, which require the degradation and removal of 

extracellular matrix (Schröpfer et al .,2010). 

The present study  detected  the MMP-2 ,and TIMP-1   levels in cancerous and non- 

cancerous in  serum by Eliza technique and  in tissue by Immunohistochemistry staining   

and showed  that there  significantly different in their expression  : higher expression in 

patientscompare to controls serum and tissue of malignant tumor compared to a benign 

tumor of  samples . 

Our study agrees with (Gohji et al.,1998)who detected MMP-2 in serum specimens  and 

show that the level of MMP-2  was associated with the advance and progression of 

prostate cancer and that MMP-2  serum level refers to the degree of prostate cancer 

progression. 

Also,( Lichtinghagen et al .,2002) observed high expression of MMP-2 in  cancer tissue by 

using immunohistochemistry . 

The levels of MMPs in tissueandserum are high expression, significant prognostic, 

implicated in many aspects in the  progression of prostate cancer and effect on their 

microenvironment which refers to their role in prostate cancer molecular biology (Gong et 

al ,2014). 

Several MMP proteins ,including  MMP2, are related topoor outcomes, and can be 

employed as prognostic indicators for the solid tumors, with rising MMP expression levels 

in  tumor or serum of patients (Tantai et al .,2016). 

Many studies refer to an increase in circulating levels of most MMPs with cancer 

progression,making their analysis promising for use in the diagnosis and prognosis of 

various types of tumors, although research in this fieldhave been down , results are 
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conflicting, and it has not been possible so far to define a given MMP with the potential to 

distinguish any type of cancer(Hadler-Olsen et al .,2013). 

During cancer progression, it is important  that cancer cells properly connect  with and 

successfully modify their surrounding host microenvironment,cancer cells communicate 

with their surrounding microenvironment via the receptors of cell-surface adhesion and the 

receptors for the extracellular matrix (ECM) and modify their surroundings largely by 

activities of the  (MMPs)( Walker et al.,2018). 

(Gong et al.,2013) performed immunohistochemistry (IHC) on a panel of human samples  of 

prostate cancer and normal prostate tissues ,the results showed that TIMP-1 protein is  

more elevated in  the stroma of prostate cancer compared to its normal counterpart. 

(Reis et al.,2015) refer to that MMP2 is positive in prostate cancer but  its regulators (TIMPs 

) are negative in the majority  of cases. 

Current  study showed  that the expression  of MMP2 and TIMP1  is significant different 

and positive association  with  advanced Gleason  scoregrade degree  and thecomparison 

between different  stagesof pc  groups show  there was  significant different between stage 

4 and other stages , while TIMP1 concentration  has significant different only  between 

stage1 &stage 4  . 

(XIE et al .,2015)  refer to that the meta-analysis revealed that MMP-2 level in the PCa 

group was significantly higher than that in the benign prostatic hyperplasia (BPH) group  

also,  the level of MMP-2  was significantly related to Gleason  

Score and clinical stages ,so  MMP2 can used as an indicator in PCa patients, several 

investigators have confirmed that the expression of TIMP1 in tumor tissue is lower than the  

unchanged one(Brehmer et al 2003., Lichtinghagen et al.,2002). 

 There is an imbalanced expression of MMPs and TIMPs in the prostate cancer tissue, 

represented  bya reduction  in expression of TIMPs and an  a high level of MMPs, as such, 

so generally thought that MMPs are more active in higher stages of prostate cancer, also 

most MMPs show increase in their expression in higher Gleason score tumors (Miyake et al 

.,2010) 

Studies showed the role of TIMP-1 on cancerprogression have yielded contradictory results 

,Sinceit is an endogenous inhibitor of MMPs so high expression ofTIMP-1 were postulated 

to block  metastases indeed, several research showed that  high expression of TIMP1 was 

related  to tumor suppression incell lines and  mice that genetically engineered (chen et al 

.,2011 ; Bloomston et al  ;2002., Ikenaka.,2003) 
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Conclusion 

1. Overexperssion of MMP1 &TIMP1 protein correlates significantly to prostate cancer 

2. The correlated assessment of MMP2 and TIMP1 is useful in the evaluation of their 

potential prognostic capacities 

3.The circulating levels of MMP-2&TIMP-1 aresignificantly high in prostate cancer  patients 

when compare to  healthy controls and this indicator to these role in prostate cancer. 

3.The significant correlation between   MMP-2&TIMP-1 expression   and the tumor stage or 

grade ofProstate cancer may indicate  their importance   in progression  of this cancer. 
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