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Abstract

Background. Matrix metalloproteinases (MMP) are a large family of zinc-dependent
endoproteases that have been implicated in many physiologic and pathologic processes,
such as tumour invasion and metastasis by their capacity to degrade basement membranes
and extracellular matrix proteins.

Objectives. The aim of this study was to investigate the expressions of MMP-2, MMP-7 and
MMP-9 in tumour tissue and their relation to clinicopathologic features in patients with
colorectal cancer.

Methods. Specimens of resected colorectal cancer and surrounding normal tissue of 82
patients were immunohistochemically stained for MMP-2, MMP-7 and MMP-9. Results of
immunohistochemical expression of MMPs were correlated with some clinical and
pathologic parameters.

Results. Immunohistochemical expression of MMP-2 was more frequent in patients with
higher preoperative serum levels of: CEA, MMP-2, MMP-9 and in patients with lymph node
metastasis and advanced stage of the disease. Expression of MMP-7 was more frequent in
patients with elevated preoperative serum levels of: CEA, MMP-7, MMP-9 and with deeply
invasive neoplasms. MMP-9 cell expression was in a positive correlation with elevated
preoperative serum levels of: CEA, MMP-2, MMP-9 and depth of CRC invasion, i.e. T-
parameter. According Kaplan-Meier survival curve, 2,65% of the followed CRC patients
survive more than 60 months; 52% of the CRC patients in Stadium II survive more than 48
or 60 months and 28% of patients in Stadium III survive more than 55 or 60 months.
Conclusion. Immunohistochemical expression of MMPs is a useful indicator for disease
development and progression in patients with colorectal cancer.

Key words: matrix metalloproteinases; expression; colorectal cancer

TMOBP3AHOCTA IIOMEI'Y EKCIPECHJATA HA MATPHKC
METAJIOIIPOTEMHA3HUTE " KJIMHAYKO-IATOJIOLIKATE
KAPAKTEPACTHKA KAJ DAINMEHTH CO KOJIOPEKTAJIEH
KAPI[THOM
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Axncrpaxr

Bosen. Ce cmera neka MaTpHKC METATIOPOTEHHAHTE (MMIIn), xaxo roxeMa dammwivja Ha
IVHK-33BUCHH ~ €HIONpOTE3aH, NpPeKy Jerpajandja Ha Gasanuure MeMmOpaHH H
CKCTPaKICTOYHHTC NPOTEMHM HAa MATPHKCOT MIPaaT KIy4Ha YJOTa BO IpPOLECHTE Ha
TYMOpPCKaTa MHBa3Hja M METacTasHpame,

Ilen. Jla ce ucmuta excopecujata Ha MMII-2, MMII-7 u MMII-9 so TYMOPCKOTO TKHBO,
Kako ¥ HUBHATA IIOBP3aHOCT CO KIHHHYKO-TIATONOMIKMTE KAPAKTCPUCTHKH Ha MAIUCHTHTE
€O KOJIOPEKTANICH KapIIHHOM.

Merozu. Ox 82 manment: Gea I0OWEHM peCELHPAHM NPUMEPOLH OX KOJIOpEKTaIeH
KapIMHOM M OKOJIHO HOPM&JIHO TKHBO, H HCTHTE Oea HMyHOXHMCTOXeMUCKH 6oeHu 38 MMII-
2, MMII-7 u MMII-9. Pesyaratate OX MMYHOXHCTOXEMUCKATA eKCIIpecHja Ha
ucnurysarure MMITu Gea KOpeIHpan# co HEKOM KIHHHYKH ¥ IATONONIKY NIapaMETpH.
Pesymrat. HMyHoxucToxemuckata excripecwja 3a MMII-2 Gemre MHOry modecra Kaj
NanueHTATE CO NOBMCOKM IpedomepaTHBHH HuBoa Ha KEA (kapuuHoeMGpuonanen
aHTHICH) BO CEpyM, CO NpEAONEpaTHBHUTE HMBOAa Ha MMII-2 u MMII-9 Bo cepym, co
METACTasHpaHuTe IMMQHH jasiu ¥ CO HANPCAHATHOT cTaguyM Ha Gonecra. Excripecujara 3a
MMII-7 Geme MHOTY IIOYECTa Kaj NAUMEHTHTE CO NOBHCOKH CEPYMCKM HHMBOZ Ha KEA,
MMII-7, MMII-9, xako ¥ Xaj mnoanaGOKWTe HHBAsHBHM HEONONa3MH. Kierogmara
ekcrpecrtja 32 MMII-9 Geme Bo mosuTHBHA KOpeNaluja co 3roleMeHHTe NPEAONCPATHBHH
HuBoa Ha KEA, MMII-2, MMII-9 u co mna6ounHaTa Ha MHBasHjaTa Ha KONOPEKTATHHOT
KapIMHOM, OfHOCHO T-Tapamerapor.

Cnopen Kaplan-Meier kpuBara va npexuBysame, 2,65% of ciexeHure nanuests co KPK
npexuBeane noseke of 60 mecenn, 52% ox nauuenture o Cranuym II npexuBeane noeeke
ox 48 no 60 mecetm u 28% ox HcnenysaHure mnauuents Bo Cramuym III mpexuseane
moBeKe o7 55 10 60 Meceny.

3axnyuox. HMmynoxmcroexemuckara excupecHja Ha MMIIM e KOpHMCEH HHIMKATOD 34
Pa3sBojoT 1 mporpecujara Ha GoecTa Kaj MALMEHTHTE CO KOTOPEKTATIEH KapITHHOM,

Kuyynu 300poBH: MaTpUKC METATONPOTEMHA3H, €KCIIPECH]a, KONOPEKTANEH KapIIMHOM

Introduction
Colorectal cancer (CRC) is a common disease and it is one of the leading causes of cancer

related deaths in developed countries (1). Despite improvements in surgical techniques,
adjuvant and neo-adjuvant chemotherapy, the 5-year survival rate in patients with CRC
ranges from 5-90% with tumour progression (stage I: 90-95%, II: 75-85%, III: 50-60% and
IV: 0-10%). The prognosis in patients without distant metastasis varies from 50-95%
depending on the tumour stage (2).

Matrix metalloproteinases (MMPs) play an important role in several physiological and
pathologic processes such as tissue remodeling, wound healing, angiogenesis,
morphogenesis of organs, embryonic development, leukocyte migration and tumour
invasion and metastasis. MMPs are a multigene family of structurally similar proteolytic
enzymes, that is, zinc-dependent endopeptidases, which have the capacity to degrade
virtually every component of the extracellular matrix. It is thought that tumour cells
overexpress proteases and induce expression of enzymes in the neighboring stromal cells in
order to degrade the basement membrane and invade the surrounding tissue (3).

Expression of MMPs in tumour tissue is regulated by the growth factor and cytokines that
are secreted by tumour cells, stromal cells and tumour infiltrating inflammatory cells.

An elevated MMPs activity and their overexpression has been determined in several
malignant neoplasms such as lung cancer, pancreatic cancer, ovarian cancer, prostate cancer,
breast cancer, and brain cancer and a correlation with the tumour aggressiveness and its
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malignancy potential has been detected (4,5). Earlier studies presented contradictory results
related to the expression of the most commonly associated MMP-2 (gelatinase A), MMP-7
(matrilysin) and MMP-9 (gelatinase B) with prognosis in CRC patients, which was the
motive to conduct our study (6,7,8).

Among the MMPs, matrixmetalloproteinase 2 (MMP-2) and matrix metalloproteinase9
(MMP-9), as members of gelatinases, plays important roles in themigration of malignant
cells, because of their abilityto degrade type IV collagen (9). The mechanisms of activation
of these enzymes are different. MMP-9 modulates permeability of the vascular
endothelium,whereas MMP-2 promotes cleavage of extracellularmatrix proteins and is
intensively expressed by tumor and stromal components of cancer (10).

Matrix metalloproteinase 7 (MMP-7) or matrilysin, as a member of stromelysinsis able to
induce cell apoptotic impairment. Matrilysin can regulate angiogenesis eitherby inducing a
direct proliferative effect on vascular endothelialcells or producing angiogenesis inhibitors
(angiostatin, endostatinand neostatin-7) or enriching the variety of angiogenesismediators,
such as the soluble vascular endothelial growth factor(sVEGF) (11).

It degrades type IV and X collagen, the elastin, the fibronectin, the laminin, the osteopontin,
the proteoglycans, as well as numerous others substrates (12).

Increased levels of matrix metalloproteinase in tumor tissues or in blood circulation have
been found to correlate with many cancers, including colorectal cancer (CRC). Several
previous studies have shown that MMPs may play an important role as an indicator for the
occurring of CRC and its progression (13).

The aim of this study was to investigate the expressions of MMP-2, MMP-7 and MMP-9
andtheirrelationtoclinicopathologic parameters in CRC patients.

Methods
The study included a total of 82 previously untreated CRC patients, 30 (36.58%) were

females and 52 (63.41%) were males, ages ranging from 43 to 75 years, mean age of 67.85
years (SD+9.67) with operable CRC, without detectable distant metastases, who respected
the medical instructions and were available for follow-up. All the patients underwent
surgical resection of the primary neoplasm at the University Clinic for Abdominal Surgery
in Skopje in the period of 2 years.

Blood samples from all the patients were drawn before surgical treatment in order to
examine the CEA, CA 19.9, MMP-2, MMP-7 and MMP-9 serum levels. None of the CRC
patients had received chemotherapy before blood sample collection. To standardize clotting
conditions, all sera were separated within 1 h after blood collection, aliquoted and stored at
—80°C until assayed.

Serum levels of CEA and CA 19.9 were determined using an enzyme immunoassay (EIA)
(Monobind Inc., USA) according to the manufacturer's instructions.Serum levels of MMP-2,
MMP-7 and MMP-9 were determined using a quantitative solid phase sandwichenzyme
linked immuno sorbent assay (ELISA) (R&D Systems,USA) according to the
manufacturer's instructions, MMP-2, MMP-7 and MMP-9 technique can detectboth pro- and
active forms of recombinant human MMP-2, MMP-7 and MMP-9. High concentrations of
MMP-2, MMP-7 and MMP-9 were diluted with calibrator, to producesamples with values
within the dynamic range of the assay.

The resected specimens were sent to the Institute of Pathology, Medical Faculty in Skopje,
where the pathologic stage of the disease in each and every patient was determined
according to the TNM classification of AJCC (2010).

Tissue sections for immunohistochemistry were taken from tumour tissue of the invasive
neoplasm front and of the peritumoural tissue without obvious macroscopic changes; they
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were fixed in formalin, embedded in paraffin and cut at 5-7u and were primarily stained
with hematoxylin eosin.

For immunohistochemical staining were used monoclonal anti-human MMP antibodies 2, 7
and 9; mouse IgG, clone 36006.211, 6A4 and 36020.111, respectively, Cat.No MAB902,
MAB907, MAB936, R&D Systems, Inc. and Polyclonal rabbit Anti-Human Matrix
Metaloproteinase 9, code AO150 Dako.

Then the sections were deparaffinized in xylene, rehydrated through a series of graded
alcohol solutions and pretreated for antigen retrieval in 10 mM citrate buffer (pH 6.0) in a
microwave oven for 15 min at 700 W, and left in the buffer to cool at room temperature.
Endogenous peroxidase activity was suppressed with a solution of peroxidase-blocking
reagent (DakoCytomatin, Germany) for 10 min, and non-specific antibody binding was
blocked with protein block serum-free (DakoCytomation, Germany) incubation for 10 min.
The sections were incubated with the primary antibodies, diluted with antibody diluents
(DakoCytomation) (MMP-2 1:200, MMP-7 1:30, MMP-9 1:100) for two hours in a wet
chamber at room temperature. For subsequent staining EnVision+two step visualization
technique (Dako, Germany) was used with diaminobenzidine (DAB) as a chromogene,
incubated for 10 min, and hematoxylin for counterstaining. Omission of the primary
antibody served as negative control and carcinoma tissue with high expression of relevant
proteins served as positive control.

Immunohistochemical expression of MMP-2, MMP-7 and MMP-9 was determined semi-
quantitatively by defining the signal intensity and quantity of immunohistochemically
stained cells.

Staining was considered to be negative when 0-10% of tumour epithelial cells were stained,
and staining was considered to be positive when >10% of tumour epithelial cells were
stained.

The intensity of the staining pattern was scored to be weak (+), moderate (++) and strong
().

Stromal cellspositivity was considered to be weak (+) if 1-2 stromal cells were stained,
moderate (++) if groups of 3-5 cells were stained and strong (+++) if there were diffusely
stained cells or groups of more than 5 cells. The intensity of the staining was determined in
the same manner as in the epithelial cells.

The cell quantity was determined in the invasive front of the neoplasm.

All specimens were independently evaluated by two pathologists.

Statistical analysis

Descriptive statistics (mean) are given according to normality of the distribution. Normality
of the distribution was determined by Kolmogorow-Smirnov’s test. Analysis of variance
with Kruskall-Wallis test was first used in the analysis of different sample types. In the case
of significant results, the analyses were continued by pairing the variables and analyzing
them with Mann-Whitney’s U-test. Fisher’s exact probability test and Pearson’s Chi-Square
test (r) were used for testing the association (linearity of the correlation of serum
concentrations) between MMPs and major prognostic variables in CRC, such as grade and
stage. P-values less than 0.05 (p<0.05) were considered as statistically significant. Survival
curves were generated by the Kaplan-Meier method, and the log rank test was utilised to
compare survival curves. A value of p< 0.05 was considered statistically significant. 95%

confidence interval (95%CI) was calculated for variables including gender, age, and delay in
diagnosis, tumour site and stage.

Results
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Phvsioacta Vol 12_Na?



CORRELATION BETWEEN EXPRESSION OF...

There have been 17 (20.73%) patients in stage I of the disease, 40 (48.78%) patients in stage
1 and 25 (30.48%) patients in stage IIl. Lymph node metastases were substantiated in 25
(30.48%) patients and were not found in 57 (69.51%) patients with different pT category
(Table 1).

Table 1 Staging of the disease in CRC patients according to AJCC

Number of Percent
Stage pTNM patients (%)

pT1 NO MO 8 20.73
1 pT2 NO MO 9

ITA pT3 NO MO 22 48.78
1IB pT4a NO MO 18
IIIB pT3 N1b MO 7

1B pT3 N2a MO 9 3048
1B pT4aN1b MO 4
ImcC pT4a N2b MO 5

The majority of patients were with pT3NOMO (26.82%), i.e. patients in stage I A of the
disease, and the smallest number of patients were with pT4aN1MO (4.87%), i.e. patients in
stage III B of the disease.

Positive immunoreactivity in tumour cells for MMP-2 was detected in 19/82 cases
(23.17%), and in stromal cells in 27/82 cases (32.92%).

Cytoplasmic positive immunoreactivity in tumour cells of weak intensity (+) was detected in
16 cases (84.21%), and of moderate intensity (++) in 3 cases (15.78%).

Thesignal intensity of stained stromal cells in all evaluated cases was assessed to be strong
(+++).

Elongated fibroblastoid types of cells were positively stained in the stroma. There was no
specific arrangement of stromal positive cells, except for the number of positively stained
cells that was semi-quantitatively evaluated, which was larger in the invasive front of the
neoplasm (+++) than in the neoplastic stroma in other regions. There was also a larger
number of MMP-2 positive cells in the regions with more distinct inflammatory reaction to
the neoplastic process.

Sections from the tumour neighboring tissue showed no immunoreactivity with anti-MMP-2
antibody either in the mucosal epithelial cells or in lamina propria.

eak cytoplasmic reactivity (+) with tumour epithelial cells in 32 cases (39.02%) whereas
positive stromal staining was detected in 4 cases alone (4.86%) in the regions of
inflammatory reaction.

Sections from the tumour neighboring tissue showed no immunoreactivity with anti-MMP-7
antibody either in the mucosal epithelial cells or in lamina propria.

Staining with anti-MMP-9 showed positive immunoreactivity of weak intensity in tumour
epithelial cells in 37 cases (45.12%), stromal positivity in fibroblastoid cells in 1 case
(1.21%) and positivity of inflammatory cells in 79 cases (96.34%). There was a strong
staining intensity of inflammatory cells in all specimens. Inflammatory cells were grouped
in the invasive front of the neoplasm, while there were few and scattered in the other regions
of the tumour stroma. Macrophages showed the most intense staining.
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Sections from the tumour neighboring tissue showed no immunoreactivity with anti-MMP-9
antibody either in the mucosal epithelial cells or in lamina propria, except in the
inflammatory cells if present in the specimens.

Immunohistochemical staining using antibodies against MMP-2, MMP-7 and MMP-9
showed a statistical overexpression in the neoplastic tissue when compared with the
neighboring normal tissue (p<0.001).

Correlations between clinicopathologic parameters and expression of MMPs are presented
in Table 2.

Table 2 Correlations between clinicopathological features and the expression of MMP-
2, MMP-7 and MMP-9

MAP-Z MMP-2 Siromal AP MMP-7 Stromal MMP-S MMP-S Stromal
Cell Cell Cell
Pagiz Posiz Rosiz Rogl: Posiz Posi-
tive b4 tive P tive P tive P tive P tive p
n=19 n=27 n=32 n=4 n=37 n="9 ¥
CEA
<3 4 19 27 3 2 39
>3 15 0.047 s NS 7 4.012 1 NS 17 0.013 20 NS
ng il
CAL199
<37 5 17 21 N 2 N8 12 Ng§ 57 N§
»32 14 NS 10 N§ 11 2 18 22
Uml,
MMP-2
<260 2 19 18 3 22 43
=200 17 0018 8 0021 14 NS 1 N§ 15 NS 32 0,012
neml
NIME-T
<23 6 13 21 3 18 41
=23 13 NS 14 NS 11 0.036 1 0.047 19 NS 38 NS
ngml,
MMP-9
<440 3 18 18 4 2 43
=300 12 0.038 11 NS 18 0023 4 NS 8 0018 38 NS
ngml
pT1 2 i T 0 & 14
pT2 3 NS 8 N§ 11 0.039 2 NS 10 0.027 24 0,027
pT3 12 10 14 2 21 41
N
Present 15 0418 17 NS 17 N§ 2 NS 17 N§ 43 N8
Absent 4 10 13 2 2 36
Stagel | 4 3 9 [ 3 18
Stage 11 5 N§ 6 0645 10 N§ 2 N§ 11 NS 22 NS
Stagelll | 9 15 13 2 17 32

NS-Statistically not significant, n-number of cases, pT-pathological Tumor (from pTNM
classification), N-Limph nodes (from pTNM classification)

MMP-2 cell expression was in a significant positive correlation with serum levels of CEA
and MMP-2 preoperatively in CRC patients, and serum levels of MMP-9 and metastasis in
the lymph nodes. Stromal positivity to MMP-2 was in a positive correlation with serum
levels of MMP-2 and disease stage.

MMP-7 cell expression was in a significant positive correlation with serum levels of CEA,
MMP-7 and MMP-9 and depth of tumour invasion. No significant correlations were
obtained between stromalexpression in MMP-7 and any of the examined parameters.
MMP-9 cell expression was in a positive correlation with serum levels of CEA and MMP-9
and depth of CRC invasion, ie. T-parameter. Stromal positivity to MMP-9 was in a
significant positive correlation with serum levels of MMP-9 and depth of tumour invasion.
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Stromal expression of MMP-2 was also in a significant positive correlation with depth of
invasion.

Cumulative Proportion Surviving (Kaplan-Meier)
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Figure 1  Kaplan-Meier survival curves for colorectal cancer patients in Stadium I,
II and III
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Figure 2  Kaplan-Meier survival curves for colorectal cancer patients in Stadium I
and ITI
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Cell expression of the examined enzymes, MMP-2, MMP-7 and MMP-9 was in a positive
correlation with serum levels of CEA, MMP-2 and MMP-9. Expression of MMP-7 and
MMP-9 was in a significant positive correlation with depth of invasion, MMP-2 was in a
significant correlation with the presence of metastasis in the lymph nodes and MMP-7 was
in a significant correlation with stage of the disease (Table 2).

According Kaplan-Meier survival curve shown in Figure 1, 65% of the followed CRC
patients survive more than 60 months; 52% of the CRC patients in Stadium II survive more
than 48 or 60 months and 28% of patients in Stadium III survive more than 55 or 60 months.
We found significant differences in terms of the poor outcome in the CRC patients between
stage I and stage II B (p<0,05), between stage I and stage III (p<0,01) (Figure 2. Log-Rank
Test: WW = -5.041, Sum = 22.863, Var =5.6428, Test statistic =-2.12226, p = .03382), as
well as between stage I A and stage III (p<0,01).

Discussion

Prognosis of newly diagnosed CRC cases is predominantly based on the disease stage
defined according to International Union Against Cancer (UICC-TNM) and American Joint
Committee on Cancer (AJCC, 2010), that is, on the local spread of the disease, lymph nodal
status and presence or absence of distant metastasis.

In spite of the advancement in surgical techniques and pharmacological strategies of
adjuvant and neo-adjuvant therapy, the 5-year survival in CRC patients is estimated to be
from 90% to 10% depending on tumour progression (14).

However, the already accepted fact that CRC is a heterogenic, multifactorial disease has
been shown by the fact that histologically identical tumours might have different prognosis
and different therapy response (15).

New methods and possibilities are being investigated that might find practical application in
anticipation of the disease course and outcome (16, 17, 18, 19).

Invasion and metastasis are major biological featurcs of malignant neoplasms and they are
main cause for morbidity and mortality related to malignant diseases (20, 21).

In our study we made an analysis of immunohistochemical staining of MMP-2, -7 and -9 in
cancer tissue specimens and correlated the findings with serum levels of CEA, MMP-2,-7
and -9 and with the local tumour invasion and the presence of metastases in 82 patients with
colorectal cancer. We found out that positive immunohistochemical staining of MMPs is in
correlation with preoperative serum level of CEA, MMP-2, MMP-9, depth of invasion,
limph node metastasis and disease stage.

Numerous studies have proved that the MMP family plays an essential role in malignant
tumour growth. Early experimental and morphological studies have demonstrated that
carcinoma cells have immunohistochemical expression of MMP-2, showing the ability of
carcinoma cells to synthesize MMPs (22, 23, 24).

In 1998, in order to determine the active and inactive MMP-2 and MMP-9 expression,
Pearsons, Warson, Collins, et al. made examination on 53 colorectal carcinomas, 15
colorectal adenomas and 15 gastric carcinomas upon which they have determined that in
both the colorectal and gastric carcinomas there is overexpression of the two enzymes (25).
Tuton, George, Eccles SA, et al. have made an examination in order to determine the MMP-
2 and MMP-9 distribution in CRC patients in comparison to the levels of the two enzymes
in the patients plasma and the changes that occur in the plasma after the resection, in order
to determine whether the plasma levels are a reflection of the clinical staging and the
development of the disease. In this examination it is being determined that the MMP-2
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plasma levels are considerably elevated in patients with CRC, that they considerably
decrease after the surgical resection of the tumor, and that the MMP-9 serum levels are
considerably elevated in all the stages of the disease in the patients with CRC, while they
decrease after the surgical resection of the neoplasm (26).

Dragutinovic, Radonjic, Petronijevic, et al, in their study of 32 CRC patients and another 11
controls using immunohistochemistry and CEA serum values, CA 19-9 and MMP-2 and 9
determined that there is an important correlation of the MMP values with the staging, but
not with the CEA and CA 19-9 serum values. They concluded that the serum MMP-2 and
MMP-9 detection can be useful tool for identification of the patients with CRC (27).

Maurel, Nadal, Garcia-Albeniz et al, during the investigation of the MMP-7 serum levels in
87 check-ups of healthy patients and in 120 patients with CRC in order to determine the
serum level prognostic significance of this enzyme report that the patients with advanced
cancer have considerably higher average MMP-7 values in comparison to those without
metastases and in comparison to the healthy patients check-ups. They have determined that
the MMP-7 levels are in important correlation also with the shorter survival time, which
leads them to the conclusion that the elevated MMP-7 serum levels are independent
prognostic factor for survival in patients with advanced CRC (28).

Serum measurements of total MMP-2, MMP-7 and MMP-9 can be considered as an indirect
estimation of tumor MMP-2, MMP-7 and MMP-9 expression.

There are studies in which immunohistochemical expression of MMPs are correlated to
clinical and pathological parameters with different results.

Kim and Young (29) in their study from 1999 showed the correlation between the
expression of MMP-2 and MMP-9 and angiogenesis in CRC. They presented a positive
immunohistochemical staining pattern of strong intensity for MMP-2 in tumour cell
cytoplasm at the invasive front of the tumour and they found out that the intensity and
distribution of the staining were well correlated with modified Astler-Coller classification.
The positive staining for MMP-9 was restricted to cytoplasm of tumour cells and isolated
stromal cells. The intensity of cytoplasm staining was not in agreement with the modified
Astler-Coller classification, lymph nodal status or depth of invasion. Tumour microvascular
density was higher in CRC patients with MMP-2 expression than in those patients where the
tumour showed no MMP-9 expression.

An immunohistochemical investigation conducted in 2005 by Li et al. (30) at specimens of
colorectal cancer showed thatthe expression level of MMP-2 was higher in CRC tumour
tissues than in normal tissues. The authors showed that the expression level of MMPs was
related to depth of invasion, lymph node metastasis and Duke’s stage and that the expression
of TIMP-2 in tumour tissues was lower than that in normal tissues. They also presented that
with the progression of tumour invasion, lymph node metastasis and stage, the expression of
TIMP-2 increased, but it never reached the expression of the normal colorectal tissue.
Another similar investigation conducted in the same year showed that the MMP-7
expression in tumour tissues was associated with lymph node metastasis and poor five-year
survival, and the MMP-9 expression was related to depth of tumour invasion (31).

The aim of the Schwandner et al. study (32) was to determine the prognostic role of MMPs
in CRC. They presented positive staining for MMP-2 both in tumour tissue and in stroma,
35% and 77% respectively, where stormal staining pattern was correlated with the depth of
invasion, MMP-7 and TIMP-2 expression. Cytoplasmic staining of neoplastic cells was in
correlation with MT1-MMP (membrane-type 1 matrix metalloproteinase) and TIMP-2
expression. The authors of this study found no correlation between immunohistochemical
staining pattern for MMP-2 and gender, age, grading, stage, nodal status and preoperative
serum CEA level. Regarding staining with anti-MMP-7 the authors found positive
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expression in tumour epithelial cells, but not in stromal cells in 51% of cases. This staining
was in correlation with depth of invasion and TIMP-2 expression.

In comparison to above reports in our study we found that positive tissue expression of all
examined enzymes, MMP-2, MMP-7 and MMP-9, was in a positive correlation with serum
levels of CEA, MMP-2 and MMP-9. Expression of MMP-7 and MMP-9 was in a significant
correlation with presence of nodal metastasis, and MMP-7 was in a significant correlation
with disease stage.

Conclusion

In conclusion, our investigation confirmed the presence of MMP-2, MMP-7 and MMP-9 in
tumour cells and tumour stroma with significantly more common immunoreactive
expression compared to that in normal tissue.

We found positive significant correlation of MMP-7 and MMP-9 tissue expression with
depth of invasion, positive correlation of MMP-2 tissue expression with presence of nodal
metastasis, as well as a positive correlation of tissue expression of MMPs with the serum
levels of CEA, MMP-2 and MMP-9. These correlations indicate that tissue expression of
MMPs is a useful indicator on the disease spreading and might be used as a prognostic
factor for CRC.

Conclusion

In conclusion, a positive significant correlation of MMP-7 and MMP-9 with depth of
invasion, the positive correlation of MMP-2 with presence of nodal metastasis, as well as a
positive correlation of tissue expression of MMPs with the serum levels of CEA and MMPs
indicate that tissue expression of MMPs is a useful indicator on the disease spreading and
might be used as a prognostic factor for CRC.

References

1. Zlobec I and Lugli A. Prognostic and predictive factors in colorectal cancer.
Postgrad Med J 2008; 84: 403—411.

2. O'Connell JB, Maggard MA, Ko CY. Colon cancer survival rates with the new
American Joint Committee on Cancer sixth edition staging. J Natl Cancer Inst
2004;96:1420-1425.

3. Roy R, Yang J, Moses MA. Matrix metalloproteinases as novel biomarkers and
potential therapeutic targets in human cancer. J Clin Oncol 2009;27:5287-97.

4. Basset P, Okada A, Chenard MP, Kannan R, Stoll I, Anglard P, et al. Matrix
metalloproteinases as stromal effectors of human carcinoma progression:
therapeutical implications. Matrix Biol 1997; 15:535-541.

5. Hong SW, Kang YK, Lee B, Lee WY, Jang YG,Paik IW, Lee H. Matrix
Metalloproteinase-2 and Matrix Metalloproteinase-7 Expression in Colorectal
Cancer.J Korean Soc Coloproctol 2011;27(3):133-139.

6. Herszényi L, Hritz I, Lakatos G, Varga MZ, Tulassay Z. The Behavior of Matrix
Metalloproteinases and Their Inhibitorsin Colorectal Cancer.Int J Mol Sci 2012; 13:
13240-13263.

7. Yang B, Su K, Gao J, Rao Z. Expression and Prognostic Value of Matrix
Metalloproteinase-7 in Colorectal Cancer.Asian Pacific J Cancer Prev 2012; 13:
1049-1052.

128
Physioacta Vol.13-No2



10.

11

12.

13.

14,

15.

16.

17.

18.

19.

20.

21.
22,

23.
24,

25.

CORRELATION BETWEEN EXPRESSION OF...

Herszényi L, Barabas L, Hritz I, Istvdn G, Tulassay Z. Impact of proteolytic
enzymes in colorectal cancer development and progression. World J Gastroenterol
2014;20(37):13246-13257.

Nagase H, Woessner JF Jr. Matrix metalloproteinases. J Biol Chem 1999;
274:21491-4.

Liabakk NB, Talbot E, Smith RA, et al. Matrix metalloproteinase 2 (MMP-2) and
matrix metalloproteinase 9 (MMP-9) type IV collagenases in colorectal cancer.
Cancer Res 1996;56:190-196.

Ii M, Yamamoto H, Adachi Y, Maruyama Y, Shinomura Y. Role of Matrix
Metalloproteinase-7 (Matrilysin) in Human Cancer Invasion, Apoptosis, Growth,
and Angiogenesis. Exp Biol MedJ2006; 231(1): 20-27.

Pesta M, Topolcano O, Holubec L,et al. Clinicopathological Assessment
andQuantitative Estimation of the Matrix Metalloproteinases MMP-2 and MMP-7
and the Inhibitors TIMP-1 and TIMP-2 in Colorectal Carcinoma Tissue Samples.
Anticancer Research 2007; 27: 1863-1868.

BendardaFR,Lamlum H, Pyrhonen S. Prognostic and predictive molecular markers
in colorectal carcinoma. Anticancer Res 2004;24(4):2519-30.

Zlobec 1, Lugli A. Prognostic and predictive factors in colorectal cancer. Postgrad
Med J 2008;84:403—411.

O’Connell JB, Maggard MA, Ko CY. Colon cancer survival rates with the
newAmerican Joint Committee on Cancer sixth edition staging. J Natl Cancer
Inst2004;96:1420-5.

Ishida H, Murata N, Tada M, et al. Determining the Levels of Matrix
Metalloproteinase-9 in Portal and Peripheral Blood is Useful for Predicting Liver
Metastasis of Colorectal Cancer. Jpn J Clin Oncology 2003;33:186-191.

Goldstein MJ, Mitchell EP. Carcinoembryonic antigen in the staging and follow-up
of patients with colorectal cancer.Cancer Invest 2005;23(4):338-51.

Mroczko B, Groblewska M, Okulczyk B,et al. The diagnostic value of matrix
metalloproteinase 9 (MMP-9) and tissue inhibitor of matrix metalloproteinases 1
(TIMP-1) determination in the sera of colorectal adenoma and cancer patients. Int J
Colorectal Dis 2010; 25:1177-1184.

Yukava N, Yoshikawa T, Akaike M,et al.Plasma contrentation of tissue inhibitor of
matrix metalloproteinase 1 in patients with colorectal carcinoma, Br J of Surg 2001;
88,1596-1601.

Illemann M. Histological Studies of Extracellular Matrix Degrading Proteases in
Primary Colon Adenocarcinomas and Their Liver Metastases [dissertation].
Copenhagen: University of Copenhagen; 2008.

Pasternak B. Towards surgical use of matrix metalloproteinase biology
[dissertation]. Link$ping: Link&ping University;2008.

Liotta LA, Rao CN, Barsky SH. Tumour invasion and the extracellular matrix. Lab
Invest1983; 49:; 636-649,

Tryggvason K. The laminin family. Curr Opin Cell Biol 1993; 5:877-882.

Maatta M. Role of basement membranes and their break-down in human
carcinomas. A study by in situ hybridization and immunohistochemistry of the
expression of laminin chains, matrix metalloproteinases (MMPs) and their tissue
inhibitors of metalloproteinases (TIMPs) [dissertation]. Oulu; University of Oulu;
2000.

Pearsons SL, Watson SA, Collins HM,et al. Gelatinase (MMP-2 and -9) expression
in gastrointestinal malignancy. Br J Cancer 1998; 78(11): 1495-1502.

129
Physioacta Vol.13-No2



Kostova E at al.

26. Tuton MG, George ML, Eccles SA,et al. Use of Plasma MMP-2 Aand MMP-9
Levelsas a Surrogate for Tumor Expression in Colorectal Cancer Patients. Int J
Cancer 2003;107:541-550.

27. Dragutinovi¢ VV, Radonji¢ NV, Petronijevié ND,et al. Matrix metalloproteinase-2
(MMP-2) and -9 (MMP-9) in preoperative serum as independent prognostic markers
in patients with colorectal cancer. MolCellBiochem 2011;355(1-2):173-8.

28. Maurel J, Nadal C, Garcia-Albeniz X,et al. Serum matrix metalloproteinase 7 levels
identifies poor prognosis advanced colorectal cancer patients. Int J Cancer
2007;121:1066-1071.

29. Kim TS, Kim YB. Correlation between Expression of Matrix Metalloproteinase-2
(MMP-2) and Matrix Metalloproteinase-9 (MMP-9) and Angiogenesis in Colorectal
Adenocarcinoma.J Korean Med Sci 1999;14:263-70.

30. Li BH, Zhao P, Liu SZ, Yu YM, Han M, Wen JK. Matrix metalloproteinase-2 and
tissue inhibitor of metalloproteinase- 2 in colorectal carcinoma invasion and
metastasis. World J Gastroenterol 2005;11(20):3046-3050.

31. Cho YR, Kwon HC, Suh SH, et al. Expressions of matrix metalloproteinase-7 and -9
and their prognostic significances in rectal cancer.Cancer Res Treat 2005;37(6):
354-9,

32. Schwandner O, Schlamp A, Broll R, Bruch PH. Clinicopathologic and prognostic
significance of matrix metalloproteinases in rectal cancer, Int J Colorectal Dis 2007;

22:127-136.

130
Physioacta Vol.13-No2



