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ABSTRACT

Aim To determine the serum levels of matrix metalloproteinase 9
(MMP-9) concentration and their association with the stage and
histopathologic sizes of colorectal cancer (CRC).

Methods One hundred and two patients with clinically diagnosed
and histologically confirmed colorectal cancer ready for surgical
treatment were included in the study. In each patient, preoperative
peripheral venous blood samples were taken for determination of
the concentration of MMP-9 using ELISA immunoassay test. Re-
sected tumour specimens were studied pathologically according
to the criteria of the TNM classification. All patients were divided
into groups according to the TNM classification. The control gro-
up presented 30 subjects of the appropriate age and gender with no
family history of cancer, clinical signs of malignancy or inflamma-
tory bowel disease.

Results The serum levels of MMP-9 were progressively increa-
sed in patients with CRC reaching the highest value in the fourth
stage of CRC. It was also confirmed that the serum concentrations
of MMP-9 were significantly higher in patients with pericolonic
lymph nodes involvement compared to the patients with no in-
volvement of lymph nodes, 456.4 (445.9-464.7) ng/mL vs. 438.4
(418.4-447.8) ng/mL (p<0.001). Significantly higher serum levels
of MMP-9 were found in the patients with metastatic CRC, 458.5
(452.0-468.1) ng/mL compared with the CRC patients without
metastasis, 445.8 (436.9-456.5) ng/mL (p<0.001).

Conclusion It was confirmed that serum concentration of MMP-9
presented the significant independent risk factors for the progre-
ssion of CRC.
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INTRODUCTION

Colorectal cancer (CRC) is the third most
common cancer in human pathology, which was
estimated as the third cause of mortality due to
cancer disease in the United States in 2016 and
the second most common cause of death from
cancer in the European Union (EU) according
the statistics for 2015 (1,2). More than a half of
colorectal cancers are still diagnosed only when
the disease involves regional or distant organs
(1). This cancer is a heterogeneous disease that
occurs only by complex and partially known
sequence of molecular events. It is believed that a
significant role in the pathogenesis of this disea-
se has disrupted the relationship of apoptosis and
proliferation of tumour cells, increased oxidative
stress and impaired antioxidant protection (3-5).
In addition, proteolytic enzymes play a sophisti-
cated role in cancer development and progression
due to their abilities to degrade various substrates
(6). Matrix metalloproteinases (MMP) are mul-
tigenic family of structurally similar proteolytic
enzymes. These are zinc-dependent endopeptida-
ses, which have the capacity to degrade almost
any extracellular matrix component (7). It is be-
lieved that tumour cells perform overexpress of
protease enzyme activity causing the action of
enzymes in the adjacent stromal cells for the pur-
pose of degradation of the basement membrane
and invasion of the surrounding tissue (8).

Higher activity of MMP and their over-expression
has been confirmed in several malignant conditi-
ons, such as colon cancer (9), lung cancer (10),
pancreas cancer (11), ovarian cancer (12), prosta-
te cancer (13), breast cancer (14) and brain cancer
(15), and its correlation with tumour aggressive-
ness and its malignant potential. Some studies
have presented conflicting results regarding the
expression of the most commonly related MMP-2
(gelatinase A), MMP-7 (matrilysin) and MMP-9
(gelatinase B) with the prognosis in patients with
colorectal cancer (16,17). Recent publications
about this cancer indicate that serum levels of ma-
trix metalloproteinases 9 (MMP-9) are elevated in
the patients with colorectal cancer (18,19) and can
act even in non-proteolytic way (20). Immunohi-
stochemical staining confirmed that the MMP-9
is very positive in the colorectal cancer cells and
confirmed that tumour associated macrophages
are significant sources of MMPs in the process of

carcinogenesis (21). However, the question of the
association of serum levels of MMP-9 with the
different histopathologic size and progression of
colorectal cancer still remains open (22).

The aim of the study was to analyse the serum
concentration of MMP-9 in the patients in vario-
us depth of wall invasion, lymph nodes involve-
ment and stage of colorectal cancer, estimated
on the basis of preoperative, intraoperative fin-
dings and histological findings made after sur-
gical resection of tumour altered organ, and to
determine predictive significance of MMP-9 in
the disease progression.

PATIENTS AND METHODS

Patients and study design

The research was designed as a cross-sectional
study conducted from January 2014 to Decem-
ber 2015 at the Clinic for General and Abdomi-
nal Surgery, Clinical Centre of the University
of Sarajevo (CCUS). A total of 102 patients of
both genders with clinically diagnosed and histo-
logically confirmed colorectal cancer who met
the inclusion criteria were included in the study.
Inclusion criteria were clinically diagnosed and
histologically confirmed colorectal cancer and a
need for surgical treatment of CRC. Exclusion
criteria were evidence of neoplasm on an organ
that is not linked to colorectal cancer, patients
treated by preoperative radiotherapy or che-
motherapy, those with inflammatory bowel dise-
ase or a known history of familial adenomatous
polyposis and refusing surgical treatment.

A control group included 30 healthy volunteers
of the appropriate age and gender without family
history of cancer or clinical signs of malignant
or inflammatory bowel disease, who went for
preventive examinations at the Gastroenterology
Counselling Centre. Informed consents were
obtained from all participants. The study was
approved by the Ethics Committee of the Clini-
cal Centre and the Ethics Committee of the Scho-
ol of Medicine, University of Sarajevo.

Methods

Preoperative confirmation of the diagnosis of
colorectal cancer was prepared on the basis of
clinical examination, colonoscopy with biopsy
following the histological evidence of tumour
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lesions and additional radiological findings
(chest X-ray, ultrasound and computed tomo-
graphy of the abdomen and pelvis, and if ne-
cessary, other radiological imaging). Complete
preoperative diagnostics was carried out in the
institutions of the Clinical Centre of the Univer-
sity in Sarajevo.

A sample of 5 mL of peripheral venous blood
was collected from each CRC patient for MMP-
9 determination. Blood sample was taken before
the surgical treatment of colorectal cancer in BD
Vacutainer test tube with no additive, while the
control blood was taken on the day of physical
examination. Each test tube with blood sample
was labelled with patient’s number and promptly
transported to the laboratory, where it was imme-
diately centrifuged at 1.006 x g for 10 minutes
at room temperature followed by separation of
serum. All serum samples were stored at -80°C
until analysis of the serum concentration of
MMP-9. Serum concentration of MMP-9 was
quantified on duplicate aliquots of each sample
using the technique of enzyme-linked immu-
nosorbent assay (ELISA) at the Department of
Clinical Immunology of CCUS according to the
manufacturer’s instructions (R&D Systems, Inc;
RD-DMP900). Reading of the results was carried
out spectrophotometrically at 450nm on a plate
reader BioTek ELXS50, with the correction wa-
velength at 540 nm or 570 nm. The measurement
concentration of MMP-9 was expressed in nano-
grams per millilitre (ng/mL).

Surgical treatment of colorectal cancer (right
hemicolectomy, left hemicolectomy or resec-
tion of the rectum, synchronous operation co-
lon with metastasectomies) was performed as
part of the therapeutic process under general
anaesthesia. Oncology surgery principle “en
bloc” resection of colon cancer with associated
lymph-vascular arcade was complied with du-
ring the operative treatment. After surgical re-
section and macroscopic examination of surgi-
cally obtained samples of colon cancer, samples
of the tumour mass and lymphatic nodes were
taken for microscopic analysis.

Resected tumour specimens were studied histo-
logically. Histological examination included de-
termination of histological type of malignancy
according to the categorization of the World
Health Organization, the depth of tumour inva-

sion in the intestinal wall (pT) and the number
of pericolic lymph nodes infiltrated with cance-
rous tissue (pN) (23). The TNM classification
of the American Joint Committee on Cancer of
2010 (24) was used for staging of colorectal can-
cer, in which “T” marks the degree of invasion
of the intestinal wall, “N” level of involvement
of lymph nodes and “M” means metastases and
spread staging. Staging of the colorectal cancer
was marked with numbers I to IV. All patients
were divided into groups according to the TNM
classification (24).

Statistical analysis

All data were expressed as the mean + stan-
dard deviation (SD) or as median and interqu-
artile range. The normality of data distribution
was determined by Kolmogorov-Smirnov test
or Shapiro-Wilk test. Comparison of mean va-
lues between two groups was performed using
Student’s t-test for variables with normal dis-
tribution and using Mann Whitney U test for
variables without normal distribution. Kruskall-
Wallis test was used for statistical evaluation
of more than 3 groups. A model of regression
analysis was applied to examine the impact of
MMP-9 on stage, depth of CR-wall invasion
(pT) and carcinoma infiltration lymph nodes.
The level of significance was set at p<0.05.

RESULTS

Clinical and histopathologic colorectal cancer
was more commonly confirmed in older peo-
ple, mean age was 66.2 (range 47-78) years of
which 61 (60%) were males. Adenocarcinoma
was found in 100% of cases, predominantly
grade 2, in 72 (70.6%) patients. The most
common location of colorectal cancer was in
the area of rectum, 34 (33.3%), and the rarest
in the area of cecum, three (2.9%). According
to the depth of tumour invasion of the intestine,
histopathological pT3 was most common, in 65
(63.3%), while pT2 was the least common, in
nine (8.9%) patients. Distant metastasis was
found in 29 (28.4%) patients, mostly liver me-
tastasis, in 26 (25.4%) patients. The serum con-
centration of MMP-9 was significantly higher
in patients with CRC compared to the control
group, 446.8 (433.2-454.3) vs. 323.6 (236.2-
374.1) ng/mL (p<0.001) (Table 1).
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Table 1. Demographic and clinical characteristics of the
control group and colorectal cancer group patients
CRC
(n=102)
66.2 (51-78) 0.06

Demographic and clinical Control
parameter (n=30)
Age (years) (median; min, max) 64.1 (47-78)
Males (No, %) 14 (46.7%) 61(60%)  0.20
MMP-9 (ng/mL) (median and 323.6 446.8 0.001
interquartile range) (236.2-374.1) (433.2-454.3)

Localization of CR cancer (No, %)

p

Cecum 3(2.9%) -
Ascendens 15 (14.7%) -
Transversum 3(2.9%) -
Descendens 6 (5.9%) -
Sigmoid 22 (21.5%) -
Rectosigmoid 19 (18.6%) -

Rectum 34 (33.3%) -

MMP-9, matrix metalloproteinase 9; CRC, colorectal cancer

Statistically significant differences in serum
MMP-9 concentration in different stages of
colorectal cancer and pericolonic lymph no-
des infiltrated with cancerous tissue was found
(p<0.01) (Table 2). The serum level of MMP-9
was statistically significantly higher in the third
stage of CRC as compared to the second stage
of CRC, 454.8 (447.0-461.6) and 437.9 (403.7-
444.8) ng/mL, respectively (p<0.001). Registe-
red dynamics of the change of this parameter

Table 2. Serum concentration of matrix metalloproteinase 9
(MMP-9) according to the stage of colorectal cancer (CRC),
depth of CR-wall invasion (pT), lymph node involvement and
metastatic disease

MMP-9 (ng/mL) (median

Characteristics and interquartile range) p
Stage of CRC
I stage 436.1 (409.9-442.8)
Il stage 437.9 (403.7-444.8)
I stage 454.8 (447.0-461.6)* <0.01
1V stage 458.5 (452.0-468.1)*
stage II vs stage [ 0.145
stage I1I vs stage I1 0.000
stage IV vs stage 11 0.000
stage IV vs stage 111 0.102
Depth of CR-wall invasion (pT)
pT2 450.4 (438.8-454.8)
pT3 447.0 (436.8-457.0) <0.01
pT4 459.5 (453.1-464.6)*
pT3 vs. pT2 0.396
pT4 vs. pT2 0.081
pT4 vs. pT3 0.000
Lymph node involvement
NO 438.4 (418.4-447.8)
N1 456.4 (445.9-464.7)* <0.01
N2 456.6 (449.8-464.5)*
N1 vs. NO 0.000
N2 vs N1 0.543
N2 vs NO 0.000
Metastatic disease
MO 445.8 (436.9-456.5)
Ml 458.5 (452.0-468.1) <0.001

*p<0.001, the difference between stages I1I — IT and stages IV - 11,
between pT4 and pT3, between N1 and NO, and between N2 and NO.

according to the depth of the CR-wall invasion
(pT) indicated that the concentration of MMP-
9 in serum is significantly higher in pT4 group
as compared to pT3 group of the CRC patients,
459.5 (453.1-464.6) and 447.0 (436.8-457.0) ng/
mL, respectively (p<0.001).

Statistically significant differences were confir-
med in the average level of MMP-9 in sera in
cohort group of patients according to the exi-
sting infiltration of the lymph nodes (p<0.01).
Mean value of the MMP-9 serum concentrati-
on was higher in the group N1 (the abstraction
of 1-3 regional lymph node with cancer tissue)
compared to NO group of patients with no lymph
node presentation in cancerous tissue, as well as
in group N2 (metastases to 4 or more regional
lymph nodes) compared to NO group without
lymph nodes involvement. It was also confirmed
that the serum level of MMP-9 was significantly
higher in patients with metastatic CRC than in
those without metastasis, 458.5 (452.0-468.1) vs.
445.8 (436.9-456.5) ng/mL (p<0.001).

The model of regression analysis showed that
MMP-9 serum concentrations were an indepen-
dent predictor for the stage of colorectal cancer
(p<0.001) as well as of the carcinoma infiltration
lymph nodes (p<0.05) (Table 3).

Table 3. Matrix metalloproteinase 9 (MMP-9) as an independ-
ent predictor of colorectal cancer (CRC) progression

CI195.0%
B SE Beta t (lower — higher)
Constant ~ -1.711 0.692 -2.472 0.015 -3.083 -0.339
MMP-9 0.007 0.001 0.351 6.390 0.000 0.005 0.009
The dependent variable: the stage of CRC
Constant ~ -2.143 1.149 -1.865 0.066 -4.426 0.141
MMP-9 0.006 0.002 0.246 2.632 0.010 0.002 0.011

Dependent variable: carcinoma infiltration of the lymph nodes

SE, standard error; CI, confidence interval; B, regression coefficient

DISCUSSION

Matrix metalloproteinases are involved in the re-
modelling of extracellular matrix in a variety of
normal and pathological processes, such as mor-
phogenesis, angiogenesis, tissue repair. In some
solid tumours this enzyme enhances tumour in-
vasion and metastasis ability (25). Several studies
have shown that matrix metalloproteinase can play
an important role as indicators of colorectal cancer
and its progression (26,27). The question of the si-
gnificance of these enzymes, particularly MMP-9
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and their serum levels correlation with progression
of colorectal cancer remains open (22).

The results of our study indicate that the concen-
tration of MMP-9 in the serum of patients with co-
lorectal cancer was significantly higher than in the
control group. Significant increase in serum levels
of MMP-9 was observed with disease progression.
Although the highest value was found in patients
in the fourth stage of colorectal cancer, we found
that serum MMP-9 levels were significantly incre-
ased in stage III patients compared to stage II pa-
tients, as well as in stage IV patients compared to
stage II patients. Biasi et al. reported a statistically
significant increase in the serum enzymatic acti-
vity and protein levels of MMP-9 only for the se-
cond and the third stage of colorectal cancer, com-
parable to the tendency we found (28). They also
confirmed by immunohistochemistry that MMP-9
was clearly produced in large amounts in tumours
at stage two and third.

Metastasis of cancer is a complex, multifacto-
rial and multistage process, involving stromal
invasion, penetration into the bloodstream from
the primary site, the secondary site extravasa-
tion and growth of new tumours (29). These
processes require degradation of extracellular
matrix by proteolytic enzymes, among which
the most important are the matrix metalloprote-
inases (6). In our research, it was found that the
concentration of matrix metalloproteinase 9 in
patients with colorectal cancer was significantly
higher in patients with metastatic form of the di-
sease, suggesting that MMP-9 is included in the
cancer invasion and formation of metastases. A
study of Hurst and colleagues also indicates ele-
vated serum levels of MMP-9 in patients with
colorectal cancer (18). Wilson et al. demonstra-
ted that higher serum MMP-9 concentrations
were significantly associated with the presence
of colorectal neoplasia, with the suggestion that
MMP-9 probably has the highest predictive value
when used as part of a panel of biomarkers (19).

Conversely, some authors did not show clear asso-
ciation of MMP-9 with significant colorectal patho-
logy despite robust sampling protocols in evaluati-
on of accuracy of a serum matrix metalloproteinase
9 test in indicating colorectal cancer or its precur-
sor conditions in a symptomatic population (30).
Recent study of Jonsson et al. demonstrated si-
gnificant differences regarding concentrations of

some matrix metalloproteinases including MMP-9,
using plasma vs serum (31). In this study all MMPs
expressed higher concentration in serum compared
with plasma. The authors of this study considered
that measurements in serum could reflect the rele-
ase of proteases by involved blood cells during the
clotting process and that the use of anticoagulant in
the collected blood prevent this artefact, and there-
fore they recommended the use of plasma samples
for future studies of these proteases.

Herszényi et al. showed that the matrix metallo-
proteinases and their tissue inhibitors (TIMPs) are
particularly important in the process of tumour
invasion, progression and metastasis of colorectal
cancer (32). The results of our study also suggest
that MMP-9 plays an important role during the
metastasis of colorectal cancer. Research by Ting
and associates suggests that genetic variations in
MMP-2 and MMP-9 may be potential predictors
of survival without the existence of distant meta-
stases after curative surgery (33). Recent studies
have also shown that the level of gene expression
and enzyme activity of MMP-2 and MMP-9 corre-
lates with the initiation, progression, angiogenesis,
metastasis and recurrence of colorectal cancer (34-
36). In a study Said et al. (37) the level of expressi-
on of MMP-1, -2, -7, -9 and -13 is correlated with
poor outcome, and MMP-12 may be protective.
Such findings suggest that the matrix metallopro-
teinase can be an attractive therapeutic target.

The results of linear regression analysis in our
study indicate that serum MMP-9 concentration
is statistically significant independent positive
predictor of stages of colorectal cancer and car-
cinoma infiltration of pericolonic lymph nodes.

In conclusion, a significant increase in serum con-
centrations of MMP-9 in relation to the stage of
CRC, depth of CR-wall invasion, lymph nodes
involvement and present of metastatic disease in-
dicates the involvement of MMP-9 in carcinoge-
nesis and progression of human colorectal cancer.
The search for non-invasive markers and useful
parameters progression of neoplastic diseases of
the colon is of great importance. Our findings su-
ggest that serum MMP-9 could establishes itself
as a “liquid biopsy” parameter, but there is a need
for additional clinical studies with a large group of
patients with CRC and meta-analysis to determine
the “cut-off” values for different stages of colo-
rectal cancer.
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SAZETAK

Cilj Utvrditi nivoe koncentracije matriks metaloproteinaze 9 (MMP-9) u serumu i njihove povezanosti
sa stadijem i patohistoloskom veli¢inom kolorektalnog karcinoma (KRK).

Metode Stotinu i dva pacijenta sa klinicki i patohistoloski potvrdenom dijagnozom kolorektalnog karci-
noma, koji su bili za hirursko lijecenje, ukljuceni su u studiju. U svakog pacijenta preoperativno su uzeti
uzorci periferne venske krvi za odredivanje koncentracije MMP-9 pomoc¢u ELISA-testa. Resecirani
uzorci tumora proucavani su patoloski prema kriterijima TNM klasifikacije, te su i pacijenti podijeljeni
u grupe prema TNM klasifikaciji. Kontrolnu grupu predstavljalo je 30 ispitanika odgovarajuée dobi i
spola, bez porodi¢ne historije karcinoma, klinickih znakova maligniteta ili upalne bolesti crijeva.

Rezultati Serumski nivoi MMP-9 progresivno su se povec¢avali u pacijenata sa KRK-om dostigavsi
najvecu vrijednost u ¢etvrtom stadiju bolesti. Takoder je potvrdeno da su koncentracije MMP-9 u se-
rumu bile znacajno vise u bolesnika sa zahvacenim u odnosu na bolesnike bez zahvacenih perikoli¢nih
limfnih ¢vorova 456,4 (445,9-464,7) ng/mL nasuprot 438,4 (418,4-447,8) ng/mL (p<0,001). Statisticki
znacajno veci serumski nivoi MMP-9 nadeni su u pacijenata sa metastatskim kolorektalnim karcino-
mom, 458,5 (452,0-468,1) ng/mL, u odnosu na pacijente bez metastatske bolesti, 445,8 (436,9-456,5)
ng/mL (p<0,001).

Zakljuc¢ak Potvrdeno je da je serumska koncentracija MMP-9 predstavljala znac¢ajan neovisan faktor
rizika za progresiju KRK-a.

Kljuéne rijec€i: karcinom debelog crijeva, proteoliticki enzim, serum, rizik, progresija
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