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ABSTRACT

Background:
Colon cancer is the third most common cancer worldwide, responsible for more than half a million deaths every year. Metalloproteinases
(MMP2 and MMP9) participate in tumor invasion and metastasis because of their ability to degrade the extracellular matrix (ECM).

Materials and Methods:
The expression levels of MMP2 and MMP9 as well as tissue inhibitor metalloproteinases TIMP1 and TIMP2 were determined
by immunohistochemistry in 42 Iraqi patients diagnosed with colon cancer as well as in 18 benign tissues.

Results:

Immunohistochemistry revealed that the protein expression levels of MMP2 ,MMP9, TIMP1 and TIMP2 increased by 83%,
72%, 64%, and 57%, respectively, in patients with colon cancer tissues compared with 19%, 28%, 23%, and 16%, respectively,
in benign tissues.

Conclusion:
MMP2, MMP9, TIMP1 and TIMP2 expression levels in Iraqi patients with colon cancer could be used as potential markers that

can predict tumor behavior, progression, and prognosis.
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such as cancer (4). MMPs are involved in the degradation
of ECM, and play important roles in breast cancer
invasion and metastasis (5). They are synthesized and
released as zymogens, which can be activated by serine
proteases and/or other metalloproteinases (4). The
activities of MMPs are regulated by tissue inhibitor
metalloproteinases (TIMPs) and stimulated by different
microenvironment signaling molecules such as growth
factors and cytokines (6).

Matrix metalloproteinases 2 and 9 (MMP2 and
MMP9), also called gelatinases A and B (or type IV
collagenases), were responsible for the degradation
of basement membranes. Also they were implicated
in cancer invasion and metastasis because of their
ability to degrade collagen IV, which is the main
component scaffold protein of basal membrane that
plays an important role in separating epithelial cells
from adjacent stroma (7, 8). When this protein is
degraded, colon cancer cells are prone to infiltrate (9).
The elevated MMP2 and MMP9 expression levels in
cancer provide canals through which the cancer cells
spread, thereby resulting in metastasis. Therefore,
the expression of high levels of MMP2 and MMP9 is
associated with cancer cell invasion, metastasis, and
worse prognosis (10).

In this study, the expression levels of MMP2 and
MMP9 and of TIMP1 and TIMP2 in Iraqi patients
diagnosed with colon cancer as well as in benign
tissues were examined by immunohistochemistry.

MATERIALS AND METHODS

1. Patients and tumor characteristics

This study involved 42 patients with colon cancer
as well as 18 benign tissues surgically harvested from
patients admitted to Alkarama Teaching Hospital
in Baghdad city and also from a private laboratory,
between November 2016 and April 2017. All patients
with colon cancer recruited in this study had no
chemotherapy or radiation therapy. The mean age
of the patients was 53 years (range was 44 to 69
years). Fresh colon cancer tissues, as well as benign
tissue samples, were collected and fixed in 10%
formalin and embedded in paraffin to be used in
immunohistochemical staining.

This research did not receive any specific grant
from funding agencies in the public, commercial, or
not-for-profit sectors.

2. Immunohistochemical staining

The protein expression levels of MMP2,
MMP9, TIMP1, and TIMP2 were -evaluated
immunohistochemically. Four millimeters of the
paraffin-embedded sections were cut and mounted
on positively charged glass slides, deparaffinized in
xylene, and rehydrated using an ethanol solution.
The slides were incubated overnight at 4°C with
the primary antibodies: anti-MMP2 antibody
(M2420-52Q US-bio, USA), anti-MMP9 antibody
(M2420-01R US-bio, USA), anti-TIMP1 (031291
US-bio, USA), and anti-TIMP2 (502589 US-bio,
USA). Each slide was incubated for 30 minutes
at room temperature with horseradish peroxidase
conjugate detection reagent (DAKO biotechnology,
USA) and with complex avidin-biotin. The slides
were visualized using diaminobenzidine (DAB)
and countered with hematoxylin, and dehydrated
first with graduated ethanol and then with xylene.
Finally, the slides were mounted with a water-free
mounting medium (DPX) and then analyzed using a
light microscope at 400x. Placenta tissue was used as
a positive control. The negative control was treated
with all of the above steps except the incubation
with the primary antibody.

Evaluation of the immunohistochemical staining
was carried out blindly to the patients’ data and
pathological features. The percentage and intensity of
the staining were considered in this study. Normal cells
that present in the whole tissue were scored as score
0 (no positive staining), score 1 (1-10%), score 2 (11-
50%), and score 3 (51-100 %). The positive intensity
was rated as 0 (none), weak positive, moderate, and
strong positive. Both 0 and 1 scores were considered
as low expression, whereas score 2 and score 3 were
considered as high expression. An expression of each
gene over 10% was considered positive.

3. Statistical Analysis

The comparison between colon carcinomas
and benign tissues was performed by using Prism
GraphPad version 6 (GraphPad Software Inc., San
Diego, CA, USA). A Chi-square (y?) statistic was
used to investigate whether expression values differed
between colon cancer tissues and benign tissues.
A value of p < 0.05 was considered as statistically
significant.
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Table 1: MMP2, MMP9, TIMP1, and TIMP2 expression levels in colon cancer tissues (n = 42) and benign tissues (n = 18).

Parameters Tissue Types High expression n (%) Low expression n (%) p value
Cancer 32 (76.2%) 12 (23.8%)

MMP2 0.001*
Benign 6 (33.6%) 12 (66.4%)
Cancer 34 (81%) 8 (19%)

MMP9 - 0.001*
Benign 5(27.7%) 13 (72.3%)
Cancer 31 (73.8%) 11 (27.2%)

TIMP1 - 0.0001*
Benign 4 (23.0%) 14 (77%)
Cancer 29 (69%) 13 (31.0%)

TIMP2 - 0.0001*
Benign 3(17.0%) 15 (83%)

*Mean significant expression of proteins in tissues with high probability rate.

RESULT

| W

Fig. 1: Immunohistochemistry staining of MMP?2 protein in colon cancer as well as in benign tissues (400X).
(A) Benign tissues with slight MMP2 protein expression. (B) Colon cancer tissue stage I with positive MMP2
protein expression level. (C) Stage II colon cancer with moderate MMP2 protein expression level. (D) Stage
III colon cancer with increasing MMP2 expression in the nuclei of cancer cells.

The positive expression of MMP2 was observed

Proteinexpressionlevelsof MMP2,MMP9,TIMP1, in 71.9% of cancerous tissues, compared with
and TIMP2 as determined by immunohistochemistry: 28.5% of benign tissues (p = 0.001, figure 1, table 1).
While MMP2 was mainly
epithelial cells of benign tissues, it was located in tissues showed high expression of MMP9 in the
the cytoplasm and nucleus of colon cancer cells. cytoplasm of colon cancer tissues compared with

located

in the Immunohistochemical analysis of colon cancer
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Fig. 2: Immunohistochemistry staining of MMPY protein in colon cancer as well as in benign tissues (400X).

)

(A) Benign tissues with slight MMP9 protein expression. (B) Stage I colon cancer tissue with positive MMP9
expression. (C) Stage II colon cancer tissue showing significant MMP9 protein expression. (D) Stage 111
colon cancer tissue with increasing MMPY protein expression level.

that in benign tissues. MMP9 expression was found
in 64.1% of the cases in cancer tissues and 23.8% of
benign tissues (p = 0.001, figure 2, table 1). Regarding
TIMP1, immunostaining of colon tissues revealed
high expression in the cytoplasm and cell membrane
of cancerous tissues. TIMP1 expression was found in
82.8% of colon cancer tissues compared with 19% of
benign tissues (p = 0.0001, figure 3, table 1). On the
other hand, immunostaining showed positive expression
of TIMP2 in 69% of colon cancer tissues compared with
17% of benign tissues (p = 0.0001, figure 4, table 1).

DISCUSSION

For local and distance invasion, cancer metastasis
occurs when the basement membrane was degraded.
Degradation of the extracellular matrix (ECM) allows
tumor cells to escape from their primary tumor, invade
local tissues, enter into the bloodstream, and reach the

secondary sites causing the formation of new tumors on
other organs. Metalloproteinases play key roles in the
metastatic process because of their ability to degrade
matrix proteins (11). Cancer cell invasion and metastasis
are controlled by genetic variation in tumor cells and by
stromal cells that secret MMPs (12). Furthermore, the
interaction between these factors may promote cancer
cell invasion and metastasis. The basement membrane
that surrounds tumor nests plays an important role in
preventing cancer cells from invading (13).

In well differentiated tumors, the tumor cells
have low invasion properties due to their relatively
low expression of MMPs. However, in poorly
differentiated tumors, there are high invasion
properties and malignant activities resulting from
overexpression of MMPs (14). The most important
MMPs in colon cancer represent MMP2 and MMP9,
which catalyze the breakdown of gelatin IV-the
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Fig. 3: Immunohistochemistry staining of TIMP1 in colon cancer as well as in benign tissues (400X). (A)
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Benign tissues with slightly positive TIMP1 protein expression. (B) Stage I colon cancer tissue with increas-
ing TIMP1 expression. (C) Stage II colon cancer tissue showing significantly positive TIMP1. (D) Stage 111
colon cancer tissue with high TIMP1 protein expression level.

main component of the ECM. Therefore, MMP2
and MMP9 were implicated in colon cancer cell
invasion and metastasis (12). Current results showed
significantly elevated expression levels of MMP2 and
MMP9 as well as TIMP1 and TIMP2 in the cancerous
colon tissues compared with those in benign tissues.
Increased levels of MMP2 and MMP9 were found to
be stage-dependent in Iraqi women with colon cancer
(data not shown). Moreover, MMP2 is localized in the
nucleus of colon cancer cells while it is expressed only
in the cytoplasm of normal colon epithelial cells (15).
The current study presented that MMP2 was highly
expressed in the nuclei of stage III colon cancer cells.
This inter-localization of MMP2 may play a role in
tumor cells’ aggressiveness and metastasis in patients
with colon cancer and requires further investigation.
In addition, TIMP1 and TIMP2 have gained
great interest as a cancer biomarker in tissues and in

corresponding plasma samples (16). Furthermore,
Schrohl and his team have indicated that TIMP1
represent an important new target for anti-cancer
therapy (17). However, currently little is known about
the regulation of TIMP1 in cancer. The aim of this study
was, therefore, to gain further insight then correlating
the expression of TIMP1 with TIMP2 and MMPI
and MMP2 (18). According to the previous study that
describes the role of TIMP1 in MMPs inhibition, TIMP1
has a major role in tumor progression, invasion, and
metastasis (19). TIMP1 has multifunctional activities;
one of these was based on a metalloproteinases-
dependent, anti-proteolytic activity that could suppress
colon cancer proliferation, migration, and metastasis,
in addition to increase anti-apoptosis of colon cancer
(19). The main findings of the present study that TIMP1
and TIMP2 proteins were significantly up-regulated in
colon cancer. Furthermore, among the MMPs, MMP2
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Fig. 4: Immunohistochemistry staining of TIMP2 in colon cancer as well as in benign tissues (400X). (A)

Benign tissues with TIMP2 positive protein expression. (B) Stage I colon cancer showing increased TIMP2
expression. (C) Stage II colon cancer with high TIMP2 protein expression level. (D) Stage III colon cancer

tissue with increasing expression TIMP2 protein level.

and MMP9 are up-regulated in colon cancer tissues
compared with those in benign tissues.

On the other hand, when looking for interactions,
a significant association was found between TIMPI,
TIMP2, MMP2 and MMP9. Thus, it was clear that
a broad range of MMPs involved directly in the
breakdown of the ECM is up-regulated in the colon
cancer tissue. In conclusion, the present results show
that the expression levels of MMP2, MMP9, TIMP1
and TIMP2 increased in patients with colon cancer.
MMP2 and MMP9, as well as TIMP1 and TIMP2,
could be used as worthy markers for detection of
colon cancer. The localization of MMP2 in the
nucleus of colon cancer cells may play an important
role in the progression and metastasis of colon cancer.
The use of specific inhibitors targeting these MMPs
in the treatment of colon cancer metastasis requires
further investigation.
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