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Abstract: Colorectal carcinoma (CRC) associated with inflammatory bowel disease (IBD) is an exam-
ple of an inflammation-related cancer. Matrix metalloproteases (MMP) are known to be associated
with both processes. The aim of the study was to compare the expression of MMP-7, MMP-14 and
tissue inhibitor of metalloproteases-1 (TIMP-1) in sporadic CRC- and IBD-associated CRC, and to
compare the expression in inflamed and non-inflamed colonic tissue samples from IBD patients
without or with associated CRC. An immunohistochemical study of MMP-7, -14 and TIMP-1 was per-
formed on sporadic CRC (n = 86), IBD-associated CRC (1 = 23) and colorectal mucosa of non-tumor
samples from IBD patients without (1 = 47) and with (n = 23) associated CRC. These factors were
more frequently expressed by cancer-associated fibroblasts (CAF) from IBD-associated CRC than
by CAF from CRC not associated with IBD. Regarding the inflamed tissue of IBD patients, Crohn’s
disease (CD) patients with CRC development showed a higher expression of MMP-14 by fibroblasts
and by mononuclear inflammatory cells (MICs) than CD patients without CRC development. In
non-inflamed tissue samples, MMP-7 associated with fibroblasts and MICs, and TIMP-1 associated
with MICs, were more frequently expressed in CD patients with CRC development than in CD
patients without CRC development. Our data suggest that these factor expressions by stromal cells
may be biological markers of CRC development risk in IBD patients.

Keywords: inflammatory bowel diseases; colorectal carcinoma; matrix metalloproteases; tissue
inhibitor of metalloproteases

1. Introduction

Inflammatory bowel disease (IBD) is characterized by an immune cell infiltration
associated with an increased turnover of the extracellular matrix (ECM), which may result
in a progressive process of architecture disruption, such as ulcer formation [1], or excessive
deposition of collagen, resulting in fibrosis [2]. Matrix metalloproteases (MMP) are con-
sidered the key proteolytic enzymes responsible for the breakdown of ECM in IBD, and
their high expression has also been demonstrated to be associated with the inflammation
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grade [3,4]. In addition, in vivo studies have shown therapeutic effects using specific MMP
inhibitors [5].

Inflammation also may impact at different stages of tumor development, such as the
initiation process, invasion and metastasis. Chronic inflammation promotes malignant cell
transformation by triggering DNA damage or genetic instability, causing mutations and
epigenetic modifications [6]. Over 25% of all cancers are related to chronic inflammation [7].
Colorectal cancer (CRC) development in IBD patients is an example of inflammation-related
cancers. Chronic colonic inflammation due to IBD results in an increased risk of colon
carcinogenesis, with a cumulative lifetime risk of 18-20% in ulcerative colitis (UC), and
up to 8% in Crohn’s disease (CD) [8,9]. In addition, it is estimated that one out of six
deaths in UC patients and one out of 12 deaths in patients with CD is caused by CRC
development [8].

Among the different key signaling pathways which are up-regulated in inflammation-
associated cancer, the overexpression of MMPs has attracted great interest. MMPs are also
related to CRC prognosis. Several studies reported that expression of MMPs, such as MMP-
1,-7,-9,-13 and -14, is significantly higher in CRC than in normal colorectal tissue [10,11],
suggesting that they may have some prognostic value in CRC [12,13]. This is probably due
to their known role in tumor progression through the degradation of the stromal connective
tissue and basement membrane and their ability to influence the tumor cell behavior in vivo
through the cleavage of growth factors, cell surface receptors, cell adhesion molecules or
chemokines/cytokines [14]. Furthermore, by splitting proapoptotic factors, MMP are able
to generate apoptotic-resistant cells. The activity of MMP is inhibited by specific tissue
inhibitors (tissue inhibitor of metalloproteases, TIMP), which are multifactorial proteins
also involved in the proliferation and the inhibition of apoptosis [15]. In fact, it has been
reported that TIMP-1 and -2 are significantly higher in tumor samples [11] and associated
with a poor prognosis in CRC [12].

In the present study, we analyzed the expression of MMP -7 and -14, and TIMP-1
(whose biological importance and clinical interest has been previously demonstrated in
CRC [16,17] and IBD [18]), in both epithelial and stromal cells from CRC samples associated
or not associated with IBD. We analyzed TIMP-1 (which inhibits MMP-7 but not MMP-14)
because in a prior report we found that it was expressed differently in inflamed IBD
compared to acute diverticulitis samples, unlike TIMP-2 or TIMP-3 [3]. We also analyzed
the expression of these factors in IBD samples (inflamed and non-inflamed tissue) without
or with CRC development.

2. Materials and Methods
2.1. Patient Selection, Patient Characteristics and Tissue Specimen Handling

Three different groups of patients were included in the present study: (1) patients
with CRC not associated with IBD (1 = 86); (2) patients with IBD-associated CRC (n = 23),
ulcerative colitis (UC) (n = 13) and Crohn’s disease (CD) (n = 10); and (3) patients with
IBD without CRC development (1 = 47), UC patients (n = 16) and CD (n = 31). Patients
with IBD-associated CRC were included whose samples and data were available in the
pathological archives of the following centers: Hospital de Jove de Gijon, Hospital de
Cabueries de Gijon and Hospital Universitario Central de Asturias de Oviedo (Spain), all
of them from the same geographic area, located in Asturias (Northern Region of Spain).

Clinical-pathological characteristics of patients with and without CRC are listed in
Tables 1 and 2. Samples of CRC (associated and not associated with IBD) were obtained
during laparotomy (surgical procedure of tumor removal), from January 1992 to December
2005. Samples obtained from tumors, avoiding necrotic tissues, were processed for patho-
logical examination immediately after surgical removal. Patients receiving neoadjuvant
therapy were excluded. Treatment algorithms for patients with CRC were applied in a
standard way according to changes along the study period.
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Table 1. Basal characteristics of 109 patients with colorectal cancer.

Characteristics CRCs Not Associated with IBD N (%)  CRCs Associated with IBD N (%) p-Value

All patients 86 (100) 23 (100)
Age (years) 0.070

<64 43 (50) 17 (73.9)

>64 43 (50) 6(26.1)
Gender 0.922

Male 49 (56.9) 14 (60.9)

Female 37 (43) 9(39.1)
Tumor location 0.399

Right 13 (15.1) 5(21.7)

Transverse 2 (2.3) 2 (8.7)

Left 34 (39.5) 7(30.4)

Rectum 37 (43) 9 (39.1)
Histological grade 0.438

Well differentiated (I) 16 (18.6) 5(21.7)

Moderately differentiated (II) 65 (75.5) 15 (65.2)

Poorly differentiated (III) 5(5.8) 3(13.0)
Duke’s stage 0.869

A 6 (6.9) 1(4.8)

B 49 (56.9) 12 (50.5)

C 17 (19.7) 6 (27.3)

D 14 (16.3) 3(13.0)

Abbreviations: CRC, colorectal cancer; IBD, inflammatory bowel disease. Dukes’ stage unknown for 1 case of CRC associated with IBD.

Table 2. Clinical characteristics of IBD patients at the time of the study inclusion.

Clinical Characteristics IBD Patients without CRCs IBD Patients with CRCs p-Value
Development N (%) Development N (%)

All patients 47 (100) 23 (100)

Age (years) 0.615
<38 27 (57.4) 11 (47.8)
>38 20 (42.6) 12 (52.2)

Gender 1

Male 28 (59.6) 14 (60.9)
Female 19 (40.4) 9 (39.1)

Immunosuppressive treatment 0.304
No 29 (67.4) 19 (82.6)
Yes 14 (32.6) 4(17.4)
All patients 47 (100) 23 (100)

Age (years) 0.615
<38 27 (57.4) 11 (47.8)
>38 20 (42.6) 12 (52.2)

Gender 1

Male 28 (59.6) 14 (60.9)
Female 19 (40.4) 9 (39.1)

Immunosuppressive treatment 0.304
No 29 (67.4) 19 (82.6)
Yes 14 (32.6) 4(17.4)
All patients 47 (100) 23 (100)

Abbreviations: CRC, colorectal cancer; IBD, inflammatory bowel disease. Note: It was impossible to know if they were taking immunosup-
pressant medication at the time of surgery in 4 cases of CD without CRC development.

Treatment algorithms were applied in a standard way to all patients.
Samples of IBD were obtained from 23 patients diagnosed with CRC; in 20 patients
during tumor removal and in 3 patients before the CRC diagnosis.
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2.2. Immunohistochemistry Analysis

Samples were stored as formalin-fixed, paraffin-embedded tissue blocks. Represen-
tative histological areas of tumor, inflammatory and non-inflammatory IBD tissue were
defined on hematoxylin and eosin (H&E)-stained sections and marked on the slide. The
counterstaining was made with hematoxylin. Tissue array (TA) [7] blocks were obtained
as described previously [12]. The sections from the paraffin blocks were serially obtained
and the 3 markers were incubated in sequential sections. Immunohistochemistry was
performed on TA sections using a TechMate TM50 autostainer (Dako, Glostrup, Denmark),
using the EnVision Detection Kit (Dako, Glostrup, Denmark). TA sections were treated in a
PT-Link® (Dako, Glostrup, Denmark) at 97 °C for 20 min, in citrate buffer pH 6.1 for MMP-
14 (53671, AnaSpec Inc, Fremont, CA, USA) and TIMP-1 (MS-608-P0, Neomarker, Fremont,
CA, USA). The dilution for each antibody was 1/100 for MMP-7 (MA5-14215, ThermoFisher,
Waltham, MA, USA), 1/50 for MMP-14 and 1/100 for TIMP-1. The chromogenic substance
used to demonstrate the presence of the microscopically studied protein, resulting in a
brown-colored precipitate forming where the antibody bound, was diaminobenzidine
(DAB). The negative control was DakoCytomation mouse serum (Dako, Glostrup, Den-
mark) diluted to the same mouse IgG concentration as the primary antibody. Breast tumor
samples in which the presence of the evaluated proteins was confirmed by Western blot
analysis were used as positive controls, as described previously [19,20]. All the dilutions
were made in Antibody Diluent (Dako, Glostrup, Denmark) and incubated for 30 min at
room temperature.

Factor expression was initially assessed in epithelial cells, cancer cells, fibroblast-like
cells and mononuclear inflammatory cells (MICs) and classified into 2 categories; negative,
<10% positive cells and positive, > 10% positive cells. Nevertheless, in tissue samples
positive for cells expressing either factor, at least 70% of these cells showed a positive
immunostaining of each valuated field. There were at least ten 200x fields observed in
each slide. Different cell types were distinguished morphologically based on their cell size;
epithelial cell and tumor cells are larger than stromal cells; also, fibroblasts are spindle-
shaped cells whereas MICs are small, round cells. A certified pathologist (LOG), who was
blinded to the patients’ clinical results, performed the histological examination.

2.3. Data Analysis and Statistical Methods

The PASW Statistics 18 program was used for all calculations. Differences in percent-
ages were calculated with the chi-square test. The specific outcomes assessed in the Data
Analysis section were the comparison of factor expressions between sporadic CRC and
IBD-associated CRC, and between inflamed and non-inflamed colonic tissue samples from
IBD patients with or without CRC development. The results found with a p-value < 0.05
were considered statistically significant.

3. Results
3.1. Clinical-Pathological Characteristics of Patients

The clinical-pathological characteristics of patients with CRC development associated
or not with IBD are shown in Table 1. There were no significant differences between both
groups of CRC patients regarding age or gender, tumor location in the colon, histological
grade or tumor stage.

No significant differences regarding clinical-pathological characteristics of IBD pa-
tients with or without CRC development (age, gender or treatment) were found, as shown
in Table 2.

3.2. Immunohistochemical Expression of MMP-7, MMP-14 and TIMP-1

Figure 1 shows representative examples of immunostaining for all analyzed factors in
inflamed and non-inflamed IBD tissue samples without CRC development (Figure 1a—f),
with CRC development (Figure 1g-1) and CRC associated (Figure 1m-o0) and non-associated
with IBD (Figure 1p-r). Regarding MMP-7 and TIMP-1 expression, a cytoplasmic location
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in positive cells was observed, whereas MMP-14 showed both cytoplasmic and membrane

locations.
IBD without MMP-7 TIMP-1
CRC development (©)
e e
BEA i AT €T -

Non-inflamed tissue

Inflamed tissue

IBD with
CRC development

Non-inflamed tissue

Inflamed tissue

CRC

Associated with IBD

Non-associated with IBD

Figure 1. Representative examples of immunohistochemical staining for MMP-7, MMP-14 and
TIMP-1 in colonic mucosa of patients depending on the group of study. 100x magnification for
(a—c,g-1,p—1). 200x magnification for (d—f,m—o). The counterstaining was made with hematoxylin.
Arrows indicate cell types: red, cancer cells; blue, epithelial cells; green, mononuclear inflammatory
cells; and black, fibroblasts. CRC, colorectal cancer; IBD, inflammatory bowel disease. Note: Samples
on tissue sections were either insufficient or lost for analysis in 10 cases for MMP-7 in CRCs not
associated with IBD; in 5 cases for MMP-14 in CRCs not associated with IBD and in 8 cases of CRCs
associated with IBD; in 13 cases for TIMP-1 in CRCs not associated with IBD and in 8 cases of CRCs
associated with IBD.

In CRC samples, immunostaining for MMP-7, MMP-14 and TIMP-1 were localized
primarily in tumor cells, but also in stromal cells (cancer-associated fibroblasts (CAF) as
well as MICs). In IBD samples, immunostaining was also localized both in epithelial cells
and in stromal cells (fibroblasts and MICs).
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3.3. Comparison of MMP-7, MMP-14 and TIMP-1 Expression of CRC Associated or Not with
IBD

Table 3 shows the expressions of the studied factors in each CRC group. MMP-7 and
MMP-14 were more frequently expressed by CAF from CRC associated with UC than by
CAF from CRC not associated with IBD (p = 0.048 and p < 0.001, respectively). CRC from
CD patients expressed more frequently MMP-14 and TIMP-1 by CAF compared with CAF
from CRC not associated with IBD. However, we found no significant differences between
expressions of factors by CRC from either UC or CD patients.

Table 3. Expression of MMP-7, MMP-14 and TIMP-1 by different cell types in CRCs not associated and associated with IBD
(% of cases refers to the total number of cases analyzed indicated for each protein).

Factors CRCs Not Associated with IBD N (%) CRCs Associated with CD N (%) CRC Associated with UC N (%)
MMP-7 86 (100) 9 (100) 13 (100)
Tumor cells 67 (77.9) 7 (77.8) 1(7.7)
Fibroblasts 33 (38.4) 5 (55.6) 9(69.2) *
MICs 19 (22.1) 3(33.3) 5(38.5)
MMP-14 86 (100) 6 (100) 8 (100)
Tumor cells 71 (82.6) 5(83.3) 6 (75)
Fibroblasts 13 (15.1) 4 (66.7) ** 6 (75) ***
MICs 5(5.8) 1(16.7) 1(12.5)
TIMP-1 86 (100) 6 (100) 8 (100)
Tumor cells 69 (80.2) 6 (100) 0(0)
Fibroblasts 16 (18.6) 4 (66.7) ** 2 (25)
MICs 27 (31.4) 1(16.7) 1(12.5)

Abbreviations: CD, Chron’s disease; CRC, colorectal cancer; IBD, inflammatory bowel disease; MIC, mononuclear inflammatory cell;
UG, ulcerative colitis. * p < 0.05 CRC without IBD development vs. IBD (UC) with CRC development. ** p < 0.05 CRC without IBD
development vs. IBD (CD) with CRC development. *** p < 0.01 CRC without IBD development vs. IBD (UC) with CRC development.

3.4. Comparison of MMP-7, MMP-14 and TIMP-1 Expression of Inflamed Tissues from IBD
Patients with or without CRC Development

In UC patients, our results did not show significant differences regarding the ex-
pression of MMP-7, MMP-14 and TIMP-1 by inflamed tissues from UC patients with or
without CRC development. However, our results showed that MMP-14 was more fre-
quently expressed by fibroblasts and MICs of inflamed tissues from CD patients with CRC
development than from CD patients without CRC development (p = 0.028 and p = 0.036,
respectively), whereas TIMP-1 was more frequently expressed by fibroblasts from CD
patients with CRC development (p = 0.05)

3.5. Comparison of MMP-7, MMP-14 and TIMP-1 Expression of Non-Inflamed Tissues from IBD
Patients with or without CRC Development

Our results did not show significant differences between non-inflamed tissues from
UC patients, with or without CRC development (Table 5). However, we found that
MMP-7 and MMP-14 were more frequently expressed by fibroblasts from non-inflamed
tissues of CD patients with CRC development than those of CD patients without CRC
development (p < 0.01 and p < 0.05, respectively) (Table 5), whereas MMP-14 and TIMP-1
were more frequently expressed by MICs from non-inflamed tissues of CD patients with
CRC development than those of CD patients without CRC development (p < 0.05 and
p < 0.01, respectively). Likewise, TIMP-1 was more frequently expressed by epithelial cells
from non-inflamed tissues from CD patients with CRC development than those of CD
patients without CRC development (p < 0.05). (Table 4).
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Table 4. Expression of MMP-7, MMP-14 and TIMP-1 by different cell types in inflamed tissue in IBD without or with CRC
development (% of cases refers to the total number of cases analyzed indicated for each protein).

Factors IBD without CRC Development IBD with CRC Development
N (%) N (%)
CD ucC CD ucC
MMP-7 29 (100) 16 (100) 8 (100) 7 (100)
Epithelial cells 22 (75.9) 9 (56.3) 6 (75) 4(57.1)
Fibroblasts 13 (44.8) 7 (43.8) 5(62.5) 3 (42.9)
MICs 15 (51.7) 3(18.8) 5(62.5) 3(42.9)
MMP-14 26 (100) 5 (100) 7 (100) 4 (100)
Epithelial cells 12 (46.2) 4 (80) 5(71.4) 3(75)
Fibroblasts 5(19.2) 4 (80) 5(71.4) % 2 (50)
MICs 3 (11.5) 3 (60) 4((571)* 0(0)
TIMP-1 27 (100) 15 (100) 7 (100) 5(100)
Epithelial cells 10 (37) 7 (46.7) 3 (42.9) 1(20)
Fibroblasts 0 2 (13.3) 2 (28.6) ** 0
MICs 3(11.1) 3 (20) 0 0

Abbreviations: CD, Crohn’s Disease; CRC, colorectal cancer; IBD, inflammatory bowel disease; MICs, mononuclear inflammatory cells; UC,
ulcerative colitis. * p < 0.05 IBD (CD) without CRC development vs. IBD (CD) with CRC development. ** p < 0.05 IBD (CD) without CRC
development vs. IBD (CD) with CRC development. Note: Samples on tissue sections were either insufficient or lost for analysis in some
cases, as indicated for each protein.

Table 5. Expression of MMP-7, MMP-14 and TIMP-1 by different cell types in non-inflamed tissue in IBD without or with
CRC development. (% of cases refers to the total number of cases analyzed indicated for each protein).

Factors IBD without CRC Development N (%) IBD with CRC Development N (%)
CD ucC CD ucC
MMP-7 31 (100) 16 (100) 9 (100) 11 (100)
Epithelial cells 17 (54.8) 12 (75) 7(77.8) 10 (90.9)
Fibroblasts 4 (12.9) 12 (75) 6 (66.7) ** 10 (90.9)
MICs 5(16.1) 6 (37.5) 5(55.6) * 9(81.8)
MMP-14 27 (100) 15 (100) 6 (100) 8 (100)
Epithelial cells 6(22.2) 9 (60) 4 (66.7) 1(12.5)
Fibroblasts 1(3.7) 8(53.3) 3 (50) * 1(12.5)
MICs 0 2(13.3) 2(33.3)* 0
TIMP-1 27 (100) 15 (100) 6 (100) 8 (100)
Epithelial cells 10 (37) 9 (60) 6 (100) * 1(12.5)
Fibroblasts 1(3.7) 2(13.3) 1(16.7) 0
MICs 2(7.4) 0 4 (66.7) ** 0

Abbreviations: CD, Crohn’s Disease; CRC, colorectal cancer; IBD, inflammatory bowel disease; MICs, mononuclear inflammatory cells; UC,
ulcerative colitis. * p < 0.05 IBD (CD) without CRC development vs. IBD (CD) with CRC development. ** p < 0.01 IBD (CD) without CRC
development vs. IBD (CD) with CRC development. Note: Samples on tissue sections were either insufficient or lost for analysis in some
cases, as indicated for each protein).

4. Discussion

The overexpression of MMP-7, MMP-14 and TIMP-1 were associated with the patho-
physiology of IBD [18] and the aggressiveness of CRC [16,17]. To our knowledge, this
is the first study to show that the expression of these factors is more frequent in CAF
of CRC associated with IBD compared to CAF of CRCs not associated with IBD, which
seems to support the hypothesis of the relationship between chronic inflammation and
the development of cancer, as well as its biological aggressiveness [21,22] (Figure 2). It is
known that in the context of chronic inflammation, the overexpression of pro-inflammatory
cytokines, such as interleukin (IL)-1f, IL-6 and tumor necrosis factor o (TNF-c), plays
a pivotal role in disease development by inducing MMP expression [23]. In addition,
increased expression of TNFR2, one of the membrane-bound TNF receptors, was recently
detected in ulcerative colitis [24].
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Figure 2. Schematic representation of the hypothesis of the evolution of the expression of metalloproteases and TIMP
to cancer lesions in (A) Crohn’s disease (CD) and (B) ulcerative colitis (UC). The first column on the left shows IBD-not-
associated CRC patients, and the first column on the right shows IBD-associated CRC patients (group A: CD, group B: UC).
The upper part of both columns shows the highest expression of the investigated factors in patients with CD associated
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with CRC. Further to the right the strongest expression of the agents studied in IBD-associated CRC patients compared to
CRC sporadic cases can be observed. +: expression; +++: higher expression.

It has been previously reported that the overexpression of MMP-7 in CRC correlates
with more advanced Dukes stages, invasion, liver metastasis and poor outcome [25,26].
This may be due to several biological aspects of MMP-7, such as its broad substrate
specificity enabling this enzyme to degrade various components of the basement membrane
and extracellular matrix (for example, collagens, proteoglycans, fibronectin, laminin and
elastin). MMP-7 may also contribute to cancer progression by the activation of MMP-2
and -9, and two epithelial-mesenchymal transformation pathways (RTK/RAS and the 3-
catenin) [27,28]. In addition, MMP-7 may promote angiogenesis through a direct or indirect
proliferative effect on endothelial cells, enriching the variety of angiogenesis mediators
and secreting angiogenesis inhibitors [29,30]. Interestingly, it has been also suggested that
MMP-7 can contribute to the expansion of tumor stroma, stimulating the proliferation and
migration of human colonic fibroblasts [31]. In this sense, it has been widely described
that CAF contribute to a wide range of pro-tumor actions [32]. A recent study showed that
FGF-1/-3/FGFR4 signaling in CAF promotes tumor progression in colon cancer through
ERK and MMP-7, inducing angiogenesis and cell proliferation [33], which suggests a
crucial role of CAF and FGF signaling in colorectal cancer. MMP-14 also contributes to the
degradation of the extracellular matrix by activating other MMPs, such as pro-MMP-13 and
pro-MMP-2, and plays a crucial role in molecular carcinogenesis and tumor growth. All of
these functions might explain the association of MMP-14 expression with poorer prognosis
in CRC patients [34]. Taken together, our data suggest that MMP-7 and -14 expression
may contribute to identify a phenotype of CAF, associated with CRC development in IBD
patients.

Considering that one of the major sources of CAF are resident fibroblasts, it seems
reasonable to investigate fibroblasts of colonic mucous from IBD patients with and without
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CRC development. Figure 1 outlines the evolutionary hypothesis that we considered based
on our results. Our data led us to contemplate the existence of one stromal cell phenotype
in both non-inflammatory and inflammatory tissues prior to cancer development, in one
significant percentage of patients with CD. Our data also show an increased TIMP-1 expres-
sion by MICs from non-inflamed tissue samples from CD patients with CRC development,
compared to patients without CRC development. TIMP-1 can promote cell growth and
inhibit apoptosis [35]. In addition, there are data indicating TIMP-1 might play a role in
colorectal carcinogenesis from colorectal adenomas [17]. Especially relevant was our find-
ing of a phenotype of fibroblasts expressing MMP-7 and MMP-14 in benign non-inflamed
colorectal tissues associated with further CRC in CD patients. This suggests that both
MMPs might be possible molecular markers of stromal cells from CD patients predisposed
to CRC. In this sense, in adenomatous polyposis coli (APC), an increased expression of
MMP-7 may serve as an early indicator for colorectal carcinogenesis [18], which may be
related to the fact that MMP-7 activation is directly associated with APC mutations [36].
On the contrary, it has been reported that mice lacking MMP-7 expression have a reduced
incidence of colonic adenoma [37]. In accordance with all of these observations, a recent
bioinformatic analysis study based on micro array databases (GSE10950, GSE44861 and
GSE744602) identified MMP-7 as the more important gene expression involved in colon
carcinogenesis, invasion and recurrence of colon cancer [38]. This is consistent with the
fact that MMP-7 was reported to regulate the occurrence and development of cancer and
mediate the proliferation, differentiation, metastasis and invasion of diverse types of cancer
cells through various mechanisms (revised by [39]).

Identifying at-risk patients and carrying out appropriate preventive measures such
as chemoprophylaxis or periodic colonoscopy surveillance of these patients is of great
importance as a clinical strategy to lessen the hazard of CDC in IBD patients. Several
clinical factors have been associated with an increase in risk, such as young age at the onset
of IBD, major disease extension, longer duration of disease, primary sclerosing cholangitis,
degree of inflammation or the presence of moderate to high dysplasia [40]. At present,
surveillance is especially recommended for patients with long-term IBD. However, the
fact that up to 30% of CRC cases were interval cancers (that appeared after a negative
screening test or examination) indicates the difficult management of this issue and the
need to identify the most precise factors for CRC [41]. Therefore, there is today the need to
have more precise markers that help to achieve a better discrimination of IBD subtypes
that jeopardize CRC development, as well as the need to identify proteomic biomarkers to
diagnose or predict cancer risk.

Obviously, the size of the sample and the retrospective design are the key limitations
of the present study. In our hospital records, we encountered great difficulty in recruiting
well-documented cases, as well as optimal tissue samples, for the purpose of deepening
the relationship between IBD and CRC development. This probably reflects a deficient
sensitivity in our clinical setting to assess this important connection in the context of the
paradigm of the relationship between inflammation and cancer. Therefore, the reported
outcomes should be considered as preliminary and deserve to be validated. In addition,
it will be important to determine whether they find similar expression patterns in pre-
cancerous stages of IBD.

To summarize, we believe our findings seem to support the hypothesis of the rela-
tionship between intestinal inflammation and cancer. In addition, they led us to consider
that further studies on the correlation between MMP-7 and MMP-14 and their inhibitors
TIMP-1 and TIMP-2, respectively, based on double staining, as well as eventually others
(of proliferation and/or apoptosis) and also of MMP-14 with TIMP-2, may be of interest in
the context of the relationship between IBD and CRC.

Author Contributions: Conceptualization, N.E. and FJ.V.; methodology, A.A. (Antonio Altadill),
A.A. (Alejandro Andicoechea), L.R. and J.L.G.-M.; formal analysis, A.A. (Antonio Altadill), N.E.
and FJ.V,; investigation, A.A. (Antonio Altadill), L.O.G., A.A. (Alejandro Andicoechea), S.F-E,
L.R. and J.L.G.-M.; writing—original draft preparation, A.A. (Antonio Altadill), N.E., and EJ.V,;



Biomedicines 2021, 9, 495 10 of 11

writing—review and editing, L.O.G., A.A. (Andicoechea), S.E-F,, L.R. and J.L.G.-M.; visualization,
A.A. (Antonio Altadill), N.E. and E]J.V.; supervision, EJ.V.; project administration, N.E.; funding
acquisition, FJ.V. All authors have read and agreed to the published version of the manuscript.

Funding: This research was funded and initially supported by a grant from Grupo Espaiiol de
Trabajo sobre Enfermedad de Crohn y Colitis Ulcerosa (GETECCU).

Institutional Review Board Statement: Ethical approval was waived by the local Ethics Committee
of Fundacién Hospital de Jove in view of the retrospective nature of the study (reference P102/19)
and all the procedures being performed were part of the routine care.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the
study.

Data Availability Statement: The datasets generated and/or analyzed during the current study are
available from the corresponding author upon reasonable request.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Baragi, V.M,; Qiu, L.; Gunja-Smith, Z.; Woessner, ].EJ.; Lesch, C.A.; Guglietta, A. Role of metalloproteinases in the development
and healing of acetic acid-induced gastric ulcer in rats. Scand. . Gastroenterol. 1997, 32, 419-426. [CrossRef] [PubMed]

2. Arthur, M]. Fibrosis and altered matrix degradation. Digestion 1998, 59, 376-380. [CrossRef]

3. Altadill, A,; Eiro, N.; Gonzalez, L.O.; Junquera, S.; Gonzalez-Quintana, ].M.; Sanchez, M.R.; Andicoechea, A.; Saro, C.; Rodrigo,
L.; Vizoso, EJ. Comparative analysis of the expression of metalloproteases and their inhibitors in resected crohn’s disease and
complicated diverticular disease. Inflamm. Bowel Dis. 2012, 18, 120-130. [CrossRef] [PubMed]

4. von Lampe, B; Barthel, B.; Coupland, S.E.; Riecken, E.O.; Rosewicz, S. Differential expression of matrix metalloproteinases and
their tissue inhibitors in colon mucosa of patients with inflammatory bowel disease. Gut 2000, 47, 63-73. [CrossRef]

5.  Di Sebastiano, P; di Mola, E.F.; Artese, L.; Rossi, C.; Mascetta, G.; Pernthaler, H.; Innocenti, P. Beneficial effects of Batimastat
(BB-94), a matrix metalloproteinase inhibitor, in rat experimental colitis. Digestion 2001, 63, 234-239. [CrossRef]

6.  Eiro, N.; Vizoso, FJ. Inflammation and cancer. World ]. Gastrointest. Surg. 2012, 4, 62-72. [CrossRef]

7. Vendramini-Costa, D.B.; Carvalho, J.E. Molecular link mechanisms between inflammation and cancer. Curr. Pharm. Des. 2012, 18,
3831-3852. [CrossRef]

8.  Eaden, J.A.; Abrams, K.R.; Mayberry, ].F. The risk of colorectal cancer in ulcerative colitis: A meta-analysis. Gut 2001, 48, 526-535.
[CrossRef]

9. Rubin, D.C,; Shaker, A.; Levin, M.S. Chronic intestinal inflammation: Inflammatory bowel disease and colitis-associated colon
cancer. Front. Immunol. 2012, 3, 107. [CrossRef]

10. Asano, T.; Tada, M.; Cheng, S.; Takemoto, N.; Kuramae, T.; Abe, M.; Takahashi, O.; Miyamoto, M.; Hamada, J.; Moriuchi, T.; et al.
Prognostic values of matrix metalloproteinase family expression in human colorectal carcinoma. J. Surg. Res. 2008, 146, 32—42.
[CrossRef]

11. Pesta, M.; Topolcan, O.; Holubec, L.J.; Rupert, K.; Cerna, M.; Holubec, L.S.; Treska, V.; Finek, J.; Cerny, R. Clinicopathological
assessment and quantitative estimation of the matrix metalloproteinases MMP-2 and MMP-7 and the inhibitors TIMP-1 and
TIMP-2 in colorectal carcinoma tissue samples. Anticancer Res. 2007, 27, 1863-1867. [PubMed]

12.  Gonzalez, L.; Eiro, N.; Gonzalez, L.O.; Andicoechea, A.; Barbon, E.; Garcia-Muniz, J.L.; Vizoso, FJ. Effect of the expression of
matrix metalloproteases and their tissue inhibitors on survival of patients with resectable colorectal cancer. Dig. Dis. Sci. 2012, 57,
2063-2071. [CrossRef] [PubMed]

13. Lyall, M.S,; Dundas, S.R.; Curran, S.; Murray, G.I. Profiling markers of prognosis in colorectal cancer. Clin. Cancer Res. 2006, 12,
1184-1191. [CrossRef]

14. Egeblad, M.; Werb, Z. New functions for the matrix metalloproteinases in cancer progression. Nat. Rev. Cancer 2002, 2, 161-174.
[CrossRef] [PubMed]

15. Jiang, Y.; Goldberg, I.D.; Shi, Y.E. Complex roles of tissue inhibitors of metalloproteinases in cancer. Oncogene 2002, 21, 2245-2252.
[CrossRef] [PubMed]

16. Curran, S.; Dundas, S.R.; Buxton, J.; Leeman, M.F,; Ramsay, R.; Murray, G.I. Matrix metalloproteinase/tissue inhibitors of matrix
metalloproteinase phenotype identifies poor prognosis colorectal cancers. Clin. Cancer Res. 2004, 10, 8229-8234. [CrossRef]

17. Hilska, M.; Roberts, PJ.; Collan, Y.U.; Laine, V.J.; Kossi, ].; Hirsimaki, P.; Rahkonen, O.; Laato, M. Prognostic significance of matrix
metalloproteinases-1, -2, -7 and -13 and tissue inhibitors of metalloproteinases-1, -2, -3 and -4 in colorectal cancer. Int. J. Cancer
2007, 121, 714-723. [CrossRef]

18. Rath, T; Roderfeld, M.; Graf, J.; Wagner, S.; Vehr, A K,; Dietrich, C.; Geier, A.; Roeb, E. Enhanced expression of MMP-7 and

MMP-13 in inflammatory bowel disease: A precancerous potential? Inflamm. Bowel Dis. 2006, 12, 1025-1035. [CrossRef]


http://doi.org/10.3109/00365529709025075
http://www.ncbi.nlm.nih.gov/pubmed/9175201
http://doi.org/10.1159/000007492
http://doi.org/10.1002/ibd.21682
http://www.ncbi.nlm.nih.gov/pubmed/21438097
http://doi.org/10.1136/gut.47.1.63
http://doi.org/10.1159/000051895
http://doi.org/10.4240/wjgs.v4.i3.62
http://doi.org/10.2174/138161212802083707
http://doi.org/10.1136/gut.48.4.526
http://doi.org/10.3389/fimmu.2012.00107
http://doi.org/10.1016/j.jss.2007.02.011
http://www.ncbi.nlm.nih.gov/pubmed/17649785
http://doi.org/10.1007/s10620-012-2154-z
http://www.ncbi.nlm.nih.gov/pubmed/22488635
http://doi.org/10.1158/1078-0432.CCR-05-1864
http://doi.org/10.1038/nrc745
http://www.ncbi.nlm.nih.gov/pubmed/11990853
http://doi.org/10.1038/sj.onc.1205291
http://www.ncbi.nlm.nih.gov/pubmed/11948407
http://doi.org/10.1158/1078-0432.CCR-04-0424
http://doi.org/10.1002/ijc.22747
http://doi.org/10.1097/01.mib.0000234133.97594.04

Biomedicines 2021, 9, 495 11 of 11

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Gonzdlez, L.O.; Corte, M.D.; Junquera, S.; Gonzalez-Fernandez, R.; del Casar, ].M.; Garcia, C.; Andicoechea, A.; Vazquez, J.;
Pérez-Fernandez, R.; Vizoso, EJ. Expression and prognostic significance of metalloproteases and their inhibitors in luminal A and
basal-like phenotypes of breast carcinoma. Hum. Pathol. 2009, 40, 1224-1233. [CrossRef]

Gonzalez, L.O,; Pidal, I; Junquera, S.; Corte, M.D.; Vazquez, J.; Rodriguez, J.C.; Lamelas, M.L.; Merino, A.M.; Garcia-Muiiiz, J.L.;
Vizoso, EJ. Overexpression of matrix metalloproteinases and their inhibitors in mononuclear inflammatory cells in breast cancer
correlates with metastasis-relapse. Br. J. Cancer 2007, 97, 957-963. [CrossRef]

Jensen, A.B.; Larsen, M.; Gislum, M.; Skriver, M.V,; Jepsen, P.; Norgaard, B.; Sorensen, H.T. Survival after colorectal cancer
in patients with ulcerative colitis: A nationwide population-based Danish study. Am. . Gastroenterol. 2006, 101, 1283-1287.
[CrossRef]

Watanabe, T.; Konishi, T.; Kishimoto, J.; Kotake, K.; Muto, T.; Sugihara, K. Japanese Society for Cancer of the Colon and Rectum.
Ulcerative colitis-associated colorectal cancer shows a poorer survival than sporadic colorectal cancer: A nationwide Japanese
study. Inflamm. Bowel Dis. 2011, 17, 802-808. [CrossRef]

Nam, J.; Perera, P; Liu, J.; Rath, B.; Deschner, ].; Gassner, R.; Butterfield, T.A.; Agarwal, S. Sequential alterations in catabolic and
anabolic gene expression parallel pathological changes during progression of monoiodoacetate-induced arthritis. PLoS ONE
2011, 6, €24320. [CrossRef] [PubMed]

Li, X.; Lee, E.J.; Gawel, D.R; Lilja, S.; Schafer, S.; Zhang, H.; Benson, M. Meta-Analysis of Expression Profiling Data Indicates
Need for Combinatorial Biomarkers in Pediatric Ulcerative Colitis. J. [mmunol. Res. 2020, 2020, 8279619. [CrossRef] [PubMed]
Fang, YJ.; Lu, Z.H.; Wang, G.Q.; Pan, Z.Z.; Zhou, Z.W.; Yun, ].P.; Zhang, M.E;; Wan, D.S. Elevated expressions of MMP7, TROP2,
and survivin are associated with survival, disease recurrence, and liver metastasis of colon cancer. Int. J. Colorectal. Dis. 2009, 24,
875-884. [CrossRef] [PubMed]

Fuksiewicz, M.; Kotowicz, B.; Rutkowski, A.; Kowalska, M. The matrix metalloproteinase-7 and pro-enzyme of metalloproteinase-
1 as a potential marker for patients with rectal cancer without distant metastasis. Tumour Biol. 2015, 36, 3629-3635. [CrossRef]
McGuire, ] K.; Li, Q.; Parks, W.C. Matrilysin (matrix metalloproteinase-7) mediates E-cadherin ectodomain shedding in injured
lung epithelium. Am. J. Pathol. 2003, 162, 1831-1843. [CrossRef]

Ougolkov, A.V.; Yamashita, K.; Mai, M.; Minamoto, T. Oncogenic beta-catenin and MMP-7 (matrilysin) cosegregate in late-stage
clinical colon cancer. Gastroenterology 2002, 122, 60-71. [CrossRef] [PubMed]

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. Med. (Maywood) 2006, 231, 20-27. [CrossRef]

Ito, T.K,; Ishii, G.; Chiba, H.; Ochiai, A. The VEGF angiogenic switch of fibroblasts is regulated by MMP-7 from cancer cells.
Oncogene 2007, 26, 7194-7203. [CrossRef]

Hemers, E.; Duval, C.; McCaig, C.; Handley, M.; Dockray, G.J.; Varro, A. Insulin-like growth factor binding protein-5 is a target
of matrix metalloproteinase-7: Implications for epithelial-mesenchymal signaling. Cancer Res. 2005, 65, 7363-7369. [CrossRef]
[PubMed]

Bhowmick, N.A.; Neilson, E.G.; Moses, H.L. Stromal fibroblasts in cancer initiation and progression. Nature 2004, 432, 332-337.
[CrossRef] [PubMed]

Bai, Y.P; Shang, K.; Chen, H.; Ding, F; Wang, Z; Liang, C.; Xu, Y.; Sun, M.H.; Li, Y.Y. FGF-1/-3/FGFR4 signaling in cancer-
associated fibroblasts promotes tumor progression in colon cancer through Erk and MMP-7. Cancer Sci. 2015, 106, 1278-1287.
[CrossRef]

Kanazawa, A.; Oshima, T.; Yoshihara, K.; Tamura, S.; Yamada, T.; Inagaki, D.; Sato, T.; Yamamoto, N.; Shiozawa, M.; Morinaga, S.;
et al. Relation of MT1-MMP gene expression to outcomes in colorectal cancer. J. Surg. Oncol. 2010, 102, 571-575. [CrossRef]
Waurtz, S.0.; Schrohl, A.S.; Mouridsen, H.; Brunner, N. TIMP-1 as a tumor marker in breast cancer-an update. Acta Oncol. 2008,
47, 580-590. [CrossRef]

Gustavson, M.D.; Crawford, H.C.; Fingleton, B.; Matrisian, L.M. Tcf binding sequence and position determines beta-catenin and
Lef-1 responsiveness of MMP-7 promoters. Mol. Carcinog. 2004, 41, 125-139. [CrossRef]

Kitamura, T.; Biyajima, K.; Aoki, M.; Oshima, M.; Taketo, M.M. Matrix metalloproteinase 7 is required for tumor formation, but
dispensable for invasion and fibrosis in SMAD4-deficient intestinal adenocarcinomas. Lab. Investig. 2009, 89, 98-105. [CrossRef]
Chen, L.; Ke, X. MMP?7 as a potential biomarker of colon cancer and its prognostic value by bioinformatics analysis. Medicine
(Baltimore) 2021, 100, €24953. [CrossRef]

Liao, H.Y.; Da, C.M; Liao, B.; Zhang, H.H. Roles of matrix metalloproteinase-7 (MMP-7) in cancer. Clin. Biochem. 2021. [CrossRef]
[PubMed]

Andersen, N.N; Jess, T. Has the risk of colorectal cancer in inflammatory bowel disease decreased? World . Gastroenterol. 2013,
19, 7561-7568. [CrossRef]

Mooiweer, E.; van der Meulen-de Jong, A.E.; Ponsioen, C.Y.; van der Woude, C.J.; van Bodegraven, A.A.; Jansen, ].M.; Mahmmod,
N.; Kremer, W.; Siersema, P.D.; Oldenburg, B.; et al. Incidence of Interval Colorectal Cancer Among Inflammatory Bowel Disease
Patients Undergoing Regular Colonoscopic Surveillance. Clin. Gastroenterol. Hepatol. 2015, 13, 1656-1661. [CrossRef] [PubMed]


http://doi.org/10.1016/j.humpath.2008.12.022
http://doi.org/10.1038/sj.bjc.6603963
http://doi.org/10.1111/j.1572-0241.2006.00520.x
http://doi.org/10.1002/ibd.21365
http://doi.org/10.1371/journal.pone.0024320
http://www.ncbi.nlm.nih.gov/pubmed/21931681
http://doi.org/10.1155/2020/8279619
http://www.ncbi.nlm.nih.gov/pubmed/32411805
http://doi.org/10.1007/s00384-009-0725-z
http://www.ncbi.nlm.nih.gov/pubmed/19421758
http://doi.org/10.1007/s13277-014-3000-z
http://doi.org/10.1016/S0002-9440(10)64318-0
http://doi.org/10.1053/gast.2002.30306
http://www.ncbi.nlm.nih.gov/pubmed/11781281
http://doi.org/10.1177/153537020623100103
http://doi.org/10.1038/sj.onc.1210535
http://doi.org/10.1158/0008-5472.CAN-05-0157
http://www.ncbi.nlm.nih.gov/pubmed/16103088
http://doi.org/10.1038/nature03096
http://www.ncbi.nlm.nih.gov/pubmed/15549095
http://doi.org/10.1111/cas.12745
http://doi.org/10.1002/jso.21703
http://doi.org/10.1080/02841860802022976
http://doi.org/10.1002/mc.20049
http://doi.org/10.1038/labinvest.2008.107
http://doi.org/10.1097/MD.0000000000024953
http://doi.org/10.1016/j.clinbiochem.2021.03.003
http://www.ncbi.nlm.nih.gov/pubmed/33713636
http://doi.org/10.3748/wjg.v19.i43.7561
http://doi.org/10.1016/j.cgh.2015.04.183
http://www.ncbi.nlm.nih.gov/pubmed/25956835

	Introduction 
	Materials and Methods 
	Patient Selection, Patient Characteristics and Tissue Specimen Handling 
	Immunohistochemistry Analysis 
	Data Analysis and Statistical Methods 

	Results 
	Clinical–Pathological Characteristics of Patients 
	Immunohistochemical Expression of MMP-7, MMP-14 and TIMP-1 
	Comparison of MMP-7, MMP-14 and TIMP-1 Expression of CRC Associated or Not with IBD 
	Comparison of MMP-7, MMP-14 and TIMP-1 Expression of Inflamed Tissues from IBD Patients with or without CRC Development 
	Comparison of MMP-7, MMP-14 and TIMP-1 Expression of Non-Inflamed Tissues from IBD Patients with or without CRC Development 

	Discussion 
	References

