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Abstract: Crohn's disease is a non-specific inflammatory bowel disease, which is a chronic condition
that affects the ileum and/or large intestine. At the same time, it can also involve any other part of
the human body, that is, from the mouth to the anus. The symptoms are very bothersome and cause
a significant reduction in quality of life and sometimes even crippling permanent damage to the
gastrointestinal tract, which requires enteral or parenteral nutrition for life. The purpose of this
study was to investigate tissue metalloproteinases as markers of recurrent Crohn's disease. The
experimental groups included 31 patients and 10 patients with normal Crohn's disease, ranging in
age from 23-70 years, with a mean age of 40.4. Collected tissues were frozen and then fragmented
tissues were homogenized with Ripa Lysis buffer on ice. The supernatant was collared and four
metalloproteinases - MMP 3, MMP 7, MMP 8 and MMP 9 - were an-alized by Enzyme-linked
Immunosorbent Assay using SEA101HU, SEA102Hu, SEA103Hu and SEA553Hu kits (Cloud-Clone
Corp., Kata, TX, USA). All chemical analyses were performed in triplicate. Metalloproteinase
content was expressed as mean + standard deviation. Metalloproteinase 3 and metalloproteinase 8)
significantly influenced the possibility of Crohn recurrence

Keywords: Crohn’s disease; metalloproteinases; MMP-3; MMP-8

1. Introduction

Crohn's disease (CD) is a chronic inflammatory bowel disease with possible recurrences [1-2]. It
is a subtype of inflammatory bowel disease (IBD), a chronic inflammatory disorder of the
gastrointestinal tract. Treatment of this condition is lifelong [3-4]. The reason for its post-onset is a
transbronchial inflammation, which can affect any part of the gastrointestinal tract. Its phenotype is
usually variable and is determined either by the risk of progression or by the location of the disease
[5].

IBD are a group of diseases of unexplained etiology and chronic course, with periods of
exacerbation and remission [6]. Initially described in the 19th and early 20th centuries, individual
cases from Great Britain and northern Europe grew in number and geographically expanded so that
today they are recognized all over the world, and their number is not decreasing. A characteristic
feature of this group of diseases is the continuity of inflammatory changes in the mucosa starting
from the rectum, covering the ascending large intestine to the possible involvement of the final
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segment of the small intestine. The relationship between the disease and the immune system remains
undeniable. Clinically, IBD carries many intestinal complications and systemic diseases, as well as
dysplastic changes - the risk of developing colorectal cancer [7].

IBD is most common in Scandinavia, Western Europe and North America. Currently, studies
indicate that the incidence of IBD is lower in developing countries. In Asian populations, the
incidence ranges from 5.3 to 63.6 per 100,000 people, while in North America it ranges from 37.5 to
238 per 100,000 people [8]. It has been noted that in Europe, there is a geographical gradient in the
prevalence of IBD with higher rates in the north and lower rates in the south. The same observation
from the North American area was confirmed in Sonnenberg's work, in which the higher incidence
of IBD occurred in the northern regions of the United States [9].

Most IBD patients in Europe and North America are in the 30-40 age group at diagnosis. It has
been observed that the average age at diagnosis tends to be slightly higher in Asian countries
compared to Western countries, and a study by Souza in Southeast Brazil showed that there is a trend
towards a second peak in new hospital admissions in the 60-69 age group because of IBD [10].

The etiology of IBD remains unexplained until the end. There were genetic hypotheses,
hypotheses of increased permeability of the mucosa for antigens from the intestinal lumen,
hypotheses regarding the ongoing inflammation of small vessels of the mucosa leading to altered
mucosal permeability. Certainly, the immune system plays the most important role in the
pathogenesis of the disease [11].

Genetic factors

Differences in the incidence of IBD by race and ethnicity indicated from the outset that genetic
factors play an important role. An increased incidence of IBD is observed among family members of
patients, especially among first-degree relatives. In this group, the incidence is 10-30% higher than in
the general population, with no increased incidence among spouses, which argues against the
involvement of infectious agents [12]. A higher incidence of the disease has been described in
identical twins. A higher prevalence of DR2HLA II, DR9 and DRBI10 alleles has been described in
patients with IBD. Predisposition to the development of the disease is also associated with the
presence of certain regions of chromosomes 2 and 6 and regions located on chromosomes 3, 7 and 12
[13].

Environmental factors

Nutritional deficiencies occur in 20-85% of IBD patients, with protein-energy malnutrition being
the most common. There are also overweight or obese CU patients, they have a higher colectomy rate
than eutrophic patients, increased need for permanent ileostomy, longer hospital stays, higher rate
of incisional hernia after ileo-rectal anastomosis, increased risk of non-alcoholic fatty liver disease
and thrombotic disease [14]. Increased body weight is also associated with early loss of response to
drugs in IBD. The formation of pathogenic microflora in genetically predisposed individuals is
associated with changes in epithelial function, dysregulation of the immune function of the digestive
tract and persistent inflammation of the intestines. [15].

Symptoms

The symptoms of IBD range from rectal and anal irritation to frequent and profuse bloody
diarrhea accompanied by colic pains in the middle and lower abdomen, especially on the left side
[16]. Profuse gastrointestinal bleeding may occur in 3% of patients. There are also cases of
constipation.

In 1.6-6% of patients megacolon toxicum develops, in this form atony, intestinal dilatation and
thinning of its wall are accompanied by a septic state resulting from the penetration of bacteria from
the intestinal lumen into the blood. Complications of severe IBD include perforations, peritonitis, and
massive gastrointestinal bleeding [17]. Another type of complications are shortening and narrowing
of the intestinal lumen, and developing dysplasia, which increases the risk of developing colorectal
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cancer. Colorectal cancer is most common in patients after the seventh year of the disease. The
greatest risk concerns patients with pancolitis - 25% after 20 years. In comparison, patients with rectal
and sigmoid colon involvement develop colorectal cancer in 3.7% after 20 years of disease [18].

Patients with IBD, like patients with Crohn's disease, have a wide spectrum of extraintestinal
symptoms. These include skin and mucosal symptoms - erythema nodosum and erythema
multiforme, gangrenous dermatitis, skin infections, inflammation of the corners of the mouth and
aphthae of the oral mucosa; eye symptoms - conjunctivitis, choroid and iris inflammation; joint
symptoms - arthritis, ankylosing spondylitis, sacroiliitis; cardiovascular symptoms - pericarditis,
vasculitis, aneurysms; anemia, vascular thrombosis; obstructive lung disease; sclerosing cholangitis,
hepatitis, cirrhosis, pancreatic stenosis and cholangiocarcinoma, gallstones; urolithiasis, perirenal
abscesses; amyloidosis. Extraintestinal symptoms have been shown to be associated with more
advanced disease and poorer prognosis [19].

Morphology

IBD is characterized by diffuse, continuous inflammation limited to the colonic mucosa.
Macroscopically, the inflamed mucosa is swollen, granular, friable, reddened and bleeds easily, with
or without ulcerations of various sizes [20]. Mucosal changes include continuity from the rectum,
proximal along a varying length of colon, with the distal colon likely to be more inflamed than the
proximal. The regenerating mucosa shows signs of atrophy, the adjacent unchanged areas are thicker
and protrude above the areas with atrophy, which gives the appearance of pseudopolyps. The
histological picture is different in the active phase of inflammation and in remission [21. In the full-
blown phase, the inflammation covers the mucous membrane and blood vessels. There is a profuse
inflammatory infiltrate of lymphocytes, plasma cells, and macrophages with associated infiltration
from neutrophils, less numerous eosinophils and mast cells [22]. Granulocytes occur both in the
lamina propria and penetrate into the crypts, creating microabscesses. Ulcers covered with
granulocytic infiltration form above the inflamed crypts. In IBD, the mucosa may return to normal or
remain atrophic during remission [23]. Subsequent recurrences lead to disorders of the architecture
of the glands in the form of shortening of the crypts and the presence of spaces between the lower
part of the crypts and the upper edge of the muscular layer of the mucosa, as well as branching of the
crypts, as well as persistent chronic inflammatory infiltration with hyperplasia of the intestinal
lymphatic system and an increased number of plasma cells at the base of the membrane mucosa. The
presence of Paneth cells in the mucosa of the left colon is a metaplastic process also associated with
chronic damage to the crypt epithelium [24]. Metaplasia of the pyloric glands is rare. In fulminant
cases, necrosis and ulceration occur, which involve the submucosa and muscularis. In cases of long-
term relapses and remissions, the intestinal wall may also be significantly shortened, with a dominant
picture of fibrosis of the inner layers of the wall [25].

One of the disabling manifestations of CD is perianal fistulas, which in many cases are associated
with rectal disease [26]. The hallmarks of ulcerative colitis are bursting ulcers, granulomatous
inflammation and submucosal fibrosis. Histologic features of CD include distortion of the crypts,
lymphocyte infiltration and chronic inflammation of the rectum, mostly limited to the lamina propria
[27-28]. Perianal fistulas are one of the most disabling manifestations of CD and are often associated
with rectal disease [26]. Additionally, the development of a fistula is a risk factor for more aggressive
disease progression [29]. Current therapeutic options for CD perianal fistulas are very limited and
include antibiotics, immunomodulators, biologics and mesenchymal stem cells [30]. However, these
therapies are combined with chirurgical methods. Thus, surgical removal is the primary method of
treating fistulas, although it is not a complete cure for the disease [31] The etiopathogenesis of
perianal fistula in CD is currently unknown. The diseased mucosa is destroyed and also ulcerated
and then replaced by degranulation tissue. It can be assumed that inflammatory cells and
myofibroblasts are interfered with, trying to repair the damaged tissue by depositing collagen or
other components of the extracellular matrix (ECM). All this leads to remodeling of the tissue, which
is characterized by high stiffness [32-33]. Fistulas in Crohn's disease are likely formed by epithelial-
mesenchymal transition (EMT) of intestinal fibroblasts, which impairs the ability of the above cells to
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repair any damage to the mucosa [34]. Under-going EMT, intestinal epithelial cells acquire properties
of an invasive and migratory nature and above that lose both cell polarity and cell-to-cell contact.
This leads to them becoming myofibroblasts [35-36]. However, the molecular mechanisms triggering
EMT still remain to be investigated. Both CD and ulcerative colitis (UC) are two major types of non-
specific inflammatory bowel disease that share common pathological and clinical features. However,
they have several significant differences. The clinical diagnosis of IBD is usually established based on
a collective evaluation of the clinical picture and findings on endoscopy, histopathology and
radiography [37-38]. There is a need for objective clinical differentiation of CD and UC in patients
who have inflammatory bowel disease in order to develop a treatment plan [39-42]. However, still
the differential diagnosis of the above subtypes remains a major clinical challenge due to the fact that
there is no single diagnostic modality for UC or Crohn's colitis [35, 39, 41-43]. Based on the literature,
about 5% - 15% of patients do not meet strict guidelines for the diagnosis of UC or CD [36, 44]. And
for about 14% of patients diagnoses change over time [45-46].

Tontini described miRNAs as biomarkers in the diagnosis of IBD in his study [47]. At the time,
however, a small number of studies showed that mRNAs could be directly used in the differential
diagnosis of both CD and UC. Metalloproteinases (MMPs) are a large group of zinc-dependent
proteolytic enzymes that are involved in the degradation and remodeling of the extracellular matrix
(ECM) by cleaving specific elements [48]. Impaired expression of matrix metalloproteinases
(MMPs) as well as tissue inhibitors of metalloproteinases has been noted in CD fistula studies. In
addition, it has been shown that attempts by myofibroblasts to repair damaged tissue, is a
culmination of ECM remodeling. .(Abraham BP 2012). The important point is that the ECM, (highly
hydrated) is composed of proteins and polysaccharides, mainly glycosaminoglycan hia-luronan
(HA). As such, ECM provides essential physical support for cellular components and initiates
important biochemical signals involved in tissue morphogenesis, differentiation and homeostasis
[49-50]. HA binds to proteoglycan molecules and then binds to growth factors. They interact directly
with receptors on cell surfaces, which in con-sequence induces intracellular signal transduction. In
addition, they are involved in the regulation of gene transcription [46].

The pathogenesis of CD-associated fistulas is poorly understood, in part because access to
diseased tissues associated with fistulas is very limited. To date, there are also no accepted in vitro
tissue models of pathogenic cellular alterations or in vivo models to study the disease [51]. The
literature refers to the transition of intestinal epithelial cells (IECs) to mesen-chymal cells. In addition,
one can find entries referring to the regulation of matrix metalloproteinases and the overexpression
of invasive molecules among the hypothesized pathways involved in the pathogenesis of CD with
fistulas [52]. MMPs are a product of many cell types, including leukocytes, mesenchymal cells and
epithelial cells. Myofibroblasts are able to produce MMP1, -2, -3 and -9, while neutrophils and
macrophages produce MMPS, -9, -10 and -12 [53-55].

2. Materials and Methods

2.1. Large intestine tissue samples

The study included 31 patients diagnosed with Crohn's disease and ten patients with the healthy
digestive tract, ranging in age from 23-70 years, with a mean age of 40.4. Patients were treated at the
Department of General Surgery, Regional Clinical Hospital No. 2 in Rzeszow between 2018 and 2020.
Bowel tissue samples were collected by resection of a selected bowel segment or during colectomy.
A total of 41 samples were used.

The collected samples had a volume of 13 x 7 x § mm.

Patients diagnosed with Crohn's disease were treated with pharmacological agents (azatioprine,
5-ASA, infliximab, mercaptopurine, adalimumab, steroids, Ciprofloxacin, methipred).

2.2. Procedure of preparation samples

Sick tissues were catted out from the large intestine of the patients with Crohn's disease and
healthy patients. The sampling process was carried out at the Frederic Chopin Clinical Hospital No.
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2 in Rzeszow. This work was approved by RESOLUTION No. 2018/06/04 of the Bioethics Committee
of the University of Rzeszow.

Those parts of tissues were treated with liquid nitrogen and immediately were frozen and stored
at -80C until analyses were performed. 25 to 45 mg of the tissue piece was rinsed in ice-cold PBS
buffer to remove the excess blood, dried with filter paper, and weighed again. Fragmented tissues
were homogenized with Ripa Lysis buffer on the ice at 10:1 (10pL chilled RIPA Buffer per milligram
of tissue). The lysis buffer contained 1 % sodium deoxycholate, 0.1 % SDS, and protease and
phosphatase inhibitors added immediately before use.

2.3. Characteristics of Enzyme-linked Immunosorbent Assay

Then the homogenate was centrifuged for 10 min. at 10,000 x g. The supernatant was collected,
and four metalloproteinases - MMP 3, MMP 7, MMP 8 and MMP 9 were analyzed by Enzyme-linked
Immunosorbent Assay using SEA101HU, SEA102Hu, SEA103Hu and SEA553Hu kits (Cloud-Clone
Corp., Kata, TX, USA).

2.4. Chemical analyses and statistica

All chemical analyses were performed in triplicate. The content of metalloproteinases was
expressed as mean * standard deviation. The significance of differences between mean levels of
metalloproteinases within tissues of patient after and without recurrence was estimated using
nonparametric the Mann-Whitney U test at p <0.05.

The significance of metalloproteinases and occurrence place of Crohn within intestine on the
recurrence of disease was modelled using a generalised linear mixed modelling (GLMM) procedure
(Statistica ver. 13.3, TIBCO Software Inc., Palo Alto, CA, USA). Akaike’s information criterion (AIC)
was used to evaluate with of the models was best supported by the data and only models with AIC
<2, as being equally supported, were analyzed.

3. Results

During examination in the large intestine, the presence of four metalloproteinases was found in
the examined patients, the content of which was determined in the large intestine. (MMP 3, 7, 8 and
9). The statistical model constructed on the basis of chemical analyses demonstrated two variables
(metalloproteinase 3 and metalloproteinase 8) significantly influenced the possibility of Crohn
recurrence (Figure 1 and Table 1).
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Figure 1. Content of metalloproteinases within tissues of patients with and without recurrence of
Crohn disease; A) MMP 3 (p = 0,0296), B) MMP 7 (p = 0,710), C) MMP 8 (p = 0,396), D) MMP 9 (p =
0,710).

Table 1. Best model testing the effects of variables on Crohn disease recurrence.

Variables Parameter estimate SE F P
MMP 3 0.087 0.022 14.58 0.0002
MMP 7 0.032 0.032 1.03 0.309
MMP 8 -0.002 0.001 6.04 0.014
MMP 9 0.001 0.002 0.108 0.742

Correlation between recurrence of Crohn disease and metalloproteinases content within sick

tissues of patients are presented at Figure 2 and Table 2.
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Figure 2. Correlation between recurrence of Crohn disease and metalloproteinases content within sick
tissues of patients; A) MMP 3, B) MMP 7, C) MMP 8, D) MMP 9.

Table 2. Model selection using Akaike’s information criterion (AIC) to determine the effect of tested

variables on Crohn disease recurrence.

Variables AIC AAIC) wt.(AIC) k

MMP3 + MMP8 27.48 0.00 0.374 3

MMP3 + MMP7 + MMP8 28.17 0.69 0.265 4
MMP3 + MMP8 + MMP9 29.35 1.87 0.147 4
MMP3 + MMP7 + MMP8 + MMP9 30.10 2.62 0.101 5

A(AIC) — delta Akaike’s information criterion; wt.(AIC) — weight of AIC; k — degree of freedom. MMP 3 —
metalloproteinase 3; MMP 7 — metalloproteinase 7; MMP 8 — metalloproteinase 8; MMP 9 — metalloproteinase
9.

4. Discussion

Under natural (physiological) conditions, MMPs are produced at very low levels and are
responsible for normal tissue physiology. The process of production and activation of MMPs is
strictly regulated to prevent excessive tissue degradation [56] Warnaar et al., analyzed the expression
of mRNA and the level of metalloproteinases (MMP-1, MMP-3) in tissue sections of the terminal
ileum from patients with Crohn's disease and in the control group. In their results, they reported the
following observations: MMP-1 and MMP-3 expression was increased in both pre-stenotic and
stenotic tissue. MMP-1 content was elevated in the submucosal and muscle tissue of the prestenotic
parts and in the muscle tissue of Crohn's stenosis samples. MMP-3 was significantly elevated in all
tissue samples. Even in the submucosal layer of the proximal tissue of the resection margin, MMP-3
expression was significantly higher than in the control group [57].

In a study conducted by Efsen et al., the proteolytic activity of MMPs in tissues was investigated
and the effect of inhibitors (mainly drugs) as MMP inhibitors was investigated [58]. Patients with
Crohn's disease were qualified for the study. High-pressure liquid chromatography was used to
measure MMP activity. The results unequivocally indicated that the mean total activity of MMPs was
significantly higher in tissues diagnosed with Crohn's disease compared to fistulas of other disease
entities and without signs of other ailments. Both MMP-3 and MMP-9 were elevated compared to
non-Crohn's fistulas.

In turn, Matusiewicz, et al., conducted research to estimate MMDP-9 concentrations in the sera of
patients with Crohn's disease. 176 patients were qualified for the study group, who were divided into
3 groups (patients diagnosed with Crohn's disease, patients with ulcerative colitis, and a control
group without signs of disease. The following observations were presented in the results:
concentrations of MMP-9 in were significantly higher in active disease forms.For both CD and UC,
serum MMP-9 positively correlated with disease activity.The authors concluded that the assessment
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of serum MMP-9 concentrations may help to differentiate between active disease form MMP-9
correlated better with inflammatory and angiogenic parameters in CD than in UC [59].

Another determinant in the characteristics of Crohn's disease is MMP-19. Cervinkova et al.,
analyzed the expression of MMP-19 in major forms of gastrointestinal diseases, including IBD,
ulcerative colitis, Crohn's disease and colorectal cancer. The authors identified significant expression
of MMP-19 in intact areas of the intestinal epithelium and macrophages. MMP-19 was also
abundantly expressed in the endothelium of blood and lymphatic vessels of inflamed intestinal
tissue. Significantly high MMP-19 immunoreactivity was also associated with macrophages in
inflamed areas and myenteric plexuses [60].

Barberio et al.,, attempted to test whether serum MMP-3 levels could be considered an early
marker of treatment response in IBD patients. The study group consisted of 73 patients with IBD who
were treated with infliximab. The results of the experiment confirmed that MMP3 levels were usually
higher in patients who did not receive the drug than in patients who received drug therapy. The
conclusion of the study was that serum MMP-3 determination may be one of the early markers of
infliximab treatment [61].

Shamseya et al., investigated the relationship between serum MMP-9 levels and disease activity
in patients diagnosed with IBD. The research group consisted of 60 patients, 30 of whom were treated
for Crohn's disease. ELISA was used for the study to determine serum MMP-9 levels. The Mayo scale
was used to assess disease activity. The experiment confirmed that the concentration of MMP-9 in
the serum was higher in patients with active Crohn's disease compared to patients with its inactive
form. The lowest concentration was found in patients from the control group (i.e. without signs of
disease). From the study, it can be concluded that serum MMP-9 can be used to differentiate between
active and inactive disease forms [62].

In turn, Gao et al. assessed the expression of MMP-2 and MMP-9 in the intestinal tissue of IBD
patients. Tissue samples were collected from 47 patients and divided into three groups (group I —
patients with IBD, group II — patients with CD, group III — patients without signs of disease, the so-
called control group). An enzyme immunoassay (ELISA) was used to assess the activity of MMPs.
The experiment showed that MMP-2 and MMP-9 were significantly elevated in IBD tissues, with
significantly highest levels in severely inflamed tissues. The higher and worsening the inflammation,
the higher the expression of MMP-9. Immunohistochemistry also showed that MMP-2 was present
in the submucosa and MMP-9 in polymorphonuclear leukocytes [63].

Our study showed that two variables (metalloproteinase 3 and metalloproteinase 8) is-totally
affected the possibility of Crohn's disease relapse compared to the other metalloprotinases, namely
MMPs 7 MM9. According to the literature, up-regulated expression of MMPs plays different
functions in pathogenesis, cycles of acute inflammation and resolution, and chronic processes such
as fibrosis and fistula forms of IBD, including CD. The function of both beneficial and non-beneficial
MMPs has not yet been well studied. However, this knowledge has begun to be established for about
6 years [64]. But in terms of regenerative role, MMPs have not yet been sufficiently studied in
inflammatory bowel disease [65]. The incidence of IBD has been increasing worldwide for about 20
years. Some Western countries, such as Canada, predict that there will be an increase of nearly 33.4%
between 2015 and 2025 [66]. As we know, the etiology of the disease is still unexplored at an adequate
level, but many studies in this area have identified MMPs as risk factors for the development and
progression of IBD due to either proteolytic regulation or modulation of transcription factors [67-68].
MMPs are activated after interactions in the cell-cell and cell-ECM areas or in the mechanism of
response to pro-inflammatory cytokines widely expressed in IBD [68-69]. MMPs are involved in the
modulation of IBD pathogenesis and cytokines, which are involved in inflammatory processes, when
developing in the intestine have the property of increasing MMP levels. As an example, TNFa and
bradykinin are able to induce MMP3 expression through a signaling cascade that includes PKC,
PKD1 and MEK [70]. Another example is interleukin 17A (IL17A) and IL17F, which can increase the
expression of both MMP1 and -3 through the myofibroblast. Both IL17 cytokines increased the
expression of MMP1 and -3 [71]. In contrast, other studies suggest a protective function of MMPs in
IBD. This is because Mmp2-/- mice have an acute pro-inflammatory response and also a greater
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susceptibility to disease progression [72]. MMPs are important in many human diseases, but no
synthetic MMP inhibitor with a broad spectrum of action has properly completed clinical trials
through both pro-cancer or anti-tumor effects of MMPs in cancer [73]. MMPs (MMP-2, MMP-9, MMP-
14) are able to damage the capillary layer and at the same time promote exosmosis of cancer cells.
MMP -9 can reduce the level of IL receptor which is located on the surface of T lymphocytes, and
besides, it can suppress immunity and promote development on cancer [74-76]. In the case of MMP-
8, it can directly inhibit tumor metastasis. Side effects of MMP inhibitors, having a broad spectrum
of action usually interfere with MMP-8 tumor inhibition [77].

5. Conclusions

MMP proteins, through complex mechanisms that include induction of multiple molecule-lar
signaling pathways including the EMT process, are very important in the pathway from any
precancerous lesion or polyp to advanced CRC (including CD). Further studies are needed to
understand the detailed action of MMPs.

Most MMPs are increased in CAC I CD colitis. However, based on our study, it was
metalloproteinase 3 and metalloproteinase 8 that had a significant effect on the possibility of Crohn's
disease recurrence Therefore, lowering the levels of these MMPs may effectively prevent the
development of the disease. Based on clinical studies, the condition of CRC/CD patients could be
stabilized to some extent by inhibiting MMP levels. Therefore, the levels of MMPs can be used to
predict the status and development of inflammatory diseases, CAC and CD.
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