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Abstract

AIM: To evaluate the protective effects of ilomastat, an
exogenous matrix metalloproteinase (MMP) inhibitor, on
trinitrobenzenesulfonic acid (TNB)-induced ulcerative
colitis (UC) in rats.

METHODS: Male SD rats were randomly divided into
model group, protective groups A and B, and normal
control group. Rats in the model group received only
intra-colonic TNB. Rats in the protective groups A and
B received intra-peritoneal ilomastat of 10 mg/kg and
20 mg/kg, respectively, beside TNB. Rats in the normal
control group received only intra-colonic normal saline.
After 3 wk, segments of colon were obtained. RT-PCR
and immunohistochemistry were used to examine the
expression of MMP-1 and TIMP-1. Hematoxylin-eosin
(HE) staining was used for pathological study.
RESULTS: The model of UC was successfully induced
in rats. Inflammation of colonic mucosa greatly
improved in protective groups A and B. Expression
of MMP-1 and TIMP-1 in the model group, protective
groups A and B was significantly higher than that in
the normal control group (P < 0.0001) with MMP-1
expression increased more significantly than TIMP-1
expression. Expression of MMP-1 in protective groups
A and B was significantly lower than that in the model
group (P < 0.0001) . Expression of MMP-1 in protective
group B was significantly lower than that in protective
group A (P < 0.0001).

CONCLUSION: Ilomastat improves TNB-induced UC

in rats by inhibiting the MMP-1 activity.
© 2008 The WIG Press. All rights reserved.
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INTRODUCTION

Ulcerative colitis (UC) is a chronic nonspecific
inflammatory disease of the colon characterized
clinically by abdominal pain, diarrhea and mucus-
pus stool. It is believed that factors such as heredity,
immune disturbance, environment, and inflammatory
cytokines, ez. play an important role in the development
of UC™. Pathologically, UC invades mainly mucosa and
sub-mucosa of colon with excessive degradation of
extracellular matrix (ECM) by matrix metalloproteinases
(MMPs) secreted by interstitial cells and activated by
various cytokines”". MMPs possess many important
physiological and pathophysiological functions in the
gastrointestinal tract, such as implantation of T cells
in mucosa, regeneration of epithelium, aggregation
of lymphocytes and production of cytokines in the
process of inflammation™", MMPs are regulated by
their specific tissue inhibitors at transcription, pre-
enzyme activation, ECM, and inhibition levels”. Tissue
inhibitors of matrix metalloproteinases (TIMPs) are
natural inhibitors of MMPs. TIMP-1, extensively present
in the human body, mainly inhibits MMP-1. Mckaig BC
et al” found that expression of MMP-1 is significantly
higher while expression of TIMP-1 is relatively lower
in colonic tissues. Therefore, it is quite possible that
exogenous MMP inhibitors exert their inhibitory effects
on expression of MMPs and subsequently improve
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colonic tissue damages. Disebatiano es al” utilized
batimastat (BB-94), an artificial MMPI, in a rat model of
UC to study its protective effect on colonic tissue and
found that batimastat is water insoluble with a low bio-
availability. llomastat is thought to be the most powerful
MMPI with a promising future and has been used in
trauma healing, tumor inhibition and cornea repair'"'?.
However, no study on its protective effect on UC is
available. Therefore, in this study, we used ilomastat to
study its protective effect on trinitrobenzenesulfonic acid

(ITNB)-induced UC in rats.

MATERIALS AND METHODS

Establishment of animal model

Thirty two male Sprague-Dawley (SD) rats, weighing
180-220 g, were used to establish a Morris model of
UC. Briefly, the animals were fasted for 48 h before
experiment. A 2 mm catheter was inserted into the anus
of rats. One hundred mg/kg TNB dissolved in 0.25 mL
of 50% alcohol was injected into the colon through the
catheter. The animals were inverted for about 3-5 min to
prevent backflow of the solution.

Animal grouping

The rats were divided randomly into four groups: UC
model group, protective groups A and B, and control
group (# = 8). Rats in the model group were given
only the mixed solution of TNB and alcohol, rats in
protective groups A and B were intra-peritoneally given
10 mg/kg and 20 mg/kg of ilomastat, twice daily beside
administration of TNB and alcohol, rats in the control
group were given only normal saline. Ilomastat was
administered 30 min before enema. All the animals were
sacrificed 3 wk after enema.

Treatment of samples

An abdominal midline incision was made to open the
abdomen and separate the colon. The colon was cut
open to take the diseased colon samples. The samples
were washed in 4°C normal saline to remove stool
residues. Then the colon samples were snap frozen in
liquid nitrogen for isolation of RNA and RT-PCR, and
fixed in 10% formalin and embedded in paraffin for HE

staining and immunohistochemistry.

Pathological observation
Paraffin-embedded and formalin-fixed colon samples
were cut into 4-um thick sections for HE staining and
pathological observation.

RT-PCR for MMP-1 and TIMP-1

RT-PCR for MMP-1 and TIMP-1 was performed using
a TaKaRa RNA PCR kit 3.0 (AMYV, supplied by Dalian
Baosheng Biotechnology Company) following the
manufacturer’s instructions. Five pul. of PCR product was
run on 2% agarose gel electrophoresis. The sequences
of primers"" used are as followings: MMP-1 (639 bp):
forward TTGTTGCTGCCCATGAGCTT and reverse
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ACTTTGTCGCCAATTCCAGG; TIMP-1 (495 bp):
forward TTTGCATCTCTGGCCTCTG and reverse
AATGACTGTCACTCTCCAG; B-actin (357 bp):
forward TAAAGACCTCTATGCCAACAC and reverse
TAAAGCCATGCCTAATGTCTC.

Immunohistochemistry

Briefly, sample sections were washed 3 times with PBS, 3
min each time after initial treatment. Primary antibodies,
mouse anti-human MMP-1 and TIMP-1 monoclonal
antibodies (Santa Cruz, USA) were added and incubated
at room temperature for about 1.5 h, washed and
incubated with peroxidase-conjugated secondary
antibody for 15 min and washed. A brown product was
developed in diaminobenzidine (DAB) for 10 min.

Result determination and statistical analysis

A bio-imaging system (PALL Company, USA) was
employed to analyze the density of PCR product bands.
MMP-1 and TIMP-1 mRNAs were semi-quantitatively
expressed as the ratio of MMP-1, TIMP-1 and B-actin
OD values. All values were expressed as mean + SD.

Positive results of immunohistochemistry were
determined by the appearance of brown substances
in cells after DAB staining. An image-pro-plus 4.5
microscopic image analyzing system (Media Cybernetics
Company, USA) was utilized to measure the density
of brown substances. Five fields in each section were
randomly chosen, and the total density and total area in
the fields were measured. The mean density was calculated
by the ratio of the total density and total area. A bigger
ratio indicates a greater expression of the corresponding
proteins.

Student-Neuman-Keuls test was used to compare
the expressions of MMP-1 mRNA, TIMP-1 mRNA and
their corresponding proteins. P < 0.05 was considered
statistically significant. All statistical analyses were
performed using SPSS 11.5 for windows.

RESULTS

Pathological change under light microscope

(HE staining)

As shown in Figure 1, the colonic mucosa structure in
the normal control group was intact. Mucosa and sub-
mucosa defects could be cleatly seen with infiltrations
of inflammatory neutrophils and lymphocytes in the
lamina properia of the model group. Tissue necrosis was
obvious. Lobed neutrophils were observed in protective
group A and proliferation of new blood vessels was
found in protective group B. Regenerated epithelia
covered the surface of ulcer and the mucosa tended to
be complete. Necrotic tissue was absorbed. The base of
ulcer was filled with tissues and scars.

Results of RT-PCR for MMP-1 and TIMP-1

As shown in Table 1 and Figure 2, expression of MMP-1
in the model group, protective groups A and B was
significantly higher than that in the normal control group
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Groups MMP-1 TIMP-1

UC Model group 0.9698 + 0.0583* 0.8741 + 0.0807°
Protective group A 0.6395 + 0.0419™ 0.7933 + 0.0771°
Protective group B 0.1115 + 0.0508" 0.7095 + 0.0978
Normal controls 0.0109 + 0.0048 0.4147 + 0.0756

‘P <0.05 vs normal control group, ‘P < 0.05 vs protective group B, °P < 0.05
vs protective group A.

Groups MMP-1 TIMP-1

UC model group 0.0877 £ 0.0088™ 0.0841 + 0.0081°
Protective group A 0.0779 + 0.0059™ 0.0794 + 0.0058"
Protective group B 0.0158 + 0.0034 0.0705 + 0.0069
Normal controls 0.0041 + 0.0009 0.0344 + 0.0082

*P < 0.05 vs normal control group, ‘P < 0.05 vs protective group B, °P < 0.05
vs protective group A.

(P < 0.0001) and the expression of MMP-1 was more
significant than that of TIMP-1. Expression of MMP-1
in protective groups A and B was significantly lower
than that in the model group (P < 0.0001). Expression
of MMP-1 in protective group B was significantly lower
than that in protective group A (P < 0.0001).
Expression of TIMP-1 in the model group was
significantly higher than that in protective group B and
in the normal control group (P = 0.004). There was no

significant difference between protective groups A and B
(P> 0.05).
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Figure 1 Pathological change under
light microscopy (HE staining, x 400) in
normal control group (A), model group
(B), protective group A (C), and protective
group B (D).

Figure 2 RT-
PCR for MMP-1
(A), TIMP-1 (B)
and B-actin (C).
M: marker; lane1:
normal controls;
lane 2: protective
group B; lane 3:
protective group
A; lane 4: UC
model group.

Results of immunohistochemistry
Immunohistochemistry showed that the expression of
MMP-1 and TIMP-1 proteins was basically identical to
that at transcription level. The expression of MMP-1
and TIMP-1 in the model group, protective groups A
and B was significantly higher than that in the normal
control group (P < 0.0001, Table 2, Figure 3).

DISCUSSION

Establishment of an appropriate animal model of UC
is essential to the study of pathogenesis and treatment
of UC. In this study, we utilized the Morris model of
UC induced by TNB!"". The pathological changes in this
model which has been extensively used in recent years
mimic those of human UC, revealing dynamic changes at
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acute and chronic phases. The possible mechanism is that
TNB may act as a chemical semi-antigen which combines
with keratin protein of the colonic mucosa, thus leading
to local cellular immune responses and inflammatory
changes when ethanol, an organic solvent, damages the

www.wjgnet.com

Figure 3 Immunohistochemistry
showing MMP-1 in model group (A, E),
protective group A (B, F), protective
group B (C, G), normal control group
(D, H).

colonic mucosa barrier. Neither TNB nor ethanol is
able to produce typical UC'. In this study, HE staining
revealed erosion and ulceration in the mucosa and sub-
mucosa of colon with infiltrations of massive neutrophils
and lymphocytes under light microscope. These changes
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were correspondent to the features of acute pathological
lesions in UC. Allgayer e# '™ also suggested that the
dividing line between acute and chronic phases in this
model is approximately 3 wk after the initiation of TINB
administration.

MMPs are a group of zinc-dependent proteases
that play an important role in ECM remodeling,
connective tissue injury, formation of new blood
vessels, and proliferation of inflammatory cells™. An
excessive degradation of ECM by MMPs is the basic
pathophysiological event leading to mucosa ulceration in
UC. The activity of MMPs can be inhibited specifically
by their natural inhibitor, TIMP. TIMP-1 is the main
member of TIMPs inhibiting nearly all MMPs, particularly
MMP-1. In this study, we detected the expression of
MMP-1 and TIMP-1 at transcription level using RT-PCR.
The results showed that expression of both MMP-1 and
TIMP-1 was significantly higher than that in the control
group and the expression of MMP-1 was significantly
increased. Salmela ¢z @/ have also observed similar results
using 7n sitn hybridization and gene sequence analysis. Our
immunohistochemistry results showed that expression of
MMP-1 and TIMP-1 was identical to that at transcription
level, showing that the expression level of MMP-1 is
higher than that of TIMP-1. MMP-1/TIMP-1 ratio was
0.02631 in the control group and 1.1164 in the model
group, implying that imbalance between MMP-1 and
TIMP-1 is closely related to the ulceration of colonic
mucosa in UC patientsm]. Therefore, we speculate
that exogenous MMP inhibitors may be able to inhibit
expression of MMP-1, thus balancing the expression
of MMP-1 and TIMP-1 and relieving, at least partially,
the pathological changes in the colonic mucosa of UC
patients. Sykers e/ a/*'! used marimastat, another artificial
MMPI, to treat TNB-induced ulcerative colitis in rats
and found that marimastat is capable of relieving colonic
injury and decreasing colonic inflammatory score. Medina
et al”™ showed that inflammation of the colonic mucosa
improves to some extent in rat models of inflammatory
bowel disease. Disebatiano ¢ a/”! found that intra-
peritoneal injection of batimastat can decrease the activity
of MPO and improve colonic tissue damage in TNB-
induced ulcerative colitis.

In this study, we used ilomastat, a known most
potent artificial MMPI, to observe its protective role
in TNB-induced ulcerative colitis in rats. Its intra-
peritoneal dosage used was 10 mg/kg in protective
group A and 20 mg/kg in protective group B as
previously described™'?. The pathological changes in the
protective groups A and B under light microscope much
improved compared with the model group. Infiltration
of neutrophils and lymphocytes was greatly lessened and
the mucosa tended to be perfect in the protective groups
A and B, suggesting that ilomastat is able to relieve
ulceration of colonic mucosa in UC patients. RT-PCR
and immunohistochemistry showed that expression of
MMP-1 in the protective groups A and B was obviously
decreased when compared with the model group,
suggesting that ilomastat is able to inhibit expression of
MMP-1. Meanwhile, thete was no significant difference

in expression of TIMP-1 between protective groups A
and B and the model group, indicating that ilomastat
does not influence TIMP-1 expression. Therefore, we
speculate that ilomastat exerts its protective effects
by inhibiting MMP-1 expression and by restoring the
balance between MMP-1 and TIMP-1. The possible
mechanisms underlying its protective effect on MMP-1
expression and balance between MMP-1 and TIMP-1
may be as follows: (1) ilomastat inhibits the catalytic
activity and hydrolysis of ECM by combining the active
site of zinc in MMP-1 molecule; (2) ilomastat inhibits
hydrolysis of collagens in a dose-dependent manner
in the presence of plasminogen; (3) ilomastat inhibits
formation of active MMP-1 by suppressing transfer of
MMP-1 precursor.

Comparing protective groups A and B, we found
that the morphological improvement was different
in different dosage groups. In protective group B
receiving a bigger dosage of ilomastat, mucosa ulcer
was much shallower and infiltration of neutrophils and
lymphocytes was fewer than that in protective group A,
with regenerated epithelia cells covering the ulcer and
granulation and scar tissues filling the base. Furthermore,
expression of MMP-1 was also different. The expression
level of MMP-1 was obviously lower in protective group
B than in protective group A. These results indicate that
the protective effects of ilomastat are dose dependent,
which is consistent with the reported ﬁndings[zﬂ.

The protective effects of ilomastat on experimental
rat model of UC observed in our study indicate
that exogenous MMPI may be used in treatment of
UC. Nevertheless, intervention on up-regulation of
endogenous TIMP-1 to restore the balance between
MMP-1 and TIMP-1 might be another treatment
modality for UC.

In conclusion, expression of MMP-1 and TIMP-1 is
significantly increased in TNB-induced ulcerative colitis
of rats. Both MMP-1 and TIMP-1 play an important role
in the pathogenesis of UC. Ilomastat is able to relieve
colonic mucosa damage in TNB-nduced ulcerative
colitis of rats in a dose-dependent manner by inhibiting
expression of MMP-1. Therefore, illomastat can be used
in treatment of UC.

COMMENTS

Background

Matrix metalloproteinase-1 (MMP-1) has been implicated in the development of
ulcerative colitis (UC) by the fact that it is over-expressed in this inflammatory
bowel disease. Tissue inhibitor of matrix metalloproteinase-1 (TIMP-1), a
natural inhibitor of MMP-1, is also believed to be over-expressed, but not
parallel to that of MMP-1. Therefore, in this study, ilomastat, an artificial MMP-1
inhibitor (MMPI), was employed to verify its protective effect on the rat model of
uc.

Research frontiers

In recent years, intense and extensive studies have shown that MMPs, TIMPs
and other inflammatory cytokines play an important role in the development
of UC, while studies on the effects of exogenous MMPI on UC are not well
documented. Therefore, more studies both in animals and in humans are badly
needed to verify the protective and therapeutic effects of artificial MMPI on UC.

Innovations and breakthroughs

llomastat, a most powerful artificial MMPI, has been used in experimental and
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clinical treatment of tumors of animal and human beings. llomastat can inhibit
tumor transfer due to its powerful inhibitory effect of on MMPs, especially
on MMP-1. However, its protective effects on UC remain largely unknown.
Therefore, in this study, we verified the protective effects of ilomastat on UC in
rats and provided a new therapeutic approach to UC.

Applications
Up to now, no satisfactory therapy for UC is available. MMPI targeting MMPs
may become a new and effective treatment modality for UC.

Peer review

The authors showed that ilomastat could improve the pathological injuries of
colonic mucosa in TNB-induced UC in rats by inhibiting the MMP-1 activity,
thus providing a new and effective treatment modality for UC. The study is well
designed and interesting.
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