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Abstract

AIM: To investigate the effects of nilotinib in a rat
model of trinitrobenzene sulfonic acid (TNBS)-induced
colitis.

METHODS: Twenty-one Wistar albino female rats ob-
tained from Dokuz Eylul University Department of Lab-
oratory Animal Science were categorized into a control
(n =7), TNBS (7 = 7) and nilotinib group (7 = 7).
Saline was administered orally for 14 d to the control
and the TNBS group. The TNBS group received rectal
TNBS on the first day while saline was administered
to the control group. The nilotinib group received 20
mg/kg nilotinib for 14 d in 2 divided doses, starting the
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same day as TNBS administration. For 14 d, the rats
were fed a standard diet, and their weights were re-
corded daily. After sacrifice, colon tissue samples from
each group were scored for macroscopic and micro-
scopic pathology. Apoptotic indices were determined
by the terminal deoxynucleotidyl transferase-mediated
dUTP-biotin nick end labeling method. Platelet-derived
growth factor receptor (PDGFR) alpha and beta levels
were assessed through immunohistochemistry staining
scores and compared among the groups. Tissue and
serum tumor necrosis factor (TNF) alpha levels were
determined by enzyme-linked immunosorbent assay.

RESULTS: Between days 1 and 14, the nilotinib group
rats lost significantly less weight than the TNBS group
rats (-0.7 g vs -14.0 g, P = 0.047). The difference in
weight between the control and nilotinib groups was
also statistically significant (+8.3 g s -0.7 g, # = 0.031).
From day 7 to day 14, the weight differences of the
control group vs the TNBS group, the TNBS group vs
the nilotinib group, and the control group vs the nilo-
tinib group were all statistically significant (+8.0 g vs
-11.1g, P =0.007; -11.1 gvs +2.9 g, P = 0.015; +8.0
g vs +2.9 g, P = 0.042, respectively). Macroscopic and
microscopic scores were significantly lower in the nilo-
tinib group than in the TNBS group (0.00 + 0.00 vs 1.43
+ 0.65, » = 0.009; 2.86 £ 0.55vs 7.71 £ 148, P =
0.030, respectively). However, these scores were simi-
lar between the nilotinib and control groups. While no
significant difference for the nilotinib vs control groups
could be determined for PDGFR alpha and beta scores,
PDGFR alpha and beta scores were lower in the nilotinib
group than in the TNBS group. Furthermore, the TNF
alpha levels in the serum, tissue and apoptosis scores
were similar between the nilotinib and TNBS groups.

CONCLUSION: Nilotinib prevents weight loss, facili-
tates mucosal healing by improving the pathological
scores without introducing variation into the apoptotic
scores or TNF alpha levels.

© 2013 Baishideng. All rights reserved.
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Core tip: Unresponsiveness to medical treatment in re-
fractory inflammatory bowel disease (IBD) still poses
a therapeutic challenge. To detect an alternative treat-
ment option, we selected nilotinib based on the fact
that tyrosine kinases inhibitors affect several key com-
ponents in the pathogenesis of IBD, including tumor
necrosis factor (TNF) alpha, platelet-derived growth
factor receptor (PDGFR), and apoptosis. In a trinitro-
benzene sulfonic acid-induced colitis rat model, we con-
cluded that nilotinib has a significant effect on weight
loss and on macroscopic and microscopic pathological
scores, leading to significant mucosal healing. Although
nilotinib caused a decrease in the PDGFR alpha and
PDGFR beta levels, it did not have a significant effect
on the apoptotic scores or TNF alpha levels.
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INTRODUCTION

Chronic intestinal inflammation is characterized by
the pathological responses of the adaptive and innate
immune systems. These responses are central to the
pathological mechanisms that lead to inflammatory
bowel disease (IBD)". Genetic and environmental fac-
tors, infectious agents, the structure of the enteric flora,
and immune system dysfunctions are key elements in
the pathogenesis of IBD, and thus, these ate targets for
many drugs developed to treat IBD™”. However, unre-
sponsiveness to medical treatment in IBD still poses a
therapeutic challenge. Previous studies examining the
therapeutic effectiveness of selecting drugs in patients
with ulcerative colitis (UC) reported the rates of remis-
sion to be 47%-81% with rectal 5-aminosalicylic acid
(5-ASA), 9%-30% with oral 5-ASA, and 42%-82% with
thiopurines'*.

Monoclonal tumor necrosis factor (TNF) alpha in-
hibitors are currently the treatment of choice, especially
in severe and resistant cases of IBD. However, decreased
responses or resistance to the TNF alpha inhibitor inflix-
imab have been reported. Previous studies have reported
an average clinical remission rate at week 8 of 33% (range,
27.5%-38.8%) with the use of infliximab in IBD pa-
tients'. Clinical remission was maintained in 33% (range,
25.6%-36.9%) of patients treated with infliximab at week
30", In a randomized, placebo-controlled 52-wk study
examining the effectiveness of adalimumab, another
anti-TNF agent, the IBD remission rate was significantly
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higher than the placebo, regardless of treatment with ste-
roids (13.3% and 5.7%, respectively; P = 0.035)",

Mucosal healing has emerged as a key therapeutic ob-
jective in the treatment of IBD and is able to predict sus-
tained clinical remission and resection-free survival in pa-
tients. Mucosal healing is achieved in approximately 30%
of IBD patients receiving corticosteroid therapy and in as
many as 60% of IBD patients receiving anti-TNF thera-
pies” "' Approximately 20% of IBD patients, however,
do not respond to anti-TNF therapy and require surgical
intervention"”. These findings emphasize the importance
of discovering new medical treatment options for IBD
because the currently available treatments are insufficient
for a substantial number of patients.

Tyrosine kinases (TKs) are enzymes that play a role in
normal cell function, metabolism, growth, differentiation,
and apoptosis. TK inhibitors are drugs that block the ac-
tion of these enzymes. Although they are typically used
as anticancer drugs, they have recently been considered
for use in noncancer proliferative diseases and for inflam-
matory conditions. Imatinib, the best-known member of
this class of drugs, is specific for TK receptor sites and
suppresses the Abelson proto-oncogene (ABL), the c-kit
proto-oncogene, platelet-derived growth factor receptor
(PDGFR), macrophage colony-stimulating factor recep-
tor, TNF alpha, and inducible nitric oxide synthasemj. Ni-
lotinib is a more potent inhibitor of TKs than imatinib.
In studies involving patients with lung fibrosis, nilotinib
has been shown to reduce interleukin (IL)-6, IL-1 beta,
TNF alpha, tumor growth factor beta 1, and PDGFR
beta levels more significantly than imatinib and had a po-
tent antifibrotic effect"”,

In the literature, there are a few reports suggesting that
TK inhibitors may be effective in IBD. In a case report
by Magro ez al'”, a patient diagnosed with Crohn’s disease
(CD) and chronic myeloid leukemia (CML) remained in
remission for 3 years on imatinib therapy alone, without
the use of mesalamine or steroids. Cuzzocrea ef @/ dem-
onstrated that the development of colitis in dinitroben-
zene sulfonic acid (DNBS)-induced colitis animal models
was reduced by the TK inhibitor tyrphostin AG126.

The present study was planned based on the demon-
strated success of nilotinib in previous studies and on the
fact that TK inhibitors affect several key components in
the pathogenesis of I1BD, including TNF alpha, PDGFR,
and nitric oxide (NO) synthesis. For this purpose, we
evaluated the efficacy of nilotinib on weight, macroscop-
ic and microscopic pathological scotes, TNF alpha levels,
PDGER levels, and the apoptotic index in a rat model
of trinitrobenzene sulfonic acid (TNBS)-induced colitis.
This study is the first to evaluate the efficacy of nilotinib
in a rat colitis model.

MATERIALS AND METHODS

Experimental design
Approval was obtained from the animal ethics council of

Dokuz Eylul University Medical Faculty (DEUTF). The
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DEUTT Hospital Experimental Research Laboratory
provided 21 female Wistar albino rats weighing 200-250 g
(mean weight: 209.43 £ 8.92 g) for use in this study.

The rats were maintained in a room at a tempera-
ture of 23 * 2 °C under a 12-h light/dark cycle at the
DEUTF Experimental Animal Laboratory. Before and
during the study, they were fed a standard diet, and their
weights were monitored daily. The animals were also al-
lowed watet ad libitum.

The rats were divided into 3 groups, each consisting
of 7 rats: the control group, TNBS group and nilotinib
group. After 24 h of fasting, 0.25 mL of the physiologi-
cal serum was intracolonically administered to the control
group rats through a cannula inserted 8 cm proximal to
the anus, using a rectally inserted flexible polypropylene
catheter. To induce colitis, the rats in the other 2 groups
received an intracolonic solution treated with 0.5 mL of
100 mg/mL TNBS (Sigma, Germany) dissolved in 30%
ethanol and administered through a cannula. Before cath-
eter insertion, short-term sedation was provided through
cther anesthesia. Neither group of rats treated with
TNBS encounter any instance of perforation or death
due to colonic ulceration. The TNBS and control groups
received a saline placebo for 14 d through an orogastric
tube. Nilotinib 20 mg/kg/d (Novartis Pharma AG, Basel,
Switzerland) was administered in 2 divided doses to the
nilotinib group for 14 d through an orogastric tube, be-
ginning on the same day as TNBS administration.

Blood and tissue samples for pathological examina-
tion were obtained from all of the rats under ether anes-
thesia at the end of the 14-d period. All of the animals
were then sacrificed by decapitation. The abdominal
cavities were opened by a midline incision, and the en-
tire length of the large intestines was dissected from the
distal ileum to the rectum. After washing with saline, the
large intestinal tissues were fixed with buffered formalin.

Pathological examination

A pathologist blinded to the group identity of the intesti-
nal samples performed pathological evaluations of all of
the tissue samples. Each intestinal column was opened
longitudinally, according to the method reported by
Vilaseca ez al'”, and macroscopic scoring was performed.
Tissue sections of the gross ulcerative lesions and sut-
rounding normal mucosa were then stained with he-
matoxylin-eosin (HE). The pathologist then performed
microscopic scoring according to the method reported
by Dieleman ez a/'"

Apoptosis

The pathologist stained all tissue samples using the TU-
NEL method. Mucosal crypts and apoptotic cells were
counted along the surface epithelium under a microscope
(Olympus DX51) at a magnification of X 400. Using the
TUNEL technique, all of the cut sections were preserved
with lysine for 3 nights at 37 C and then for 1 night at
60 C in an incubator. Thereafter, deparaffinization was
performed with 3 cycles of xylene. The tissue sections
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were then rehydrated by flushing with a series of alcohol
solutions of decreasing degrees (absolute, 96%, 80%, and
70%) and then stored in distilled water for 5 min. Pro-
teinase K (Proteinase K, Invitrogen, Carlsbad, CA, Unit-
ed States) was applied for 10 min at room temperature.
The sections were then washed twice with phosphate-
buffered solution (PBS) for a period of 2 min each. After
drying the cross-sections, 3% H202 (Merck, Germany)
was applied for 5 min, and the sections were then washed
with PBS twice for 5 min each. The cross-sectional slices
were then dried, and an equilibration buffer (ApopTag
Plus peroxidase kit, Millipore, Billerica, MA, United
States) was applied for 10 min at room temperature. A
total of 55 pL of the enzyme terminal deoxynucleotidyl
transferase was then applied to each cross-section. The
cross-sections were closed with a coverslip (ApopTag
Plus peroxidase kit, Millipore, Billerica, MA, United
States) and incubated for 1 h at 37 “C. Stop/wash buffer
(ApopTag Plus peroxidase kit, Millipore, Billerica, MA,
United States) was then applied to the sections removed
from the incubator for 10 min at room temperature. The
sections were then washed with PBS at room tempera-
ture 3 times for 1 min each, dried, and incubated with
anti-streptavidin-peroxidase (ApopTag Plus peroxidase
kit, Millipore, Billerica, MA, United States) at room tem-
perature for 30 min. The sections were then washed with
PBS 4 times for 2 min to determine the visibility of the
TUNEL reaction before being stained with diaminoben-
zidine (DAB) (DAB-PLUS kit; Invitrogen, Carlsbad, CA,
United States). After washing with distilled water, ground
staining was performed using methyl green. After three
changes of the searing process with xylene for 20 min, it
was closed with Entella.

Tissue homogenization and measurement of tissue
serum TNF alpha

The tissue samples obtained from the ileum were intro-
duced into 2 mL microcentrifuge tubes and stored at -80°
C until the day of the study. These tissues were then re-
moved and warmed to 4 ‘C. Next, 60-80 mg pieces were
obtained from these samples and placed into a tube con-
taining 5-mm-diameter stainless steel beads and a phos-
phate buffer with a 1:7 ratio (pH 7.2). Microcentrifuge
tubes were introduced into a pre-chilled TissueLyser LT
device and replaced into a TissueLyser (Qiagen-Germany)
tissue homogenization device. Next, an enzyme-linked
immunosorbent assay (ELISA) was performed on tissue
supernatants, and serum was obtained via centrifuga-
tion for the identification of TNF alpha in accordance
with the manufacturer’s recommendations (Invitrogen
Rat TNF-alpha, Carlsbad, CA, United States). Finally,
the ELISA plates were spectrophotometrically evaluated
at 450 nm (Biotech Synergy HT; Winooski, VT, United
States).

PDGFR alpha and beta levels
PDGEFR alpha and beta levels were assessed through
staining scores and compared among the groups by im-
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Figure 1 Trends of weight changes among the experimental groups. Con-
trol group (circle), Trinitrobenzene sulfonic acid (TNBS) group (square), and
nilotinib group (triangle). The TNBS group lost an average weight of 14 g, while
the nilotinib group lost 0.7 g in 14 d (P = 0.047). The nilotinib group gained an
average weight of 2.9 g between day 7 and day 14, while the TNBS group lost
an average weight of 11.1 g (P =0.015).

munohistochemistry. For immunohistochemical stain-
ing, 2-3 micron sections were stored overnight in an
incubator at 40 C. The following day, the sections were
washed with xylene, a descending alcohol series, and
distilled water for 20 min. They were then boiled for 20
min in EDTA solution at pH 8. Next, they were stored
in DakoFlex peroxidase solution for 5 min and washed
again with Tris-buffered saline. A primary antibody was
then applied. PDGFR alpha in a 1:100 dilution (NOVUS
Biologicals, NBP1-19 423, Littleton, CO, United States)
and PDGFR beta in a 1:50 dilution (NOVUS Biologicals,
NBP1-19 473; Littleton, CO, United States) were stored
for 30 min, washed with Tris buffer, stored in DakoFlex
HRP solution for 20 min, washed with Tris buffer again,
and stored in DakoFlex DAB for 7 min. The samples
were again washed with Tris-buffered saline, kept under
tap water for 5 min, stained with Mayer’s hematoxylin
solution for 10 min, washed with tap water for 1 min,
rinsed in an alcohol series, and cleaned with xylene for
5-10 min.

PDGEFR alpha and beta positivity was determined
according to a devised scoring system. According to this
system, a score of 1 was assigned if PDGFR alpha and
beta positivity was confirmed in inflammatory cells and
in the cells of the lamina propria, stroma, and submuco-
sal endothelium. A score of 2 was assigned if increased
expression of PDGFR alpha and beta was confirmed
in the lamina propria and submucosa. A score of 3 was
assigned if PDGFR alpha and beta positivity was con-
firmed with widespread staining in the ulcerated areas or
in the inflammatory cells, fibroblasts, endothelial cells,
submucosa, and mucosa of the surrounding tissue.

Statistical analysis
All statistical procedures were performed using SPSS
software (version 15.0). The Kruskal-Wallis test was used
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for multigroup comparisons, and the Mann-Whitney U
test was used to compare the means of 2 groups. A P val-
ue less than 0.05 was considered statistically significant.

RESULTS

Bloody diarthea was observed on day 1 of rectal TNBS
administration in all 14 of the rats in the 2 experimental
groups; no bloody diarrhea was observed in the control
group. In the TNBS and nilotinib groups, the diarrhea was
semi-solid on day 5. In the nilotinib group, normal stools
were observed after day 7. During rectal saline administra-
tion under ether anesthesia in the control group, respira-
tory arrest developed in 1 rat, which remained stable after
CPR. However, the animal’s general condition deteriorated
over the next few d, and the animal died on day 6 of the
experiment. An autopsy was not performed on this rat.

On the first experimental day, the average weights
were similar among all of the study groups (P > 0.05),
and the average weights were examined daily (Figure 1).
The average weight of the control group increased to 8.3
g at the end of 14 d. The TNBS group, however, lost an
average of 14 g throughout the study, and the nilotinib
group lost an average of 0.7 g. There was a significant
difference among the groups with regard to the average
weight change throughout the study (P = 0.006). The
difference in weight between the control and nilotinib
groups was statistically significant (+8.3 and -0.7 g, re-
spectively, P = 0.031). The TNBS group lost significantly
more weight than the nilotinib group (-14.0 and -0.7 g,
respectively; P = 0.047) and the control group (-14.0 and
+8.3 g, respectively, P = 0.008).

Between day 7 and day 14, the weights of the control
group increased by an average of 8 g; those of the nilo-
tinib group increased by an average of 2.9 g; and those
of the TNBS group decreased by an average of 11.1 g
Comparing the average increase in weights over this time
period among all 3 of the groups, there was a significant
difference observed (P = 0.004). From day 7 to day 14,
the weight differences of the control rats »s the TNBS
rats, the TNBS rats »s the nilotinib rats, and the control
rats vs the nilotinib rats were statistically significant (+8.0
and -11.1 g, P = 0.007; -11.1 and +2.9 g, P = 0.015; +8.0
and +2.9 g, P = 0.042, respectively).

The mean macroscopic pathological scores of the
control and nilotinib groups wetre 0, while the macro-
scopic pathological score in the TNBS group was 1.43
T 0.65. When the distribution of macroscopic scores
based on rats was examined, all scores from the control
and nilotinib group rats were “0”, which is noteworthy.
The control and nilotinib groups were similar in terms of
macroscopic scores (P > 0.05). Macroscopic scores were
significantly lower in the control and nilotinib groups than
in the TNBS group (0.00 + 0.00 and 1.43 + 0.65, P = 0.014;
0.00 and 1.43 £ 0.65, P = 0.009, respectively) (Figure 2).

The mean microscopic scores in the control, TNBS,
and nilotinib groups were 2.0 £ 0.45,7.71 + 1.48, and 2.86
+ 0.55, respectively. The mean microscopic scotres were
significantly lower in the control and nilotinib groups than
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Figure 2 Microscopic and macroscopic pathological scores among the
experimental groups. The results are the mean + SD. Macroscopic and mi-
croscopic pathological scores were similar in the control and nilotinib groups,
while the scores in the nilotinib group were significantly lower than those in the
trinitrobenzene sulfonic acid (TNBS) group (TNBS vs nilotinib, P = 0.009; TNBS
vs nilotinib, P = 0.030).
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Figure 3 Platelet-derived growth factor receptor alpha and beta scores
among the experimental groups. The results are the mean + SD. Platelet-
derived growth factor receptor (PDGFR) alpha and beta scores were similar
in the control and nilotinib groups, while the scores in the nilotinib group were
significantly lower than those in the trinitrobenzene sulfonic acid (TNBS) group
(TNBS vs nilotinib, P = 0.014; TNBS vs nilotinib, P = 0.025).

in the TNBS group (2.0 £ 0.45 and 7.71 £ 1.48, P = 0.034;
2.86 £ 0.55 and 7.71 £ 1.48, P = 0.030, respectively). The
control and nilotinib groups were similar in terms of the
mean microscopic scores (P> 0.05) (Figure 2).

With regard to the PDGFR alpha and beta scoring
system, the PDGFR alpha scores in the control, TNBS,
and nilotinib groups were 1.33 £ 0.21, 2.71 + 0.18, and
1.57 £ 0.30, respectively. There was a significant differ-
ence among the groups (P = 0.007). The PDGFR alpha
scores were significantly lower in the control and nilo-
tinib groups than in the TNBS group (1.33 £ 0.21 and
271 £ 0.18, P = 0.004; 1.57 £ 0.30 and 2.71 * 0.18, P
= 0.014, respectively). The control and nilotinib groups
were similar in terms of the PDGFR alpha scores (P >
0.05) (Figure 3).

The mean PDGFR beta scores in the control, TNBS,

(49

_gu;ﬁ:mg@ WJG | www.wjgnet.com

Ataca P et a/. Nilotinib effect on TNBS-induced colitis

0.5 r @ Tissue TNF-o (ng/mL)
[J Serum TNF-a. (ng/mL)
04 -
8 03 |
>
2
3
£ 02|
'_
0.1 |
0.0 1
Control TNBS Nilotinib
Groups

Figure 4 Tissue and serum tumor necrosis factor o levels among the
experimental groups. The results are the mean + SD. Serum tumor necrosis
factor (TNF) and tissue TNF o levels were similar between the trinitrobenzene
sulfonic acid (TNBS) and nilotinib groups.

and nilotinib groups were 1.50 * 0.22, 2.57 % 0.20, and
1.57 £ 0.30, respectively. There was a statistically signifi-
cant difference among all of the groups in terms of the
mean PDGFR beta scores (P = 0.020). The PDGFR beta
scores were significantly lower in the control and nilotinib
groups than in the TNBS group (1.50 £ 0.22 and 2.57 *
0.20, P = 0.011; 1.57 + 0.30 and 2.57 £ 0.20, P = 0.025,
respectively). The PDGFER beta scores of the control and
nilotinib groups were similar (P > 0.05) (Figure 3).

The mean serum TNF alpha levels in the control,
TNBS, and nilotinib groups were 0.03 £ 0.03, 0.02 £
0.01, and 0.03 * 0.01 pg/mlL, respectively. There was no
statistically significant difference observed among the
groups in terms of the mean serum TNF alpha levels (P
> 0.05) (Figure 4). The average tissue TNF alpha levels in
the control, TNBS, and nilotinib groups were 0.23 + 0.01,
0.39 £ 0.06, and 0.40 + 0.05 ng/ml., respectively. There
was a significant difference observed among the groups
(P = 0.002). TNF alpha levels were significantly lower in
the control group than in the TNBS or nilotinib groups
(0.23 + 0.01 and 0.39 * 0.06 ng/mL, P = 0.002; 0.23 *
0.01 and 0.40 * 0.05 ng/ml., P = 0.003, respectively).
However, there was no statistically significant difference
between the TNBS and nilotinib groups in terms of the
mean tissue TNF alpha levels (P > 0.05) (Figure 4).

The mean number of apoptotic cells detected by the
TUNEL method in the control, TNBS, and nilotinib
groups was 5.50 * 0.67, 4.14 + 0.88, and 4.14 £ 1.00,
respectively. The difference among the groups was not
statistically significant (P > 0.05) (Figure 5).

DISCUSSION

IBDs, such as CD and UC, ate chronic recurrent intes-
tinal inflammatory conditions. Genetic, environmental,
microbial, and immune factors play a role in the etio-
pathogenesis of IBDs. Despite the development of bio-
logical therapies and advancements in genetic technology,
treatment options remain limited for refractory cases.
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Figure 5 Apoptosis scores among the experimental groups. The results
are the mean * SD. Apoptosis scores were similar among the groups. TNBS:
Trinitrobenzene sulfonic acid.

Mucosal healing has emerged as a key treatment goal
for IBD and allows the prediction of sustained clinical
remission and resection-free survival in affected patients.
Mucosal healing can be achieved in approximately 30%
of patients receiving corticosteroid therapy and in 60%
of patients receiving anti-TNF agents[()’lzl. Approximately
20% of IBD patients do not respond to anti-TNF ther-
apy and require surgical intervention!”. Thus, the cur-
rently available medical treatment options are ineffective
in a substantial group of patients with IBD.

Nilotinib, which was used in this study, is a strong T
inhibitor that was initially approved for use in patients
with imatinib-intolerant and imatinib-resistant Philadel-
phia chromosome-positive chronic or accelerated phase-
CML and has since been approved as a frontline therapy
in chronic phase CML!". Nilotinib is more potent than
imatinib, which inhibits the autophosphorylation of vari-
ous kinases, such as BCR-ABL, PDGFR, and c-KIT"”.
Nilotinib is generally well tolerated. Due to the lack of
Src family kinase inhibition, myelosuppression is an infre-
quent adverse event that occurs less frequently with ni-
lotinib than with other TK inhibitors"”. The most com-
mon manageable adverse events are rash, pruritus, fatigue
and headache. Neutropenia, anemia, thrombocytopenia,
elevations of liver enzymes, cardiac toxicity, namely QT
prolongation, fluid retention, edema, and weight gain are
among the less common side effects"”. TK inhibitors af-
fect several key components in the pathogenesis of IBD,
including TNF alpha, PDGFR, and NO synthesis. In this
study, we evaluated the efficacy of nilotinib on weight,
macroscopic and microscopic pathological scores, TNF
alpha and PDGEFR levels, and the apoptotic index in rat
models with TNBS-induced colitis. There are no previ-
ous teports in the literature evaluating the efficacy of ni-
lotinib in either a rat model of colitis or in human colitis.

In the present study, the weights of the control and
experimental rats were monitored daily. At the end of
14 d, rats in the nilotinib group had lost significantly less
weight than rats in the TNBS group (P = 0.047). These
results are similar to those obtained in the study by Cuz-
zocrea ef al'®) in which weight loss was significantly
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reduced by 7 d of treatment with the TK inhibitor tyr-
phostin AG126 in a DNBS-induced colitis animal model.
The TK inhibitor used in the study by Cuzzocrea et al™”
is different from that used in our study. However, our
study indicates that nilotinib does have a positive effect
on weight in animal models with colitis.

The first therapeutic target in drug studies for the
treatment of IBD was the regression of disease-related
symptoms. The most important reason for this was
that the agents used in the treatment of IBD were not
disease-modifying drugs. In more recent studies, how-
ever, the primary endpoint in evaluating the therapeutic
efficacy of drugs used to treat IBD has been “mucosal
healing”m]. With mucosal healing as the therapeutic tar-
get, continuous clinical remission and survival without
surgery can be achieved”. The mucosal healing rates of
anti-TNF agents have been reported at approximately
60% in the active ulcerative colitis trials (ACT)-1 and
ACT-2 studies”™"". In the present study, the effects of ni-
lotinib on mucosal healing and pathological macroscopic
and microscopic scores yielded quite remarkable results.
The macroscopic and microscopic pathological scores
of intestinal tissue from the nilotinib group were similar
to those of the control group (P > 0.05) but significantly
lower than those of the TNBS group (P = 0.009; P =
0.030, respectively). In our study, the similar microscopic
and macroscopic scotes of the nilotinib and control
groups constituted the most important evidence of the
mucosal healing effect of nilotinib. Indeed, in the study
conducted by Cuzzocrea ef al'?, the rats treated with the
TK inhibitor showed significant histological improve-
ments after treatment compared with the control rats.
This result parallels the results of our study. Although
there are no human studies investigating the use of TK
inhibitors in patients with IBD, the case report by Magro
et al” representing a case of long-standing remission
from Crohn’s disease under imatinib therapy supports
these results. However, a number of caveats should be
noted regarding the present study. This is the first study
of nilotinib in a rat colitis model. The current study was
unable to compare the efficacy of nilotinib with that of
other IBD agents or to assess the adverse events of ni-
lotinib. Generally, as found in previous studies on CML,
nilotinib has been a well-tolerated agent with manageable
adverse effects. The findings of this study have a number
of important implications for future practice. Further
experimental investigations could provide more definitive
evidence for human studies.

In our study, to determine the effectiveness of nilo-
tinib on colitis, the PDGFR alpha, PDGFR beta, TNF
alpha, and apoptosis levels were compared among the
groups. Similar to the results observed in the macro-
scopic and microscopic pathological scores, the PDGFR
alpha and beta scores were significantly lower in the ni-
lotinib group than in the TNBS group (P = 0.014, P =
0.025) but were similar to the control group. There are no
other studies investigating the effects of TK inhibitors on
the levels of PDGFR alpha and beta in a colitis animal
model. Histologically, in IBD, the intestinal microvascula-
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ture shifts into a tight angiogenic structure characterized
by the increased secretion of angiogenic integrins and
mediators into the inflamed mucosa””. PDGF alpha and
beta are 2 of the angiogenic mediators whose levels in-
crease in IBD®. Increased PDGF alpha and beta activity
can be found in the fibrotic areas adjacent to the active
ulcer areas in IBD. Kumagai ez al’ detected the increased
expression of PDGF and PDGFR in the areas with ac-
tive fibrosis in IBD, and they considered that this con-
tributes to the development of IBD. The macrovascular
results of this process were demonstrated as endothelial
dysfunction in study of Principi ez al™ due to decreased
brachial artery flow-mediated vasodilatation in patients
with IBD. The results of our study suggest that nilotinib
enacts its effect on mucosal healing in colitis by blocking
PDGEFR alpha and beta.

TNF alpha is a protein that plays a role in cell prolif-
eration, differentiation, and cell survival. It is responsible
for the expression of adhesion molecules, fibroblast
proliferation, the release of procoagulant substances, the
initiation of cytotoxic apoptosis, and the acute phase re-
sponse[%]. It has a cleatly defined role in the pathogenesis
of IBD, and anti-TNF agents are currently being used
in the successful treatment of IBD"". In IBD, induced
apoptosis can be triggered by TNF alpha, which causes
much larger leaks in the intestinal barrier””. Previous
studies have demonstrated that TNF alpha and IL-1
beta, both proinflammatory cytokines synthesized in the
colon, are reduced with TK inhibition"**. In our study,
the apoptotic indices and serum and tissue levels of TNF
alpha were evaluated. The serum and tissue levels of
TNF alpha and the apoptotic index in the nilotinib group
were found to be similar to those in the TNBS group.
Previously, it has been shown that TNF alpha levels on
day 7 are significantly higher in acute models of colitis
established through a single dose application of TNBS,
compared to the model of chronic colitis using weekly
TNBS administrations”. That the serum and tissue
TNF alpha levels were similar in the nilotinib and TNBS
groups in out study might be explained by the length of
the experiment (14 d), during which a TNF alpha peak
could not be obtained. Additionally, the apoptosis indices
were similar between both groups in our study. D’Ar-
genio e# al’"" demonstrated the apoptotic cells and expres-
sions of apoptotic proteins in TNBS-induced colitis over
4 wk. According to the results of this study, the apoptotic
cell count was detected to be significantly decreased
after first week by the TUNEL method”". The similar
apoptotic scores detected in our study might be because
the apoptotic cell peak could not be obtained after 14 d.
Furthermore, the similar results of the TNF alpha levels
and apoptosis scores in out study might also suggest that
nilotinib has no significant effect on TNF alpha levels
and apoptosis.

In conclusion, nilotinib has a significant effect on
weight loss, as well as on the macroscopic and micro-
scopic pathological scores in rats with TNBS-induced
colitis, leading to significant mucosal healing. Although
nilotinib caused a decrease in PDGFR alpha and PDGFR
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beta levels, it did not have a significant effect on apop-
totic scores or TINF alpha levels.

COMMENTS

Background

Genetic and environmental factors, infectious agents, the structure of enteric
flora, and immune system dysfunction are key elements in the pathogenesis of
inflammatory bowel disease (IBD); thus, these are the targets for many drugs
developed to treat IBD. Unresponsiveness to medical treatments in refractory
IBD still poses a therapeutic challenge. Tyrosine kinases (TKs) are enzymes
that play a role in normal cell function, metabolism, growth, differentiation, and
apoptosis. To establish an alternative treatment option, they selected nilotinib
based on the fact that TK inhibitors affect several key components in the patho-
genesis of IBD, including tumor necrosis factor (TNF) alpha, platelet-derived
growth factor receptor (PDGFR), and apoptosis.

Research frontiers

Nilotinib is a TK inhibitor that is typically used as an anticancer drug. Recently,
it has been considered for use in noncancerous proliferative diseases and for
inflammatory conditions. Authors concluded that nilotinib has a significant ef-
fect on weight loss and macroscopic and microscopic pathological scores while
leading to significant mucosal healing. Although nilotinib caused a decrease in
the PDGFR alpha and PDGFR beta levels, it did not have a significant effect on
apoptotic scores or TNF alpha levels.

Innovations and breakthroughs

Genetic, environmental, microbial, and immune factors play a role in the etio-
pathogenesis of IBDs. The currently available medical treatment options are
ineffective in a substantial group of patients with IBD. Nilotinib, as used in this
study, is a strong TK inhibitor. TK inhibitors affect several key components in the
pathogenesis of IBD, including TNF alpha, PDGFR, and nitric oxide synthesis.
Before this study, there were no reports in the literature evaluating the efficacy
of nilotinib in a rat colitis model. One previous study showed that the use of a
different TK inhibitor could successfully treat rat colitis. There are no human
studies investigating the use of TK inhibitors in patients with IBD.

Applications

The results of this study suggest that nilotinib has a significant effect on weight
loss, as well as on the macroscopic and microscopic pathological scores of rats
with Trinitrobenzene sulfonic acid (TNBS)-induced colitis. Additionally, this treat-
ment leads to significant mucosal healing and caused a decrease in PDGFR
alpha and PDGFR beta levels, although it did not have a significant effect on
apoptotic scores or TNF alpha levels. These results suggest that nilotinib may
be effective in patients with IBD. The findings of this study have a number of
important implications for the future practice. Therefore, further studies are
needed to draw firm conclusions.

Terminology

IBD are chronic inflammatory disorders of the gastrointestinal tract that have
characteristic clinical, pathological, endoscopic and radiological features. TKs
are enzymes that play a role in normal cell function, metabolism, growth, differ-
entiation, and apoptosis. TK inhibitors are drugs that block the action of these
enzymes. TNBS-induced colitis is a well-established animal model of mucosal
inflammation that has been used for over 2 decades in the study of IBD patho-
genesis, as well as in preclinical studies.

Peer review

This is an excellent basic research animal study using a well-known model
of TNBS-induced colitis in rats. The authors explored the ability of a tyrosine
kinase inhibitor, nilotinib, to treat various clinical (weight determination), labora-
tory (TNF levels, apoptotic index) and pathological parameters (macroscopic
and microscopic pathologic scores, PDGFR levels) and to quantify results. They
were basically able to demonstrate mucosal healing effects, clinical improve-
ments and decreased PDGFR alpha and beta levels; however, significant drops
in the TNF peaks and apoptotic indices were not clearly shown.
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