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Abstract
AIM: To investigate the effects of nilotinib in a rat model of indomethacin-induced enterocolitis.
METHODS: Twenty-one Wistar albino female rats obtained from Dokuz Eylul University Department of Laboratory Animal Science were divided into the following three groups: control (n = 7), indomethacin (n = 7) and nilotinib (n = 7). A volume of 0.25 mL of physiological serum placebo was administered to the control and indomethacin groups through an orogastric tube for 13 d. To induce enterocolitis, the indomethacin and nilotinib groups received 7.5 mL/kg indomethacin dissolved in 5% sodium bicarbonate and administered subcutaneously in a volume of 0.5 mL twice daily for three days. Nilotinib was administered 20 mg/kg/d in two divided doses to the nilotinib group of rats for 13 d through an orogastric tube, beginning on the same day as indomethacin administration. For 13 d, the rats were fed a standard diet, and their weights were monitored daily. After the rats were sacrificed, the intestinal and colonic tissue samples were examined. The macroscopic and microscopic pathology scores were evaluated. The pathologist stained all tissue samples using terminal deoxynucleotidyl transferase-mediated dUTP-biotin nick-end labeling method. Mucosal crypts and apoptotic cells were quantified. The platelet-derived growth factor receptor (PDGFR) α and β scores assessed by immunohistochemical staining method and tissue and serum tumor necrosis factor (TNF) α levels were determined by enzyme-linked immunosorbent assay. 
RESULTS: Between days 1 and 13, the rats in the nilotinib and indomethacin groups lost significantly more weight than the controls (-11 g vs +14.14 g, P = 0.013; -30 g vs +14.14 g, P = 0.003). In the small intestinal and colonic tissues, the macroscopic scores were significantly lower in the nilotinib group than in the indomethacin group (1.14 ± 0.38 and 7.29 ± 2.98, P = 0.005; 1.14 ± 0.38 and 7.43 ± 2.64, P = 0.001, respectively), but the values of the nilotinib and indomethacin groups were similar to the control group. In the small intestinal and colonic tissues, the microscopic scores were significantly lower in the nilotinib group than in the indomethacin group (3.43 ± 2.99 and 7.67 ± 3.67, P = 0.043; 2.29 ± 0.76 and 8.80 ± 2.68, P = 0.003, respectively), but the values were similar to the control group. The PDGFR β scores in the small intestine and colon were significantly lower in the nilotinib group than in the indomethacin group (1.43 ± 0.79 and 2.43 ± 0.54, P= 0.021; 1.57 ± 0.54 and 3 ± 0, P =0.001), and the values were similar to controls. The colonic PDGFR α scores were significantly lower in the nilotinib group than in the indomethacin group (1.71 ± 0.49 and 3 ± 0, P = 0.001). The colonic apoptosis scores were significantly lower in the controls than in the nilotinib group (1.57 ± 1.13 and 4 ± 1.29, P= 0.007). Furthermore, the serum and tissue TNF-α levels were similar between the nilotinib and indomethacin groups.
CONCLUSION: In the indomethacin-induced enterocolitis rat model, nilotinib has a positive effect on the macroscopic and microscopic pathologic scores, ensuring considerable mucosal healing. Nilotinib decreases PDGFR α and β levels and increases the colonic apoptotic scores, but it has no significant effects on weight loss and the TNF-α levels. 
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Core tip: The ethiopathogenesis of inflammatory bowel diseases (IBDs) has not been clearly elucidated. Many management strategies that include targeting particular pathways involved in the development of IBD have been developed. In the present study, we aimed to investigate the effects of nilotinib in a rat model of indomethacin-induced enterocolitis. From our study, it appears that nilotinib had considerable effects on pathological scores, which indicated positive effects in mucosal healing. Nilotinib decreased platelet-derived growth factor receptor α and β and increased the colonic apoptotic scores, but it had no significant effects on weight loss or serum-tissue tumor necrosis factor α levels. 
Dervis Hakim G, Soyturk M, Unlu M, Ataca P, Karaman M, Sagol O, Borekci E, Yilmaz O. Mucosal healing effect of nilotinib in indomethacin-induced enterocolitis: A rat model. World J Gastroenterol 2015; In press

INTRODUCTION 
Inflammatory bowel diseases (IBDs) are a group of idiopathic, chronic and relapsing inflammatory conditions of the gastrointestinal tract. The pathogenesis of IBD is only partially understood; complex interactions between the immune system, enteric commensal bacteria and host genotype are thought to underlie the development of IBD[1]. The current guidelines for conventional IBD therapy recommend the use of aminosalicylates [sulphasalazine, 5-aminosalicylic acid (5 ASA)], corticosteroids, or immunosuppressive drugs (azathioprine, 6-mercaptopurine, methotrexate, and cyclosporine A) according to the extent and severity of disease, the response to current or prior treatment, and the presence of complications[2]. The use of these drugs is limited by side effects, unresponsiveness or high relapse rates[3-8]. The introduction of anti-TNF-α drugs has changed the mode of therapy in patients with Crohn’s disease (CD). Anti-TNF-α drugs induce clinical remission and significant endoscopic improvement. However, both immune-mediated adverse reactions and loss of efficacy with time have limited their use[9,10]. 

Currently, mucosal healing, which is referred to as ‘endoscopic remission’, has emerged as an increasingly important therapeutic goal. In CD, mucosal healing is associated with a decreased need for hospitalization and surgery, lower costs, decreased side effects, increased rates of clinical remission, and improved quality of life. However, there are no published data on the ability of 5-ASA to induce mucosal healing in CD[11]. Among the 92% of CD patients who achieved clinical remission, 29% achieved endoscopic remission, and 13% achieved complete mucosal healing with oral prednisolone[12,13]. In several studies with immunomodulators (azathioprine and methotrexate), the mucosal healing rates were between 11% and 62.5%[14-20]. In contrast, mucosal healing is achieved in approximately 30% of CD patients who receive anti-TNF therapies[21-25]. Briefly, 20%-30% of patients do not respond to biological therapy, and up to 70% of CD patients will undergo intestinal resection during the course of their disease. Hence, the available medical treatment options are still far from resulting in complete long-term remission and mucosal healing[26,27]. Therefore, it is critically important to identify new medical treatment options for IBD.

The protein tyrosine kinases (TKs) constitute a large family of homologous proteins that have an important role in regulating intracellular signal transduction pathways and control a range of fundamental cellular process, including growth, metabolism, differentiation, adhesion and apoptosis[28]. Imatinib, the best-known member of this class of drugs, is specific for TK receptor sites and suppresses the Abelson proto-oncogene (ABL), c-kit proto-oncogene, platelet-derived growth factor receptor (PDGFR), macrophage colony- stimulating factor receptor (c-fms), TNF-α , and inducible nitric oxide synthase (iNOS)[29]. Nilotinib is a highly potent and selective inhibitor of the wild- type BCR-ABL1, and it was developed for imatinib-resistant mutants[30-32]. Nilotinib reduces the levels of interleukin (IL)-6, IL-1 β , TNF-α , tumor growth factor (TGF) β 1, and PDGFR β more significantly than imatinib, and it has a potent antifibrotic effect[33]. More recently, in our previous study, we demonstrated that nilotinib has a significant effect on weight loss and macroscopic and microscopic pathological scores and causes significant mucosal healing in a rat trinitrobenzene sulfonic acid (TNBS)-induced colitis model[34]. 
The present study was planned based on the success of nilotinib demonstrated in our previous study, and we aimed to investigate the effect of nilotinib in a chronic enterocolitis rat model that was induced with indomethacin. For this purpose, we evaluated the efficacy of nilotinib on weight, macroscopic and microscopic pathological scores, TNF-α levels, PDGFR levels, and apoptotic index in rats with indomethacin-induced enterocolitis. 

MATERIALS AND METHODS
Animals

Approval was obtained from the animal ethics council of Dokuz Eylul University Faculty of Medicine (DEUTF). The DEUTF Hospital Experimental Research Laboratory provided 21 female Wistar albino rats, weighing 226–243 g (mean weight, 241.09 g), for use in this study. The rats were divided into three groups, each consisting of seven rats (Table 1).

The rats were maintained at room at a temperature of 23 ± 2°C under a 12-h light/dark cycle at the DEUTF Experimental Animal Laboratory. Before and during the study, the animals were fed a standard diet, and their weights were monitored daily. The animals were also allowed water ad libitum.
Experimental design 
After 24 h of fasting, 0.25 mL of physiological serum was administered to the control group of rats through an orogastric tube. To induce chronic enterocolitis, the rats in the other two groups received 7.5 mg/kg indomethacin dissolved in 5% sodium bicarbonate and administered in a 0.5-mL volume subcutaneously, two times a day, for three days[35,36]. Across both groups of rats treated with indomethacin, one of the rats treated with only indomethacin was found dead on the sixth day of the experiment. A necropsy was not performed on this rat. 

The indomethacin and control groups received saline placebo for 13 d through an orogastric tube. Nilotinib, administered 20 mg/kg/d (Novartis Pharma AG, Basel, Switzerland) in two divided doses, was administered to the nilotinib group of rats (n = 7) for 13 d through an orogastric tube, beginning on the same day as indomethacin administration.

Blood and tissue samples for pathological examination were obtained from all rats under ether anesthesia at the end of the 13-d period. All animals were then sacrificed by decapitation. The abdominal cavity was opened by a midline incision, and the stomach, small intestine and colon were dissected. The intestinal lumen was washed with saline and then removed and opened along its length. The intestinal tissue was then fixed with buffered formalin.
Pathological examinations
A pathologist, who was blinded to the group identity of the intestinal samples, performed the pathological evaluation of all tissue samples twice. The pathologist first examined the tissues macroscopically, recording the number and size of the ulcers noted. In addition, each small and large intestinal column was longitudinally opened according to the method reported by Vilaseca et al[37], and macroscopic scoring was performed. Tissue sections of the gross ulcerative lesions and surrounding normal mucosa were then stained with hematoxylin–eosin (HE). The pathologist then performed microscopic scoring according to the method reported by Dieleman et al[38].
Apoptosis

The pathologist then stained all tissue samples using the TUNEL method. Mucosal crypts and apoptotic cells were counted along the surface epithelium under a microscope (Olympus DX51 Tokyo, Japan) at a magnification of × 400. Using the TUNEL technique, all cut sections were preserved with lysine for three nights at 37 °C and then treated for one night at 60 °C in an incubator. Thereafter, deparaffinization was performed with three changes with xylene (20 min) (first xylene in the incubator, and the others at room temperature). The tissue sections were then rehydrated by flushing with a series of alcohol solutions of decreasing degree (absolute, 96%, 80%, and 70%); the samples were then stored in distilled water for 5 min. After absorbing water from the edge of each section, proteinase K (Invitrogen, USA) 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% H2O2 (Merck, Germany) was applied for 5 min to inhibit tissue endogenous peroxidase, and the sections were then washed twice with PBS for 5 min each. The cross-section slices were then dried, and an equilibration buffer (ApopTag Plus peroxidase kit, Millipore, USA) was applied for 10 min at room temperature. A total of 55 µL of the enzyme terminal deoxynucleotidyl transferase (TdT) was then applied to each cross section. The cross sections were coverslipped (ApopTag Plus peroxidase kit, Millipore, USA) and incubated for 1 h at 37 °C. Stop/wash buffer (ApopTag Plus peroxidase kit, Millipore, USA) was then applied to the sections that were removed from the incubator for 10 min at room temperature. The sections were then washed three times (for 1 min each) with PBS at room temperature, dried, and incubated with anti-streptavidin–peroxidase (ApopTag Plus peroxidase kit, Millipore, USA) at room temperature for 30 min. The sections were then washed with PBS four times for 2 min each to determine the visibility of the TUNEL reaction, and the samples were then stained with diaminobenzidine (DAB) (DAB-PLUS kit, Invitrogen, USA). After washing with distilled water, ground staining was performed using methyl green. The sections were then washed with three changes of distilled water. After three changes of the searing process with xylene for 20 min, closure was performed with Entella. 
Tissue homogenization and measurement of the tissue serum TNF-α
The tissue samples obtained from the terminal ileum were placed in 2-mL microcentrifuge tubes and stored at −80 °C until further use. These tissues were then removed on the day of the study and warmed to 4 °C. Then, 60–80-mg pieces were obtained from these samples and placed into a tube containing 5-mm-diameter stainless steel beads and phosphate buffer with a 1:7 ratio (pH 7.2). Microcentrifuge tubes were introduced into a pre-chilled TissueLyser LT device and replaced in a TissueLyser (Qiagen-Germany) tissue homogenization device. The frequency and time were adjusted to 50 and 5 min, respectively. The resulting homogenate was centrifuged for 10 min at 4 °C and 5000 × g. Next, an enzyme-linked immunosorbent assay (ELISA) was performed on tissue supernatants, and serum was obtained from centrifugation for identifying TNF-α in accordance with the manufacturer's recommendations (Invitrogen, Rat TNF-α , USA). Finally, the ELISA plates were spectrophotometrically evaluated at 450 nm (Biotech Synergy HT, USA).
PDGFR α and β levels
The PDGFR α and β levels were assessed through staining scores and compared among the groups by immunohistochemistry. For immunohistochemical staining, 2–3-micron sections were stored overnight in the incubator at 40 °C. The following day, the sections were washed with xylene, in descending alcohol series, and distilled water for 20 min. Afterwards, the samples were boiled for 20 min in an EDTA solution at pH 8. The samples were then stored in DakoFlex peroxidase solution for 5 min and washed again with Tris-buffered saline. A primary antibody was then applied: PDGFR α , in a 1:100 dilution (NOVUS Biologicals, NBP1-19 423, USA) and PDGFR β , in a 1:50 dilution (NOVUS Biologicals, NBP1-19 473, USA). The samples were incubated 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. These samples were then 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.

The PDGFR α and β positivity was determined according to a devised scoring system. According to this system, a score of +1 was assigned if PDGFR α and β positivity was confirmed in inflammatory cells as well as in cells of the lamina propria, stroma, and submucosal endothelium. A score of +2 was assigned if PDGFR α and β positivity was confirmed in the lamina propria and submucosa. A score of +3 was assigned if PDGFR α and β positivity was confirmed with widespread staining in the ulcerated areas or 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 for multigroup comparisons, while the Mann–Whitney U test was used to compare the means of two groups. A P value less than 0.05 was considered significant.
RESULTS
On the first experimental day, the average rat weights were similar in all study groups. The average rat weights were determined daily. The average weight of the control group of rats increased to 14.14 g after 13 d. The indomethacin group of rats lost an average of 30 g throughout the study, and the nilotinib group of rats lost an average of 11 g. There was a significant difference among the groups with respect to average weight throughout the study (P = 0.002). The differences in the weight between the control and nilotinib groups and between the control and indomethacin groups were significant (+14.14 g and −11 g, respectively, P = 0.013 and +14.14 g and −30 g, respectively, P = 0.003). There was no significant difference in weight between the indomethacin and nilotinib groups (−30 g and −11 g, respectively; P = 0.085).

The mean macroscopic pathological score of the small intestine and colon of the control group was 1 ± 0. In the indomethacin group, the macroscopic pathological score of the small intestine was 7.29 ± 2.98 and that of the colon was 7.43 ± 2.64. On the other hand, in the nilotinib group, the mean macroscopic pathological scores of the small intestine and colon were the same, 1.14 ± 0.38 and 1.14 ± 0.38. Adhesion, strictures, broad-based ulcers and mesenteric cohesiveness were observed in the indomethacin group of rats. The control and nilotinib groups were similar in terms of the macroscopic scores of the small intestine and colon (P > 0.05). Macroscopic scores were significantly lower in the control and nilotinib groups than in the indomethacin group for the small intestine (1 and 7.29 ± 2.98, P = 0.003; 1.14 ± 0.38 and 7.29 ± 2.98, P = 0.005, respectively). The macroscopic scores were significantly lower in the control and nilotinib groups than in the indomethacin group for the colon (1 and 7.43 ± 2.64, P = 0.001; 1.14 ± 0.38 and 7.43 ± 2.64, P = 0.001, respectively; Figure 1 and 2; Figures S1 and S2).

The mean microscopic score of the small intestine and colon in the control group was 2 ± 0. The microscopic pathological scores of the small intestine and colon were 7.67 ± 3.67 and 8.80 ± 2.68, respectively, in the indomethacin group. In the nilotinib group, the mean microscopic pathological score of the small intestine was 3.43 ± 2.99, and that of the colon was 2.29 ± 0.76. The mean microscopic scores of the small intestine were significantly lower in the control and nilotinib groups than in the indomethacin group (2 ± 0 and 7.67 ± 3.67, P= 0.004; 3.43 ± 2.99 and 7.67 ± 3.67, P = 0.043, respectively). The control and nilotinib groups were similar in terms of the mean microscopic scores (P > 0.05). The mean microscopic scores of the colon were significantly lower in the control and nilotinib groups than in the indomethacin group (2 ± 0 and 8.80 ± 2.68, P = 0.001; 2.29 ± 0.76 and 8.80 ± 2.68, P = 0.003, respectively; Figures 1 and 2; Figures S1 and S2). 

In the PDGFR α and β scoring system, the samples were classified as +1, +2, and +3, according to their staining properties. The PDGFR α scores of the small intestine and colon in the control group were 1 ± 0 and 1.14 ± 0.38, respectively. In the indomethacin group, the PDGFR α scores of the small intestine and colon were 2 ± 0.82 and 3 ± 0, respectively. The PDGFR α scores of the small intestine and colon in the nilotinib group were 1.43 ± 0.79 and 1.71 ± 0.49, respectively. There was a significant difference among the groups in the PDGFR α scores of the small intestine and colon (P = 0.026, P = 0, respectively). The PDGFR α scores of the colon were significantly lower in the control and nilotinib groups than in the indomethacin group (1.14 ± 0.39 and 3 ± 0, P= 0.001; 1.71 ± 0.49 and 3 ± 0, P= 0.001, respectively). The PDGFR α scores of the small intestine were significantly lower in the control group than in the indomethacin group (1 ± 0 and 2 ± 0.82, P= 0.009). The control and nilotinib groups as well as indomethacin and nilotinib groups were similar in terms of the PDGFR α scores of the small intestine (P > 0.05). The control and nilotinib groups were similar in terms of the PDGFR α scores of the colon (P > 0.05; Figures 3 and 4).

The mean PDGFR β scores of the small intestine and colon in the control, indomethacin, and nilotinib groups were 1.14 ± 0.38 and 1.29 ± 0.49; 2.43 ± 0.54 and 3 ± 0; and 1.43 ± 0.79 and 1.57 ± 0.54, respectively. There was a significant difference among all groups in terms of the mean PDGFR β scores of the small intestine and colon (P = 0.004, P = 0.001, respectively). The PDGFR β scores of the small intestine were significantly lower in the control and nilotinib groups than in the indomethacin group (1.14 ± 0.38 and 2.43 ± 0.54, P = 0.002; 1.43 ± 0.79 and 2.43 ± 0.54, P = 0.021, respectively). The PDGFR β scores of the colon were significantly lower in the control and nilotinib groups than in the indomethacin group (1.29 ± 0.49 and 3 ± 0, P= 0.001; 1.57 ± 0.54 and 3 ± 0, P= 0.001, respectively). The PDGFR β scores of the small intestine and colon in the control and nilotinib groups were similar (P > 0.05; Figures 3 and 4; Figure S3).

The mean serum TNF-α levels in the control, indomethacin, and nilotinib groups were 0.071 ± 0.003 pg/mL, 0.065 ± 0.005 pg/mL, and 0.083 ± 0.037 pg/mL, respectively. There was no significant difference observed among the groups in terms of the mean serum TNF-α levels (P > 0.05; Figure 5). The average tissue TNF-α levels in the control, indomethacin, and nilotinib groups were 0.145 ± 0.242 ng/mL, 0.268 ± 0.061 ng/mL, and 0.292 ± 0.086 ng/mL, respectively. There was a significant difference among all groups (P = 0.002). The tissue TNF-α levels were significantly lower in the control group than in the indomethacin and nilotinib groups (0.145 ± 0.242 ng/mL and 0.268 ± 0.061 ng/mL, P = 0.004; 0.145 ± 0.242 ng/mL and 0.292 ± 0.086 ng/mL, P = 0.002, respectively). However, there was no significant difference between the indomethacin and nilotinib groups in terms of the mean tissue TNF-α levels (P > 0.05; Figure 5). 

The mean numbers of apoptotic cells in the small intestine and colon in the control, indomethacin, and nilotinib groups were 1.57 ± 0.79 and 1.57 ± 1.13; 2.50 ± 0.84 and 7.40 ± 2.88; 2.14 ± 1.46 and 4 ± 1.29, respectively. Although, a significant difference was observed among the groups in the colon (P = 0.002), there was no significant difference among the groups in the small intestine (P > 0.05). The numbers of apoptotic cells in the colon were significantly lower in the control group than in the indomethacin and nilotinib groups (1.57 ± 1.13 and 7.40 ± 2.88, P = 0.004; 1.57 ± 1.13 and 4 ± 1.29, P = 0.007, respectively). There was a significant difference between the indomethacin and nilotinib groups in terms of the mean number of apoptotic cells in the colon (7.40 ± 2.88 and 4 ± 1.29, P = 0.038; Figure 6).
DISCUSSION
Many management strategies that involve targeting particular pathways involved in the development of IBD have been developed[39,40]. However, unresponsiveness to medical treatment in IBD still poses a therapeutic challenge.
TK receptors play an important role in controlling most fundamental cellular processes, including cell cycle, migration, metabolism and survival, as well as cell proliferation and differentiation[41]. Nilotinib is a second-generation tyrosine kinase inhibitor that is 30-fold more potent than imatinib against BCL-ABL kinase. Nilotinib affects the cornerstone of the steps in the pathogenesis of IBD, including TNF-α, PDGFR and nitric oxide (NO) synthesis. In our previous study, we demonstrated that nilotinib has a significant effect on weight loss and macroscopic and microscopic pathological scores, and it also leads to significant mucosal healing in a TNBS-induced acute colitis rat model[34]. Until now, no reports in the literature had evaluated the efficacy of nilotinib in either an enterocolitis rat model or human enterocolitis. In the present study, we evaluated the efficacy of nilotinib in a chronic indomethacin-induced enterocolitis rat model. 

In this study, the weights of the control and experimental rats were monitored daily. At the end of the study, the nilotinib group of rats lost less weight than the indomethacin group of rats, while the control rats gained weight. However, there was no significant difference in the weight changes between the indomethacin and nilotinib groups (P > 0.05). In our previous study, the nilotinib group rats lost significantly less weight than the TNBS group rats (P = 0.047)[34]. In another study by Cuzzocrea et al[42], weight loss was significantly reduced by seven days of treatment with a TK inhibitor, Tyrphostin AG 126, in a dinitrobenzene sulfonic acid-induced colitis animal model. 

In recent years, mucosal healing, which is referred to as ‘endoscopic remission,’ has gained acceptance as a measure of disease activity and as an end point in clinical trials. In the present study, the macroscopic and microscopic pathological scores were significantly lower in the control and nilotinib groups than in the indomethacin group for the small intestine and colon (P < 0.05). The control and nilotinib groups were similar in terms of the macroscopic and microscopic scores of the small intestine and colon. These pathological scores were remarkable and indicate the significant mucosal healing effect of nilotinib on the small intestine and colon. These results parallel the results of previous studies. In our previous study, we demonstrated that nilotinib has a significant mucosal healing effect on a TNBS-induced rat model of colitis[34]. In another study conducted by Cuzzocrea et al[42], TK inhibitor treatment had a significant histological improvement compared with control rats. Although there are no human studies investigating the use of TK inhibitors in patients with IBD, the case report by Margo et al[43], in which there was long-standing remission of CD under imatinib therapy, supports this conclusion. Further experimental investigations can provide more definitive evidence for humans.
PDGF is related to the progression and repair of inflammation and is predictive of both oxidative stress and angiogenesis in the intestine. PDGF is released in response to inflammatory and thrombotic stimuli[44]. PDGF and its receptors are expressed in mononuclear inflammatory cells in areas of active inflammation in the ulcer base as well as in mucosal inflammation. It plays an important role in neovascularization in acute inflammation, the repair process and fibrogenesis in IBD[45]. Therefore, control of PDGFR β expression may be beneficial in chronic intestinal inflammation and prevent intestinal fibrosis. In our study, PDGFR β scores were significantly lower in the nilotinib group than in the indomethacin group in the small intestine and colon (P < 0.05), while the PDGFR β scores in the control and nilotinib groups were similar. These results parallel those of our previous study, which investigated the effects of nilotinib in a TNBS-induced model of rat colitis[34]. However, no previous studies have investigated the effect of TK inhibitors on PDGFR β in an enterocolitis animal model. The results of our study suggest that nilotinib demonstrates its effect on mucosal healing in enterocolitis by reducing PDGFR.

TNF-α is expressed on immune cells and plays a critical role in the immune response and pathogenesis of IBD. TNF-α affects the expression of adhesion molecules, fibroblast proliferation, procoagulant factors, initiation of cytotoxic, apoptotic and acute–phase responses[46]. The TNF-α level correlates with the clinical activity of IBD[47]. Therefore, the management of IBD has dramatically changed with the advent of biological therapies. In our study, the levels of serum and tissue TNF-α levels were similar in the nilotinib and indomethacin groups. Similarly, our previous study showed that nilotinib has no significant effect on the TNF-α levels in a TNBS-induced model of colitis in rats[34]. These results indicated that nilotinib might have no significant effect on the TNF-α levels in intestinal tissue. However, previous studies have shown that TNF-α and IL-1 β , both proinflammatory cytokines synthesized in the colon, are reduced with TK inhibitors[42,48]. TNF-α is an unstable molecule that is affected by environmental factors. In a previous study, serum and tissue TNF-α levels were only measured once, and the results may be more reliable if the samples are measured more often. 

CD is the result of an imbalanced mucosal T cell response. The recent data have shown that the most powerful therapeutic approaches inhibit T cell survival by inducing apoptosis, and these approaches include effects on complex pathways. Several studies have shown that the absence of PDGFR β induces the intrinsic pathway of TNF-related apoptosis, resulting in ligand (TRAIL)-induced apoptosis[49-51]. In the present study, no significant difference was observed among the groups in terms of the apoptotic index in the small intestine, while the apoptotic indexes in the nilotinib and indomethacin group of rats were higher than in the control group of rats. On the other hand, in the colon, the apoptotic indexes of the nilotinib and indomethacin groups were significantly higher than that of the control group. D’Argenio et al[52] reported on apoptotic cells and the expression levels of apoptotic proteins and in TNBS-induced colitis over a period of 4 wk. According to the study results, the apoptotic cell count was significantly decreased after the first week, according to the TUNEL method. The similar apoptotic scores that were detected in our study may be because the apoptotic cell peak could not be obtained after 14 d. Furthermore, similar results for the TNF-α levels and apoptosis scores in our study may also suggest that nilotinib has no significant effect on the TNF-α levels and apoptosis.

In conclusion, nilotinib has a significant healing effect on the macroscopic and microscopic pathologic scores and ensures considerable mucosal healing in the indomethacin-induced enterocolitis rat model. While nilotinib decreased the PDGFR α and β levels and apoptotic scores in the colon, it did not have a significant effect on the weight and TNF-α levels. Further experimental investigations could provide more definitive evidence for humans.
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Background

The pathogenesis of inflammatory bowel diseases (IBD) is only partially understood; complex interactions between the immune system, enteric commensal bacteria and the host genotype are thought to underlie IBD development. These particular pathways are targets for drugs used to treat IBD. Side effects, unresponsiveness, high relapse rates, immune-mediated adverse reactions and loss of efficacy with time have limited the use of these drugs. The protein tyrosine kinases (TKs) constitute a large family of homologous proteins that have an important role in regulating intracellular signal transduction pathways and control a range of fundamental cellular process, including growth, metabolism, differentiation, adhesion and apoptosis. To establish a new alternative treatment option, the authors selected a TK inhibitor drug, nilotinib, that affects TNF-α, platelet-derived growth factor receptor (PDGFR) and nitric oxide (NO) synthesis.
Research frontiers

Nilotinib is a TK inhibitor used as an anticancer drug that affects the cornerstone of the steps in the pathogenesis of IBD, including TNF-α, PDGFR and NO synthesis. The authors concluded that nilotinib has a significant healing effect on the macroscopic and microscopic pathologic scores and ensures considerable mucosal healing in the indomethacin-induced enterocolitis rat model. While nilotinib decreased the PDGFR α and β levels and apoptotic scores in the colon, it did not have a significant effect on weight or TNF-α levels.
Innovations and breakthroughs
Available medical treatment options are still far from resulting in complete long-term remission and mucosal healing in IBD. Therefore, it is critically important to identify new medical treatment options for IBD. Nilotinib is a strong TK inhibitor that affects the cornerstone of IBD pathogenesis. Previously, Ataca et al. demonstrated that nilotinib prevents weight loss, decreases macroscopic and microscopic pathological scores, and improves mucosal healing in a trinitrobenzene sulfonic acid-induced colitis model in rats. In the present study, the authors evaluated the efficacy of nilotinib in a chronic indomethacin-induced enterocolitis rat model. 
Applications 

The results of this study suggest that nilotinib has a significant effect on the macroscopic and microscopic pathologic scores in the indomethacin-induced enterocolitis rat model. While nilotinib decreased the PDGFR α and β levels and apoptotic scores in the colon, it did not have a significant effect on weight or TNF-α levels. Nilotinib can demonstrate its effect on mucosal healing in enterocolitis by reducing PDGFR. These results suggest that nilotinib may be effective in patients with IBD. The findings of this study shed light on important considerations for future clinical practice. Therefore, further experimental investigations could provide more definitive evidence for humans.

Terminology

IBD are a group of idiopathic, chronic, and relapsing inflammatory conditions of the gastrointestinal tract. The protein TKs constitute a large family of homologous proteins that have an important role in regulating intracellular signal transduction pathways and control a range of fundamental cellular process, including growth, metabolism, differentiation, adhesion and apoptosis. TK inhibitors are drugs that block these pathways. Nilotinib is a highly potent TK inhibitor. Indomethacin-induced enterocolitis is well-established rat model of mucosal inflammation that has been used in the study of IBD pathogenesis. 
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This is a very well-designed study that focuses on an area of clinical need in the treatment of IBD. The authors investigated the ability of nilotinib to treat various clinical, laboratory and pathological parameters. The authors demonstrated that nilotinib decreased macroscopic and microscopic pathological scores and improved mucosal healing in an indomethacin-induced enterocolitis rat model. The authors showed that while nilotinib decreased PDGFR α and β levels and apoptotic scores in the colon, the treatment did not have a significant effect on weight or TNF-α levels. 
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Figure 1 Small intestine macroscopic and microscopic scores.
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Figure 2 Colon macroscopic and microscopic scores.
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Figure 3 Small intestine platelet-derived growth factor receptor α and β scores. PDGFR: Platelet-derived growth factor receptor.
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Figure 4 Colon platelet-derived growth factor receptor α and β scores. PDGFR: Platelet-derived growth factor receptor.
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Figure 5 Serum tumor necrosis factor-α and tissue tumor necrosis factor-α scores. TNF: Tumor necrosis factor.
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Figure 6 Apoptotic cell number.
Table 1 Study groups and experimental design 
	Group 
	n
	1-3 d
	4-13 d

	 1
	7
	Physiological serum
	Physiological serum

	 2 
	7
	Indomethacin
	Physiological serum

	 3
	7
	Indomethacin
	Nilotinib


PAGE  

_1503053712.xls
Grafik1

		Control		Control		0		0

		Indomethacin		Indomethacin		2.98		3.67

		Nilotinib		Nilotinib		0.38		2.99



Macroscopic scores

Microscopic scores

Groups

Pathological scores

1

2

7.29

7.67

1.14

3.43



Sayfa1

				Macroscopic scores		Microscopic scores

		Control		1		2				0		0

		Indomethacin		7.29		7.67				2.98		3.67

		Nilotinib		1.14		3.43				0.38		2.99

				Grafik veri aralığının boyutunu değiştirmek için aralığın sağ alt köşesini sürükleyin.






_1503053875.xls
Grafik1

		Control		Control		0		0

		Indomethacin		Indomethacin		2.64		2.68

		Nilotinib		Nilotinib		0.38		0.76



Macroscopic scores

Microscopic scores

Groups

Pathological scores

1

2

7.43

8.8

1.14

2.29



Sayfa1

				Macroscopic scores		Microscopic scores

		Control		1		2				0		0

		Indomethacin		7.43		8.8				2.64		2.68

		Nilotinib		1.14		2.29				0.38		0.76

				Grafik veri aralığının boyutunu değiştirmek için aralığın sağ alt köşesini sürükleyin.






_1503054125.xls
Grafik1

		Control		Control		0.003		0.242

		Indomethacin		Indomethacin		0.005		0.061

		Nilotinib		Nilotinib		0.037		0.086



Serum TNF-Alpha

Tissue TNF-Alpha

Groups

Scores

0.071

0.145

0.065

0.268

0.083

0.292



Sayfa1

				Serum TNF-Alpha		Tissue TNF-Alpha

		Control		0.071		0.145				0.003		0.242

		Indomethacin		0.065		0.268				0.005		0.061

		Nilotinib		0.083		0.292				0.037		0.086

				Grafik veri aralığının boyutunu değiştirmek için aralığın sağ alt köşesini sürükleyin.






_1484073059.xls
Grafik1

		Control		Control		0		0.38

		Indomethacin		Indomethacin		0.82		0.54

		Nilotinib		Nilotinib		0.79		0.79



PDGFR Alpha

PDGFR Beta

Groups

Scores

1

1.14

2

2.43

1.43

1.43



Sayfa1

				PDGFR Alpha		PDGFR Beta

		Control		1		1.14				0		0.38

		Indomethacin		2		2.43				0.82		0.54

		Nilotinib		1.43		1.43				0.79		0.79

				Grafik veri aralığının boyutunu değiştirmek için aralığın sağ alt köşesini sürükleyin.






_1494947396.xls
Grafik1

		Control		Control		0.79		1.13

		Indomethacin		Indomethacin		0.84		2.88

		Nilotinib		Nilotinib		1.46		1.29



Small Intestine

Large Intestine

Groups

Scores

1.57

1.57

2.5

7.4

2.14

4



Sayfa1

				Small Intestine		Large Intestine

		Control		1.57		1.57				0.79		1.13

		Indomethacin		2.5		7.4				0.84		2.88

		Nilotinib		2.14		4				1.46		1.29

				Grafik veri aralığının boyutunu değiştirmek için aralığın sağ alt köşesini sürükleyin.






_1484073056.xls
Grafik1

		Control		Control		0.38		0.49

		Indomethacin		Indomethacin		0		0

		Nilotinib		Nilotinib		0.49		0.54



PDGFR Alpha

PDGFR Beta

Groups

Scores

1.14

1.29

3

3

1.71

1.57



Sayfa1

				PDGFR Alpha		PDGFR Beta

		Control		1.14		1.29				0.38		0.49

		Indomethacin		3		3				0		0

		Nilotinib		1.71		1.57				0.49		0.54

				Grafik veri aralığının boyutunu değiştirmek için aralığın sağ alt köşesini sürükleyin.






