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Abstract
AIM
To explore the influence of Infliximab (IFX) on cancer progression in a murine model of colonic cancer associated to chronic colitis.
METHODS
AOM/DSS model was induced in C57BL/6 mice. Mice were injected with IFX (5 mg/kg) during each DSS cycle while control mice received saline. Body weight, occult blood test and stool consistency were measured to calculate the disease activity index (DAI). Mice were sacrificed at week 10 and colons were analyzed macroscopically and microscopically for number of cancers and degree of inflammation. MTT assay was performed on CT26 to evaluate the potential IFX role on metabolic activity and proliferation. Cells were incubated with TNF- or IFX or TNF- plus IFX, and cell vitality was evaluated after 6, 24 and 48 h. The same setting was used after pre-incubation with TNF- for 24 h.
RESULTS
IFX significantly reduced DAI and body weight loss in mice compared with controls, preserving also colon length at sacrifice. Histological score was also reduced in treated mice. At macroscopic analysis, IFX treated mice showed a lower number of tumor lesions compared to controls. This was confirmed at microscopic analysis, although differences were not statistically significant. In vitro, IFX treated CT26 maintained similar proliferation ability at MTT test, both when exposed to IFX alone and when associated to TNF-.
CONCLUSION
IFX did not increase colonic cancer risk in AOM-DSS model of cancer on chronic colitis nor influence directly the proliferation of murine colon cancer epithelial cells.
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[bookmark: _GoBack]Core tip: We report our results on the potential role of Infliximab on cancer progression in AOM-DSS murine model of colorectal cancer associated to chronic colitis. AOM/DSS model was induced in C57BL/6 mice. Mice were injected with Infliximab during each DSS cycle while control mice received saline. Mice were sacrificed at week 10 and colons were analyzed macroscopically and microscopically for number of cancers and degree of inflammation. MTT assay was performed on CT26 to evaluate the potential influence of Infliximab (IFX) role on metabolic activity and proliferation. This study demonstrates that beside its well-known healing capacity, IFX does not increase proliferative cancer cells ability and colorectal cancer risk in AOM-DSS model of tumor on chronic colitis.

INTRODUCTION
Inflammatory bowel disease (IBD), such as Crohn’s disease (CD) and ulcerative colitis (UC), is a chronic, relapsing inflammatory disorder of the digestive tract resulting from a loss of homeostasis between the intestinal immune system and the gut microbiota in genetically-predisposed individuals[1]. Inappropriate mucosal immune responses, due to disruption of the epithelial barrier separating microorganisms from underlying tissues and/or dysregulated tolerance to the intestinal microbiota, likely contribute to the development and perpetuation of IBD[2-5]. In this scenario, long history of colonic IBD is associated with colonic cancer progression[6]. 
Colorectal cancer (CRC) is an important worldwide medical problem as it is the third most commonly diagnosed serious form of cancer in men and in women and represents the third leading cause of cancer death for men and for women and the second leading cause of cancer mortality overall[7]. Sporadic cases are the most frequent. UC patients have a 20-fold higher risk to develop CRC compared to general population. This risk is higher especially in pancolitis: 30% of patients with pancolitis develop CRC after 30 years of disease[7,8]. In addition, UC patients with CRC have an overall poor prognosis and limited therapeutic options are available. Mechanistically, CRC in chronic colitis has a different pathogenesis compared to sporadic or familial cancer[6]. Experimental observations provide full support for the role of inflammation in IBD-related colorectal carcinogenesis. The administration of agents that cause colitis in healthy or genetically modified rodents accelerates the development of CRC[9]. Mice genetically predisposed to develop IBD also develop CRC, especially in the presence of microbial colonization[10]. Although there is little doubt that chronic inflammation promotes colon cancer, the mechanisms involved are unclear. Tumor Necrosis Factor (TNF)- and other cytokines involved in the development of chronic gastric inflammatory conditions play a key role in triggering early epithelial alterations observed in intestinal metaplasia and in promoting the progression to epithelial dysplasia[11,12]. Moreover, proinflammatory mediators represent critical factors in promoting the growth of neoplastic lesions, inducing epithelial cell proliferation and neoangiogenesis[12,13].
In this setting, anti-TNF- drugs, such as Infliximab (IFX), represent a crucial therapeutic tool for modulating the immune response and the clinical course in IBD[14]. IFX is a monoclonal chimeric antibody. Its clinical efficacy and ability to provide mucosal healing in CD as well as in UC are well demonstrated[14]. However, there are concerns regarding the impact of TNF- blockade on the incidence of malignancy. In particular, while the curative role of IFX on chronic intestinal inflammation is supposed to reduce CRC risk, a secondary neoplasm is one of the most feared sequelae of the immune system manipulation in general[15,16].
The combination of Azoxymethane (AOM) with exposure to dextran sodium sulphate (DSS) in mice is a well-known CRC model for studying the progression of CRC on chronic colitis and related mechanisms of action. In the present study, we explored the influence of IFX on cancer progression in AOM-DSS murine model of CRC cancer associated to chronic colitis. We showed that IFX significantly reduced disease activity index and body weight loss, preserving colon length at sacrifice. Histological analysis revealed an improved mucosal healing in IFX treated mice. At macroscopic analysis, IFX administration leaded to a lower number of tumor lesions compared with controls, confirmed at microscopic analysis, although differences were not statistically significant. In vitro, IFX did not modify the proliferation ability of a murine colon tumor cell line, confirming the in vivo data. Taken together, our data suggest that beside its well-known healing capacity, IFX does not increase proliferative cancer cells ability and CRC risk in AOM-DSS model of tumor on chronic colitis.

MATERIALS AND METHODS
Experimental chronic colitis associated to the development of colon cancer
All experiments were approved by the Local Ethics Committee for Animal Research Studies at the Catholic University of Rome (protocol number F42/2009). The animal protocol was designed to minimize pain or discomfort to the animals. The animals were acclimatized to laboratory conditions (23 ℃, 12 h/12 h light/dark, 50% humidity, ad libitum access to food and water) for two weeks prior to experimentation.
The experimental chronic colitis associated to the development of CRC was obtained in female mice C57BL/6. The animals were treated with an intraperitoneal (i.p.) injection of 10 mg/kg of Azoxymethane (AOM, Sigma-Aldrich, Munich, Germany). After one week (time 0) mice were exposed to three cycles of one week with Dextran Sodium Sulphate 2% (DSS, Molecular Weight 36-44 kDa, MP Biomedical Aurora, OH, United States) in tap water, separated by 2 wk of recovery as already shown[17,18]. Animals were divided into two groups. At the third day of each cycle of DSS the first group (IFX) was treated with IFX 5 mg/kg given intravenously in 200 L of saline, instead the control group received a saline solution infusion. Animals were evaluated every day, by measuring weight, fecal consistence and fecal occult blood, as suggested[19,20]. Disease Activity Index (DAI) was calculated as reported[19,20]. Mice were sacrificed after three weeks from last DSS cycle. Each experiment was performed using a total number of 10 mice.

Macroscopical and microscopical tissue evaluation
At sacrifice, ulcerated and polypoid tumors were counted, photographed and marked for further analysis along with the histologic evaluation. Tumor incidence was expressed as percentage. Colon and final ileum were then fixed in formalin and then embedded in paraffin. 
Intestinal inflammation and proliferative alterations, such as hyperplasia, aberrant crypt foci (ACF), gastrointestinal intraepithelial neoplasia (GIN), low grade dysplasia adenoma LGA, high grade dysplasia adenoma (HGA) and adenocarcinoma were evaluated by a single trained gastrointestinal pathologist in a blinded fashion, using a validated semiquantitative scoring system as described[18,19,21]. 

MTT test and evaluation of IFX on colonic cancer cell line
In order to examine the direct effects of IFX on intestinal epithelial cells proliferation and vitality, the 3-(4,5-Dimethylthiazol-2Y)-2,5Diphenyltetrazolium Bromide (MTT) test was performed on CT26 (ATCC, Teddington, United Kingdom), a murine colon cancer intestinal epithelial cell line, according to manufacturer’s instructions. Briefly, MTT, a salt of tetrazolium, is transformed to insoluble crystals by the succinate-tetrazolium reductase, active only in vital cells. Crystals amount is directly proportional to the number of metabolically active cells and was measured by spectrometry at 540 nm wave length (reference wave length = 630 nm). Cells were incubated with TNF- (25 ng/mL) or IFX (100 g/mL) or TNF- (25 ng/mL) plus IFX (100 g/mL), and cell vitality was evaluated after 6, 24 and 48 h. The same setting was used after pre-incubation with TNF- (25 ng/mL) for 24 h, followed by two washings in saline. Data are expressed as percentage vs control. Each analysis was repeated three times. 

RESULTS
IFX ameliorates chronic colitis
We first explore the impact of IFX on clinical and histological activity in chronic colitis. IFX treated animals showed a significantly lower clinical activity index, expressed by DAI score (Figure 1A) and body weight loss when compared with controls, especially in the 18th, 44th and 54th d (P < 0.05) (Figure 1B). At the sacrifice, we did not observe statistically significant differences in colon length (Figure 1C). The histological examination reported a reduction of the Rachmilewitz score in treated animals compared with controls, with a reduction in ulcer number and depth, inflammation grade and extension. However, this difference was not statistically significant. Fibrosis was absent in both groups (Figure 1D).

IFX does not increase tumorigenic risk
At sacrifice, the presence of neoplastic lesions was verified and evaluated in each animal. All animals showed at least 1 macroscopic tumor. Treated animals showed a lower number of tumors in comparison with controls, with an average of 4,5 tumors per each mouse compared with 4,4 tumors in the control group. The difference was not statistically significant (P > 0.05) (Figure 2A). At microscopic analysis, animals treated with IFX showed a slightly lower number of adenocarcinoma (K) with an average of 1,4 tumors per treated mouse compared with 1, 16 tumors per animal in the control group. Furthermore, in treated mice we found a non-significant higher prevalence of high grade dysplasia adenoma (HGA) compared with controls. All differences were not statistically significant (P > 0.05) (Figure 2B).

IFX does not affect intestinal cancer cell proliferation
In order to confirm these data, we performed an in vitro MTT assay, indirect expression of IFX effect on cancer cell proliferation. IFX did not significantly modify the metabolic activity of CT26 cells either directly or in association with TNF-. On the contrary, TNF- increased the proliferation of the neoplastic cells during the first 6 h of stimulation (Figure 3A). Pre-stimulation with TNF- did not result in any significant variation from the first MTT assay setting (Figure 3B). 

DISCUSSION
We previously showed that IFX is able to exert a local effect on intestinal mucosa[22,23]. At the same time, its potential role on the progression of colonic cancer associated to chronic colitis is crucially relevant for IBD. Our previous studies suggested that IFX is able to reduce leukocyte infiltrate, inflammatory cytokine, and adaptive and innate immunity chemokine levels, together with a reparation of the intestinal epithelial layer at scratch assay[23]. We thus expected an IFX effect on the modulation of colonic tumor progression.
Many murine models of sporadic and inflammation-related colon carcinogenesis have been developed in the last decade, including chemically induced colon cancer models, genetically engineered murine models, and xenotransplants. Among these, AOM/DSS model has proven to dramatically shorten the latency time for induction of CRC and to rapidly recapitulate the aberrant crypt foci-adenoma-carcinoma sequence that occurs in human CRC. Because of its high reproducibility, as well as the simple and affordable mode of application, the AOM/DSS has become an outstanding model for studying colon carcinogenesis. That is the main reason for choosing this model, instead of that reported by Kim et al[24].
In the present study, we firstly confirmed the IFX ability to reduce the clinical and histological activity of chronic colitis. This was reflected by a reduced DAI and body weight loss, as well as histological score in treated mice. Interestingly, all animals exposed to AOM and DSS expressed macroscopic tumors as expected. IFX treated animals showed a lower number of tumors compared with controls, although this difference was not statistically significant. For this reason the overall message of our experimental setting does not differ significantly from what was previously proposed in a different model[24]. Of note, microscopic analysis showed that treatment with IFX is associated to an increased prevalence of pre-neoplastic lesions (LGA and HGA) compared with controls, together with a slightly and not significant decrease of cancer lesions. This suggests that the control of chronic inflammation provided by IFX can be able to move cancer progression to a pre-cancer condition. This finding is somehow comforting if taken together with new evidences suggesting that colonic cancer risk in IBD and in particular in ulcerative colitis (UC) is lowering in recent years[25-29]. Moreover, since IBD-associated CRC can affects patients at a younger age than sporadic CRC[8,25,30], the finding that IFX do not dramatically move the incidence of colonic cancer in experimental colitis, makes the use of this compound in younger age even less problematic. Nonetheless, murine cancer model cannot be perfectly assimilated to what really happens in humans, since other mechanisms of action could occur. This represents a major limitation for our study. However, in vitro MTT assay supported the idea that IFX has not a potential proliferative role on cancer cells, since it does not increase their metabolic activity.
Overall, our study sustains a safe action of TNF- block in chronic colitis without increasing the associated tumorigenic risk.
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Figure Legends
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Figure 1  Effect of Infliximab on dextran sodium sulphate induced chronic colitis in mice. A: Disease activity index (DAI) in infliximab (IFX) treated animals compared with controls (CT); B: Body weight variation in IFX treated animals compared with CT; C: Colon length at sacrifice in IFX treated mice compared with CT; D: Histology assessment in IFX treated mice compared with CT. aP < 0.05, bP < 0.01, cP < 0.001 vs controls.
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Figure 2  Effect of Infliximab on colonic cancer lesions associated to chronic colitis in mice. A: Macroscopic lesion number in Infliximab treated mice compared with controls; B: Microscopic colon lesions classified as carcinoma (K), high grade-dysplasia adenoma (HGA) and low grade-dysplasia adenoma (LGA); C: Macroscopic colon lesions (Infliximab treated on the left and controls on the right); D: Histological photos of carcinoma (K), high grade-dysplasia adenoma (HGA) and low grade-dysplasia adenoma (LGA).
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Figure 3  Effect of Infliximab on proliferation and vitality of colonic cancer cell line CT26: MTT assay. A: MTT performed without cell pre-treatment; B: MTT performed following 24 h cell pre-incubation with TNF.
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