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Abstract 
AIM: To investigate the level of mucosal expression and the involvement of the receptor for the advanced glycation end products (RAGE) in delayed apoptosis and tumour necrosis factor (TNF)-α production in Crohn’s disease (CD).
METHODS: Surgical and endoscopic specimens from both inflamed and non-inflamed areas of ileum and/or colon were collected from 20 and 14 adult CD patients, respectively and used for the assessment of RAGE expression by means of immunohistochemistry and western blotting analysis. Normal tissues from 21 control subjects were used for comparison. The same polyclonal anti-human RAGE antibody (R and D System) was used in all experimental conditions. RAGE staining was quantized by a score including both the amount of positive cells and intensity of immunoreactivity, and its cellular pattern was also described. The effects of RAGE blocking on apoptotic rate and TNF-α production were investigated on immune cells freshly isolated from CD mucosa and incubated both with and without the muramyl dipeptide used as antigenic stimulus. Statistic analysis was performed through the test for trend and with regression models to account for intra-patient correlations. A 2-sided P < 0.05 was considered significant. 
RESULTS: In inflamed areas, RAGE expression in both the epithelial and lamina propria compartments was higher than control tissues (P = 0.001 and 0.021, respectively), and a cluster of positive cells was usually found in proximity of ulcerative lesions. Similar results were obtained in the lamina propria compartment of non-inflamed areas (P = 0.025). The pattern of staining was membranous and granular cytosolic at epithelial level, while in the lamina propria it was diffuse cytosolic. When evaluating the amount of protein expression by immunoblotting, a significant increase of both surface area and band intensity (P < 0.0001 for both) was observed in CD inflamed areas compared to control tissue, while in non-inflamed areas a significant increase was found only for band intensity (P < 0.005). Moreover, a significant lower expression in non-inflamed areas in comparison with inflamed areas was found for both surface area and band intensity (P < 0.0006 for both). Finally, RAGE blocking largely affects both the apoptotic rate of mucosal cells (towards an increase in both non-inflamed and inflamed areas of P < 0.001 and < 0.0001, respectively) and TNF-α secretion (towards a decrease in both non-inflamed and inflamed areas of P < 0.05 and < 0.01, respectively), mainly in the presence of antigenic stimulation. 
CONCLUSION: RAGE is up-regulated in CD, especially in inflamed areas, and it appears to play a role in the mechanisms involved in chronic inflammation.
© 2013 Baishideng. All rights reserved. 
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Core tip: Receptor for the advanced glycation end products (RAGE) is a multiligand transmembrane receptor whose activation sustains chronic inflammation. The inhibition of RAGE-ligand interaction has proved successful in an experimental model of Crohn’s disease. Our work shows an up-regulation of RAGE expression in both inflamed and non-inflamed mucosa of Crohn patients in comparison to healthy tissue from control subjects. Moreover, RAGE blocking significantly affects both the apoptotic rate and tumour necrosis factor-α secretion of mucosal immune cells, which are considered to be leading mechanisms in chronic inflammation of Crohn’s disease. These findings pave the way for a possible use of RAGE blocking agents as a new therapeutic tool in this disabling condition.
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INTRODUCTION

Dysregulation of the immune tolerance towards components of the intestinal microbiota plays a crucial role in the pathogenesis of Crohn’s disease (CD)[1]. Recently, the receptor for the advanced glycation end products (RAGE) has received great attention as a key molecule involved in tissue damage occurring in diabetes[2], atherosclerosis[3], neurodegeneration[4], cancer and inflammation[5]. It belongs to the immunoglobulin superfamily and is expressed at low levels by a wide range of differentiated adult cells, including immune cells, but at high levels when activated by its ligands[6]. Remarkably, thanks to its ability to recognize a three-dimensional structure rather than a specific amino acid sequence, it binds a broad repertoire of molecules[6]. Among them, other than the advanced glycation end products, it is also engaged by amyloid-( peptides, high-mobility group (HMG) B1 proteins, and S100/calgranulins[6]. Since the latter act as damage-associated molecular pattern molecules[7], RAGE is now considered as a pattern-recognition receptor[8]. It seems likely indeed, that the interaction of RAGE with both S100/calgranulins and HMGB1-proteins plays a proximal role in the inflammatory cascade by triggering the intracellular synthesis of nuclear factor (NF)-ĸB, which in turn, promotes the transcription of several pro-inflammatory and pro-fibrotic cytokines, such as tumour necrosis factor (TNF)-α and transforming growth factor-(, respectively[9]. Most importantly, RAGE is also able to bind the (2-integrin Mac-1, thus determining the recruitment and migration of leucocytes to the site of inflammation[10,11].

As far as CD is concerned, an up-regulation of both RAGE ligands and its mediators has already been found[12,13], with a prominent role played by TNF-α , since blocking with monoclonal antibodies results in both induction and maintenance of remission [14]. In addition, the inhibition of the RAGE/HMGB1 pathway in experimental models of colitis led to a significant improvement in both clinical and histological features with a parallel reduction of the levels of pro-inflammatory cytokines[15]. The lack of definitive information about a possible role of this receptor in human inflammatory bowel disease has prompted us to study the RAGE expression in the intestine of CD patients through both immunohistochemistry and western blotting assays, and to investigate its functional role in affecting the apoptotic rate and TNF-α production of mucosal immune cells, which are key mechanisms in causing chronic inflammation and tissue damage[16].
Materials and Methods

Immunohistochemistry

The immunohistochemical study was performed on archival material from the Department of Pathology of the Luigi Sacco Hospital (Milan, Italy), obtained from 20 patients who had undergone surgical procedures of small and/or large bowel resection and/or strictureplasty for CD (indicated hereafter as A series). Their demographic and clinical features, including body mass index (BMI), disease duration, location, and phenotype according to Montreal classification[17], the CD activity index (CDAI) [18], and the drug therapy followed, all determined at the time of surgery, were shown in Table 1. In all patients, the diagnosis of CD had been established according to widely accepted criteria[19] and confirmed at pathology. Specimens from both macroscopically diseased and non-diseased areas were obtained from each patient. Specifically, in order to prevent confounding results due to the proximity to the diseased areas, the samples from normal tissue were collected from non-diseased zones at least 50 cm away from the resected area. In addition, surgical specimens from 9 subjects (M/F: 4/5, median age: 65 ( 8.32 years, range: 63–86 years; BMI: 21.8 ( 1.2 kg/m2, range: 18.1-24.8 kg/m2) who underwent right emicolectomy for neoplasms, were selected from macroscopically healthy mucosa of both ileum and colon at more than 20 cm from the lesion, and used as controls. Each patient and control signed the informed consent, and all tissues were studied in an anonymous manner in accordance with the recommendations of the local Bio-Ethics Committee.

After tissue sampling during surgery to avoid autolysis artefacts, all specimens were immediately fixed in 40 g/L formaldehyde) and embedded in paraffin. Serial 4-μm-thick sections were cut from the blocks, mounted on electrostatically charged slides (DIAPATH Super Frost Plus(, Menzel-Glaser, Braunschweig, Germany) and dried overnight. After dewaxing and rehydration, the sections were processed for both traditional histology and immunohistochemistry. In addition, samples from both colonic adenomatous polyps[20] and normal lung tissue[21] were used as positive controls to test both the appropriate pre-treatment and primary antibody dilution. After 0.88 mol/L hydrogen peroxide was applied for 5 min, sections were treated with Tris/EDTA buffer (Target Retrieval Solution, DAKO, Carpinteria, CA, United States) at 1:10 dilution, at pH 9.0, and then incubated in a microwave oven in citrate buffer (10 mmol/L, pH 7.0) for three cycles of 5 min each at 650 W, to unmask the antigen. Afterwards, the slides were incubated with the CAS-Block solution (Invitrogen Corporation, Carlsbad, CA, United States) for 10 min, as this treatment had been already proved successful in avoiding unspecific ligands [22]. The primary antibody we used was the polyclonal anti-human RAGE antibody (R and D System, Minneapolis, MN, United States) at 1:1000 dilution overnight at 4° C [22,23]. Finally, sections were soaked in a stop-wash buffer, rinsed in phosphate-buffered saline, and then incubated with the Avidin Biotin Complex (LSAB2 System, HRP, DAKO), followed by the usual reactions to allow colour development (Liquid DAB+Substrate Chromogen System, DAKO) and counterstaining with Harris hematoxylin (Sigma-Aldrich, St. Louis, MO, United States). For negative control, a goat anti-human IgG1 isotype (R and D System) was used as a primary antibody[23], while in order to determine the origin of lamina propria RAGE+ cells, seriate sections were processed with the following monoclonal antibodies: anti-CD3 (clone PSI, Novocastra Laboratories, Newcastle, UK), -CD20 (clone L26, DAKO), -CD138 (Clone B-A38, IQ Products, Houston, TX, United States), -CD68 (clone PG-M1, DAKO), and smooth muscle actin (clone 1A4, DAKO), according to the manufacturers’ instructions, whilst neutrophils were identified through morphology. Finally, in order to quantize RAGE expression, the analysis was split into two compartments: epithelial layer and lamina propria, and all sections were examined by two blinded pathologists under high-power field microscopes (HPFs) (Nikon ECLIPSE E800) at constant magnification (( 400). As regards the epithelial layer, the number of positive cells was calculated by using a differential count of at least 500 cells and the results were expressed as a percentage, while the intensity of the staining was estimated by applying an ordinal scale (0 to 3), where ‘3’ indicated strong staining, ‘2’ moderate staining, ‘1’ weak staining, and ‘0’ no staining. Thereafter, both results were combined together in a score as follows: grade I when less than 10% of epithelial cells were positive and/or had weak immunoreactivity, grade II when 10% to 50% of epithelial cells were positive and/or had moderate immunoreactivity, and grade III when more than 50% of epithelial cells were positive and/or had strong immunoreactivity. In the lamina propria compartment, the quantization was performed by applying differential counts of positive cells on 10 HPF per slide, and the results were displayed as the mean number of positive cells. The same ordinal scale and grading score of the epithelial compartment (see above) for quantization of staining intensity and whole expression, respectively, were used. Finally, the pattern of cellular staining was reported as cytosolic (granular or diffuse) and/or membranous. 
Western blot analysis

Two snap-frozen perendoscopic specimens from both macroscopically diseased and non-diseased areas of colonic mucosa were collected from 14 CD outpatients (indicated hereafter as B series), whose demographic and clinical features are shown in Table 1, and 12 control patients suffering from irritable bowel syndrome (M/F: 3/9; median age: 49 years, range: 21–72 years; BMI: 23.35 kg/m2, range: 18.6-25.6 kg/m2), all admitted to the Center for the Study and Cure of Inflammatory Bowel Disease at the Fondazione IRCCS Policlinico (Pavia, Italy). The CD patients were taking mesalazine, steroids, azathioprine, or biologics, as single or combined therapy (Table 1), whilst the control patients were drug-free. Each patient gave written informed consent, and approval from the Bio-Ethics Committee was obtained (protocol number: 20110002492). 

Mucosal samples were lysed in 200 μL ice-cold lysis buffer (53.8 μL HEPES pH 7.9 0.93 mol/L, 10 μL EDTA pH 8.0 0.5 mol/L, 300 μL KCl 1 mol/L , 100 μL Nonited P-40, 4385 μL distilled water, 50 μL DTT 0.1 mol/L, 50 μL PMSF 0.1M, 20 μL Aprotinine, 10 μL Leupeptine, 50 μL NaVO4 0.1 mol/L, 10 μL NaF 0.5 mol/L), sonicated (Sonifier 150, BRANSON, St. Louis, MO, United States), and incubated for 90 min in the dark. After centrifugation, the supernatants were harvested and the protein concentration was determined using the Bio-Rad Protein Assay (BIORAD, Hercules, CA, United States). A total of 50 μg of protein from each sample plus the loading buffer were boiled and then loaded onto 0.347 mol/L sodium dodecyl sulfate–polyacrylamide gel electrophoresis (Invitrogen-Life Technologies, Carlsbad, CA, United States) and run for 90 min. Proteins were then transferred to nitrocellulose sheets by means of the PowerEase® 500 electrophoresis instrument (Invitrogen), and non-specific binding was blocked with 50 g/L non-fat milk powder in TBS 100 mL/L solution. Afterwards, the membranes were incubated with the primary antibody (polyclonal anti-RAGE immunoglobulin G 1:2000 dilution, R and D System) overnight on a rocker (Stuart SSL4, Fisher Scientific, Illkirch Cedex, France). After washing, the secondary antibody (polyclonal rabbit anti-goat immunoglobulin G-HRP 1: 2000 dilution, DAKO) was applied, and the reaction was developed using a chemiluminescence kit (ECL Plus, GE Healthcare, Buc Cedex, France). Finally, the membranes were aligned with the film (GE Healthcare) in the developing liquid (Kodak, Rochester, New York, NY, United States). Negative control blots were obtained by omitting the primary antibody. Finally, blots were stripped and analyzed for (-actin as internal control, using a rabbit anti-human polyclonal anti-(-actin antibody 1:5000 dilution (Abcam, Cambridge, UK). Films were acquired using VersaDoc 3000 (BIORAD), and the bands measured in terms of both surface area and intensity by the QuantityOne software (BIORAD) and normalized for (-actin values. 

Functional assay

Six fresh additional perendoscopic mucosal biopsies from both macroscopically diseased and non-diseased colonic areas and peripheral blood samples were collected from seven out of the 14 CD outpatients. After digestion with collagenase A 1 mg/mL ( Sigma-Aldrich) in complete medium (X-VIVO-15 plus 50 mL/LHS, penicillin/streptomycin 10000 U/10 mg/mL, gentamicin 2.5 mL/L, amphotericin B 4 mL/L, all by Lonza Group Ltd, Basel, CH) for 90 min, the cellular suspension was passed through a cell filter strainer, 40 μm (BD FalconTM, Franklin Lakes, NJ, United States), centrifuged and washed twice. The lamina propria mononuclear cells (LPMC) thus obtained were plated overnight in 48-well flat bottom tissue culture plates (Sarstedt, Newton, NC, United States) at 1.0 ( 106 cells/well in complete culture medium plus interleukin-2 40 U/mL (Chiron, Emeryville, CA, United States). After washing, 0.5 ( 106 LPMC for each well were incubated in the presence of the anti-RAGE antibody or IgG1 isotype antibody (R and D System) as negative control, at 50 and 100 μg/mL for 4 hours, and then stimulated overnight in the presence or absence of muramyl dipeptide (MDP) (10 μg/mL, Sigma-Aldrich, St. Louis, MO, United States) plus 1.5 ( 106 autologous irradiated (3000 rads) peripheral blood mononuclear cells used as feeding cells. Finally, the supernatants were collected and stored at -80° C for evaluation of TNF-α levels by enzyme-linked immunosorbent assay (R and D System), while LPMC were harvested for the detection of the apoptotic rate by flow cytometry (BD FACSCanto, FACS Diva software, BD Biosciences, San Jose, CA, United States) by using the AnnexinV/Propidium Iodide kit (APOPTEST™-FITC, DAKO). 

Statistical analysis

Continuous variables were described as median and 25th -75th percentiles, while categorical variables were expressed as counts and percentages. Comparison between data from CD patients and control subjects was performed by using the test for trend and the Mann-Whitney U test, as appropriate. Data among CD patients were compared using a general linear or a general ordinal logistic model (according to the type of data), with calculation of the Huber-White robust standard error for intra-patient correlation. The Spearman rank correlation test was applied to measure the association between continuous variables. A 2-sided P value ( 0.05 was considered to be statistically significant. Stata 12.1 (StataCorp LP, College Station, TX, United States) was used for computation. 

RESULTS

RAGE expression in diseased areas

In both the epithelial and lamina propria compartments, the grading of RAGE expression in CD was significantly higher than in control tissues (test for trend: P = 0.001 and 0.021, respectively; Table 2, Figure 1A and B). When splitting the analysis for the two variables considered, there appeared to be no difference in intensity between the groups in either compartment (Table 2, Figure 1C and D), whilst the amount of positive cells, either at epithelial (Figure 2) or lamina propria level (Figure 3), was significantly higher in CD than in control tissues (test for trend: P = 0.008 and 0.030, respectively; Table 2, Figure 1E and F). Remarkably, in CD specimens most of the strongly positive cells were found in close proximity to ulcers at epithelial level (Figure 4), while in the lamina propria they were sparsely distributed (Figure 3A and B). Moreover, in all CD samples, the pattern of RAGE expression at epithelial level was both membranous and granular cytosolic (Figure 2B, thin and thick red arrows, respectively), while in the lamina propria it was diffuse cytosolic (Figure 3A and B, black arrows). As regards the type of lamina propria positive cells, the vast majority were plasma cells (median 3, 25th-75th: 1-10) (Figure 5A) and monocytes/macrophages (median 3, 25th-75th: 2-12) (Figure 5B), with only a few scattered T lymphocytes and subepithelial myofibroblasts being stained, whilst neutrophils did not display RAGE expression (data not shown). When evaluating the amount of protein expression at mucosal level by immunoblotting, a significant increase of RAGE expression for both surface area and band intensity (P < 0.0001 for both) was observed in CD diseased areas with respect to control tissue (Figure 6). Finally, as regards the clinical features, no correlation was found between the grading of RAGE expression with BMI, CDAI score, or the duration, localization or behaviour of the disease, nor with the drug therapy followed (data not shown).

RAGE expression in non-diseased areas

In both the epithelium and lamina propria compartments, the grading of RAGE expression in CD tissues was generally higher than in control tissues (Figure 1), though statistical significance was achieved only in the lamina propria compartment (test for trend: P = 0.025, Table 3). Similarly, no difference between these two groups was found either in intensity (Figure 1) or in the number of positive cells (Table 3, Figure 1). Within the CD patient group, both grading and amount of RAGE+ cells tended to be higher in the diseased areas, though significant variations were never reached (Table 4, Figure 1). As far as the level of RAGE expression was concerned, a significant increase in non-diseased areas of CD patients in comparison with control tissues was observed only for band intensity at western blot analysis (P < 0.005, Figure 6). Moreover, a significantly lower expression in non-diseased areas in comparison with diseased areas was found for both surface area and band intensity (P < 0.0006 for both, Figure 6). Finally, a positive correlation between the grading of RAGE expression at epithelial level and BMI was found in the CD group (median 25.5 ± 3.2, range: 20-30, P = 0.0116, r = 0.55, Figure 7), whilst no correlation was found with the CDAI score, behaviour, localization, duration of the disease, nor with current therapies (data not shown).

Functional assay

In order to investigate whether RAGE blocking has the ability to favour LPMC apoptosis and to reduce the production of the pro-inflammatory cytokine TNF-α , LPMC from both diseased and non-diseased areas of CD patients were incubated with the RAGE blocking antibody and stimulated with MDP, a component of the bacterial cell-wall peptidoglycan, which is present in most species of the gut microbiota, and whose ligation with the intracellular receptor NOD2 triggers the inflammatory cascade in CD[24]. As expected, the apoptotic rate of the cell population obtained from non-diseased areas was higher than that found in cells isolated from diseased mucosa, both in the presence and absence of the antigenic stimulus (P < 0.001 for both, Figure 8A and B). When incubating the LPMC from non-diseased areas with the lower concentration of the RAGE-blocking antibody, a significant increase in the apoptotic rate in comparison with the basal values was observed both in the absence (P < 0.01) and presence of MDP (P < 0.001), while the higher dose only slightly increased the percentages of cell death in both cases (Figure 8A and B). Similar effects were observed on cells from diseased areas only when applying the higher dose of the RAGE blocking agent (P < 0.0001 for both), since the lower dose was effective only in the presence of MDP stimulus (P < 0.005, Figure 8A,B). As far as TNF-α secretion is concerned, in the absence of antigenic stimulation, a higher basal level was observed in cultures with cells from diseased mucosa (P < 0.0002), and this was consistently reduced by the higher dose of the anti-RAGE agent (P < 0.01, Figure 8C). Upon antigenic stimulation, both doses of the blocking antibody appeared capable of lowering the level of TNF-α production, both when using cells from diseased (P < 0.01 and < 0.005, respectively) and non-diseased areas (P < 0.05 and < 0.01, respectively, Figure 8D).

DISCUSSION

Originally identified in diabetic tissues[25], RAGE was subsequently found to be up-regulated in many pathological conditions[6] and, in recent years, it also seems to be involved in the pathogenesis of chronic inflammatory diseases[26], such as rheumatoid arthritis[27], systemic lupus erythematosus[28], and multiple sclerosis[29]. As regards the gastrointestinal tract, RAGE has been found to play a role in chronic gastritis due to Helicobacter pylori by favouring its adhesiveness to epithelial cells[30], as well as in CD where an increased expression was found in phagocytes infiltrating inflamed areas[31]. Moreover, the administration of HMGB1 blocking agent has proved to be of benefit in experimental models of Crohn’s colitis, through a decrease in the expression of RAGE and related pro-inflammatory cytokines[15]. On this basis, we first of all investigated RAGE expression by immunohistochemistry on surgical specimens from CD patients where samples of healthy tissue at a certain distance from the workpiece of intestine were also available. This is why we set out to determine whether the activation of the RAGE pathway occurs only within an inflamed milieu, or if it represents a predisposing condition which involves the entire length of the intestine in CD. Our results clearly show an increased grade of RAGE expression, in comparison with control tissues, in the entire bowel of CD patients, albeit prevalently in macroscopically damaged areas. Specifically, the vast majority of epithelial cells in the diseased areas, both on the surface and in crypt regions, express RAGE with a whole cellular staining, compared to control tissues where only a few cells were positive. It is worth noting that the highest number of positive cells were found close to ulcerative lesions. In the non-diseased tissue, a trend towards an up-regulation was evident but does not reach the statistical significance. Also in the lamina propria, the grade of RAGE+ cells was higher in CD diseased areas compared to healthy tissues, although their distribution did not seem to be associated with ulcerative lesions and the pattern of expression was cytosolic. These differences in both distribution and cellular pattern between epithelial and lamina propria cells seem indicate a separate role of the RAGE, with that in the epithelial cells possibly being a response to external injury, while that in the lamina propria cells mostly being involved in magnification of inflammation. Here, the diffuse cytoplasmic staining may be a consequence of the activated status, whereas the granular cytosolic and membranous staining in the epithelial compartment may represent a secretory pathway[32]. Remarkably, the up-regulation of RAGE in epithelial cells under inflammatory stimuli has been shown to mediate the trans-epithelial migration of neutrophils through its binding with the specific β2 integrin CD11b/CD18[33]. It is worth noting that we did not find any extracellular positivity in the stromal area, indicating that there is no storage of RAGE in the extracellular matrix. Furthermore, when splitting the results between the two variables included in the grading system, i.e. the intensity of the staining and the number of positive cells, we found that a significant difference was still evident only for the latter. In the non-diseased tissue of CD patients, a significantly higher grade of RAGE expression was found in the lamina propria compartment compared to control tissue. The reason may lie in the small number of samples and the high variability found mainly in the CD group. The results found at immunohistochemistry were confirmed by the analysis of RAGE expression at protein level by immunoblotting on mucosal samples, where an increase in both diseased and non-diseased areas of CD patients in comparison with healthy tissues from irritable bowel syndrome patients was observed. Moreover, the up-regulation of RAGE expression even in non-inflamed areas suggests that in CD, an unbalanced activation of RAGE pathway may take place along the entire length of the intestine reaching the highest levels in inflamed areas where the concentration of its ligands is higher. In this regard, an up-regulation of both S100A12 and HMGB1 in inflammatory bowel disease has been already shown[12,13]. In addition, it is recognized that the activation of the RAGE pathway plays a crucial role in regulating apoptosis and autophagy[34] and in favouring the differentiation of T cells towards a T helper-1 phenotype[35], both being leading mechanisms in generating tissue damage in CD[1,36,37]. Therefore, we explored RAGE blocking’s ability to affect the delayed apoptosis and TNF-α production of LPMC isolated from diseased and non-diseased mucosa of CD patients, and we found that pre-treatment with the anti-RAGE antibody induces a dose-dependent increase of the apoptotic rate, with the effect clearly evident also at lower dose in the presence of MDP. The latter represents the main bacterial wall component which is recognized by NOD2, an intracellular pattern recognition receptor whose variants are associated with CD[38]. The binding of MDP to mutated NOD2 is followed by activation of pro-inflammatory pathways mainly regulated by nuclear factor-ĸB[39]. It is interesting to note that the latter molecule is also the transducer of the RAGE pathway upon activation by S100/calgranulins and HMGB1proteins[9]. Our further evidence of a significant and dose-dependent decrease of TNF-α production, mainly in those cells from inflamed mucosa following RAGE blocking, fits perfectly into this context. It seems likely, therefore, that a progressive accumulation of RAGE ligands in those tissues primed by genetic and/or environmental factors leads to an increased expression which, in turn, causes magnification rather than dampening of the inflammation[26,39].
Finally, as far as the clinical features are concerned, at variance with the epithelial compartment of the non-diseased areas, where a positive correlation between the grading of RAGE expression and BMI was clearly evident, no correlation was found in diseased areas, probably by virtue of the high concentration of ligands, which per se leads to an increased expression that overcomes any systemic regulation[40]. Also no correlation with the duration, localization, behaviour, activity of the disease or current therapies was observed in any condition. Notably, in the diseased areas, we did not find any correspondence between the zones of high RAGE+ cells density in the epithelial compartment and those in the lamina propria. It is conceivable, therefore, that this might depend on different timing or mechanisms of activation of RAGE pathway in the two compartments which deserves further investigation. Also the limited size of our sample groups, dictated by the need to obtain surgical specimens from macroscopically healthy tissue at a certain distance from the workpiece of intestine, implies that larger studies are needed in order to confirm our evidence.

In conclusion, the evidence we obtained of an increased expression of RAGE on both epithelial and lamina propria cells in CD, mainly in macroscopically injured areas, represents a further step up in the understanding of its pathogenesis, thus paving the way for a future therapeutic use of RAGE blocking agents. Although it does not seem to be the primum movens, once set in motion, RAGE pathway may be considered to contribute significantly to chronic inflammation. 
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Background

Crohn’s disease is a disabling, lifelong, inflammatory disease which affects the gastrointestinal tract in a discontinuous manner, and whose lesions depend on a dysregulated immune response towards antigens of the gut microbiota. The receptor for the advanced glycation end products (RAGE) is a multiligand transmembrane receptor, whose activation sustains chronic inflammation. 
Research frontiers

The inhibition of RAGE-ligand interaction was proved successful in an experimental model of Crohn’s disease. However, the information available on the role of RAGE in human inflammatory bowel disease is scanty. 
Innovations and breakthroughs

In this study, the authors show an up-regulation of RAGE expression in the entire bowel of Crohn patients, although prevalently in macroscopically affected areas, compared to healthy tissue of control subjects, as evaluated by both immunohistochemistry and Western blot analysis. Moreover, the RAGE blocking significantly affects both the apoptotic rate and tumour necrosis factor-α secretion of mucosal immune cells, which are the key mechanisms involved in chronic inflammation and tissue damage. 
Applications

This study contributes to our understanding of the pathogenesis of Crohn’s disease and provides a scientific basis for a future therapeutic use of RAGE blocking agents. 
Terminology

RAGE is a multiligand receptor which belongs to the immunoglobulin superfamily, and is natively present on the surface of monocyte/macrophage lineage cells and vascular cells. It is constitutively expressed during embryonic development but progressively down-regulated in adulthood, where it is present at low levels in most normal tissues. The exceptions are the skin and lungs, where expression remains high throughout life. An increased expression of RAGE was found in a number of different pathological conditions, including chronic inflammatory diseases, neurodegenerative disorders, ageing, and cancer.
Peer review

The authors investigated the involvement of RAGE in Crohn’s disease and found an enhanced expression in both the macroscopically diseased and non-diseased intestine, together with an attenuated inflammatory response of mucosal immune cells following RAGE blocking. The study is well designed and conducted, and the results are clearly presented. This is an excellent study whose only limitation is the relatively small sample size.

REFERENCES
1 Abraham C, Cho JH. Inflammatory bowel disease. N Engl J Med 2009; 361: 2066-2078 [PMID: 19923578 DOI: 10.1056/NEJMra0804647]

2 Ramasamy R, Yan SF, Schmidt AM. Receptor for AGE (RAGE): signaling mechanisms in the pathogenesis of diabetes and its complications. Ann N Y Acad Sci 2011; 1243: 88-102 [PMID: 22211895 DOI: 10.1111/j.1749-6632.2011.06320.x]

3 Hofmann Bowman MA, Schmidt AM. S100/calgranulins EN-RAGEing the blood vessels: implications for inflammatory responses and atherosclerosis. Am J Cardiovasc Dis 2011; 1: 92-100 [PMID: 22200033]

4 Srikanth V, Maczurek A, Phan T, Steele M, Westcott B, Juskiw D, Münch G. Advanced glycation endproducts and their receptor RAGE in Alzheimer's disease. Neurobiol Aging 2011; 32: 763-777 [PMID: 19464758 DOI: 10.1016/j.neurobiolaging.2009.04.016]

5 Sims GP, Rowe DC, Rietdijk ST, Herbst R, Coyle AJ. HMGB1 and RAGE in inflammation and cancer. Annu Rev Immunol 2010; 28: 367-388 [PMID: 20192808 DOI: 10.1146/annurev.immunol.021908.132603]

6 Schmidt AM, Yan SD, Yan SF, Stern DM. The biology of the receptor for advanced glycation end products and its ligands. Biochim Biophys Acta 2000; 1498: 99-111 [PMID: 11108954 DOI: 10.1016/S0167-4889(00)00087-2]

7 Foell D, Wittkowski H, Vogl T, Roth J. S100 proteins expressed in phagocytes: a novel group of damage-associated molecular pattern molecules. J Leukoc Biol 2007; 81: 28-37 [PMID: 16943388 DOI: 10.1189/jlb.0306170]

8 Xie J, Reverdatto S, Frolov A, Hoffmann R, Burz DS, Shekhtman A. Structural basis for pattern recognition by the receptor for advanced glycation end products (RAGE). J Biol Chem 2008; 283: 27255-27269 [PMID: 18667420 DOI: 10.1074/jbc.M801622200]

9 Yeh CH, Sturgis L, Haidacher J, Zhang XN, Sherwood SJ, Bjercke RJ, Juhasz O, Crow MT, Tilton RG, Denner L. Requirement for p38 and p44/p42 mitogen-activated protein kinases in RAGE-mediated nuclear factor-kappaB transcriptional activation and cytokine secretion. Diabetes 2001; 50: 1495-1504 [PMID: 11375353 DOI: 10.2337/diabetes.50.6.1495]

10 Chavakis T, Bierhaus A, Al-Fakhri N, Schneider D, Witte S, Linn T, Nagashima M, Morser J, Arnold B, Preissner KT, Nawroth PP. The pattern recognition receptor (RAGE) is a counterreceptor for leukocyte integrins: a novel pathway for inflammatory cell recruitment. J Exp Med 2003; 198: 1507-1515 [PMID: 14623906 DOI: 10.1084/jem.20030800]

11 Zen K, Chen CX, Chen YT, Wilton R, Liu Y. Receptor for advanced glycation endproducts mediates neutrophil migration across intestinal epithelium. J Immunol 2007; 178: 2483-2490 [PMID: 17277156]

12 Foell D, Kucharzik T, Kraft M, Vogl T, Sorg C, Domschke W, Roth J. Neutrophil derived human S100A12 (EN-RAGE) is strongly expressed during chronic active inflammatory bowel disease. Gut 2003; 52: 847-853 [PMID: 12740341 DOI: 10.1136/gut.52.6.847]

13 Vitali R, Stronati L, Negroni A, Di Nardo G, Pierdomenico M, del Giudice E, Rossi P, Cucchiara S. Fecal HMGB1 is a novel marker of intestinal mucosal inflammation in pediatric inflammatory bowel disease. Am J Gastroenterol 2011; 106: 2029-2040 [PMID: 21788990 DOI: 10.1038/ajg.2011.231]

14 van Deventer SJ. Review article: targeting TNF alpha as a key cytokine in the inflammatory processes of Crohn's disease--the mechanisms of action of infliximab. Aliment Pharmacol Ther 1999; 13 Suppl 4: 3-8; discussion 38 [PMID: 10597333 DOI: 10.1046/j.1365-2036.1999.00024.x]

15 Davé SH, Tilstra JS, Matsuoka K, Li F, DeMarco RA, Beer-Stolz D, Sepulveda AR, Fink MP, Lotze MT, Plevy SE. Ethyl pyruvate decreases HMGB1 release and ameliorates murine colitis. J Leukoc Biol 2009; 86: 633-643 [PMID: 19454652 DOI: 10.1189/jlb.1008662]

16 Santaolalla R, Mañé J, Pedrosa E, Lorén V, Fernández-Bañares F, Mallolas J, Carrasco A, Salas A, Rosinach M, Forné M, Espinós JC, Loras C, Donovan M, Puig P, Mañosa M, Gassull MA, Viver JM, Esteve M. Apoptosis resistance of mucosal lymphocytes and IL-10 deficiency in patients with steroid-refractory Crohn's disease. Inflamm Bowel Dis 2011; 17: 1490-1500 [PMID: 21674705 DOI: 10.1002/ibd.21507]

17 Satsangi J, Silverberg MS, Vermeire S, Colombel JF. The Montreal classification of inflammatory bowel disease: controversies, consensus, and implications. Gut 2006; 55: 749-753 [PMID: 16698746 DOI: 10.1136/gut.2005.082909]

18 Best WR, Becktel JM, Singleton JW, Kern F. Development of a Crohn's disease activity index. National Cooperative Crohn's Disease Study. Gastroenterology 1976; 70: 439-444 [PMID: 1248701]

19 Van Assche G, Dignass A, Panes J, Beaugerie L, Karagiannis J, Allez M, Ochsenkühn T, Orchard T, Rogler G, Louis E, Kupcinskas L, Mantzaris G, Travis S, Stange E. The second European evidence-based Consensus on the diagnosis and management of Crohn's disease: Definitions and diagnosis. J Crohns Colitis 2010; 4: 7-27 [PMID: 21122488 DOI: 10.1016/j.crohns.2009.12.003]

20 Sasahira T, Akama Y, Fujii K, Kuniyasu H. Expression of receptor for advanced glycation end products and HMGB1/amphoterin in colorectal adenomas. Virchows Arch 2005; 446: 411-415 [PMID: 15789216 DOI: 10.1007/s00428-005-1210-x]

21 Morbini P, Villa C, Campo I, Zorzetto M, Inghilleri S, Luisetti M. The receptor for advanced glycation end products and its ligands: a new inflammatory pathway in lung disease? Mod Pathol 2006; 19: 1437-1445 [PMID: 16941014]

22 Landesberg R, Woo V, Huang L, Cozin M, Lu Y, Bailey C, Qu W, Pulse C, Schmidt AM. The expression of the receptor for glycation endproducts (RAGE) in oral squamous cell carcinomas. Oral Surg Oral Med Oral Pathol Oral Radiol Endod 2008; 105: 617-624 [PMID: 18206396 DOI: 10.1016/j.tripleo.2007.08.006]

23 Katz J, Bhattacharyya I, Farkhondeh-Kish F, Perez FM, Caudle RM, Heft MW. Expression of the receptor of advanced glycation end products in gingival tissues of type 2 diabetes patients with chronic periodontal disease: a study utilizing immunohistochemistry and RT-PCR. J Clin Periodontol 2005; 32: 40-44 [PMID: 15642057 DOI: 10.1111/j.1600-051X.2004.00623.x]

24 Grimes CL, Ariyananda Lde Z, Melnyk JE, O'Shea EK. The innate immune protein Nod2 binds directly to MDP, a bacterial cell wall fragment. J Am Chem Soc 2012; 134: 13535-13537 [PMID: 22857257 DOI: 10.1021/ja303883c]

25 Schmidt AM, Hori O, Cao R, Yan SD, Brett J, Wautier JL, Ogawa S, Kuwabara K, Matsumoto M, Stern D. RAGE: a novel cellular receptor for advanced glycation end products. Diabetes 1996; 45 Suppl 3: S77-S80 [PMID: 8674899]

26 Schmidt AM, Yan SD, Yan SF, Stern DM. The multiligand receptor RAGE as a progression factor amplifying immune and inflammatory responses. J Clin Invest 2001; 108: 949-955 [PMID: 11581294]

27 Sunahori K, Yamamura M, Yamana J, Takasugi K, Kawashima M, Makino H. Increased expression of receptor for advanced glycation end products by synovial tissue macrophages in rheumatoid arthritis. Arthritis Rheum 2006; 54: 97-104 [PMID: 16385501 DOI: 10.1002/art.21524]

28 Abdulahad DA, Westra J, Limburg PC, Kallenberg CG, Bijl M. HMGB1 in systemic lupus Erythematosus: Its role in cutaneous lesions development. Autoimmun Rev 2010; 9: 661-665 [PMID: 20546955 DOI: 10.1016/j.autrev.2010.05.015]

29 Sternberg Z, Ostrow P, Vaughan M, Chichelli T, Munschauer F. AGE-RAGE in multiple sclerosis brain. Immunol Invest 2011; 40: 197-205 [PMID: 21080832 DOI: 10.3109/08820139.2010.532267]

30 Rojas A, González I, Rodríguez B, Romero J, Figueroa H, Llanos J, Morales E, Pérez-Castro R. Evidence of involvement of the receptor for advanced glycation end-products (RAGE) in the adhesion of Helicobacter pylori to gastric epithelial cells. Microbes Infect 2011; 13: 818-823 [PMID: 21609778 DOI: 10.1016/j.micinf.2011.04.005]

31 Däbritz J, Friedrichs F, Weinhage T, Hampe J, Kucharzik T, Lügering A, Broeckel U, Schreiber S, Spieker T, Stoll M, Foell D. The functional -374T/A polymorphism of the receptor for advanced glycation end products may modulate Crohn's disease. Am J Physiol Gastrointest Liver Physiol 2011; 300: G823-G832 [PMID: 21311028 DOI: 10.1152/ajpgi.00115.2010]

32 Cheng C, Tsuneyama K, Kominami R, Shinohara H, Sakurai S, Yonekura H, Watanabe T, Takano Y, Yamamoto H, Yamamoto Y. Expression profiling of endogenous secretory receptor for advanced glycation end products in human organs. Mod Pathol 2005; 18: 1385-1396 [PMID: 15933755 DOI: 10.1038/modpathol.3800450]

33 Parkos CA, Colgan SP, Diamond MS, Nusrat A, Liang TW, Springer TA, Madara JL. Expression and polarization of intercellular adhesion molecule-1 on human intestinal epithelia: consequences for CD11b/CD18-mediated interactions with neutrophils. Mol Med 1996; 2: 489-505 [PMID: 8827719]

34 Kang R, Tang D, Lotze MT, Zeh HJ. RAGE regulates autophagy and apoptosis following oxidative injury. Autophagy 2011; 7: 442-444 [PMID: 21317562 DOI: 10.4161/auto.7.4.14681]

35 Chen Y, Akirav EM, Chen W, Henegariu O, Moser B, Desai D, Shen JM, Webster JC, Andrews RC, Mjalli AM, Rothlein R, Schmidt AM, Clynes R, Herold KC. RAGE ligation affects T cell activation and controls T cell differentiation. J Immunol 2008; 181: 4272-4278 [PMID: 18768885]

36 Fritz T, Niederreiter L, Adolph T, Blumberg RS, Kaser A. Crohn's disease: NOD2, autophagy and ER stress converge. Gut 2011; 60: 1580-1588 [PMID: 21252204 DOI: 10.1136/gut.2009.206466]

37 Strober W, Fuss IJ. Proinflammatory cytokines in the pathogenesis of inflammatory bowel diseases. Gastroenterology 2011; 140: 1756-1767 [PMID: 21530742 DOI: 10.1053/j.gastro.2011.02.016]

38 Kosovac K, Brenmoehl J, Holler E, Falk W, Schoelmerich J, Hausmann M, Rogler G. Association of the NOD2 genotype with bacterial translocation via altered cell-cell contacts in Crohn's disease patients. Inflamm Bowel Dis 2010; 16: 1311-1321 [PMID: 20232407 DOI: 10.1002/ibd.21223]

39 Sparvero LJ, Asafu-Adjei D, Kang R, Tang D, Amin N, Im J, Rutledge R, Lin B, Amoscato AA, Zeh HJ, Lotze MT. RAGE (Receptor for Advanced Glycation Endproducts), RAGE ligands, and their role in cancer and inflammation. J Transl Med 2009; 7: 17 [PMID: 19292913]

40 Norata GD, Garlaschelli K, Grigore L, Tibolla G, Raselli S, Redaelli L, Buccianti G, Catapano AL. Circulating soluble receptor for advanced glycation end products is inversely associated with body mass index and waist/hip ratio in the general population. Nutr Metab Cardiovasc Dis 2009; 19: 129-134 [PMID: 18595673 DOI: 10.1016/j.numecd.2008.03.004]

P-Reviewers Hokama A, Yamamoto T, Yamamoto S, Yan Y S-Editor Gou SX   L-Editor    E-Editor

Figure 1 Receptor for the advanced glycation end products expression. The percentage of samples in each category of both grading (A and B) and intensity (C and D) staining, and the number of positive cells (E and F) are reported. The average values ​​of receptor for the advanced glycation end products (RAGE) immunoreactivity detected at the epithelial (A and C) and the lamina propria (B and D) compartments of patients suffering from Crohn’s disease (CD) and the control subjects (HC) are given. In CD patients, the averages of assessments between the areas of diseased mucosa and the areas of non-diseased mucosa were also compared. Moreover, the number of positive cells in the epithelial compartment (E) was calculated by a differential count of at least 500 cells and the results expressed as a percentage, while in the lamina propria (F) compartment, it was performed by differential counts of positive cells on 10 high-power microscopic fields per slide (n/10 HPF), and the results displayed as the mean number of positive cells. A higher but not statistically significant number of RAGE+ cells was observed in both diseased and non-diseased areas of CD patients in comparison with normal tissue of HC. The box-plots in panels E and F show median, 25th and 75th percentile and extremes.

Figure 2 Receptor for the advanced glycation end products staining in Crohn’s disease and healthy mucosa. A: Almost all cells of the epithelial compartment at both crypt and surface levels showed positive immunostaining (the brown cells) in a representative case of Crohn’s disease affected areas, with only a few scattered positive cells in the lamina propria (black arrows); B: The pattern of the cellular staining in the crypt zone of a representative case of Crohn’s disease affected area is shown, indicating both membranous and cytosolic distribution; C: A representative case of control mucosa is shown, with weak staining of the epithelial cells and only a few scattered positive cells in the lamina propria (receptor for the advanced glycation end products, immunoperoxidase– hematoxylin; original magnification, ( 200).

Figure 3 Receptor for the advanced glycation end products staining in Crohn’s disease and healthy mucosa lamina propria. A: Many lamina propria mononuclear cells proved receptor for the advanced glycation end products (RAGE)-positive (the brown cells) in a representative case of Crohn’s disease affected areas; B: A cluster of RAGE-positive lamina propria mononuclear cells next to an ulceration (red arrow) in a representative case of Crohn’s disease affected area showing a cytosolic distribution; C: A representative case of control mucosa is shown, with weak staining of a few lamina propria mononuclear cells (black arrow) (RAGE immunoperoxidase–hematoxylin; original magnification, ( 200).

Figure 4 Receptor for the advanced glycation end products staining in Crohn’s disease ulcerative areas. A: Almost all cells of the epithelial compartment in close proximity to an ulceration (red arrows) proved receptor for the advanced glycation end products (RAGE)-positive (the brown cells), with the ulcer-associated cell lineage showing the highest immunoreactivity (black arrows); B and C: A detail of the epithelial cells in the crypt compartment at level of an ulceration (red arrows) showing moderate to strong RAGE-positive staining (black arrows); D: A detail of the epithelial cells of the surface compartment next to an ulceration (red arrow) showing strong RAGE immunoreactivity (black arrows) (RAGE immunoperoxidase–hematoxylin; original magnification, ( 200).

Figure 5 Type of receptor for the advanced glycation end products (+) immune cells. Representative seriate sections of Crohn’s disease lamina propria with heavy inflammatory infiltrate, in which the correspondence between the positivity for both CD138 (panel A) indicating the plasma cells, and CD68 (panel B) showing the macrophages, with receptor for the advanced glycation end products (+) cells are given (Immunoperoxidase–hematoxylin; original magnification, ( 200). The same cellular elements indicated by the black arrows are shown in the boxes at higher magnification (Immunoperoxidase–hematoxylin; original magnification, ( 400). 
Figure 6 Receptor for the advanced glycation end products expression at mucosal level. Immunoblotting of mucosal samples from both diseased and non-diseased areas of Crohn’s disease (CD) patients and from normal areas of control patients with the polyclonal anti-RAGE antibody. The protein levels were measured by scanning densitometry as band area (A) and band intensity (B), expressed as arbitrary units, and normalized towards (-actin levels. In the upper part of both panels, representative cases of band area and intensity with respect to those of (-actin are shown. Specifically, the values for receptor for the advanced glycation end products (RAGE) expression in diseased areas for both band area and band intensity were significantly higher (1.48 ( 0.16 and 1.64 ( 0.14, respectively) than those found in non-diseased areas (0.71 ( 0.40 and 0.66 ( 0.23, respectively). and healthy mucosa (0.44 ( 0.17 and 0.27 ( 0.15, respectively). 
Figure 7 Correlation between receptor for the advanced glycation end products expression and body mass index. A positive correlation between the grading of receptor for the advanced glycation end products (RAGE) expression in the epithelial compartment of non-diseased Crohn mucosa and body mass index (BMI) was clearly evident.

Figure 8 Functional assays. The in vitro apoptotic rates of lamina propria mononuclear cells (LPMC) incubated in the absence or presence of two different concentrations of the anti-receptor for the advanced glycation end products (RAGE) blocking antibody, and with or without the muramyl dipeptide (MDP) used as antigenic stimulation are given in panels A and B. The analysis was carried out by flow cytometry, and the mean percentage values ( standard deviation of at least three experiments for each condition were the following: in the absence of MDP (A), LPMC from non-diseased mucosa (grey bars) showed a spontaneous apoptotic rate of 18.4 ( 3.1, and a value of 26.9 ( 2.8 and 32.7 ( 4.6 in the presence of 50 and 100 ng/mL concentration of the anti-RAGE blocking antibody, respectively; when using LPMC from diseased mucosa (black bars), a value of spontaneous apoptotic rate of 10.1 ( 4.2 was found, while when incubating with 50 and 100 ng/mL concentration of the anti-RAGE blocking antibody, values of 13.0 ( 6.2 and 26.1 ( 5.5 were found, respectively. In the presence of MDP (B), LPMC from non-diseased mucosa showed a spontaneous apoptotic rate of 15.6 ( 2.1, and values of 31.9 ( 3.8 and 33.3 ( 2.9 in the presence of 50 and 100 ng/mL concentration of the anti-RAGE blocking antibody, respectively; when using LPMC from diseased mucosa, a value of spontaneous apoptotic rate of 7.8 ( 2.6 was found, while when incubating with 50 and 100 ng/mL concentration of the anti-RAGE blocking antibody, values of 24.1 ( 2.2 and 28.0 ( 4.1, respectively, were found. The tumour necrosis factor (TNF)-α production of LPMC cultured in vitro in the absence or presence of two different concentrations of the anti-RAGE blocking antibody, and with or without the MDP as antigenic stimulation are given in the panels C and D. The analysis was carried out by ELISA assay on culture supernatants, and the mean values ± standard deviation were as follows: in the absence of MDP (C), the cytokine level was 32 ( 14 pg/mL in the cultures with LPMC from non-diseased areas, and 124 ( 48 pg/mL in those with LPMC from diseased areas; when incubating with 50 and 100 ng/mL of the anti-RAGE blocking antibody, values of 41 ( 38 and 27 ( 21 pg/mL for LPMC from non-diseased areas, and of 102(29 and 67 ( 11 pg/mL for LPMC from diseased areas, respectively, were observed. In the presence of MDP (D), the TNF-α level was 184 ( 49 pg/mL in the cultures with LPMC from non-diseased areas, and 307 ( 68 pg/mL in those with LPMC from diseased areas; when incubating with 50 and 100 ng/mL of the anti-RAGE blocking antibody, values of 138 ( 50 and 87 ( 41 pg/mL for LPMC from non-diseased areas, and of 198 ( 68 and 71 ( 47 pg/mL for LPMC from diseased areas, respectively, were observed.
Table 1 Demographic and clinical features of Crohn’s disease patients n (%)
	Characteristics 
	A series

(n = 20)
	B series

(n = 14)

	Sex 


 Male

 Female
	12

8
	6

8

	Age (yr) 

 Median (range)
	41

(25-61)
	40
(21-68)

	BMI (kg/m2)
 Median (range)
	25.5
(20-30)
	20.7
(17.2-21.9)

	Disease duration (mo)  
 Median (range)
	75 (1-485)
	64 (24-360)

	Disease location1
 L1

 L2

 L3

 L4

 L1-L4
	14

1

4

None

1
	5

2

7

None

None

	Disease behavior1
 B1

 B2

 B2-B3

 B3 
	None

11

8

1
	6

2

6

None

	CDAI 
 Median (range)
	250
(151-537)
	244
(141-296)

	Current therapies 

 Patients n
 Mesalazine

 Steroids

 IS 

 IS + mesalazine

 Steroids + mesalazine

 Infliximab

 IS + infliximab
	8 (40)

2 (10)
3 (15)

1 (5)
1 (5)
4 (20)
1 (5)
	3 (21.43)
3 (21.43)
3 (21.43)
2 (14.29)
1 (7.14)
2 (14.29)
0


1Montreal classification[17]. BMI: Body mass index; CDAI: Crohn disease activity index; IS: Immunosuppressors.
Table 2 Receptor for the advanced glycation end products expression in Crohn’s disease diseased areas vs control tissues n (%)
	Score
	Patients


	Controls


	P value



	Grading (epithelium)
	
	
	0.001

	I
	2 (20)
	8 (80)
	

	II
	6 (86)
	1 (14)
	

	III
	6 (100)
	0 (0)
	

	Grading (lamina propria) 
	
	
	0.021

	I
	7 (44)
	9 (56)
	

	II
	2 (100)
	0 (0)
	

	III
	4 (100)
	0 (0)
	

	Intensity (epithelium)
	
	
	0.48

	0
	2 (67)
	1 (33)
	

	1
	3 (43)
	4 (57)
	

	2
	9 (69)
	4 (31)
	

	Intensity (lamina propria)
	
	
	0.26

	0
	4 (50)
	4 (50)
	

	1
	4 (50)
	4 (50)
	

	2
	5 (83)
	1 (17)
	

	Epitelial positive cells 

	% (median: 25th-75th)
55 (20-70)       5 (5-5)
	0.008

	Lamina propria positive cells 


	n/10 hpf (median: 25th-75th)

5 (1-15)     1 (0-2)
	0.030


RAGE: Receptor for the advanced glycation end products.
Table 3 Receptor for the advanced glycation end products expression in Crohn’s disease non-diseased areas vs control tissues n (%)
	Score
	Patients


	Controls
	P value

	Grading (epithelium)                                             0.091

	I
	9 (53)
	8 (47)
	

	II
	5 (83)
	1 (17)
	

	III
	2 (100)
	0 (0)
	

	Grading (lamina propria)                                         0.025

	I
	9 (50)
	9 (50)
	

	II
	6 (100)
	0 (0)
	

	III
	1 (100)
	0 (0)
	

	Intensity (epithelium)                                            0.21

	0
	5 (83)
	1 (17)
	

	1
	7 (64)
	4 (36)
	

	2
	4 (50)
	4 (4)
	

	Intensity (lamina propria)                                        0.49

	0
	4 (50)
	4 (50)
	

	1
	11 (73)
	4 (27)
	

	2
	1 (50)
	1 (50)
	

	Epithelial positive cells 

	% (median: 25th-75th)

5 (0-55)        5 (5-5)
	0.53

	Lamina propria positive cells

	n/10 hpf (median: 25th-75th)

4 (0-10)         1 (0-2)
	0.079


Table 4 Receptor for the advanced glycation end products expression in diseased vs non-diseased areas in Crohn’s disease patients n (%)
	Score
	Diseased


	Non-diseased
	P value



	Grading (epithelium) 
	
	
	0.17

	I
	5 (71)
	2 (29)
	

	II
	4 (44)
	5 (56)
	

	III
	1 (25)
	3 (75)
	

	Grading (lamina propria) 
	
	
	0.53

	I
	6 (55)
	5 (45)
	

	II
	3 (75)
	1 (25)
	

	III
	1 (25)
	3 (75)
	

	Intensity (epithelium) 
	
	
	0.37

	0
	3 (60)
	2 (40)
	

	1
	4 (67)
	2 (33)
	


	2
	3 (33)
	6 (67)
	

	Intensity (lamina propria) 
	
	
	0.15

	0
	2 (40)
	3 (60)
	

	1
	7 (70)
	3 (30)
	

	2
	1 (25)
	3 (75)
	

	Epithelial positive cells 

	% (median: 25th-75th)
12.50 (0-50) 40 (20-60)
	0.24

	Lamina propria positive cells

	n/10 hpf (median: 25th-75th)

4 (1-13)  5 (1-15)
	0.24
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