Name of journal: World Journal of Gastroenterology

ESPS Manuscript NO: 4560

Columns: BRIEF ARTICLE

Serum concentrations of insulin-like growth factor-binding protein 5 in Crohn’s disease
Adali G et al. Growth factors and Crohn’s disease
Gupse Adali, Elif Yorulmaz, Seyma Ozkanli, Celal Ulasoglu, Baris Bayraktar, Alev Orhun, Yasar Colak, , Ilyas Tuncer
Gupse Adali, Elif Yorulmaz, Celal Ulasoglu, Yasar Colak, Ilyas Tuncer, Department of Gastroenterology, Goztepe Training and Research Hospital, Istanbul Medeniyet University, Doktor Erkin Caddesi Kadikoy, Istanbul 34730, Turkey 
Seyma Ozkanli, Department of Pathology, Goztepe Training and Research Hospital, Istanbul Medeniyet University, Doktor Erkin Caddesi Kadikoy, Istanbul 34730, Turkey
Barıs Bayraktar, Department of General Surgery, Goztepe Training and Research Hospital, Istanbul Medeniyet University, Doktor Erkin Caddesi Kadikoy, Istanbul 34730, Turkey
Alev Orhun, Department of Biochemistry, Goztepe Training and Research Hospital, Istanbul Medeniyet University, Doktor Erkin Caddesi Kadikoy, Istanbul 34730, Turkey
Author contributions: Adali G designed the research, performed the statistical analysis and wrote the manuscript; Ozkanli S and Orhun A performed the experiments; Yorulmaz E and Bayraktar B provided the collection of all the human material; Colak Y, Ulasoglu C and Tuncer I contributed to writing the manuscript. 

Correspondence to: Gupse Adali, MD, Department of Gastroenterology, Goztepe Training and Research Hospital, Istanbul Medeniyet University, Doktor Erkin Caddesi Kadikoy, Istanbul 34730, Turkey. gupseadali@gmail.com

Telephone: +90-216-5666600 Fax: +90-216-5666628
Received:  July 8, 2013 Revised: September 1, 2013
Accepted: September 15, 2013

Published online:
Abstract
AIM: To investigate serum insulin-like growth factor-binding protein 5 (IGFBP-5) levels and intestinal IGFBP-5 expression in patients with Crohn’s disease (CD).
METHODS: We analyzed the serum concentrations and intestinal expression of IGFBP-5 in 42 patients with CD, of whom 26 had endoscopically or radiologically proven stricture formation. Nine of the 42 patients had active disease, with a Crohn’s disease activity index (CDAI) > 150. Serum IGFBP-5 levels were analyzed in 20 healthy controls matched by sex and age to the CD patients. Serum IGFBP-5 was measured using an enzyme-linked immunosorbent assay. Intestinal tissue was obtained from patients through endoscopic biopsies. IGFBP-5 expression was detected using immunohistochemistry and was scored semiquantitatively.
RESULTS: The median serum IGFBP-5 concentrations of CD patients were significantly lower compared with healthy controls [median 7.2 (IQR: 5.5- 11.3) ng/mL vs 11.3 (8.0- 44.6) ng/mL, P < 0.001]. There was no significant difference between median serum IGFBP-5 levels in CD patients with or without stricture formation [6.9 (5.5 – 11.3) ng/mL vs 7.8 (5.3 – 10.1) ng/mL; P = 0.815]. The serum IGFBP-5 levels were not significantly different between patients with active disease and inactive disease [7.2 (6.5–7.6) ng/mL vs7.2 (5.5–11.3) ng/mL; P = 0.890]. However, a significant correlation was observed between serum IGFBP-5 levels and platelet count (PLT) (r = 0.319, P = 0.0395). No significant correlation was found between tissue IGFBP-5 immunohistochemical staining intensity scores and serum IGFBP-5 levels. No significant difference was found when comparing the serum IGFBP-5 levels among the patients with different tissue IGFBP-5 staining scores (absent/very weak, weak, moderate or strong). There was a significant correlation between tissue IGFBP-5 staining scores and white blood cell count (r = 0.391, P = 0.01) and PLT (r = 0.356, P = 0.021). 
CONCLUSION: Our results indicate that serum IGFBP-5 concentrations were lower in CD patients compared to healthy controls regardless of disease activity or the presence of stricture formation. 
( 2013 Baishideng. All rights reserved.
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Core tip: Previous studies have suggested that insulin-like growth factors are important for the growth and development of visceral smooth muscle. In particular, increased insulin-like growth factor-binding protein 5 expression has been described in inflamed and fibrotic intestinal tissue. In this study, we aim to investigate the possible role of insulin-like growth factor-binding protein 5 in Crohn’s disease with stricture involvement. Crohn's disease patients had lower serum levels of IGFBP-5 compared to healthy controls. The results of the study suggest that additional research is necessary to explain the low circulating levels of IGFBP-5 in Crohn’s disease patients.
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INTRODUCTION
Crohn’s disease (CD), a condition characterized by chronic inflammation of the alimentary tract, arises from a complex interaction between genetic, immunological, and microbial factors[1]. More than one-third of CD patients develop a distinct fibrostenosing phenotype with progressive intestinal strictures and potential intestinal obstruction[2]. Intestinal obstruction and fistulae are the main indications for surgery in patients with CD[3]. Stricture formation is caused by a combination of smooth muscle cell hyperplasia, smooth muscle cell hypertrophy, and excessive net extracellular matrix production by intestinal smooth muscle cells[4]. The factors underlying stricture development in CD are not completely understood. It is critical to develop markers that can be used to predict intestinal stricture formation in the early stages of CD. 
The insulin-like growth factor (IGF) system has a critical role in regulating the growth and development of visceral and vascular smooth muscle[5]. Insulin-like growth factors (IGF-I and IGF-II) are transported in the serum by insulin-like growth factor-binding proteins (IGFBPs; IGFBP-1 to 6), which are produced in the liver. IGFBPs are also produced by non-liver tissues, in which they act in autocrine and paracrine manners to modulate responses to IGFs[6]. Despite their structural similarity, each IGFBP has unique characteristics and functions. Insulin-like growth factor-binding protein 5 (IGFBP-5) is the most conserved of the IGFBPs, has several regulatory functions, and is among the IGFBP subtypes that display IGF-independent effects. The most important in vivo regulator of IGFBP-5 expression is IGF-I. In normal adult human serum, IGFBP-5 levels are positively correlated with IGF-I concentrations[7]. In patients with CD, IGF-I expression is specifically upregulated in smooth muscle cells in regions of stricture compared to normal margins; this upregulation is accompanied by upregulated IGFBP-5 expression, which acts synergistically with IGF-I in these cells[8]. Increased IGFBP-5 expression has also been described in two human fibrotic disorders: systemic sclerosis and idiopathic pulmonary fibrosis[9,10]. 
Several studies have investigated the serum concentrations of IGF-1 and IGFBP-3 in active inflammatory bowel disease (IBD) patients and found significantly decreased serum levels[11-16]. There are currently no data available regarding serum IGFBP-5 levels in patients with CD. It is unknown whether circulating IGFBP-5 proteins influence local IGFBP-5 tissue expression or whether the protein levels are reflective of stricture formation in patients with CD. Therefore, we aimed to investigate the serum concentration of IGFBP-5 and intestinal IGFBP-5 expression in tissue taken from CD patients with and without stricture formation and to determine the correlation between serum IGFBP-5 levels and intestinal IGFBP-5 expression.
MATERIALS AND METHODS 
Patients and samples
Forty-two patients with CD (20 female patients and 22 male patients; mean age (± SD) 38.79 ± 13.91 years; range 19–70 years, mean disease duration 4.74 ± 7.46 years) were enrolled from the inflammatory bowel disease outpatient clinic in Istanbul Medeniyet University, Goztepe Training and Research Hospital, Istanbul, Turkey, between March 2011 and September 2012. The study was conducted in accordance with the Declaration of Helsinki and according to the principles of Good Clinical Practice. The Goztepe Training and Research Hospital ethics committee approved the study (19/S-2012). All subjects gave informed consent. Twenty healthy controls who were matched to study patients by sex and age (10 female and 10 male, mean age (± SD) 38.4 ± 8.73 years; range 26–56 years) were also enrolled, and they provided written consent for the collection of blood samples. 
CD was diagnosed based on the established criteria of clinical, endoscopic, and histological findings. All patients (n= 42) were evaluated endoscopically or radiologically for the presence of stricture formation. Twenty-six of the 42 patients (61.9%) had endoscopically or radiologically proven stricture formation. Eighteen of these 26 patients (69.2%) had a history of intestinal resection. The Crohn’s disease activity index (CDAI) was used in all patients to assess disease activity[17]. Nine of the 42 patients (21.4%) had active disease corresponding to a CDAI > 150. Only four of the 26 patients (15.4%) with stricture formation had active disease corresponding to a CDAI > 150. 
All patients were subdivided into disease phenotypes according to the Montreal Classification[18]: ileal disease only (L1) (n = 9, 21.4%), colonic disease only (L2) (n = 2, 4.8%), and ileocolonic disease (L3) (n = 31, 73.8%). Clinical data regarding each patient’s duration and localization of the disease, history of bowel resection, and current medications were obtained and recorded. Exclusion criteria included the presence of liver fibrosis or cirrhosis, systemic sclerosis, idiopathic pulmonary fibrosis, or a history of cancer. 
The recruited patients were scheduled to undergo an ileocolonoscopy. The reasons for the scheduled endoscopy were as follows: to assess the disease extent and activity (n = 24, 57.1%), to monitor response to therapy (n = 9, 21.4%), and to perform stricture dilation (n = 9, 21.4%). Endoscopy was performed by experienced gastroenterologists, who collected biopsies with standard–sized flexible endoscopic forceps from areas that were endoscopically strictured and/or ulcerated (ileal and/or colonic) in patients with stricture formation. The biopsies were taken from inflamed or ulcerated areas (ileal and/or colonic) in patients without stricture formation. At least 2 biopsy specimens were collected from each area. One specimen was stained with immunohistochemistry to determine IGFBP-5 expression, and the other was stained with hematoxylin and eosin (HE). Routine histological examination of the biopsy specimens was performed by an experienced pathologist. Blood samples were collected on the same day, and sera were frozen at - 80 °C until testing was performed. 
Determination of IGFBP-5 in serum
Human serum IGFBP-5 levels were determined using an ELISA kit (RayBiotech, Norcross, GA) according to the manufacturer’s instructions. The sensitivity of the assay was less than 2 ng/mL. The intra- and inter-assay coefficients of variation (CVs) were < 10% and < 12%, respectively. 
Immunohistochemical staining and evaluation

Immunohistochemical staining was performed using polyclonal antibodies against IGFBP-5 (Santa Cruz Biotechnology Inc., Santa Cruz, CA). Tissue samples from the diagnostic ileocolonoscopy (ileal and/or colonic) were stained with immunohistochemistry to determine IGFBP-5 expression. HE staining was performed on parallel sections of the tissue samples. Tissue samples were fixed in 4% paraformaldehyde and embedded in paraffin. Sections (3 μm) were deparaffinized with xylene for 10 min. After deparaffinization, the sections were incubated in a 3% hydrogen peroxide block for 10 min to reduce nonspecific background staining due to endogenous peroxidase. After a wash in phosphate-buffered saline plus Tween 20 (20×) (PBS; ScyTek Laboratories, Logan, Utah, United States), the sections were incubated in an ultra V block (ScyTek Laboratories, Logan, Utah, United States) for 5 min at room temperature (RT) to block nonspecific binding. A primary antibody against IGFBP-5 (dilution 1:50) was added to the tissue sections, and the sections were incubated at RT for 90 min, followed by incubation with a secondary antibody (dilution 1:200, Ultra Tek antipolyvalent biotinylated antibody, ScyTek Laboratories Logan, Utah, USA) at RT for 15 min. After rehydration with PBS, Ultra Tek HRP (ScyTek Laboratories, Logan, Utah, United States) was added to the specimens. The DAB chromogen system (DAB substrate kit, ScyTek Laboratories, Logan, Utah, United States) was added to the specimens after rehydration with PBS. Mayer’s hematoxylin stain was used as a counterstain. 

IGFBP-5 immunohistochemical staining was scored semiquantitatively by an independent pathologist who was blinded to clinical information. Positive staining for IGFBP-5 was observed as diffuse brown staining. The intensity of staining was scored as follows: 0 = absent or very weak staining, 1 = weak staining, 2 = moderate staining and 3 = strong staining. 
Statistical analysis
The SPSS statistical software package (SPSS version 19.0, SPSS, Chicago, IL, United States) was used for data management and analyses. CD patients were matched by age and sex with healthy controls to minimize confounding factors; matched controls were included because the numbers of patients in the study was not large enough to carry out the modeling necessary to adjust for possible effects of age and gender. For continuous normally distributed variables, the mean and standard deviation were reported. Median and interquartile range were reported for non-normally distributed continuous variables. Frequencies and percentages were given for categorical variables. The Mann-Whitney test was used to evaluate the median difference between groups, and a t test was used to compare differences in mean scores. Fisher’s exact test was used instead of the typical χ2 test to compare the frequencies or categorical variables because there were few subjects in each category (n < 10 subjects). Spearman’s correlation coefficient was used to assess the association between continuous variables in the CD group. The Kruskal–Wallis test was used to assess differences in serum concentrations of IGFBP-5 and expression in tissue specimens (i.e., scores of 0, 1, 2, and 3). Statistical significance was set at a 95% confidence interval level using a 2-sided P-value. 
RESULTS
The baseline characteristics of the CD patients and healthy controls are summarized in Table 1. The median duration of CD diagnosis was 1.2 years (IQR: 0.16 - 7). Of the 42 patients with CD, 31(73%) had ileocolonic disease, and 33 (78.6%) were treated with azathioprine.

The main clinical and biochemical characteristics of CD patients and healthy controls are presented in Table 2. The median values for erythrocyte sedimentation rate (ESR), C-reactive protein (CRP), white blood cell (WBC) and platelet count (PLT) were significantly higher in CD patients compared to controls (for ESR and CRP, P < 0.001; for PLT, P = 0.0001; and for WBC count, P = 0.036). However, the median levels of albumin (Alb) and hemoglobin (Hb) were significantly lower in the CD group compared to healthy controls, with P values of < 0.001 and 0.0063, respectively. Serum IGFBP-5 levels were significantly reduced in patients with CD [7.2 (5.5 -11.3) ng/mL)] compared to healthy controls [11.3 (8.0- 44.6) ng/mL, P = 0.001] (Figure 1 and Table 2). 
Table 3 shows the demographic and biochemical characteristics of CD patients with and without stricture formation. There were no significant differences between the CD patients with stricture formation and those without stricture formation with regards to age, gender, disease activity, disease localization or disease duration. Additionally, there was no significant difference in median values for biochemical parameters in CD patients with or without stricture formation. There was also no significant difference between serum IGFBP-5 levels in CD patients with and without stricture formation [6.9 (5.5-11.3) ng/mL and 7.8 (5.3-10.1) ng/mL (P = 0.815), respectively].
The serum median IGFBP-5 levels were not significantly different in patients with active CD [7.2 (6.3- 7.6) ng/mL] compared to patients with inactive CD [7.2 (5.5- 11.3) ng/mL; (P = 0.8901)]. However, patients with active disease had lower 75 percentile values compared to patients with inactive disease (7.6 vs 11.3) (data not shown).
The serum IGFBP-5 levels were not correlated with clinical baseline parameters reflecting disease activity (CDAI, Alb, and Hb) or the presence of stricture formation. However, there was a significant correlation between serum IGFBP-5 levels and PLT (r=0.319, P= 0.0395). 
We evaluated IGFBP-5 expression in ileal biopsies using immunohistochemistry in all CD patients. Figure 2 presents representative examples of different immunohistochemical staining intensity scores (scores 1, 2 and 3) for IGFBP-5 expression using tissue samples from 3 different CD patients. Among all 42 CD patients, 24 (57.1%) had tissue samples stain positive for IGFBP-5 expression. The median level of IGFBP-5 intensity score was 1.0. The frequency of IGFBP-5 positive samples and the median intensity score did not differ significantly between CD patients with stricture formation and those without stricture formation (Table 4) or between CD patients with active disease and those with inactive disease (data not shown). The IGFBP-5 intensity scores were positively correlated with WBC count (r = 0.391; P = 0.01) and PLT (r = 0.356; P = 0.021).

No significant correlation was found between ileal IGFBP-5 immunohistochemical expression and serum IGFBP-5 levels. The serum IGFBP-5 concentrations were not significantly different for individuals with biopsies with absent/very weak (0), weak (1), moderate (2), or strong (3) IGFBP-5 staining scores (Figure 3).
DISCUSSION
This study revealed that circulating levels of IGFBP-5 were significantly reduced in patients with CD compared to healthy controls [7.2 (5.5 -11.3) ng/mL vs. 11.3 (8.0- 44.6) ng/mL (P = 0.002), respectively]. To our knowledge, this is the first study that demonstrates low serum IGFBP-5 levels in patients with CD compared to healthy controls. Despite the low serum IGFBP-5 levels described in CD patients, the authors did not observe any significant differences between the median serum IGFBP-5 levels for patients with and without strictures [6.9 (5.5 -11.3) ng/mL vs 7.8 (5.3 -10.1) ng/mL (P=0.815), respectively]. Previous studies have mainly evaluated serum total and free IGF-I, IGFBP-1, IGFBP-2 and IGFBP-3 levels in the context of disease activity. Our results were similar to these studies, demonstrating low levels of IGF system proteins in IBD patients[11-16]. Katsanos et al. reported that circulating levels of IGF-I and IGFBP-3 were reduced in patients with active IBD[9]. Grønbæk et al. demonstrated reduced serum total and free IGF-I and IGFBP-3 levels in patients with active IBD without complete normalization during high-dose prednisolone treatment and tapering[10]. Vespasiani et al. observed low IGF-1 and IGFBP-3 levels in active IBD patients before infliximab therapy, and a repeated drop in levels after normalization and clinical remission[14]. However, we did not observe any significant difference between serum IGFBP-5 levels in patients with active and inactive disease [7.2 (5.5-11.3) ng/mL vs 7.2 (6.3-7.6) ng/mL (P = 0.8901), respectively]. Moreover, serum IGFBP-5 levels were moderately correlated with PLT, but not with hemoglobin, albumin levels, or CDAI. This finding may be explained by the low number of active CD patients (n = 9, 21.4%) in our study or by the presence of low-grade subclinical transmural inflammation, which is not detectable with clinical or biochemical markers. The most important in vivo regulator of IGFBP-5 expression is IGF-I[7]. In normal adult human serum, IGFBP-5 levels are positively correlated with IGF-I concentrations[19]. Although we did not evaluate serum IGF-I levels, the mechanism underlying low IGFBP-5 levels in CD patients may be similar to the mechanism for low IGF-I levels, as IGFBP-5 expression is mainly regulated by IGF-I. Previous studies have suggested that low IGF-1 levels in active IBD patients may be due to the direct adverse effects of circulating inflammatory cytokines[19,20]. Katsanos et al. also showed that serum IL-6 levels were increased in IBD patients with active disease compared to healthy controls. IGFBP-5 expression in vitro can be regulated by hormones and cytokines[7]. However, as inflammatory cytokines were not evaluated in our study, further investigations are needed to examine the effects of cytokines on circulating IGFBP-5 levels. Previous studies demonstrated partially normalized or unchanged low IGF levels during corticosteroid and infliximab treatments[12,14-16], and the low serum IGFBP-5 levels in our study may be explained by the previously described poor correlation between clinical activity, endoscopic severity and biological parameters in CD patients[21]. 
To our knowledge, we are the first researchers to investigate the relationship between circulating IGFBP-5 concentrations and intestinal IGFBP-5 expression in CD patients. No correlation was found between circulating IGFBP-5 concentrations and intestinal IGFBP-5 expression. The serum IGFBP-5 concentrations were not significantly different between individuals with biopsies with absent/very weak, weak, moderate, or strong IGFBP-5 staining. Previous studies demonstrated that serum levels of hepatic-derived IGF-I and IGFBP-3 were lower in patients with active CD than in normal subjects, whereas the expression of IGF-I, IGFBP-5, and IGFBP-3 in smooth muscle cells in strictured intestines was increased compared to adjacent nonstrictured intestinal muscle from the margin of resected tissue[22-24]; however, the reasons for the discrepancy in the levels of these mediators in the serum compared to the expression in the muscle layer of the intestine remain unclear. It has been suggested that serum levels and intestinal expression of the IGF system are differentially regulated. 
Three pathophysiologic events occurring within smooth muscle cells of the muscularis propria contribute to stricture formation in CD: increased smooth muscle cell hyperplasia, increased smooth muscle cell hypertrophy, and excess net extracellular matrix proteins, including collagen. IGF-I up-regulation is accompanied by IGFBP-5 up-regulation and collagen I, III, and V up-regulation[4,5,25]. Zimmermann et al. showed that IGF-I and IGFBP-5 mRNA was increased in inflamed/fibrotic intestines compared with normal-appearing intestines[5]. However, we could not demonstrate increased intestinal IGFBP-5 expression in CD patients with stricture formation compared to those without stricture formation. Unfortunately, we were not able to analyze and compare intestinal IGFBP-5 expression in both fibrotic and normal-appearing tissue in CD patients with stricture formation. Moreover, the intestinal tissue was obtained with standard endoscopic biopsies, and the majority of our patients had inactive disease (n = 33, 78.6%), whereas previous studies analyzed active inflamed intestinal tissues from resection samples. Although we did not observe any significant difference between active and inactive patient groups regarding intestinal IGFBP-5 expression, intestinal IGFBP-5 expression was positively correlated with WBC count and PLT. This finding may be due to a poor correlation between clinical activity indices and actual endoscopic disease activity. One limitation of our study is the small sample size. Additionally, we were unable to obtain biopsies from normal-appearing intestinal mucosa of CD patients to compare with intestinal IGFBP-5 expression in inflamed/strictured mucosa. Moreover, intestinal IGFBP-5 expression could be affected by the area of the biopsy samples. 
In conclusion, our results indicate that serum IGFBP-5 concentrations are lower in CD patients compared to healthy controls regardless of disease activity or the presence of stricture formation. Serum IGFBP-5 concentrations were not associated with intestinal IGFBP-5 tissue expression. Therefore, our results do not answer the question of whether IGFBP-5 is involved in the stricture formation of CD, and thus, more research is necessary. Directions for future research include examination of other serum IGF system components, use of a larger patient population with active and inactive disease, endoscopic determination of disease activity and collection of biopsy tissue from both normal and inflamed/strictured areas.
COMMENTS

Background

Crohn’s disease (CD) is a multifactorial disorder and its behavior may change throughout the course of the disease. Approximately 30 % of the CD patients will develop strictures and experience complications related to the stricture formation. It is crucial to understand the pathophysiology of bowel-wall stricturing in CD. Members of the insulin-like growth factor (IGF) system have been implicated as central players in stricture formation. 
Research frontiers

It has been shown that both insulin-like growth factor 1 (IGF-I) and insulin-like growth factor-binding protein 5 (IGFBP-5) expressions are increased in inflamed/fibrotic intestine. Many studies showed that circulating levels of IGF-I and its binding protein proteins (IGFBPs) are decreased in inflammatory bowel disease. In the present study serum IGFBP-5 levels and intestinal IGFBP-5 expression was investigated in CD patients with and without stricture formation. 
Innovations and breakthroughs

The serum levels of IGFBP-5 and intestinal expression of IGFBP-5 with immunohistochemistry in CD patients has not been studied previously. This study, for first time, reports that serum IGFBP-5 levels are decreased in CD patients regardless the presence of stricture formation or disease activity. 
Applications

By understanding the circulating IGFBP-5 profile in CD patients, this study may represent a future strategy for prospective studies to understand the interaction between IGF system and CD pathophysiology, which may in turn aid in finding specific biomolecular targets for treatment of CD.
Terminology
IGFBP-5 is a member of six IGFBPs. It is binding to IGFs with high affinity and has several regulatory functions. IGFBP-5 stimulates muscle hyperplasia and collagen secretion in human intestinal smooth muscle. It has been suggested that IGFBP-5, may be important in the pathogenesis of intestinal fibrosis in inflammatory bowel disease.
Peer review

The authors examined the serum levels of IGFBP-5 and its intestinal expression in CD. It revealed that circulating IGFBP-5 levels are lower in CD patients compared to healthy controls. The results are interesting and may address the potential role of circulating IGFBP-5 in the pathophysiology of CD.
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Figure 1 Serum Insulin-like growth factor -binding protein 5 concentrations in Crohn’s disease patients and healthy controls. Serum insulin-like growth factor -binding protein 5 (IGFBP-5) (ELISA) levels were significantly decreased in patients with Crohn’s disease compared to healthy controls (P < 0.001). P value from Mann-Whitney test..

Figure 2 Representative examples of different immunohistochemical staining intensity scores for Insulin-like growth factor -binding protein 5 expression. Insulin-like growth factor -binding protein 5 (IGFBP-5) was diffusely expressed in the intestinal tissue. A: Weak staining (score = 1) (arrow) in epithelial cells in a CD patient without stricture formation (ileal sample);  B: Moderate staining (score = 2) both in epithelial (arrow) and stromal cells (arrowhead) in a CD patient with stricture formation (ileal sample); C: Strong staining (score = 3) in epithelial cells (arrow), stromal cells (arrowhead) and crypt lumen (red arrow) in a CD patient with active disease (colonic sample). Bar = 100 μm. Images were obtained using a light-field microscope, and edited using Adobe Photoshop CS5 (Adobe Systems Incorporated). 
Figure 3 Serum Insulin-like growth factor -binding protein 5 concentrations in patients with different immunohistochemical staining intensity scores for Insulin-like growth factor -binding protein 5 expression. Serum insulin-like growth factor -binding protein 5 (IGFBP-5) concentrations were not significantly different for individuals with absent/very weak, weak, moderate, or strong IGFBP-5 staining intensity scores (P = 0.331). P value from Kruskal-Wallis test. 
Table 1 Baseline characteristics of the study population n (%)
	
	Crohn’s disease 

(n = 42)
	Healthy controls 

(n = 20)

	Age, mean ± SD (yr)
	38.7 ± 13.9
	38.4 ± 8.7

	Gender 
	
	

	Female
	20 (47.6)
	10 (50)

	Male
	 22 (52.4)
	10 (50)

	Disease localization
	
	-

	     Ileum
	9  (21.4)
	

	     Colon
	2  (4.8)
	

	     Ileum+colon
	31  (73.8)
	

	Medical treatment
	
	-

	     None
	9  (21.4)
	

	     Corticosteroids
	1  (2.4)
	

	     5-aminosalicylate
	8  (19)
	

	     Azathioprine
	33 (78.6)
	

	     Sulfasalazine
	1  (2.4)
	

	     More than one drug
	23 (54.8)
	

	Median disease duration (years) (IQR)
	1.2 (0.1 7)
	-

	Prior intestinal resection
	18 (42.9)
	-


IQR: Interquartile range
Table 2 Clinical and biochemical parameters of Crohn’s disease patients and healthy controls
	
	Crohn’s disease (n = 42)
	Healthy controls (n = 20)
	P value1


	CDAI
	87.0 (52-138)
	-
	

	ESR (mm/h)
	35.5 (17.0-48)
	12.0 (10.5- 14.5)
	<0.001

	CRP (mg/dL)
	0.6 (0.3-1.5)
	0.2 (0.1-0.3)
	<0.001

	Hb (g/dL)
	13.0 (11.8 -13.9)
	14.0 (12.9-15)
	0.0063

	WBC (x10³/mm³)
	7.7 (5.9 – 9.2)
	6.2 (5.3–7.9)
	0.0356

	PLT (x10³/mm³)
	309.5 (245-359)
	240.0 (229.0-243.5)
	0.0001

	Alb (g/L)
	3.9 (3.7- 4.4)
	4.7 (4. -5)
	<0.001

	IGFBP-5 (ng/mL)
	7.2 (5.5-11.3)
	11.3 (8.0 -44.6)
	0.0019


1P value from Mann-Whitney test. Results are given as median (IQR). IQR: Interquartile range; CDAI: Crohn’s Disease Activity Index; ESR: Erythrocyte sedimentation rate; CRP: C-reactive protein; Hb: Hemoglobin; WBC: White blood cell count; PLT: Platelet count; Alb: Albumin; IGFBP-5, Insulin-like growth factor -binding protein 5. 
Table 3 Characteristics of Crohn's disease patients with and without stricture formation n (%)
	
	CD patients with stricture formation (n = 26)
	CD patients without stricture formation (n = 16)
	P value1

	Age  mean ± SD (yr)
	41.4 (15.0)
	34.6 (11.0)
	0.124

	 Gender (F/M) 
	11 (42.3)/ 15 (57.7)
	9 (56.3) / 7 (43.8)
	0.527

	Disease localization
	
	
	0.083

	     Ileum
	3 (11.5)
	6 (37.5)
	

	     Colon
	1 (3.9)
	1 (6.3)
	

	     Ileum+colon
	22 (84.6)
	9 (56.3)
	

	Disease duration (yr)
	1.25 (0.25 – 12)
	1.2 ( 0-3.1)
	0.254

	CDAI
	78.5 (50.0-122.0)
	112.0 (74.5-165.5)
	0.090

	ESR (mm/h)
	36.5 (17.0-54.0)
	35.0 (21.0-39.5)
	0.660

	CRP (mg/dL)
	0. 4 (0.3-1.2)
	1.0 (0.4-3.0)
	0.239

	Hb (g/dL)
	13.0 (12.4-14.1)
	12.4 (11.5 -13.7)
	0.468

	WBC (x10³/mm³)
	7.25 (5.5 – 9.6)
	8.8 (6.15 -9.15)
	0.509

	PLT (x10³/mm³)
	309.5 (262-383)
	288.5 (234.0-334.0)
	0.399

	Alb (g/L)
	3.9 (3.6-4.4)
	4.1 (3.8-4.5)
	0.233

	IGFBP-5 (ng/mL)
	6.9 (5.5-11.3)
	7.8 (5.3-10.1)
	0.815


1P values are from t test, Fisher’s exact and Mann-Whitney test statistics were appropriate. Results are given as median (IQR). IQR: Interquartile range; CDAI: Crohn’s Disease Activity Index; ESR: Erythrocyte sedimentation rate; CRP: C-reactive protein; Hb: Hemoglobin; WBC: White blood cell count; PLT: Platelet count; Alb: Albumin; IGFBP-5: Insulin-like growth factor -binding protein 5. 

Table 4 Frequency of Insulin-like growth factor -binding protein 5 positive samples and the median intensity score of IGFBP-5 immunostaining (scores 0 to 3) in Crohn’s disease patients with and without stricture formation n (%)
	
	CD patients with stricture formation (n = 26)
	CD patients without stricture formation (n = 16)
	P value1

	Number of IGFBP-5 positive samples
	16 (61.5)
	8 (50)
	0.463

	Median intensity score of IGFBP-5 immunostaining
	1.0
	0.5
	0.405


1P values are from Fisher’s exact and Mann-Whitney test statistics were appropriate. IGFBP-5: Insulin-like growth factor -binding protein 5.
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