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Abstract
AIM: To investigate serum adipokine levels in inflammatory bowel disease (IBD) patients before treatment and after achieving clinical remission. 

METHODS: Serum concentrations of six adipokines (tissue growth factor-1, adiponectin, leptin, chemerin, resistin, and visfatin) were studied in 40 subjects with active IBD [24 subjects with Crohn’s disease (CD) and in 16 subjects with ulcerative colitis (UC)] before and after three months of therapy with corticosteroids and/or azathioprine. Clinical diagnoses were based on ileocolonoscopy, computed tomography or magnetic resonance enterography and histological examination of mucosal biopsies sampled during endoscopy. Serum levels of adipokines were assessed by an indirect enzyme-linked immunosorbent assay. The control group was comprised of 16 age- and sex-matched healthy volunteers. 

RESULTS: Baseline leptin concentrations were significantly decreased in both types of IBD compared to controls (8.0 ± 9.1 in CD and 8.6 ± 6.3 in UC vs 16.5 ± 10.1 ng/mL in controls; P < 0.05), and significantly increased after treatment only in subjects with CD (14.9 ± 15.1 ng/mL; P < 0.05). Baseline serum resistin concentrations were significantly higher in CD (19.3 ± 12.5 ng/mL; P < 0.05) and UC subjects (23.2 ± 11.0 ng/mL; P < 0.05) than in healthy controls (10.7 ± 1.1 ng/mL). Treatment induced a decrease in the serum resistin concentration only in UC subjects (14.5 ± 4.0 ng/mL; P < 0.05). Baseline serum concentrations of visfatin were significantly higher in subjects with CD (23.2 ± 3.2 ng/mL; P < 0.05) and UC (18.8 ± 5.3 ng/mL; P < 0.05) than in healthy controls (14.1 ± 5.3 ng/mL). Treatment induced a decrease in the serum visfatin concentrations only in CD subjects (20.4 ± 4.8 ng/mL; P < 0.05). Serum levels of adiponectin, chemerin and tissue growth factor-1 did not differ between CD and UC subjects compared to healthy controls and also were not altered by anti-inflammatory therapy. Clinical indices of IBD activity did not correlate with adipokine levels. 

CONCLUSION: IBD modulates serum adipokine levels by increasing resistin and visfatin release and suppressing leptin production. 

© 2014 Baishideng Publishing Group Co., Limited. All rights reserved.
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Core tip: Recently, many adipokines with varying metabolic effects have been discovered. A bidirectional interaction between inflammation of the gut and visceral fat may exist in cases of inflammatory bowel disease (IBD). In this work, plasma levels of selected adipokines were studied in subjects with Crohn’s disease and ulcerative colitis before treatment and after achieving clinical remission. The results of this study indicate that IBD modulates serum adipokine levels by stimulating resistin and visfatin release and suppressing leptin production. 
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INTRODUCTION
Inflammatory bowel diseases (IBDs) such as Crohn’s disease (CD) and ulcerative colitis (UC) are severe and difficult to treat diseases of the digestive tract. Despite considerable progress in the field, the pathophysiology of IBD remains unclear, while its prevalence continues to rise. The most important determinant of the clinical course of IBD is the balance, levels, and ratios of proinflammatory, anti-inflammatory, and immunomodulating factors. 
Inflammatory reactions localized in the bowel wall may penetrate the surrounding visceral adipose tissue. Imaging methods provide evidence for hypertrophy of the mesenteric adipose tissue in patients with CD[1-3]. Moreover, submucosal fat deposition (fat halo sign) in the bowel is observed in both CD and UC patients[4]. The anatomic proximity of the bowel and visceral fat favors the activation of adipocytes. Visceral adipose tissue is not only an energy storage site, but is also an active endocrine organ. Activated visceral adipocytes secrete many mediators, cytokines and adipokines, such as leptin, adiponectin, resistin, chemerin, and visfatin. Adipokines influence the immunologic system of the gastrointestinal tract, in some cases worsening IBD by amplifying inflammation via the secretion of proinflammatory interleukins, tumor necrosis factor alpha (TNF-) and adhesion factors. Visfatin is an example of an adipokine that increases the epithelial expression of TNF-, interleukin (IL)-l IL-6, and adhesion molecules[5,6]. Furthermore, the adipokines visfatin, chemerin, and resistin have increased tissue expression in many acute and chronic inflammatory diseases[6-9]. 
The significance of adipokines for IBD pathophysiology is the subject of intensive research, as on one hand the adipokine levels might serve as an index of inflammatory activity and on the other hand, inhibition of specific adipokines could expand the spectrum of therapeutic interventions for this disease. The aim of the present study was to determine the serum concentrations of tumor growth factor (TGF)-1, adiponectin, leptin, chemerin, resistin, and visfatin in patients with active CD and UC in the pre-treatment stage and after three months of anti-inflammatory and/or immunosuppressive therapy. 

MATERIALS AND METHODS
Patients and study design
This work was carried out in accordance with the Declaration of Helsinki (2000) of the World Medical Association and was approved by the Ethics Committee of the Medical University of Silesia (resolution number KNW/0022/KB1/4/13). Subjects provided written informed consent before enrollment to the study. Individuals with clinically active IBD not treated with corticosteroids or azathioprine between the ages of 19 and 60, including those on low doses of 5-aminosalicylate (up to 2 g/d), were eligible to be included in the study. Exclusion criteria included the presence of any other inflammatory, systemic, endocrine, or metabolic disease, pregnancy, or lack of participant agreement. Patients who required surgical treatment or underwent bowel resection procedures were also excluded from the study. Volunteer subjects were included if they did not have signs of any disease and did not report any associated complaints. 
A total of 56 volunteers participated in the study: 24 with CD, 16 with UC, and 16 healthy subjects. Participants in all three groups were comparable regarding demographics and clinical characteristics including age, sex, body mass index (BMI), and waist and hip circumferences (Table 1). Clinical diagnosis of IBD was based on ileocolonoscopy, computed tomography, or magnetic resonance enterography, and histological examination of mucosal biopsies sampled during endoscopy. Blood morphology, serum levels of C-reactive protein, glucose, creatinine, aspartate transaminase, alanine transaminase, gamma-glutamyl transpeptidase, and alkaline phosphatase were measured from each subject. The Vienna classification, which measures the time from initial diagnosis (A), localization of lesions in the bowel (L), and the clinical course (B), was used for CD diagnosis[10], and the activity and extent of UC was defined according to the Montreal classification[11] (Table 1). 
We synchronized all IBD subjects according to the following corticosteroid treatment schedule: prednisone at a daily dose of 0.8 mg/kg of body mass for two weeks, then tapered by 5 mg over each of the following weeks for a total of three months. Simultaneously, subjects with CD were treated with azathioprine at a constant dose of 2 mg/kg per day. All subjects were administered 5-aminosalicylate at a constant dose of 3 g/d. All subjects participated in monthly check-ups, when the subject’s complaints and any abnormalities discovered by physical examination were recorded, and medication compliance was determined. 
Blood samples were collected from subjects under fasting conditions both before and after three months of treatment. Blood was centrifuged 10 min after collection and serum samples were immediately frozen at -80 C. Enzyme-linked immunosorbent assays (ELISA) were used to determine serum concentrations of adiponectin, leptin, and chemerin (BioVendor, Brno, Czech Republic), resistin (Millipore Corporation, Billerica, MA, United States), visfatin (Phoenix Europe GmbH, Karlsruhe, Germany), and TGF-β1 (Gen Probe Diaclone SAS, Besancon, France). 

Statistical analysiss
All analyses were performed using Statistica PL version 10.0 (StatSoft Inc., Tulsa, OK, United States). Intergroup differences for each adipokine were analyzed using the Kruskal-Wallis test (nonparametric ANOVA) for global comparisons between CD, UC and healthy volunteer subjects. Adipokine levels were compared between groups using an unpaired Student’s t-test if the data showed a normal distribution; otherwise the Mann-Whitney U test was used. A paired Wilcoxon test was used to independently compare data acquired before and after three months of treatment for each disease group. Linear regression analysis was performed to assess the associations between the severity of the disease, time post-diagnosis, age, waist and hip circumference, BMI (independent variables) and the levels of each adipokine (dependent variables). Data are expressed as mean ± SD, and a P value of 0.05 or less was considered as statistically significant. 

RESULTS
All subjects completed the study. The serum concentrations of adiponectin, TGF-β1, and chemerin were not different between subjects with active IBD and healthy controls, and there was no effect of treatment (Table 2). Baseline serum leptin concentrations were significantly lower in subjects with CD and UC compared with healthy controls (P < 0.05), and significantly increased in CD subjects after three months of treatment (P < 0.05). Baseline serum resistin concentrations were significantly higher in CD and UC subjects compared with healthy controls (P < 0.05), and treatment induced a decrease in levels only in UC subjects (P < 0.05). Baseline serum concentrations of visfatin were also significantly higher in subjects with CD and UC compared to healthy controls (P < 0.05). Treatment induced a decrease in the serum visfatin concentration only in CD subjects (P < 0.05), but the post-therapy level of this adipokine remained significantly higher than that in healthy controls (P < 0.05) (Table 2). There were no correlations detected between any of the adipokines examined or TGF-β1 and the clinical severity of IBD, time from initial diagnosis, age, waist or hip circumference, or BMI (Table 3). 

DISCUSSION
Although the etiology of IBD remains unclear, the most prevalent hypothesis is that the disease develops due to a genetic predisposition and a hyperactive gut-associated immune response to food allergens and bacteria. Individuals with IBD exhibit hypertrophy of the mesenteric adipose tissue lying in direct proximity to the inflamed bowel as well as alterations in local or serum adipokine concentrations[1]. 
Adipokines have both pro- and anti-inflammatory effects in IBD patients. Adiponectin is one of the most richly represented adipokines in the blood, exerting many metabolic effects[12-14]. It also has anti-inflammatory effects by increasing the synthesis of an interleukin receptor antagonist and decreasing the dendritic cell release of interferon gamma. Moreover, adiponectin enhances phagocytosis by human macrophages[15,16]. In the present study, no statistically significant increase in serum adiponectin concentration was found in either type of IBD, indicating strong adaptive mechanisms of adiponectin homeostasis. 
Leptin, one of the most well studied adipokines, exerts many metabolic, endocrine, and immunologic effects. This adipokine stimulates the proliferation of naïve T-helper lymphocytes, but inhibits the proliferation of T-memory lymphocytes and subsequent production of cytokines[17]. In addition, leptin activates phagocytosis by macrophages[15] and regulates proinflammatory immune responses[18]. The adipose tissue mass is the most important determinant of serum leptin concentration. In our study, despite similar BMI in the three groups of subjects, serum leptin levels were decreased in subjects with both types of IBD, compared with healthy controls. Low leptin concentrations in CD and UC subjects, which are consistent with previous studies[19], may be the result of TNF- hyperactivity. TNF- stimulates the temporary release of substantial amounts of leptin in response to inflammation eventually leading to a decrease in leptin-mediated chronic inflammation. Moreover, serum leptin levels increase in CD subjects treated with the TNF- antagonist infliximab confirming the role of TNF- in the regulation of leptin release by adipocytes[20]. Similarly, our study showed that a 3-month treatment period with corticosteroids alone or with azathioprine leads to increased blood leptin concentrations, which is particularly noticeable in CD subjects. Interestingly, while some studies report increased expression of leptin mRNA in the mesenteric adipose tissue or increased concentrations of leptin in large bowel lavage fluid from patients with mild to severe CD or UC[3,21], leptin is not detected in normal colonic epithelium. However, it is detected in the subapical region of the epithelial cells during conditions of inflammation[21]. This finding explains the differences between leptin concentrations measured in the serum, tissue, or gut lumen. 
Recent studies suggest that TGF-β1 decreases symptoms of IBD by suppressing the immunologic system in the gut and the bowel epithelium through inhibition of immature dendritic cells[22,23]. In our study, TGF-β1 serum concentrations were not significantly different in IBD subjects versus healthy controls, and anti-inflammatory treatment had no effect on TGF-β1 serum levels. These data indicate that any potential role of TGF-β1 in IBD is limited to the mucosa and potential changes in the local concentration of this cytokine cannot be monitored in the systemic circulation. 
Chemerin acts as either an activator (initiating stage) or inhibitor (later stages) of inflammation[24,25]. Weigert et al. reported elevated serum concentrations of chemerin in IBD patients, especially those with CD[8]. Surprisingly, the highest levels of this adipokine were observed in patients with the non-active form of CD. However, results from this study failed to show significant differences in the baseline chemerin concentrations, though serum levels tended to be higher in IBD patients before treatment. 
Resistin is a proinflammatory agent, as it stimulates the synthesis and secretion of TNF-, IL-12, and adhesive factors upon nuclear factor kappa  activation[26]. Expression of resistin in the mesenteric adipose tissue is elevated in patients with severe CD compared to those with colon cancer[27]. Adipose tissue is not a unique source of resistin as it is also found in mononuclear blood cells, macrophages, and stem cells[28]. The production of resistin by mononuclear cells may be increased by lipopolysaccharides, TNF-, IL-1, and IL-6[29]. Karmiris et al[19] reported elevated serum levels of resistin in IBD patients, irrespective of disease type. Consistent with these findings, results of this study found significantly higher serum resistin concentrations in both CD and UC subjects compared to healthy controls. Resistin levels returned to baseline levels following three months of treatment in UC, but not CD, subjects. 
Adipose tissue produces large amounts of visfatin. Apart from its role in the regulation of insulin receptor sensitivity[30], visfatin also inhibits apoptosis in a neutrophilic response to inflammatory factors[31], and induces the synthesis of interleukins by CD14+ monocytes[5]. Increased serum concentrations of visfatin have been detected during active IBD symptoms[9] and correlate with indices of IBD activity[32]. The findings of the present study confirm this role of visfatin in IBD, as levels were significantly higher in CD and UC subjects compared with healthy controls. Moreover, three months of treatment significantly lowered visfatin levels in CD subjects, indicating that azathioprine-mediated immunosuppression affects the visfatin level. 
In summary, bowel inflammation is responsible for elevation of serum levels of some adipokines (resistin, visfatin), while others are not significantly altered (adiponectin, chemerin) or are even suppressed (leptin). In general, the treatment of IBD led to a normalization of adipokine serum levels, though it is unknown if the improvement in leptin and visfatin levels observed only in CD patients is related to disease specificity or the use of azathioprine. Overall, the findings suggest that adipokines are involved in the pathogenesis of IBD. However, the lack of a direct correlation between serum levels and IBD activity implies that adipokines are modulators rather than determinants of IBD severity. 

COMMENTS
Background
Severe inflammatory reactions localized in the bowel wall may extend into surrounding visceral adipose tissue. Activated adipocytes may in turn produce numerous adipokines modulating inflammatory bowel disease (IBD) activity. However, this relationship between serum adipokine levels and IBD activity is poorly understood. 

Research frontiers
Although many functions of adipokines in inflammatory diseases have been investigated, their impact on the exacerbation of IBD, as well as the impact of therapy-induced remission on serum levels of adipokines, is unknown.

Innovations and breakthroughs
This study examined serum levels of six adipokines in IBD patients before treatment and after 3 months of immunosuppression leading to clinical remission. Results indicate that serum adipokine levels differ in IBD patients compared to a healthy population. Their profile and reaction to immunosuppressive treatment seems to depend on type of disease (Crohn’s disease vs ulcerative colitis) and not clinical indices of IBD activity.

Applications
Understanding the biochemical and immunological relationship between IBD the surrounding adipose tissue may influence the future therapy of IBD.

Terminology
IBD refers to a group of chronic inflammatory diseases usually involving the ileocecal region (Crohn’s disease) or the large bowel (ulcerative colitis). Adipokines are hormones mostly produced in adipose tissue and have an impact on many metabolic, endocrine and inflammatory pathways. 

Peer review
This paper reports differential changes in serum levels of adipokines, including adiponectin, leptin, chimerin, resistin, visfatin and TGF-1, in individuals with Crohn’s disease and ulcerative colitis, before and after treatment and after achieving clinical remission.
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Table 1 Subject characteristics
	
	Crohn’s 
disease
(n = 24)
	Ulcerative 
colitis
(n = 16)
	Control 
group
(n = 16)
	P value

	Female, %
	54
	56
	50
	0.902

	Age, yr
	31.0 ± 9.4
	33.2 ± 21.9
	30.3 ± 12.2
	0.060

	BMI, kg/m2
	21.4 ± 2.8
	23.4 ± 5.6
	22 ± 4.8
	0.444

	Waist circumference, cm 
	78.8 ± 9.9
	78.4 ± 15.7
	78.5 ± 8.5
	0.090

	Hip circumference, cm 
	91.5 ± 8.8
	93.6 ± 11.9
	91.1 ± 8.1
	0.345

	Waist/hip ratio
	0.86 ± 0.08
	0.84 ± 0.08
	0.86 ± 0.07
	0.472

	Duration of IBD, years 
	9.5 ± 7.9
	10.5 ± 8.1
	-
	0.105

	Activity of IBD
CDAI

Montreal severity classification
S0/S1/S2/S3
	A: 241 ± 155
B: 36.6 ± 25.3

-
	
-

A: 0/1/14/1
B: 8/8/0/0
	-
	

	Vienna classification 
A1/A2
L1/L2/L3/L4
B1/B2/B3
	
21/3
2/5/17/0
14/6/4
	-
	-
	


A: Before treatment; B: 3 mo after initiation of treatment; CDAI: Crohn’s disease activity index; IBD: Inflammatory bowel disease.

Table 2 Serum adipokine concentrations
	
	Adiponectin,
g/mL
	Leptin,
ng/mL
	TGF-1,
pg/mL
	Chemerin,
ng/mL
	Resistin,
ng/mL
	Visfatin,
ng/mL

	Crohn’s disease

	Before treatment 
(n = 24)
	14.7 ± 19.4
	8.0 ± 9.1a
	3152 ± 1137
	418 ± 193
	19.3 ± 12.5a
	23.2 ± 3.2a

	Upon treatment
(n = 24)
	11.7 ± 6.7
	14.9 ± 15.1c
	3261 ± 1327
	344 ± 127
	17.9 ± 13.2a
	20.4 ± 4.8ac

	Ulcerative colitis

	Before treatment 
(n = 16)
	9.8 ± 4.1
	8.6 ± 6.3a
	4378 ± 361
	421 ± 214
	23.2 ± 11.0a
	18.8 ± 5.3a

	Upon treatment
(n = 16)
	13.7 ± 5.3
	9.2 ± 7.3
	2877 ± 1761
	379 ± 208
	14.5 ± 4.0c
	21.0 ± 3.5a

	Control group

	Healthy subjects 
(n = 16) 
	9.3 ± 3.0
	16.5 ± 10.1
	3027 ± 809
	355 ± 69
	10.7 ± 1.1
	14.1 ± 5.4


aP < 0.05 vs control group; cP < 0.05 vs before treatment.

Table 3 Results of correlational analyses (P values) between adipokine levels and clinical parameters

	Adipokine level
	A/B
	
Severity,
points

	Duration of IBD, yr
	Age, 
yr
	Waist circumference, cm
	Hip circumference, cm
	BMI,
kg/m2

	Crohn’s disease

	TGF-1
	A
	0.157
	0.068
	0.067
	0.061
	0.126
	0.065

	
	B
	0.235
	0.065
	0.468
	0.084
	0.068
	0.056

	Adiponectin
	A
	0.086
	0.055
	0.065
	0.171
	0.096
	0.116

	
	B
	0.056
	0.054
	0.058
	0.061
	0.085
	0.075

	Leptin
	A
	0.274
	0.118
	0.065
	0.076
	0.074
	0.085

	
	B
	0.065
	0.086
	0.081
	0.070
	0.085
	0.268

	Chemerin
	A
	0.066
	0.129
	0.063
	0.088
	0.115
	0.095

	
	B
	0.149
	0.097
	0.224
	0.183
	0.093
	0.085

	Resistin
	A
	0.065
	0.066
	0.080
	0.061
	0.116
	0.063

	
	B
	0.159
	0.129
	0.056
	0.078
	0.075
	0.069

	Visfatin
	A
	0.094
	0.076
	0.159
	0.127
	0.097
	0.061

	
	B
	0.085
	0.085
	0.054
	0.075
	0.087
	0.105

	Ulcerative colitis

	TGF-1
	A
	0.068
	0.061
	0.137
	0.082
	0.154
	0.054

	
	B
	0.073
	0.137
	0.193
	0.156
	0.954
	0.068

	Adiponectin
	A
	0.065
	0.060
	0.061
	0.067
	0.177
	0.061

	
	B
	0.106
	0.070
	0.070
	0.090
	0.095
	0.271

	Leptin
	A
	0.093
	0.080
	0.060
	0.086
	0.158
	0.081

	
	B
	0.085
	0.056
	0.071
	0.080
	0.085
	0.224

	Chemerin
	A
	0.065
	0.052
	0.088
	0.075
	0.173
	0.101

	
	B
	0.077
	0.130
	0.093
	0.088
	0.055
	0.094

	Resistin
	A
	0.064
	0.060
	0.061
	0.073
	0.084
	0.070

	
	B
	0.084
	0.068
	0.080
	0.062
	0.275
	0.260

	Visfatin
	A
	0.065
	0.079
	0.060
	0.079
	0.054
	0.161

	
	B
	0.115
	0.069
	0.070
	0.117
	0.064
	0.070


A: Before treatment; B: 3 mo after initiation of treatment; BMI: Body mass index; IBD: Inflammatory bowel disease. 





