Mesenteric adipose and intestinal tissue expression and serum level of adropin in Crohn's disease patients
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ABSTRACT
Background/aim: Adropin is a novel regulatory peptide that plays a vital role in lipid metabolism, insulin resistance, and adiposity. In addition, recent study has revealed that adropin appears to have anti-inflammatory properties. The main purpose of this study is to evaluate the potential association of adropin with Crohn’s disease (CD) . Materials and methods: We analyzed the serum levels of adropin, inflammatory parameters, and metabolic parameters in 60 CD patients and 36 healthy controls. Serum adropin levels were determined using a commercially available ELISA kit. Mesenteric adipose and intestinal tissues were obtained from 8 of included CD patients and, for controls, 6 colonic cancer patients who underwent colon resection. Tissue adropin expression were measured by immunofluorescence confocal microscopy. Results: Serum adropin levels were slightly lower in the active CD patients compared to the inactive CD patients (3629.81±931.49 versus 4322.47±1194.69 pg/mL, P = 0.027). Serum adropin levels negatively correlated with ESR (r = -0.302, P = 0.019) and CD activity index (r = -0.332, P =0.010). However, mesenteric adipose and intestinal tissue adropin expression in CD patients were higher than controls, which suggests the intestine and adipose tissues may not be the major source of circulating adropin. Conclusion: Serum adropin levels decrease in the active CD patients, while adropin expression in mesenteric adipose and intestinal tissues increase in CD patients, suggesting that different source of adropin may plays a different role in CD pathogenesis. 
INTRODUCTION
Inﬂammatory bowel disease (IBD), encompassing ulcerative colitis (UC) and Crohn’s disease (CD), is a group of chronic and relapsing inflammation in the gastrointestinal tract with unknown etiology [1]. Although the exact pathogenic mechanism of IBD is still remained unclear, it is widely accepted that IBD results from a condition of dysregulated immune response to intestinal environmental antigens such as intestinal microflora and food antigens in genetically susceptible individuals [2]. Mounting evidences shed light on the important crosstalk between energy metabolism and immune response [3]. Mesenteric adipose tissue (MAT), previously considered as just an inert tissue for storing energy, is currently recognized as an active actor in regulating intestinal inflammation through its immunomodulatory properties [4]. There are a growing body of clinical and experimental studies suggesting that MAT affects both the disease course and therapeutic outcomes of IBD by regulating the immune responses to intestinal microflora and secreting a variety of key mediators with inflammation-regulating activities, such as adipocytokines and cytokines [5].
Adropin is a recently identified regulatory peptide with 76 amino acids, which is encoded by the energy homeostasis-associated gene (ENHO) [6]. Studies have shown that adropin plays an important role in the regulation of lipid metabolism, insulin resistance and energy homeostasis [7]. The expression of adropin is regulated by energy status，dietary nutrients intake，and circadian clock [6, 8]. In skeletal muscle and cardiac cells, adropin has been found to activate pyruvate dehydrogenase (PDH), which is a key enzyme in carbohydrate oxidation and suppress carnitine palmitoyltransferase-1B (CPT-1B), a rate limiting step in mitochondrial fatty acid beta-oxidation[6]. Moreover, adropin has also been found to downregulate PDH kinase-4 (PDK4) that inhibits PDH [6]. This finds suggest a role for adropin in promoting carbohydrate utilization and limiting fatty acid oxidation in the skeletal muscle and cardiac cells [9, 10]. Decreased levels of circulating adropin have been reported in patients with diabetes mellitus (DM), gestational DM, obstructive sleep apnea, metabolic syndrome, polycystic ovary syndrome, and non-alcoholic fatty liver disease [11-14]. To the best of our knowledge, the potential role of adropin has not been examined in the CD patients.
 Therefore, the main purposes of the present study were to evaluate fasting serum level and mesenteric adipose and intestinal tissue expression of adropin in CD patients and to compare results with healthy controls. Additionally, we also want to assess the possible associations between circulating adropin levels and disease characteristics.
PATIENTS AND METHODS
Study population The present study included 60 patients with CD referred between January 2018 and December 2018 to the First Affiliated Hospital of Fujian Medical University, a tertiary care center for management of IBD in Fujian, east of China. The diagnosis of CD was based on clinical, endoscopic, radiological, and histological criteria[15]. The CD activity index score was used to evaluate the disease activity of CD patients, when patients admitted to our hospital [16]. 36 healthy blood donors were included as the healty control group (HC). The Clinical Research ethical Ethical Reveiw Committee of our hospital approved this study protocol, in line with the Helsinki declaration.We excluded the patients who did not provide authorization for using their electronic medical records for research from this study.

Methods After an overnight fast, Venous blood samples were obtained from all the subjects. The blood was centrifuged whin 30 min after collection at 4°C and then  upper serum samples were immediately frozen at -80°C. Serum glucose, triglycerides (TG), total cholesterol, low-density lipoprotein cholesterol (LDL-c), and high-density lipoprotein cholesterol (HDL-c) were analysed on the Abbott Architect auto-analyser according to standard Operating procedure. Adropin levels were detected quantitatively using commercially available enzyme-linked immunosorbent assay (ELISA) kits (Cloud-Clone Corp., Houston, TX, USA). 
Mesenteric adipose and intestinal tissue specimens were collected from 8 patients of the included patients with CD, who had undergone surgical resection due to a stricturing or penetrating disease. Six patients who underwent colon resection for colon cancer, were also included as control group, providing with histologically normal tissue adjacent to tumors.
After fixed in10% buffered formalin, Specimens were embedded in paraffin for sectioning, and routine staining with hematoxylin and eosin. All the stained sections were carefully examined microscopically by 2 independent observers. 

Immunofluorescence confocal microscopy was used to assess the expression and localization of adropin and PGC-1α. Antibody against adropin was purchased from Thermo. A FITC(green)-labeled secondary antibody were used to detected adropin. Antibody against PGC-1α was purchased from Servicebio. A secondary antibody conjugated to Cy3 (red) was used to labelled PGC-1α. All the sections were counterstained using DAPI (blue) to reveal the cell nuclei.
Statistical analysis Continuous variables with normal distribution were presented as mean ± standard deviation (SD) and continuous variables with non-normal distribution were presented as median ± interquartile range (IQR). Either the Student’s t test or the Mann-Whitney U-test was used for comparisions between two groups in term of continuous variables. Categorical data were presented as count, and assessed using Fisher’s exact or χ2 tests. Correlations were performed using the Pearson’s r order correlation coefficient for normally distributed data or the Spearman’s rho order correlation coefficient for non-normally distributed data. A P value＜0.05 was considered statistically significant. All the analysis were carried out using SPSS version 22.0.
RESULTS
Patients’ baseline characteristics
A total of 96 subjects (60 CD, 36 HC) were finally included into our study. Baseline demographic characteristics and biochemical parameters of participating subjects are presented in Table 1. No significant differences in age, gender, or BMI between CD and HC were observed. In relation to the lipid and glucose metabolic parameters, cholesterol, LDL-c and HDL-c levels were significantly lower in CD subjects in comparision to HC subjects. However, no statistically significant differences were observed between CD and HC subjects with respect to serum glucose and triglycerides. In addition, the serum adropin levels between two groups were statistically similar. 
We further divided the CD patients group into two subgroups（active CD，inactive CD）according to disease activity. The demographic and clinical characteristics of two groups were presented in table 2. The two subgroups show no significant differences for age, gender, disease classification. The active CD subgroup showed a lower BMI than inactive subgroup. No significant differences were observed regarding serum glucose, triglycerides, cholesterol, LDL-c or HDL-c levels. As expected, The circulating inflammatory biomarkers in active CD subgroup, including ESR, CRP and TNF-α levels were significantly higher than inactive CD subgroup (p﹤0.001, ﹤0.001 and 0.024, respectively). Serum level of adropin in active CD patients was also significantly lower in comparison with inactive patients (P =0.027). 
Correlation of serum adropin level with clinical parameters. 

To evaluate the correlation between adropin level and clinical features of CD patients, a correlation analysis was performed. We found that the serum adropin level was positively correlated with serum albumin（ALB）level (r=0.35, P=0.010), while adropin level has a significant inverse correlation with CDAI and ESR (r=‑0.332, P=0.010; r=‑0.302, P=0.019, respectively). As to acute phase inflammatory biomarkers, we could not identidy a significant correlation between serum adropin levels and CRP or TNFα (P>0.05). Additionally, we failed to the significant correlation between the serum adropin level and lipid and glucose metabolic parameters, including serum glucose, triglycerides, cholesterol, LDL-C or HDL-C (P>0.05).
Histopathological examination of mesenteric adipose tissue. 
As shown in the Figure 1, There are more inflammatory cells infiltrated into the  MAT adjacent to the involved intestine in CD patients. Moreover, the size of adipocytes in the MAT was obviously smaller than that of the controls.

Immunostaining of adropin in mesenteric adipose tissue.
To further validate the potential role of adropin, we performed a double immunofluorescence analysis in the MAT paraffin sections. As shown in Figure 2, adropin was visualized in a green fluorescence, mainly localized in the cytoplasm periphery of adipocytes in the MAT of CD patients and control. Additionally, immunofluorescence images revealed that adropin expression in the MAT of patients  with were higher than the controls. It has been reported that adropin can induce PGC1α acetylization. Thus, we further evaluated the colocalization of adropin and PGC1-α in MAT. It showed the PGC1-α expression was also higher in CD patients. For cellular localization of two proteins, confocal microscopy with double-immunofluorescence analysis showed that adropin and PGC-1α (yellow fluorescence in the merged images) was both higher in the cytoplasm of adipocytes of CD patients.
Immunostaining of adropin in intestinal tissues. 

We also investigated the the expression and localization of the adropin and PGC-1α in intestinal tissues. As depicted in Figure. 3, it showed that the intestinal tissues from CD patients expressed higher adropin and PGC-1α than that of control. For cellular localization of two proteins, immunofluorescence analysis showed that adropin mostly localized in smooth muscle layers, and PGC-1α was mostly detected in the  vascular structure. It also showed that the overlap of two proteins (yellow staining in the merged images) co-localized predominantly in mononuclear cells in intestinal sub-mucosa of CD patients.
DISCUSSION
Our study showed that serum cholesterols, including total cholesterol, LDL-c and HDL-c levels were lower in CD patients compared to the healthy controls. Koutroumpakis et al. showed that CD patients had more frequent increase triglyceride and decrease total cholesterol levels in comparasion to healthy controls, and were positively related to more severe disease [17]. Romanato et al. also observed that total and LDL cholesterol were lower in the active CD patients than healthy subjects [18]. These finding was thought to be related to systemic inflammation in CD patients.
Our study revealed that serum adropin levels in patients with CD were not significantly different from that of healthy controls，however, active CD patients were found to have significantly lower levels of adropin as compared to inactive patients. Additionally, our another important finding was that serum adropin levels were significantly negatively correlated with parameters of disease severity in CD patients. Namely, this relationship was confirmed for CDAI scores and ESR whereas the correlation with CRP and TNF α was found to be insignificant. As far as we know, this is the first report about the role of serum adropin in CD patients. The adropin expression is regulated by circadian clock, energy status and dietary nutrients intake [6, 8, 19]. Adropin in circulation plays an important role in preventing the development of DM, insulin resistance, dyslipidemia, obesity, polycystic ovary syndrome and fatty liver [6, 7, 20].
Mounting evidence shows that MAT has an important role in the pathogenesis and therapeutic outcomes of CD [5]. Hypertrophy of MAT, named creeping fat, is usually shown as a marker of active CD [21]. Interestingly, hyperplasia of MAT is closely adjacent to the region of involved intestine, which indicates a causal relationship between MAT and instinal inflammation [22]. The present study showed that the mesenteric adipocytes in the CD patients were smaller than controls，and MAT in CD also consisted of more inflammatory cells, which is Consistent with the previous reports [23, 24]. It is suggested that the transmural inflammation in CD facilitates increased bacterial translocation into the MAT [25]. Upon the encounter of bacteria, mesenteric adipocytes (including pre- adipocytes) undergo activation through recognition bacteria-derived molecules to produce proinflammatory mediators, including TNF-α, monocyte chemoattractant protein-1(MCP-1), interleukin (IL) (IL-6) [26, 27]. This inflammatory mediators by adipocytes can induce the migration of leukocytes, including monocytes and macrophages into adipose tissue. Additionally, pre-adipocytes can transdifferentiate into macrophages further modulating local immune response [28].
Data from a nonhuman primate study indicates that intestine and adipose tissues can express adropin precursor gene ENHO in a predominantly diurnal pattern [29]. Our study revealed that adropin expression in MAT and intestine was increased in CD and was consistent with the PGC-1α. A preclinical study of Gao et al. [9], suggests that adropin could increase carbohydrate utilization and reduce fatty acid oxidation in skeletal muscle cells, which is regulated by increasing PGC-1α acetylation. Adipose tissue is another target organ of adropin. Exogenous adropin injection into animals limits Peroxisome proliferator-activated receptor γ (PPARγ) expression in adipose tissue [6].Recently, Jasaszwili et al. found that adropin stimulates proliferation of pre-adipocytes via activation of the extracellular signal regulated kinase 1/2 (ERK1/2) signalling pathway. In contrast, adropin inhibits the pre-adipocytes differentiation into mature fat cells [30]. These results suggest that adropin plays key role in regulating energy homeostasis via interaction with adipocytes. 
Accumulating evidence shows that adropin has a key role in modulating the cardiovascular system functions. A study conducted by Wu et al. showed that serum adropin level was significantly lower in type 2 diabetic patients than in non-diabetic patients [31]. The results of this study also confirmed an independently negative association between serum adropin levels and angiographic severity of coronary atherosclerosis, suggesting that serum adropin may serve as a protective factor for coronary atherosclerosis [31]. Lovren et al. showed that adropin exerts a potent protective effects in endothelial homeostasis. Adropin treatment enhances proliferation and migration and inhibits TNFα-induced apoptosis in endothelial cells through upregulation endothelial nitric oxide synthase (eNOS) expression via the ERK1/2 and AKT pathways [32]. It has been recently reported that adropin exects an anti-inflammatory effects through shifting monocyte differentiation into M2 phenotype via PPARγ upregulation and suppressing monocyte adhesion to endothelial cell [33]. Our previous study reported that ENHO mutations or low adropin has a vital role in endothelial cells activation during recruitment of neutrophil and interactions between neutrophil and endothelium cells under vascular inflammation and makes  more susceptible to interstitial lung disease with ANCA-positive(ANCA-ILD) [34]. In line with this data, adropin reduces messenger RNA expression levels of TNF α and IL-6 in a rat model of hyperlipidemia, further establishing anti-inflammatory effects of adropin [35].

Our study has some main drawbacks that it was a single center, cross-sectional analysis that included a relatively small number patients. The small sample size consisted of limited number of moderate-severe CD patients in the cohort, which might not be sufficient to reach significant statistical difference in comparisons. Because of the nature of cross-sectional study, some additional metabolic information, such as fasting serum insulin levels, were not available.
In conclusion, we found decreased serum adropin level and increased adropin expression in the MAT and intestine in active CD patients, suggesting that different source of adropin may plays a different role in CD pathogenesis and the intestine and adipose tissues may not be the source of circulating adropin. Further studies are required to fully investigate the underlying mechanisms.
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Table 1. Baseline characteristics of Crohn’s disease (CD) patients and healthy control subjects (HC).
	
	CD
	HC
	p-value

	Number
	60
	36
	

	Age
	31
	34
	0.668

	Gender(female/male),n
	19/41
	18/18
	0.086

	BMI(kg/m2)
	19.04(17.42~22.80)
	21.22(18.02~24.35) 
	0.443

	Active/Inactive
	20/40
	
	

	Glucose (mmol/L)
	4.27(3.85~4.43)
	4.63(4.17~4.92)
	0.069

	Total cholesterol (mmol/L)
	3.73(3.36~4.61)
	4.72(4.36~5.43)
	0.000

	LDL-c (mmol/L)
	2.45(2.11~2.86)
	3.04(2.51~3.43)
	0.001

	HDL-c (mmol/L)
	0.98±0.35
	1.30±0.61
	0.002

	TG (mmol/L)
	1.07±0.45
	1.20±0.68
	0.53

	Adropin (pg/mL)
	3991.86±1137.17
	3898.05±938.33
	0.242

	BMI = body mass index, LDL-c = low density lipoprotein-cholesterols, HDL-c = high density lipoprotein –cholesterols, TG = Triglycerides.


Table 2. Demographic and clinical characteristics of patients with active or inactive CD.
	
	Active CD
	Inactive CD
	p-value

	Number
	20
	40
	

	Age
	32
	30
	0.231

	Gender(female/male),n
	6/14
	13/27
	0.844

	Vienna classification
	
	
	

	A1/A2/A3
	1/17/2
	7/31/2
	0.340

	L1/L2/L3/L4
	3/0/17/0
	5/2/33/0
	0.585

	B1/B2/B3
	10/8/2
	24/12/4
	0.728

	BMI(kg/m2)
	18.43(16.23~18.93)
	20.63(17.93~23.34)
	0.001

	Glucose (mmol/L)
	4.31±0.68
	4.35±0.84
	0.841

	Total Cholesterol (mmol/L)
	3.49(2.61~4.37)
	3.86(3.48~4.74)
	0.273

	LDL-c (mmol/L)
	2.43(2.05~2.63)
	2.49(2.12~3.09)
	0.584

	HDL-c (mmol/L)
	0.87±0.32
	1.03±0.36
	0.086

	TG (mmol/L)
	0.93±0.24
	1.14±0.51
	0.077

	ALB（g/L）
	36.15±6.79
	42.88±4.73
	﹤0.001

	ESR（mm/h）
	47.9±37.6
	20.5±14.6
	﹤0.001

	CRP（mg/L）
	37.70±44.88
	7.68±7.39
	﹤0.001

	TNF-α（pg/mL）
	4.80±2.53
	3.16±1.70
	0.024

	Adropin (pg/mL)
	3629.81±931.49
	4322.47±1194.69
	0.027

	BMI = body mass index, LDL-c = low density lipoprotein-cholesterols, HDL-c = high density lipoprotein –cholesterols, TG = Triglycerides, ALB=albumin, TNF-α=tumor necrosis factor-α, CRP= C reactive protein, ESR= erythrocyte sedimentation rate.


Table 3. Correlations between serum adropin levels and other clinical parameters in patients with CD.
	　
	CDAI
	CRP
	ESR
	TNFα
	ALB
	BMI
	GLU
	CHOL
	TG
	HDL-C
	LDL-C

	Adropin
	r
	-0.332
	-0.235
	-.302
	-0.189
	0.329
	-0.01
	-0.109
	0.048
	0.078
	-0.03
	0.024

	
	p
	0.010
	0.07
	0.019
	0.25
	0.010
	0.939
	0.408
	0.718
	0.554
	0.817
	0.857

	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	


Figure.1. Histopathological examination of mesenteric adipose tissue of Crohn’s disease (CD) patients and the control group (×200).
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Fig.2. Double-immunofluorescence staining of adropin and PGC-1α in mesenteric adipose tissue of Crohn’s disease (CD) patients and the control group (×200). [image: image2.png]Adropin





Fig.3. Double-immunofluorescence staining of adropin and PGC-1α in intestinal tissue of Crohn’s disease (CD) patients and the control group (×200).
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