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Abstract

:

Apelin has been implicated in the pathogenesis of several chronic inflammatory diseases through mechanisms related to endothelial cells dysfunction. There is evidence of increased apelin levels in mesenteric adipose tissue and colonic epithelium in patients with inflammatory bowel disease (IBD), but their significance remains unclear. We aimed to measure serum apelin (SA) levels in patients with IBD and to evaluate an association with disease characteristics. SA levels of 104 IBD patients and age and sex matched healthy controls (HCs) in a 1:1 ratio were compared. SA-13 levels were measured using an enzyme-linked immunosorbent assay (ELISA). Mean SA levels were increased in IBD patients compared to HCs (1996.29 ± 1592.96 pg/mL vs. 1552.99 ± 809.64 pg/mL, p = 0.012). Both patients without and with cardiovascular disease (CVD) had increased SA levels (2076.44 ± 1714.74 pg/mL vs. 1525.75 ± 818.74 pg/mL, p = 0.011 and 1743.01 ± 1116.26 pg/mL vs. 1283.92 ± 726.85 pg/mL, p = 0.035, respectively). An inverse association between mean SA levels and a history of musculoskeletal extraintestinal manifestations in the subgroup of IBD patients without CVD was found (p = 0.043). The present study—the first to evaluate SA levels in patients with IBD—showed that IBD patients have higher levels of SA compared to HCs. The potential role of SA in IBD merits further investigation in larger studies.
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1. Introduction


Adipokines participate in various biological pathways, including energy metabolism, inflammation, cardiovascular function, and cancer [1,2]. Apelin was identified in 1998 as an adipokine secreted from visceral fat. It is widely expressed in the human organism, playing a key role in the regulation of endothelial cell (EC) function, promoting EC proliferation, migration, and angiogenesis [3,4,5]. A growing body of research has been focused on the association between apelin and its receptor (APJ) system with EC dysfunction-related chronic inflammatory diseases such as atherosclerosis, obesity, and rheumatoid arthritis, as well as with the regulation of tumor growth and metastasis in several kind of cancers [6,7,8].



Recently, lower plasma apelin levels have been observed among patients with cardiovascular diseases (CVDs), such as acute or chronic coronary artery disease, hypertension, cardiac failure, and early rheumatoid arthritis, compared to matched healthy controls [9,10,11,12]. On the other hand, increased plasma apelin levels were found in obese patients, type 2 diabetes, asthma, and several types of obesity and non-obesity related cancer [13,14,15,16,17]. The mechanisms behind these different associations are not fully understood.



Only a few studies have investigated the role of apelin in inflammatory bowel disease (IBD). Mesenteric adipose tissue (MAT) that migrates around the intestine, known as creeping fat, has been suggested as a key modulating factor in promoting colon injury [18]. The increased expression of proinflammatory cytokines in creeping fat, including peroxisome proliferator-activated receptor (PPAR)-γ and TNF-α, is associated with transmural inflammation, fibrosis, and strictures in Crohn’s Disease (CD) [19,20]. Increased expression of apelin in the MAT and colonic epithelium of IBD patients has been reported [21]. The administration of apelin-13 in models of experimental colitis led to decreased disease activity and enhanced intestinal epithelium repair mechanisms [21,22,23].



Taking into consideration that data on the role of serum apelin (SA) in IBD are lacking, we aimed to measure SA levels in patients with ulcerative colitis (UC) and CD and to evaluate an association with disease characteristics.




2. Materials and Methods


2.1. Study Population


Consecutive patients with a diagnosis of IBD who are followed at the IBD outpatient clinic of the University Hospital of Heraklion, a referral center for IBD in South Greece, were included. Serum samples were collected between October 2019 and August 2021 at patients’ regular visits. Inclusion criteria for the study were as follows: (a) established IBD diagnosis since the last 6 months, (b) no history of past or present malignancy, chronic liver or kidney disease, or pregnancy, (c) written informed consent for study participation and blood sampling. After the declaration of the COVID-19 pandemic on 11 March 2020, all patients were tested for SARS-CoV-2 at enrollment. Patients or controls testing positive for or having a history of a recent infection with SARS-CoV-2 in the last 3 months were excluded.



All IBD patients were interviewed during the study period and completed questionnaires to ascertain (a) demographics and lifestyle factors including age, sex, body mass index (BMI), and smoking status (ever or never a smoker); (b) history of established CVD (any lifetime history of myocardial infarction, angina, asymptomatic chronic coronary syndrome, ischemic stroke, hemorrhagic stroke, transient ischemic attack, peripheral artery disease, or heart failure of non-ischemic etiology); or (c) any other classical CVD risk factor including diagnosis of hypertension or taking antihypertensive medications [24], diabetes mellitus [25], dyslipidemia, or taking lipid lowering medications [26].



IBD phenotype, age at IBD diagnosis, disease duration, Montreal classification, IBD treatment including biologics, steroid use at least once for flare, immunomodulators including azathioprine or methotrexate, history of IBD related surgery, history of musculoskeletal extraintestinal manifestations (peripheral arthritis, sacroiliitis, ankylosing spondylitis) and other concurrent autoimmune diseases including systemic lupus erythematosus (SLE), rheumatoid arthritis (RA), psoriasis, primary sclerosing cholangitis, and pyoderma gangrenosum, etc. were recorded. Clinical activity was assessed the day of the interview using the Harvey Bradshaw Index (HBI) for CD patients with an HBI ≤ 4 representing clinical remission, and the Simple Colitis Clinical Activity Index (SCCAI) for UC, with SCCAI ≤ 2 defined as an absence of clinical disease activity [27,28]. Recent endoscopy records, if available for ±3 months from the date that the serum sample was obtained for apelin measurement, were included in the analysis. Moderate-to-severe endoscopic activity was considered as a Mayo score II and III for UC and the presence of ulcers in one or more parts of colon or terminal ileum for CD. CRP levels at ±7 days of serum apelin sampling were also recorded.



A control group of healthy non-IBD blood donors was included. Controls were ±5 years from the IBD patients and were sex matched to them. Controls selection was based on the criteria of the Greek National Center for Blood Donation. Moreover, the cases with a diagnosis of any autoimmune disease or having risk factors for CVD including hypertension, diabetes mellitus, dyslipidemia, obesity (BMI > 30), and chronic renal failure were excluded. The same gastroenterologist performed interviews and serum sampling on the control group at their visit. Informed consent was obtained from all healthy controls.




2.2. Measurement of Serum Apelin Levels


Quantitative detection of apelin (apelin-13) in serum was performed using a Human APLN (Apelin) ELISA Kit (Wuhan Fine Biological Technology Co., Ltd., C6-323 Biolake, No. 666 Gaoxin AVE. Eastlake High-tech Development District, Wuhan, Hubei, China), following the manufacturer’s instructions. More specifically, human serum samples were collected from whole blood, diluted 1:2 with the kit’s sample/standard dilution buffer and were placed on the APLN pre-coated plate alongside the standard solutions and control (zero) samples, in duplicate. Biotin-labeled antibody (1:100) was added to each sample for 45 min, at 37 °C. The plate was then washed, followed by HRP-Streptavidin conjugate (1:100) incubation for 30 min at 37 °C. After multiple washes, equilibrated TMB substrate was added to each well and the plate was incubated at 37 °C in the dark for approximately 15 min. Stop solution was then added to the samples, in the same order in which TMB substrate was previously added, and the absorbance (O.D.) was measured at 450 nm using a microplate reader (Multiskan FC, Thermo Scientific). Results were calculated using the OriginLab software, Origin 8.5.1, by generating the standard curve and determining the concentration (pg/mL) of each serum sample multiplied by the dilution factor. Serum apelin-13 levels were measured using ELISA (Wuhan Fine Biological Technology Co., Ltd.).



The protocol of the study was approved by the institutional review board of the University Hospital of Heraklion. This study was supported by a grant from the Hellenic Society of Gastroenterology (protocol number 7597/10-11-2017).




2.3. Statistical Analysis


Comparisons were made 1:1 among all IBD patients and controls. IBD patients with a concurrent diagnosis of CVD were compared 1:1 to ±5 years age- and sex-matched IBD patients without CVD and 1:2 to ±5 years age- and sex-matched controls. IBD patients without a CVD diagnosis were compared 1:1 to their ±5 years age- and sex-matched controls.



Continuous and categorical variables were compared using Student’s T-test and Fisher’s exact probability test or the χ2 test, respectively. A p-value of <0.05 was considered statistically significant. Multivariate analysis of covariance (MANCOVA) was used to determine whether there are any significant differences between mean apelin levels and categorical and non-categorical variables related to IBD characteristics and any CVD cofounding factors. Correlations between variables were tested with Spearman’s Rho correlation test for non-normally distributed variables. Statistical analyses were performed, using the SPSS software package (version 24, SPSS Inc., Chicago, IL, USA).





3. Results


Overall, SA levels were measured in 104 IBD patients, 56.7% with CD, with a mean disease duration of 15.31 ± 10.08 years and with 61.5% on biologic treatment. The demographics, disease characteristics, endoscopic activity, IBD treatment, and comorbidities of the patients are presented in Table 1.



3.1. SA in IBD Patients


Mean SA levels were significantly higher in IBD patients compared to matched healthy controls (1996.29 ± 1592.96 pg/mL vs. 1552.99 ± 809.64 pg/mL, p = 0.012). Higher mean SA levels were also found in male IBD patients than in the matched male controls (2015.25 ± 1571.94 pg/mL vs. 1560.61 ± 775.25 pg/mL, p = 0.027) (Table 2). No difference in mean SA levels between UC and CD patients was found (p = NS). A subgroup analysis by disease characteristics, IBD clinical activity or endoscopic activity scores, IBD treatments, or comorbidities showed no differences, as seen in Table 2.



Multivariate analysis did not find any statistically significant association between SA levels and disease characteristics such as IBD type (F = (3, 88) = 0.316, p = 0.576), disease duration (F = (1, 88) = 0.639, p = 0.426), UC extent (F = (3, 88) = 1.722, p = 0.168), CD location (F = (2, 88) = 0957, p = 0.388), CD behavior (F = (2, 88) = 0.633, p = 0.533) or perianal disease (F = (1, 88) = 0.002, p = 0.963), use of biologics (F = (1, 88) = 0.244, p = 0.623), use of immunomodulators (F = (1, 88) = 2.482, p = 0.119), history of IBD-related surgery (F = (1, 88) = 0.006, p = 0.94), and musculoskeletal EIMs (F = (1, 88) = 0.016, p = 0.9). On the other hand, smoking history was found to be the only factor independently associated with SA levels among IBD patients (F = (69, 125) = 1.890, p < 0.001), with a moderate effect size (partial eta squared 0.511).



A weak negative correlation between age at study entry and SA levels in the all-IBD patients’ cohort was observed (r = −0.214, p = 0.002).




3.2. Subgroup Analysis


In the group of 79 IBD patients without CVD, extensive UC, immunomodulator use, and the absence of musculoskeletal EIMs were significantly associated with elevated mean SA levels (2539.69 ± 1969.29 pg/mL vs. 1164.45 ± 818.89 pg/mL, p = 0.044, 2317.69 ± 1867.99 pg/mL vs. 1451.40 ± 1024.20 pg/mL, p = 0.043 and 2340.58 ± 1850.16 pg/mL vs. 1392.09 ± 1054.99 pg/mL, p = 0.027, respectively) (Table 3).



Correlation analysis showed a moderate positive correlation between UC extent and SA levels in IBD patients without concomitant CVD comorbidity (r = 0.525, p = 0.004) (Table 4). Weak negative correlations between age at study entry, history of musculoskeletal EIMs, and SA levels in the same IBD group were observed (r = −0.263, p = 0.001 and r = −0.336, p = 0.005, respectively). A weak positive correlation between immunomodulator use and SA levels in IBD patients without CVD was also found (r = 0.26, p = 0.021).



In the multivariate analysis of covariance for 79 IBD patients without CVD history (including all significant parameters from univariate analysis and all confounding CVD factors), history of musculoskeletal EIMs was the only factor found to be significantly inversely associated with SA levels (F(2, 52) = 4.288, p = 0.043), with a small effect size (partial eta squared 0.076).



Subgroup analysis was also performed with a 1:1:2 ratio among twenty-five patients with IBD and concurrent CVD compared to 25 patients with IBD without CVD (age- and sex-matched) and 50 healthy (age- and sex-matched) controls. Both IBD patients with or without CVD had significantly higher SA levels compared to controls (1743.01 ± 1116.26 pg/mL vs. 1283.92 ± 726.85 pg/mL, p = 0.035 and 2076.44 ± 1714.74 pg/mL vs. 1525.75 ± 818.74 pg/mL, p = 0.011, respectively) (Table 5). No further analysis was conducted due to the small sample size.





4. Discussion


The results of the present study, the first one evaluating SA levels in patients with IBD, showed that IBD patients have higher levels of serum apelin-13 compared to age- and sex-matched healthy controls.



Data on apelin’s exact role in intestinal inflammation are scarce. Apelin, like other adipokines, is produced by MAT. In CD, apelin seems to have a regulatory effect on intestinal homeostasis by inducing cell proliferation in the intestinal epithelium and by enhancing lymphatic vessels’ function in MAT [21,22]. Ιn models of experimental colitis and human tissues of IBD patients, apelin production has been found to be increased in inflamed colonic tissue, implying a role in the reduction of inflammatory burden and in the healing process in the colon [21]. More recently, Yamada et al. found that apelin levels were downregulated by T-cells rather than colonic epithelial cells in murine models of chronic colitis. When a synthetic apelin peptide was administered, a decrease in proinflammatory cytokines, in combination with improvement in colitis severity and survival rate, was noticed [23]. In line with the above, exogenous apelin administration seems to improve clinical activity and histological inflammation, and enhances colonic tissue repair mechanisms [20,21]. Moreover, exogenous administration of apelin-13 in an experimental rat model of intestinal ischemia/reperfusion showed a positive effect of apelin on oxidative injury at a histopathological level [22]. The finding of increased serum apelin-13 levels in IBD patients in the present study are in accordance with these experimental data. It seems that intestinal inflammation influences apelin production, leading to increased serum apelin levels. These increased apelin levels may contribute to the repair of the intestinal epithelium.



Over the last two decades, there has been growing research on the interaction of visceral adipose tissue (VAT) and the intestinal immune system. Excessive adipose tissue accumulation modulates immune response by activating pro-inflammatory signaling pathways and increasing pro-inflammatory cytokines production, leading to intestinal low-grade inflammation, disruption of intestinal mucosa and permeability, bacterial translocation, and T-cell infiltration, described as “leaky gut”. Through this mechanism, excess adipose tissue in terms of obesity has been linked to IBD predisposition [29]. A special form of VAT in CD, known as “creeping fat”, is immunologically more active in flares, releasing several cytokines such as TNF α, IL-6, and IL1-β, and adipokines such as leptin, resistin, visfatin, and chemerin. Under these circumstances, creeping fat enhances intestinal inflammation and downregulates other adipokines such as adiponectin, with an inhibitory effect on proinflammatory mediators, promoting further intestinal inflammation [30]. Studies from our laboratory [31] showed increased serum levels of adiponectin, resistin, and ghrelin, and decreased serum levels of leptin in IBD patients. After treatment with infliximab, a significant decrease in serum resistin levels was found [32]. To date, conflicting results exist from a limited number of studies examining associations of serum levels of the aforementioned adipokines with IBD type, clinical, and endoscopic activity [33,34,35,36,37]. The present study revealed that, after the exclusion of patients with CVD, increased SA levels are associated with extensive UC and a history of immunomodulator use (p = 0.044 and p = 0.043, respectively), both associated with increased inflammatory burden. These moderate positive correlations suggest a modulating effect of apelin in chronic colonic inflammation.



Regarding treatment, it is known that, in rheumatic diseases such as RA and ankylosing spondylitis, there is no effect of anti-TNF α or disease-modifying antirheumatic drugs on SA levels [12,38]. Similarly, in our study, although we had only a snapshot of the disease, no association of SA and the majority of IBD medications was found; only the immunomodulator use showed a weak association.



In the light of recent studies that have inversely associated apelin plasma levels with the risk of hypertension, the severity of left ventricular dysfunction, the severity of chronic heart failure, and survival in patients with ST-elevation myocardial infarction [11,39,40,41,42], we aimed to focus on IBD patients with and without any history of CVD. Although lower in the group of IBD patients with CVD, apelin levels remained significantly higher compared to their matched controls. This could be explained by the impact of IBD systemic inflammation that probably outreaches the CVD lowering effect in SA, as described in studies on EC dysfunction regulatory pathways of apelin in cases with atherosclerosis, coronary artery disease, systemic hypertension, ischemia–reperfusion injury, heart failure, and atrial fibrillation [6].



These findings indicate that CVD history might affect serum apelin levels in patients with IBD, but larger population studies could further elucidate the grade and the significance of these associations.



An interesting finding of our study is that lower mean serum apelin-13 levels were measured in IBD patients with musculoskeletal EIMs compared to IBD patients without. After exclusion of patients with concurrent CVD diagnosis, the history of musculoskeletal EIMs was significantly associated with lower mean apelin levels. It is noticeable that lower serum apelin levels in early rheumatoid arthritis patients compared to healthy controls have been reported [12]. Pathophysiologically, apelin and its receptors have been associated with musculoskeletal system functions including bone formation, skeletal muscle metabolism, and articular inflammation [43]. Our finding may imply that IBD patients with articular EIMs share common pathogenetic pathways with rheumatological diseases. It could be suggested that IBD articular extraintestinal disease enhances inflammatory pathways related to endothelial dysfunction in an analogous way to RA.



Several studies have confirmed the association of apelin with energy metabolism, obesity, and type II diabetes [44,45,46]. Elevated plasma apelin-12 levels were measured in patients with morbid obesity and correlated positively with BMI [14]. Obesity and high fat diet-induced chronic inflammation has been linked to increased risk of UC and CD [47,48,49]. Interestingly, in our study although non statistically significant mean SA levels were lower in obese patients (BMI > 30) with IBD compared to non-obese patients (Table 2 and Table 3). This result might theoretically be related to other attributable mechanisms of chronic bowel inflammation, IBD treatment effects, or unknown factors.



There are some limitations of our study. Firstly, the sample size of our study population is small. Unfortunately, a few months after initiation of the study, the COVID-19 pandemic emerged. No data collection was undertaken during the first wave of the COVID-19 pandemic. In-hospital visits were limited and home telemanagement and telephone follow-up were implemented. It was therefore difficult to perform blood sampling as patients were not willing to attend in-person visits. The most difficult part of the study was the collection of blood samples from blood donors as the COVID-19 pandemic significantly compromised blood donations. Consequently, this emergency delayed and limited the number of study participants. The delay in blood sample collection further delayed serum human apelin kit measurements, which had a rather short expiry date.



Moreover, we included a high percentage of IBD patients with concurrent diagnosis of CVD, which could also explain the old age of our IBD participants on study entry.



Another disadvantage of our study is that we measured only one isoform of apelin, apelin-13; however, it is the most biologically active and predominant isoform [50,51].



In conclusion, our study documents, for the first-time, increased serum apelin levels in IBD patients. Subgroup analysis failed to demonstrate meaningful associations with disease characteristics. The potential role of serum apelin as a disease marker of IBD and its further associations merit investigation in larger studies.
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Table 1. Demographics and disease characteristics of 104 IBD patients included in the study.
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	IBD Patients

N = 104





	Mean age at diagnosis (±SD)
	42.19 ± 14.25



	Mean age at study entry (±SD)
	56.48 ± 11.24



	Duration of IBD (years)
	15.31 ± 10.08



	Female Gender, N (%)
	30 (28.8%)



	Mean BMI (kg/m2)
	27.82 ± 4.99



	Obesity (BMI > 30)
	31 (29.8%)



	Ever smokers/never smokers
	77 (74%)/27 (26%)



	UC/CD, N (%)
	45 (43.3%)/59 (56.7%)



	CD location, N (%) (N = 59) L1/L2/L3
	26 (44.1%)/7 (11.8%)/26 (44.1%)



	CD behavior, N (%) (N = 59) B1/B2, B3
	35 (59.3%)/24 (40.7%)



	Perianal CD, N (%) (N = 59)
	13 (22%)



	Ε1, Ε2/E3 (UC), N (%) (N = 45)
	21 (13.6%)/24 (55.9%)



	IBD related surgery, N (%)
	19 (18.3%)



	Biologics, N (%)
	64 (61.5%)



	Steroids, N (%)
	86 (82.7%)



	Immunomodulators, Ν (%)
	72 (69.2%)



	Extraintestinal (musculoskeletal), N (%)
	37 (35.6%)



	CVD history, N (%)
	25 (24%)



	Hypertension, N (%)
	41 (39.4%)



	Diabetes Mellitus, N (%)
	11 (10.6%)



	Statins. N (%)
	30 (28.8%)



	Moderate-severe endoscopic activity, N = 98 (%)
	36 (36.7%)



	Elevated CRP
	34 (32.7%)







IBD, Inflammatory bowel disease; SD, standard deviation; BMI, body mass index; UC, ulcerative colitis; CD, Crohn’s Disease; CVD, cardiovascular disease; CRP, C-reactive protein.













 





Table 2. Univariate analysis for mean apelin levels among different study groups, different IBD treatments, and CVD risk factors among all I