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Differential micro-RNA expression in diabetic patients with abdominal aortic aneurysm

Keywords: micro-RNA, diabetes, abdominal aortic aneurysm, biomarkers

Objectives:

The potential implication of micro-RNAs (miRs) in the negative association between diabetes and abdominal aortic aneurysm (AAA) has so far never been addressed. The aim of this study was to compare miR expression between diabetic and non-diabetic patients with AAA.

Methods: Ten diabetic patients were prospectively included and compared to 10 age-and sexmatched non-diabetic patients with infrarenal AAA. A profiling analysis of 752 human miRs was performed from peripheral blood mononuclear cells (PBMCs) using miRCURY LNA Universal RT microRNA PCR (Exiqon-Qiagen®). miR that showed significant differential expression (P <0.05) were selected and further analyzed in the entire cohort in sera, plasma and aneurysmal aortic tissues.

Results: Four miRs were significantly differentially expressed in PBMCs of diabetic patients compared to non-diabetics: 3 were upregulated (miR-144-3p, 20a-5p and 188-3p) and 1 downregulated (miR-548k). miR-144-3p and miR-548k were also increased in aneurysmal tissue and miR-20a-5p was increased in serum. The expression of miR-20a-5p in PBMCs was correlated with fructosamine concentration (r=0.62, p=0.006).

Conclusions:

Even if further studies are required to determine their direct role in AAA, these miRs could represent interesting new targets.

Key messages:

-The molecular mechanisms underlying the negative association between diabetes and AAA are poorly understood.

-This study identified three miRs (miR-144-3p, 20a-5p and 188-3p) differentially expressed between diabetic patients and non-diabetic patients with AAA in peripheral blood mononuclear cells, and some of them were also differentially expressed in the serum and in the aneurysmal aortic tissue.

-These miRs could represent interesting new targets.

Introduction

Abdominal aortic aneurysm (AAA) is most often associated with atherosclerosis and cardiovascular risk factors [START_REF] Nordon | Pathophysiology and epidemiology of abdominal aortic aneurysms[END_REF][START_REF] Moll | Management of abdominal aortic aneurysms clinical practice guidelines of the European society for vascular surgery[END_REF]. The main pathophysiological features involve inflammatory cell infiltration, extracellular matrix (ECM) remodeling, impairment of vascular smooth muscle cell homeostasis as well as intraluminal thrombus formation [START_REF] Shimizu | Inflammation and cellular immune responses in abdominal aortic aneurysms[END_REF][START_REF] Raffort | Monocytes and macrophages in abdominal aortic aneurysm[END_REF]. Molecular pathways involved are complex and micro-RNAs (miRs) have emerged as major regulators of gene expression and have been shown to play key roles in AAA formation [START_REF] Raffort | Micro-RNAs in abdominal aortic aneurysms: insights from animal models and relevance to human disease[END_REF][START_REF] Iyer | A systematic review investigating the association of microRNAs with human abdominal aortic aneurysms[END_REF]. Patients with AAA present a differential miR expression profile in aneurysmal aortic tissue as well as in plasma and serum compared to controls [START_REF] Raffort | Micro-RNAs in abdominal aortic aneurysms: insights from animal models and relevance to human disease[END_REF][START_REF] Maegdefessel | Inhibition of microRNA-29b reduces murine abdominal aortic aneurysm development[END_REF][START_REF] Biros | microRNA profiling in patients with abdominal aortic aneurysms: the significance of miR-155[END_REF][START_REF] Maegdefessel | miR-24 limits aortic vascular inflammation and murine abdominal aneurysm development[END_REF]. In addition, experiments in animal models have unraveled the role of the deregulated miRs, some being protective, and others having a pathogenic effect on AAA development [START_REF] Raffort | Micro-RNAs in abdominal aortic aneurysms: insights from animal models and relevance to human disease[END_REF][START_REF] Maegdefessel | Inhibition of microRNA-29b reduces murine abdominal aortic aneurysm development[END_REF][START_REF] Maegdefessel | miR-24 limits aortic vascular inflammation and murine abdominal aneurysm development[END_REF][START_REF] Kim | Prevention of abdominal aortic aneurysm by anti-microRNA-712 or anti-microRNA-205 in angiotensin II-infused mice[END_REF][START_REF] Boon | MicroRNA-29 in aortic dilation: implications for aneurysm formation[END_REF].

Intriguingly, epidemiological studies identified a negative association between diabetes and AAA [START_REF] Pafili | Abdominal aortic aneurysms and diabetes mellitus[END_REF][START_REF] Rango | Effects of diabetes on small aortic aneurysms under surveillance according to a subgroup analysis from a randomized trial[END_REF][START_REF] Weiss | Review of prevalence and outcome of vascular disease in patients with diabetes mellitus[END_REF][START_REF] Xiong | Association between diabetes and prevalence and growth rate of abdominal aortic aneurysms: A meta-analysis[END_REF]. While diabetes represents a major cardiovascular risk factor, it appears to exert a protective effect on AAA formation [START_REF] Pafili | Abdominal aortic aneurysms and diabetes mellitus[END_REF][START_REF] Raffort | Diabetes and aortic aneurysm: current state of the art[END_REF]. The identification of the molecular and cellular pathways responsible for this protection could lead to innovative therapeutic approaches. The potential implication of miRs in the inverse association between diabetes and AAA has never been addressed so far. The aim of this pilot study was to compare miR expression between diabetic and non-diabetic patients with AAA.

Material and methods

Study population

Twenty men with AAA were prospectively included in the Department of Vascular Surgery at the University Hospital of Nice between June and December 2016. Ten diabetic patients were included and compared to 10 age-and sex-matched non-diabetic patients. The study was approved by the institutional local ethics committee and was conducted in conformity with the Declaration of Helsinki. This study involves a previously published clinical cohort [START_REF] Lareyre | Investigation of Plasma Inflammatory Profile in Diabetic Patients With Abdominal Aortic Aneurysm: A Pilot Study[END_REF][START_REF] Lareyre | Association of abdominal aortic aneurysm diameter with insulin resistance index[END_REF]. All patients were informed and gave written consent. Inclusion criteria were men between 50 and 80 years with infrarenal AAA. Aneurysms caused by specific etiologies including infectious, genetic or auto-immune diseases were excluded. Diabetes was defined based on medical records and the use of antidiabetic drugs. All diabetic patients suffered from the type 2 form of the disease, were treated with oral anti-diabetic drugs and none required insulin treatment. The characteristics of the patients were prospectively collected and included age, sex, the presence of cardiovascular risk factors, treatments, fasting glycemia, fructosamine, insulin and C-peptide concentrations. The aneurysmal diameter was systematically determined using the CT-scan images. Data were collected using manuscript and electronic medical records, as well as a computer software program (Clinicom®). Imaging data were recorded and extracted from the Picture Archiving and Communication System (PACS®) multiple modalities software.

Sample collection

For all patients, the venipuncture was performed at in-hospital admission. Blood samples were collected in Vacutainer® tubes with serum separator gel and clot activator and in tubes coated with EDTA after 8 to 12 hours fasting. They were centrifuged at 20°C for 10 minutes at 2200 rpm. Sera and plasma were aliquoted and immediately stored at -80°C until further use. Peripheral blood mononuclear cells (PBMCs) were isolated by Ficoll density gradient centrifugation from 10 mL of venous blood using Histopaque (Sigma®). Briefly, blood was diluted in phosphate buffer saline (PBS) containing EDTA, overlaid onto Histopaque, centrifuged at 2200 rpm for 25 min at room temperature. Mononuclear cell fraction was harvested and washed 3 times in PBS. Final pellet was immediately snap frozen and stored at -80°C. Full thickness aortic wall tissue specimens were collected in patients who underwent open surgical repair. Tissues were harvested at the site of maximal aneurysmal dilatation, were immediately snap-frozen in liquid nitrogen and stored at -80°C.

RNA extraction

The aortic tissues were pulverized using beads and shaker. For aortic tissue and PBMCs, total RNAs were isolated using Trizol® reagent (Invitrogen). For serum and plasma, total circulating RNA was extracted using miRNeasy® Mini Kit (Qiagen), according to the manufacturer's instructions. RNA quality control was performed using Nanodrop 2000 (Thermofisher scientific).

miR expression

A profiling analysis was performed from PBMCs of diabetic and non-diabetic patients (n=3 per group) and 752 human micro-RNAs were screened using miRCURY LNA Universal RT microRNA PCR, panel I and II V4 (Exiqon-Qiagen®). Panel I was designed by the manufacturer and contains high-priority miR primer sets. These miRNAs are generally more highly expressed, more likely to be differentially expressed in disease or more often cited in the literature. Panel II contains primer sets for the most important miRs not available on Panel I (19). The screening was carried out by Exiqon. Sample quality was checked using the cDNA synthesis control (UniSp6) added during the reverse transcription and analysing the Ct levels obtained for miR-103, 23a, 30c, 451 and 142-3p. Fold changes for RT-PCR were calculated according to the method of 2-delta-delta Ct. miR that showed significant differential expression in PBMCs between diabetics and non-diabetics were selected and further analyzed in the entire cohort in PBMCs, plasma, sera (n=10 per group) and aneurysmal tissue. miR expression was quantified using miRCURY LNA Universal RT microRNA PCR (Exiqon Qiagen®) according to the manufacturer's instructions. qPCRs were performed on a 7500HT Fast Real-Time PCR System (Applied Biosystems). miR expression was normalized to U6 snRNA together with 5S rRNA and RNU5G. Relative expression was calculated using the 2delta-delta Ct method followed by geometric average.

Statistical analysis

Results for continuous variables were expressed as median (interquartile ranges) and compared with the Mann-Whitney test. Categorical variables were expressed as number of patients and percentage and compared with the Fisher's exact test. Correlations were determined by non-parametric univariate linear regression (Spearman's rank test). A twosided P value <0.05 was considered as significant. Statistical analyses were performed using GraphPad Prism® software (version 7.00, La Jolla California USA).

Results

A screening was performed comparing miR expression in PBMCs between age-and sexmatched diabetic and non-diabetic patients with AAA (n=3 per group, Supplemental Table S1). Among the 752 human miRs screened, 275 were detected in all samples and the average number of assays detected per sample was 340 (Supplemental Figure S1-A). Sample quality was checked and samples were comparable with similar raw Ct values obtained for UniSp6, miR-103, 23a, 30c, 451 and 142-3p (Supplemental Figure S1-B). The profiles obtained for each sample were compared and illustrated in Figure 1. The heat map, the volcano plot and the principal component analysis indicated that samples formed weak clusters between diabetic and non-diabetic patients based on miR expression in PBMCs. Four miRs were identified as significantly differentially expressed in diabetic patients compared to non-diabetics: 3 were upregulated (miR-144-3p, miR-20a-5p, miR-188-3p) and 1 downregulated (miR-548k) (Table 1).

The expression of the 4 miRs identified was further validated in 10 diabetic patients with AAA compared to 10 non-diabetic patients with AAA. The median values of AAA diameters were respectively 49 mm and 50 mm, p=0.7244. Treatments did not significantly differ among the groups and all diabetic patients were treated with oral anti-diabetic drugs. General characteristics of the study population including the age and the presence of cardiovascular risk factors were similar among the groups (Table 2). The upregulation of miR-144-3p, miR-20a-5p, and miR-188-3p expression previously observed in diabetic patients with AAA was confirmed on the PBMCs of this cohort, whereas no significant difference was observed for miR-548k (Figure 2 To investigate factors influencing the upregulation of miRs identified in PBMCs of diabetic patients, the association between glycaemic parameters and miR expression was analysed in the whole cohort using Spearman's correlation coefficient (Table 3). The expression of miR-20a-5p in PBMCs was significantly correlated with fructosamine concentration (r=0.62, p=0.006). No significant correlation was observed between glycaemic parameters and miR-144-3p or miR-188-3p expression. At last, other factors that could potentially impact on miR expression were investigated including the age and the AAA size. No significant correlation was found between miR expression in PBMCs and the age of patients or AAA diameter (Supplemental table S2).

Discussion

This pilot study reports for the first time a comparison of miR expression between diabetic and non-diabetic patients with AAA. We found a significant upregulation of miR-144-3p, 20a-5p and 188-3p in PBMCs of diabetic patients. The level of miR-144-3p and miR-548K was significantly increased in aneurysmal tissue of diabetic subjects, while the expression of miR-20a-5p was significantly higher in their serum.

Several studies have addressed the expression of miR-144 in the setting of diabetes. miR-144 was expressed in PBMCs of diabetic patients and was one of the miR commonly shared between patients with type 1, type 2 and gestational diabetes mellitus [START_REF] Collares | Identifying common and specific microRNAs expressed in peripheral blood mononuclear cell of type 1, type 2, and gestational diabetes mellitus patients[END_REF]. A meta-analysis of controlled profiling studies further revealed that miR-144 has been found upregulated in blood and in muscle of type 2 diabetic patients compared to non-diabetics [START_REF] Zhu | Identification of microRNA biomarkers in type 2 diabetes: a metaanalysis of controlled profiling studies[END_REF]. Furthermore, plasma level of miR-144 in type 2 diabetic patients was higher in Swedes than in Iraqis, suggesting that its expression in circulating blood could be related to ethnicity [START_REF] Wang | Determination of 14 circulating microRNAs in Swedes and Iraqis with and without diabetes mellitus type 2[END_REF]. Taken together, these results are concordant with our findings of an upregulation of miR-144-3p in PBMCs and aneurysmal tissue of diabetic patients. No significant difference was observed in plasma and serum. This could potentially be due to the small cohort studied which may have limited the statistical power of the analysis. To the best of our knowledge, the expression and the role of miR-144-3p in AAA has never been investigated so far. Several studies highlighted its role in vascular homeostasis through regulation of hematopoiesis and vascular development [START_REF] Su | MiR-144 regulates hematopoiesis and vascular development by targeting meis1 during zebrafish development[END_REF], and regulation of contractile differentiation of smooth muscle cells [START_REF] Turczynska | Stretch-sensitive down-regulation of the miR-144/451 cluster in vascular smooth muscle and its role in AMP-activated protein kinase signaling[END_REF]. Moreover, miR-144 has been identified as a potential regulator of transforming growth factorβ (TGF-β) signaling pathway during liver fibrosis [START_REF] Liu | miR-144 regulates transforming growth factor-beta1 iduced hepatic stellate cell activation in human fibrotic liver[END_REF]. Even if further studies are required, these cellular and molecular pathways are potentially relevant for AAA pathogenesis and could be involved in the negative association between diabetes and AAA.

We found that miR-20a-5p level was higher in PBMCs and serum of diabetic patients with AAA compared to non-diabetics. In addition, the expression of miR-20a-5p in PBMCs positively correlated with fructosamine concentration. As fructosamine reflects the average glycemic status over the preceding 2 to 3-week period [START_REF] Nansseu | Fructosamine measurement for diabetes mellitus diagnosis and monitoring: a systematic review and meta-analysis protocol[END_REF], these results suggest that miR-20a-5p expression is partly modulated by mid-term glucose homeostasis. Fructosamine measurement has the advantage to be quick, technically simple, inexpensive and not affected by red blood cell diseases [START_REF] Koga | Usefulness of glycated albumin as an indicator of glycemic control status in patients with hemolytic anemia[END_REF][START_REF] Danese | Advantages and pitfalls of fructosamine and glycated albumin in the diagnosis and treatment of diabetes[END_REF]. Glycated haemoglobin A1c (HbA1c) is another parameter daily used in clinical practice to evaluate the average blood glucose levels over a 3-month period [START_REF] Diabetes | Diagnosis and classification of diabetes mellitus[END_REF]. It would be of interest to further investigate if a negative association is also observed between HbA1c concentration and miR-20a-5p expression.

Circulating miR-20a-5p has been studied in the context of diabetes and was found to be increased in patients with gestational diabetes mellitus compared to controls [START_REF] Zhu | Profiling maternal plasma microRNA expression in early pregnancy to predict gestational diabetes mellitus[END_REF]. miR-20a expression in abdominal aortic aneurysmal tissue was increased compared to ascending normal aorta [START_REF] Kin | Tissue-and plasma-specific MicroRNA signatures for atherosclerotic abdominal aortic aneurysm[END_REF], and its level in plasma inversely correlated with AAA diameter [START_REF] Zampetaki | Role of miR-195 in aortic aneurysmal disease[END_REF]. Its precise mechanistic effect in AAA pathogenesis is still unknown but several studies highlighted its role in angiogenesis [START_REF] Doebele | Members of the microRNA-17-92 cluster exhibit a cell-intrinsic antiangiogenic function in endothelial cells[END_REF][START_REF] Deng | Vascular endothelial growth factor suppresses TNFSF15 production in endothelial cells by stimulating miR-31 and miR-20a expression via activation of Akt and Erk signals[END_REF]. Its overexpression in endothelial cells impaired sprouting, suggesting an anti-angiogenic action [START_REF] Doebele | Members of the microRNA-17-92 cluster exhibit a cell-intrinsic antiangiogenic function in endothelial cells[END_REF]. However, another study revealed that miR-20a was induced upon vascular endothelial growth factor (VEGF) treatment in endothelial cells and contributed to VEGF-induced angiogenic responses [START_REF] Suarez | Dicer-dependent endothelial microRNAs are necessary for postnatal angiogenesis[END_REF], underlining a complex effect on angiogenesis. As neoangiogenesis is a key-mechanism in AAA development and progression to aortic rupture [START_REF] Choke | Abdominal aortic aneurysm rupture is associated with increased medial neovascularization and overexpression of proangiogenic cytokines[END_REF], the upregulation of miR-20a observed in diabetic patients could potentially have a protective role in the disease. Furthermore, the role of miR-20a in vascular remodeling has been exemplified in the hypoxia-induced mouse model of pulmonary hypertension [START_REF] Brock | AntagomiR directed against miR-20a restores functional BMPR2 signalling and prevents vascular remodelling in hypoxia-induced pulmonary hypertension[END_REF]. In that study, the treatment of mice with antagomiR-20a reduced wall thickness of small pulmonary arteries and reduced right ventricular hypertrophy. In vitro experiments further revealed that transfection of antagomiR-20a in human pulmonary arterial smooth muscle cells reduced their proliferation. Thus, miR-20a could also affect AAA pathogenesis through the regulation of vascular smooth muscle cell homeostasis.

Our results also showed increased expression of miR-188-3p in PBMCs of diabetic patients with AAA. A previous study identified miR-188 in the neck biopsies of patients with AAA [START_REF] Biros | microRNA profiling in patients with abdominal aortic aneurysms: the significance of miR-155[END_REF]. Another experimental study revealed an upregulation of miR-188 in the left ventricle of diabetes-induced rats [START_REF] Lopes | mRNA-miRNA integrative analysis of diabetes-induced cardiomyopathy in rats[END_REF]. Its expression and its role in the setting of diabetes and aneurysm pathology have been so far poorly investigated. Further studies are required to determine whether miR-188-3p is a simple marker or a player in the inverse association observed between diabetes and AAA.

At last, miR-548k was identified to be deregulated in PBMCs of diabetic patients with AAA in the screening population, but not in the entire cohort, and was significantly overexpressed in the aneurysmal tissues. It is possible that the size of the cohort used for the validation may have limited the statistical power of the analysis. Further studies on larger cohorts would be of interest.

Several investigators compared miR expression between aortic tissue and levels in plasma or serum [START_REF] Biros | microRNA profiling in patients with abdominal aortic aneurysms: the significance of miR-155[END_REF][START_REF] Kin | Tissue-and plasma-specific MicroRNA signatures for atherosclerotic abdominal aortic aneurysm[END_REF][START_REF] Stather | Identification of microRNAs associated with abdominal aortic aneurysms and peripheral arterial disease[END_REF]. Interestingly, the miRs differentially expressed did not always vary in a similar trend between aortic tissue and circulating blood. The origin of circulating miRs is not fully understood. Circulating miRs can origin from cellular degradation or from release in distinct extracellular vesicles including microparticles or exosomes [START_REF] Wang | Export of microRNAs and microRNA-protective protein by mammalian cells[END_REF]. The profiling of extracellular miRs associated with vesicles is different from the pattern obtained from vesiclefree miRs and differences can also be observed between plasma and serum [START_REF] Wang | Export of microRNAs and microRNA-protective protein by mammalian cells[END_REF][START_REF] Wang | Comparing the MicroRNA spectrum between serum and plasma[END_REF]. Only a few studies have investigated so far exosomal miR profiles in patients with aortic aneurysm [START_REF] Gallo | On the prospect of serum exosomal miRNA profiling and protein biomarkers for the diagnosis of ascending aortic dilatation in patients with bicuspid and tricuspid aortic valve[END_REF][START_REF] Akerman | Elevated Wall Tension Leads to Reduced miR-133a in the Thoracic Aorta by Exosome Release[END_REF]. Circulating miRs measured in blood could come from a wide range of tissues and cell subsets. Hence, variation of miRs in plasma, serum or extracellular vesicles is not systematically similar to variations in aortic tissue. To the best of our knowledge, this is the first study to investigate miR profile in AAA in the context of diabetes. Our results indicated a similar variation in diabetic patients with AAA of miR-144-3p in aneurysmal tissue and in PBMCs and of miR-20a-5p in PBMCs and in serum. The pathways responsible for the deregulation of miR expression in aortic samples and blood in diabetic patients with AAA need to be further investigated and potential links have to be identified.

Based on the results of this study, several perspectives can be suggested. First, our results were obtained in a small cohort of patients, which may have limited the statistical power of the analysis. Further confirmation in a larger cohort would be of interest. Such approach would allow subgroup analysis and would be of interest to precisely determine which factors in diabetic patients are involved in the modification of miR expression. The pathophysiological mechanisms underlying differential miR expression in diabetic patients with AAA remain to be determined. Our results indicated that hyperglycemia may be involved in the modification of miR-20a-5p in PBMCs. It is possible that other metabolic alterations associated with diabetes (i.e. inflammation, insulin resistance, lipotoxicity) may be involved in the modification of miR expression observed in diabetic patients with AAA. In addition to diabetes itself, epidemiological studies have demonstrated a negative association between the use of antidiabetic drugs including metformin, sulfonylurea and thiazolidinedione [START_REF] Thompson | An analysis of drug modulation of abdominal aortic aneurysm growth through 25 years of surveillance[END_REF][START_REF] Hsu | Association between use of oral-antidiabetic drugs and the risk of aortic aneurysm: a nested case-control analysis[END_REF]. Antidiabetic treatment can modify miR pattern [START_REF] Liu | miR-144 regulates transforming growth factor-beta1 iduced hepatic stellate cell activation in human fibrotic liver[END_REF][START_REF] Santovito | Plasma exosome microRNA profiling unravels a new potential modulator of adiponectin pathway in diabetes: effect of glycemic control[END_REF][START_REF] Ortega | Profiling of circulating microRNAs reveals common microRNAs linked to type 2 diabetes that change with insulin sensitization[END_REF]. Whether the differential miR expression profile observed in diabetic patients with AAA is attributed to the disease itself, to associated metabolic alterations or to antidiabetic drugs remain to be determined. In vitro studies would be of interest to address these questions.

Second, the role of these miRs in AAA development remains to be determined. Thanks to the use of computational algorithms, it is possible to predict miR targets. We previously published that the plasmatic expression of tumor necrosis factor ligand superfamily member 14 (TNFSF14) was higher in diabetic patients with AAA compared to non-diabetics [START_REF] Lareyre | Investigation of Plasma Inflammatory Profile in Diabetic Patients With Abdominal Aortic Aneurysm: A Pilot Study[END_REF].

Interestingly, TNFSF14 appears as predicted target of miR-20a-5p and miR-188-3p using three computational algorithms (miRWalk, RNA22 and Targetscan) (48). A potential association could exist between the modulation of the expression of this inflammatory marker and the modulation of miR-20a-5p and miR-188-3p expression. Experimental validation of miR target would be necessary in order to confirm the miR/ mRNA interaction and investigate the miR effect on TNFSF14 expression and its biological function [START_REF] Kuhn | Experimental validation of miRNA targets[END_REF]. Finally, it would be worth to address the role of miRs identified on AAA development using miR modulation. miR modulation consists in overexpressing a specific miR using a miR-mimic or in inhibiting its expression with an antago-miR [START_REF] Van Rooij | Toward microRNA-based therapeutics for heart disease: the sense in antisense[END_REF][START_REF] Krutzfeldt | Silencing of microRNAs in vivo with 'antagomirs[END_REF]. In vitro studies using miR modulation on PBMCs or monocytic cell lines would be of interest to investigate if these miRs are involved in pathways relevant for AAA such as extracellular matrix remodeling or inflammation. In addition, experimental animal models of AAA have been developed over the past few years, some of which mimicking closely the human pathophysiology [START_REF] Senemaud | Translational Relevance and Recent Advances of Animal Models of Abdominal Aortic Aneurysm[END_REF][START_REF] Lareyre | Glycaemic parameters miR-144-3p miR-20a-5p miR-188-3p Fasting glycaemia (mmol/L) Fructosamine (µmol/L) C-peptide (nmol/L) Insulin (mU/L) r= -0.21, p= 0.47 r= 0[END_REF]. In vivo injections of antago-miRs can be performed in these models to explore the role of miR-144-3p, 20a-5p and 188-3p on AAA expansion and rupture and determine their potential contribution to the protective effect of diabetes on AAA formation.

Conclusion

To the best of our knowledge, this is the first study to compare miR expression between diabetic and non-diabetic patients with AAA. Values are standard deviation (SD) across the groups, followed by average normalized Ct values for each group and fold change between the two groups.

PBMCs: peripheral blood mononuclear cells

  .A). No difference was observed in plasma (Figure 2.B). The expression of the 3 validated miRs was further investigated in plasma, serum and aneurysmal tissue. Expression of miR-20a-5p was significantly upregulated in the serum of diabetic patients compared to non-diabetics (Figure 2.C); miR-144-3p and miR-548k were significantly upregulated in the aneurysmal tissue (Figure 2.D).

Figure 1 :

 1 Figure 1: Screening of miR expression in PBMCs (n=3 per group)

Figure 2 :

 2 Figure 2: miR relative expression in diabetic and non-diabetic patients with AAA.

Table 1 :

 1 Identification of miR significantly differentially expressed between PBMCs from diabetic and non-diabetic patients with AAA (n=3 per group)

	Tables						
	miR name	SD PBMC	SD PBMC non-	Average dCt PBMC	Average dCt PBMC	Fold change	P value
		diabetic	diabetic	diabetic	non-diabetic		
	hsa miR-548k	0.27	0.18	-4.8	-3.5	-2.5	0.0034
	hsa miR-144-3p	0.77	0.71	3.5	1.5	4.1	0.028
	hsa miR-20a-5p	0.0023	0.068	5.4	5.2	1.2	0.034
	hsa miR-188-3p	0.37	0.40	-3.2	-4.2	2.0	0.038
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Three miRs (miR-144-3p, 20a-5p and 188-3p) were significantly upregulated in PBMCs of diabetic patients, and miR-144-3p and miR-548k were also increased in aneurysmal tissue, while expression of miR-20a-5p was higher in serum. Even if their role in AAA formation and progression remains to be determined, they could represent new therapeutic targets.

Further studies are required to investigate the mechanisms behind the differential expression of those miRs in diabetic patients with AAA, and determine their direct role in AAA formation and progression.
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