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Abstract: Background: The course of obesity and type 2 diabetes (T2D) development is highly de-

pendent on adipose tissue (AT) angiogenesis. Moreover, angiogenic microRNAs (miRNAs) play 

pivotal role in AT functionality. The aim of this study was to analyze the relationship of the human 

AT miR-221-3p/222-3p cluster and their regulatory network with obesity and T2D. Methods: miR-

221-3p/222-3p and their target genes (TG) expression levels were measured in visceral and subcuta-

neous ATs from patients classified according to their BMI and to their glycemic status with a high 

degree of insulin resistance (IR) and T2D. In silico analyses of miR-221-3p/222-3p and their TGs were 

performed to identify relevant signaling pathways. Results: A multivariate analysis, including the 

simultaneous expression of miR-221-3p and miR-222-3p as dependent variables, showed significant 

differences considering the variables; tissue depot, obesity, IR and T2D altogether as independent 

variables. In addition, miRNAs and their TGs were differentially expressed according to obesity 

degree, glycemic status, and AT depot type. Our in silico analysis showed that miR-221-3p/222-3p 

cluster TGs are mostly involved in angiogenesis, WNT signaling pathway and apoptosis. Conclu-

sion: These findings suggest that the miR-221-3p/222-3p cluster and their related regulatory net-

works could represent tangible targets for the management of obesity and associated metabolic dis-

orders. 
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1. Introduction 

Obesity has increased considerably in recent decades and is a huge public health prob-

lem [1]. Obesity is generally accompanied by other metabolic diseases, such as type 2 

diabetes (T2D), insulin resistance (IR), fatty liver and cardiovascular diseases. Dysfunc-

tional adipose tissue (AT) has extensively been involved in the development of these 

obesity-associated comorbidities [2, 3]. 

AT is a highly dynamic endocrine tissue contributing to metabolic homeostasis [4]. 

The role of AT as energy storage is crucial for maintaining lipid homeostasis and avoiding 

ectopic fat accumulation [5]. Nonetheless, when it becomes severely dysfunctional and 

expands inappropriately to store the energy excess, AT leads to metabolic alterations as-

sociated with obesity such as insulin resistance and T2D [6,7]. This dysfunction is due to 

its vascularization (angiogenesis) decrease, hypoxia increase, and inflammation [8,9]. 
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Thus, angiogenesis is considered a key process for healthy AT expansion under chronic 

overnutrition conditions which prevents hypoxia and allows for the correct supply of nu-

trients to cells [10,11].  In this regard, it has been proposed that the onset of AT dysfunc-

tion is essentially determined by its capacity to store excess energy, rather than by its size. 

Thus, there is an inter-individual variability in AT expandability and remodeling which 

determines whether the metabolically healthy status is maintained or not [12]. This would 

explain the existence of metabolically healthy obese subjects and lean subjects with meta-

bolic disease [10,12-15].  

microRNAs (miRNAs), small non-coding RNAs that regulate gene expression, have 

recently gained interest due to their role in the development of fat cells as well as in obe-

sity and metabolic disorders [16]. Several studies have shown that the expression of miR-

NAs in preadipocytes (miR-221, miR-125b, miR-34a, miR-100, miR-130b, miR-210 and 

miR-185) is altered in obesity [17]. Also, our group has recently reported the dysregulation 

of several AT miRNAs in T2D and obesity, including miR-20b, miR-296, and Let-7f [18], 

and the involvement of others (miR21) in AT functionality regulation [19].  

miR-221-3p and miR-222-3p are well described to be primarily involved in angiogen-

esis by controlling multiple angiogenic genes [12]. These miRNAs have been related to 

metabolic diseases in AT and as biomarkers [12, 20-22]. In addition, miR-221 and miR-222 

have been described to be novel diagnostic, prognostic and therapeutic biomarkers in var-

ious diseases including cancer and inflammatory diseases [23] and have been found to be 

upregulated in insulin resistance and certain types of cancer [24]. 

It has also been proposed that a complex miRNA regulatory network may be con-

trolling AT functionality, and that miRNA expression profile alteration could be contrib-

uting to AT dysfunction related to T2D [24]. However, the mechanisms underlying the 

involvement of these miRNAs in AT regulation remain to be well determined. Taking into 

consideration the relevant role that the miR-221-3p/ 222-3p cluster can have in maintain-

ing AT homeostasis, the present work aims is to analyze the relationship of this cluster 

and its target gene network in human AT with obesity and T2D 

2. Materials and Methods 

2.1. Patients, study design and AT collection  

The study included obese patients with a body mass index (BMI) = 30-40 Kg/m2 and 

normal-weight subjects (BMI = 20-25 Kg/m2) who underwent laparoscopic surgery for hi-

atus hernia or cholelithiasis (BMI<40 Kg/m2) at the Virgen de la Victoria University Hos-

pital (Málaga, Spain).  

The criteria to assign participants to the different groups were as follows: normogly-

cemic (NG) with blood glucose levels after at least 8 hours of fasting ≤ 110 mg/dl and with 

homeostatic model assessment for IR (HOMA-IR) ≤3.5); IR those with glycemia ≤ 110 

mg/dl and HOMA-IR> 4 and T2D with glycemia > 110 mg/dl and HOMA-IR> 4. Then, 

participants were classified into five groups according to their BMI, HOMA-IR, and gly-

cemic status in NG-normoweight subjects (NG-NW), NG-obese subjects (NG-OB), NG-

obese subjects with IR (IR-OB), T2D-normoweight subjects (D-NW) and T2D-obese sub-

jects (D-OB).  The exclusion criteria were, patients who had insulin treatment for T2D, 

prior cardiovascular disease, acute or chronic inflammatory disease or infectious disease, 

patients who refused to participate in the study and patients who had a HOMA-IR be-

tween 3.5-4.   

Both SAT and VAT tissue samples were obtained during the surgical procedure from 

abdominal and omental regions, respectively. Biopsies were washed in physiological sa-

line solution, promptly frozen in liquid nitrogen and stored at -80ºC until assays. All par-

ticipants provided written informed consent and the study was reviewed and approved 

by the Ethics and Research Committee of the Virgen de la Victoria University Hospital 

(Málaga, Spain). 

2.2. Laboratory analysis  
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After an overnight fast and before surgery, blood samples were obtained from hu-

man subjects from the antecubital vein and placed in vacutainer tubes (BD vacutainer™). 

The serum was separated by centrifugation for 10 min at 4000 rpm and immediately fro-

zen at -80ºC until analysis. Serum glucose, cholesterol, triglycerides, and HDL-cholesterol 

levels were measured in a Dimension auto-analyzer (Dade Behring Inc., Illinois, USA) by 

enzymatic methods (Randox Laboratories Ltd., County Antrim, UK). LDL-cholesterol was 

calculated with the Friedewald equation. Insulin was quantified by radioimmunoassay 

(BioSource International, California, USA) and IR was calculated using HOMA-IR as pre-

viously described [25]. 

2.3. miRNA extraction and real-time quantitative PCR (qPCR) 

miRNAs from AT were isolated as previously described [18] using mirVana™ 

miRNA Isolation Kit (Ambion life technologies, Carlsbad, CA, USA), according to the 

manufacturer’s guidelines. miRNA concentration and purity were determined using a 

NanoDrop1000 spectrophotometer (Thermo Fischer Scientific, Inc., MA, USA). cDNA was 

obtained using the TaqMan® MicroRNA Reverse Transcription Kit (Applied Biosystems, 

CA, USA) and specific primers and probes for each miRNA were used (TaqMan® Mi-

croRNA Assay, Applied Biosystems): has-miR-221-3p (assay ID 000524); hsa-miR-222-3p 

(assay ID 002276). hsa-miR-16 (TaqMan® MicroRNA Assay ID 000391; Applied Biosys-

tems) was assessed using the Bestkeeper software to determine their usability as reference 

gene (http://www.gene-quantification.de/bestkeeper.html) and used as the endogenous 

control. A constant amount of 5 ng of miRNA was used to perform reverse transcription 

in a mix containing 5μl RNA, 7μl RT-MasterMix and 3 μl RT-primers. The reverse tran-

scription program consisted of 30 min at 16ºC, 30 min at 42ºC, and 5 min at 85ºC. miRNA 

expression levels were assessed by real-time qPCR using Applied Biosystems 7500 Fast 

Real-Time PCR System (Applied Biosystems, CA, USA). Each sample was assessed in du-

plicate and relative quantification of miRNA levels was performed by the comparative 

threshold cycle (Ct) method according to the manufacturer’s guidelines. 

2.4. mRNA isolation and qPCR  

The RNeasy® Lipid Tissue Mini Kit (Qiagen, Washington, MD, USA) was used to 

isolate total mRNA from AT [18]. RNA concentration and purity were determined using 

a NanoDrop1000 spectrophotometer (Thermo Fischer Scientific, Inc.,). cDNA synthesis 

was obtained with Transcriptor Reverse Transcriptase Kit (Roche Diagnostic, Barcelona, 

Spain) according to the manufacturer’s instructions and the real-time qPCR performed 

with TaqMan™ Fast Advanced Master Mix (Applied biosystems. Thermo Fisher Scien-

tific. Seville, Spain) in a StepOne™ Real-Time PCR System (Applied Biosystems).   

The reference gene (Cyclophilin A) was selected using Bestkeeper software 

(http://www.gene-quantification.de/bestkeeper.html). Probes used for mRNA detection 

are detailed in Table S1. Each sample was assessed in duplicate and relative quantifica-

tion of mRNA levels was performed by the formula 2-ΔCt according to the manufacturer’s 

guidelines. 

2.5. Bioinformatic analysis 

The miRTarBase 4.0 website (http://mirtarbase.mbc.nctu.edu.tw/) was used for iden-

tifying previously validated TG of miR-221-3p and miR-222-3p. Moreover, the miRWalk 

2.0 (http://www.umm.uni-heidelberg.de/apps/zmf/mirwalk/index.html) database was 

also used for identifying predicted miR-221-3p and miR-222-3p TGs involved in angio-

genesis, adipogenesis and apoptosis pathways. The PANTHER Database (Protein ANal-

ysis Through Evolutionary Relationship) Classification System (http://www.pan-

therdb.org/) was applied to annotate the signaling pathways of validated target genes. 

GeneCodis3 (http://genecodis.dacya.ucm.es) was applied for enrichment analysis of vali-

dated and non-validated target genes. 
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The interactions among miRNAs, biological processes and the differentially ex-

pressed TGs were visualized with Cytoscape v.3.2.1 software (http://www.cyto-

scape.org/).  

The binding sites of miR-221-3p and miR-222-3p within the selected TGs were pre-

dicted using TargetScan Human 7.2 which indicates the conservation force (according to 

the position of the seed region), the evolutionary conservation, and binding efficiency.  

2.6. Statistical analysis 

The results are expressed as the mean ± SEM. We tested the normality of the distri-

bution of continuous variables using Shapiro-Wilk statistics.  Data were analyzed by 

Mann Whitney U-test or Student’s t-test for non-parametric or for parametric data, respec-

tively. Multivariate general linear and regression models were used for data analysis as 

follows: (a) The obesity, T2D, type of AT depot and different patients’ groups were intro-

duced as independent. (b) The expression levels of miR-221-3p and miR-222-3p or TGs 

were introduced as dependent variables.  Associations between age and miRNA expres-

sion levels were analyzed using Pearson's correlation. Statistical analyses were carried out 

with the statistical software package SPSS (version 22.0; SPSS Inc., Chicago, IL, USA). P-

value < 0.05 was considered statistically significant. 

3. Results 

3.1. Patient characteristics 

The anthropometric and clinical variables of the study subjects are summarized in 

Table 1.  

We found differences in age between diabetic and normoglycemic lean patients. 

However, Bivariate correlation analyses did not show significant differences between 

miR-221-3p (R=0.054; p=0.800) or miR-222-3p (R=0.161; p=0.453) expression levels in VAT 

or SAT and the patient’s age. 

3.2. Human miR-221-3p and miR-222-3p expression profiles and their association with obesity, 

T2D and AT depot 

A general linear multivariate model, including the interception, was performed 

among miR-221-3p and miR-222-3p expression levels as dependent variables, and tissue 

depot, obesity degree and glycemic status as independent variables. Thus, it was able to 

show the discriminative power of variables. These differences are expressed by the inter-

ception of the model (Wilks'λ=0.301, F=17.425, p<0.0001). Specifically, a tissue depot effect 

was observed (p=0.036 for miR-221-3p and p=0.019 for miR-222-3p) and obesity effect 

(p=0.024 for miR-221-3p and p= 0,057 for miR-222-3p). In addition, an interaction effect 

between obesity and tissue depot was observed (p=0,041 for miR-221), particularly be-

tween healthy obese (p=0.043) and diabetic obese (p=0.049) subjects when compared with 

healthy normoweight subjects.   

To further analyze the impact of obesity, type of tissue and T2D on the expression of 

miRNAs, linear regression models were used. We included the expressions of each 

miRNA as dependent variables in separate models, and obesity, type of tissue and T2D as 

independent variables. The regression model for miR-221-3p (R2 = 0.541; F=5.215; p=0.036) 

suggested that 54% of the variation in the expression of miRNA-221 could be explained 

by the positive effect of obesity (β = 0.421; p=0.032) and by the negative effect of tissue (β= 

-0.387; p= 0.047) (Figure1). The regression model for miR-222-3p (R2=0.477; F=6.841; 

p=0.019) suggested that 48% of the variation in miRNA-222-3p  expression may be ex-

plained by the negative effect of tissue (β = -0.473; p= 0.015) (Figure1). These results indi-

cate that, in the presence of both obesity and T2D, the expression levels of miR-221-3p and 

miR-222-3p are tissue-dependent (Figure 1). 

3.3. In silico analysis of miRNA-221-3p/222-3p TGs  
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The in silico analysis with miRTarBase highlighted 911 validated TGs for miR-221-3p 

and miR-222-3p, of which, 53 were common TGs for these two miRNAs (Table 2 and Ta-

ble S2). Signaling pathways analysis with PANTHER showed that miR-221-3p and miR-

222-3p TGs are mainly involved in angiogenesis, apoptosis, inflammation, adipogenesis, 

PDGF, interleukin and the Wnt signaling pathways (Figure 2A). Moreover, analysis with 

miRWalk showed that 17 predicted TGs for the mature sequences of both miR-221-3p and 

miR-222-3p are involved in angiogenesis, apoptosis and adipogenesis (Table 2 and Table 

S2). 

3.4. Annotation enrichment analysis of miR-221-3p/222-3p TGs 

GeneCodis3 was used for enrichment analysis. A total of 24 TGs (Validated:7; pre-

dicted:17) were highlighted and three of them (DVL2, ETS, IL1rap), related to angiogene-

sis and apoptosis signaling pathways, have the best score and specificity (Figure 2B). Fig-

ure 2C shows how these TGs could be interacting in these pathways. 

3.5. Identification of binding sites of miRNAs within TGs 

Most miRNA bind to mRNA through canonical sites, but some miRNAs bind 

through non-canonical sites. However, they are not equally effective [26]. The TargetScan 

Human tool allows for the detection of binding sites, with a precision of site-recognition 

predictions that was reported to be comparable to in vivo approaches [26]. The value of 

the context++ score percentile measures the effectiveness of each binding site.  In addi-

tion, the biological relevance of predicted miRNA–target interactions, is measured 

through the probability of conserved targeting (PCT) [27]. The PCT value has a range be-

tween 0 and 1 (less or more conserved, respectively, and conserved sites are more likely 

to have detectable biological functions [27]. Our results showed that miR-221-3p has ef-

fective binding sites within ETS1, DVL2 and IL1RAP (context++ score percentile: 70%, 65% 

and 94%, respectively) as well as miR-222-3p (context++ score percentile: 72%, 70% and 

94%, respectively). Furthermore, the PCT value that indicates the probability of segmen-

tation being conserved for a single target site [27] showing a value of 0.10, which indicates 

evolutionary conservation (Table S3). 

3.6. ETS1, DVL2 and IL1RAP gene expression in human VAT and SAT according to the obesity 

degree and IR and the glycemic status  

A general linear multivariate model, including the interception, was performed 

among expression levels of DVL2, ETS1 and IL1RAP as dependent variables, and tissue 

depot, obesity degree and IR, and glycemic status as independent variables. Thus, it was 

able to show the discriminative power of variables. These differences are expressed by the 

interception of the model (Wilks'λ=0.301, F=48.417, p<0.0001), tissue depot (Wilks'λ =0.484, 

F=7.814, p=0.001), obesity degree (Wilks'λ =0.465, F=8.440, p=0.001) and IR degree (Wilks'λ 

=0.261, F=20.747, p=0.0001). Specifically, a tissue depot effect was observed for IL1RAP 

(p=0.004), an obesity degree effect for DVL2 (p=0.0001) and ETS1 (0.026), an IR degree ef-

fect for DVL2 (p=0.0001) and ETS1 (0.001), an interaction effect between tissue depot and 

obesity degree for DVL2 (p=0.001) and an interaction effect between tissue depot and IR 

degree for DVL2 (p=0.0001) and ETS1 (p=0.003) (Figure 3). 

To further analyze the impact of obesity degree and IR, type of tissue and glycemic 

status in the expression of TGs we used linear regression models. We included the expres-

sions of each TG as dependent variables in separate models, and obesity degree and IR, 

AT type, and glycemic status as independent variables. The first regression model (R2= 

0.459; p=0.002) demonstrated that 46% of the variation in the expression of DVL2 could be 

explained by the positive effect of obesity (β=0.513; p=0.006) and by the negative effect of 

IR (β= -0.829; p= 0.0001). The second regression model (R2= 0.321; p=0.029) suggested that 

32% of the variation in the expression of ETS1 could be explained by the negative effect of 

IR (β= -0.738; p= 0.003). The third regression model (R2= 0.364; p=0.013) suggested that 36% 
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of the variation in the expression of IL1RAP could be explained by the negative effect of 

tissue (β= -0.590; p= 0.0001)  (Figure 3A). 

Figure 3B summarizes the potential relationships between ETS1, DVL2, IL1rap, miR-

221-3p/222-3p and the biological processes in which they are involved. The interaction 

network suggested that the miR-221-3p/222-3p cluster could coordinately regulate angio-

genesis, apoptosis and Wnt signaling pathway through the modulation of their common 

TGs, such as ETS1, DVL2 and IL1rap 

3.7. Expression and Regulatory Patterns of miRNAs/mRNAs 

Figure 4 shows that, in the presence of both obesity and T2D factors, the expression 

levels of both members of the miR-221-3p/222-3p cluster showed a similar pattern of reg-

ulation miRNA/mRNA in both VAT and SAT (Figure 4). Thus, in VAT, an under-expres-

sion of the miR-221-3p / 222-3p cluster was related to an up-regulation of ETS1, DVL2 and 

Il1RAp, whilst in SAT, an overexpression of the cluster was related to downregulation of 

these three genes.  

4. Discussion 

Our results showed that the expression levels of miR-221-3p and miR-222-3p are tis-

sue-dependent and they are related to both obesity and T2D. Consistent with our findings, 

miR-221-3p has been shown to be involved in promoting AT inflammation [28.29] and, 

together with miR-222-3p, contributes to cardiovascular pathology through their effects 

on fat and glucose metabolism [30] and is  related to fat depots, obesity, IR and T2D [20]. 

Although our data conforms with these previous findings, our study provides novel evi-

dence that miR-221-3p/222-3p cluster expression in human AT could be related to obesity 

and fat depot when IR and T2D were considered. To the best of our knowledge, this is the 

first study that describes a possible connection between obesity, IR, T2D and the  miR-

221-3p/222-3p cluster expression in human VAT and SAT. This relation could be mediated 

through some signaling pathways involved in AT functionality regulation.  

Our bioinformatic study highlighted 24 TGs common for both miR-221-3p and miR-

222-3p. Three of them; E26 transformation specific-1 (ETS1), Dishevelled 2 (DVL2) and 

Interleukin 1 Receptor Accessory Protein (IL1RAP) were described to play a pivotal role 

in regulating AT functionality through angiogenesis, apoptosis, and Wnt signaling path-

ways control.  

DVL is a cytoplasmic adaptor protein necessary for Wnt signaling and functions in 

canonical signaling branches to regulate cell proliferation and cell fate decision. Whereas 

noncanonical Wnt signaling controls cell polarity, cell migration and some other events 

related to the Wnt signaling pathway [31].  

ETS1 is the older member of the ETS transcriptional factor family known to be in-

volved in cellular differentiation, tissue remodeling, angiogenesis, drug resistance and tu-

morigenesis. Although usually regarded as an oncogene, its apoptosis-promoting activity 

has also been reported [32].  

The IL-1 family is a group of cytokines that play a central role in the regulation of 

immune and inflammatory responses [33]. Interleukin-1 is a key inflammatory cytokine 

that mediates its effects through a type I receptor and a receptor accessory protein. These 

two molecules are members of a wider family of proteins that have in common the pres-

ence of immunoglobulin domains in the extracellular region of the protein and a TIR do-

main in the cytoplasmic region [34]. 

The three TGs of these miRNAs showed differential expression profiles depending 

on obesity, IR and AT depots when glycemic status was considered.  

miR-221-3p and miR-222-3p have been shown to be involved in the regulation of 

apoptosis, WNT signaling pathway and angiogenesis by regulating several TGs [35-38]. 

Specifically, ETS1 and DVL2 are known to be key regulators of the WNT signaling path-

way and angiogenesis [39,40], whilst IL1RAP is described as key regulators of apoptosis 

[41]. 
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In a metabolic disease such as T2D IR, IL1RAP has been described to be involved in 

the macrophage-mediated chronic inflammatory response [33]. In AT, the inflammatory 

response is mostly mediated by infiltrated macrophages that play a relevant role in con-

trolling its functionality [42] and thus we consider that, in human AT,  IL1RAP  would 

play a relevant role in macrophages-mediated inflammatory processes regulation. 

In the present study, even if both miR221 and miR-222 are known to usually perform 

their regulation jointly, as they are part of the same cluster, we analyzed their expression 

levels in relation to obesity and fat depot, considering at the same time the three variables: 

obesity, T2D, and AT depot. Thus, the multivariate analysis highlights that 54% and 47% 

of expression level of each one, respectively, are affected positively by obesity and nega-

tively by the type of tissue. These data confirm that the involvement of miR221/miR-222 

cluster in AT regulation should be studied considering the interaction of the two miRNAs 

(miR221 and miR-222) within tissue. In this regard, Kabekkodu has reported [43], that 

members of a miRNA group present different expression levels and co-expression pat-

terns indicating the possible existence of miRNA-miRNA interactions between groups 

and intra-groups, and that the expression of each miRNA within the same group depends 

on the expression of other cluster members.  

Moreover, we here describe that in human AT DVL2 expression level is fat depot and 

obesity dependent, which is in line with other previous data relating this gene to insulin 

sensibility [44], and we provide new data pointing to the fact that ETS2 and IL1RAP ex-

pression levels seem to be also related to fat depot and IR. Altogether, our data suggest 

that the miR-221-3p/222-3p cluster could be regulating AT functionality through DVL2, 

ETS1 and IL1RAP regulation during obesity and T2D.  

Finally, it is important to highlight that the most novel research of this study is ap-

plying multivariate analysis to investigate the interactions among the both ATs, VAT and 

SAT, the miR-221-3p/222-3p cluster and to identify their common potential TGs in silico. 

We were able to prioritize three common TGs (ETS1, DVL2 and IL1RAP), which showed 

significantly different expression profiles in both VAT and SAT in patients with obesity 

and T2D. Furthermore, the binding site prediction analysis provided additional valuable 

data that confirm direct regulation of miR-221-3p and miR-222-3p into gene-regulatory 

networks of ETS1, DVL2 and IL1RAP concerning to obesity and T2D.  

5. Conclusion  

The relationship among obesity, T2D, miR-221-3p/222-3p cluster and their TGs 

(ETS1, DVL2 and IL1RAP) represent a promising line of future research to determine the 

role of this network in AT functionality regulation in both T2D and obesity. These findings 

are expected to serve as a platform for drug development for both diseases. 
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Figure legends 

Figure 1. Expression profiles of the miR-221-3p/222-3p cluster in human VAT and SAT. miRNAs VAT (n=12) and 

SAT (n=12) gene expression levels were measured by qPCR, and relative quantification of the expression levels was 

carried out with the comparative threshold cycle (Ct) method. Has-miR-16 was used as an endogenous control. Data 

are expressed as the mean ± SEM and were submitted to multivariate general linear models with groups of tissue (VAT 

vs. SAT), diabetes (NG vs. type 2 diabetic subjects) and obesity (NW vs. OB) as independent variables. ‡ p<0.05 for the 

difference in tissue group.  

Figure 2. Bioinformatic analysis. A.  A total of 53 validated TGs, which are common genes for miR-221-3p and miR-

222-3p were analyzed with PANTHER to highlight the signaling pathway in which they are involved. B. A total of 24 

TGs, 7 validated and 17 non-validated, involved in adipogenesis, angiogenesis and apoptosis pathway were introduced 

in GeneCodis3 for enrichment analysis which highlighted 3 TGs involved in angiogenesis and apoptosis pathways. C. 

An interaction network was created using Cytoscape software. This network has white nodes for pathways and grey or 

black nodes for TGs. Edges show the miRNA involved in the interaction between TGs and their biological functions 

(solid: miR-221-3p and miR-222-3p; sinewave: miR-221-3p; equal dash: miR-222-3p). 

Figure 3. A. mRNA expression levels of ETS1, DVL2 and IL1RAP in human VAT and SAT. Gene expression levels 

were measured from VAT and SAT of NG-NW, NG-OB, IR-OB and D-OB groups. The data are expressed as the mean 

±SEM. A multivariate general model was used for statistical analysis (‡ p<0.05 for the difference in tissue group). B. 

Interaction network between miRNAs, TGs, and pathways. An interaction network was created using Cytoscape 

software. This network has grey nodes for miRNAs and black nodes for TGs. Edges show the pathways involved in the 

interaction between TGs and miRNAs (dash: apoptosis; sinewave: angiogenesis; dots: Wnt signaling pathway). 
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Figure 4. Expression and Regulatory Patterns of miRNAs/mRNAs. An interaction network was created to show the 

expression and regulatory pattern of the miR-221-3p/222-3p cluster/ETS1, DVL2, IL1RAP. This network has green 

hexagons for under-expressed miRNA, red hexagons for over-expressed miRNA, green ellipse for down-regulated 

mRNA and red ellipse for up-regulated mRNA. 
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TABLES  

Table 1. Anthropometric and biochemical characteristics of the study groups.  

 

  NG-NW 

(n=7) 

D-NW 

 (n=3) 

NG-OB 

(n=7) 

IR-OB 

(n=4) 

D-OB 

 (n=7) 

BMI (kg/m2) 22.74 ± 0.46 

a, b, g 

25.00 ± 

0.32 a, f 

34.57 ± 2.04 

b 

36.02 ±  

2.98 

37.49 ± 2.52 f, 

g  

Age (years) 43.43 ± 4.40 a 64.00 ± 

2.00 a 

48.00 ± 4.47 47.5 ±  

6.74 

50.14 ± 7.26 

Sex (Man/Woman) 4/3 1/2 4/3 2/2 3/4 

      

Glucose (mg/dL) 
89.14 ± 3.20 

a, g 

153.67 ± 

29.55 a 

96.17 ± 3.84 

d 

99 ± 

 1.47 e 

128.64 ± 3.36 

d, e, g 

 HOMA-IR  1.43 ± 0.14 g 2.60 ± 0.52 

f 

1.97 ± 0.43 c, 

d 

5.14 ± 

 0.57 c 

7.09 ±  

1.26 d, f, g 

Cholesterol 

(mg/dL) 

179.43 ± 

7.73 
228.67 ± 

31.17 

171.67 ± 

12.37 c 

218.25 ± 

15.77 c 

182.14 ± 

11.66 

Triglycerides 

(mg/dL) 
75.00 ± 

13.08 a, g 

163.67 ± 

21.88 a 

80.86 ± 

11.51 c, d 

156.25 ± 

23.79 c 

175.93 ± 

29.74 d, g 

HDL-c (mg/dL) 
53.14 ± 6.11  51.00 ± 

3.46 

49.50 ± 5.92  44.25 ± 

2.53 

39.36 ± 3.91  

LDL-c (mg/dL) 
111.71 ± 

11.14 

121.00 ± 

21.22 

91.74 ± 

17.59 c 

140.53 ± 

13.34 c 

118.81 ± 

11.62 
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Donors (n=28) were classified according to BMI, HOMA-IR, and glycemic state. Data are expressed as the mean ± SEM. 

Comparison between groups was performed by the Mann-Whitney U test, if the data is not a normal (Gaussian) 

distribution or Student’s t test, if the data is a normal (Gaussian) distribution. Different superscript letters represent 

statistically significant differences between groups (p<0.05) as follows: a: D-NW versus NG-NW; b: NG-OB versus NG-

NW; c: IR-OB versus NG-OB; d: D-OB versus NG-OB; e: D-OB versus IR-OB; f: D-OB versus D-NW; g: D-OB versus 

NG-NW. BMI: body mass index, HOMA-IR: homeostasis model assessment index; NG-NW: normoglycemic 

normoweight subjects; D-NW: diabetic normoweight subjects; NG-OB: normoglycemic subjects with obesity; IR-OB: 

normoglycemic with insulin resistance and obesity; D-OB: diabetic subjects with obesity. HDL-c: HDL-cholesterol; LDL-

c: LDL-cholesterol. 

 

Table 2. Bioinformatic analysis. 

 Validated 

genes 

Predicted 

genes 

Total 

miRNA miRTarBase  miRWalk  

miR-221 467 16 483 

miR-222 444 14 458 

TOTAL 911 30 941 

COMMON 53 14 67 

ENRICHMENT 

ANALYSIS 

7 17 24 

SELECTED 1 2 3 

miRTarBase 4.0 database was used to find validated miR-221-3p and miR-222-3p TGs.  miRWalk 2.0 was used to 

identify predicted miR-221-3p and miR-222-3p TGs. GeneCodis3 was used for enrichment analysis. A total of 24 

putative candidates were highlighted and the expression levels of 3 TGs (DVL2, ETS, IL1RAP) with the best score and 

specificity were analyzed in VAT and SAT samples by qPCR analysis.   
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FIGURE 1 

 

FIGURE 2 
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FIGURE 3 

 

FIGURE 4 
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