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Abstract

BACKGROUND: Obesity is very often accompanied by other diseases such as type 2
diabetes (T2D) or insulin resistance (IR). Appropriate adipose tissue (AT) functioning is
essential to avoid these metabolic disorders. MiRNAs have emerged as key regulators
for multiple signaling pathways in AT and others tissues and could be involved in AT
expandability regulation.

The aim of the study was to analyze the relationship between obesity, T2D, miR-20b,
miR-296, Let-7f and their corresponding target genes.

METHODS:. The expression levels of miR-20b, miR-296, Let-7f and their
corresponding target genes were assessed by real-time quantitative PCR in visceral
(VAT) and subcutaneous (SAT) AT from obese and lean subjects classified according
to their glycemic status, normoglycemic (NG) or T2-D.

RESULT: MiR-20b, miR-296 and Let-7f expression levels in AT were statistically
different between NG and type 2 diabetic (T2-D) subjects. An interaction between
obesity and AT depot was observed, finding that the expression levels of miR-20b,
miR-296 and Let-7f in VAT from T2-D and NG obese subjects were higher than in
SAT. On the other hand, the expression levels of miR-20b, miR-296 and Let-7f in VAT
were higher in NG obese subjects (NG-OB) than in T2-D obese subjects.
CONCLUSION: Taken together our results suggest the potential relationship between
miR-20b, miR-296, Let-7f, obesity and T2D, and highlight that these microRNAs could
be acting on VAT and SAT functionality through the regulation of their target genes
CDKN1A, CX3CL1, HIF1A, PPP2R1B, STAT3 and VEGFA, which are key regulators

of angiogenesis and Wnt signaling pathways.



56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

INTRODUCTION

The prevalence of obesity has increased dramatically in the last decades and is now
considered as a major health problem. In fact, the current epidemic of obesity has been
suggested as the main cause of decreased life expectancy by next ages'. Obesity is very
often accompanied by other diseases such as type 2 diabetes (T2D), insulin resistance

(IR) and cardiovascular complications”.

The mechanisms underlying IR and T2D development are not fully understood. Thus,
there is currently an intense research aiming to understand these mechanisms and
several hypothesis propose AT as a key determinant for metabolic dysregulation™.
Several lines of evidence indicate that the physiopathology of these diseases involves
mechanisms other than fat accumulation. AT is recognized to be highly active metabolic
and endocrine organ, and its normal function is altered in obesity. Thus, accumulating
evidence suggests that AT dysfunction represent primary defects in obesity and may

link obesity to IR and T2D".

Inappropriate angiogenesis may underlie AT dysfunction, which in turn increases T2D
risk®. Vascular endothelial growth factor (VEGF) is one of the most relevant factors
known to play a pivotal role in angiogenesis regulation. Also, Wnt signaling pathway
has been described to contribute to angiogenic process regulation in AT™*, and to be
involved in the regulation of gluconeogenesis and glycolysis’.

MicroRNAs (miRNAs) are small non-coding RNAs involved in RNA silencing'®.
Moreover, miRNAs are described to be involved in the development and function of AT
and thus to be potentials therapeutic molecules in mitigating obesity and its associated'.
The major function of miRNAs in AT is to stimulate or inhibit the differentiation of

adipocytes, and to regulate specific metabolic and endocrine functions'”. Various
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miRNAs have been associated with physiopathological disorders related to obesity such
as oxidative stress, impaired adipogenesis, insulin signaling, apoptosis, angiogenesis,
and inflammation'>". Specifically, miR- 20b, miR-296 and Let-7f have been described
to be involved in the regulation of WNT signaling pathway and angiogenesis through
the regulation of multiple target genes belonging to these pathways'*.

In the present study we set out to analyze the expression levels of miR-20b, miR-296
and Let-7f and of their corresponding target genes in VAT and SAT, and to study the

interaction of these microRNAs, their corresponding target genes with obesity and T2D

MATERIAL AND METHODS

Patients and adipose tissue collection

The study included obese patients (BMI>30kg/m”) undergoing bariatric surgery at the
Virgen de la Victoria University Hospital (Malaga, Spain) and normo weight subjects
(BMI= <30kg/m”) who underwent laparoscopic surgery for hiatus hernia or
cholelithiasis. Participants were classified into four groups according to their BMI and
glycemic status in normoglycemic and normoweight subjects (NG-NW), type 2 diabetic
normoweight subjects (T2-D-NW), normoglycemic obese subjects (NG-OB) and type 2
diabetic obese subjects (T2-D-OB).

World Health Organization (WHO) criteria for T2D diagnosis ((a) random blood
glucose > 200 mg/dl; (b) glycosylated hemoglobin (HbAlc) > 6.5%; (c) blood glucose
after oral glucose overload 75g > 200 mg/dl; (d) fasting glucose after at least 8 hours
fasting > 110 mg/dl) were used to assign participants to the NG or the T2-D groups.
Patients were excluded if they had insulin treatment for T2D, cardiovascular disease in
the 6 months prior to the inclusion in the study, evidence of acute or chronic

inflammatory disease, infectious disease or if patient refused to participate in the study.
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This study was approved by the ethic and research committee of Virgen de la Victoria
University Hospital (Malaga, Spain), and all participants gave their written informed
consent.

Anthropometric and biochemical characteristics of the study groups are shown in
Tablel. Both SAT and VAT were obtained at the beginning of the surgical procedure,
washed in physiological saline, immediately frozen in liquid nitrogen, and stored at

-80°C until analysis.

Laboratory measurements

After an overnight fast and before surgery, blood samples were obtained 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 frozen at -80°C
until analysis. Serum glucose, cholesterol, triglycerides and HDL-cholesterol were
measured in a Dimension autoanalyzer (Dade Behring Inc., Illinois, USA) by enzymatic
methods (Randox Laboratories Ltd., County Antrim, UK and Wako Bioproducts). LDL-
cholesterol was calculated with the Friedewald equation. Insulin was quantified by
radioimmunoassay (BioSource International, California, USA) and insulin resistance
calculated using the homeostasis model assessment of insulin resistance (HOMA-IR) B,
Leptin and adiponectin were analyzed by ELISA kits (Mediagnost, Reutlingen,

Germany).

miRNA isolation and real-time quantitative PCR (QPCR). The miRNA were extracted
from AT fragments using mirVana™ miRNA Isolation Kit (Ambion), according to the
manufacturer’s guidelines. miRNA concentration and purity were determined using a

NanoDrop 1000 spectrophotometer V3.7.1 ¢cDNA was obtained using TagMan®
5
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MicroRNA Reverse Transcription Kit (Applied Biosystems, California, USA) and
specific primers and probes for each miRNA were used (TagMan® MicroRNA Assay,
Applied Biosystems). A constant amount of Sng of miRNA was used to perform reverse
transcription carried out in compliance the proportion as follow: 5 pul RNA: 7 ul RT-
MasterMix: 3 ul RT-primers. End volume 15ul. 2720 Thermal Cycler (Applied
Biosystems). The cycle program consisted of 30 minutes at 16°C, 30 minutes at 42°C
and 5 minutes at 85°C. miRNAs expression levels was assessed by real-time qPCR
using Applied Biosystems 7500 Fast Real-Time PCR System. Relative quantification of
the expression levels was performed by the comparative threshold cycle (Ct) method
according to the manufacturer’s guidelines, and each sample were quantified by
duplicate. Two small noncoding RNA genes (miR-16 and RNU6B) were assessed using
Bestkeeper software to determine their usability as reference genes (http://www.gene-
quantification.de/bestkeeper.html). The BK value found for miR-16 was the best and
was used as the endogenous reference control for all miRNAs assessed in this study.
Commercially available and prevalidated TagMan primer/probe sets used were as
follows: hsa-miR-16 (000391), RNU6B (4373381), hsa-miR-20b (001014), hsa-miR-

296 (000527), hsa-let-7f (000382).

Prediction of putative miRNA target genes

The miRTarBase 4.0 web site (http://mirtarbase.mbc.nctu.edu.tw/) and the miRWalk 2.0
(http://www.umm.uni-heidelberg.de/apps/zmf/mirwalk/index.html) databases were used
for prediction of validated and not validated target genes of the three miRNAs analyzed.
The PANTHER Database (Protein Analysis through Evolutionary Relationship)

Classification System (http://www.pantherdb.org/) and DAVID
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(https://david.ncifcrf.gov/) were applied to annotate the biological process of the
predicted targets.

In order to reduce the false positive target prediction as a high degree of confidence of
miRNA target genes for subsequent analysis, we choose miRNA target genes as
follows:

a) For each miRNA the target genes that were validated in two prediction algorithms.

b) The target genes which were validated in one database and that are common to at
least two studied miRNA.

¢) The not validated target genes which are common to three miRNA.

MRNA isolation and real-time gPCR

Total mRNA was isolated using the RNA Stat 60 Reagent (Ams Biotechnology,
Abingdom, UK). RNA concentration and purity were determined using a NanoDrop
1000 spectrophotometer V3.7.1 (Thermo Scientific, MA, USA).

A constant amount of 1pg of total RNA was reverse transcribed using Transcriptor
reverse Transcriptase kit (Roche Diagnostic, Barcelona, Spain) in a 2720 Thermal
Cycler (Applied Biosystems). Primers used for qPCR reactions are detailed in Table S1.
Primers for qPCR were designed based on NCBI database sequences and examined for
specificity with BLAST software from NCBI website
(http://blast.ncbi.nlm.nih.gov/Blast.cgi). The primers were pre-mixed with Brillant III
Ultra-Fast SYBRGreen QPCR MasterMix (Agilent Technologies, INC. Santa Clara, CA
95051, USA. Ref. 600882) and aliquots of 18 pul were applied to
Mx3000P®/Mx3005PTM 96-Well Tube Plates (Agilent Technologies,INC., Santa
Clara, CA 95051, USA. Cat. 410088). Aliquots of 2 pl cDNA (5ng cDNA/well) was

added in duplicate. Thermal cycling conditions were as follows: 3 min at 95°C and 40

7
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cycles of 15 s at 95°C and 20s at 60°C on a Mx3005P QPCR Systems (Agilent
Technologies, INC.). Negative controls (without template) were included in each assay.
ACt values for each amplified product were determined using a threshold value of 5000.
The threshold cycle (Ct) for Elongation factor 1 alpha (EFla) was subtracted from the
Ct of the target gene to adjust variations in the cDNA synthesis. Bestkeeper software
was used to determine EFla wusability as reference gene (http://www.gene-

quantification.de/bestkeeper.html).

Interaction between microRNAs and differentially expressed target genes in human
AT

The interaction among miR-20b, miR-296, Let-7f, biologic processes and the
differentially expressed target genes were visualized with Cytoscape v.3.2.1 software

(http://www.cytoscape.org/).

Statistical analysis

The results are expressed as means £+ SEM. Data were analyzed by one way analysis of
variance (ANOVA). We tested normality of the distribution of continuous variables
using the Shapiro-Wilk statistics. Pos hoc statistical analysis was performed by using
Bonferroni test. Moreover, data were analyzed by multivariate and univariate general
linear models. The group of diabetes (NG and T2-D), obesity (NW and OB), subject
type (NG-NW, NG-OB, T2-D-OB) and the group of tissue (VAT and SAT) were
introduced as independent variables. The expressions of the studied microRNAs and
target genes were introduced as dependent variables. Differences were considered
statistically significant at p<<0.05. Statistical analyses were carried out with the statistical

software package SPSS (version 22.0; SPSS Inc, Chicago, IL).



203

204

205

206

207

208

209

210

211

212

213

214

215

216

217

218

219

220

221

222

223

224

225

226

227

RESULTS

MiRNA expression levelsin AT.

A general linear multivariate model, including simultaneously the expression of all the
miRNAs studied, showed the existence of statistically significant differences when all
variables are considered as a whole, and are expressed by the intercept of the model
(Wilks' 2=0.330, F=9.486, p=0.001). In addition, an interaction between obesity and
tissue was observed (Wilks' A=0.531, F=4.120, p=0.027), which indicates that the
differences between NW and OB were not the same in VAT and SAT (miR-20b,
p=0.020; miR-296, p=0.022; Let-7f, p=0.009) (Fig. 1A). In addition, differences in the
expression levels of each miRNA separately were analyzed through the univariate
general linear model. Fig. 1A shows that, Let-7f expression levels were significantly
higher in OB compared to NW subjects in VAT (p=0.011). However, no significant
differences in Let-7f expression levels were observed between these two groups in SAT.
Thus, the kind of tissue significantly affected the expression of Let-7f consisting of a

completely different behavior among NW and OB subjects in VAT and SAT (p=0.012).

Prediction of putative target genes of miRNA-20b, miRNA-296, Let-7f and their
Biological functions

Bioinformatic analysis highlighted 7038 putative target genes for miR-20b, miR-296
and Let-7f (Table 2). The criteria followed for target genes election are described in
materials and methods and the new list of predicted target genes included 98 genes
(Table S2). These target genes were introduced in the PANTHER and DAVID

Databases to highlight the biological process in which they are involved (Fig. 1B).
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Analysis of target gene expression levelsin human SAT

The expression levels in SAT of 15 target genes (ECE1, ERBB2, KDR, NAT10, NOS3,
RET, SSSCA1, TNFRSF1B, ZNF512, CDKN1A, CX3CL1, HIF1A, PPP2R1B, STAT3,
VEGFA) were analyzed. An analysis with ANOVA showed statistically significant
differences in mRNA expression levels of CDKN1A (p=0.007), NAT10 (p=0.036), and
SSSCA1 (p=0.039) between NW and OB subjects. On the other hand, CDKN1A
(p=0.009), ECE1 (p=0.028), NOS3 (p=0.041), PPP2R1B (p=0.040) and KDR (p=0.038)
mRNA levels were significantly different between NG and T2-D-OB. Specifically,
CDKNI1A gene expression showed statistically significant differences between NW vs.
T2-D-OB and ECE1l gene expression showed statistically significant differences
between NW vs NG-OB and between NG-OB and T2-D-OB (Fig. 2A). The relationship
between the six target genes and the three miRNAs are shown in Fig.2B. A multivariate
general linear model was used to analyze the expression of all target genes as a whole,
considering at the same time the effect of obesity and diabetes. Thus, an interception
among type of subjects, obesity and diabetes, was observed when six genes are
expressed as a whole (PPP2R1B, NOS3, CX3CL1, NAT10, RET, VEGFA) (Wilks'
2=0.025, F=26.37, p=0.004) (Fig. 2C), indicating that differences in gene expression
between OB and NW subjects are not the same when the glycemic status is taken into
consideration. On the other hand, univariate general linear models served to analyze the
differences in the expression of each of the target gene separately. The analysis between
couples (NW vs. OB subjects) showed a statistically significant difference in obesity;
specifically, obesity significantly decreased the expression of NATI10 (p=0.037,
F=5.955). The analysis between couples (NW vs. T2-D-OB) showed a statistically

significant difference in diabetes; specifically, diabetes significantly increased the

10
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expression of PPP2R1B (p=0.045, F=5.393) and decreased NOS3 expression (p=0.046,
F=5.341).

Fig. 2D summarizes the relationship between the six target genes, the three miRNAs
and their corresponding biological processes. The scheme shows that the relationship
between 296 and the NOS3 and PPP2R1B genes could be involved in the signaling

pathways of the FGF, Wnt and interleukins.

Analysis of target gene expression levelsin human VAT

The expression levels in VAT of 17 target genes (CDKN1A, CX3CL1, HIF1A,
PPP2R1B, STAT3, VEGFA, TNF, MYC, MPP3, DENNDC1, GLUL, GPI, IL1B,
LRRC33, RNASEN, WDR20, ZNF274) were analyzed. An analysis with ANOVA
showed statistically significant differences in mRNA expression levels of GLUL
(p=0.026), GPI (p=0.033) and VEGFA (p=0.037) between NW and OB subjects. On the
other hand, GPI (p=0.028), ZNF274 (p=0.019) and VEGFA (p=0.002) mRNA levels
were significantly different between NG and T2-D-OB. Specifically, CDKN1A, MPP3,
GLUL, IL1B, STAT3, WDR20 and ZNF274 showed statistically differences between
NW and NG-OB; GLUL, GPI and VEGFA between NW and T2-D-OB and CDKN1A,
PPP2R1B, CX3CL1, VEGFA, WDR20 and ZNF274 showed statistically differences
between NG-OB and T2-D-OB (Fig. 3A). The relationship between these eleven target
genes and the three microRNAs are shown in Fig. 3B.

A multivariate general linear model was used to analyze the expression of all target
genes as a whole, considering at the same time the effect of obesity and diabetes. Thus,
an interception among type subjects, obesity and diabetes groups was observed when
seven genes are expressed as a whole (TNF, MYC, IL1B, WDR20, CX3CL1, HIF1A,

GPI) (Wilks' 2=0.022 , F=18.620 , p=0.018 ), indicating that differences in gene

11
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expression between OB and NW subjects are not the same when the glycemic status is
taken into consideration (Fig. 3C).

On the other hand, univariate general linear model served to analyze the differences in
the expression of each target gene separately. The inter-subject effect led to statistically
significant differences in IL1B (p=0.018, F=6.532), GPI (p=0.038, F=4.819), CX3CL1
(p=0.014, F=7.031) and WDR20 (p=0.006, F= 9.771). The analysis between couples is
showed in Table S3. Moreover, the obesity effect (NW vs. OB subjects) led to
statistically significant differences in GPI (p=0.026, F=7.044) and WDR20 (p=0.035,
F=6.159) expression levels. The T2D effect (NW vs. T2-D subject) also led to
statistically significant differences in GPI (p=0.024, F=7.09) and CX3CL1 (p=0.022,
F=7.588) expression levels.

Fig. 3D summarizes the relationship between the seven target genes, three microRNAs
and their corresponding biological processes. The scheme shows that the relationship
between miR-20b and Let-7f and the MYC gene could be involved in the signaling

pathways of the Wnt and interleukins.

Analysis of target gene expression levelsin human SAT and VAT

We have found that CDKNI1A, CX3CL1, HIF1A, PPP2R1B, STAT3, VEGFA are
differentially expressed in VAT and SAT. A multivariate general linear model was used
to analyze the expression of these six genes as whole, considering at the same time the
effect of tissue type, obesity and T2D. An effect of tissue was observed (Wilks'
2=0.194, F=8.973, p=0.001), indicating that differences in gene expression between OB
and NW subjects, from VAT and SAT, are not the same when the glycemic status is
taken into consideration (Fig. 4A). Specifically, the effect of tissue on the interaction of

each target showed the following results: CX3CL1 (p=0.006, F=9.595), CDKN1A

12
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(p=0.000, F=20.850), HIF1A (p=0.028, F=5.714), PPP2R1B (p=0.007, F=9.168) STAT3
(p=0.000, F= 28.115), VEGFA (p =0.000, F=30.384).  Specifically, an inter-subject
effect was observed CX3CL1 (p=0.003, F=5.681), CDKN1A (p = 0.000, F= 13.140),
HIF1A (p=0.079, F=2.391), PPP2R1B (p=0.008, F=4.79) STAT3 (p=0.000, F=9.550)
and VEGFA (p=0.000, F=11.972). The analysis between couples is showed in Table S4.
On the other hand, univariate general linear models served to analyze differences in the
expression of each target gene separately. The analysis between couples, NW vs. OB
subjects showed a statistically significant difference in obesity (Wilks' A=0.153,
F=12.001, p=0.000) (Fig. 4A). In addition, the analysis between couples, also showed a
statistically significant difference in T2D (Wilks' A= 0.438, F=12.001, p = 0.057) (Fig.
4A). Fig. 4B summarizes the relationship between the six target genes, three miRNAs
and their corresponding biological processes. The scheme shows that the relationship
between miR-20b and miR-296 and the PPP2R1B, VEGFA and HIF1A genes could be

involved in the signaling pathways of the Wnt and angiogenesis.

Analysis of target gene expression levels related with miRNAS, obesity and T2D
Concordantly to the proposed roles of these genes our study describes that CDKN1A,
CX3CL1, MPP3, STAT3, VEGFA and ZNF274 in VAT and ECE1 in SAT displayed
high expression levels in obesity, pointing to the potential connection between obesity,
miR-20b and these gene targets. On the other hand, CDKN1A, CX3CL1, VEGFA and
ZNF274 in VAT, and CDKN1A and ECE1 in SAT displayed lower expression levels in
T2-D subjects, pointing to the potential connection between obesity-associated T2D,
miR-20b and expression levels of these target genes.

In accordance with all these data, we observed that the genes CX3CL1, IL1B, MPP3,

VEGFA, WDR20 and ZNF274 in VAT and ECEL in SAT displayed higher expression

13
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levels in obese subjects, pointing to the potential connection between obesity, miR-296b
and these target genes. On the other hand, CX3CL1, GPI, PPP2R1B, VEGFA, WDR20
and ZNF274 in VAT and ECE1, KDR and NOS3 in SAT showed lower expression
levels in T2-D obese subjects, pointing to the potential relationship between T2D, miR-
296 and these target genes.

Moreover, GLUL in VAT and SSSCA1 and NAT10 in SAT had low expression levels in
both metabolically healthy and T2-D obese subjects, suggesting the potential connection
between obesity, T2D, miR-296 and these genes. Moreover, our results showed that
CDKN1A, MPP3, STAT3 y ZNF274 displayed high expression levels in the VAT of
obese subjects, pointing to the potential relationship between obesity, Let-7f and these
target genes. GPI and ZNF274 displayed low expression levels in AT from T2-D obese
subjects, pointing to the potential connection between T2D, Let-7f and these two gene
target. Moreover, GLUL displayed low expression levels in AT from both metabolically
and T2-D obese subjects, suggesting the possible relationship between obesity, T2D,

Let-7f and GLUL.

DISCUSSION

The present study shows, for first time, an influence of obesity and T2D on the
expression of miR-20b, miR-296 and Let-7f in human VAT and SAT. Concordantly,
target genes of these miRNAs were also differentially regulated in obesity and T2D
depending on the AT depot. These target genes are related to different biological
processes relevant for AT physiology which reinforce the putative role of these
miRNAs in the regulation of AT function and the maintenance of metabolic

homeostasis.
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It has been shown that miRNA expression in AT is related to fat depots, to the

16,17
', Some

parameters of AT morphology, to obesity and to glucose metabolism
miRNAs has also been involved in the regulation of preadipocyte proliferation and
differentiation in obese subjects compared to leans ''°. In accordance with our results,
it has been described that miR-296 is involved in the regulation of Ovine AT
functionality and that diet could affect its expression level in both SAT and VAT,

To our knowledge, till the date there are no studies that describe expression levels of
miR-20b, miR-296 and Let-7f in human VAT and SAT in relation to obesity and T2D.
Our results suggest the potential relationship between miR-20b, miR-296 and Let-7f
and obesity. In accordance with our suggestion, Shi and co-authors have highlighted the
potential connection between Let-7f and adipogenesis in relation to obesity and
associated metabolic alterations®'. Moreover, other study has shown that placenta and
plasma miR-296 levels could be related to gestational obesity*

Other study has described that miR-20b expression levels decreased in SAT with weight
loss induced by hypocaloric diet and exercise®. Our results also suggest the existence of
a potential relationship between miR-20b, miR-296 and Let-7f and T2D. In accordance
with this suggestion, it has been described that circulating Let-7f overexpression is
related to insulin secretion and T2D in rodent™. Other study carried out in carotid artery
plaques has described the protective effect of Let-7 family regulating the inflammatory
response associated to T2D?. Moreover, miR-20b, miR-296 and Let-7f have been
described to be biomarkers for obesity or T2D in rodents. Concretely, Let-7f has been
related to obesity and weight loss in rodents, showing that circulating Let-7f decreased
in high fat diet fed rodents and increased in obese rodents that reduced their
bodyweight*®. Other studies have identified miR-20b as a biomarker of T2D, because it

showed lower expression levels in the plasma of diabetic subjects compared to healthy
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individuals®’. Circulating miR-20b has also been described to be highly expressed in IR
subjects in a study carried out by Flowers and co-authors®, whilst other study has
described the contrary trend showing that circulating levels of this miRNA were lower
in T2D subjects compared to healthy individuals®

Importantly, miR- 20b, miR-296 and Let-7f have been described to be involved in the
regulation of WNT signaling pathway and angiogenesis through the regulation of
multiple target genes belonging to these pathways®’~'=***3%  Specifically, it has been
described that PPP2R1B, MYC and TNF are key regulators of WNT signaling pathway
and HIF1A, VEGFA and STAT3 are the key regulators of angiogenesis and VEGF
signaling pathway.

CDKN1A and MYC have been described to be involved in adipocyte proliferation and
differentiation in relation to obesity’ ~®; CX3CL1, ECEL, STAT3 and TNF are related to
obesity and T2D-associated inflammation®”-38-3%40-11.41 HIF1A, KDR and VEGFA are
related to IR and obesity-associated angiogenesis’**** and ZNF274 has been described
to be involved in the epigenetic regulation of non-alcoholic hepatic steatosis associated
with obesity and IR**. MPP3 has been described to be associated to cell adhesion and
extracellular matrix restructuration of the epithelial cells and in osteosarcoma cells®.
NAT10 has been showed to be involved in apoptosis pathways*.

GLUL, IL1B and TNF have been described to be associated to inflammation and insulin
signaling pathway in relation to obesity, IR and T2D*"**4%4! . GP| and NOS3 are
related to AT vascularity in obesity and T2D*; PPP2RIB is associated to cellular
connection™, to apoptosis’' and to Wnt pathwaysz. It has also been described that RET
is involved in the regulation of cellular proliferation™*, and that WDR20 is likely
associated with apoptosis in renal cell carcinoma®. Our study showed that the

expression levels of these genes depend on the presence of obesity and diabetes and
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thus, support the hypothesis that there is a connection between miR-20b, miR-296 and
Let-7f, obesity and T2D through the regulation of these target genes.

In conclusion, our results suggest the potential relationship between miR-20b, miR-296,
Let-7. These microRNAs could be acting together on VAT and SAT functionality
through the regulation of their target genes CDKN1A, CX3CL1, HIF1A, PPP2R1B,
STAT3 and VEGFA which are key regulators of angiogenesis and Wnt signaling

pathways.
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FIGURE LEGENDS

Figure 1. A. Analysis of miRNA gene expression in human VAT and SAT: miRNAs
were extracted from VAT and SAT (n= 12). The gene expression was measured by
gPCR and relative quantification of the expression levels was carried out with the
comparative threshold cycle (Ct) method. miR-16 was used as endogenous control. Data
are expressed as means + SEM and were submitted to multivariate and univariate
general linear models introducing 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 obesity group NW( NG and Diabetic) vs. OB (NG and Diabetic). §
p< 0.05 for the difference in tissue group (VAT vs. SAT). § p< 0.05 for the interaction
between Obesity and tissue. C. Bioinformatic analysis: a total of 98 putative target
genes for miR-20b, miR-296 and Let-7f were introduced in PANTHER and DAVID

databases to annotate the biological process in which they are involved.

Figure 2. A. Differentially expressed target genes in human SAT. mRNA was extracted
from SAT (n=12). The CDKN1A, SSSCA1, NAT10, ECE1, NOS3 and KDR expression
levels was measured by qPCR and relative quantification of the expression levels was
carried out with the comparative threshold cycle (Ct) method. EFla was used as
endogenous control. Samples were quantified in duplicate and data are expressed as
means £ SEM. * p< 0.05 and ** p<0.01 according to ANOVA test and Bonferroni’s pos
hoc test; # p< 0.05 for the difference in obesity group NW vs. OB and + p< 0.05 for the
difference in diabetes group, NG vs. D-OB. B. Interaction network between miRNAs
and differentially expressed target genes in human SAT was created using Cytoscape
software. This network is made of gray nodes for miR-20b, miR-296 and Let-7f, and

white nodes for each regulated target gene. Edges shown interaction between miRNAs
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and target genes that were differentially expressed in SAT in relation to obesity and type
2 diabetes. C. A multivariate general linear model including simultaneously the
expression of six target genes was performed as described in material and methods. o p
< 0.05 interception of model. D. Interaction network between miRNAs and target genes
were created using Cytoscape software. This network is made of gray nodes for miR-
20b, miR-296 and Let-7f and white nodes for each regulated target gene. Edges shown
interaction between miRNA and target genes that were differentially expressed in
human SAT and their biological function (Forward Slash: Inflammation; Equal Dash:
Angiogenesis; Sinewave: Wnt via; Dots: FGF signaling; Solid: Interleukin Signaling;

Parallel Lines: Ribosome Biogenesis; Dash Dots: MAPK cascade).

Figure 3. A. Differentially expressed target genes in human VAT. mRNA was extracted
from VAT (n=12). The CDKN1A, SSSCA1, MPP3, GLUL, PPP2R1B, GPI, CX3CL1,
VEGFA, IL1B, STAT3, WDR20 and ZNF274 expression levels was measured by qPCR
and relative quantification of the expression levels was carried out with the comparative
threshold cycle (Ct) method. EFla was used as endogenous control. Samples were
quantified in duplicate and data are expressed as means = SEM. * p< 0.05 and **
p<0.01 according to ANOVA test and Bonferroni’s pos hoc test; # p< 0.05 for the
difference in obesity groups NW vs. OB and + p< 0.05 for the difference in diabetes
groups, NG vs. D-OB. B. Interaction network between miRNAs and differentially
expressed target genes in human SAT was created using Cytoscape software. This
network is made of gray nodes for miR-20b, miR-296 and Let-7f, and white nodes for
each regulated target gene. Edges shown interaction between miRNAs and target genes
that were differentially expressed in SAT in relation to obesity and type 2 diabetes. C. A

multivariate general linear model including simultaneously the expression of seven
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target genes was performed as described in material and methods. o p<0.05 interception
of model. D. Interaction network between miRNAs and target genes were created using
Cytoscape software. This network is made of gray nodes for miR-20b, miR-296 and
Let-7f and white nodes for each regulated target gene. Edges shown interaction between
miRNA and target genes that were differentially expressed in human SAT and their
biological function (Forward Slash: Inflammation; Equal Dash: Angiogenesis;
Sinewave: Wnt via; Solid: Interleukin Signaling; Separate Arrow: Apoptosis;

Contiguous Arrow: Glycolisis; Zigzag: Phosphoprotein).

Figure 4. A. Differentially expressed target genes in human SAT and VAT. CDKN1A,
CX3CL1, HIF1A, PPP2RI1B, STAT3 and VEGFA are expressed in both tissues (SAT and
VAT) as shown in Fig. 2 and 3. A multivariate general linear model, including
simultaneously the expression of these six target genes in SAT and VAT, was
performed as described in material and methods. # p<0.05 for the difference in obesity
groups (NW vs. OB). fp< 0.05 for the difference in tissue groups (VAT vs. SAT).
+p<0.05 for the difference in diabetes (NG vs. D-OB). B. Interaction network between
miRNAs and target genes were created using Cytoscape software. This network is made
of gray nodes for miR-20b, miR-296 and Let-7f. White nodes for each regulated target
gene. Edges shown interaction between miRNA and target genes that were differentially

expressed in SAT and VAT and their biological function.
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Table 1. Anthropometric and biochemical characteristics of the study groups.

NG-NW (n=7)  D-NW (n=3) NG-OB (n=7) D-OB (n=7)
BMI (kg/m? 22.00+0.46%" 2500+0.32%¢ 3397+270°  41.33+3.36°
Age(years) 42.29+452%  64.00+2.00° 4583+ 5.89 52.00 + 5.69
Waist (cm)  80.14 +2.84° 87.67+1.20 105.83+5.09°  86.43+23.77
Hip (cm) 94.14+312° 10033+1.76 11467+6.71°® 85.86+2253
Glucose
90.57+3.12% 17533+19.92% 9200+6.249 121.29+13.00¢
(mg/dL)
HOMA-IR 1.44 +0.28 2.60 + 0.525 2.18 + 0.45 2.40 + 0.61
Cholesterol
18943+ 1371 228.67+31.17 197.67+1422 210.14+16.35
(mg/dL)
Triglycerides
73.71+968% 163.67+21.88% 106.00+ 14.06  104.29 + 8.29
(mg/dL)
HDL-c
62.71+ 4.00° 51.00+3.46  47.33+3.84%>% 5800+3.82¢
(mg/dL)
LDL-c
116.89+ 10.92 121.00+2122  1345+1060 12543 +12.92
(mg/dL)

Donors (n = 24) were selected according to BMI and glycemic state. Data are expressed
as the mean £ SEM. Comparison among groups was performed by Mann-Whitney U
test. Different superscript letters represent statistically significant differences between
groups (p<0.05). BMI: body mass index, HOMA index: homeostasis model assessment

index; NG-NW: normoglycemic normoweight subjects; D-NW: diabetic normoweight

subjects; NG-OB: normoglycemic-Obese subjects; D-OB: diabetic obese subjects.



1 Table 2. Bioinformatic analysis highlighted 7038 putative target genes for miR-20b,

2 miR-296 and Let-7f.

_ Validated No Validated
MIRNA miRTarBase miRWalk miRWalk Tot
20b 17 25 2163 2205
Let-7f 88 28 1244 1360
296 191 92 3190 3473
Total 296 145 6597 7038
Selected 73 25 98
Total analyzed genes Total differencial expression
SAT 15 12
VAT 17 14
SATVAT 32 6

w

4  MiRTarBase 4.0 and miRWalk 2.0 databases were used for prediction of target genes
5 for miR-20b, miR-296 and Let-7f. A selection of them highlighted 98 putative
6 candidates and the expression level of 32 target genes were analyzed in VAT and SAT

7 by gPCR anaysis.
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