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ABSTRACT
Insulin resistance (IR) is type 2 diabetes’ hallmark. MiRNAs regulate many target genes that makes
them attractive candidates for regulating insulin production, secretion and action. Therefore, we
anticipate a change in the circulatory profile of miRNAs in IR subjects compared to normal glucose
tolerance subjects. In thepresent study,we sought to identify the circulatingmiRNAs associatedwith
IR as biomarkers in Qatari population. The circulating miRNA profile was assessed in a pilot study of
healthy volunteers (n = 22)whose insulin sensitivitywas quantitatedby euglycemic hyperinsulemic
clamp. Moreover, in the validation phase (n = 40) subjects were added including lean and obese
T2D. MiR-186 showed a consistent significant increase in insulin resistance subjects compared to
NGT in the discovery and validation phase analysis. In addition, intergroup comparison of circulating
miRNApinpointed 2miRNAs: MiR-122 increased substantially in obese T2D subjects, with diagnostic
value to predict obesity in T2D subjects, and let-7b increased significantly in lean T2D subjects. Our
results suggest that circulating miRNAs serve as biomarkers for IR, T2D and obesity in Qatari popu-
lation. Further functional studies are warranted to better identify the targets of these miRNAs and
understand the underlying molecular and cellular mechanisms.
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Background

The worldwide incidence of insulin-resistance (IR)
ranges between 15.5% and 46.5% among adults, and
it varies across countries (Fahed et al. 2020). The epi-
demiologic evaluation of IR is assessed in association
with the metabolic syndrome prevalence (Jaber et al.
2004). Previous studies have shown that IR is estimated
to be 15.5% in European countries (Friedrich et al.
2012), while higher rates, 23.3%, are reported in Thai-
land (Do et al. 2010), 39.1% in the USA (Qu et al.
2011), and 46.5% in Venezuela (Bermudez et al. 2016).
TheMiddle East Region is reported to have the highest
rate of IR, reaching 44.6% (Naja et al. 2012).

IR is a major risk factor of a myriad of metabolic
diseases including T2D, CVD, NAFLD characterized
by an inadequate response of insulin’s target cells
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of at physiological insulin concentrations (Ralph A.
DeFronzo and Tripathy 2009), compensated by insulin
hypersecretion resulting in hyperinsulinemia (Shanik
et al. 2008). In addition, IR is strongly associated with
obesity since most individuals with IR are overweight
or obese, and it is a central element in type 2 diabetes’s
pathophysiology, which associates a lack of insulin
sensitivity and secretion (Taylor 2012; H. Ye 2013; Wu
and Ballantyne 2020). More importantly, IR can pre-
cede the onset of diabetes by 5–7 years (Freeman et al.
2021). So far, there is no diagnostic method of IR. The
search for precise biomarkers of IR would enable us to
confirm the development of IR and the efficiency of
lifestyle changes at the earliest time point when β-cell
function is still functioning. IR ismainlymanifested by
a lack of action of insulin on target tissues, which are
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the insulin-sensitive organs, including muscle heart,
skeletal muscle, fatty tissue, and liver (Beale 2013). IR
is caused by several factors, including genetic (Brown
andWalker 2016), inflammatory (de Luca and Olefsky
2008), endoplasmic reticulum (ER) stress (Flamment
et al. 2012), and epigenetic factors (C. Ling and Rönn
2016). Though a meticulous understanding of some
mechanisms, positively or negatively regulating IR, has
been already investigated, new classes of epigenetic
factors are emerging as regulators ofmultiple pathways
and processes in individuals with IR (Chakraborty
et al. 2014; La Sala et al. 2018).

MicroRNAs (miRNAs) have emerged as poten-
tial biomarkers in diseases (Roser et al. 2018). MiR-
NAs are small non-coding RNAs of approximately
22 nucleotides, capable of binding to complementary
mRNAs and forming an RNA double-stranded, which
will be degraded by the cell, thereby inhibiting trans-
lation of the targeted mRNA (Felekkis et al. 2010; H.
Wahid et al. 2010; Ling et al. 2013). Moreover, miR-
NAs isolated from biofluids, including blood, urine,
and saliva exhibit much higher stability than mRNAs
(Weber et al. 2010; Mall et al. 2013; Glinge et al. 2017).
MiRNAs are involved inmany physiological processes,
including proliferation, apoptosis, and differentiation
(Hwang and Mendell 2006; Schickel et al. 2008; Oth-
man and Nagoor 2014; Tüfekci et al. 2014). Each cell
type has a specific repertoire of miRNAs contributing
to the cell’s functionality according to the tissue con-
text (Juzenas et al. 2017). Therefore, it is not surprising
that specific miRNAs’ deregulation is associated with
the development of specific pathologies in humans
(Dongiovanni et al. 2018; Elemeery et al. 2019; A. Jones
et al. 2017; F. J. Ortega et al. 2013; Yan et al. 2020).
Several studies revealed miRNA deregulation related
to metabolic disorders such as T2DM and obesity (A.
Jones et al. 2017; Yan et al. 2020). The assay of miR-
NAs in body fluids can reflect themolecular changes in
the cells from which they are derived and thus provide

information to aid diagnosis and therapeutic decision-
making. The same miRNA is not always specific to a
cell or a tissue; consequently, the best approach is to
assay a miRNA panel, which can constitute a sort of
‘signature’ characteristic of a given pathology.

The present study aims to identify differentially
expressed miRNAs in the plasma of IR subjects com-
pared to normal glucose tolerant (NGT) individu-
als in the Qatari Arab population. A distinct cir-
culatory profile of miRNAs in IR versus NGT sub-
jects could provide a signature for identifying IR sub-
jects among the Arab population. Moreover, differ-
entially expressed miRNA molecules in IR subjects
could serve as signaling molecules, which convey
messages between IR tissues, i.e. liver, skeletal mus-
cle and adipocytes, and the β-cell. The evaluation
of insulin resistance was performed using the eug-
lycemic clamp procedure, and the identification of
differentially-expressed miRNA was carried out using
next-generation sequencing and quantitative real-time
PCR analyses. The results revealed a role ofmiR-186 in
IR, elevated circulatingmiR-122 as a biomarker candi-
date for obesity, and let-7b as a T2D biomarker in the
Qatari population.

Materials andmethods

Study subjects’ characteristics

Discovery phase
Twenty-two samples collected from young, healthy
volunteers received a euglycemic insulin clamp to
quantitate whole-body insulin sensitivity (Kim 2009).
The clinical characteristics of the individuals are
presented in (Table 1). We divided the samples
into two groups according to their insulin sensi-
tivity. Insulin resistance subjects (N = 12; mean
age = 38± 2 years; mean BMI = 31.5± 1.8 kg/m2;
Fasting Glucose = mean 5.5± 0.2mM/L; 2h-Plasma
Glucose = 7.4± 0.5mM/L;GIR = 3.4± 0.2mg/min)

Table 1. Clinical characteristics of the participants included in the NGS discovery study and in the validation.

Normal glucose
tolerant (n = 10)

Insulin resistance
(n = 12) p-Value

Lean type 2
diabetes (n = 20)

Obese type 2
diabetes (n = 20) p-Value

Gender (male/female) 6/4 5/7 0.552 (11/9) (11/9) 1
Age (years) 33± 6 38± 9 0.16 NA NA NA
BMI (kg/m2) 26.9± 6.4 31.4± 5.4 0.1 24.2± 1.68 40.69± 4.94 1.07E-16
GIR (mg/min) 9.30± 1,8 3.40± 0.76 2.02E-09 NA∗ NA NA
FPG (mmol/L) 5.5± 0.3 5.7± 0.5 0.32 NA NA NA
2H-PG (mmol/L) 6.3± 1.2 8.1± 1.6 0.01 NA NA NA
GD (mg/kg.min) 9.3± 1.7 3.4± 0.7 < 0.0001 NA NA NA

BMI: Body Mass Index, GIR: Glucose Infusion rate, GD: Glucose disposal, the data are presented as the means+/- S.D. ∗NA = Not Available.
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and normal glucose tolerance subjects (N = 10;
age = 33± 2 years; BMI = 26.9± 2.1 kg/m2; FPG =
5.5± 0.2mM/L; 2h-PG = 6.3± 0.5mM/L; GIR =
9.2± 0.5mg/min).

Validation phase
The most relevant significant circulating miRNAs for
IR were validated in 62 subjects. 62 subjects include
20 lean T2D and 20 T2D Obese patients, and 22 indi-
viduals recruited in the discovery phase. The detailed
characteristics of the 40 individuals included in the
validation study are presented in (Table 1). A total
of 20 T2D non-obese patients (BMI mean± SD BMI
24.2± 1.68 kg/m2), and another 20 T2D obese (mean
BMI 40.69± 4.94 kg/m2), were collected from the spe-
cialized outpatient clinic for diabetes in Hamad Hos-
pital Corporation HMC, Doha-Qatar (Figure 1).

Insulin sensitivity evaluation

Insulin sensitivity (IS) is assessed with a sophisticated
technique known as the hyperinslunemic–euglycemic
clamp (R. A. DeFronzo et al. 1979; Kim 2009). Briefly,
the subject’s admission to the research clinic unit is at
7 am. Catheters infixed in the back of the hand’s veins
in the antecubital fossa enable the infusion of insulin
and dextrose. To direct dextrose’s infusion rate, a small
blood volume is withdrawn at 5min interval from the

catheter. The blood is later analyzed byHemoCueGlu-
cose 201+ (HemoCue AB, Angelholm, Sweden) for
the glucose level. Keeping the insulin infusion rate
constant (100 IU/ml insulin solution, Actrapid) dur-
ing the clamp technique test at [80 mU/body surface
area (m2)/min]. The body surface is calculated. The
blood glucose level was regulated by infusing 20%
dextrose, adjusted every 5min to reach the desired
stable blood glucose target of 90mg/dL (5mmol/L)
for 120min under the hyperinsulinemic-euglycemic
clamp. The hyperinsulinemia euglycemic clamp tech-
nique duration was 2 h. The metabolized glucose is
calculated during the second hour of insulin clamp
from the infusion rate of exogenous glucose (M-value)
(milligrams of infused glucose per kilogram of body
mass per minute [mg/kg/min]) (Uwaifo et al. 2002;
Tam et al. 2012; Zhang et al. 2018).

Sample collection

After blood collection, plasma samples were obtained
by immediate centrifugation at 1500× g for 15min.
The samples were stored in aliquot polypropylene
test tubes and kept frozen at −80°C, avoiding thaw-
ing/refreezing cycles before experimental analysis
(Tuck et al. 2009). The study protocol was approved by
the Board of the Ethical Committee of Hamad Medi-
cal Corporation (HMC ethical committee) with MRC

Figure 1. The experimental study design. Abbreviations: NGT (Normal Glucose Tolerance), IR (Insulin resistance), Lean T2D (lean Type 2
diabetes), obese T2D (obese Type 2 diabetes).
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study ID 15-00002, and informed written consent was
obtained from participants prior to enrollment.

MiRNA extraction

For deep micro-RNA sequencing, circulating RNA
species were extracted from plasma samples using the
miRNeasy Serum/Plasma Kit (Qiagen, Germany). For
RT–PCR investigations, total RNA was isolated from
plasma utilizing the miRCURY RNA isolation kit –
biofluids (Exiqon, Vedbaek,Denmark). All assayswere
carried out as per the manufacturers’ recommenda-
tions. The RNA concentration and quality were first
quantified using the NanoDrop ND-2000 spectropho-
tometer (NanoDrop Technologies, DE) and Qubit
RNAHS assay (ThermoFisher, USA). RNA purity and
integrity were estimated with the Bioanalyzer 2100
(Agilent Technologies, CA) using Agilent small RNA
kit and small RNA chips (Agilent, CA) (Masotti and
Preckel 2006); RNA quality ratio was between 1.8–2.
The RNA samples were aliquoted and stored at−80°C
until assayed.

Library construction and deep sequencing

A small RNA library was constructed from a puri-
fied sample using the Illumina Truseq Small RNA
Preparation kit according to Illumina’s TruSeq Small
RNA Sample Preparation Guide by LC Sciences
(www.lcsciences.com) (Dard-Dascot et al. 2018). The
purified cDNA libraries were pooled and used for clus-
ter generation on Illumina’s Cluster Station and then
sequenced on Illumina GAIIx following Illumina’s
instruction for running the platform. Raw sequenc-
ing reads (40 nts) were obtained using Illumina’s
Sequencing Control Studio software version 2.8 (SCS
v2.8) following real-time sequencing image analysis
and base-calling by Illumina’s Real-Time Analysis ver-
sion 1.8.70 (RTA v1.8.70). Then, a proprietary pipeline
script, ACGT101-miR v4.2 (LC Sciences), was utilized
for sequencing data analysis. Library construction and
sequencing were performed at LC Sciences (Houston,
USA).

Data analysis

After the raw sequence files base call files (BCL files)
were extracted from image data and converted to
Fastq, a series of digital filters (LC Sciences) were

performed to remove various unmappable sequenc-
ing reads. Various alignments were performed on
unique seqs against pre-miRNA (mir) and mature
miRNA (miR) sequences listed in the latest release
of miRBase database or genome based on the public
releases of appropriate species. Aligned fastq was also
done on miRs of interest against genome sequence.
Methods and criteria used for various mappings were
documented in the ACGT-101 User’s Manual. Func-
tional annotation, enrichment analyses and miRNA
target filter were conducted using Ingenuity Path-
ways Analysis (IPA) software (Ingenuity Systems;
www.ingenuity.com/) as previously described (Shaath
et al. 2019).

Statistical analysis

The amplification efficiency was calculated using algo-
rithms similar to the LinReg software. All assays were
inspected for distinct melting curves and the Tm was
checked to be within known specifications for the
assay. Furthermore, assaysmust be detectedwith 5Cqs
less than the negative control, and with Cq < 37 to be
included in the data analysis. Data that did not pass
these criteria were omitted from any further analy-
sis. Cq was calculated as the second derivative. Using
NormFinder the best normalizer was found to be the
average of assays detected in all samples. All data were
normalized to the average of assays detected in all
samples (average – assay Cq). Statistical analyses and
graphing were performed using Microsoft excel 2016
and GraphPad Prism 8.0 software (GraphPad, San
Diego, CA, USA). For comparative qRT-PCR analysis,
p-values ≤ 0.05 (t-test) were considered significant.

Results

Clinical characteristics showed significant changes
among insulin resistance and normal glucose
tolerant volunteers

The clinical characteristics of the individuals included
in the study are summarized in Table 1. There were
no significant differences in age or gender between
the groups. As expected, body mass index (BMI) was
significantly higher in the obese subjects. When com-
paring NGT group and IR group, no significant differ-
ence was observed in FPG. However, the GIR and GD
were significantly lower in IR patients and 2H-PG was
significantly higher in IR subjects.

http://www.lcsciences.com
http://www.ingenuity.com/
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MiRNAs profiling in insulin-resistant subjects
revealed a significant increase in hsa-miR-186 in
Qatari population.

To identify circulatingmiRNAs involved in the regula-
tion of insulin resistance and insulin sensitivity, we first
performedmiRNAprofiling analysis with plasma sam-
ples from insulin-sensitive individuals and insulin-
resistance subjects. Sequencing of the small circulating
RNA isolated from IR and NGT subjects produced
69,559,764 raw reads. Primary analysis revealed 251
miRNAs with number of reads > 0. We pooled sam-
ples within NGT and IR subjects, which reduced sam-
ple variation and enriched for miRNAs most likely to
change between groups. Fold changes >2 or below
−2 with significant p-value were considered for fur-
ther analyses. Accordingly, 17 circulating miRNAs
were found to be differentially expressed between
NGT and IR individuals, in which 16 were upregu-
lated, and one miRNA was downregulated (Figure 2)
(Table S1).

Figure 2. Global circulating miRNA expression profile. The vol-
cano plot shows the results of differentially expressed circulating
miRNAs. NGT: Normal Glucose Tolerance group, IR: Insulin Resis-
tance Group.

Insulin resistance deregulatedmiRNAs expression is
associated with downregulatedmetabolic and
endocrinemolecular profile

To gain more insight into plausible roles for deregu-
lated miRNAs in IR pathology, differentially expressed
miRNAswere subjected to Ingenuity PathwayAnalysis
(IPA) and downstream effect analysis (DEA). Affected
functional categories are illustrated as a heat tree
map, which clusters functionally associated categories
together, depicting a high-level outlook of upregulated
and downregulated functional categories. Data pre-
sented revealed several metabolic diseases that were
under presented (Figure 3).

Validation analysis identifies hsa-miR-186 as a
potential biomarker for IR in Qatari population

To validate the possibility of using miRNAs as a
biomarker for insulin resistance, plasma miRNAs lev-
els were individually determined by qRT-PCR. Sev-
eral miRNAs previously reported in the literature in
insulin resistance pathology and type 2 diabetes were
added to the validation phase study. For normaliza-
tion of the data, the average of the assays detected in
all samples (n = 62 samples) was applied, as this was
found to be the most stable normalizer. Consistent
with miRNA sequencing profiling, we found that the
hsa-miR-186 relative expression levels were markedly
higher in IR groups; with a 2.8-fold increase com-
pared to NGT subjects (Figure 4). To further explore
the association of circulating miRNAs to IR, we added
two groups 20 non-obese T2D diabetics and 20 obese
T2D patients. We aimed to identify those mRNAs
targeted by miR-186 and serve as its potential effec-
tors in disease progression. Using a stringent bioin-
formatics approach, we identified a group of putative
miR-186 targets (Figure 5) (Table S2). Interestingly,
the targets were involved in insulin receptor signaling

Figure 3. Pathway analysis of the differentially expressed circulating miRNAs in IR groups.
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Figure 4. hsa-miR-186 significantly overexpressed in IR subjects.
No significantdifference in expressionbetweenNGTand lean type
2 diabetes. No significant difference in expression between NGT
and Obese type 2 diabetes.

Figure 5. Hsa-miR-186 targets network analysis.

pathway, including transcription factor FOXO1 sig-
naling (Figure 5).

Elevated circulating hsa-miR-122 is associated with
obesity in Qatari population

To investigate whether the levels of circulating miR-
122 exhibited deregulation in plasma of patients with
T2D and obesity, we measured the levels of hsa-
miR-122 in the validation phase in cohort subjects
including NGT, IR, lean T2D and obese T2D. As
shown in Figure 6, there was no statistical signif-
icance change between insulin resistance and NGT

Figure 6. miR-122 expression in the plasma samples of sub-
jects with the normal glucose tolerance NGT, insulin resistance
IR, lean type 2 diabetes (lean T2D) and obese type 2 diabetes
(obese T2D). Lean T2D had significant higher expression when
compared to healthy controls and even higher expression in
obese T2D.

groups. However, circulating miR-122 showed a ten-
dency to increase with 2.7 fold change in lean type 2
diabetics and even higher increase with fold change
of 5.11 in accordance with the degree of obesity.
In addition, ROC curve analyses were performed to
evaluate the diagnostic value of miR-122 as the best
candidate biomarker for obesity. The AUC generated
equals 0.9 with a standard error of 0.05734, confidence
interval 95% = 0.7902–1.01 for discriminating T2D-
Ob from healthy control (Figure 7). Network anal-
ysis was performed using the STRING (Search Tool

Figure 7. ROC curve showing performance of miR-122 in diag-
nosing obesity in T2D patients.
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Figure 8. Hsa-miR-122 network analysis with experimentally
observed targets.

for the Retrieval of Interacting Genes/Proteins) and
IPA (ingenuity pathway analysis) databases. Accord-
ing to the IPA database, miR-122 targets are more
than 618 predicted genes. However, to be able to man-
age this huge network of predicted genes interactions,
we focused on the experimentally validated miRNA
targets reported on TarBase, miRecords, TargetScan
and Ingenuity Expert Findings. The targets of miR-
122 are involved in important cellular pathways in
relation to obesity such as insulin receptor signaling,
Apelin Adipocyte Signaling Pathway, and PI3K/AKT
Signaling (Figure 8) (Table S3).

Let7b-5p is upregulated in the plasma of Qatari
subjects with lean type 2 diabetes

According to the literature, there is a significant
increase in circulating let-7b in type 2 diabetes patients
(Taheri et al. 2020) (Jones et al. 2017). To gain insight
into the expression pattern of let-7b in Qatari pop-
ulation, we measured the expression of let-7b in
NGT, IR, lean T2D and obese T2D subjects. Hsa-
let-7b showed significant increase in lean T2D with
(p-value = 0.0221) (Figure 9). Network of interactions
among the proteins encoded by the set of genes tar-
gets of hsa-let-7b focusing on molecular pathways
involved in T2D pathogenesis was performed using
the STRING (Search Tool for the Retrieval of Inter-
acting Genes/Proteins) and IPA (ingenuity pathway
analysis) databases. Different genes are involved in
different (one or more) T2D-related pathways. IPA

Figure 9. Hsa-let-7b expression increases in lean T2D subjects.

Figure 10. Hsa-let-7b network analysis with experimentally
observed targets, T2D pathogenesis related.

generated reports the pathways and the name of the
target genes observed in each pathway (Figure 10)
(Table S4).

Discussion

Recent studies have demonstrated miRNAs play an
essential role in many human complex diseases,
including diabetes (Y. Li and Kowdley 2012; Yaribeygi
et al. 2018; Deng and Guo 2019). In addition, cir-
culating miRNAs are now considered as potential
biomarkers because they are stable and resistant and
are modified under disease conditions (Allegra et al.
2012; H. Wang et al. 2018). The ability of miRNAs
simultaneously regulates many target genes makes
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them attractive candidates for regulating insulin pro-
duction/secretion and action (Nigi et al. 2018; Aghaei
et al. 2020). MiRNAs are secreted to the circula-
tion and are taken up from several tissues, making
them an attractive mechanism for inter-tissue signal-
ing molecules (Mori et al. 2019). Consequently, if
microRNA plays role in the pathogenesis of insulin
resistance or insulin resistance inter-tissues communi-
cation to regulate the level of β-cell function in con-
cert with the prevailing level of insulin resistance. A
change in the microRNA level in insulin resistance
individuals compared to insulin sensitive individuals
is anticipated (Jiménez-Lucena et al. 2018; Francisco
J. Ortega et al. 2014). Few studies on the effect of cir-
culating miRNAs in insulin resistance have involved
Arab population. Among these studies, none used a
clamp technique to assess insulin resistance (Alza-
man and Ali 2016). In our study, we have utilized the
gold standard method to assess insulin sensitivity; this
technique is extensively used to understand the etiol-
ogy and pathogenesis of type 2 diabetes (Muniyappa
et al. 2008; Kim 2009). In addition, this study sought
to explore the changes of circulating miRNAs as a
fingerprint for Insulin resistance in Qatari popula-
tion using a combination of next-generation sequenc-
ing discovery phase and miRNA-qPCR validation
platform.

Herein, we identified several circulating miRNAs
associated with IR in the discovery phase. Our ini-
tial investigation included two groups (n = 22), NGT
and IR. We have applied miRNA deep sequencing to
understand the dynamic relationship between circu-
latingmiRNAs and IR subjects. The non-targeted anal-
ysis was used in the discovery cohort to determine how
insulin resistance may influence miRNA profile. Inter-
estingly, hsa-miR-186 was the only miRNA, which is
upregulated in the IR group with a fold change of
2.8 in the discovery phase, and gave consistent results
in the validation phase. A few reports identified the
favorable diagnostic performance of circulating miR-
186-5p for predicting the presence of insulin resistance
at early stages of metabolic dysregulation (Jiang et al.
2018; Z. Li et al. 2019). Analysis of the changes in
serummiR-186-5p levels in different groups (NGT, IR,
lean T2D and Obese T2D) showed that miR-186 was
significantly increased in IR subjects and decrease in
lean T2D subjects. This emphasizes the importance
of circulating hsa-miR-186 as a diagnostic biomarker
during the first development phase of type 2 diabetes,

when signs of insulin resistance have not emerged
yet. Previous studies outlined the role of hsa-miR-186
across different diseases (Z. Wang et al. 2019), miR-
186 dysregulation in blood, plasma, and urine samples
propose it as a good diagnostic biomarker. It plays dif-
ferent roles in biological processes such as intracellular
metabolism, cell cycle regulation, apoptosis, angiogen-
esis, and proliferation (Cai et al. 2013; R. Wang et al.
2018; S. Wu et al. 2019). Network analysis of hsa-miR-
186 revealed targets that are directly involved in insulin
signaling. One of the known miR-186 targets includes
transcription factor Foxo1 (Myatt et al. 2010) involved
in insulin receptor signaling (Martinez et al. 2006).
It is also regulated by insulin and has been associ-
ated with insulin resistance (O-Sullivan et al. 2015).
Concurrent with our results, a previous study revealed
SIRT1 as an important player in hepatic insulin resis-
tance along with Rictor, Akt, and Foxo1 through glu-
coneogenesis regulation. SIRT1 regulates Rictor which
triggers phosphorylation cascade of Akt and Foxo1,
eventually results in decreasing G6pase and Pepck
leading to glucose overproduction and chronic hyper-
glycemia. The disruption of the mTorc2/Akt signaling
pathway leads to insulin resistance (R. H. Wang et al.
2011). Noteworthy, bioinformatics prediction tools
miRDB (http://mirdb.org/) revealed SIRT1 as a target
of miR-186.

On the other hand, studies of T2D patients from the
Middle East showed a younger age at onset, a higher
prevalence of family history, and a more rapid decline
in pancreatic β-cell function and high prevalence of
severe obesity, suggesting that they may have a differ-
ent form of T2D and that the pathogenesis of T2Dmay
be ethnicity specific (Mirmiran et al. 2010; Gagliardino
et al. 2017; Meo et al. 2019; Kalan Farmanfarma et al.
2020). This urged us to included 40 subjects classified
as 20 lean T2D and 20 obese T2D.We also included the
samples of the previously recruited individuals from
the discovery phase. CirculatingmiR-122 analysis con-
ferred moderate diagnostic accuracy for obesity, with
AUC of 0.82. MiR-122 is considered a good biomarker
candidate of obesity in the studied population (Angela
Jones et al. 2017). Our results revealed a significant
increase in lean T2D, and showed a substantial upreg-
ulation in obese T2D with 5.11-fold change compared
to NGT subjects. Previous findings from experimen-
tal studies investigating the association of circulating
miRNAs levels with obesity indicated overexpression
of circulating miR-122 and its positive correlation

http://mirdb.org/
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with obese IR young adults (R. Wang et al. 2015). In
addition, circulating miR-122 showed a strong asso-
ciation with insulin resistance, obesity, type 2 dia-
betes, and metabolic syndrome (Willeit et al. 2017;
Hess et al. 2020). Furthermore, elevated miR-122 in
serum is related to non-alcoholic fatty liver disease in
Type 2 diabetes mellitus (Yamada et al. 2013). Accu-
mulating evidence indicates miR-122 regulatory role
in various physiological and pathological processes,
such as lipid metabolism (Hu et al. 2012). The first
miRNA linked to metabolic control, miR-122, is pri-
marily expressed in the liver and is initially shown to
affect hepatic cholesterol and fatty-acid metabolism in
mice (Rottiers and Näär 2012). The network analy-
sis of miR-122 revealed many targets; therefore, we
mainly focused on the experimentally validated tar-
gets. IPA revealed a link to inflammation and immu-
nity and well-known complications of obesity such
as type 2 diabetes. AKT3 is particularly interesting
since this gene inhibits adipogenesis and protects
from diet-induced obesity via WNK1/SGK1 signaling
(Ding et al. 2017).

Moreover, it is well established that population dif-
ferences observed for complex traits such as T2D may
be attributed to the combined effect of environmen-
tal, genetic, and epigenetic factors (Huang et al. 2011).
For a better understanding of the differences in Qatari
population, we included hsa-let-7b in the validation
phase and analyzed expression level among all groups.
Hsa-let-7b revealed a significant positive association
to lean T2D subjects. It is well established that let-7
miRNA family is one of the top expressed miRNAs in
human islets implicated in glucose homeostasis (Frost
and Olson 2011). In line with our results, a study done
in Emirati patients showed serum levels of let7b-5p
are significantly (p < 0.05) higher in T2DM-patients
or T2DM with complications compared to control
subjects (Aljaibeji et al. 2020). Let-7b targets path-
way analysis also revealed its involvement in type 2
diabetes-related pathway.

Overall, this study represents the first analysis asso-
ciating circulatingmiRNAs and insulin resistance with
results proposing unique miRNA signature as new
biomarkers for IR in the Qatari Arab population.
This study supports the hypothesis of the potential
implication of miRNA in the regulation of insulin
action in targeted tissues, particularly in Arab ethnic-
ity. It also provides clinical evidence revealing dysreg-
ulated miRNAs in insulin resistance, obesity and type

2 diabetes. Our findings suggest that circulating miR-
186, miR-122, and let-7b act as a promising biomarker
of insulin resistance, obesity and type 2 diabetes,
respectively.

Future studies would be to unravel the mechanisms
through which changes in miR-186, miR-122 and let-
7b lead to insulin resistance.
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