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ABSTRACT

Objectives: Childhood obesity is a global health concern associated with long-term
metabolic complications. MicroRNA-135b (miR-135b) has been implicated in regulating
adipogenesis, glucose metabolism, and insulin signaling, partly by directly targeting SIRT1,
a key metabolic regulator that plays a crucial role in energy homeostasis and inflammation.
However, the role of miR-135b in pediatric obesity remains unclear. This study aimed to
investigate circulating miR-135b level and its relationship with SIRT1 expression, lipid
profile, and glycemic parameters in children and adolescents with obesity.

Methods: A total of 67 participants (36 obese and 31 normal-weight controls) aged 8—16
years were enrolled. Anthropometric measurements and biochemical analyses were
performed. miR-135b and SIRT1 expression levels were measured using quantitative
real-time PCR. Insulin resistance was assessed using HOMA-IR, and metabolic
syndrome was diagnosed based on International Diabetes Federation criteria.

Results: miR-135b expression was significantly elevated in the obesity group compared
to controls and was highest among participants with insulin resistance and metabolic
syndrome. Elevated miR-135b correlated positively with BMI z-score, insulin levels,
HOMA-IR, total cholesterol, triglycerides, and LDL-C, while showing no significant
correlation with HDL-C. In contrast, SIRT1 expression was significantly decreased in
obese individuals (p = 0.0026) and inversely correlated with miR-135b levels.

Conclusion: Elevated miR-135b and reduced SIRT1 expression are associated with
obesity-related metabolic disturbances in children and adolescents. These findings
suggest that the miR-135b/SIRT1 axis may play a pivotal role in the development of
insulin resistance and dyslipidemia, highlighting miR-135b as a potential biomarker and
therapeutic target for early intervention in pediatric obesity.
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Introduction

hildhood obesity has emerged as a

major global health challenge, with

its prevalence rising dramatically

over the past four decades. Current

estimates indicate that approximately
18.5% of children and adolescents aged 2 to 19 years are
affected, amounting to around 13.7 million individuals
worldwide (1). This upward trend is concerning, as
obesity during childhood often tracks into adulthood,
with about 75% of affected children remaining obese
later in life, significantly increasing their risk of
cardiometabolic disorders and premature mortality
(1, 2). The complications of childhood obesity are
extensive and include insulin resistance, dyslipidemia,
hypertension, and metabolic dysfunction-associated
steatotic liver disease (3). These conditions collectively
contribute to the development of metabolic syndrome
(MetS), a cluster of cardiometabolic abnormalities
including central obesity, hyperglycemia, hypertension,
and dyslipidemia (4). Given its high prevalence and long-
term health implications, childhood obesity represents
a critical target for early intervention. Preventing
obesity in early life can reduce the global burden of
cardiovascular disease and other noncommunicable
diseases, underscoring the urgent need for novel
strategies focused on preventive actions (2).

Sirtuin 1 (SIRT1), the mammalian ortholog of
yeast Sir2, is a highly conserved NAD-dependent
protein deacetylase that functions as a key metabolic
sensor, linking environmental nutrient signals to
the regulation of metabolic homeostasis. Studies
have shown that artificial overexpression of SIRTI
suppresses inflammatory responses, whereas its deletion
in hepatocytes leads to increased local inflammation (5,
6). In differentiated adipose cells, SIRT1 upregulation
decreases fat storage and enhances lipolysis, indicating
its pivotal role in adipocyte function (7, 8). Furthermore,
SIRT1 has been implicated in regulating adipocyte
formation and activity in response to dietary restriction
(9). Consistently, transgenic mice overexpressing SIRT1
exhibit a leaner phenotype, higher metabolic activity,
and lower serum levels of cholesterol, adipokines,
insulin, and glucose compared to controls (5, 10, 11).

Adipocyte stress and hypertrophy trigger the release
of adipocyte-derived exosomes carrying bioactive
molecules, including microRNAs (miRNAs). These
miRNAs serve as critical mediators of intercellular
communication, playing essential roles in regulating
metabolic responses (12). Each miRNA possesses a
distinct signature that influences the metabolic activity
of target cells, often by interacting with multiple
messenger RNAs (mRNAs), whose coordinated or
opposing effects shape cellular functions (13). During
obesity and its related comorbidities, several miRNAs
become dysregulated in various tissues, contributing

to pathological changes (14-17). Processes such as
adipocyte differentiation and lipid droplet formation,
macrophage recruitment and inflammation, lipolysis,
lipotoxicity, and insulin resistance are tightly regulated
by miRNAs (18-21). As key epigenetic regulators,
miRNAs not only modulate gene expression but also
represent valuable biomarkers for identifying novel
gene transcripts and potential therapeutic targets.

SIRT1 can be directly targeted and inhibited by
various microRNAs, leading to altered cellular functions
and disease progression (22-24). miR-135 directly
targets and inhibits SIRT1, and through this mechanism,
it contributes to diverse pathological processes, such
as promoting trophoblast proliferation and gestational
diabetes development (25), inducing renal fibrosis in
diabetic nephropathy via activation of the TGF-f/Smad3
pathway (26), and impairing DNA damage repair during
cellular reprogramming (27). Given the critical role of
miRNAs in regulating key metabolic pathways and their
interactions with SIRT1, the aim of the present study
was to measure circulating miR-135 levels in children
and adolescents with obesity and compare them with
those of healthy controls. In addition, we investigated
the relationship between miR-135 levels and lipid
profile parameters as well as glycemic indices to better
understand its potential role in obesity-related metabolic
disturbances.

Materials and methods

A total of 67 participants, aged 8 to 16 years, were
recruited for this study, consisting of 36 children and
adolescents with obesity and 31 age- and sex-matched
healthy controls. All individuals underwent a detailed
medical history review and a comprehensive physical
examination before enrolment.

Anthropometric measurements included weight,
height, waist circumference (WC), hip circumference
(HC), and calculation of waist-to-hip ratio (WHR).
Blood pressure was measured in a seated position, and
both systolic blood pressure (SBP) and diastolic blood
pressure (DBP) values were recorded. Body mass index
(BMI) was calculated as weight (kg) divided by height
squared (m?), and corresponding BMI z-scores and
percentiles were determined based on sex- and age-
specific reference standards. Participants with a BMI
at or above the 95th percentile were classified as obese.
In contrast, those with BMI values between the 5th
and 85th percentiles were considered to have a normal
weight and were included in the control group. Children
with any current or past chronic illnesses, or those taking
medications that could influence metabolic parameters,
were excluded from participation.

Insulin resistance was evaluated using the

Acta Biochimica Iranica 2025, 3(4): 226-234




P Golpour et al.

homeostatic model assessment of insulin resistance
(HOMA-IR), calculated by the formula: HOMA-IR =
(fasting insulin [ulU/mL] x fasting glucose [mg/dL]) /
405.

A HOMA-IR value greater than 3.16 was considered
indicative of insulin resistance (28).

The diagnosis of metabolic syndrome (MetS) was
established according to the International Diabetes
Federation (IDF) criteria for children and adolescents.
This required the presence of abdominal obesity, defined
as a WC above the 90th percentile for age and sex,
along with two or more additional risk factors, such
as elevated fasting glucose, high triglycerides (TG),
low high-density lipoprotein cholesterol (HDL-C), or
increased SBP/DBP.

Written informed consent was obtained from
all participants and/or their parents or guardians
before inclusion in the study. The study protocol was
reviewed and approved by the Ethics Committee of Iran
University of Medical Sciences (ethics code IR.IUMS.
FMD.REC.1399.268).

After an overnight fasting period, venous blood
samples were collected from all participants. Plasma was
carefully separated into RNase-free tubes while kept at 4°C
to preserve RNA integrity and then stored at —80°C until
further processing for miRNA analysis. The remaining
serum fraction was utilized for the measurement of
biochemical parameters. Peripheral blood mononuclear
cells (PBMCs) were separated from the blood samples
using  Ficoll-Hypaque (Lympholyte-H; Cedarlane
Laboratories, Ontario, Canada) density gradient.

Serum levels of fasting plasma glucose (FPG),
TG, total cholesterol (TC), HDL-C, and low-density
lipoprotein cholesterol (LDL-C) were quantified using
enzymatic colorimetric assays with commercially
available kits (Parsazmoon, Iran). Insulin concentrations
were determined using enzyme-linked immunosorbent
assay (ELISA) kits obtained from Monobind (Iran).
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Plasma and PBMC RNA were extracted using
the Favorgen MicroRNA and total RNA extraction
Kits, separately (Yekta Tajhiz, Iran). This method
involves a lysis step for the disintegration of exosomes,
followed by phenol/chloroform separation and a
column purification step. To ensure consistency and
monitor extraction efficiency and technical
reproducibility, an equal quantity of the cel-miR-39-1
(UCACCGGGUGUAAAUCAGCUUG) was added to
each sample before the isolation procedure.

For complementary DNA (cDNA) synthesis, poly
(A) polymerase (New England Biolabs, USA) was first
used to attach a poly (A) tail to the isolated miRNAs,
facilitating reverse transcription. Subsequently, cDNA
was synthesized using the RevertAid First Strand cDNA
Synthesis Kit (Thermo Scientific, USA). A specialized
primer containing both a sequence complementary to the
poly(A) tail and an adapter sequence was employed to
enable downstream amplification (Table 1). SIRT1 gene
expression was measured in PBMC-derived RNA using
qRT-PCR.

Quantitative real-time PCR (qQRT-PCR) was carried out
to determine plasma miRNA expression levels. Reactions
were set up using the SYBR Green Master Mix
(Ampliqon, Denmark) in combination with both miRNA-
specific primers and a universal reverse primer (Table 1).
Amplification was performed on an Applied Biosystems
StepOne Real-Time PCR System with the following
cycling conditions: an initial denaturation step at 95°C for
15 seconds, followed by 40 cycles consisting of
denaturation at 95°C for 3 seconds and combined
annealing/extension at 60°C for 30 seconds. To ensure
accurate quantification, miR-16 was selected as the
internal reference for normalization. In addition, cel-
miR-39 was used to assess the Spike-In control, which had
been added prior to RNA isolation, to verify the efficiency
and reproducibility of RNA extraction. A standard curve
ranging from [ x [0° to 1 x 10° copies of cel-miR-39
cDNA was prepared separately from plasma samples and
the RNA extraction process, allowing estimation of
recovery rates for the Spike-In control.

Table 1. Sequences of primers

Primers

Sequence

hsa-miR-135b-5p forward
hsa-miR-16 forward
Cel-mir-39 forward
Universal reverse
Adaptor
SIRT1 forward
SIRT1 reverse
Beta-actin forward

Beta-actin reverse

5'- TATGGCTTTTCATTCCTATGTG-3’
5'- GGGTAGCAGCACGTAAATATTGG-3'
5-TCACCGGGTGTAAATCAGCTTG-3'
5'- GCGAGCACAGAATTAATACGACTC-3'

5'- GCGAGCACAGAATTAATACGACTCACTATAGGTTTTTTTTTTTTAG -3’
5"-TGCGGGAATCCAAAGGATAA-3’
5"-CAGGCAAGATGCTGTTGCA-3’
5’-GCAAGCAGGAGTATGACGAG-3’
5'-CAAATAAAGCCATGCCAATC -3’
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Atthe end of each PCR run, a melt curve analysis was
performed to confirm the specificity of amplification.
The relative expression levels of target miRNAs were
calculated using the 22 method, defined as: ACt = Ct
(target miRNA) — Ct (normalizer)

Statistical evaluation was performed using MedCalc
software (version 18.2.1, MedCalc Software Ltd.,
Belgium). Data normality was assessed using the
Kolmogorov—Smirnov test. Comparisons between
groups were carried out using the independent samples
t-test for normally distributed variables and the Mann—
Whitney U test for non-normally distributed variables.
A p-value <.5 was considered statistically significant.

Results
The baseline demographic and clinical characteristics

of the participants are summarized in Table 2. There were
no significant differences between the obesity and control

groups regarding age or gender distribution. Obesity
parameters, including BMI, BMI z-score, WC, HC, and
the WHR were significantly higher in the obesity group.
However, there were no significant differences between
the SBP and DBP of individuals with obesity compared
to their normal-weight counterparts.

As shown in Table 3, although there was no
significant difference in fasting plasma glucose (FPG)
level in the two groups, serum insulin and HOMA-IR
levels were significantly increased in the obesity
group. A significant alteration in lipid profile was also
observed between the two groups, with subjects in the
obesity group showing less favorable lipid
parameters. Within the obesity group, 36.1% of
subjects met the diagnostic criteria for metabolic
syndrome (MetS), and 72% were classified as insulin
resistant (IR).

Results showed that there was a significantly higher
level of miR-135b in subjects with obesity compared
to control subjects (Figure 1A). Similarly,
when

Table 2. Demographic characteristics of the study population.

Control Obesity P value

Female/male 20/11 16/20 0.4593
Age (Years) 11.41+22 10.98 £2.7 0.4914
BMI 17.99+ 1.8 28.17+5.7 <0.0001
BMI Z-score 0.240 (-0.9 - 0.6) 2.15(1.8-2.3) <0.0001
Height SDS -0.50 (-1.6 - 0.1) -0.005 (-0.5 - 0.8) 0.0008
Weight SDS -0.48 (-1.4-0.2) 1.99 (1.4-2.4) <0.0001
HC (cm) 78.0+8.5 97.25+13.6 <0.0001
WC (cm) 60.96 + 6.5 84.33 £ 13.55 <0.0001
WC/HC 0.78 (0.7 - 0.8) 0.85(0.8-0.9) <0.0001
SBP (mmHg) 100.0 (90 - 100) 100.8 (90 - 110) 0.1833
DBP (mmHg) 68.3 (60 - 70) 72.2 (60 - 80) 0.2913

Data is represented as mean = SD for parametric and median (interquartile range) for non-parametric variables. BMI: Body mass index, SDS:
standard deviation score, HC: hip circumference, WC: waist circumference, WC/HC: waist to hip circumference ratio, SBP: systolic blood pressure,

DBP: diastolic blood pressure.

Table 3. Biochemical parameters of the study population.

Control Obesity P value

FPG (mg/dL) 90.25+5.6 9225+64 0.1860
Insulin (WU/mL) 4.80 (4.0-6.7) 19.90 (12.6 - 26.8) <0.0001
HOMA-IR 0.98 (0.9 - 1.5) 4.37 (2.8 -6.0) <0.0001
Cholesterol (mg/dL) 150.0 £ 19.6 171.77 £25.6 0.0003
Triglycerides (mg/dL) 69.00 (52.5 - 82.0) 111.0 (72.5 - 162.0) 0.0001
LDL-C (mg/dL) 76.81 +13.9 91.11 £17.7 0.0006
HDL (mg/dL) 5441+72 48.27+9.3 0.0041

Data is represented as mean + SD for parametric and median (interquartile range) for non-parametric variables. FPG: fasting plasma glucose,
HOMA-IR: Homeostatic Model Assessment for Insulin Resistance, LDL-C: low density lipoprotein cholesterol, HDL-C: high density

lipoprotein cholesterol.
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participants with obesity were stratified based on the
presence or absence of insulin resistance, a significant
elevation was observed in the level of miR-135b in serum
of those with insulin resistance (Figure 1B). A notable
increase in serum miR-135b level was also detected in
individuals with metabolic syndrome (MetS) compared
to the control group (p = 0.001), as illustrated in Figure
1C. SIRT1 expression levels were investigated in the
participants and compared between the two groups.
The results revealed a significantly lower expression of
SIRT1 in PBMCs of the obesity group compared with
the normal-weight individuals (Figure 1D).

Correlation Analysis

The correlation analysis between circulating miR-
135b level and various metabolic parameters revealed
several significant associations (Table 4). miR-135b
showed a strong positive correlation with BMI Z-score.
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Additionally, significant positive correlations were
observed between miR-135b and insulin levels as well
as HOMA-IR. Among the lipid profile parameters,
miR-135b correlated positively with total cholesterol,
triglycerides, and LDL-C, while no significant
correlation was found with HDL-C. These findings
imply that elevated miR-135b levels are associated
with a more adverse lipid profile and greater metabolic
dysfunction. When the correlations were analyzed in the
obesity group separately, the correlation of miR-135b
with metabolic parameters did not remain significant.

Since SIRT1 is a target of miR-135b, the correlation
between miR-135b and SIRT1 gene expression
level was analyzed and the results showed that there
was a significant correlation between these two
parameters (Figure 2A). Additionally, when this
correlation was investigated in the obesity group
individually, the correlation still remained significant
(Figure 2B).

B' IS5+ [ ]
30 -
25+ 3
o]
© 20+
i
E 15

101 |
—1_

| ===

Insulin resistant

Insulin sensitive

O

38 ] w LY o o | o w
|

SIRT1 gene expression

D - 1 1
Control Obesity

Figure 1. Comparison of miR-135b and SIRT1 levels in different groups, A: subjects with obesity and normal-weight control (P
< 0.0001), B: obesity group divided based on the presence of insulin resistance (P = 0.0001), C: obesity group divided based on
the diagnosis of metabolic syndrome (MetS) (P =0.0170) and D: comparison of SIRT1 gene expression levels between the control
and obesity groups (P = 0.0026).
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Table 4. Correlation of miR-135b with metabolic parameters.

r P value

BMI Z-score 0.467 0.0001
WH/HC 0.1684 0.1732

FBS (mg/dL) 0.057 0.6473
Insulin (WU/mL) 0.497 <0.0001
HOMA-IR 0.494 <0.0001
Cholesterol (mg/dL) 0.396 0.0009
Triglycerides (mg/dL) 0.297 0.0148
HDL-C -0.140 0.2578
LDL-C 0.342 0.0046

FBS: fasting blood sugar, HOMA-IR: Homeostatic Model Assessment for Insulin Resistance, LDL-C: low density lipoprotein cholesterol,

HDL-C: high density lipoprotein cholesterol.
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Figure 2. The correlation between miR-135b and SIRT1 in all subjects (A), and the obesity group separately (B).

Discussion

Here, we found higher expression of miR-135b
in serum of subjects with obesity and a significant
correlation between miR-135b and BMI z score in the
studied population, indicating that higher levels of
miR-135b are linked to increased adiposity. Previous
studies have shown overexpression of miR-135b in
adipocytes compared to human adipose-derived
mesenchymal stem cells, and that upregulation of
miR-135a-5p can  promote  proliferation  and
adipogenesis of these stem cells, indicating that
miR-135a-5p plays an active role in adipogenesis (29).
However, other findings demonstrate  that
miR-135a-5p suppresses the differentiation and
adipogenesis of preadipocytes via the activation of
Wnt/B-catenin signaling by directly targeting Apc (30).
These controversial findings suggest that increased
miR-135 in subjects with obesity may be a
consequence, rather than a cause, of adiposity.

We observed higher expression of miR-135b in
individuals with insulin resistance and a significant

correlation between miR-135b and insulin levels, as
well as HOMA-IR, suggesting a potential role of miR-
135b in insulin resistance. Consistently, miR-135b has
been introduced as a microRNA that takes part in the
regulation of glucose uptake, insulin signaling pathway,
and mitochondrial biogenesis in skeletal muscle (31).
Several studies support the role of miR-135b in glycemic
homeostasis. Studies have shown that miR-135a is up-
regulated in the diabetic gastrocnemius skeletal muscle,
and it inhibits insulin signaling and glucose uptake by
targeting IRS2 (32, 33). Monfared et al. reported a
significant elevation of miR-135a in diabetes and
prediabetes patients. Additionally, they
demonstrated a  positive correlation  between
miR-135a and HbAlc levels in both prediabetes and
diabetes status, thereby introducing this miRNA as a
potential assistant marker for HbAlc in detecting type 2
diabetes. Insulin resistance is a key contributor to
MetS, and elevated miR-135 levels in patients with
MetS further support a role for miR-135 in the
development of insulin resistance.
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Multiple studies have demonstrated that various
miRNAs regulate SIRT1 expression, thereby
contributing to the development and progression of
different diseases. For example, miR-155-5p was shown
to directly target SIRT1 in cardiomyocytes, where its
overexpression promoted pyroptosis via activation of
the NLRP3 inflammasome, while inhibition of miR-
155-5p protected against hypoxia/reoxygenation-
induced myocardial injury (34). Similarly, miR-200a-3p
was found to be elevated in the kidneys of patients with
hypertension and diabetes, leading to downregulation of
SIRT1 and increased tubular cell injury, while inhibition
of miR-200a-3p restored SIRT1 expression and mitigated
renal damage (35).

In the liver, several miRNAs have been implicated
in lipid metabolism disorders. miR-23b directly binds
to the 3-UTR of SIRTI mRNA, decreasing its
expression and activity, thereby enhancing lipid
accumulation in  hepatocytes and  potentially
contributing to non-alcoholic fatty liver disease (23).
Likewise, miR-141 was reported to suppress SIRT1 and, in
turn, decrease AMPK phosphorylation in hepatocytes,
thereby promoting hepatic steatosis and insulin
resistance (22). Additional evidence shows that miR-93, by
repressing SIRT1, promotes metabolic dysfunction-
associated steatotic liver disease and accelerates its
progression (36). Furthermore, miR-22 has been linked to
neuroinflammation by modulating the miR-22-3p/
SIRT1 pathway, influencing processes such as oxidative
stress and neuronal apoptosis (37). Collectively, these
findings highlight that dysregulation of SIRT1 by specific
miRNAs constitutes a common pathogenic mechanism
underlying diverse diseases, including cardiovascular,
renal, metabolic, and neurodegenerative disorders.

miR-135 is among the miRNAs that target SIRT1
across different biological systems and diseases. In
cellular models, miR-135a has been shown to negatively
regulate SIRT1 expression, leading to decreased
reprogramming efficiency and impaired DNA damage
repair during the generation of induced pluripotent stem
cells (27). In the context of gestational diabetes mellitus
(GDM), placenta-derived exosomal miR-135a-5p was
found to promote trophoblast cell proliferation, invasion,
and migration by suppressing SIRT1 and activating the
PI3K/AKT signaling pathway (25). Similarly, in diabetic
nephropathy, miR-135a-5p was significantly upregulated,
and its knockdown alleviated TGF-Bl-induced renal
fibrosis by targeting SIRT1 and inactivating Smad3
signaling (26). Moreover, in cardiovascular disease,
miR-135a was reported to enhance atrial fibrosis through
modulation of mitochondrial oxidative respiratory function
by inhibiting SIRT1 (38). Collectively, these findings
suggest that miR-135 serves as a crucial regulator
of SIRT1 in various physiological and pathological
processes, linking it to fibrosis, metabolic disorders, and
cellular reprogramming.

In summary, in this study, we demonstrated that
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miR-135b expression is markedly elevated in children
and adolescents with obesity, particularly among
those with insulin resistance and metabolic syndrome.
Elevated miR-135b levels were positively associated
with adverse lipid profiles and markers of glycemic
dysfunction, suggesting its potential role as a biomarker
of obesity-related metabolic disturbances. In contrast,
SIRT1 expression was significantly reduced in the

obesity group and inversely correlated with miR-135b,
supporting the notion that miR-135b may negatively
regulate SIRT1 and contribute to the development
of metabolic abnormalities. These findings highlight
the potential role of miR-135b/SIRT1 signaling in the
pathogenesis of pediatric obesity and its associated
complications. Further longitudinal studies are needed
to confirm the causal relationship between miR-135b
and SIRT1 and to explore whether modulation of this
pathway could serve as a therapeutic target for early
intervention in obesity and metabolic syndrome.

Acknowledgment

The authors wish to thank Ms. Maryam Nemati
Doroudi for her assistance in the measurement of
miR-135b expression.

Conflict of Interest
The authors declare that they have no conflict of
interest.

Ethics statement

This research was approved by the Ethics Committee
of the Iran University of Medical Sciences (IR.IUMS.
FMD.REC.1399.268) and followed all ethical guidelines
in accordance with the Declaration of Helsinki.

Funding

This study was supported by the Pediatric Growth
and Development Research Center, Institute of
Endocrinology and Metabolism, Iran University
of Medical Sciences, grant number 98-4-4-16581.
The funders had no role in the design, execution, or
interpretation of the study.

References

1. Vandoni M, Gatti A, Carnevale Pellino V, Marin L, Cavallo
C, Rossi V, et al. Exploring the link between metabolic
syndrome risk and physical fitness in children with obesity: a
cross-sectional study. Eur J Pediatr. 2025;184(8):497. https://
doi.org/10.1007/s00431-025-06339-7.

2. Mendis S, Graham I, Branca F, Collins T, Tukuitonga C,
Gunawardane A, Narula J. Alarming Rise of Obesity: The 4(th)
United Nations High-Level Meeting on Noncommunicable
Diseases and Mental Health Should Advance Action to Tackle
Obesity. Glob Heart. 2025;20(1):70. https://doi.org/10.5334/
gh.1459.

3. Minte E, Zhang X, Khurana A, Hartmann P. Prevalence
of Extremely Severe Obesity and Metabolic Dysfunction
Among US Children and Adolescents. JAMA Netw

Acta Biochimica Iranica 2025, 3(4): 226-234



miR-135 in pediatric obesity

Acta Biochimica Iranica

10.

Open. 2025;8(7):€2521170.
jamanetworkopen.2025.21170.
Zhang B, Shi H, Cai W, Yang B, Xiu W. Metabolic syndrome
in children and adolescents: definitions, epidemiology,
pathophysiology, interventions, and challenges.
Endocrinol  (Lausanne). 2025;16:1512642.
org/10.3389/fendo.2025.1512642.

Pfluger PT, Herranz D, Velasco-Miguel S, Serrano M, Tschop
MH. Sirtl protects against high-fat diet-induced metabolic
damage. Proc Natl Acad Sci U S A. 2008;105(28):9793-8.
https://doi.org/10.1073/pnas.0802917105.

Purushotham A, Schug TT, Xu Q, Surapureddi S, Guo X, Li
X. Hepatocyte-specific deletion of SIRT1 alters fatty acid
metabolism and results in hepatic steatosis and inflammation.
Cell Metab. 2009;9(4):327-38. https://doi.org/10.1016/j.
cmet.2009.02.006.

Baur JA, Pearson KJ, Price NL, Jamieson HA, Lerin C, Kalra
A, et al. Resveratrol improves health and survival of mice on
a high-calorie diet. Nature. 2006;444(7117):337-42. https://
doi.org/10.1038/nature05354.

Lagouge M, Argmann C, Gerhart-Hines Z, Meziane H, Lerin
C, Daussin F, et al. Resveratrol improves mitochondrial
function and protects against metabolic disease by activating
SIRT1 and PGC-1alpha. Cell. 2006;127(6):1109-22. https://
doi.org/10.1016/.cell.2006.11.013.

Picard F, Kurtev M, Chung N, Topark-Ngarm A, Senawong T,
Machado De Oliveira R, et al. Sirt] promotes fat mobilization
in white adipocytes by repressing PPAR-gamma. Nature.
2004;429(6993):771-6. https://doi.org/10.1038/nature02583.
Bordone L, Cohen D, Robinson A, Motta MC, van Veen E,
Czopik A, et al. SIRT1 transgenic mice show phenotypes
resembling calorie restriction. Aging Cell. 2007;6(6):759-67.
https://doi.org/10.1111/j.1474-9726.2007.00335.x.

https://doi.org/10.1001/

Front
https://doi.

. Banks AS, Kon N, Knight C, Matsumoto M, Gutiérrez-

Juarez R, Rossetti L, et al. SirT1 gain of function increases
energy efficiency and prevents diabetes in mice. Cell
Metab. 2008;8(4):333-41. https://doi.org/10.1016/j.
cmet.2008.08.014.

. Sandoval-Borquez A, Carrion P, Hernandez MP, Pérez

JA, Tapia-Castillo A, Vecchiola A, et al. Adipose Tissue
Dysfunction and the Role of Adipocyte-Derived Extracellular
Vesicles in Obesity and Metabolic Syndrome. J Endocr Soc.
2024;8(8):bvael26. https://doi.org/10.1210/jendso/bvael26.

. Engin AB, Engin A. MicroRNAs as Epigenetic Regulators of

Obesity. Adv Exp Med Biol. 2024;1460:595-627. https://doi.
org/10.1007/978-3-031-63657-8_20.

. Lu L, He Y. Dysregulation of miR-335-5p in People with

Obesity and its Predictive Value for Metabolic Syndrome.
Horm Metab Res. 2024;56(10):749-55.  https://doi.
org/10.1055/a-2261-8115.

. Vonhogen IGC, Mohseni Z, Winkens B, Xiao K, Thum T,

Calore M, et al. Circulating miR-216a as a biomarker of
metabolic alterations and obesity in women. Non-coding
RNA Res. 2020;5(3):144-52. https://doi.org/https://doi.
org/10.1016/j.ncrna.2020.08.001.

. Abu-Farha M, Cherian P, Al-Khairi I, Nizam R, Alkandari A,

Arefanian H, et al. Reduced miR-181d level in obesity and
its role in lipid metabolism via regulation of ANGPTL3. Sci
Rep. 2019;9(1):11866. https://doi.org/10.1038/s41598-019-
48371-2.

. Ojeda-Rodriguez A, Assmann TS, Alonso-Pedrero L, Azcona-

Sanjulian MC, Milagro FI, Marti A. Circulating miRNAs in

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

girls with abdominal obesity: miR-221-3p as a biomarker
of response to weight loss interventions. Pediatr Obes.
2022;17(8):e12910.  https://doi.org/https://doi.org/10.1111/
ijpo.12910.

Zhuang G, Meng C, Guo X, Cheruku PS, Shi L, Xu H,
et al. A Novel Regulator of Macrophage Activation.
Circulation. 2012;125(23):2892-903. https://doi.org/10.1161/
CIRCULATIONAHA.111.087817.

Price NL, Holtrup B, Kwei SL, Wabitsch M, Rodeheffer
M, Bianchini L, et al. SREBP-1c¢/MicroRNA 33b Genomic
Loci Control Adipocyte Differentiation. Mol Cell Biol.
2016;36(7):1180-93.  https://doi.org/10.1128/MCB.00745-
15.

Lin Y-Y, Chou C-F, Giovarelli M, Briata P, Gherzi R, Chen
C-Y. KSRP and MicroRNA 145 Are Negative Regulators
of Lipolysis in White Adipose Tissue. Mol Cell Biol.
2014;34(12):2339-49. https://doi.org/10.1128/MCB.00042-
14.

Yang W-M, Jeong H-J, Park S-W, Lee W. Obesity-induced
miR-15b is linked causally to the development of insulin
resistance through the repression of the insulin receptor in
hepatocytes. Mol Nutr Food Res. 2015;59(11):2303-14.
https://doi.org/https://doi.org/10.1002/mnfr.201500107.
Yousefi Z, Nourbakhsh M, Abdolvahabi Z, Ghorbanhosseini
S-S, Hesari Z, Yarahmadi S, et al. microRNA-141 is associated
with hepatic steatosis by downregulating the sirtuinl/
AMP-activated protein kinase pathway in hepatocytes. J
Cell Physiol. 2020;235(2):880-90. https://doi.org/10.1002/
j€p.29002.

Borji M, Nourbakhsh M, Shafiee SM, Owji AA, Abdolvahabi
Z, Hesari Z, et al. Down-Regulation of SIRT1 Expression by
mir-23b Contributes to Lipid Accumulation in HepG2 Cells.
Biochem Genet. 2019;57(4):507-21. https://doi.org/10.1007/
$10528-019-09905-5.

Abdolvahabi Z, Nourbakhsh M, Hosseinkhani S, Hesari
Z, Alipour M, Jafarzadeh M, et al. MicroRNA-590-3P
suppresses cell survival and triggers breast cancer cell
apoptosis via targeting sirtuin-1 and deacetylation of p53. J
Cell Biochem. 2018;120(6):9356-68. https://doi.org/10.1002/
jcb.28211

Zhang Q, Ye X, Xu X, Yan J. Placenta-derived exosomal miR-
135a-5p promotes gestational diabetes mellitus pathogenesis
by activating PI3K/AKT signalling pathway via SIRT1. J
Cell Mol Med. 2023;27(23):3729-43. https://doi.org/10.1111/
jemm.17941.

Zhang J, Zhang L, Zha D, Wu X. Inhibition of
miRNA-135a-5p ameliorates TGF-B1-induced human renal
fibrosis by targeting SIRT1 in diabetic nephropathy. Int J
Mol Med. 2020;46(3):1063-73. https://doi.org/10.3892/
jmm.2020.4647.

Chen ACH, Peng Q, Fong SW, Yeung WSB, Lee YL. Sirtl is
regulated by miR-135a and involved in DNA damage repair
during mouse cellular reprogramming. Aging (Albany NY).
2020;12(8):7431-47. https://doi.org/10.18632/aging.103090.
Keskin M, Kurtoglu S, Kendirci M, Atabek ME, Yazici C.
Homeostasis model assessment is more reliable than the
fasting glucose/insulinratio and quantitative insulin sensitivity
check index for assessing insulin resistance among obese
children and adolescents. Pediatrics. 2005;115(4):e500-¢3.
https://doi.org/10.1542/peds.2004-1921

Gao S, Yang D, Huang W, Wang T, Li W. miR-135a-5p
affects adipogenic differentiation of human adipose-derived

Acta Biochimica Iranica 2025, 3(4): 226-234




P Golpour et al.

Acta Biochimica Iranica

30.

31.

32.

33.

34.

mesenchymal stem cellsby promoting the Hippo signaling
pathway. Int J Clin Exp Pathol. 2018;11(3):1347-55.

Chen C, Peng Y, Peng Y, Peng J, Jiang S. miR-135a-5p
inhibits 3T3-L1 adipogenesis through activation of canonical
Whnt/B-catenin signaling. J Mol Endocrinol. 2014;52(3):311-
20. https://doi.org/10.1530/jme-14-0013.

Beilerli A, Kudriashov V, Sufianov A, Kostin A, Begliarzade
S, Ilyasova T, et al. Regulation and mechanism of action
of miRNAs on insulin resistance in skeletal muscles. Non-
coding RNA Res. 2023;8(2):218-23. https://doi.org/https://
doi.org/10.1016/j.ncrna.2023.02.005.

Agarwal P, Srivastava R, Srivastava AK, Ali S, Datta M.
miR-135a targets IRS2 and regulates insulin signaling and
glucose uptake in the diabetic gastrocnemius skeletal muscle.
Biochim Biophys Acta. 2013;1832(8):1294-303. https://doi.
org/10.1016/j.bbadis.2013.03.021.

Honardoost M, Arefian E, Soleimani M, Soudi S, Sarookhani
MR. Development of Insulin Resistance through Induction
of miRNA-135 in C2C12 Cells. Cell J. 2016;18(3):353-61.
https://doi.org/10.22074/cellj.2016.4563.

LuQ, ShenQ, SulJ,LiX, XiaB, Tang A. Inhibition of mir-155-
Sp alleviates cardiomyocyte pyroptosis induced by hypoxia/

3s.

36.

37.

38.

reoxygenation via targeting SIRT 1-mediated activation of the
NLRP3 inflammasome. J Cardiothorac Surg. 2025;20(1):135.
https://doi.org/10.1186/s13019-025-03366-1.
Martinez-Arroyo O, Flores-Chova A, Mendez-Debaets M,
Garcia-Ferran L, Escriva L, Forner MJ, et al. Inhibiting miR-
200a-3p Increases Sirtuin 1 and Mitigates Kidney Injury in
a Tubular Cell Model of Diabetes and Hypertension-Related
Renal Damage. Biomolecules. 2025;15(7). https://doi.
0rg/10.3390/biom15070995.

Lee YH, LeeJ, Jeong J, Park K, Baik B, Kwon Y, et al. Hepatic
miR-93 promotes the pathogenesis of metabolic dysfunction-
associated steatotic liver disease by suppressing SIRTI.
Metabolism. 2025;169:156266. https://doi.org/10.1016/j.
metabol.2025.156266.

Du J, Cao L, Zhou J, Liao Z, Hu B, Zhou K, et al. The
emerging role of miR-22 in inflammation. Biomed
Pharmacother. 2025;191:118482. https://doi.org/10.1016/].
biopha.2025.118482.

Ding T, Zeng L, Xia Y, Zhang B, Cui D. miR-135a Mediates
Mitochondrial Oxidative Respiratory Function through SIRT1
to Regulate Atrial Fibrosis. Cardiology. 2024;149(3):286-96.
https://doi.org/10.1159/000536059.

Acta Biochimica Iranica 2025, 3(4): 226-234



	Circulating miR-135b as a Biomarker of Obesity-Related Insulin Resistance and Dyslipidemia in Childr
	A B S T R A C T 
	Keywords
	Introduction
	Materials and methods 
	Subjects and Study Design 
	Assessment of Insulin Resistance and Metabolic Syndrome 
	Ethical Considerations 
	Sample Collection and Biochemical Analyses 
	MicroRNA Extraction and cDNA Synthesis 
	Quantification of miRNA by Real-Time PCR 
	Statistical Analysis 

	Results
	Baseline characteristics 
	miRNA Expression Analysis 
	Correlation Analysis 

	Discussion
	Acknowledgment
	Conflict of Interest 
	Ethics statement 
	Funding
	References




