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Abstract 

Background Obesity is one of the most serious problems over the world. MicroRNAs have developed as main 
mediators of metabolic processes, playing significant roles in physiological processes. Thus, the present study aimed 
to evaluate the expressions of (miR-15a, miR-Let7, miR-344, and miR-365) and its relationship with the different classes 
in obese patients.

Methods A total of 125 individuals were enrolled in the study and classified into four groups: healthy non-obese 
controls (n = 50), obese class I (n = 24), obese class II (n = 17), and obese class III (n = 34) concerning body mass index 
(BMI < 30 kg/m2, BMI 30–34.9 kg/m2, BMI 35–39.9 kg/m2 and BMI ≥ 40 kg/m2, respectively). BMI and the biochemi-
cal measurements (fasting glucose, total cholesterol, triglycerides, HDL and LDL, urea, creatinine, AST, and ALT) were 
determined. The expressions of (miR-15a, miR-Let7, miR-344, and miR-365) were detected through quantitative real-
time PCR (RT-qPCR).

Results There was a significant difference between different obese classes and controls (P < 0.05) concerning (BMI, 
TC, TG, HDL, and LDL). In contrast, fasting glucose, kidney, and liver functions had no significant difference. Our data 
revealed that the expression of miR-15a and miR-365 were significantly associated with different obese classes. 
But the circulating miR-Let7 and miR-344 were not significantly related to obesity in different classes.

Conclusion Our study indicated that miR-15a and miR-365 might consider as biomarkers for the obesity devel-
opment into different obese classes. Thus, the relationship between regulatory microRNAs and disease has been 
the object of intense investigation.
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Background
Obesity is the accumulation of extra fat, leading to health 
complications [1]. The primary components of adipose 
tissue are fat cells or adipocytes, and diverse functions 
for adipose tissue depots have been identified in control-
ling the predisposition to obesity [2]. In 2017, obesity 
accounted for 8.4% of all mortality worldwide, ranking 
it fifth among the most preventable causes of death [3]. 
According to the World Health Organization (WHO), 
Egypt has the 18th-highest rate of obesity in the world 
[1]. Around 71% of all deaths are attributed to non-com-
municable diseases [4]. The classifications for BMI are 
in use by the National Institute of Health and the WHO: 
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obesity-BMI higher than or equal to 30  kg/m2, obesity 
class I-BMI 30 to 34.9  kg/m2, obesity class II-BMI 35 
to 39.9  kg/m2, and obesity class III-BMI higher than or 
equal to 40 kg/m2 (also referred to as severe, extreme, or 
massive obesity) [1].

Given its rising prevalence, the WHO also identified 
obesity as a significant susceptibility indicator for the 
emergence of chronic diseases including cancer, diabetes, 
and various coronary disorders [1]. As a result, obesity 
causes a variety of metabolic abnormalities, which harm 
adipose tissue and the cardiovascular system phenotypi-
cally and functionally [2]. Even so, limited data has been 
established concerning the genetic alterations caused by 
obesity and what potential cellular processes can be used 
to treat obesity. A number of treatments have been sug-
gested to minimize the prevalence of obesity and alleviate 
the comorbidities produced by obesity [5].

MicroRNAs (miRNAs) have been considered thera-
peutics for many diseases, including metabolic disorders 
[2]. The two main functions of miRNAs (class of small 
non-coding RNA molecules) are post-transcriptional and 
RNA silencing, which regulates the expression of genes 
[2]. As a result, numerous attempts have been under-
taken to alter the miRNA expression in order to sup-
press, raise, or restore their expressions for therapeutic 
purposes [6]. Due to their unique properties, including 
their highly conserved short nucleotide sequences and 
well-known compositions, they are a potential platform 
for developing new therapeutics for miRNA-associated 
diseases [2].

The usage of miRNAs as circulating biomarkers is an 
interesting tool for early detection to recognize individu-
als at risk of disease development and might indicate the 
expression of adipose tissue [7]. Additionally, numer-
ous studies have indicated that miRNAs are involved 
in adipogenic process, like cardiac lipotoxicity, cardiac 
hypertrophy, microvascular rarefaction, atherosclerosis, 
skeletal muscle phenotypic changes, and other comor-
bidities [2 & 6]. Unfortunately, there is still little knowl-
edge available about the potential mechanisms [8]. For 
instance, it has been demonstrated that the miRNAs 
promote adipogenesis through different mechanisms 
and interfere with adipocyte differentiation (like micro-
RNA-15, microRNA-Let-7, microRNA-344, and micro-
RNA-365) [9].

The microRNA-15 (miR-15) is a member of the vmiR-
15 family, which is identified as highly preserved among 
species. These miRNAs are expressed in a variety of 
organs, including the heart, skeletal muscle, liver, kid-
ney, brain, lung, and spleen [10]. Presently, the majority 
of miR-15a research focuses on human disorders, and 
only a small number of studies on animal fat regulation 

suggest that miR-15a is crucial for animal fat metabolism 
or adipogenesis [11, 12].

In addition, Let-7 was the first human miRNA to be 
identified. This miRNA is one of 11 members of a well-
conserved family that is linked to numerous essential cell 
processes including proliferation, cell cycle checkpoints, 
and apoptosis. This miRNA family has a significant role 
in developmental processes and directly regulates onco-
genes including the renin-angiotensin system (RAS) and 
high mobility group A2 (HMGA2) [13, 14]. Moreover, it 
controls the change from clonal expansion to terminal 
differentiation as an anti-adipogenic factor [15].

MicroRNA-344 (miR-344) was isolated initially 
from embryonic primary rat cortical neurons [16]. It is 
expressed during mouse brain development [17]. How-
ever, the function of miR-344 is so far unclear, and pre-
vious studies suggested that miR-344 may be involved in 
the regulation of adipocyte differentiation [18]. Further-
more, MiR-365 is found on chromosome 16p13.12 and is 
involved in several physiological processes, such as lung 
development, cell cycle progression, and apoptosis [19]. 
In addition, one of the mechano-responsive miRNAs, 
miR-365, was previously recognized for its potent ability 
to stimulate inflammatory signs [20]. Based on this infor-
mation, the goal of our study was to evaluate the expres-
sions of miR-15a, miR-Let7, miR-344, and miR-365 in the 
obese patients and to assess their potential as molecular 
biomarkers of obesity classes.

Methods
A total of 125 individuals were included and classi-
fied regarding BMI into four groups: (1) healthy non-
obese controls (n = 50; BMI < 30  kg/m2), (2) obese class 
I patients (n = 24; BMI 30–34.9 kg/m2, (3) obese class II 
patients (n = 17; BMI 35–39.9 kg/m2, and (4) obese class 
III patients (n = 34; BMI ≥ 40  kg/m2). BMI measured 
(weight in kilograms/height in meters squared).

Five ml of venous blood obtained from each sub-
ject after an overnight fast was divided into two tubes: 
the first tube with EDTA for miRNA investigations and 
the second tube for the blood serum that was sepa-
rated by centrifugation at 3500  rpm for 15  min follow-
ing 30  min of clotting at room temperature. The clear, 
non-hemolysed supernatant sera was stored at − 80℃ for 
subsequent biochemical analysis. We performed the bio-
chemical measurements with the usual techniques of the 
clinical laboratory, using commercial kits following the 
manufacturer’s instructions. This project was approved 
by the Ethics Committee of the National Research Centre 
(No. 19–162) that was conformed to the provisions of the 
Declaration of Helsinki, and a written informed consent 
was obtained from all volunteers.
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The expressions of miRNAs (15a, Let-7, 344, and 365) 
were performed in blood samples for obese and non-
obese groups. The total RNAs were extracted from 
plasma using the TRIzol reagent (Qiagen). RNA samples 
(1  μg) were reverse transcribed using TaqMan RT rea-
gents from Qiagen. A SYBR Premix Ex Taq II (Applied 
Biosystems) was used to carry out quantitative real-time 
PCR. RT-qPCR reactions were performed using a PCR 
system 2700 real-time PCR machine (Applied Biosys-
tems, USA). Ninety-five degrees Celsius for 1  min, fol-
lowed by 40 cycles of 95℃ for 15 s, 55℃ for 30 s, and 72℃ 
for 30 s, were the reaction conditions for PCR. U6 served 
as a miRNA endogenous control, and each reaction was 
done in triplicate. Relative expressions of different miR-
NAs were evaluated through the  2−ΔΔCt method [21].

Statistical analysis
Our study used SPSS 22.0 (IBM, USA) for statistical 
analysis. Data were represented as mean ± standard error 
(SE). One-way analysis of variance (ANOVA) was used to 
analyze differences within or between groups. Addition-
ally, Pearson’s correlation analysis was used to determine 
the correlation coefficient (R) of the expression level 
between miRNAs and parameters. P value is considered 
statistically significant at P < 0.05. The significant correla-
tions were represented as scatterplot graphs.

Results
Anthropometric measurements and clinical data of obese 
patients and controls
The study comprised 75 obese patients, who were clas-
sified according to BMI into different obesity classes:

• Class I: BMI with a mean of 33 kg/m2 their age ranges 
from 28 to 51 with a mean of 40 years (No. = 24).

• Class II: BMI with a mean of 37  kg/m2 their age 
ranges from 30 to 48 with a mean of 39  years 
(No. = 17).

• Class III: with a mean of 47  kg/m2 their age ranges 
from 24 to 57 with a mean of 42 years (No. = 34).

Beside 50 healthy normal weight controls their 
age was 40 ± 0.93  years, and the mean BMI was 
21.14 ± 0.36  kg/m2. The laboratory data of obese 
patients and controls concerning (fasting glucose; lipid 
profile total cholesterol, triglycerides, HDL-cholesterol, 
and LDL-cholesterol; kidney functions urea and cre-
atinine; liver functions AST and ALT) are shown in 
Table  1. There was a statistically significant difference 
(P < 0.05) between different obese classes and controls 
according to BMI, TC, TG, HDL-C, and LDL-C) while 
fasting glucose level, kidney functions, and liver func-
tions showed non-significant difference.

Table 1 Anthropometric measurements and laboratory data of obese patients and controls

Numeric variables are presented as mean ± SE. P value for comparison between obese and control groups. P value < 0.05 are represented in bold font and considered 
as statistically significant

HDL High-density lipoprotein, LDL Low-density lipoprotein, AST Aspartate aminotransferase, ALT Alanine aminotransferase

Parameter Obese (n = 75) Controls (n = 50) P value

Obese class III 
(n = 34)

Obese class II (n = 17) Obese class I (n = 24)

Age (years) 42± 2.2 39 ± 3.7 40 ± 2.4 40 ±  .0.93 0.874

Sex, n (%)
 Male 13 (38.2%) 6 (35.3%) 9 (37.5%) 28 (56%) 0.233

 Female 21 (61.8%) 11 (64.7%) 15 (62.5%) 22 (44%)

Body mass index (kg/m2) 43 ± 0.8 37 ± 0.2 33 ± 0.4 21.14 ± 0.36 0.000
Fasting glucose (mg/dL) 87 ± 3 86 ± 3.5 84 ± 2.3 90 ± 1.4 0.222

Total cholesterol (mg/dL) 189 ± 1.5 187 ± 1.3 154 ± 1.8 145.8 ± 1.6 0.000
Triglycerides (mg/dL) 139 ± 3.1 130 ± 1.7 109 ± 1.5 87.9 ± 2 0.000
HDL-cholesterol (mg/dL) 55 ± 4 60.7 ± 1.8 59.5 ± 0.7 50 ± 0.5 0.000
LDL-cholesterol (mg/dL) 104 ± 0.39 100 ± 0.36 108 ± 0.3 77.7 ± 0.6 0.001
Urea (mg/dL) 24 ± 0.9 25.2 ± 0.92 22.6 ± 0.96 23.14 ± 0.4 0.298

Creatinine (mg/dL) 0.91 ± 0.05 0.92 ± 0.06 0.93 ± 0.03 0.89 ± 0.02 0.682

AST (IU/L) 22 ± 1.5 24 ± 1.4 24 ± 1.1 23 ± 0.4 0.504

ALT (IU/L) 23.6 ± 1.5 23.4 ± 0.6 24.5 ± 0.7 24 ± 0.5 0.876
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The expression of the circulating miRNAs in different obese 
classes and the normal weight controls
To identify the circulating miRNAs that were involved 
in the regulation of obesity, we calculated the level 
of the circulating miRNAs (15a, Let7, 344, and 365) 
within plasma samples from normal weight and obese 
subjects. As given in Fig.  1, circulating miR-15a and 
miR-365 significantly differed between different obese 
classes’ patients and normal weight healthy control 
subjects. However, the circulating miRNA-344 and 
Let-7 did not significantly differed between obese 
classes and controls.

Coefficients of linear correlation (r) between the circulating 
miRNAs and BMI and lipid profile in different obese class 
patients
Tables 2, 3, and 4 and Figs. 2, 3, and 4 indicated the corre-
lation (r) between the circulating miRNA levels and BMI 
and lipid profile for obese patients’ classes.

Discussion
Obesity is a severe public health issue, and it is a com-
plex and polygenic condition that affects both indus-
trialized and developing countries. Obesity is a result 
of interactions between hereditary, metabolic, psycho-
logical, and environmental factors [22]. MiRNAs have 

Fig. 1 The relative miRNA expressions in obese class I, class II, class III, and control groups. Control group: Healthy subjects with normal weight 
BMI < 30 kg/m2. Obese class I group: Obese patients BMI 30–34.9 kg/m2. Obese class II group: obese patients BMI 35–39.9 kg/m2. Obese class III 
group: obese patients BMI ≥ 40 kg/m2
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developed as significant regulators of lipid and glu-
cose metabolism and are crucial in the development 
of obesity and obesity-related disorders by impacting 

the structures and functions of adipose tissue, mus-
cle, pancreas, and liver. Knowledge of the mechanisms 
of action is still mostly restricted due to the ability of 

Table 2 Coefficients of linear correlation (r) between circulating miRNAs and BMI and lipid profile in obese class I patients

P value < 0.05 are represented in bold font and considered as statistically significant

BMI Body mass index, TC Total cholesterol, TG Triglycerides, HDL High-density lipoprotein, LDL Low-density lipoprotein
a Correlation is significant at the 0.05 level
b Correlation is significant at the 0.01 level

BMI TC TG LDL HDL

miRNA 15a Correlation 0.019 -0.672b 0.182 -0.691b 0.155

Significant 0.929 0.000 0.395 0.000 0.471

miRNA Let-7 Correlation 0.417a -0.356 0.685b -0.441a -0.443a

Significant 0.043 0.088 0.000 0.031 0.030
miRNA 344 Correlation -0.436a -0.044 -0.526b 0.025 0.463a

Significant .033 0.838 0.008 0.908 0.023
miRNA 365 Correlation 0.565b -0.038 -0.381 -0.004 0.560b

Significant 0.004 0.860 0.066 0.985 0.004

Table 3 Coefficients of linear correlation (r) between circulating miRNAs and BMI and lipid profile in obese class II patients

P value < 0.05 are represented in bold font and considered as statistically significant

BMI Body mass index, TC Total cholesterol, TG Triglycerides, HDL High-density lipoprotein, LDL Low-density lipoprotein
a Correlation is significant at the 0.05 level
b Correlation is significant at the 0.01 level

BMI TC TG LDL HDL

miRNA 15a Correlation -0.417 -0.769b -0.918b -0.743b 0.245

Significant 0.096 0.000 0.000 0.001 0.343

miRNA Let-7 Correlation -0.583a -0.858b -0.802b -0.825b -0.043

Significant 0.014 0.000 0.000 0.000 0.870

miRNA 344 Correlation -0.566a -0.867b -0.940b -0.838b 0.163

Significant 0.018 0.000 0.000 0.000 0.532

miRNA 365 Correlation -0.342 -0.031 0.225 -0.055 0.034

Significant 0.179 0.906 0.386 0.833 0.896

Table 4 Coefficients of linear correlation (r) between circulating miRNAs and BMI and lipid profile in obese class III patients

P value < 0.05 are represented in bold font and considered as statistically significant

BMI Body mass index, TC Total cholesterol, TG Triglycerides, HDL High-density lipoprotein, LDL Low-density lipoprotein
a Correlation is significant at the 0.05 level
b Correlation is significant at the 0.01 level

BMI TC TG LDL HDL

miRNA 15a Correlation 0.217 -0.065 0.152 -0.169 0.143

Significant 0.219 0.713 0.390 0.338 0.419

miRNA Let-7 Correlation 0.336 0.403a 0.021 0.411a -0.090

Significant 0.052 0.018 0.906 0.016 0.611

miRNA 344 Correlation 0.278 0.352a 0.011 0.317 0.091

Significant 0.112 0.041 0.952 0.067 0.609

miRNA 365 Correlation -0.336 -0.070 0.289 -0.239 0.163

Significant 0.052 0.696 0.097 0.173 0.357
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miRNAs to simultaneously modify various pathways 
and gene networks and the technological limitations of 
in vivo profiling [23].

Numerous studies have confirmed the role of miR-
NAs in obesity, even though it is unclear how these 
molecules work in the various degrees of obesity. Here, 
we discuss how miRNAs influence several types of 
obesity. We provide instances of how miRNAs affect 
the onset and progression of obesity classes. We also 

discuss the correlation between lipid profiles and miR-
NAs whenever possible [23].

We revealed a strong association between miR-15a 
and various degrees of obesity. This indicates that miR-
15a is necessary for the metabolism of lipids [24–26]. 
In the same line, previous studies in mammary epithe-
lial cells have shown that miR-15a improves fat metabo-
lism by suppressing the expression of the LDL receptor 
[24], downregulating fatty acid synthase expression in 

Fig. 2 Correlations of miRNAs with lipid profile in obese class I
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mammary cells [25], controlling pre-adipocyte cell size 
and proliferation [27], and promoting adipogenesis [28]. 
Correspondingly, it also reduces the lipid metabolism 
markers [29]. Along with this, our study observed that 
over-expression of miR-15a in obese patients of various 
classes might lead to an increase in the accumulation of 
LDL, triglycerides, and cholesterol. These outcomes align 
with those that have been reported for pre-adipocytes 
[27, 28].

Our results showed that there is no statistically sig-
nificant relationship between classes of obese subjects 
and Let-7. Adipogenesis is adversely regulated by Let-7. 

In adipogenesis, Let-7 is increased [30]. Let-7 generally 
seems to serve as an anti-adipogenic factor [14]. It might 
be explained as the let-7 family of miRNAs, which con-
sists of numerous paralog genes, has been found to be 
one of the largest and most conserved families of miR-
NAs across diverse species, extending from worms to 
humans [31].

Recently, a family of modulators known as miRNAs 
has been discovered which control gene expression by 
altering the level of mRNA or translation [32]. There-
fore, microRNAs play an important role in the regu-
lation of genes, including the pathways that control 

Fig. 3 Correlations of miRNAs with lipid profile in obese class II
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adipocyte differentiation and function. They control the 
differentiation of brown adipose tissue as well as the 
growth of brown fat in addition to white adipose tissue. 
Consequently, treatments based on miRNA that target 
these adipocyte depots may be able to overcome obe-
sity, insulin resistance, and malfunction of the adipose 
tissue [33]. Hence, the ability of miRNAs to function as 
either pro- or anti-adipogenesis genes has been demon-
strated in several studies [34–37]. MiR-344 and its tar-
get genes may therefore have a role in the pathological 
development of different types of obesity. In this study, 
we showed that miR-344 was upregulated in the differ-
ent obese classes according to BMI but not statistically 
significant in different obese classes. Our findings were 

consistent with those of Qin et al., who found that miR-
344 was upregulated throughout adipogenesis [18]. 
However, prior studies revealed that miR-344 consider-
ably decreased during adipogenesis under standard cul-
ture conditions, indicating that miR-344 contributes to 
adipocyte differentiation. It is conceivable that the reg-
ulation of adipocyte differentiation may be regulated 
by miR-344 [35]. This may be explained by the fact 
that previous studies have established the fundamental 
function and mechanism of miR-344 in the suppres-
sion of adipocyte differentiation through the inhibi-
tion of GSK3b at the post-transcriptional level and the 
activation of the transcription of downstream genes of 
the Wnt/b-catenin signaling pathway that reduce the 
expression of adipogenic genes [18].

Fig. 4 Correlations of miRNAs with lipid profile in obese class III
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The results of our study revealed that miR-365 was con-
siderably expressed in obese classes, along with higher 
HDL levels. A previous study stated that type 2 diabetic 
nephropathy (T2DN) has been referred to as an obesity-
related renal disease, and it has demonstrated that obe-
sity-related fat accumulation and metabolic alterations 
are essential for the initiation and development of T2DN 
[38]. Also, a prior research by Zhao et  al. [20] investi-
gated the role of miR-365 in the nephropathy induced by 
the HFD/STZ treatment in rats.

Regarding the correlations between the circulating 
miRNAs and lipid profiles among obese classes, there 
was a correlation between miRNA-15a and TC & LDL; 
Let-7 with TG, LDL, and HDL; miR-344 with TG & HDL; 
miR-365 with HDL in obese class I. Concerning class II: 
miRNAs (15a, Let-7, and 344) were significantly related 
to LDL, TC, and TG. Finally, the miRNA-Let7 was 
linked with TC & LDL while miR-344 was related with 
TC within class III. As is well known, numerous research 
teams’ contributions have highlighted the critical role 
that miRNAs play in controlling lipid metabolism and 
cholesterol homeostasis. So, lipoprotein-carried miRNAs 
are evolving to be used as valuable biomarkers or func-
tional regulators. As previously mentioned, studies have 
emphasized some of the most significant results linked 
to the monitoring of HDL-C and LDL-C via miRNA. 
According to these results, miRNA-targeted therapeu-
tics could represent an advanced approach for the treat-
ment of obesity. However, it has been discovered that 
prolonged administration or genetic ablation of certain 
miRNAs produces undesirable side effects such as dys-
lipidemia and obesity [39]. Larger investigations will also 
be required to properly explore the therapeutic and bio-
marker potential of miRNAs carried by lipoproteins in 
diseases. Briefly, the role of lipoproteins and prospective 
therapeutic uses of miRNA-based therapies for the pre-
vention and management of metabolic disorders make 
lipoprotein transport of miRNAs an attractive research 
area that needs further study [40].

Furthermore, as all of the study’s samples were enrolled 
from clinical patients, we believe that these miRNAs may 
be more significant than those identified in animal mod-
els and, as a result, may be better able to illuminate the 
potential function of the studied miRNAs in obesity. The 
study’s limitations comprise the sample size was small, 
and the findings need to be further verified in a large 
patient cohort.

Conclusion
The miRNAs that have been implicated in obesity thus 
far may be of vital importance in the management of obe-
sity in various developed classes. This provides an oppor-
tunity for the application of miRNA-based therapeutics 

when miRNAs found in the blood circulation target 
numerous mRNAs, have limited toxic effects, and are 
well tolerated by patients. Hence, the findings of this 
study demonstrated that miR-15a and miR-365 may be 
considered as biomarkers for the progression of obesity 
and consequently play important roles in the develop-
ment of obesity in different obese classes. Consequently, 
the data from the present study could provide potential 
biomarkers for obesity treatment in the future.

Abbreviations
BMI  Body mass index
WHO  World Health Organization
RT-qPCR  Quantitative real-time PCR
RAS  Renin-angiotensin system
HMGA2  High mobility group A2
TC  Total cholesterol
TG  Triglycerides
HDL  High-density lipoprotein
LDL  Low-density lipoprotein
AST  Aspartate aminotransferase
ALT  Alanine aminotransferase
T2DN  Type 2 diabetic nephropathy

Acknowledgements
We would like to acknowledge the National Research Centre for technical and 
financial support of the current research. We thank the patients and subjects 
who participated in the study.

Authors’ contributions
All the authors have accepted responsibility for the entire content of this 
submitted manuscript and approved the submission.

Funding
This work was supported by project grants from the National Research Centre 
NRC (Project no. 12060170), Egypt.

Availability of data and materials
The datasets used and/or analyzed during the current study are available from 
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
This study was approved by the Ethics Committee of the National Research 
Centre (No. 19–162), and written informed consent was obtained from all 
participants.

Consent for publication
The consents of publication are available from the corresponding author on 
reasonable request.

Competing interests
The authors declare that they have no competing interests.

Received: 8 May 2023   Accepted: 8 October 2023

References
 1. World Health Organization (2020) Obesity and overweight: fact sheets



Page 10 of 10Gouda et al. Journal of Genetic Engineering and Biotechnology          (2023) 21:109 

 2. Silveira A, Gomes J, Roque F, Fernandes T, de Oliveira EM (2022) MicroR-
NAs in obesity-associated disorders: the role of exercise training. Obes 
Facts 15(2):105–117. https:// doi. org/ 10. 1159/ 00051 7849

 3. Alfaris N, Alqahtani AM, Alamuddin N, Rigas G (2023) Global Impact of 
Obesity. Gastroenterol Clin North Am 52(2):277–293. https:// doi. org/ 10. 
1016/j. gtc. 2023. 03. 002

 4. World Health Organization (2021) Noncommunicable diseases. Available 
online at: https:// www. who. int/ news- room/ fact- sheets/ detail/ nonco 
mmuni cable- disea ses

 5. Aboulghate M, Elaghoury A, Elebrashy I, Elkafrawy N, Elshishiney G, Abul-
Magd E et al (2021) The burden of obesity in Egypt. Front Public Health 
9:718978. https:// doi. org/ 10. 3389/ fpubh. 2021. 718978

 6. Arner P, Kulyté A (2015) MicroRNA regulatory networks in human adipose 
tissue and obesity. Nat Rev Endocrinol 11(5):276–288

 7. Ortega FJ, Mercader JM, Catalán V, Moreno-Navarrete JM, Pueyo N, 
Sabater M et al (2013) Targeting the circulating microRNA signature of 
obesity. Clin Chem 59(5):781–792

 8. Lavery CA, Kurowska-Stolarska M, Holmes WM, Donnelly I, Caslake M, 
Collier A et al (2016) miR-34a(-/-) mice are susceptible to diet-induced 
obesity. Obesity 24(8):1741–1751

 9. Cho YK, Son Y, Kim SN, Song HD, Kim M, Park JH et al (2019) MicroRNA-
10a-5p regulates macrophage polarization and promotes therapeutic 
adipose tissue remodeling. Mol Metab 29:86–98

 10. Li G, Fu S, Chen Y, Jin W, Zhai B, Li Y et al (2019) MicroRNA-15a regulates 
the differentiation of intramuscular preadipocytes by targeting ACAA1, 
ACOX1 and SCP2 in Chickens. Int J Mol Sci 20(16):4063. https:// doi. org/ 10. 
3390/ ijms2 01640 63

 11. Kamalden TA, Macgregor-Das AM, Kannan SM, Eyring BD, Khalidin N, 
Xu Z et al (2017) Exosomal microRNA-15a transfer from the pancreas 
augments diabetic complications by inducing oxidative stress. Antioxid 
Redox Signal 27(13):913–930. https:// doi. org/ 10. 1089/ ars. 2016. 6844

 12. Guo Y, Li G, Li H, Huang C, Liu Q, Dou Y et al (2020) MicroRNA-15a inhibits 
glucose transporter 4 translocation and impairs glucose metabolism in 
L6 skeletal muscle via targeting of vesicle-associated membrane protein-
associated protein a. Can J Diabetes 44(3):261-266.e2. https:// doi. org/ 10. 
1016/j. jcjd. 2019. 07. 151

 13. Iacomino G, Siani A (2017) Role of microRNAs in obesity and 
obesity-related diseases. Genes Nutr 12:23. https:// doi. org/ 10. 1186/ 
s12263- 017- 0577-z

 14. Zhu H, Shyh-Chang N, Segre AV, Shinoda G, Shah SP, Einhorn WS 
et al (2011) The Lin28/let-7 axis regulates glucose metabolism. Cell 
147(1):81–94

 15. Frost RJ, Olson EN (2011) Control of glucose homeostasis and insulin 
sensitivity by the Let-7 family of microRNAs. Proc Natl Acad Sci U S A 
108(52):21075–21080

 16. Guo J, Zhu Z, Zhang D, Chen B, Zou B, Gao S et al (2020) Analysis of the 
differential expression profile of miRNAs in myocardial tissues of rats with 
burn injury. Biosci Biotechnol Biochem 84(12):2521–2528. https:// doi. org/ 
10. 1080/ 09168 451. 2020. 18079 01

 17. Liu Q, He HJ, Zeng TB, Huang Z, Fan T, Wu Q (2014) Neural-specific expres-
sion of miR-344-3p during mouse embryonic development. J Mol Histol 
45(4):363–372

 18. Qin LM, Chen Y, Niu Y, Chen W, Wang Q, Xiao S et al (2010) A deep investi-
gation into the adipogenesis mechanism: Profile of microRNAs regulating 
adipogenesis by modulating the canonical Wnt/beta-catenin signaling 
pathway. BMC Genomics 11:320

 19. Zhu Y, Wen X, Zhao P (2018) MicroRNA-365 inhibits cell growth and pro-
motes apoptosis in melanoma by targeting BCL2 and cyclin D1 (CCND1). 
Med Sci Monit 24:3679–3692

 20. Zhao P, Li X, Li Y, Zhu J, Sun Y, Hong J (2021) Mechanism of miR-365 in 
regulating BDNF-TrkB signal axis of HFD/STZ induced diabetic nephropa-
thy fibrosis and renal function. Int Urol Nephrol 53(10):2177–2187. 
https:// doi. org/ 10. 1007/ s11255- 021- 02853-3

 21. Livak KJ, Schmittgen TD (2001) Analysis of relative gene expression 
data using real-time quantitative PCR and the 2−ΔΔCt method. Methods 
25:402–408

 22. Tiwari A, Balasundaram P (2023) Public health considerations regard-
ing obesity. In: StatPearls. Treasure Island (FL): StatPearls Publishing; 
2023. Available from: https:// www. ncbi. nlm. nih. gov/ books/ NBK57 2122/

 23. Riffo-Campos AL, Riquelme I, Brebi-Mieville P (2016) Tools for sequence-
based miRNA target prediction: what to choose? Int J Mol Sci 17(12):1987

 24. Chen Z, Qiu H, Ma L, Luo J, Sun S, Kang K et al (2016) miR-30e-5p and 
miR-15a synergistically regulate fatty acid metabolism in goat mammary 
epithelial cells via LRP6 and YAP1. Int J Mol Sci 17:1909

 25. Wang J, Zhang X, Shi J, Cao P, Wan M, Zhang Q et al (2016) Fatty acid 
synthase is a primary target of MiR-15a and MiR-16-1 in breast cancer. 
Oncotarget 7:78566–78576

 26. Sun LL, Jiang BG, Li WT, Zou JJ, Shi YQ, Liu ZM (2011) MicroRNA-15a 
positively regulates insulin synthesis by inhibiting uncoupling protein-2 
expression. Diabetes Res Clin Pract 91:94–100

 27. Andersen DC, Jensen CH, Schneider M, Nossent AY, Eskildsen T, Hansen 
JL et al (2010) MicroRNA-15a fine-tunes the level of delta-like 1 homolog 
(DLK1) in proliferating 3T3-L1preadipocytes. Exp Cell Res 316:1681–1691

 28. Dong P, Mai Y, Zhang Z, Mi L, Wu G, Chu G et al (2014) MiR-15a/b pro-
mote adipogenesis in porcine pre-adipocyte via repressing FoxO1. Acta 
Biochim Biophys Sin 46:565–571

 29. Bai J, Xu H, Fang J, Zhang C, Song J, Zhang X et al (2022) miR-15a regu-
lates the preadipocyte differentiation by targeting ABAT gene in Yanbian 
yellow cattle. Anim Biotechnol 22:1–10. https:// doi. org/ 10. 1080/ 10495 
398. 2022. 20885 52

 30. Sun T, Fu M, Bookout AL, Kliewer SA, Mangelsdorf DJ (2009) MicroRNA 
let-7 regulates 3T3-L1 adipogenesis. Mol Endocrinol 23(6):925–931

 31. Ma Y, Shen N, Wicha MS, Luo M (2021) The roles of the Let-7 family of 
microRNAs in the regulation of cancer stemness. Cells 10(9):2415. https:// 
doi. org/ 10. 3390/ cells 10092 415

 32. He L, Hannon GJ (2004) MicroRNAs: small RNAs with a big role in gene 
regulation. Nat Rev Genet 5:522–531

 33. Icli B, Feinberg MW (2017) MicroRNAs in dysfunctional adipose tissue: 
cardiovascular implications. Cardiovasc Res 113:1024–1034. https:// doi. 
org/ 10. 1093/ cvr/ cvx098

 34. Kim J, Krichevsky A, Grad Y, Hayes GD, Kosik KS, Church GM et al (2004) 
Identification of many microRNAs that copurify with polyribosomes in 
mammalian neurons. PNAS 101:360–365

 35. Chen H, Wang S, Chen L, Chen Y, Wu M, Zhang Y et al (2014) Micro-
RNA-344 inhibits 3T3-L1 cell differentiation via targeting GSK3b of Wnt/b-
catenin signaling pathway. FEBS Lett 588:429–435

 36. Zhang Y, Sun X, Icli B, Feinberg MW (2017) Emerging roles for microRNAs 
in diabetic microvascular disease–novel targets therapy. Endocr Rev 
2017:1–38

 37. O’Brien J, Hayder H, Zayed Y, Peng C (2018) Overview of microRNA bio-
genesis, mechanisms of actions, and circulation. Front Endocrinol 9:402. 
https:// doi. org/ 10. 3389/ fendo. 2018. 00402

 38. Yang W, Luo Y, Yang S, Zeng M, Zhang S, Liu J et al (2018) Ectopic lipid 
accumulation: potential role in tubular injury and inflammation in dia-
betic kidney disease. Clin Sci 132:2407–2422

 39. Aryal B, Singh AK, Rotllan N, Price N, Fernández-Hernando C (2017) micro-
RNAs and lipid metabolism. Curr Opin Lipidol 28(3):273–280. https:// doi. 
org/ 10. 1097/ MOL. 00000 00000 000420

 40. Desgagné V, Bouchard L, Guérin R (2017) microRNAs in lipoprotein and 
lipid metabolism: from biological function to clinical application. Clin 
Chem Lab Med 55(5):667–686

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1159/000517849
https://doi.org/10.1016/j.gtc.2023.03.002
https://doi.org/10.1016/j.gtc.2023.03.002
https://www.who.int/news-room/fact-sheets/detail/noncommunicable-diseases
https://www.who.int/news-room/fact-sheets/detail/noncommunicable-diseases
https://doi.org/10.3389/fpubh.2021.718978
https://doi.org/10.3390/ijms20164063
https://doi.org/10.3390/ijms20164063
https://doi.org/10.1089/ars.2016.6844
https://doi.org/10.1016/j.jcjd.2019.07.151
https://doi.org/10.1016/j.jcjd.2019.07.151
https://doi.org/10.1186/s12263-017-0577-z
https://doi.org/10.1186/s12263-017-0577-z
https://doi.org/10.1080/09168451.2020.1807901
https://doi.org/10.1080/09168451.2020.1807901
https://doi.org/10.1007/s11255-021-02853-3
https://www.ncbi.nlm.nih.gov/books/NBK572122/
https://doi.org/10.1080/10495398.2022.2088552
https://doi.org/10.1080/10495398.2022.2088552
https://doi.org/10.3390/cells10092415
https://doi.org/10.3390/cells10092415
https://doi.org/10.1093/cvr/cvx098
https://doi.org/10.1093/cvr/cvx098
https://doi.org/10.3389/fendo.2018.00402
https://doi.org/10.1097/MOL.0000000000000420
https://doi.org/10.1097/MOL.0000000000000420

	Significant role of some miRNAs as biomarkers for the degree of obesity
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 

	Background
	Methods
	Statistical analysis

	Results
	Anthropometric measurements and clinical data of obese patients and controls
	The expression of the circulating miRNAs in different obese classes and the normal weight controls
	Coefficients of linear correlation (r) between the circulating miRNAs and BMI and lipid profile in different obese class patients

	Discussion
	Conclusion
	Acknowledgements
	References


