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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 | (1=24), obese class Il (n=17), and obese class Ill (n=34) concerning body mass index
(BMI < 30 kg/m?, BMI 30-34.9 kg/m?, BMI 35-39.9 kg/m? and BMI = 40 kg/m?, 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-gPCR).

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-
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obesity-BMI higher than or equal to 30 kg/m?, obesity
class I-BMI 30 to 34.9 kg/m? obesity class II-BMI 35
to 39.9 kg/m?, and obesity class III-BMI higher than or
equal to 40 kg/m? (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
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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 (HMGAZ2) [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 (7=>50; BMI<30 kg/m?), (2) obese class
I patients (n=24; BMI 30-34.9 kg/m?, (3) obese class II
patients (n=17; BMI 35-39.9 kg/m?, and (4) obese class
Il patients (n=34; BMI>40 kg/m?. 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°C 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 pg) were reverse transcribed using TagMan 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°C for 15 s, 55°C for 30 s, and 72°C
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 2724 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.
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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/m? their age ranges
from 28 to 51 with a mean of 40 years (No.=24).

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

« Class III: with a mean of 47 kg/m? 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/m? 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

Parameter Obese (n=75) Controls (n=50) Pvalue
Obese class Il Obese class Il (n=17) Obese class | (n=24)
(n=34)
Age (years) 42422 39+37 40+24 40+ .093 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/m?) 43+£08 37+02 33+04 21.14+036 0.000
Fasting glucose (mg/dL) 87+3 86+35 84+23 0+14 0.222
Total cholesterol (mg/dL) 189+1.5 187+13 154+1.8 1458+1.6 0.000
Triglycerides (mg/dL) 139+3.1 130£1.7 109£1.5 879+2 0.000
HDL-cholesterol (mg/dL) 55+4 60.7+1.8 595+0.7 50£0.5 0.000
LDL-cholesterol (mg/dL) 104+0.39 100+0.36 108+0.3 777+06 0.001
Urea (mg/dL) 24+09 2524092 226+0.96 23.14+£04 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+15 24+£14 2411 23+£04 0.504
ALT (IU/L) 236+£15 234106 245+0.7 24+0.5 0876

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
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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.
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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
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Table 2 Coefficients of linear correlation (1) between circulating miRNAs and BMI and lipid profile in obese class | patients

BMI TC TG LDL HDL
miRNA 15a Correlation 0019 -0.672° 0.182 -0.691° 0.155
Significant 0.929 0.000 0.395 0.000 0471
miRNA Let-7 Correlation 0.417° -0.356 0.685° -0.441° -0.443°
Significant 0.043 0.088 0.000 0.031 0.030
miRNA 344 Correlation -0.436° -0.044 -0.526° 0.025 0.463°
Significant .033 0.838 0.008 0.908 0.023
miRNA 365 Correlation 0.565" -0.038 -0.381 -0.004 0.560"
Significant 0.004 0.860 0.066 0.985 0.004

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
2 Correlation is significant at the 0.05 level

b Correlation is significant at the 0.01 level

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

BMI TC TG LDL HDL

miRNA 15a Correlation 0417 -0.769° -0.918° -0.743° 0.245
Significant 0.096 0.000 0.000 0.001 0.343

miRNA Let-7 Correlation -0.583° -0.858" -0.802° -0.825° -0.043
Significant 0.014 0.000 0.000 0.000 0.870

miRNA 344 Correlation -0.566° -0.867° -0.940° -0.838° 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

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
2 Correlation is significant at the 0.05 level

b Correlation is significant at the 0.01 level

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

BMI TC TG LDL HDL

miRNA 15a Correlation 0217 -0.065 0.152 -0.169 0.143
Significant 0.219 0.713 0.390 0338 0419
miRNA Let-7 Correlation 0336 0.403° 0.021 0.411° -0.090

Significant 0.052 0.018 0.906 0.016 0611

miRNA 344 Correlation 0.278 0.352° 0.011 0317 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 0173 0357

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
2 Correlation is significant at the 0.05 level

b Correlation is significant at the 0.01 level

developed as significant regulators of lipid and glu- the structures and functions of adipose tissue, mus-
cose metabolism and are crucial in the development cle, pancreas, and liver. Knowledge of the mechanisms
of obesity and obesity-related disorders by impacting of action is still mostly restricted due to the ability of
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Fig. 2 Correlations of miRNAs with lipid profile in obese class |

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
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Fig. 3 Correlations of miRNAs with lipid profile in obese class I

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
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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].
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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
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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.
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