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Abstract

Background: Atherosclerosis (AS) is an inflammatory disease linked to vascular events, with
dysregulation of microRNA (miR)-125b, contributing to cardiovascular disease pathogenesis.
Moreover, there is evidence of the involvement of signal transducer and activator of transcription 3
(STAT3) and sirtuin 6 (SIRT6) in AS. This study aimed to survey the expression levels of miR-125b,
STATS, and SIRT6 in the peripheral blood mononuclear cells (PBMCs) of AS patients and controls,
and to find their correlations with biochemical parameters and risk factors.

Methods: This study included blood samples from 45 controls and 45 AS patients, with PBMCs isolated
using Ficoll solution. Expression levels of miR-125b, STAT3, and SIRT6 were determined via
quantitative Real Time-PCR.

Results: The findings revealed a significant increase in miR-125b levels in patients compared to
controls (P = 0.017). However, alterations in STAT3 and SIRT6 expression were not significant (P>
0.05). There was no substantial relationship between miR-125b and STAT3 (P = 0.522) or SIRT6 (P =
0.88). miR-125b showed a significant relationship with atherogenic indexes and creatinine (P<0.05),
while the association of SIRT6 with HDL and creatinine was significant (P<0.05). STAT3 exhibited
high diagnostic power for identifying individuals at risk of heart disease and hypertension (P<0.05).
Conclusions: STAT3 can serve as a valuable biomarker for detecting AS and AS-related risk factors.
miR-125b and SIRT6 may be associated with AS lipid metabolism. However, further studies with larger
sample sizes are recommended to mechanistically elucidate the association of these genes.
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Introduction

Atherosclerosis (AS), a common form of
cardiovascular disease (CVvD), IS
characterized by the accumulation of lipids on
the luminal surface of blood vessels, which can

ultimately result in clinical complications such
as myocardial infarction (MI) and stroke (1).
Despite a declining incidence in some
countries, the disease remains the leading cause
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of death worldwide due to its slow progression.
In atherosclerotic lesions, inflammatory cells,
lipids, vascular smooth muscle cells (VSMCs),
and necrotic cells accumulate and transform
over a lifetime within the intimal space (2, 3).
The development of atherosclerotic plaques can
be influenced by interactions between genetic
and  environmental  factors  including
dyslipidemia, diabetes mellitus, family history
of CVD, hypertension, smoking, physical
inactivity, etc. Furthermore, epigenetic changes
have become increasingly important in vascular
pathology, both from a therapeutic and
biomarker perspective (4, 5). In recent years,
evidence has shown implication of microRNAs
(miRNAs; miRs) in various pathophysiological
processes and molecular signaling pathways
associated with AS (6,7). Numerous studies
have highlighted the crucial role of miRNAs as
momentous mediators for regulating the
VSMCs phenotype by targeting transcription
factors (7-9). For instance, miR-21, miR-145,
miR-221, and miR-222 have been identified to
have a close association with aberrant VSMC
proliferation in AS (10). Moreover, evidence
has suggested that miR-125b contributes
extensively to the pathogenesis and clinical
diagnosis of CVD. Up-regulation of miR-125b
could enhance the expression of inflammatory
cytokines, such as interleukin-6 (IL-6) and
monocyte chemoattractant protein-1 (MCP-1),
and correlate with endothelial cells (ECs)
senescence (11). Conversely, documents have
displayed that miR-125b can target sirtuin 6
(SIRT6) gene, leading to apoptosis and cellular
senescence in cancers (12,13). SIRT6
effectively prevents the infiltration of
inflammatory cells, the transformation of
fibroblasts, and the formation of atherosclerotic
plagues. Moreover, it plays a role in inhibiting
cardiomyocyte hypertrophy, thereby preventing
ECs dysfunction (14). SIRT6 has also shown
cardioprotective effects via blocking the
activation of signal transducer and activator of
transcription 3 (STAT3) in cardiomyocyte
hypertrophy (15). Through ECs dysfunction,
macrophage polarization, immunity, and
inflammation, STAT3 has been reported to be
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linked to the development of CVDs, including
AS. STAT3 phosphorylation could provoke the
expression of adhesion  molecules and
inflammation that promote monocyte migration
(16). Additionally, the janus Kkinase 2
(JAK2)/STAT3 pathway directs numerous
cytokine signaling pathways and participates
ubiquitously in cell proliferation,
differentiation, vascular calcification, and
myocardial fibrosis (17,18). Therefore, there
may be a hypothesis regarding the possible
relationship between SIRT6 and STAT3 with
miR-125b and even biochemical parameters
and risk factors in atherosclerotic process for
therapeutic purposes. For this reason, the
present research was aimed to evaluate these
correlations.

Materials and Methods

Study design and population

A total of 90 subjects, including 45
atherosclerotic patients and 45 controls, who
were referred to the Cardiology and
Angiography Department of Shahid Madani
Hospital, Khorramabad, Iran, between 2021
and 2022, were selected. The patients with
atherosclerotic lesions were confirmed by
standard  diagnostic  angiography. The
inclusion criteria were patients with coronary
angiography  diagnostic or  therapeutic
indicators and matched age and sex. The
individuals without atherosclerotic lesions
were considered controls. In addition, the
medical information, including age, weight,
height, exercise, history of heart disease,
hypertension, smoking, and alcohol utilization
was recorded for all participants. Patients with
congenital  heart  disease,  pulmonary
obstruction, chronic kidney disease, or
malignancy were regarded as exclusion
criteria.  Written informed consent was
received from all participants in this study. The
research was confirmed by the Ethics
Committee of Lorestan University of Medical
Sciences and the Research Committee of
Shahid Madani Hospital, and administered
following the Declaration of Helsinki (19).
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Blood samples collection and peripheral
blood mononuclear cells (PBMCs) isolation
Two types of blood samples were obtained from
all participants following overnight fasting into
tubes without anticoagulant for biochemical
evaluations and with ethylenediaminetetraacetic
acid (EDTA) for molecular assays. Ficoll
solution (Pharmacia, Freiburg, Germany) was
used to isolate PBMCs. Firstly, 5 ml phosphate
buffer saline was added to a 5 ml whole blood
sample and mixed. In the next step, the diluted
blood was added to a 7.5-ml Ficoll solution in a
canonical tube and centrifuged at 2,800 RCF for
20 min. The cloudy layer, including lymphocyte,
monocyte, and thrombocyte between the plasma
and Ficoll solution was isolated with a pipette,
and cells were washed twice with PBS. After the
washing, 5 ml of PBS was added, and samples
were stored at -70 °C until further analysis.

Biochemical analysis

The serum of collected blood samples was
separated, and lipid profile levels consisted of
total cholesterol (TC), low-density lipoprotein
(LDL), high-density lipoprotein (HDL), and
triglyceride (TG) as well as fasting blood sugar
(FBS), serum creatinine (Cr), and blood
uremia nitrogen (BUN) levels were measured
by an auto-analyzer (Beckman CX4, Fullerton,
CA, USA) and Bionic Diagnostic Kits, Iran.

Atherogenic indices and body mass index
(BMI) evaluation

The atherogenic indices, such as atherogenic
index of plasma (AIP), Castelli's Risk Index-I

(CRI-I), and Castelli's Risk Index-11 (CRI-I1),
and cut-off levels were calculated according to
the previous study (20). Moreover, BMI was
computed with the following formula (21):
BMI=Weight (kg)/ (Height (m))>2.

RNA isolation and quantitative real-time
PCR analysis (QRT-PCR)

Total RNA was separated from the PBMCs
samples using the FavorPrep Blood/Cultured
Cell Total RNA Purification Kit (Favorgen®
Biotech Corp., Pingtung, Taiwan) according to
protocol of the kit’s instructions. The purity
and integrity of isolated RNA were established
via a spectrophotometer (NanoDrop Lite,
Thermo Scientific, USA) and 2% agarose gel
electrophoresis, respectively. Following RNA
quantification, cDNAs were synthesized for
SIRT6 and STAT3 genes using a cDNA
synthesis kit (Yekta Tajhiz Azma, Iran) and for
miR-125b using a cDNA synthesis kit (Zist
Pooyesh, Iran) according to the manufacturer’s
instructions. The genes expression of SIRTG,
STAT3, mirR-125b, and reference genes
(Glyceraldehyde 3-phosphate dehydrogenase
(GAPDH) and Snord-48) were investigated by
gRT-PCR applying SYBR Green ¢PCR
Master Mix  (Ampligon, Copenhagen,
Denmark). Reactions were conducted in
triplicate on Rotor-Gene 6000 (Corbett Life
Science, Australia). To analyze the results of
gqRT-PCR, the 24CT standard method was
applied. The sequences of sense and antisense
primers for each gene are presented in Table 1.

Table 1. Sequence of primers used for qRT-PCR.

Accession

Product  Referenc

Gene numbers Forward Reverse Size o
SIRT6 NM 0165394  5-AGTCTTCCAGTGTGGTGTTCC-3' 5“TCCATGGTCCAGACTCCGT-3’ 9% (22
STAT3 NM_139276.3  5-GCTGCCCCATACCTGAAGAC-3’ 5-GGTGAGGGACTCAAACTGCC-3' 165 (23)

GAPDH NM_002046.7  5-GGTCGGAGTCAACGGATTTGG-3'  5-TGATGACAAGCTTCCCGTTCT-3 194 (23)

SIRT®, Sirtuin 6; STAT3, Signal transducer and activator of transcription 3; GAPDH, Glyceraldehyde 3-phosphate

dehydrogenase.

Statistical analysis
Data were analyzed using SPSS software
version 22 (SPSS Inc., Chicago, IL, USA) and

expressed as mean + standard deviation (SD).
The difference between the two groups was
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characterized by an independent T-test. To
evaluate significant differences in the
expression of miRNAs between patients and
controls, the nonparametric Mann—Whitney U-
test was applied. Accordingly, spearman
correlation was applied to measure the strength
and direction of associations between pairs of
continuous variables. P values <0.05 were
considered statistically considerable.

Results

Baseline and biochemical characteristics

As displayed in Table 2, there was no
substantial difference between the patient and
control groups regarding baseline
characteristics (P> 0.05). In addition, levels of
TG, FBS, Cr, CRI-II, and AIP in the patient
group were meaningfully higher than in the
control group (P<0.05).

Table 2. Baseline and biochemical characteristics.

Control (N=45)

Patient (N=45)

Variables (mean + SD) (mean + SD) P value
Age (years) 57.96+12.63 61.67+13.33 0.712
Gender (women/men), n (%) 20 (44.4) 125 (55.6) 15 (33.4) /30 (66.6) 0.067
Height (cm) 164.48+9.39 165.21+19.94 0.144
Weight (kg) 72.63+2.32 76.4+3.27 0.455
BMI (kg/m?) 26.63+ 4.67 37.8445.26 0.818
TC (mg/dl) 163.2 +42.4 166.94+ 87.09 0.830
HDL (mg/dl) 45.2+6.6 44.87+10.46 0.25
LDL (mg/dl) 95.73+ 27.29 99.23+ 36.3 0.944
TG (mg/dl) 138.29+ 42.4 166.94+ 87.09 0.005*
FBS (mg/dl) 105.21+37.3 120.26+ 50.8 0.045*
BUN (mg/dl) 32.6+10.92 38.66+ 50.8 0.157
Cr (mg/dl) 1.03+0.37 1.26+0.40 0.037*
BUN/Cr 39.67+ 14.72 34.83+ 10.79 0.274
CRI-I 3.7£0.83 4.06%1.5 0.736
CRI-II 2.11+0.49 2.41+£0.93 0.009**
AIP 0.47+0.119 0.52+0.305 0.001**

*P<0.05, **P<0.01, ***P<0.0001. FBS, Fasting blood sugar; BMI, Body mass index; TC, Total cholesterol; TG,
Triglycerides; HDL, High-density lipoprotein; LDL, Low-density lipoprotein; BUN, Blood urea nitrogen; Cr, Creatinine;
AIP, Atherogenic index of plasma; CRI-I, Castelli’s Risk Index-I; CRI-II, Castelli's Risk Index-I1.

Expression levels of miR-125b, STAT3, and
SIRT6 in PBMC of patient and control groups
The miR-125b expression was significantly
higher in AS patients compared to the control
individuals (P< 0.05; Fig. 1a). Additionally, no
meaningful difference was found for genes
expression of SIRT6 and STAT3 between the
two groups (P> 0.05; Figs. 1b and 1c).

Receiving operating characteristic (ROC)
curves analysis

ROC curve can be used to determine whether
a variable can be used as a biomarker for a
specific disease. This curve is an appropriate
and well-established method for evaluating a
laboratory test according to sensitivity and
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specificity. The area under the ROC
characterizes the test power to diagnose
disease. The findings of ROC curve analysis
demonstrated that STAT3 has high diagnostic
power to detect individuals at risk of heart
disease and hypertension (Figs. 2a and 2b).

Correlation of miR-125b with STAT3 and
SIRT6 genes and their relationship with
biochemical parameters

In this study, no substantial association was
found between miR-125b and genes of STAT3
and SIRT6 (P> 0.05). The correlation between
miR- 125b, STAT3, and SIRT6 with
biochemical parameters was analyzed in the
patient group (Fig. 3).
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Fig. 1. Expression levels of (a) miR-125b; (b) SIRT6, and (c) STAT3 in patient and control groups. *P<0.05.
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*P<0.05.

Comparison of STAT3 gene expression in
groups with and without history of heart
disease and hypertension

Based on Fig. 4, the expression of the STAT3
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gene in groups with a history of heart disease
and hypertension was substantially different
compared to the group without a history of
heart disease and hypertension (P<0.05).
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Fig. 4. The expression levels of STAT3 in PBMC cells. (a) Groups with a history of heart disease and without a history
of heart disease; (b) Groups with hypertension and without hypertension. * P<0.05.

Discussion

The findings of this study showed a significant
increase in the expression of miR-125b in AS
patients compared to control subjects. In this
regard, Hueso et al. showed that miR-125b
overexpresses in human atherosclerotic plaque,
confirming the involvement of CD40/NF-kB
signaling in the expression of miR-125b (24).
Additionally, increased plasma levels of miR-
125b are related to functional outcomes and
stroke severity in acute ischemic stroke patients
receiving thrombolysis (25). The previous
document also illustrated that lower values of
miR-125b lead to ameliorating long-term
survival in patients with multivessel disease
(MVD) and acute coronary syndrome (ACS)
(26). Based on several studies, miR-125b
augments activated nature of macrophages and
downregulates scavenger receptor B1 (SR-B1)
in  macrophages and VSMCs (27,28).
Therefore, it seems that miR-125b can be a
potential diagnostic biomarker in clinical
settings and be implemented as a promising

therapeutic target to provide better management
of AS (29).

In this study, the expression of STAT3 and
SIRT6 genes altered between two control and
patient groups, which was not statistically
significant. Multiple studies have focused on
exploring the role of STAT3 and SIRT6 in
CVDs (14,30). The findings of Luo and
colleagues revealed that increased IL-6 levels
and subsequent expression of intercellular
adhesion molecule 1 (ICAM-1) and vascular
cell adhesion molecule 1 (VCAM-1), are
accompanied by activation of STAT3 pathway
(31). It has been shown that blocking the NF-kB
and STATS3, as therapeutic interventions,
suppress AS by inhibiting inflammation (32).
Besides, SIRT6 represses the initiation of AS
and plague instability via regulating
inflammation, macrophage polarization, and
foam cell formation (33). Based on available
data, SIRT6 plays a crucial role in regulating
STAT3  expression, thereby  protecting
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cardiomyocyte hypertrophy (15). There is
evidence that STAT3 and SIRT6 could be novel
targets for miR-125b in various diseases such as
cancers (34-36).

We investigated the association of miR-125b
with the expression of STAT3 and SIRT6 genes
in patients with AS. The results showed a
negative relationship that was not significant.
However, further studies are needed to improve
the understanding of miR-125b/ SIRT6 /
STAT3 signaling in vascular diseases,
especially AS.

In addition to the mentioned results, the
correlation of miR-125b with AIP and Cr was
significantly positive. Generally, the interaction
between miRNAs expression with classical risk
factors, including Cr, has been reported in some
studies, suggesting their important role in
susceptibility to coronary heart diseases (37).

Additionally, different mMiRNAs
deregulation are well identified to be involved
in TG and cholesterol metabolism and to be
related to the development of metabolic
disorders (38). The results of a vivo study
reported that miR-125a dysregulation enhances
the development of insulin resistance induced
by obesity, involving lipid metabolism (39).

AIP in our study also indicated a significant
rise in AS patients compared to controls,
suggesting a diagnostic and screening tool for
AS risk. In agreement with our results, several
studies have indicated that AIP is correlated
with disorders of lipoprotein and lipid
metabolism, including dyslipidemia, which is
considered the major reason for obesity-
induced CVDs (40—42). Hence, it seems that the
correlation of miR-125b with AIP can present
an emerging mechanism in AS
pathophysiology.

Importantly, SIRT6 in the present study had
remarkable positive and negative correlations
with HDL and Cr in patients, respectively. The
results of a study in 2018 indicated that SIRT6
overexpression ameliorates elevation of renal
dysfunction markers (BUN and serum Cr) as
well as inflammation and apoptosis by
suppressing ERK1/2  expression  (43).
Moreover, the findings of an in vivo study
indicated that SIRT6 and forkhead box O3
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(FoxO3) have a regulatory role in LDL
homeostasis, and overexpression of SIRT6
could lower LDL levels by suppressing the
proprotein convertase subtilisin/kexin type 9
(PCSK9) gene (44). Also, studies have
indicated that SIRT6 positively is associated
with HDL, which supports the link between
SIRT6 and lipid metabolism (45). Hence, it is
believed that modulating SIRT6 in lipid
metabolism can represent a beneficial strategy
to prevent AS.

The findings of this research showed the
expression of the STAT3 gene in the group with
a history of heart disease and hypertension was
substantially higher than group without a
history of heart disease and hypertension.
Interestingly, ROC curves indicated that
STAT3 can be regarded as a valuable diagnostic
biomarker for individuals at risk of heart disease
and hypertension. So far, numerous studies
have surveyed the association of STAT3 with
risk factors of CVDs. A strong correlation has
been observed between MRNAS
(STAT3/JAK2) and stroke-related risk factors
involving hypertension, dyslipidemia, smoking,
and AS (46). According to ROC curve results,
higher mRNA levels of STAT3/JAK2 could be
associated with ischemic stroke risk. The
findings of a study in 2021 have also proposed
that STAT3/JAK2 may  serve  as
complementary biomarkers for improving
stroke diagnostic accuracy (46). Thus,
understanding the mechanisms of STAT3 in
pathological cardiac conditions can facilitate
the development of therapeutic interventions
against AS.

This study had some limitations which
should be acknowledged. The statistical
population in this study was small owing to
sampling constraints and limited access to
suitable participants. It is necessary to have a
larger sample size in future research to establish
the obtained results conclusively. Another
limitation of this study was the lack of
measurement of miR-125b and SIRT6 serum
levels and inflammatory cytokines. Because it
could provide more accurate results from the
relationship between miR-125b and SIRT6
gene from the perspective of inflammation. In
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addition, quantitative information related to
vascular risk factors of AS, such as the effects
of different drugs, including statin, can be
considered as inclusion criteria to achieve more
precise findings.

As a consequence of this study, high miR-
125b level in PBMCs of patients was strongly
correlated with the progression of AS and could
serve as a valuable biomarker for the
recognition of AS. In addition, the expression of
STAT3 and SIRT6 genes did not alter
substantially in the two groups, recommending
more detailed research on these genes and their
relationship with AS. However, STAT3
indicated high diagnostic power to detect
individuals at risk of heart disease and
hypertension. Notably, miR-125b and SIRT6
had positive correlations with AIP and HDL,
respectively, indicating the possible association
of these genes with lipid metabolism. Also, the
levels of atherogenic indices including AIP and
CRI-II increased in individuals with AS, which
seems to be a more important index compared
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