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Abstract 

Backgrounds  Developed countries have a high mortality rate from atherosclerosis and are frequently linked 
to inflammation and other blood lipid disorders. MicroRNA expression can affect atherosclerotic plaque formation, 
lipid metabolism, inflammation, and other related processes. The search aimed to determine whether microRNA-
138-5p or microRNA-132-3p expression levels are related to patient atherogenic genes.

Methods  Angiographic diagnostic method was used to select 45 healthy samples and 45 atherosclerosis patients, 
along with the laboratory and demographic information. After isolating peripheral blood mononuclear cells (PBMCs) 
from blood, the levels of miR-138 and miR-132 and the relative expression of Sirtuin 1 (SIRT1), signal transducer 
and activator of transcription-3 (STAT3), and CD36 genes measured using real-time PCR.

Results  miR-138 was upregulated compared to the control group in the atherosclerosis patient group (P < 0.05). In 
contrast, SIRT1 was downregulated in patients (P < 0.05). Our results also showed that the expression levels of miR-138 
can use as a biomarker for atherosclerosis detection (P < 0.05). In addition, the expression of miR-138 with SIRT1 had 
a significant negative correlation (P < 0.05), and miR-132 was directly correlated with STAT3 (P < 0.01). Interestingly, 
STAT3 was negatively correlated with SIRT1 (P < 0.05) and positively with CD36 (P < 0.01).

Conclusion  Since atherosclerosis has no specific clinical symptoms and early diagnosis is vital, the use of miR-138 
diagnostic biomarkers can play an essential role in early diagnosis. Furthermore, this study highlights the overlap 
of SIRT1-STAT3-CD36 signaling pathways with miR-132 and miR-138 in atherosclerosis.
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Introduction
Coronary artery disease (CAD) is the world’s most com-
mon cardiovascular disorder. The most frequent under-
lying cause of CAD is atherosclerosis. Atherosclerosis 
is an arterial disorder causing lipoprotein accumulation 
in the endothelium and the oxidation of immune cells, 
including macrophages [1, 2]. In the subendothelial layer, 
monocytes transform into macrophages that develop 
inflammatory responses and eventually become foam 
cells [3]. Monocytes, dendritic cells, and lymphocytes are 
all components of peripheral blood mononuclear cells 
(PBMCs). It has been observed that inflammation and 
molecular mechanisms of these cells are involved in the 
pathogenetic processes that lead to heart disease [4].

CD36 is an 88-kDa glycoprotein found in adipocytes, 
cardiac myocytes, macrophages, platelets, and endothe-
lial cells. In atherosclerosis progression, CD36 is bound 
by long-chain free fatty acids, making it easier for mol-
ecules like oxidized LDL to enter cells. Immune cell infil-
tration into arterial intima is induced by the interaction 
between CD36 and Ox-LDL [5, 6]. LDL, especially Ox-
LDL, exhibits damage-associated molecular pattern char-
acteristics and activates pro-atherogenic responses [7]. 
Recent research indicates that the signal transducer and 
activator of transcription 3 (STAT3) facilitates the uptake 
of fatty acids in cells by interacting with CD36. STAT3 
signaling is activated in atherosclerosis [8, 9]. CD36 is a 
direct downstream target of STAT3, as overexpression 
of STAT 3 significantly raises its expression in cells [10]. 
Phosphorylation of STAT3 affects phenotypic transfor-
mation, growth, and migration of aortic vascular cells 
[11]. Research has demonstrated that Sirtuin 1 (SIRT1) 
controls STAT3’s Tyr phosphorylation to reduce its rate 
of phosphorylation [12, 13]. SIRT1 is an essential regu-
lator of vascular endothelial homeostasis [14] and found 
on the 10q21.3 chromosome. SIRT1 deacetylase activity 
can be influenced by factors, such as nutrition, and hor-
mones to minimize cholesterol buildup in macrophages. 
Deficiency in this gene can lead pathophysiological alter-
ations in cardiovascular diseases and is downregulated 
in myocardial damage [15–17]. SIRT1 can control CD36 
expression [18] and is a target of miR-132 and miR-138 
[14, 19].

MicroRNAs (miRNAs) are small non-coding RNAs 
that bind to 3 or 5 untranslated regions (UTRs) of mes-
senger RNAs (mRNAs) to change post-transcriptional 
gene expression. Recent research has revealed that 
miRNAs play a crucial role in the development of car-
diovascular disease [20–23]. MiR-138 is a vital miRNA 
family member with two putative genes for precursors, 
pre-miR-138–1 and pre-miR-138–2, located on chro-
mosome 3p21.33 and 16q13, respectively [21]. MiR-138 
has been implicated in heart disorders, as it regulates 

hypoxia-induced cell death and is expressed in hypoxic 
cardiomyocytes [22]. MiR-132 is a highly conserved 
miRNA located on human chromosome 17 that is pro-
duced during intergenic transcription and increased in 
cardiac tissue in response to cardiomyocyte stress [24, 
25]. It has been found to have an effect on the signaling 
pathways controlling the growth, autophagy, handling 
of calcium, and contractility of cardiomyocytes [26–29]. 
Heart failure is caused by the progressive, adverse cardiac 
remodeling caused by miR-132 overactivation in cardiac 
tissue [30].

The function of miR-138-5p and miR-132-3p in periph-
eral blood mononuclear cell (PBMC) pools from patients 
with  atherosclerosis (AS) remains unknown. The objec-
tive of this study was to investigate whether miR levels 
can be used to predict atherosclerotic disease and associ-
ate with atherogenic risk factors.

Materials and methods
Selection of subject populations
Ninety patients who underwent angiography and hos-
pitalized in the cardiology departments of the Sha-
hid Madani Hospital participated in this case–control 
research. The case group consisted of 45 individuals 
with particular atherosclerotic lesions in coronary angi-
ography, whereas the healthy control group consisted of 
45 individuals without angiographic lesions. The inclu-
sion criteria were patients with coronary angiography 
diagnostic or therapeutic indication, matched age and 
sex, and excluded those with congenital heart disease, 
chronic kidney disease, pulmonary obstruction, or malig-
nancy. Upon admission to the angiography clinic, a ques-
tionnaire was completed, asking about demographics, 
medical history, previous heart attacks, smoking, alcohol 
use, and exercise. Patients’ lipid profiles and fasting blood 
sugar levels were assessed before atherogenic indices 
were computed. According to Gensini scoring, coronary 
artery lumen narrowing is graded as follows: One repre-
sents a narrowing of 1–25 percent; two represents atten-
uation of 26–50%; four represents attenuation of 51–75 
percent; eight represents the attenuation of 76–90%; 16 
represents the attenuation of 91–99%; and 32 represents 
a completely blocked vessel.

Atherogenic indices calculation
The atherogenic indices were computed using 
the following formulas: AIP (atherogenic index of 
plasma) = Log (serum triglyceride/serum HDLc); 
CRI-I (Castelli Risk Index II) = Serum total cho-
lesterol/serum HDLc; CRI-II (Castelli Risk Index 
I) = Serum LDL cholesterol/serum HDLc; and TYG 
(Triglycerides-Glucose) = Ln((TG × FBS)/2).
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Extraction of PBMCs
Blood samples from volunteers’ peripheral veins were 
taken while persons were fasting and isolated PBMCs 
using the Ficoll–Paque density gradient method (Phar-
macia, Freiburg, Germany). Blood diluted in 1:1 with 
phosphate-buffered saline (PBS). About 3.5 mL of Ficoll 
was poured into a centrifugation tube, and the samples 
were centrifuged at 800 g for 15 min at room tempera-
ture. After being washed with PBS twice, the PBMCs 
were then frozen to be used for RNA separation.

RNA extraction
Ribonucleic acid (RNA) is utilized in many molecular 
biology tests and is crucial for several biological pro-
cesses. To extract RNA from cells, cells can initially be 
recovered as pellets after storage using a centrifugation 
procedure at 1500 g for 3 min at 4  °C. Total RNA was 
isolated from PBMCs according to the manufacturers’ 
orders using an RNA isolation kit (Anacell, Iran). This 
RNA can be used as a substrate in various processes, such 
as the cDNA production of miR and mRNA. Purified and 
high-quality RNA, assessed spectrophotometrically at 
260 nm and confirmed electrophoretically, is necessary 
for accurate and trustworthy gene expression data. The 
electrophoretic bands for the 18S and 28S rRNA genes 
served as evidence of RNA.

cDNA synthesis
All cDNA synthesis reactions were assumed with 
M-MLV. Reverse transcription first-strand comple-
mentary DNA was  created  by  priming  with oligo-dT 
(Yakta Tajhiz  Azma)  or a gene-specific  miRNA  primer 
based on  the stem-loop  (Zist Pooyesh) according to 
kit methods.  After denatured at 70  °C for 5 min, RNAs 
and MicroRNA were then cooled in ice and added to a 
reverse transcription solution containing 1-µl dNTPs, 
1-µl oligo-dT primer or 1.5-µl primer as miR specified, 
1-µl M-MLV RT, 1-µl RNase inhibitor (Promega), and 4 
µl of reaction buffer (Tris-HCl, KCl, dithiothreitol (DTT), 
and MgCl) in a final volume of 20 µl. The cDNA synthesis 
process was conducted for 60 min at 42  °C. Denaturing 
the reaction for 5 min at 70 °C stopped it.

Real‑time PCR
Real-time PCR is a method that combines amplification 
and detection into a single step by continuously collect-
ing data during the PCR process. This is accomplished 
by using fluorescent chemistry that relates the concen-
tration of the PCR product to the fluorescence intensity. 
Real-time instrument (MIC-PCR) was used to analyze 
the mRNA expression. Additional file 1: Table S1 displays 
the distinct primer pairs. The amplifier included cDNAs 

made of 1-μg total RNA and used SYBR Green Real-
Time PCR Master Mix (Amplicon, Denmark) with 0.8 
μL of each primer. Amplification started with an initial 
15 s of 94 °C incubation and was done using 40 cycles of 
the amplification step (94 °C 30 s and 60 °C 30 s). Results 
were calculated using the comparative threshold cycle 
Ct method (Ct) and expressed as the ratio of mRNA to 
GAPDH mRNA and miR to SNORD-47 microRNA as 
internal controls. It was possible to confirm the product 
identity (size and specificity) by electrophoresis on a 2 
percent polyacrylamide gel.

Bioinformatics studies on miRNA targets
Using the KEGG database (http://​www.​genome.​jp/​kegg/​
pathw​ay_​facil​ity), we explored signaling pathways that 
can be modulated by miRNA expression and were then 
assessed. The analysis identified two miR-regulated 
genes, mir-138 and miRP-132, related to angiogenesis 
pathways. The miRTarBase database (http://​mirta​rbase.​
mbc.​nctu.​edu.​tw/​php/​downl​oad.​php) was utilized to ver-
ify the targets.

Statistical analysis
GraphPad Prism version 5.0a and IBM’s Statistical Pack-
age for the Social Sciences (SPSS) software were used to 
evaluate the data that had been collected. For statistical 
calculations of gene expression, the 2^ (−∆∆CT) method 
is used. The Kolmogorov–Smirnov test, Student’s t-test, 
Mann–Whitney U-tests, and logistic regression analysis 
were used to assess the relationship between gene expres-
sion and AS. The area under the curve (AUC) was deter-
mined to evaluate the diagnostic capability of miR-132 
and miR-138 mRNA expression in PBMCs for discrimi-
nating AS patients from those without the condition. The 
significance was set at P < 0.05.

Results
Basic characteristics of the subjects
Table  1 provides specifics about the patient’s demo-
graphic and clinical parameters. The baseline traits of the 
two groups were almost identical. In the case and con-
trol groups, there was no apparent distinction between 
age, weight, sex, or body mass index (BMI). Triglycer-
ides, fasting glucose levels, creatinine, Castelli index 2, 
AIP, and TYG were all significantly elevated in patients; 
AIP with (P value = 0.001), TYG with (P value = 0.001), 
creatinine with (P value = 0.037), Castelli index 2 with (P 
value = 0.01), fasting glucose with (P value = 0.045), and 
triglycerides with (P value = 0.005).

Increased miR‑138‑5P levels in PBMCs of AS patients
The real-time PCR assay was employed to clarify the 
expression of miRs. The findings showed that patients’ 

http://www.genome.jp/kegg/pathway_facility
http://www.genome.jp/kegg/pathway_facility
http://mirtarbase.mbc.nctu.edu.tw/php/download.php
http://mirtarbase.mbc.nctu.edu.tw/php/download.php
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PBMC miR-138 levels were significantly greater than 
those of healthy persons (P < 0.05; Fig.  1). In addition, 
the PBMC of the case group revealed a trend toward 
increased expression of the miR-132 gene, but this was 
not statistically significant (P > 0.05; Fig. 1). Our results 
imply that deregulation of miR-138 may be a critical 
factor in AS development.

Decreased SIRT1 gene expression in PBMCs of AS patients
We assessed the expression levels of two lipid metab-
olism-related biomarkers, SIRT1 and CD36, in the 
case and the control groups. Our results showed that 
patients’ SIRT1 expression levels were lower than in 
the control group (P < 0.01; Fig. 2). However, the study 
revealed that, although not considerably, the patient 
group’s CD36 and STAT3 levels were raised.

Diagnostic potential of PBMC miR‑138‑5p in AS
A variable’s potential to function as a disease biomarker 
can be assessed using the ROC curve. Based on sensi-
tivity and specificity, this curve was created. The capa-
bility of the test to provide a diagnosis is represented by 
the area under the ROC curve. The elevated expression 
of miR-138 in mononuclear blood cells, as shown in 
Fig. 3, indicates that the biomarker is suitable for differ-
entiating study participants with atherosclerosis from 
controls (P < 0.01). The area under the curve (AUC) was 
0.71, the sensitivity was 56%, and the specificity was 
65%. The control and case groups were distinguished 
using ROC curve analysis based on atherosclerosis 
markers. Higher values were found for TYG and AIP 
as predictive variables (AUC: TYG = 0.78 and AUC: 
AIP = 0.70), (P < 0.01).

Table 1  Basic characteristics of study participants between two 
groups of atherosclerosis patients and healthy individuals

*P value < 0.05, **P value < 0.01. AIP: atherogenic index of plasma and CRI: 
Castelli’s risk index

Parameter Control 
(n = 45) 
(mean ± SEM)

Case (n = 45) 
(mean ± SEM)

P value

Age (years) 57.9 ± 2.13 61.6 ± 1.6 0.712

Height (cm) 164.4 ± 1.8 165.2 ± 3.4 0.144

Weight (Kg) 72.6 ± 2.32 76.4 ± 3.27 0.455

Body mass index (BMI) (Kg/
M2)

26.63 ± 4.89 26.84 ± 5.27 0.818

Fasting glucose (mg/dL) 105.21 ± 6.94 120.26 ± 6.31 0.045
Cholesterol (mg/dL) 163.24 ± 10.35 166.1 ± 9.49 0.830

Triglycerides (mg/dL) 138.29 ± 10.28 166.94 ± 14.51 0.005
HDL-C (mg/dL) 45.2 ± 1.7 44.8 ± 3.4 0.250

LDL-C (mg/dL) 95.73 ± 7.04 95.23 ± 6.5 0.944

BUN (mg/dL) 32.6 ± 2.1 38.66 ± 2.4 0.157

Serum creatinine (mg/dL) 1.03 ± 0.075 1.2 ± 0.054 0.037
BUN/Cr 39.67 ± 6.89 34.83 ± 2.58 0.974

CRI-I 3.7 ± 0.22 4.06 ± 0.28 0.736

CRI-II 2.11 ± 0.128 2.41 ± 0.16 0.01
AIP 0.47 ± 0.031 0.52 ± 0.055 0.001
TYG​ 8.7 ± 0.35 9 ± 0.72 0.001
Gender (male/female) 20/25 28/17 0.057

Fig. 1  Expression of miR-138 (A, P < 0.05) and miR-132 (B, P > 0.05) 
in PBMC cells of patients and controls. *Symbol means P < 0.05

Fig. 2  Expression of SIRT1 (A, P < 0.01), CD36 (B), and STAT3 (C), 
in PBMC cells of patients and controls. **Symbol means P < 0.01
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PBMC miR‑138‑5p was inversely correlated with SIRT1 
gene expression, but miR‑132‑3p was positively correlated 
with STAT3 in AS patients
In PBMC, the relationships between genes and blood 
biochemical markers were examined further. SIRT1 and 
miR-138 have a statistically significant negative correla-
tion (r: -0.42, P = 0.02). STAT3 and miR-132 positively 
correlated (r: 0.37, P = 0.006). Additionally, the correla-
tion between STAT3 and CD36 was considerably posi-
tive ////(r: 0.36, P = 0.005), but the correlation between 
STAT3 and SIRT1 was significantly negative (r: -30, 
P = 0.02) (Fig. 4). miR-132 had a positive correlation with 
BMI (r: 0.32, P = 0.02), and the correlation of BMI with 
CRI-I was also positive (r: 0.46, P = 0.02).Fig. 3  Receiver operating characteristic (ROC) curves for models 

to predict atherosclerosis. AUC showed higher value in model 
for miR-138 as a new marker for AS detection (P < 0.05)

Fig. 4  Correlation analysis for miR-138, miR-132, SIRT1, STAT3, and CD36. Negative correlation of miR-138 and SIRT1 (A) and positive correlation 
of miR-132 and STAT3 (B). Negative correlation of STAT3 and SIRT1 (C). Positive correlation of STAT3 and CD36 (D)
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Relationship between AS MicroRNAs and AS‑associated 
biological signaling pathways, in silico
We used the miR-target scanning database (https://​www.​
micro​rna-​target.​org/) and the Kegg pathway (https://​
www.​genome.​jp/​kegg/​pathw​ay.​html) to characterize the 
miR-binding biological function. Specifically, we have 
looked at miR-138 and its associated signaling to bet-
ter understand the AS biology of this expressed miR in 
PBMCs. Only first-level interactions between (SIRT1 
mRNA) and has-miR-138-5p (AGC​UGG​UGU​UGU​GAA​
UCA​GGCCG) were noticed by the RNAhybrid program 
(https://​bibis​erv.​cebit​ec.​uni-​biele​feld.​de/​rnahy​brid/). ∆G 
was -25 (Fig. 5).

Discussion
MiRNAs play a crucial role in atherosclerosis, specifi-
cally in lipid metabolism regulation, potentially initiat-
ing coronary artery disease and its diagnosis. Peripheral 
blood mononuclear cells (PBMCs) are a valuable source 
for biological research due to their easy preparation and 
potential involvement in the pathogenicity of heart dis-
ease [4]. The study highlights the noninvasive nature of 
miR-138 expression in PBMCs as a potential biomarker 
for AS diagnosis. Patients had higher PBMC miR-138 and 
lower SIRT1 levels, with a negative correlation between 
both. SIRT1 and STAT3 had a reverse interaction. There 
was a direct correlation between STAT3 with CD36 and 
miR-132.

The study found that miR-138 might regulate athero-
sclerosis progression through SIRT1 gene expression 
blocking. SIRT1 plays a protective role in atherosclero-
sis and vascular processes, exerting anti-inflammatory 
effects on endothelial cells and macrophages by pre-
venting NF-kB signaling, decreasing cytokine expres-
sion, and suppressing Ox-LDL expression. It also 
inhibits the expression of coagulation factor III, which 

has antithrombotic properties [31, 32]. Sun S’s 2021 
research suggests that miR-138-5p, targeting SIRT1’s 
3’-UTR and activating p53 signaling, leads to the apop-
tosis of human cardiomyocytes during heart failure [33]. 
In 2015, Juan Xu and his team discovered that miR-138 
can inhibit SIRT1 expression and promote the migration 
and growth of vascular smooth muscle cells in mice [14]. 
The study confirms a negative correlation between SIRT1 
and STAT3, suggesting that a decrease in SIRT1 and loss 
of STAT3 control could lead to increased AS develop-
ment. STAT3 is involved in physiological processes such 
as oxidative stress, cell proliferation, apoptosis, chronic 
inflammation, and myocardial infarction in various car-
diovascular disorders [34–37]. STAT3 is believed to 
promote atherosclerosis by secreting pro-inflammatory 
factors from foam cells, which enhance CD36 expres-
sion and cell replication [37]. At this point, we found a 
positive correlation between STAT3 and CD36. One 2010 
study by Iliopoulos D et  al. identified putative STAT3 
binding sites in miR-132-3p promoters [38]. A survey 
by Dongqing Li et  al. in 2015 indicated that miR-132 
increased STAT3 activity and phosphorylation, promot-
ing cell growth during wound healing [39]. MiR-132 is 
a potential marker and therapeutic goal for detecting 
and controlling ischemia, regulating hypertrophy, fibro-
sis, cell adhesion, and the progression of ischemic heart 
failure [38]. The involvement of miR-132 pathway in ath-
erosclerosis is unclear. STAT3 may be connected to the 
elevated levels of this gene and the increased risk of myo-
cardial infarction. As shown in our study, the direct cor-
relation between these two genes confirms this problem.

In summary, it is confirmed that CD36’s role in regu-
lating the proliferation of vascular smooth muscle cells 
(VSMCs) significantly impacts neointimal hyperpla-
sia and the progression of vascular disorders [39]. One 
possible strategy for treating atherosclerosis could be 

Fig. 5  Prediction of post-transcriptional interaction between SIRT1 mRNA 3’UTR and miR-138-5p as evaluated by RNA-hybrid program. The 
interaction resulted in a significant minimal free energy (-25.4 mfe for SIRT1) forming thus a stable hybrid structure

https://www.microrna-target.org/
https://www.microrna-target.org/
https://www.genome.jp/kegg/pathway.html
https://www.genome.jp/kegg/pathway.html
https://bibiserv.cebitec.uni-bielefeld.de/rnahybrid/
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to regulate and control the expression of CD36 [40]. 
Research shows that CD36 overexpression is facili-
tated by STAT3 [9]. SIRT1 negatively affects the control 
of pSTAT3 and STAT3 expression [41]. CD36 medi-
ates the active uptake of Ox-LDL into macrophages [6]. 
SIRT1 inhibits CD36 expression, which reduces Ox-LDL 
absorption and prevents the development of macrophage 
foam cells [42]. This suggests that drugs that increase 
SIRT1 expression and reduce STAT3 expression might 
have the potential for treating or preventing CD36-
related disorders. On the other hand, we found that 
miR-139 and miR-132 linked positively with CD36 and 
STAT3 and negatively with SIRT1 (Fig. 6). A mechanism 
for maintaining balance should be taken into account 
by downregulating miR-139 and miR-132 to their nor-
mal levels, enabling the combined control of SIRT1 and 
STAT3 to regulate CD36 and prevent foam cell forma-
tion. MicroRNAs are crucial in clinical medicine due to 
their ability to be detected in tissue and biological flu-
ids, making them useful for early disease diagnosis. They 
could also be used to treat human diseases by returning 
normal microRNA levels, making them a significant fac-
tor in the future disease diagnosis and treatment [43].

Conclusion
Our research revealed that atherosclerosis may be influ-
enced by the modification of gene expression in PBMCs. 
The measurement and analysis of these genes’ expres-
sion can be utilized to create a consistent gene expression 
profile instrument for early detection of atheroic lesions. 
Moreover, our detections indicate that the increased 
expression of miR-138 in PBMCs could be a novel bio-
marker for detecting atherosclerosis. However, this study 
highlights overlapping SIRT1-STAT3-CD36 signaling 
pathways with miR-132 and miR-138 in atherogenesis. 
Hence, further investigation is required to inspect this 
signaling in cell lines and identify therapeutic targets.

Limitations
This study has limitations, including a small sample size 
of healthy subjects and patients with atherosclerosis, 
being conducted at a single center, and potential selec-
tion bias due to the cross-sectional design. Expanding the 
data by increasing the number of samples from several 
centers or hospitals and including asymptomatic individ-
uals in the control group will improve the study’s validity 
in the future research.

Fig. 6  The overlap of SIRT1-STAT3-CD36 signaling pathways with miR-132 and miR-138 in atherosclerosis
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