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Abstract
Background: Evidence indicates that the dysregulation of extracellular matrix (ECM) 
components can lead to cardiovascular diseases. The Talin-1 (TLN1) gene is a major 
component of the ECM, and it mediates integrin adhesion to the ECM. In this study, 
we aimed to determine microRNAs (miRs) that regulate the expression of TLN1 and 
determine expression alterations in TLN1 and its targeting miRs in coronary artery 
disease (CAD).
Methods: Data sets of CAD and normal samples of blood exosomes were down-
loaded, and TLN1 was chosen as one of the genes with differential expressions in an in 
silico analysis. Next, miR-182-5p and miR-9-5p, which have a binding site on 3 -́UTR of 
TLN1, were selected using bioinformatics tools. Then, the miR target site was cloned 
in the psiCHECK-2 vector, and direct interaction between the miR target site and the 
TLN1 3′-UTR putative target site was investigated by luciferase assay. The expression 
of miR-182-5p, miR-9-5p, and TLN1 in the serum samples of CAD and non-CAD indi-
viduals was assessed via a real-time quantitative polymerase chain reaction.
Results: Our data revealed that miR-182-5p directly regulated the expression of TLN1. 
Moreover, miR-182-5p and miR-9-5p were significantly upregulated in the CAD group. 
Hence, both bioinformatics and experimental analyses determined the downregu-
lated expression of TLN1 in the CAD samples.
Conclusions: Our findings demonstrated that miR-182-5p and miR-9-5p could play 
significant roles in TLN1 regulation and participate in CAD development by target-
ing TLN1. These findings introduce novel biomarkers with a potential role in CAD 
pathogenesis.
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1  |  INTRODUC TION

Coronary artery disease (CAD) is the most common type of heart 
disease, with about  18.2  million adult sufferers and more than 
3,65,000 deaths in 2017.1 Considerable efforts to treat CAD have 
hitherto failed to curb its increasing mortality rate,2 underscoring 
the significance of discovering specific and sensitive biomarkers 
to detect the disease early.3,4 Atherosclerotic plaques constitute a 
major clinical manifestation of CAD and affect the large arteries. The 
significant stages involved in atherosclerotic plaque development 
are normal endothelium function loss due to lipids and inflammatory 
factors in arteries and the proliferation of smooth muscle cells.4,5 In 
this disease, immune mechanisms react with metabolic factors and 
result in arterial damage. The production of inflammatory molecules, 
proteolytic enzymes, coagulation factors, and a variety of molecules 
can cause extracellular matrix (ECM) remodeling, plaque rupture, 
and increased thrombosis.5-7 In the cardiovascular system, the ECM 
plays essential roles such as structural integrity preservation, cell 
adhesion, cell-cell contacts, and remodeling in inflammation. In addi-
tion, the ECM is involved in the pathogenesis of atherosclerosis and 
heart failure.8 Talin is a large dimeric protein (270 kDa) that binds to 
integrin and cytoskeletal actin and creates an essential connection 
between intra- and extracellular spaces. Therefore, it is essential for 
the attachment of cells to the ECM and the preservation of tissue 
architecture.9-11 The expression of talin is reduced in atherosclerotic 
plaques,12 while the expression of the talin-1 (TLN1) gene in patients 
with CAD is upregulated.13

MicroRNAs (miRs) are noncoding, small RNAs of about 22 nu-
cleotides that regulate gene expression at the post-transcriptional 
level.14 Several studies have addressed the role of miRs as new bio-
markers for CAD. These miRs include miR-1, miR-133a, and miR-499 
in patients with acute myocardial infarction and miR-17, miR-92a, 
miR-126, miR-133, miR-140, miR-145, miR-155, and miR-208a in pa-
tients with CAD.15,16

A review of the key components of the ECM in CAD develop-
ment can provide diagnostic and prognostic clues.17 The regulation 
of the TLN1 gene could be one of the fascinating aspects of the mo-
lecular pathogenesis of CAD. Indeed, a better understanding of the 
TLN1 gene and its regulating miRs will help us prevent and treat the 
disease better. In this study, we sought to determine the expression 
pattern of the TLN1 gene and its candidate regulatory miRs in CAD 
and non-CAD patients. In addition, we assessed the suitability of 
these miRs as novel biomarkers for CAD.

2  |  MATERIAL S AND METHODS

2.1  |  Bioinformatics analysis in the CAD samples

All data sets were downloaded from the NCBI Gene Expression 
Omnibus (GEO). CAD and normal samples were obtained from 
GSE99985 and GSE10​0206, respectively. These data are the 

transcriptome profiling of RNAs in blood exosomes, and plasma 
and sera have been used to extract exosomal RNAs in these data 
sets. Adapter sequences were removed by Trimmomatic, version 
0.36, and sequence reads were aligned to the human genome (hg38) 
with HISAT2 2.1.0. Ref-seq (hg38), obtained from the University of 
California at Santa Cruz (UCSC) databases, was chosen as an anno-
tation reference for RNA analyses. The read counts of each tran-
script were considered by HTSeq-0.9.1. In this study, 6 CAD patients 
and 6 non-CAD samples were analyzed to identify differentially 
expressed genes. Statistically, significant differentially expressed 
genes were identified using DEseq2 software in the R program with 
a log2FoldChange≥1 and an adjusted p value <0.01. The Enrichr da-
tabase was used to perform pathway analysis with a view to acquir-
ing important pathways among the CAD and non-CAD samples. In 
the differentially expressed genes, TLN1 was detected as one of the 
significant genes in the CAD patients. Additionally, our survey on the 
Genotype-Tissue Expression (GTEx) portal revealed that this gene 
had the highest expression in arteries. The Human miRNA Tissue 
ATLAS database was drawn upon to investigate miR expression in-
formation in different tissues.

2.2  |  Predicting TLN1-targeting miRs by 
bioinformatics tools

For the prediction of miRs that targeted TLN1, the following bio-
informatics tools were employed: TargetScan (http://www.targe​
tscan.org/vert_71/), miRmap (http://mirmap.ezlab.org/), miR-
Walk (http://zmf.umm.uni-heide​lberg.de/apps/zmf/mirwa​lk2/), 
PicTar2 (https://pictar.mdc-berlin.de/), MiRcode (http://www.
mirco​de.org/), and RNAhybrid (http://bibis​erv.cebit​ec.uni-biele​
feld.de/rnahy​brid). Because of their high scores in all the tools, 
miR-9-5p and miR-182-5p were chosen, and experimental asso-
ciations between these miRs and CAD and TLN1 regulation were 
analyzed.

2.3  |  Gene cloning and overexpression of miRs

The ability of miR-9-5p to regulate TLN1 was confirmed by Tang 
et al.18 The miR-182-5p gene was polymerase chain reaction (PCR)-
amplified and cloned into the downstream of the green fluorescent 
protein (GFP) gene of the pEGFP-N1 vector (Clontech, Japan). This 
miR was overexpressed in the HEK293T cell line. The HEK293T 
cells were cultured in DMEM-F12 (Invitrogen, USA), containing 
10% FBS, 100 U/ml of penicillin, and 100  µg/ml of streptomycin. 
The cultured cells were lysed using RiboEx (GeneAll, South Korea), 
and RNAs were extracted based on the guanidinium-thiocyanate 
phenol-chloroform separation protocol. The mRNA expression level 
of TLN1 was measured 24 and 48 hours post-transfection by reverse 
transcription-quantitative real-time polymerase chain reaction (RT-
qPCR). RT-qPCR was performed using the BIOFACTTM 2X RT-qPCR 

http://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE99985
http://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE100206
http://www.targetscan.org/vert_71/
http://www.targetscan.org/vert_71/
http://mirmap.ezlab.org/
http://zmf.umm.uni-heidelberg.de/apps/zmf/mirwalk2/
https://pictar.mdc-berlin.de/
http://www.mircode.org/
http://www.mircode.org/
http://bibiserv.cebitec.uni-bielefeld.de/rnahybrid
http://bibiserv.cebitec.uni-bielefeld.de/rnahybrid
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master mix (for SYBR Green I; BIOFACT, South Korea). RT-qPCR was 
conducted with 20 μl of the reaction mixture, composed of 2 μl of 
cDNA, 10 μl of SYBR Green I Master, 0.5 μl of forward and reverse 
primers for miRs and the TLN1 gene, and 6 μl of nuclease-free water. 
Reactions were incubated at 95°C for 15 minutes, followed by 40 
cycles of 95°C for 15 seconds and 62°C for 20 seconds. Melt curve 
analysis was performed to validate the specific generation of the ex-
pected PCR product.

2.4  |  Cloning of the 3′-UTR and 3′-UTR mutated 
form of TLN1

Human genomic DNA extracted from a blood sample was used to 
clone the 3′-UTR of TLN1 with specific primers and cloned into the 
psiCHECK-2 vector (Promega, USA) downstream of the Renilla gene. 
As controls, constructs, where the whole binding site of nominated 
miRs was eliminated, were built using SOEing PCR. (For primers se-
quences please see Table 1).

2.5  |  HEK293T transfection and luciferase assay

Three hundred nanograms of miR-expressing vectors and 150  ng 
of wild-type or mutated 3′-UTR constructs were co-transfected 
in HEK239T (cultured in 48-well plates) using lipofectamine 2000 
(Invitrogen, USA). Additionally, psiCHECK-2 and pEGFPN1  mock 
vectors were transfected as controls for luciferase assay and trans-
fection, respectively. Forty-eight hours after HEK293T transfection, 
luciferase reporter assay was performed using the Dual-Luciferase 
Reporter Assay System (Promega, USA) with a luminometer 
(Titertek-Berthold, Germany) according to the manufacturer's 

protocol. Transfection efficiency was monitored by fluorescence mi-
croscopy (Nikon TE2000S, Japan).

2.6  |  Patients and serum sample collection

Sixty patients with chest pain who underwent diagnostic coronary 
angiography in Rajaie Cardiovascular Medical and Research Center 
were enrolled from 2019 through 2020 (Code of Ethics: IR.IAU.SRB.
REC.1398.006). The patients were divided into 2 groups: 40 patients 
with CAD and 20 patients without CAD (non-CAD). The patients 
in the control group did not have coronary stenosis confirmed by 
coronary angiography. Whole blood samples (5 ml) were collected 
before angiography. Serum samples were isolated by centrifugation 
at 1737 g for 30 minutes at room temperature, and the samples were 
transferred to RNase/ DNase-free tubes and stored at −80°C.

2.7  |  RNA isolation and RT-qPCR analysis

After the collection of all the samples, the total RNAs of the serum 
samples were extracted using a plasma/serum RNA purification kit 
(Norgen Biotek, Canada) and concentrated using the RNA Clean-Up 
and Concentration Micro-Elute Kit (Norgen Biotek, Canada) in ac-
cordance with the manufacturer's protocol. Next, cDNA was synthe-
sized using the PrimeScript 1st Strand cDNA Synthesis Kit (Takara 
Bio, Japan). Through stem-loop primers (Table 1) and random hex-
amer primers, 1 µg of total RNA was reverse-transcribed into cDNA. 
The expression levels of TLN1 and the nominated miRs were deter-
mined using specific primers, listed in Table 1, using RT-qPCR as was 
mentioned before. The expression levels of miRs and the gene were 
normalized to 5s and were calculated by the 2−ΔCt method.

TA B L E  1 Sequences of the primers utilized in the study

Primer name Sequence

miR-182-5p Forward: GGCGGTTTGGCAATGGTAGA
Reverse: AGTGCAGGGTCCGAGGTA
Stem: GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACAGTGTG

miR-9-5p Forward: CGGCGGTCTTTGGTTATCTAGC
Reverse: AGTGCAGGGTCCGAGGTA
Stem: GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACTCATAC

TLN1 Forward: TACAGTCAGCCAAGGAGGTG
Reverse: AGGAATGCTGGAGAACTCAGG

UTR TLN1 Forward: CCCTCGAGGGAGAGCTTCGAGATGAGCACT
Reverse: ATTTGCGGCCGCGGCTCAGACACTTACAGGC

Over miR-182-5p Forward: CCCTCGAGGGGGACCTTGTCGCAGTTGC
Reverse: CGGAATTCCGACCTGCCCTCTGCCACTAC

pEGFPN1vector Forward: TGTCGTAACAACTCCGCCC
Reverse: TGAACAGCTCCTCGCCCTT

psiCHECK-2 vector Forward: GAGGACGCTCCAGATGAAATG
Reverse: CTCACACAAAAAACCAACACACAG

Mutant UTR Forward: GCCACTACCAAAGCCTTCTCCAGTCCCGCAGTACATC
Reverse: GATGTACTGCGGGACTGGAGAAGGCTTTGGTAGTGGC
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2.8  |  Statistical analysis

The 2−∆Ct method was used for the miR and gene expression anal-
yses of the patients and the Mann–Whitney for statistical tests. 
A receiver operating characteristic (ROC) curve was created, 
and the area under the ROC curve (AUC) was calculated to esti-
mate the specificity and sensitivity of CAD prediction. The 2−∆∆Ct 
method was also utilized for the cloning data analysis of the miRs. 
Additionally, GraphPad Prism 6 was employed for the data analysis 
of RT-qPCR and luciferase assay, in addition to p value calculation. 
A p value <0.05 was considered statistically significant for all the 
experiments.

3  |  RESULTS

3.1  |  Downregulation of TLN1 in the CAD samples

The RNA-sequencing analysis revealed 1920  genes with dif-
ferential expressions between the CAD and non-CAD samples 
(Table S1). Among the genes, the TLN1 (NM_006289) gene was 

significantly downregulated with a log2FoldChange of −2.52. The 
pathway analysis on the genes with differential expressions dem-
onstrated the role of TLN1 in platelet activation and focal adhesion 
signaling pathways involved in ECM regulation and probably CAD 
development. In addition to the significance of this gene in 2 key 
CAD pathogenesis pathways obtained from bioinformatics stud-
ies, its expression pattern in the GTEx database demonstrated a 
high expression level for TLN1 in normal coronary arteries, which 
sustain the most damage in CAD (Figure  1A-B). The expression 
patterns of miRs in the Human miRNA Tissue ATLAS database 
demonstrated higher expression levels for miR-9-5p in the brain 
and spinal cord tissues, lower expression levels for miR-9-5p in the 
artery tissues, and higher expression levels for miR-182-5p in the 
vein, epididymidis, spinal cord, and artery tissues (Figure 1C–D). 
A negative correlation seemed to exist between the miRs and 
TLN1 in the brain and heart tissues, which was more common for 
miR-9-5p.

TLN1 was upregulated during cardiac differentiation. (The data 
are not shown.) Therefore, given the importance of the TLN1 gene 
in the formation and maintenance of cardiac cells, it was chosen for 
further analysis.

F I G U R E  1 (A) Image illustrates the clustergram of the KEGG pathway for differentially expressed genes. The clustergram shows the role 
of the talin-1 (TLN1) gene in platelet activation and focal adhesion pathways. B) The Genotype-Tissue Expression (GTEx) portal demonstrates 
that TLN1 has the highest expression in arteries. (C & D) The Human miRNA Tissue ATLAS database shows that miR-9-5p has the highest 
expression in the brain, whereas miR-182-5p has the highest expression in vessels
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3.2  |  Bioinformatics prediction of TLN1-
targeting miRs

Several target prediction databases, including miRWalk, miRmap, 
PicTar2, RNAhybrid, TargetScan, and MiRcode, were utilized to find 
candidate miRs capable of targeting the 3′-UTR of TLN1. The analysis 
predicted 978 miRs that could target the 3 -́UTR of the TLN1 gene. 
Among these miRs, miR-182-5p and miR-9-5p were chosen based 
on their more frequent appearances in all the mentioned databases 
for further analysis. Both miRs had 1 target site on the TLN1 3′-UTR 
(Figure 2A–B).

3.3  |  Direct regulation of TLN1 expression by miR-
182-5p

Luciferase assay was used to investigate the interaction between 
miR-182-5p and the 3′-UTR of TLN1. A miR-overexpressing plas-
mid, which contained the precursor of the miRs, and a psiCHECK-2 
plasmid, which carried the TLN1 3′-UTR in the wild-type and mu-
tant status downstream of a luciferase-coding sequence, were 
constructed. Forty-eight hours after the co-transfection of the miR-
overexpressing and psiCHECK-2 plasmids, a reduction was detected 
in relative luciferase activity (p = 0.008) in the cells co-transfected 
with a vector containing a luciferase-coding sequence upstream of 
the wild-type 3′-UTR of TLN1. In contrast, a mutated form of the 
TLN1 3′-UTR, in which the binding site of miR-182-5p was deleted, 
failed to exert the same effect on the transfected cells (p = 0.39) 
(Figure 3A–B).

Next, the expression of TLN1 at the miR level was assessed 
24 and 48 hours after the transfection of the Hek293T cells with 
the miR-overexpressing vector. The results demonstrated sig-
nificant downregulation in TLN1 expression 48  hours following 
transfection, whereas no significant change was illustrated in the 
expression of TLN1 at the miR level 24  hours after transfection 
(Figure 3C).

Thus, miR-182-5p can regulate the expression of the TLN1 gene 
by interacting with its 3′-UTR.

3.4  |  Reciprocal patterns of expression alterations 
between miR-182-5p, miR-9-5p, and TLN1 in the 
CAD group

In the next stage, the expression patterns of miR-182-5p, miR-9-5p, 
and TLN1 were investigated in the serum samples of the CAD group 
(n = 40) and the non-CAD group (n = 20). The clinicopathological 
characteristics of the patients are presented in Table 2.

The RT-qPCR results demonstrated that the expression levels of 
miR-182-5p (p = 0.005) and miR-9-5p (p = 0.0198) were considerably 
higher in the CAD group than in the non-CAD group, while the miR 
expression level of TLN1 was significantly decreased (p = 0.042) in the 
CAD group by comparison with the non-CAD group (Figure 4A-C).

For the evaluation of the suitability of the differentially ex-
pressed miR-182-5p and miR-9-5p as diagnostic markers for CAD, 
ROC curve analysis was performed. AUC was 0.752 (95% CI, 0.608 
to 0.897; p = 0.0059) for miR-182-5p, with a sensitivity of 74.19% 
and a specificity of 66.67% (cutoff ≥3.325). In addition, AUC was 
0.693 (95% CI, 0.530 to 0.857; p = 0.0393) for miR-9-5p, with a sen-
sitivity of 74.07% and a specificity of 53.33% (cutoff ≥0.023). Thus, 
elevated expression levels of miR-182-5p and miR-9-5p may act as 
diagnostic biomarkers for CAD. Furthermore, AUC was 0.711 (95% 
CI, 0.528 to 0.893; p = 0.0425) for TLN1, with a sensitivity of 75% 
and a specificity of 63.64% (cutoff ≤0.4218) (Figure 4D-F).

4  |  DISCUSSION

CAD is a major cause of death worldwide as is attested to by its rap-
idly increasing prevalence.1 The ECM not only is involved in control-
ling numerous functions of vessels and the heart but also preserves 
the structural integrity of the heart and the vascular network and 

F I G U R E  2 Image depicts the predicted miR-182-5p and miR-9-5p target sites on the talin-1 (TLN1) transcript. (A) Exon, intron, and miR 
target sites are shown on the 3′ -UTR of the TLN1 sequence. (B) The target sites of the miRs and their nucleotide hybridization positions are 
illustrated
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promotes post-vascular injury remodeling.19 Many genes are asso-
ciated with cellular mechanical stability and CAD progression. The 
TLN1 gene is among the major components of the ECM. TLN1 ex-
pression is crucial to tissue remodeling and the maintenance of tis-
sue integrity.12,20-22 Moreover, reduced TLN1 expression levels could 
compromise ECM constituents, cause endothelial injury, and trigger 
an inflammatory response to CAD.12,23

In both normal and pathologic states, miRs have been firmly 
established as significant molecular components of the regulatory 
network in cells, and their expression alterations have been demon-
strated in CAD, as well as cancer and other diseases.24 Accordingly, 
alterations in the expression levels of miRs are utilized as valuable 

biomarkers for the diagnosis, prognosis, and further treatment of 
diseases. Our results introduce miR-182-5p as a natural regulator of 
TLN1. Based on our bioinformatics and in vitro functional analysis, 
TLN1 expression is directly targeted by miR-182-5p. Notably, during 
our research experiment, Tang et al18 reported that miR-9-5p, one of 
our candidate miRs, could target the TLN1 3′-UTR. Consequently, we 
eliminated miR-9-5p from the miR-target interaction experiments.

Previous studies have demonstrated that miR-330-5p and 
miR-124 regulate the expression of TLN1. Overexpressed levels of 
miR-330-5p have been confirmed in unstable plaques, leading to 
significant downregulation in TLN1 expression. This finding sug-
gests that miR-330-5p may play a role in TLN1 downregulation in 

F I G U R E  3 Image presents the luciferase assay results. (A) HEK293T transfection is illustrated herein. The green fluorescent protein 
(GFP) signal shows that the pEGFP-N1 vector is functional. (B) Relative luciferase activity is decreased in wild-type 3′ -UTR (WT-UTR) 
(p = 0.008) after miR-182-5p overexpression, but no significant alterations are observed in relative luciferase activity when the miR-182-5p 
target site is deleted from 3′ -UTR (MT-UTR) (p = 0.39). (C) The miR fold change in the talin-1 (TLN1) gene is shown herein after miR-182-
5p overexpression in the HEK293T cell line. There is a decline in the TLN1 miR level after the overexpression in the miR 48 hours after 
transfection. The GAPDH gene was used as an internal control for TLN1 expression normalization. The bars represent the mean ± SEM

Variable CAD (n = 40) No_CAD (n = 20) p value

Age (years), mean ± SD 42.36 ± 5.2 42.9 ± 4.6 0.72

Male/Female, (n / n) (19,21) (4,16) 0.051

Smoking, (n, %) (19, 48.7%) (4, 21.1%) 0.051

Systolic blood pressure (mmHg), mean ± SD 128.3 ± 17.8 127.3 ± 21.2 0.54

Diastolic blood pressure (mmHg), mean ± SD 77.9 ± 7 74.9 ± 17.3 0.86

Total cholesterol (mg/dl), mean ± SD 143.7 ± 43.2 130.4 ± 22.2 0.151

HDL (mg/dl), mean ± SD 37.3 ± 12.2 37.7 ± 8.5 0.56

LDL (mg/dl), mean ± SD 80.7 ± 33.7 72.4 ± 18.1 0.507

Triglyceride(mg/dl), mean ± SD 161.2 ± 70.4 105.3 ± 43.4 0.005

Glucose (mg/dl), mean ± SD 139.8 ± 60.9 100.2 ± 17.2 0.001

History of stroke (n, %) (12, 30.8%) (2, 10%) 0.109

TA B L E  2 Patient Characteristics 
(p < 0.001)
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atherosclerotic plaques.25 Zhang et al26  showed that miR-124 im-
paired the adhesion, migration, and invasion of prostate cancer cells 
by downregulating TLN1.

Research has shown that miR-182-5p targets the NRF-1 and 
CLAPIN1 genes, which are associated with a reduction in reperfusion 
injury-induced myocardial ischemia and the protection of cardio-
myocytes against hypoxia-induced injury.27,28 Furthermore, miR-
182/FoxF2 may play a role in colorectal cancer by regulating ECM 
remodeling. A significant decline in the histological scores of inflam-
mation and tissue destruction was confirmed in a murine model of 
arthritis after the inhibition of miR-182-5p.29,30 Our results chime in 
with those reported by previous studies insofar as miR-182-5p plays 
a role in CAD progression by directly regulating a principal compo-
nent of the ECM, the TLN1 gene.

We also sought to determine the potential expression alterations 
of TLN1 and its targeting miRs, namely miR-182-5p and miR-9-5p, in 
patients with CAD by comparison with a non-CAD group. Our results 
exhibited that miR-182-5p and miR-9-5p were significantly upregu-
lated in the CAD group, whereas the expression of the TLN1 gene 
was downregulated in the non-CAD group. Our findings are con-
cordant with some other studies. Taurino et al31 drew upon the miR 
microarray approach and identified upregulation in miR-140-3p and 

miR-182 among patients with CAD. Zhu et al32  showed that miR-
182-5p was upregulated in the plasma of patients with unprotected 
left main CAD. In patients suffering from chronic heart failure, 
Cakmak et al33 showed that miR-182 had a higher prognostic value 
for cardiovascular mortality and that miR-182 might serve as a bio-
marker for atherosclerosis progression.

The association between miR-9-5p and the talin-1/FAK/Akt 
pathway has already been reported.18 Previous investigations have 
revealed significantly higher miR-9  levels in patients with type II 
diabetes mellitus, the main risk factor for CAD development.34,35 
Bazzoni et al36 highlighted the role of miR-9 as a proinflammatory 
signal regulator in monocytes and neutrophils. Further, miR-9-5p 
can affect some matrix metalloproteinases (MMPs) involved in ECM 
degradation, as an important step in CAD progression.37,38 Xiao 
et al39 showed that miR-9-5p suppression could prevent cardiac re-
modeling after acute myocardial infarction.

Downregulation in the expression level of the TLN1  gene has 
been previously reported in atherosclerotic plaques and aortic 
dissection.12,40

A proteomic study also demonstrated the downregulation of 
TLN1 in atherosclerotic coronary media.41 However, Aoyama et al13 
reported that plasma TLN1  levels in patients with CAD were high 

F I G U R E  4 Image depicts the validation 
of miR-182-5p, miR-9-5p, and the talin-1 
(TLN1) gene between the 2 study groups: 
patients with coronary artery disease 
(CAD) and subjects without CAD. The 
expression levels of miR-182-5p (A), 
miR-9-5p (B), and TLN1 (C) by reverse 
transcription-quantitative real-time 
polymerase chain reaction are compared 
between the CAD and non-CAD groups. 
Also presented is the receiver operating 
characteristic (ROC) curve analysis of 
miR-182-5p, miR-9-5p, and TLN1, acting 
as potential biomarkers for CAD. (D) The 
ROC curve analysis of miR-182-5p, (E) 
the ROC curve analysis of miR-9-5p, and 
(F) the ROC curve analysis of TLN1 are 
depicted herein. The bars represent the 
mean ± SEM
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and associated with the presence and severity of CAD. In the pres-
ent study, TLN1 was downregulated in patients with CAD, which is 
in line with the aforementioned investigations, which confirmed re-
duced TLN1 expression in CAD.

The observed upregulation of miR-182-5p and miR-9-5p in CAD 
samples is consistent with the downregulation of TLN1 as their 
validated target. Given that an ideal biomarker should have high 
sensitivity and specificity,42 our data suggest that overexpressed 
miR-182-5p and miR-9-5p and downregulated TLN1 are suitable bio-
markers for CAD. Notably, downregulation in TLN1 expression may 
be only one of the initial triggers of CAD that can affect the connec-
tion of endothelial cells to each other and the ECM. Thus, not only 
does it allow the progression of inflammatory mediators and plaque 
formation but also it damages vessel integrity, prompting platelet 
aggregation.43,44

The findings of the present study demonstrated that miR-182-5p 
and miR-9-5p could play significant roles in TLN1 regulation, which 
is crucial to ECM integrity. Plaque formation disturbs the balance 
between ECM formation and degradation, possibly leading to car-
diovascular events. Given the importance of TLN1 regulation in CAD 
development, these miRs could be considered diagnostic biomarkers 
and future therapeutic targets in CAD research. Our data indicated 
that upregulated miR-182-5p and miR-9-5p and downregulated TLN1 
could be potential biomarkers for CAD since they reach the score 
needed for a reliable biomarker. Nonetheless, further investigations 
are warranted to clarify the possible effects of miR-182-5p and miR-
9-5p manipulation on CAD pathogenesis pathways.
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