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ABSTRACT
Background: Coronary artery disease (CAD) remains a leading cause of global mortality, driven
by complex interplay among chronic vascular inflammation, endothelial dysfunction, and myocar-
dial injury. Epigenetic regulators, particularly microRNAs (miRNAs), play crucial roles in modulating
atherogenesis. This study aimed to quantify the expression levels of three candidatemiRNAs—miR-
146a, miR-196a2, and miR-149—in peripheral blood mononuclear cells (PBMCs) of patients with
CAD compared with healthy controls, evaluate their diagnostic utility, and predict downstream tar-
get pathways in silico. Methods: This case–control study enrolled 250 participants (125 patients
with angiographically confirmed CAD and 125 healthy controls). Total RNA was extracted from
isolated PBMCs, and miRNA expression was quantified by TaqMan Advanced quantitative reverse
transcription-polymerase chain reaction (qRT-PCR) on an Applied Biosystems QuantStudio 5 Real-
Time PCR System using RNU44 as the endogenous reference control. Relative fold changes were
calculated using the 2-ΔΔCt method. Inter-group comparisons were evaluated using adjusted p-
values, and diagnostic accuracy was assessed using receiver operating characteristic (ROC) curve
analysis with area under the curve (AUC) calculation. Bonferroni correction was applied to control
for multiple comparisons, with p < 0.05 considered statistically significant. Putative target genes
were predicted in silico using TargetScan 8.0, miRDB v6.0, and miRTarBase v10.0. Results: qRT-PCR
analysis demonstrated distinct differential expression profiles of the candidate miRNAs between
CADpatients and healthy controls. PBMCmiR-146awas significantly upregulated in the CADgroup
(fold change = 2.37, adjusted p = 0.008) with moderate diagnostic accuracy (AUC = 0.728). Con-
versely, miR-149 was markedly downregulated (fold change = 0.11, adjusted p < 0.005) with high
diagnostic discriminatory capacity (AUC = 0.917). miR-196a2 exhibited a non-significant upward
expression trend (fold change = 1.72, adjusted p = 0.098; AUC = 0.741). miRNA expression levels
did not differ significantly across angiographic disease severity subgroups. In silico target prediction
identified 11, 7, and 10 consensus target genes for miR-146a, miR-149, andmiR-196a2, respectively,
which were enriched in biological pathways governing vascular inflammation, apoptosis, oxidative
stress, and endothelial homeostasis. Conclusions: PBMC-derived miR-146a and miR-149 are sig-
nificantly dysregulated in CAD patients. In particular, miR-149 demonstrates strong potential as
an adjunct diagnostic biomarker. These findings highlight the involvement of these miRNAs in
CAD-associatedmolecular mechanisms and provide a rationale for further mechanistic and clinical
validation.
Key words: Coronary artery disease, microRNA, miR-146a, miR-149, miR-196a2, peripheral blood
mononuclear cells, gene expression, in silico target prediction, biomarker

INTRODUCTION
Cardiovascular diseases (CVDs) remain the lead-
ing cause of mortality worldwide, accounting for an
estimated 19.8 million deaths in 2022, with more
than three-quarters occurring in low- and middle-
income countries1. In India, the burden of CVDs,
particularly coronary artery disease (CAD), has in-
creased substantially alongside rapid epidemiologi-
cal transitions and the escalating prevalence of car-
diometabolic risk factors 2. CAD primarily stems
from atherosclerosis, a multifaceted pathological
process involving subendothelial lipid accumulation,
endothelial dysfunction, and chronic vascular in-

flammation 3. In addition to conventional cardiovas-

cular risk factors such as diabetes mellitus and hy-

pertension, epigenetic regulators—particularly mi-

croRNAs (miRNAs)—critically influence the initia-

tion, development, and progression of atheroscle-

rotic lesions 4.

miRNAs are small, endogenous, non-coding RNA

molecules (approximately 22 nucleotides in length)

that post-transcriptionally regulate gene expression.

By binding complementarily to target sequences

within the 3′ untranslated region (3′UTR) of mes-

senger RNAs (mRNAs), miRNAs promote mRNA
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degradation or suppress protein translation5. First
discovered in Caenorhabditis elegans by Lee et al.
in 1993 6, miRNAs have since been implicated in
diverse physiological and pathophysiological pro-
cesses, including embryonic development, immune
responses, apoptosis, and vascular biology7. In car-
diovascular pathology, their critical regulatory roles
have been increasingly recognized, and stable miR-
NAs detectable in cellular fractions and biofluids
demonstrate promising utility as disease biomark-
ers and therapeutic targets8.

Several miRNAs have been directly implicated
in the molecular mechanisms underlying CAD.
miR-146a functions as a key negative regulator
of the nuclear factor-kappa B (NF-κB) signal-
ing pathway by directly targeting tumor necro-
sis factor receptor-associated factor 6 (TRAF6) and
interleukin-1 receptor-associated kinase 1 (IRAK1),
thereby suppressing downstream inflammatory cas-
cades 9,10. Aberrant miR-146a expression has been
documented in various cardiovascular and inflam-
matory disorders 11. miR-196a2, located within the
HOXC gene cluster12, plays an essential role in
modulating vascular inflammation and endothelial
integrity; notably, the functional rs11614913 poly-
morphism within miR-196a2 has been linked with
heightened susceptibility to CAD across several ge-
netic models 13. miR-149 is critically involved in
endothelial homeostasis through the negative reg-
ulation of pro-inflammatory mediators associated
with endothelial activation; downregulation of miR-
149 has been linked to tumor necrosis factor-alpha
(TNF-α)-induced endothelial dysfunction, whereas
restoration of miR-149 attenuates the expression of
matrix metalloproteinase-9 (MMP-9), inducible ni-
tric oxide synthase (iNOS), and interleukin-6 (IL-
6) 14.

Among the dysregulated miRNAs in cardiovascu-
lar pathology, these three candidates were se-
lected based on their established biological rele-
vance, consistency across preclinical and clinical lit-
erature, and direct participation in pathways cen-
tral to CAD pathogenesis. The present study in-
vestigated the expression profiles of miR-146a, miR-
196a2, and miR-149 in peripheral blood mononu-
clear cells (PBMCs) from a clinically characterized
cohort of CAD patients and healthy controls, eval-
uated their diagnostic utility, and utilized multi-
database in silico target prediction to delineate their
putative molecular target networks.

MATERIALS ANDMETHODS
Study Population and Sample Collection
This case–control study enrolled 250 participants,
comprising 125 patients with angiographically con-
firmedCAD and 125 control individuals with no clin-
ical, electrocardiographic, or diagnostic evidence of
CAD. The sample size was calculated assuming a
type I error (α) of 5% with a statistical power (1 -
β) of 80%. All participants were recruited from the
Department of Cardiology, Sri Ramachandra Medi-
cal Centre (SRMC), Chennai, India. Ethical approval
was obtained from the Institutional Ethics Commit-
tee of Sri Ramachandra Institute of Higher Educa-
tion and Research (SRIHER) under reference num-
ber IEC-NI/22/JAN/81/24. Written informed consent
was obtained from all participants prior to study en-
rollment.
Eligible participants were adults aged 18 years or
older. Case subjects were included based on clinical
evaluation and angiographic confirmation of CAD.
Individuals with a history of malignancy, active in-
fectious disease, or major systemic inflammatory
conditions were excluded. Control participants were
confirmed to have no prior history or clinical evi-
dence of CAD and satisfied all other general eligi-
bility criteria.

PBMC Isolation, RNA Extraction, and
cDNA Synthesis
Peripheral blood mononuclear cells (PBMCs) were
isolated from whole blood samples using Ficoll-
Paque density gradient centrifugation. Total RNA
was subsequently extracted from the isolated PBMC
fraction using RNAiso Plus reagent (Takara Bio Inc.,
Kusatsu, Japan), according to the manufacturer’s
protocol. Briefly, cells were lysed in TRIzol-based
reagent, followed by chloroform addition for phase
separation. RNA in the aqueous phase was precip-
itated with isopropanol, washed with 75% ethanol,
air-dried, and resuspended in RNase-free water.
RNA concentration and purity were assessed using
a NanoDrop spectrophotometer (Thermo Fisher Sci-
entific, Waltham, MA, USA); only samples exhibit-
ing an A260/A280 ratio between 1.8 and 2.0 and in-
tact RNA profiles were used for downstream appli-
cations.
For cDNA synthesis, total RNA from each sample
was reverse transcribed using the TaqMan™ Ad-
vancedmiRNA cDNA Synthesis Kit (Applied Biosys-
tems, Foster City, CA, USA) following the manufac-
turer’s instructions. The protocol involved four se-
quential enzymatic reactions: (1) 3′ polyadenylation
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of mature miRNAs by poly(A) polymerase; (2) liga-
tion of a 5′ adaptor to the polyadenylated miRNAs;
(3) reverse transcription using a universal RT primer
to synthesize cDNA from the modified miRNAs; and
(4) miR-Amp amplification using universal primers
to uniformly increase cDNA yield. All reactionswere
conducted in a thermal cycler under optimized en-
zymatic reaction parameters. The resulting cDNA
product was diluted and stored at -20 ℃ until quan-
titative real-time PCR analysis.

Quantitative Real-Time PCR (qRT-PCR)
miRNA Expression Analysis
Quantification of miRNA expression was carried out
using specific TaqMan™ Advanced miRNA Assays
for hsa-miR-146a-5p, hsa-miR-196a-5p, and hsa-
miR-149-5p. All reactions were performed in trip-
licate on 96-well plates using the Applied Biosys-
tems™QuantStudio 5 Real-Time PCR System, with
RNU44 serving as the endogenous reference control
for normalization. The thermal cycling conditions
were: initial enzyme activation at 95 ℃ for 20 sec-
onds, followed by 40 cycles of denaturation at 95
℃ for 1 second and combined annealing/extension
at 60 ℃ for 20 seconds. Relative expression fold
changes betweenCADpatients and healthy controls
were calculated using the comparative threshold cy-
cle (2-ΔΔCt) method.

In Silico miRNA Target Gene Prediction
Putative target genes of miR-146a, miR-196a2, and
miR-149 were predicted using three publicly avail-
able bioinformatics databases: TargetScan 8.0 (ac-
cessed July 2025), miRDB v6.0 (accessed June 2025),
and miRTarBase v10.0 (accessed June 2025). Strin-
gent filtering criteria were implemented: for Tar-
getScan, predicted targets with a cumulative con-
text++ score<−0.2 were selected; formiRDB, target
predictions with a score≥ 80 were included; and for
miRTarBase, only experimentally validated miRNA-
target interactions were collected. Overlapping tar-
gets across the three databases were determined us-
ing the Venny 2.1 tool. Only candidate genes sup-
ported by at least two independent databases were
retained for consensus target network analysis.

Statistical Analysis
Statistical analyses were performed using IBM SPSS
Statistics for Windows, Version 26.0 (IBM Corp.,
Armonk, NY, USA). Continuous variables were ex-
pressed as mean ± standard deviation (SD) or me-
dian (interquartile range, IQR), as appropriate. Cat-
egorical variables were presented as frequencies and

percentages. Inter-group differences in miRNA ex-
pression (ΔCt values) between CAD patients and
healthy controls were evaluated using the Mann–
Whitney U test. Differences across CAD angio-
graphic severity subgroups were evaluated using
the Kruskal–Wallis H test. Diagnostic performance
of candidate miRNAs was evaluated using receiver
operating characteristic (ROC) curve analysis, and
the area under the ROC curve (AUC), sensitivity,
and specificity were calculated. To reduce family-
wise error and statistical bias from multiple com-
parisons, Bonferroni correction was applied. A two-
tailed p-value< 0.05was considered statistically sig-
nificant. The reporting of this study follows the
STROBE (Strengthening the Reporting of Observa-
tional Studies in Epidemiology) guidelines for case–
control studies 15.

RESULTS
A total of 250 participants were enrolled in this case–
control study, comprising 125 patients with angio-
graphically confirmed CAD and 125 healthy con-
trols. The mean age of the CAD group was 53.6
± 12.3 years, while that of the control group was
49.5 ± 13.6 years. Among the 125 CAD patients,
angiographic evaluation revealed single-vessel dis-
ease (SVD) in 34 patients (27.2%), double-vessel dis-
ease (DVD) in 39 patients (31.2%), triple-vessel dis-
ease (TVD) in 32 patients (25.6%), triple-vessel dis-
ease with left main coronary artery involvement
(TVD+LM) in 16 patients (12.8%), and chronic total
occlusion (CTO) in 4 patients (3.2%).

Expression Profiling and Diagnostic Eval-
uation of Candidate miRNAs

qRT-PCR analysis demonstrated distinct differential
expression patterns of the three candidate miRNAs
between CAD patients and healthy controls (Fig-
ure 1).

miR-146a was significantly upregulated in PBMCs
of CAD patients compared with healthy controls,
exhibiting a relative fold change of 2.37 (adjusted p
= 0.008; Figure 1A). ROC curve analysis yielded an
AUC of 0.728 (Figure 2A), indicating moderate diag-
nostic accuracy in distinguishing CAD patients from
control individuals.

miR-149 was markedly downregulated in the CAD
group, exhibiting a relative fold change of 0.11 (ad-
justed p < 0.005; Figure 1B). Among the three eval-
uated miRNAs, miR-149 demonstrated the highest
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Figure 1: Relative Expression Levels (ΔCt) of Candidate microRNAs in Peripheral Blood Mononuclear Cells
of CAD Patients versus Healthy Controls. PBMC-derived microRNA expression was measured by TaqMan Ad-
vanced quantitative real-time PCR (qRT-PCR) in patients with angiographically confirmed coronary artery disease
(CAD; n = 125) and healthy controls (n = 125). RNU44 was used as the endogenous reference gene for normal-
ization. (A) miR-146a expression is significantly upregulated in CAD patients compared to controls (fold change
= 2.37, adjusted p = 0.008). (B) miR-149 expression is significantly downregulated in CAD patients (fold change
= 0.11, adjusted p < 0.005). (C) miR-196a2 expression exhibits a non-significant upward trend in CAD patients
(fold change = 1.72, adjusted p = 0.098). Box-and-whisker plots display the median (center line), interquartile
range (box boundaries, 25th to 75th percentiles), and minimum-to-maximum range (whiskers). In the ΔCt metric
(Ct,target - Ct,RNU44), lower ΔCt values correspond to higher relative transcript expression. Inter-group statistical
comparisons were evaluated using the Mann–Whitney U test with Bonferroni correction for multiple testing (*p
< 0.05). Abbreviations: CAD, coronary artery disease; Ct, threshold cycle; ΔCt, cycle threshold difference; PBMC,
peripheral blood mononuclear cell; qRT-PCR, quantitative reverse transcription-polymerase chain reaction.

Figure 2: Receiver Operating Characteristic (ROC) Curves Assessing the Diagnostic Discriminatory Perfor-
mance of CandidatemicroRNAs for Coronary Artery Disease. Diagnostic accuracy of PBMC-derived candidate
microRNAs in distinguishing CAD patients (n = 125) from healthy control subjects (n = 125) was evaluated by ROC
curve analysis. (A) miR-146a demonstrates moderate diagnostic accuracy with an area under the curve (AUC) of
0.728 (95% CI: 0.665–0.791). (B) miR-149 exhibits high diagnostic efficacy with an AUC of 0.917 (95% CI: 0.882–
0.952). (C)miR-196a2 shows moderate diagnostic performance with an AUC of 0.741 (95% CI: 0.679–0.803). The
solid curve illustrates sensitivity versus 1 - specificity across diagnostic cutoff thresholds; the diagonal dashed line
denotes the reference line of chance (AUC = 0.50). Bonferroni correction was applied to adjust for multiple com-
parisons. Abbreviations: AUC, area under the ROC curve; CAD, coronary artery disease; CI, confidence interval;
PBMC, peripheral blood mononuclear cell; ROC, receiver operating characteristic.
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Table 1: Overview and Operational Characteristics of Bioinformatics Databases Employed for microRNA Target Prediction and Validation.

Database Type Data Source Content & Output Scoring Method / Metric URL

TargetScan 16 Predictive 3′UTR sequence
conservation, seed region

complementarity

Conserved and non-conserved
miRNA target predictions based

on 14 biochemical features

Cumulative Context++ Score: Integrates site type,
3′ UTR location, local AU content, target site

abundance, and seed pairing stability

https://www.targetscan.org/

miRDB 17 Predictive High-throughput
sequencing and CLIP-seq
experimental datasets

Genome-wide miRNA target
predictions generated using
machine learning models

Target Score (0–100): SVM model trained on
high-throughput experimental CLIP-seq data; scores

≥ 80 indicate high prediction confidence

https://mirdb.org/

miRTarBase 18 Experimentally
validated

Manual curation of
peer-reviewed

biomedical literature

Validated miRNA–target
interactions supported by strong

experimental evidence

Categorical validation strength: Classified by assay
type (reporter assay, qPCR, Western blot, microarray,

or high-throughput sequencing)

https://mirtarbase.cuhk.edu.cn/

Note: Table 1 outlines the analytical platforms utilized for the multi-database in silico target prediction framework. Candidates identified by TargetScan (cumulative context++ score< −0.2), miRDB
(prediction score≥ 80), and miRTarBase (experimentally verified) were cross-referenced, with consensus targets defined as those present in at least two independent databases. Abbreviations: 3′UTR,
3′ untranslated region; CLIP-seq, cross-linking immunoprecipitation followed by sequencing; miRNA, microRNA; NGS, next-generation sequencing; qPCR, quantitative polymerase chain reaction;
SVM, support vector machine; URL, uniform resource locator.

diagnostic accuracy, with an AUC of 0.917 (Figure 2B), indicating excellent discrimina-
tory power for identifying CAD.
miR-196a2 displayed an upward trend in expression in CAD patients with a fold change
of 1.72; however, this increase did not reach statistical significance after adjustment for
multiple testing (adjusted p = 0.098; Figure 1C). The ROC curve for miR-196a2 showed
an AUC of 0.741 (Figure 2C).
To examine whether PBMCmiRNA expression correlated with the anatomical extent of
coronary atherosclerosis, ΔCt values were compared across CAD angiographic sever-
ity subgroups (SVD, DVD, TVD, TVD+LM, and CTO). Kruskal–Wallis analysis showed
no statistically significant differences in ΔCt values across severity categories for miR-
146a, miR-149, or miR-196a2. These findings indicate that while PBMC-derived miR-
146a and miR-149 are differentially expressed in the presence of CAD, their expression
levels do not parallel the anatomical burden of coronary stenoses.

In Silico Target Prediction and Functional Pathways

Integrative bioinformatics analysis was conducted to identify high-confidence, biolog-

ically relevant downstream target genes for miR-146a, miR-196a2, and miR-149 utiliz-

ing TargetScan 8.0, miRDB v6.0, andmiRTarBase v10.0 (Table 1). TargetScan predictions

were filtered by cumulative context++ score<−0.2, miRDB predictions were restricted

to scores z 80, andmiRTarBase queries were limited to experimentally validated targets.

Intersection analysis via Venny identified genes shared by at least two databases, yield-

ing 11 consensus targets for miR-146a, 10 consensus targets for miR-196a2, and 7 con-

sensus targets for miR-149 (Figure 3). Functional annotation indicated that these con-

sensus target genes are involved in essential signaling pathways regulating vascular

inflammation, endothelial integrity, apoptosis, and oxidative stress responses.
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Figure 3: Interaction Network of CAD-Associated Candidate microRNAs and Their Predicted Consensus
Downstream Target Genes. Bioinformatics network representation of predicted and validated downstream tar-
get genes formiR-146a,miR-149, andmiR-196a2. Target gene listswere extracted fromTargetScan8.0 (cumulative
context++ score < −0.2), miRDB v6.0 (prediction score ≥ 80), and miRTarBase v10.0 (experimentally validated).
Candidate targets identified in at least two independent databaseswere retained to establish the high-confidence
consensus network. The resulting interaction map comprises 11 consensus target genes for miR-146a, 7 consen-
sus target genes for miR-149, and 10 consensus target genes for miR-196a2. In the network diagram, green cir-
cular nodes represent microRNAs, blue rectangular nodes indicate downstream target genes, and interconnect-
ing edges denote regulatory interactions. The consensus target genes participate in biological pathways cen-
tral to atherogenesis, including vascular endothelial homeostasis, vascular inflammation, apoptosis, and cellular
oxidative stress. Abbreviations: CAD, coronary artery disease; miR / miRNA, microRNA; PBMC, peripheral blood
mononuclear cell; 3�UTR, 3� untranslated region.

DISCUSSION
The differential expression of PBMC-derived mi-
croRNAs observed in this study provides further ev-
idence supporting the role of non-coding RNAs as
circulating molecular indicators and contributors to
CAD pathophysiology.
We observed significant upregulation of miR-146a
in CAD patients, consistent with its established
role as a negative feedback regulator of the NF-
κB inflammatory signaling pathway. Mecha-
nistically, miR-146a directly targets TRAF6 and
IRAK1, thereby attenuating pro-inflammatory cy-
tokine production in vascular and immune cells dur-
ing atherogenesis10,19. Upregulation of miR-146a
in PBMCs likely reflects a compensatory immune-
regulatory response to chronic vascular inflamma-
tion in CAD. In clinical studies, altered miR-146a
expression in PBMCs and plasma has been asso-
ciated with CAD severity and genetic susceptibil-
ity. For instance, young CAD patients harboring
the rs2910164 polymorphism exhibited genotype-
dependent variations in PBMC miR-146a expres-
sion and altered IRAK1/TRAF6 protein levels 20. Fur-
thermore, circulating plasma miR-146a levels were
positively correlated with Gensini scores in coro-
nary heart disease patients with subclinical hy-
pothyroidism 21. Preclinical investigations corrob-
orate these findings; miR-146a overexpression re-
duced atherosclerotic plaque progression and en-

hanced plaque stability in ApoE-/- mice by suppress-
ing IRAK1 and TRAF6 22, and attenuated cardiac
inflammation in lipopolysaccharide (LPS)-induced
cardiomyocyte injury models by suppressing NF-κB
signaling 23.
Conversely, miR-149 was significantly downregu-
lated in CAD patients, demonstrating superior di-
agnostic accuracy (AUC = 0.917). This marked re-
duction aligns with experimental evidence indicat-
ing that downregulation of miR-149 promotes en-
dothelial inflammatory activation and vascular dys-
function. Mechanistic studies have shown thatmiR-
149 restoration suppresses the expression of key
inflammatory mediators, including MMP-9, iNOS,
and IL-6, in TNF-α-stimulated endothelial cells14.
Furthermore, miR-149 mimic transfection preserved
endothelial cell viability, decreased caspase-3 activ-
ity, and promoted protective autophagy via modu-
lation of the Akt/mTOR signaling pathway in oxi-
dized low-density lipoprotein (ox-LDL)-treated hu-
man umbilical vein endothelial cells (HUVECs) 24.
Although Lin et al. 25 reported that miR-149 ag-
gravated cardiomyocyte pyroptosis via FoxO3 si-
lencing in an ischemia-reperfusion model, these
contrasting findings underscore the cell type- and
microenvironment-dependent actions of miR-149
across vascular endothelial cells versus ischemicmy-
ocardial tissue.
miR-196a2 exhibited an upward expression trend
in CAD patients (fold change = 1.72) and moder-
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ate discriminatory ability (AUC = 0.741), although
the elevation was not statistically significant af-
ter multiple-testing correction. Encoded within the
HOXC gene cluster, miR-196a2 regulates vascular
inflammation and angiogenesis by modulating tar-
gets such as annexin A1 (ANXA1) 26. Previous stud-
ies by Saadatian et al. 27 demonstrated differential
PBMC miR-196a expression between patients with
significant coronary stenosis, non-significant steno-
sis, and healthy controls. Furthermore, the func-
tional rs11614913 C>T polymorphism in miR-196a2
has been linked with an elevated risk of premature
CAD in specific populations 28, in addition to its rec-
ognized oncological biomarker roles 29,30.
Subgroup analysis across CAD angiographic sever-
ity categories revealed no significant variation in
ΔCt values for any of the three candidate miRNAs.
This observation suggests that PBMC miRNA dys-
regulation reflects systemic immune-inflammatory
and vascular regulatory alterations rather than
anatomical stenosis severity per se. Because coro-
nary angiography evaluates macrovascular luminal
narrowing, whereas PBMC-derived miRNAs reflect
cellular immune activation and epigenetic regula-
tion, the absence of a linear severity gradient is bio-
logically plausible. Hence, these candidate miRNAs
may serve as molecular indicators of active CAD
pathophysiology rather than structural lesion bur-
den.
Several limitations of the present study should be
acknowledged. First, the study cohort was recruited
from a single tertiary-care medical center in South
India; multi-center studies with independent vali-
dation cohorts across diverse ethnic backgrounds
are required to confirm the generalizability and di-
agnostic robustness of these biomarkers. Second,
while PBMCs provide a clinically accessible, mini-
mally invasive compartment for biomarker assess-
ment, complementary tissue-specific and circulat-
ing extracellular vesicle analyses would yield deeper
insights into local vascular versus systemic miRNA
dynamics. Third, while subgroup analyses across
angiographic severity were conducted, interpreta-
tion was constrained by unequal subgroup distri-
butions, particularly the small CTO subgroup. Fi-
nally, the in silico target prediction strategy yielded
a high-confidence set of consensus genes that now
warrant direct downstream functional validation in
cellular and animal models of atherosclerosis.

CONCLUSIONS
This study demonstrates distinct expression alter-
ations of PBMC-derived miRNAs in CAD patients,

characterized by significant upregulation of miR-
146a and pronounced downregulation of miR-149,
alongside amodest, non-significant increase in miR-
196a2. In silico target prediction and functional lit-
erature evidence indicate that these miRNAs con-
verge on critical regulatory pathways governing vas-
cular inflammation, apoptosis, oxidative stress, and
endothelial homeostasis. In particular, miR-149 ex-
hibits high diagnostic discriminatory accuracy for
CAD. These findings underscore the potential utility
of PBMC miRNAs as adjunct diagnostic biomark-
ers and provide a mechanistic foundation for future
functional investigations in coronary artery disease.

ABBREVIATIONS
AUC (Area under the receiver operating charac-
teristic curve), CAD (Coronary artery disease),
cDNA (Complementary deoxyribonucleic acid),
CI (Confidence interval), CTO (Chronic total
occlusion), CVD (Cardiovascular disease), DVD
(Double-vessel disease), HUVEC (Human umbilical
vein endothelial cell), IL-6 (Interleukin-6), iNOS
(Inducible nitric oxide synthase), IQR (Interquartile
range), IRAK1 (Interleukin-1 receptor-associated ki-
nase 1), miRNA / miR (MicroRNA), MMP-9 (Matrix
metalloproteinase-9), mRNA (Messenger ribonu-
cleic acid), NF-κB (Nuclear factor-kappa B), ox-LDL
(Oxidized low-density lipoprotein), PBMC (Pe-
ripheral blood mononuclear cell), qRT-PCR / qPCR
(Quantitative reverse transcription-polymerase
chain reaction), ROC (Receiver operating charac-
teristic), RNU44 (RNA, U44 small nucleolar), SD
(Standard deviation), SRMC (Sri Ramachandra
Medical Centre), SRIHER (Sri Ramachandra Insti-
tute of Higher Education and Research), STROBE
(Strengthening the Reporting of Observational
Studies in Epidemiology), SVD (Single-vessel
disease), TNF-α (Tumor necrosis factor-alpha),
TRAF6 (Tumor necrosis factor receptor-associated
factor 6), TVD (Triple-vessel disease), TVD+LM
(Triple-vessel disease with left main coronary artery
involvement), and UTR (Untranslated region).
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