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Abstract: Introduction: Atherosclerosis (AS) is a major risk factor for cardiovascular disease (CVD), which is the lea-
ding cause of death worldwide. Genetic factors are an integral factor in the cause of AS. This study aims
to correlate epidemiological data, prevalence and mortality of AS worldwide with Single Nucleotide Polymor-
phisms (SNPs) associated with susceptibility and severity in different populations. Hence, utilized the gene
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variants to discover potential drug targets using bioinformatics. Material and methods: This study used a secondary
data-driven bioinformatics approach to analyze the correlation between genetic variants associated with AS and
epidemiological data from different regions of the world. Genetic data were obtained from the GWAS Catalog, while
epidemiological data were collected from WHO and Our World in Data. The analysis was performed by filtering SNPs
based on several criteria, namely the missense variant category, significant p-value < 10, and prediction of variant
impact using PolyPhen (Possibly Damaging) and SIFT (Deleterious). The correlation between allele frequency and AS
prevalence and mortality was analyzed using the Pearson test. The drug target identifi cation process was carried out
through the DrugBank database. Results: The results of the study obtained three missense variants — rs11466653
in TLR10, rs2296172 in MACF1 and rs6025 in F5. Variant rs11466653 has a role in the pathogenesis of AS with
analysis using SNPnexus which shows the possibility of damaging (PolyPhen) and deleterious (SIFT) properties
in addition to the results of the correlation test significant to the global prevalence and mortality of AS (p < 0.05).
Due to the challenge of drugging all potential target genes, our study was only able to identify the F5 gene as a
viable target. The TLR10 gene is a molecular target forimmunomodulators such as hydroxychloroquine, chloroquine,
eritoran, and resatorvid (TAK-242) to reduce infl ammation and regulate immune responses. In addition, tacrolimus as
an immunomodulator shows potential in overcoming chronic infl ammation associated with AS through a mechanism
involving the MACF1 gene. Conclusion: The findings in this study will encourage efforts to improve AS diagnosis and
early treatment, as well as increase public awareness of the importance of genetic factors and lifestyle in preventing this
disease. This study can also be a reference for further research focusing on genetic intervention and development of
personalized therapy for AS. Therefore it can provide broader benefits for global public health.

atherosclerosis, TLR10, MCF1, F5, rs11466653, rs2296172, rs602
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BbBepeHue: Atepockneposata (AC) e 0CHOBEH pUCKOB (hakTop 3a CbpAevHO-CbaoBuTe 3abonssanus (CC3),
KOWTO Ca BoZellua npuynHa 3a CMbPT B CBeTOBeH Mawab. [eHeTUYHUTe hakTopu Ca HepasaenHa YacT oT Npuym-
HuTe 3a AC. LlenTta Ha ToBa npoyyBaHe e Ja ce CbNOCTaBAT eNMAEMUONOrMYHNTE JaHHN, Pa3npoCTPaHEHNETo
n cmbpTHOCTTa OT AC B CBeToBeH Malab ¢ eguHWYHUTE HykneoTuaHu nonumopduamu (SNP), cBbp3aHu ¢
npeapasnonoxeHoCTTa U TexecTTa B pa3nuyHu nonynauun. ETo 3awo ¢ nomolyta Ha BuonHgopmaTukara us-
Non3Baxme reHeTUYHUTe BapuaHTK 3a OTKPUBAHE HA MOTEHLMAanHU nekapcTeeHu Lenu. Matepuan u metoam:
B ToBa npoyuBaHe € u3nonasaH GuouHgopmaTuyeH noaxoa, 6a3mpaH Ha BTOPUYHM AaHHW, 3a Ja Ce aHanuaupa
Kopenauusita Mexay reHeTU4HUTE BapuaHTu, cBbp3aHu ¢ AC, 1 enuaeM1ONOrUYHUTE JaHHU OT PasNNyHN PETVOHM
Ha cBeTa. [eHeTUYHUTE AaHHM ca nonyyenu oT katanora GWAS, a enuaemuonornyHuTe faHHu ca cbbpanu o1 C30
n Our World in Data. AHanun3bT e u3BbpLUEH Ype3 guntpupare Ha SNP Bb3 0CHOBa Ha HSKOMKO KpUTEPUS, @ UMEHHO
kaTeropusita "missense" BapuaHT, 3HauMma p-cToinHocT < 10-° 1 npeAckassaHe Ha Bb3fEACTBUETO Ha BapuaHTa ¢
nomowyta Ha PolyPhen (Bb3moxHo yBpexaaHe) n SIFT (yBpexaaHe). Bpbakata mexay yectoTaTta Ha anenute u
pasnpocTpaHeHneTo Ha AC M CMBPTHOCTTa e aHannsvpaHa ¢ NoMoLLTa Ha Tecta Ha [ubpChH. MNpoLecsT Ha uaeH-
TUULMPaHe Ha NeKapCTBEHM Lienn e u3BbpLLeH Ypes 6a3ata gaHHu DrugBank. Pesyntartu: Pesyntatute ot ToBa
npoyy4saHe naeHTuduumpaxa Tpu "'missense” SNP BapuaHTa — rs11466653 B TLR10, rs2296172 B MACF1 v rs6025
B F5. BapnaHT rs11466653 nokasea 3Hauumu kopenauum ¢ rnobanHoTo pasnpoctpaHeHue Ha AC 1 CMbpTHOCTTA
(p < 0,05). SNP rs11466653 nma pons B natoreHe3ata Ha AC, kaTo aHanu3bT ¢ nomowyta Ha SNPNexus nokassa
BeposTHO yBpexaalum (PolyPhen) n Bpeatn (SIFT) coricTBa. Mopaau Npean3BrUKaTencTBOTO [1a CE NEKyBaT BCUYKM
NOTEHLMAmNHK LieneBu reHu, HaleTo Npoy4BaHe yens Aa uaeHtuduumpa reHa F5 kato xusHecnocobHa Len. FeHsT
TLR10 e monekynsipHa MULLEHa 38 MMyHOMOZYNaTopy KaTo XMAPOKCUXNOPOKBUH, XIIOPOKBUH, €PUTOPaH U pe-
3atopeug (TAK-242), konTo HamansBaT Bb3naneHnMeTo W perynupart uMyHHUTe peakuun. OcBeH ToBa Takpo-
NIMMYC KaTo MMYHOMOAYNaTop nokassa NoTeHLuMan 3a NpeoAonsaBaHe Ha XPOHUYHOTO Bb3naneHue, CBbp3aHo
¢ AC, ype3 mexaHu3bM, Bknoysaly reHa MACF1. 3akntoyeHue: Pesyntatnte oT ToBa NpOyYBaHe Lie HacbpyaTt
ycunusTa 3a nogobpsisaHe Ha guarHocTukara v paHHoOTo nedverne Ha AC, kakTo W 3a noBuLwaBaHe Ha obLiecTse-
HaTa 0CBEIOMEHOCT OTHOCHO 3HAYEHWNETO Ha reHeTUYHUTE (PaKTOPU U HAYWHa Ha KUBOT 3a NPeAoTBpaTABaHe Ha
ToBa 3abonsBaHe. Toa Npoy4BaHe Moxe Aa ObAe M 0TNpaBHa TOYKa 3a NO-HaTaTbLUHN U3cneaBaHus, gokycupa-
HW BbPXY reHeTMYHaTa Hameca 1 pa3paboTBaHeTO Ha nepcoHanuaupaHa Tepanus 3a AC. CnegoBaTtenHo To MOXe
[a ocurypu no-LUMpoku Nonam 3a o6LLecTBEHOTO 34paBe B CBETOBEH MaLLab
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INTRODUCTION

AS is a global health problem that causes serious
complications such as coronary heart disease, stroke,
and peripheral artery disease [1, 2]. This condition is
characterized by the accumulation of plaque on the
walls of the arteries, which causes narrowing and harde-
ning of the arteries, reducing blood flow, and increasing
the risk of cardiovascular events [3, 4]. According to
data from the World Health Organization (WHO), car-
diovascular disease, which is mostly caused by AS, is
the leading cause of death worldwide, with around 17.9
million deaths each year [5]. The main risk factors for
AS include unhealthy lifestyles such as smoking, a diet
high in saturated fat, and lack of physical activity [6].
However, genetic factors also play an important role
in a person’s susceptibility to this disease [7]. Identifi-
cation of genetic variants that potentially increase the
risk of AS can provide important insights into the mo-
lecular mechanisms underlying this disease and help
in the development of more effective prevention and
treatment strategies [8]. Genome-Wide Association
Studies (GWAS) is an approach used to identify ge-
netic variants associated with complex diseases such
as AS [9]. By analyzing data from large populations
around the world, GWAS allow researchers to iden-
tify genetic variants associated with increased risk of
AS [10]. Data from GWAS provide insight into genetic
diversity across populations and how these variants
may influence disease risk [11]. Recent research has
identified several genes that play key roles in AS. For
example, the Low-Density Lipoprotein Receptor (LDLR)
gene, which encodes a receptor for LDL cholesterol,
plays a role in the uptake of cholesterol from the blood
[12]. Variations in this gene can increase blood levels
of LDL cholesterol, a major risk factor for AS [13]. In
addition, the Apolipoprotein B (APOB) gene, which en-
codes a key protein in LDL particles, and the Propro-
tein Convertase Subtilisin/Kexin Type 9 (PCSK9) gene,
which regulates the number of LDL receptors on the
surface of liver cells, also play a role in cholesterol me-
tabolism and contribute to the risk of AS [14, 15].

The GWAS catalog has great potential in identi-
fying pathogenic variants associated with AS. Through
this method, researchers can identify associations bet-
ween specific genetic variants and characteristics or
diseases in large populations [16, 17]. Using the GWAS
catalog, researchers can access data from a variety of
published GWAS studies, allowing the identification of
genetic variants that contribute to the risk of AS [10].
Its benefits include the identification of pathogenic vari-
ants that help understand the pathogenic mechanisms
of the disease, the development of new, more effective
therapies, the use of Mendelian randomization analy-
sis to distinguish causal relationships in epidemiologi-

cal studies, and the development of AS risk prediction
tools based on individual genetic profiles. Thus the
GWAS catalog is a very valuable tool in AS research,
helping to understand the causes of the disease and
develop better therapies [18, 19]. Bioinformatics plays
an important role in research on the correlation of AS
gene variants with epidemiology worldwide [12]. Using
bioinformatics analysis techniques, researchers can
identify associations between specific genetic variants
and the risk of AS. This analysis involves processing
large-scale genetic data from multiple populations to
find patterns that may not be immediately apparent.
Thus, bioinformatics helps understand the pathogenic
mechanisms of disease, identify potential therapeutic
targets, and strengthen the relationship between ge-
netic risk factors and the epidemiology of AS. This re-
search can provide valuable insights that can be used
for the development of more effective strategies for the
prevention and treatment of AS [14, 15].

This study aims to identify genetic variants that po-
tentially increase susceptibility to AS disease using data
from various GWAS studies worldwide [20, 21]. By inte-
grating genomic data from various populations, we hope
to identify significant genetic variants and understand
how genetic factors contribute to the risk of AS. This
study is expected to make a significant contribution to
the prevention and treatment of AS, as well as improve
our understanding of the genetic mechanisms underly-
ing this disease. Through this study, we also strive to
develop more accurate diagnostic tools and more per-
sonalized treatment strategies. By knowing the genetic
variants that increase the risk of AS, we can screen high-
risk individuals early and provide timely interventions.
In addition, a deeper understanding of these genetic
mechanisms may help in the development of new drugs
that can target specific molecular pathways involved
in AS, thus providing new hope for the prevention and
treatment of this disease in the future.

MATERIAL AND METHODS

This research method uses a bioinformatics ap-
proach and uses secondary data sources. Data collection
was carried out retrospectively to analyze the correlation
between genetic variants associated with AS and the ep-
idemiology of this disease in various regions of the world.
As well as the use of AS gene variants to identify candi-
date drug targets with a bioinformatics approach.

Epidemiological and Genetic Data

AS genetic data collected from the GWAS Catalog
genome database downloaded on (08 November 2024)
https://www.ebi.ac.uk/gwas/efotraits/EFO_0003914.
Epidemiological data obtained from trusted sources
such as WHO and Our World in Data downloaded on
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(08 November 2024). Then analyzed by removing du-
plications and eliminating with missense and p-value
10 inclusion criteria. The results of the inclusion can
be seen in Table 1. In addition, the results of gene vari-
ants downloaded from the GWAS Catalog database
were further analyzed using the SNPnexus platform,
which utilizes various prediction algorithms such as
PolyPhen-2, and SIFT to evaluate the potential impact
of genetic variants on protein function. Variant frequen-
cy data in the 1000 Genomes Project downloaded via
Haploreg V42 downloaded on (08 November 2024),
the allele frequencies of genetic variants in continen-
tal populations were evaluated Europe (EUR), Africa
(AFR), East Asia (EAS), South Asia (SAS) and America
(AMR) (Fig. 1).

Statistical Analysis

Pearson correlation was used for prevalence and
mortality of AS, and variant allele frequencies. Data
were evaluated using the “cor. Test” function of the
“stats” package of the R programming language. Af-
ter that, and after passing the Bonferroni correction

p-value threshold, r, r2, p-value, and 95% CI were
obtained. All plots were created using the “ggplot2”
graphical package. This package only considers
p-values < 0.05 as statistically significant. Correlation
test is one of the statistical methods used to measure
the strength and direction of the linear relationship be-
tween two variables. The correlation coefficient, usu-
ally denoted by r, shows the extent to which changes
in one variable are followed by changes in the other
variable. The correlation coefficient value ranges from
-1 to 1. r-value approaching 1 indicates a strong pos-
itive correlation, a r-value approaching -1 indicates a
strong negative correlation, and a r-value approach-
ing indicates no significant linear relationship between
the two variables.

Identification of Drug Target Candidates

This study was conducted to identify drug candi-
dates that can be proposed for drug repurposing, by
targeting genes that play an important role in the mo-
lecular mechanisms of AS. Analysis using DrugBank
resulted in a number of relevant drugs based on their
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Table 1. Missense Variant Data and p-value 10-5 Gene Categories that have the potential to cause AS disease

Gene SNPs Variant Category P-Value
TLR10 rs11466653 missense_variant 2.00E-07
MACF1 rs2296172 missense_variant 1.00E-06
F5 rs6025 missense_variant 2.00E-12
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pharmacological interactions and molecular mecha-
nisms with these genes.

RESuULTS

Gene variants that have the potential to cause AS

TThe results of the study by downloading data from
the GWAS catalog obtained 276 SNPs related to AS
https://www.ebi.ac.uk/gwas after elimination using mis-
sense variants and a p-value category of 105, 3 genes
and 3 SNPs were directly associated with an increased
risk of AS (Table 1). In addition to using the inclusion cri-
teria, we also used further analysis with the SNPnexus
platform, which utilizes various prediction method algo-
rithms such as PolyPhen-2, and SIFT to evaluate the
potential impact of genetic variants on protein function
[22]. These algorithms analyze changes caused by mu-
tations based on amino acid conservation across spe-
cies (PolyPhen-2), the effects of nucleotide changes
on protein structure and function (SIFT), and additional
predictions based on biochemical properties or func-
tional domains of the protein [23]. In (Table 2), the re-
sults of the analysis using the SNPnexus platform with
the polyphen method are shown which is used to pre-
dict the impact of genetic variants on protein function.
This method analyzes genetic mutations, especially
amino acid changes to determine the potential dam-
age caused by these mutations to the structure and
function of the resulting protein [24]. There are three
genetic variants (SNPs) that affect three main genes,
namely MACF1, F5, and TLR10. These variants occur
at specific positions in the genome and cause amino
acid changes in the resulting protein. Each mutation is
assessed based on its predicted impact score on pro-
tein function, which is classified as whether the muta-
tion is benign or potentially damaging [25].

The SIFT method is used to predict the impact of
genetic mutations on protein function by assessing the
conservation of amino acid positions among different
species [26]. In this study, mutations that occur at highly
conservative positions (i.e. positions that maintain cer-
tain amino acids in many species) tend to be considered
more detrimental to protein function, because changes
at these positions are more likely to disrupt protein struc-
ture or function [26]. Conversely, mutations that occur at
more variable positions (where amino acid changes are
more common in evolution) are more likely to be accept-
ed without significantly affecting protein function. The re-
sults of the analysis using the SNPNexus database with
the SIFT method can be seen in Table 3.

Identification of gene expression in AS disease

Our results of the study on gene expression validate
three genes, namely TLR10, MACF1, and F5 genes that
have been filtered strictly using the GTEXx portal database
https://www.gtexportal.org/ (accessed on November 08,
2024). The goal of the step of knowing gene expression
is to evaluate these genetic variants with gene expres-
sion profiles in many body tissues, which helps identify
tissues that are relevant to the development of AS. The
TLR10 gene, which plays a role in immune and inflam-
matory responses, shows varying levels of expression
across human tissues, with high expression observed
in lymphoid tissues such as lymph nodes and spleen
(Figure 2) [27]. Lymph nodes and spleen play important
roles in the immune system and contribute to the pro-
cess of AS through various mechanisms. Lymph nodes
act as filters for body fluids, identifying and absorbing
pathogens such as bacteria and viruses. When infection
or inflammation occurs, the immune system is triggered
to react, which can affect the process of AS. The spleen,
on the other hand, produces and stores white blood cells
that play a role in fighting infections.

Table 2. Prediction of the impact of genetic variants on proteins using the polyphen method

Variation ID | Chromosome Position Variants Transcript Wild AA | Mutant AA | Score Prediction
rs2296172 chr1 39370145 AIG ENST00000372915 M \ 0.001 Benign
rs2296172 chr1 39370145 AT ENST00000372925 M L 0.02 Benign

rs6025 chr1 169549811 CIT ENST00000367796 R Q 0.6 Possibly Damaging
rs11466653 chrd 38774614 AIG ENST00000308973 M T 0.5 Possibly Damaging
Table 3. Prediction of the impact of genetic variants on proteins using the SIFT method

Variation ID | Chromosome Position Variants Transcript Wild AA Mutant AA | Score | Prediction
rs2296172 chr1 39370145 AIG ENST00000289893 M \ 0.09 Tolerated
rs2296172 chr1 39370145 AT ENST00000289893 M L 1 Tolerated

rs6025 chr1 169549811 CIT ENST00000367796 R Q 0 Deleterious
rs11466653 chr4 38774614 AIG ENST00000308973 M T 0 Deleterious




Genomic variants and epidemiology of atherosclerosis...

113

These white blood cells produce cytokines that
contribute to inflammation, an important factor in the
formation of atherosclerotic plaques. In addition, lymph
nodes and spleen help in the transport of antigens to
larger immune areas, such as the thymus and bone
marrow, which can trigger an excessive immune re-
sponse and worsen the condition of AS. Modulation of
the immune response by these two organs may also in-
fluence the formation of atherosclerotic plaques, since
an excessive immune response can lead to chronic in-
flammation, a major factor in the development of AS.
Figure 3 shows the expression of the MACF1 gene in
various human tissues where the highest gene expres-
sion is located in the lung. The MACF1 gene is involved
in microstructural stability and endothelial function. En-
dothelial cells are found in the lung [28]. Endothelial
cells are a type of cell that lines the inside of blood ves-
sels and play a critical role in maintaining blood ves-
sel function and gas exchange. In the lung, endothelial
cells line the pulmonary plexus, which is an important
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part of the respiratory system [29]. The results of this
study showed high levels of MACF1 gene expression
in lung and arterial tissues. High expression in these
tissues suggests a role for MACF1 in maintaining the
structural integrity of cells, which is essential for normal
endothelial cell function and blood flow regulation [17].

The F5 gene, known as Factor V Leiden, is high-
ly expressed in the liver, which is the primary site of
clotting factor synthesis. This high expression indicates
its critical role in coagulation processes (Figure 4). The
F5 gene, which encodes clotting factor V, is highly ex-
pressed in the liver and plays a key role in blood clot-
ting. Factor V Leiden is a mutation in the F5 gene that
increases the risk of blood clot formation. In the context
of AS, high expression of factor V in the liver may con-
tribute to the formation of arterial plaque because fac-
tor V plays a role in the coagulation pathway that can
trigger inflammation and platelet aggregation. Chron-
ic inflammation and platelet aggregation are two ma-
jor factors in the development of AS, so the F5 gene,

Bulk tissue gene expressian for TLRIGENEGI000017T2123.11)

Fig. 2. Gene expression TLR10 in human body tissues
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Fig. 3. MACF1 gene expression in human body tissues
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Bulk tissue gene expression for F5(EMSGOOI0019E734.12)

Fig. 4. F5 gene expression in human body tissues

which functions in blood clotting, may influence the risk
and progression of AS.

Frequency of alleles of genes that have the
potential to cause AS in populations worldwide

We used the Haploreg genomic database version
4.2 to map the distribution of allele frequencies of each
gene in different populations. The frequencies of alleles
associated with AS were taken from genetic databases
such as Haploreg version 4.2 https://pubs.broadinsti-
tute.org/mammals/haploreg/haploreg.php  (accessed
on November 11, 2024). Detection of the allele fre-
quency of each variant is intended to confirm the allele
frequency in populations from several continents (Afri-
ca, America, Asia, and Europe).

Description: The “Gene” column specifies the name
of the analyzed gene, while “SNPs” (Single Nucleotide
Polymorphisms) represents genetic variations involv-
ing a single nucleotide (Table 4). The “post (hg38)” col-
umn indicates the position of the SNP on the GRCh38/
hg38 human genome reference build. The “Reference”
and “Alternate” columns denote the nucleotide present
in the reference genome and the alternate variant, re-
spectively. The “1000 Genomes Phase 1 Frequencies
(N)” provides allele frequencies of the alternate variant
across different populations, including AFR (African),
AMR (American), ASN (Asian), and EUR (European).
The “Sequence constraint” column indicates evolution-

ary pressures on the genomic sequence, assessed us-
ing tools like GERP (Genomic Evolutionary Rate Profil-
ing) and SiPhy (statistical methods to detect selective
constraints). Finally, the “dbSNP functional annotation”
describes the functional impact of the variant, such as
“‘missense,” which refers to a mutation that alters the
amino acid sequence of the encoded protein.

The results of this study evaluated three gene-
tic variants associated with the TLR10, MACF1, and
F5 genes, each with potential functional implications
based on their annotation and frequency distribution in
the global population. The rs11466653 variant in the
TLR10 gene is located at position 38,774,614 (hg38),
with reference allele A and alternative allele G. This
variant has a minor allele frequency (MAF) of 0.03 in
African (AFR), 0.16 in American (AMR), 0.1 in Asian
(ASN), and 0.04 in European (EUR) populations.
Based on dbSNP functional annotation, this variant is
missense and is located in a region bounded by high
conservation scores (GERP and SiPhy), indicating its
potential impact on protein function. In the MACF1
gene, the rs2296172 variant at position 39,370,145
(hg38) has a reference allele A and an alternative allele
G, with MAFs of 0.02 (AFR), 0.21 (AMR), 0.16 (ASN),
and 0.19 (EUR). Similar to the previous variant, this
variant is also missense and shows high conserva-
tion value, indicating possible biological relevance to
protein structure or function. The F5 gene shows the

Table 4. Results of SNP Variants, Genes, Locations, Alleles, and Population Allele Frequencies Found

1000 Genomes Phase 1 Frequencies (N) | Sequence constraint dbSNP
Gene SNPs post (hg38) | Reference | Alternate by i functional
AFR AMR ASN EUR GERP by SiPhy | _ - tation
TLR10 | rs11466653 | 38774614 A G 0.03 0.16 0.1 0.04 Yes Yes missense
MACF1 rs2296172 39370145 A G 0.02 0.21 0.16 0.19 Yes Yes missense
F5 rs6025 169549811 T C 1 0.99 1 0.99 Yes Yes missense
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rs6025 variant at position 169,549,811 (hg38), with the
reference allele T and the alternative C. This variant
has a nearly constant frequency in all populations (AFR
1.0, AMR 0.99, ASN 1.0, EUR 0.99). As a highly con-
servative missense, this variant may have a significant
role in biological processes related to the function of the
F5 gene, which was previously known to be involved in
the coagulation pathway.

Epidemiology in various populations

Epidemiological data taken from the WHO Our
World in Data database in 2024, reveal interesting dy-
namics related to the prevalence and mortality of AS
disease across continents (Figure 6). In Africa, there
were 287.1 deaths per 100,000 population with a prev-
alence of 10,100 cases. These figures reflect a major
health challenge, despite serious commitments to raise
awareness and address the disease. In Asia, mortality
reached 228.5 per 100,000 population with a preva-
lence of 7,400 cases, indicating an urgent need for more
effective health interventions in the region. Meanwhile,
Europe recorded a mortality rate of 178.1 per 100,000
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population with a prevalence of 7,300 cases, indicating
progress in addressing cardiovascular disease, al-
though it still requires continued attention. In America,
data shows the highest mortality rate with 302.1 deaths
per 100,000 inhabitants and a prevalence of 7,800 cas-
es, indicating the urgency to improve prevention and
treatment of AS in this region.

Correlation of allele frequencies in the world
with prevalence and mortality in the world

The results of the correlation test between the prev-
alence of AS in the entire world population with three dif-
ferent genetic variants, namely rs11466653, rs2296172,
and rs6025. Each panel in Figure 7 displays a scat-
ter plot with a regression line and the p-value can be
seen in Figure 7. Based on the plot image, the p-value
is 0.02827 < a (0.05), which means that the correlation
between the AS prevalence variable is significant with
the rs11466653 allele frequency variable. The correla-
tion coefficient value is known to be 0.9717297, which
means that it has a positive relationship, namely if the
rs1146653 allele frequency increases, the prevalence of
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Fig. 6. Distribution of prevalence and
mortality data. Data source: World
Health Organization (2024)
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AS disease increases, and this value is included in the
strong relationship category. Based on the second panel
in Figure 7, the p-value is 0.002903 < a (0.05), which
means that the correlation between the AS prevalence
variable is significant with the rs2296172 allele frequen-
cy variable. The correlation coefficient value is known
to be 0.9970972, which means that it has a positive re-
lationship, namely if the rs2296172 allele frequency in-
creases, the prevalence increases, and this value is in-
cluded in the strong relationship category. Meanwhile, in
the third panel (Figure 7), a p-value of 0.1573 > a (0.05)
was obtained, which means that the correlation between
the prevalence variable and the rs6025 allele frequency
variable is not significant. It is known that the correlation
coefficient value is 0.842701, which means that there is
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a positive relationship, namely that if rs6025 increases,
mortality will increase, and this value is included in the
strong relationship category.

The results of the correlation test between AS mor-
tality in the entire world population with three different
genetic variants, namely rs11466653, rs2296172, and
rs6025. Each panel in the figure displays a scatter plot
with a regression line and the p-value can be seen in
Figure 9. Based on the results of the correlation test,
the p value was obtained at 0.002871 < a (0.05) which
means that the correlation between the mortality vari-
able is significant with the rs11466653 allele frequency
variable. It is known that the correlation coefficient value
is 0.9971286, which means that there is a positive rela-
tionship, namely that if the frequency of the rs1146653
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Fig. 7. Results of correlation test between variants rs11466653, rs6025, rs2296172 and prevalence, mortality of AS in the entire world population
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allele increases, mortality increases, and this value is
included in the strong relationship category. Based on
the second panel (Figure 7), the p-value is 0.0192 < a
(0.05), which means that the correlation between the AS
mortality variable is significant with the rs2296172 allele
frequency variable. The correlation coefficient value is
known to be 0.9807969, which means that it has a pos-
itive relationship, namely that if the rs2296172 allele fre-
quency increases, the prevalence of AS increases and
this value is categorized as having a strong relationship.
While in the third panel (Figure 7), the p-value is 0.07262
> a (0.05), which means that the correlation between the
AS mortality variable is not significant with the rs6025
allele frequency variable. It is known that the correlation
coefficient value is 0.9273821, which means that there is
a positive relationship, namely that if the allele frequency
at rs6025 increases, mortality will increase, and this val-
ue is included in the strong relationship category.
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Identification of candidate drug targets

The study was conducted to identify drug candi-
dates that could be proposed for drug repurposing, tar-
geting the TLR10, MACF1, and F5 genes, which have
important roles in the molecular mechanisms of AS.
Analysis using DrugBank resulted in a number of rele-
vant drugs based on their pharmacological interactions
and molecular mechanisms. The results of the study
can be seen in Figure 8 and Table 5.

DiscussION

The results of the identification of drug candidates
using DrugBank provide important insights into the po-
tential for drug repurposing on the TLR10, MACF1, and
F5 gene targets, which have a central role in the patho-
physiology of AS. These three genes are closely re-
lated to the mechanisms of inflammation, coagulation,

Eritoran Fig. 8. The relationship between AS risk genes
el and drug repurposing to combat AS disease,
e Created in https://BioRender.com

The mechanism of action of eritoran involves inhibiting LPS
from binding to MD-2, a protein that works with TLR4 to
recognize LPS. By inhibiting this, eritoran prevents the
inflammatory signals normally activated by the MD-2/TLR4
complex, thereby reducing the inflammatory response.

1 Fig. 9. Repurposing anti-inflammatory drugs to
@ combat AS disease
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Chloroquine has antiinflammatory effects through inhibition
of Toll-Like Receptors (TLRs) activation. It increases the pH
in lysosomes and endosomes, preventing the activation of
TLRS that require an acidic environment. By inhibiting TLR
activation, chloroguine decreases the production of pro-
inflammatory cytokines such as TNF-alpha and IL-6, thereby
reducing excessive inflammation.
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Resatorvid

TLR4 selective inhibitor, TAK-242 mechanism of action involves
inhibiting the interaction between TLR4 and its adaptor
molecules, such as TIRAP and TRAM, thereby interrupting TLR4
signal transduction and related signaling pathways. Thus,
TAK-242 reduces the production of pro-inflammatory cytokines
such as IL-1B,IL-6, and TNF-q, which are often involved in
inflammatory responses.
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and cellular dynamics that underlie the development
and complications of AS, such as plaque formation,
plaque instability, and thrombosis.

F5 gene (Coagulation Factor V)

The F5 gene plays a role in the coagulation pathway
as an essential cofactor in the formation of the prothrom-
binase complex, which mediates the conversion of pro-
thrombin to thrombin [30]. Excessive activation of this
pathway increases the risk of thrombosis, especially in
unstable atherosclerotic plaques. Regulation of F5 ac-
tivity is necessary to avoid complications such as myo-
cardial infarction and stroke [31]. Drotrecogin Alfa (Acti-
vated Protein C) This drug is an active form of protein C
that acts as an anticoagulation agent. The mechanism
involves inactivation of factors Va (F5 gene product) and
VIlla, thus inhibiting thrombin formation. In addition, Dro-
trecogin Alfa has anti-inflammatory effects by suppress-
ing the release of pro-inflammatory cytokines, such as
TNF-a and IL-6, which are relevant in AS [32]. Throm-
bomodulin Alfa This drug increases the conversion of
protein C to its active form through binding to thrombin.
Thrombomodulin Alfa indirectly inhibits factor Va activity,
thereby preventing thrombus formation. Thrombin As a
direct target of the coagulation pathway, thrombin can
be modulated by thrombin-inhibiting agents. This mech-
anism helps reduce excessive thrombin activity, reduc-
ing the risk of hypercoagulability in AS. Protein C This
protein is an endogenous anticoagulant that is activated
by the thrombin-thrombomodulin complex [33]. Active
protein C works by inactivating factors Va and Vllla, re-
ducing fibrin formation and the risk of thrombosis [34].

TLR10 Gene (Toll-Like Receptor 10)

TLR10 is an innate immune receptor that plays
a role in pathogen recognition and regulation of in-
flammation. TLR10 activation can trigger the release
of pro-inflammatory cytokines, such as TNF-a, IL-1j3,
and IL-6, which exacerbate chronic inflammation in AS.
Modulation of TLR10 activity is an important strategy to
suppress vascular inflammation. Hydroxychloroquine
and Chloroquine These drugs are known as immuno-
modulators that can inhibit the Toll-like receptor signal-
ing pathway, including TLR10 [35]. The mechanism is
by disrupting the endosome/lysosome fusion required
for TLR10 activation. This inhibition reduces the release
of pro-inflammatory cytokines, thereby reducing inflam-
mation in the arterial wall. Eritoran As a TLR4 antago-
nist, Eritoran inhibits the activation of this receptor by
lipopolysaccharide (LPS), which often directly affects
the TLR10 inflammatory pathway [36]. The effect is a
decrease in the production of inflammatory cytokines
and a reduction in the systemic inflammatory response.
Resatorvid (TAK-242) This drug is a selective TLR4 in-
hibitor that works by interfering with the interaction of

TLR4 adapter proteins, thereby inhibiting the activation
of downstream inflammatory pathways [37]. Although
its primary target is TLR4, Resatorvid can affect TLR10
-related inflammation systemically.

MACF1 Gene (Microtubule Actin Crosslinking
Factor 1)

MACF1 is a key regulator in regulating the interaction
between microtubules and actin filaments. In the context
of AS, MACF1 activity contributes to the migration and
proliferation of vascular smooth muscle cells (VSMCs),
which may exacerbate plaque formation and cause its
instability [38]. Tacrolimus Tacrolimus is an immunosup-
pressive agent that works by inhibiting calcineurin, an
enzyme essential for the activation of the NFAT (Nuclear
Factor of Activated T-cells) pathway [39]. This pathway
influences the migration and proliferation of VSMCs. By
inhibiting the calcineurin-NFAT pathway, Tacrolimus can
suppress MACF1-mediated cellular migration, thereby
helping to stabilize atherosclerotic plaque [40]. In addi-
tion, Tacrolimus also has anti-inflammatory effects that
can reduce the risk of AS progression [41].

CONCLUSION

The results of this study identified three SNP mis-
sense variants (rs11466653 in TLR10, rs2296172 in
MACF1, and rs6025 in F5), with two of them (rs11466653
and rs2296172) showing significant correlations with
global AS prevalence and mortality (p < 0.05). SNP
rs11466653 has a role in the pathogenesis of AS, with
analysis using SNPNexus showing possibly damaging
(PolyPhen) and deleterious (SIFT) properties. Analysis
of candidate drug targets identified relevant therapeutic
candidates: the F5 gene can be targeted with coagulation
inhibitors such as drotrecogin alfa, thrombomodulin alfa,
thrombin, and protein C, which function as antithrombotic
agents. The TLR10 gene is a molecular target for immu-
nomodulators such as hydroxychloroquine, chloroquine,
eritoran, and resatorvid (TAK-242) to reduce inflammation
and regulate immune responses. In addition, tacrolimus
as an immunomodulator shows potential in overcoming
chronic inflammation associated with AS through a mech-
anism involving the MACF1 gene.
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