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Abstract. Ischemic heart disease (IHD) is an important medical and social problem. ST-elevation myocardial infarction
(STEMI) is the most severe form of IHD, affecting all layers of the heart muscle. One of the diagnostic criteria for endothe-
lial dysfunction in myocardial infarction is the level of sE-selectin, a cell adhesion molecule that recruits neutrophils and
induces neutrophil inflammation. The aim of this study is to investigate intronic polymorphisms rs5353, rs3917412 and
rs1534904 of the E-selectin coding gene SELE in patients with STEMI. We have analyzed a group of patients with STEMI
(n = 74) and a population sample of Tomsk (n = 136) as the control group. The frequencies of the rs5353 genotypes
in the SELE gene have shown statistically significant differences between patients and the control sample (p = 0.004).
The CC genotype is a predisposing factor to STEMI (OR = 6.93, C1:95 % (1.84-26.04), x> = 8.69, p = 0.002). The analyzed
markers were not studied previously in cardiovascular diseases (CVDs) and were rarely involved in association studies
at all; there is no information on these SNPs in the leading databases. At the same time, all three variants, according to
the RegulomeDB classification, belong to the functional class 1f, and are highly likely to have regulatory potential rela-
tive not only to the SELE gene, but also to other genes in the nearby region. The analysis of the functional significance
of the studied markers has shown the presence of a region more extensive than one gene, which is co-regulated by
the studied nucleotide substitutions. The association of rs5353 with STEMI identified in this study once again confirms
the involvement of the SELE gene in the pathogenesis of CVDs. It is possible that this entire region of the genome
may be involved indirectly in the pathogenesis of CVD through the systems of inflammation, immune response and
DNA repair.
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AHHoTauuA. Mwemmnyeckaa 6onesHb cepaua NpeacTaBnaeT cobol BaxkHyl0 MeAnKo-coLmanbHyto npobnemy. Hanbo-
nee Taxenon ¢opmoin 3aboneBaHUA, C NOPaKeHNeM BCeX CJI0EB CEPAEYHON MbILLLbl, CYMTAETCA HGaPKT MUOKapAa
c nogbemoMm cermeHTa ST (MMnST). OgHUM 13 ANArHOCTUYECKNX KpuTepreB ANCOYyHKUMM SHAOTENNA nNpu nHdapKTte
MUOKapAa ABNAETCA ypoBeHb SE-cenekTuHa — MONeKysbl KNeTOYHOW aare3unn, oCcyLLecTBAALWEN PeKPYTUHT HENTPO-
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The role of SELE gene polymorphism
in ST-elevation myocardial infarction

$UNOB 1 NHAYKLMIO HeNTPOodUNbHOro BocnaneHus. B HacToAwwem nccneaoBaHUM N3yYeH MHTPOHHDIN NOMMOPGU3M
(rs5353, rs3917412, rs1534904) rena SELE, kopmpyiowero E-cenekTuH, y nauymeHtos ¢ MMnST. MpoaHanusmpoBaHbl
ZBe Bblbopku: naumeHTbl ¢ UMnST (n = 74) n nonynaunoHHasa BbibopKa r. Tomcka (n = 136). Mo yacToTam reHoT!NnoB
rs5353 B reHe SELE 3apermcTpupoBaHbl CTaTUCTUYECKN 3HaUMMble Pasfinyma Mexay naunmeHTaMm 1 KOHTPOSIbHOW Bbl-
60pKoi (p = 0.004). feHoTun CC AaBnAeTCA PUCKOBbBIM MO OTHOWeHMI0 K UMnST (OR = 6.93, C1:95 % (1.84-26.04), 3 = 8.69,
p = 0.002). NMpoaHann3npoBaHHble MapKepbl He N3yYanncb paHee NpPU cepAeyHO-COCYANCTbIX 3aboneBaHNAX U BOOO-
e pefiko NPUBJIEKANNC K aCCOLMATUBHBIM NCCNeA0BaHNAM; B BefyLmx 6a3ax AaHHbIX OTCYTCTBYeT MHpopmauma oo
accoumaumax 3TUX Mapkepos ¢ 3aboneBaHuaMU. BMecTe ¢ Tem Bce Tpu BapuaHTa no Knaccudukauum RegulomeDB
OTHOCATCA K GYHKLMOHaNbHOMY Knaccy 1f 1, COOTBETCTBEHHO, C BbICOKOW BEPOATHOCTbIO 06M1alaloT PerynaTopHbIM No-
TeHUMaNoM OTHOCUTESIbHO He TOMNbKO reHa SELE, Ho 1 fpyrux reHoB 6nimsnexallero permoHa. AHanus GyHKLMOHaNbHOM
3HAUMMOCTY M3YUYeHHbIX MapKepOoB MoKasan Hannune 6onee oOWNPHOrO, YeM OAVH FeH, PErMoHa, KOperynmpyemoro
[aHHBIMN HYKNeoTMAHbIMM 3aMeHaMu. BbiABneHHan B HacToAleM ncciefoBaHny accoumnauma rs5353 ¢ IMnST ewwe
pa3 noATBepKOaeT BOBNEUYEHHOCTb reHa SELE B pa3BuTre cepaeyHO-COCyamnCTbiX 3aboneBaHuin. He ncknioyeHo, 4to
onocpeAoBaHHO (Yepes cucTeMbl BOCManeHns, MMMYHHOTO oTBeTa 1 penapauum [IHK) Becb 3TOT permoH reHoma MoxeT
ObITb BOBMEYEH B MaTOreHe3 cepAeyHO-COCYANCTbIX 3a001eBaHMN.

KntoueBble cnioBa: MHPapKT MroKapAaa ¢ noabemom cermeHTa ST; UMnST; reH SELE; SNP.

Introduction

Ischemic heart disease (IHD) is an important medical and
social problem, holding the leading place in the structure of
mortality from cardiovascular diseases. The most life-threat-
ening condition is the acute form of ischemia, myocardial
infarction. ST-elevation myocardial infarction (STEMI) is
the most severe form with damage to all layers of the heart
muscle (Clinical practice guidelines..., 2020). Inflammation
is one of the leading elements in the pathogenesis, course and
prognosis of myocardial infarction (Kachkovsky, Ragozina,
2013; Kalinin et al., 2022; Zhang N. et al., 2022). The in-
flammatory response is initiated by endothelial dysfunction
associated with an imbalance in the production of endothelial
mediators and leading to overexpression of adhesion mole-
cules (Kachkovsky, Ragozina, 2013; Habas, Shang, 2018;
Mathur et al., 2023).

E-selectin is a surface glycoprotein, that belongs to the class
of cell adhesion molecules. E-selectin is expressed only by
endothelial cells and exists in two forms: a transmembrane
glycoprotein and a serum sE-selectin. In endothelium that
is functioning normally, the amount of the protein is so low
as to be negligible. E-selectin plays a role in the adhesion of
neutrophils from circulating blood to the damaged vascular
wall, and also promotes the migration of monocytes into
the subendothelial space (Lorenzon et al., 1998; Vestweber,
Blanks, 1999; Cid et al., 2000; Blankenberg et al., 2003; Calder
et al., 2013; McEver, 2015)). In addition, the mechanism of
neutrophil inflammation activation induced by E-selectin
(through NLRP3 inflammasome activation) has been demon-
strated (Pruenster et al., 2023). Given that neutrophils are the
initial cells to infiltrate the site of damage during myocardial
infarction (Kalinin et al., 2022), the pathogenetic role of
E-selectin, which plays a dual role in the response to damage
(neutrophil recruitment and induction of neutrophil inflam-
mation), appears to be even more significant.

De novo synthesis of E-selectin is initiated in the endothe-
lium following stimulation with proinflammatory cytokines
(TNF-a, IL-1), endotoxin, or under conditions of shear stress.
Following initial exposure to the stimulus, the protein level
rises within four to six hours, subsequently declining after one
to two days. Therefore, E-selectin expression may reflect the

acute phase of inflammation (Kalinin et al., 2022; Uy et al.,
2024). Selectins in general, and E-selectin in particular, are
well-recognized markers of endothelial dysfunction (Silva et
al., 2018; Mangoni, Zinellu, 2024; Wang K. et al., 2024). The
measurement of sE-selectin levels is a diagnostic tool used to
diagnose endothelial dysfunction in patients with heart failure,
atherosclerosis, glaucoma, DM2, arterial hypertension, ACS,
an indicator of myocardial damage in children with respira-
tory mycoplasmosis (Mycoplasma pneumoniae), COVID-19,
and other conditions (Wang N. et al., 2001; Ueno, 2012; San-
doval-Pinto et al., 2014, Srivastava et al., 2018; Lampsas et
al., 2022; Mathur et al., 2023). There is evidence to support
the hypothesis that E-selectin levels are associated with the
presence of atherosclerotic vascular lesions, both coronary and
peripheral (Zhito et al., 2019; Kalinin et al., 2022; Mathur et
al., 2023). This is likely to reflect systemic inflammation as a
characteristic feature of atherosclerosis.

The role of selectins in the pathogenesis of IHD is contro-
versial. As is the case with numerous association studies, the
accumulated evidence is contradictory: in some cases, authors
have reported a statistically significant increase in E-selectin
levels in patients with sTable IHD, whereas in other cases, no
significant differences have been observed (see review (Zhito
et al., 2019)). These results are explained by small sample
sizes, heterogeneity in sex, age, presence of comorbidities,
and the treatment received by patients (Zhito et al., 2019).

It is noteworthy that, despite a considerable amount of
information dedicated to E-selectin, the focus is significantly
shifted towards biochemistry: the protein level is analyzed in
various pathological conditions and its role as a diagnostic
criterion is discussed in detail. Nevertheless, a number of
studies have shown associations of three polymorphic variants
(single nucleotide polymorphisms, SNPs) in the SELE gene
(G98T (rs1805193) in the 5'UTR, A561C (rs5361), C1880T
(rs5355) in exons 4 and 10, respectively) with severe and
subclinical atherosclerosis, coronary heart disease, ischemic
heart disease, myocardial infarction, ischemic stroke, Kawa-
saki disease, and arterial hypertension (Wenzel et al., 1994;
Zheng et al., 2001; Yoshida et al., 2003; Zak et al., 2008;
Mallik, Majumder, 2011; Shirakawa et al., 2012; Wang Z. et
al., 2012; Zhao et al., 2012; Wang X. et al., 2013; Qin et al.,
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2015; Liao B. et al., 2016; Deng et al., 2017; Vargas-Alarcon
etal., 2019; Ding etal., 2021). Thus, associations of exon and
promoter polymorphisms of the SELE gene with cardiovas-
cular pathology are shown.

The aim of our study was to investigate the associations of
intronic functionally significant polymorphic variants of the
SELE gene with the development of ST-elevation myocardial
infarction.

Material and methods
The study included 74 patients hospitalized in the Department
of Emergency Cardiology of the Cardiology Research Insti-
tute of the Tomsk NRMC from 2019 to 2021. The diagnosis
of primary STEMI was established in accordance with fourth
Universal Definition of Myocardial Infarction (Thygesen et
al., 2018). The inclusion criteria in the study were: a verified
diagnosis of primary STEMI, age over 18 years and a per-
manent residence in the Tomsk region. The exclusion criteria
were: cardiogenic shock, autoimmune, oncologic diseases,
terminal chronic kidney disease, atrial fibrillation/atrial flut-
ter, hemodynamically significant valve heart defects, marked
cognitive dysfunction. The study protocol adhered to the stan-
dards established by the Declaration of Helsinki and received
approval from the local ethical committee of the Cardiology
Research Institute. A population sample of Russians from
Tomsk (136 individuals), formed from DNA samples from
the “Biobank of the Population of Northern Eurasia” of the
Research Institute of Medical Genetics of the Tomsk NRMC,
was used as a control. The groups of patients and the control
sample were comparable in sex and age. All examined indi-
viduals were ethnically homogeneous and were represented
predominantly by Russians (>95 %) from Tomsk: all of them
gave informed consent.

Both study groups were predominantly comprised of men,
with a male-to-female ratio of 2.1 inthe STEMI group and 1.5

Table 1. The conditions for marker genotyping in the SELE gene
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in the control group; there were no statistically significant
differences between the groups. The mean age in the STEMI
group was 61 + 10 years (median 62.5; interquartile range
[55.0-69.0]), and in the control group, 62.1 + 7 years (median
63.0; interquartile range [57.0—68.0]); there were no statisti-
cally significant differences between the groups.

DNA from venous peripheral blood was isolated using the
standard phenol-chloroform method (Sambrook, Russell,
2006). Genotyping was performed using real-time polymerase
chain reaction (real-time PCR) with the BioMaster HS-gPCR
(2x) PCR kit (BioLabMix, Novosibirsk), region-specific pri-
mers and TagMan probes (manufactured by DNA-Synthesis,
Moscow) (Table 1).

We selected for analysis polymorphic variants in the
SELE gene that are eQTL variants for their own or nearby
genes (according to GTExPortal (https://www.gtexportal.org/
home/)), potentially having functional significance (according
to RegulomeDB (https://regulomedb.org/regulome-search/)),
are located in non-coding regions of the gene and have a
minor allele frequency of at least 25 % in Caucasians (data
from the 1000 Genomes Project, Ensemble (https://www.
ensembl.org/index.html)). As a result, three intronic markers
were analyzed (Table 1).

Association analysis was performed using standard me-
thods of statistical analysis (x2, OR with 95 % CI; differences
between the compared groups were considered statistically
significant at p < 0.05). The method of logistic regression
was used to study the inheritance model. Linkage analysis
(including calculation of the linkage disequilibrium coefficient
(D)) was performed in the Haploview 4.2 program (Barrett
et al., 2005).

The functional annotation of the variants was performed
using the VannoPortal resource (http://www.mulinlab.org/
vportal/index.html/). In particular, the PhyloP, GerpN, and
GerpS scores are provided to assess evolutionary conserva-

SNP Primers and TagMan probes*
rs3917412 F: TGTAATTCTGTGTCCCTGCG

R: GGCTCATAGGTACACACTGGAA

Annealing temperature, °C

55

5'-FAM-TCATTTCATTCAAGCGACTTGCTCCAT-BHQ1-3’

5-HEX-TCATTTCATTCAAGTGACTTGCTCCAT-BHQ1-3’

rs1534904 F: TACACTGAAGGCTCTGGGCTC

R: AGACCACTCAGCATAGGCAAAG

57

5'-FAM-AACCACTGAGGATTTGAAAGAGCACCAT-BHQ1-3’

5'-HEX-AACCACTGAGGATTTTAAAGAGCACCAT-BHQ1-3’

rs5353 F: AAGAAGGAAATCGTGGGTAGC

R: TTCCCAAAACGGTAAGTGC

60

5-FAM-TAAGACTTTCATCATTTAGGTCAAAGAGAAA-BHQ1-3'

5'-HEX-TAAGACTTTCATTATTTAGGTCAAAGAGAAA-BHQ1-3’

* Primers and samples were selected using the Vector NTI program (http://www.informaxinc.com).
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tism. The PhyloP score is used to estimate evolutionary con-
servatism based on interspecies comparisons, with humans
excluded from the analysis (the prefixes denote classification
ranks, in this case: pri — primates) (Pollard et al., 2010; Caron
etal., 2019). The GerpN and GerpS scores are based on single
nucleotide analysis, namely the analysis of the homology of
the locus across species (GerpN) and the analysis of the deficit
or surplus in substitutions at the locus (GerpS) (Zerbino et al.,
2018; Caron et al., 2019). The Phred Score is a measure of
the quality of the score obtained (if Phred assigns a quality
score of 20, the error probability is 1 %, score of 10 means an
error probability of 10 %). To evaluate the selection effect, we
use data from Neilsen’s CLR (Composite Likelihood Rate)
test — Composite Likelihood method to determine the strength
of positive selection (Vy, Kim, 2015).

Protein-protein interactions were evaluated using the
BioGRID resource (https://thebiogrid.org/) (Oughtred et
al., 2021). Functional enrichment analysis was performed
using WebGestalt (WEB-based GEne SeT AnaLysis Toolkit)
(https://www.webgestalt.org/) (Liao Y. et al., 2019).

Results

Genotyping of three intronic variants (rs5353, rs1534904,
rs3917412) in the SELE gene was performed in the popula-
tion sample of Tomsk and in the group of STEMI patients.

Linkage and association analysis

We revealed the complete linkage of the rs5353 marker with
two other SNPs studied (D' = 1 in both patients and control
sample). In turn, rs3917412 and rs1534904 are closely but not
completely linked (D' is 0.916 in the patient group and 0.976
in the population sample). The linkage analysis of the studied
markers indicates that the substitution in rs5353 occurred

The role of SELE gene polymorphism
in ST-elevation myocardial infarction

within the context of the haplotype comprising the reference
rs3917412 and rs1534904 alleles. As a result, we expect a
multidirectional effect of the studied nucleotide substitutions
(rs5353 on the one side, rs3917412 and rs1534904 on the other
side) on the manifestation of pathological features.

We found statistically significant differences in the frequen-
cies of rs5353 genotypes in the SELE gene between patients
and the control sample (p = 0.004) (Table 2). According to
logistic regression (Table 3), two models, codominant and
recessive, were statistically significant. However, the infor-
mation criteria (Akaike and Bayesian) are the lowest for the
recessive model, which defines it as the best model. Conse-
quently, the CC genotype was identified as a risk factor for
myocardial infarction, occurring six times more frequently in
the patient group (OR = 6.93; CI1:95 % (1.84-26.04); x* = 8.69;
p =0.002) (Tables 2 and 3).

The studied samples exhibited statistically significant dif-
ferences in the genotype combination (y* = 22.76; df = §;
p = 0.004). The observed differences can be attributed to
two distinct combinations of genotypes (rs5353/rs1534904/
rs3917412): CC/GG/CC predisposes to the development of
myocardial infarction (OR = 6.93, CI:95 % (1.68-32.98),
¥? = 8.69, p = 0.003), whereas the TC/GG/CC combination
is protective (OR = 0.38, CL:95 % (0.16-0.90), x2 = 5.01,
p = 0.02). So, the CGC haplotype is more prevalent in pa-
tients than in controls (27.7 % and 20.5 %, respectively) and
the TGC haplotype is more prevalent in controls (40.4 % in
patients and 49.2 % in controls), but these differences are not
statistically significant.

In the sample of patients, a deviation from Hardy—\Weinberg
equilibrium was identified (p = 0.012). There is a deficiency
in heterozygotes and frequent allele homozygotes, but an ex-
cess of rare homozygotes. The quality control of genotyping

Table 2. The frequencies of alleles and genotypes of markers in the SELE gene in the compared groups

SNP Genotypes
and rare allele ; )
in patients
rs5353 T/T 58.11 (43)
T/C 28.38 (21)
c/C 13.51(10)
Callele 27.27 (41)
rs1534904 G/G 45.95 (34)
G/T 47.30 (35)
/T 6.76 (5)
T allele 30.41 (45)
rs3917412 C/C 55.41 (41)
c/T 39.19 (29)
/T 541 (4)
T allele 25.00 (37)

Note. Statistically significant differences are highlighted in bold.

138

Frequencies of genotypes and rare allele, % (n)

xp

in control sample

61.76 (84) ¥2=10.85, p = 0.004
36.03 (49)

2.21(3)
20.22 (55) ¥?=2.630,p=0.105
50.74 (69) ¥>=1315p=0518
39.71 (54)

9.56 (13)
29.41 (80) ¥?=0.010,p=0.919
58.09 (79) %2 =0.196, p = 0.907
37.50 (51)

441 (6)
23.16 (63) ¥2=0.092, p = 0.762
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Table 3. Models of predisposing effect inheritance of rs5353 in the SELE gene
Model Genotype Control STEMI OR (95 % Cl) Statistical significance, AIC BIC
p-value
Codominant /T 84 (61.8 %) 43 (58.1 %) 1.00 0.006 268.1 278.2
T/C 49 (36 %) 21(28.4 %) 0.84 (0.45-1.57)
c/C 3(2.2%) 10 (13.5 %) 6.51(1.70-24.91)
Dominant T 84 (61.8 %) 43 (58.1 %) 1.00 0.610 276.3 283.0
T/C-C/C 52 (38.2 %) 31 (41.9 %) 1.16 (0.65-2.07)
Recessive T/T-T/C 133 (97.8 %) 64 (86.5 %) 1.00 0.002 266.5  273.2
Cc/C 3(2.2%) 10 (13.5 %) 6.93 (1.84-26.04)
Overdominant T/T-C/C 87 (64 %) 53(71.6 %) 1.00 0.206 2753 282.0
T/C 49 (36 %) 21 (28.4 %) 0.70(0.38-1.30)

Note. Statistically significant differences are highlighted in bold.

(100 % re-genotyping of the patient sample) confirmed the
correctness of the experiment. We can conclude that in this
case there is a biological reason for the deviation from the
Hardy—Weinberg equilibrium, given the a priori bias in the
patient sample and the prevalence of the pathology-associated
genotype. On the other hand, the studied sample of patients is
not large, and thus the results obtained require further valida-
tion on larger samples.

Functional analysis of the studied markers

The studied markers are located in introns 1 (rs5353),
4 (rs1534904) and 5 (rs3917412) of the SELE gene. Notably,
the degree of conservatism of the studied markers exhibits
considerable variability. So, rs5353 is conservative only in pri-
mates (Phred Score = 11.93 for priPhyloP), rs1534904 is prob-
ably conservative not only in primates (Phred Score = 16.10
for priPhyloP), but also in various species in general (Phred
Score =16.58 and 11.11 for GerpN and GerpS, respectively),
rs3917412 is not conservative (according to VannoPortal
resource). All the studied substitutions are under positive
selection (Neilsev’s CLR test), according to information from
the VannoPortal resource.

According to the RegulomeDB classification, all three of
the studied markers belong to functional class 1f, i. e. they are
eQTL variants in the transcription factor (TF) binding motif
or in the DNAase hypersensitivity region. Indeed, the studied
substitutions can theoretically (i. e. according to bioinformatic

analysis) alter the affinity of a number of TFs (according to
the VannoPortal resource). Thus, 24 TF binding sites have
been identified for rs5353, with 17 of them being lost in the
presence of an alternative allele. Nevertheless, according
to experimental studies, physical interactions of these TFs
with DNA in this region have not yet been detected in the
studied tissues. Further seven substitutions resulted in the
formation of novel transcription factor binding sites (ATF1,
CEBPA, HOXA1, JUND, REST, JUNB) (Table 4). In the
case of rs1534904, there are 11 theoretically variable sites, of
which four are lost (not actually detected) in the presence of
the alternative allele, but seven new sites emerge (PRDM1,
RORC, IRF5, ZNF143, NCOR1, ZEB1, POU2F2) (Table 4).
For rs3917412, theoretical calculations indicate the presence
of 16 TF binding sites; the alternative allele results in the
emergence of two novel sites (CHD2, PAX1) (Table 4), the
disappearance of ten sites, and a decrease in affinity of four
TFs. As in the previous cases, the list of theoretically variable
TFs does not include physically detected interactions (accord-
ing to the VannoPortal resource).

As eQTL variants, the studied markers are associated with
changes in the expression levels of SELE and nearby genes
(see the Figure); in addition, rs1534904 alters the splicing site
of the Clorf112 (FIRRM) gene (according to the GTEXx Portal
resource). The effect of the studied nucleotide substitutions
can therefore be realized not only through the biochemical
pathways involving E-selectin, but also through pathways

Table 4. Transcription factors for which binding sites emerge in the presence of rare alleles of the studied markers

SNP, allele
rs5353,C
rs1534904, T

rs3917412,T CHD2, PAX1

Transcription Factors
ATF1, CEBPA, HOXAT1, JUND, REST, JUNB
PRDMT1, RORC, IRF5, ZNF143, NCOR1, ZEB1, POU2F2

Note.TFs expressed in vascular walls are highlighted in bold (compiled according to the VannoPortal and GTEx Portal resources).
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The role of SELE gene polymorphism
in ST-elevation myocardial infarction

Common allele

rs5353 rs1534904 rs3917412
KIFAP3 SCvL3 SCyL3 Clorf112 RP1-206D15.6
METTL18 Clorf112 Clorf112 RN7SL333P KIFAP3 KIFAP3
METTL18 METTL18
RP1-117P20.3 SELE
SELL SELL
rs5353 rs1534904 rs3917412
Rare allele

Scheme of alterations in the expression levels of a number of genes depending on rs5353, rs1534904, rs3917412 in the SELE gene.

Compiled according to the GTEx Portal resource.

involving other regulated genes. To date, six regulated genes
have been identified for rs5353 and rs3917412 and five for
rs1534904; a total of nine genes (FIRRM, KIFAP3, METTL18,
RN7SL333P, RP1-206D15.6, RP1-117P20.3, SCYL3, SELE,
SELL) have been identified (GTEx Portal). The FIRRM and
KIFAP3 genes seem to be the most interesting, as the effect of
the examined substitutions in the SELE gene on their expres-
sion corresponds with the linkage outcomes: while KIFAP3
expression is reduced in homozygotes for the rare allele
rs5353, it is elevated in homozygotes for the rs1534904 and
rs3917412 derived alleles. Conversely, FIRRM expression
is lower in carriers of the rs1534904 and rs3917412 derived
alleles, but higher in carriers of the rare rs5353 allele (see
the Figure).

In light of these observations, three proteins appear to be
the most promising in terms of realizing the functional effect
of the studied substitutions. For E-selectin, a small number
of interactors are detected: there are only 19 interacting mol-
ecules including two chemical compounds and 17 proteins
(according to the BioGRID resource). The WebGestalt enrich-
ment analysis indicates that the most significant processes,
with the largest number of interactor proteins involved, are
hemostasis (10 proteins, p,q = 6.4E77), platelet activation,
signaling and aggregation (6 proteins, pygj = 3.6E™) and
cell surface interactions at the vascular wall (5 proteins,
Pagj = 3.6E7). The results are in complete alignment with
the known biochemical functions of E-selectin. For FIGNL1
Interacting Regulator of Recombination and Mitosis encoded
by the FIRRM (Clorfl12) gene, 60 interactor proteins are
identified (according to the BioGRID resource). The most
significant processes with the largest number of interactors
involved include serpentine receptor ligand binding (19 pro-
teins, p,g;= 3.8E71%) and various types of signaling through
these receptors (16-20 proteins each, pyg; = 4.5E12-4.2E7)
(according to WebGestalt). The protein product of the FIRRM
gene has not yet been sufficiently studied, but in addition to
its originally described role as a kinetochore protein (Xu et
al., 2021), it is also known to be involved in DNA repair
processes (Mazouzi et al., 2023; Pinedo-Carpio et al., 2023;
Tischler et al., 2024). A total of 105 interactor proteins have
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been identified for the KIFAP3 gene product (kinesin-2 asso-
ciated protein) according to the BioGRID resource. The results
of the enrichment analysis indicate that the most significant
processes with the highest number of interactors involved (by
WebGestalt) are the adaptive immune response (16 proteins,
Pagj = 6.2E-3), different mRNA processing pathways (7-9 pro-
teins, p,qj= 6.2E-3-6.4E-3), and antigen presentation via major
histocompatibility complex class IT (7 proteins, p,qj=6.2E~3).
These processes have the highest number of interactors in-
volved, as determined by WebGestalt.

Discussion

Thus, all three proteins encoded by the SELE, FIRRM, and
KIFAP3 genes (co-regulated by the studied intronic variants)
are not directly involved in the development of cardiovascular
events but may be indirectly involved in the pathogenesis of
CVDs through the inflammation, immune response, and DNA
repair systems.

Of the nine genes co-regulated by the studied markers, four
genes showed no associations with pathologies or quantitative
traits identified by GWAS. Three of them do not encode pro-
teins: two genes of long non-coding RNAs (RP1-206D15.6,
RP1-117P20.3) and a pseudogene (RN7SL333P); and one gene
(METTL18) encodes a methyltransferase. For the remaining
five genes, GWAS demonstrated a multitude of associations
(Supplementary Material, compiled from GWAS catalog)?.
Three of them (FIRRM, KIFAP3, SELE) are discussed in detail
above; the SELL gene encodes L-selectin, which promotes leu-
kocyte rolling as well as E-selectin (GeneCard, https://www.
genecards.org/); the SCYL3 gene encodes a pseudokinase that
also plays a role in cell adhesion and migration (GeneCard,
https://www.genecards.org/). Markers in the region of location
of these five genes showed associations with various blood
biochemical parameters, cell composition of blood (FIRRM,
KIFAP3, SCYL3, SELE, SELL), as well as with amyotrophic
lateral sclerosis and venous thromboembolism (FIRRM,
KIFAP3), type 2 diabetes mellitus (FIRRM, SELL) (Supple-
mentary Material). We would like to emphasize that among

T Supplementary Material is available at:
https://vavilov.elpub.ru/jour/manager/files/Suppl_Babush_Engl_29_1.pdf
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the 64 SNPs associated with various pathologies or quantita-
tive traits according to GWAS results, there are neither the
markers studied in the present study (rs5353, rs1534904 and
rs3917412), nor the SNPs associated with cardiovascular dis-
eases according to earlier studies (rs1805193, rs5361, rs5355).

It should be noted that the polymorphic variants analyzed
in this study had not been previously studied in the context
of CVDs and had seldom been included in associative studies
(there is no information on these markers in the PubMed,
DisGeNet, GWAS Catalog databases). Only one study has
been found in the available literature that has demonstrated
the risk effect of the GG rs3917412 genotype on the develop-
ment of colon cancer (Custodio et al., 2014). At the same
time, genomic estimates of pathogenicity (which reflect the
probability of marker involvement in the development of
multifactorial pathology, estimated by regBase (Zhang S. et
al., 2019)) indicate that the analyzed variants may be involved
in pathological processes. Additionally, the oncogenicity
estimates indicate the probability of a “driver” effect (likely
cancer driver) of these nucleotide substitutions for the de-
velopment of oncopathology (according to the VannoPortal
resource).

Conclusion

Thus, the mechanism of E-selectin involvement in the patho-
genesis of STEMI is not fully understood. On the one hand,
a sufficient amount of biochemical data indicates its involve-
ment in the development of CVDs (Liao B. et al., 2016; Deng
et al., 2017; Vargas-Alarcon et al., 2019; Ding et al., 2021),
and primarily in the development of such IHD risk factors as
atherosclerosis and DM2 (Roldéan et al., 2003; McEver, 2015;
Qiu et al., 2019; Mathur et al., 2023). On the other hand, the
involvement of this protein in the inflammatory response
suggests its involvement primarily in the recovery processes
after a cardiovascular event, and only indirectly in the develop-
ment of susceptibility to myocardial infarction (Ueno, 2012;
Sandoval-Pinto et al., 2014; Srivastava et al., 2018). The as-
sociation of rs5353 with STEMI revealed in the present study
provides further confirmation of the involvement of the SELE
gene in the development of CVDs. Additionally, the analysis
demonstrates the presence of a region more extensive than one
gene, which is co-regulated by the nucleotide substitutions
studied. It is possible that this entire genome region may be
involved in the pathogenesis of CVD indirectly, through the
inflammation, immune response, and DNA repair systems.
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