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Abstract. Association between risk of ischemic stroke and the rs17216473 single nucleotide polymorphism in the
5-lipoxygenase-activating protein gene locus. Pavlenko O.Yu., Strokina I.G., Drevytska T.I., Karvatsky .M.,
Sokurenko L.M., Dosenko V.E. Multiple studies have focused on the genetic basis of stroke, in particular on single
nucleotide polymorphisms. However, the contribution of single nucleotide polymorphism rs17216473 in the gene that
encodes ALOX5AP to stroke has been researched too little. The purpose of the work is to study the association between
the risk of ischemic stroke and the single nucleotide polymorphism rs17216473 of the gene that encodes ALOX5AP, in
particular, the G/G and G/A genotypes and alleles A and G, within the Ukrainian population. DNA extracted from
leukocytes of venous blood of healthy donors (control group) and patients (stroke group) was studied. The control group
consisted of 110 people, including 60 men (54.5%) and 50 women (45.5%), the average age in the group was
58.846.2 years, mode (Mo) by group was equal to 64 years. The absence of cardiovascular pathology in the donors was
confirmed by anamnesis, electrocardiography and pressure measurement. The stroke group included 109 patients,
58 men (53.2%) and 51 women (46.8%), suffering from an acute violation of cerebral blood circulation (acute ischemic
stroke). The focus of brain infarction was localized in the basin of the left middle cerebral artery in 51 patients (46.8%),
in the basin of the right middle cerebral artery in 39 (35.8%), in the vertebral-basilar basin in 18 (16.5%) and in the
basin of the left anterior cerebral artery in 1 patient (0.9%). 21 of these patients also have a history of ischemic stroke,
15 (13.8%) of them in the same basin and 6 (5.5%) in another vascular basin. The average age of patients at the time of
brain infarction was 70.3+10.0 years, mode (Mo) by group was equal to 60 years. In the context of the study of the role
of single nucleotide polymorphisms in the occurrence of stroke, the contingent of patients by age and localization of the
focus of brain infarction is considered as homogeneous. Healthy donors and stroke patients belonged to the older age
group, they are residents of Kyiv, the percentage of men and women in the indicated groups was almost the same,
therefore, according to socio-demographic indicators, the group of stroke patients and the control group can be
considered homogeneous. Taking into consideration the average age and mode (Mo) in the groups (58.8%6.2 years, Mo
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was 64 years in the control group and 70.3+10.0 years, Mo was equal to 60 years in the stroke group), the groups are
statistically comparable in age. All women in both groups are postmenopausal. Real-time polymerase chain reaction and
the analysis to discriminate alleles were used. The statistical analysis was performed using y2 criteria and by y2 criteria
with Yates correction. We identified two genotypes, G/G and G/A, of the single nucleotide polymorphism rs17216473 of the
gene that encodes ALOX5AP. Humans that were homozygotes for the minor allele A (carrying the A/A genotype) were not
found in our study. Genotype G/G was the most prevalent in both the control and stroke groups, without significant difference
between these groups. The carries of the G/A genotype were not as significantly represented as those of the G/G genotype.
Simultaneously, there was no significant difference in the quantity of G/A genotype carries between the control and stroke
groups. The distribution of the G allele was not significantly different between the control and stroke groups. The same trend
was observed for allele A; its number in the control group was almost identical to that in the stroke group, Neither the G/G
nor G/A genotypes were significantly associated with ischemic stroke risk (p>0.05). Neither allele (dominant allele G or
minor allele A) of single nucleotide polymorphism rs17216473 were significantly associated with ischemic stroke risk in the
Ukrainian population (p>0.05). No contribution of single nucleotide polymorphism rs17216473 (S§G13S377) in the gene
encoding ALOX5AP to ischemic stroke onset was observed in a Ukrainian population.

Pedepar. 3B'si30k Mik pH3MKOM ilIeMiYHOTrO iHCYJBTY Ta OJHOHYKJICOTHAHHM mojgiMopdizMoM y JoKyci
rs17216473 rena Oinka, mo akTuBye S-minokcurenasy. Ilasiaenxo O.}O., Crpokina L.I'., /Ipesnnbka T.I.,
KapBaubkuii .M., Cokypenko JI.M., locenko B.€. Yucnenni oocniodicenns 30cepeddiceni Ha 2eHemMuyHiu OCHO8I
iHcynbmy, 30Kpema HA OOHOHYKAeOMUOHux noaimopgizmax. OOHAK BHECOK OOHOHYKIEOMUOHO20 NOAIMOPIzmy
rs17216473 y eeni, axuil kooye ALOX5AP, oo incyremy docaiodiceno 3anaomo mano. Memor pobomu 6yno suguumu
36 30K MIJIC PUBUKOM UEMINHO20 THCYIbMY MAd OOHOHYKAICOMUOHUM noaimopgizmom rsl17216473 eena, wo xodye
ALOXS5AP, 30xpema cenomunie G/G ma G/A ma aneneti A ma G, 6 ykpaincokiu nonyaayii. JJocnioxcyeanu JJHK, wo
BUOLIANU 3 JIEUKOYUMIB BEHO3HOL KPOGI 300p06Ux OOHOPIE (KOHMPOIbHA 2PYNa) ma Xeopux (2pyna 3 IHCYIAbMOM).
Koumponvna epyna cknaoanacs 3i 110 mooeii, cepeo sikux 60 uonosixie (54,5%) ma 50 acinox (45,5%), cepeoniu 6ix y
epyni cmanosus 58,8+6,2 poxy, mooa (Mo) 6 epyni — 64 poxu. Biocymuicmo cepyeso-cyounnoi namonozii 6 00Hopie 0yio
niomeepodICceHo OaHUMU aHAMHe3Y, elekmpokapdiocpadii ma eumiproganus mucky. I pyna 3 iHcyrbmom ckiaoanacs 3i
109 xeopux, ceped axux 58 uonosixie (53,2%) ma 51 xncinxa (46,8%), wo cmpasicoanu Ha 2ocmpe nopyuLer s MO3K08020
Kpo8oobiey (cocmpuil iuweMiuHutl iHCYIbm) 3 JOKAM3ayiaMu 602HUWA iHpapkmy Mo3Ky 6 bacelini nieoi cepednbol
Mo3K060i apmepii 6 51 nayicnma (46,8%); y baceiini npasoi cepednvoi moszxoeoi apmepii 6 39 (35,8%), sepmebpansro-
oasunsprnomy daceiini’y 18 (16,5%) ma 6 6aceiini nioi nepeonvoi mosxoeoi apmepii 6 1 nayienma (0,9%). Cepeo 3asua-
yenux nayienmie 21 maxooic Mag 8 anammuesi iwemiunull incyrom, 3 nux 15 (13,8%) y momy o 6aceuini ma 6 (5,5%) 6
iHwomy cyournomy bacetini. CepeoHili 8ik X0pux Ha MOMeHM SUHUKHEHHA iHghaprkmy mo3Ky cmanosue 70,3+10,0 poxis,
mooda (Mo) 6 epyni — 60 poxkis. ¥ konmexcmi 00CniodicenHs poii 0OHOHYKIEOMUOUOHUX NONIMOPQIZMIE Y GUHUKHEHHI
IHCYIbIMY KOHMUH2EHM X8OPUX 3 GIKOM MA JOKANI3AYIEI0 8OZHUWA THPAPKMY MO3KY PO32180AEMbCsL K 0OHOPIOHUIL.
300posi donopu ma xXeopi Ha IHCYIbM GIOHOCUNUCS 00 cmapwiol 6ikogol epynu, 6ynu mewrkanysmu m. Kuesa, iocomox
YOI08IKI8 A HCIHOK Y 3A3HAYEHUX ePYNax OY8 maiidice 0OHAKOBUM, MOMY 3d COYIANbHO-0eMOSPADIUHUMU NOKAZHUKAMU
2PYNY XBOPUX HA THCYIbIN MA KOHMPOIbHY MONCHA 88ACAMU 0OHOPIOHUMU. 3 YDPAXYBAHHAM CepeOHbOo20 GiKY mda MOOU
(Mo) & epynax (58,8%6,2 poxy, Mo — 64 poxu 6 xommponwniti epyni ma 70,3+10,0 poxy, Mo — 60 poxig y epyni 3
IHCYIbMOM), 2pynU € CMAMUCMUYHO 3ICIMAasHUMU 3a GIKOM. Yci oicinku 6 000X epynax nepebysanu 6 HOCMMEHO-
nay3anbHomy nepioodi. Buxopucmogysanu nonimepasHty 1aHyo208y peakyiio 8 peaibHOMY Yaci ma auaniz OUCKpUMIHayil
anenie. Cmamucmudnull aHaniz nPogoouny 3a Kpumepiamu y2 ma 3a Kpumepiamu y2 3 nonpaskoro €nmca. Mu ioen-
mugbixyeanu osa eenomunu, G/G i G/A, oOHonyxkreomudHoeo nonimopizmy rsl7216473 ecena, axuii kooye ALOX5AP.
Jhooeti-comosuzom 3a minopuum aneiem A (Hociig cenomuny A/A) ne 6yno 3natioeno y nauwiomy docnioxceni. I enomun G/G
6y6 HaUlbiNbUWL NOWUPEHUM K ) KOHMPOLbHIL 2pYhi, MAK i 6 2pyni 3 IHCYIbMOM, 6e3 iICMOMHOI PI3SHUYI MidC YuMU SPYNamu.
Hocii cenomuny G/A 6ynu npedcmaeneni ne max 3uauno, sk nocii cenomuny G/G. Boonouac ne 6yno cymmesoi piznuyi y
Kinbkocmi Hociie eenomuny G/A migic epynoio 3 iHCyibmom ma KoHmpovhot. Poznodin arens G icmomno ne 8i0pi3HABCs
MIDIC KOHMPOTILHOIO 2PYNoto ma epynoro 3 incynsmom. Taxa s mendenyis cnocmepizanacst 0ns aneisi A, 1020 KiibKicmy y
KOHMPOIbHIL 2pyni Oyia maudice i0enmuyHoio maxiu y epyni 3 incyromom. Ani eenomun G/G, ani G/A ne 6ynu 0ocmogipHo
nos’szami 3 pusukom iwemiunozo incyromy (p>0,05). XKooewn 3 anenié (Oominanmuuu anene G uu MiHOpHUil aneiv A)
OOHOHYKNIeOmuUOH020 nomimop@izmy rsi7216473 ne 6y8 00CmOSIPHO MO8 SI3aHULL 3 PUSUKOM [UWEMIYHO20 IHCYIbMY 8
yKpaincokit nonyaayii (p>0,05). Brecky oonoHykneomuoHoeo noaimopghizmy rs17216473 (SG138377) y eeni, wjo kodye
ALOXS5AP, y 6uHuKHenHs iuleMiuH020 IHCYIbMY 8 YKPAIHCLKIL NONnyiayii He cnocmepieanocs.

Stroke is one of the most prominent causes of
death in different populations and is a factor that
considerably decreases the quality of life. The genetic
contribution to stroke onset was discussed in multiple
studies [1-8], while it was suggested to separate
single-gene stroke disorders from polygenic or mul-
tifactorial stroke, where single nucleotide poly-
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morphisms (SNPs) of different genes play a signi-
ficant role [6]. Numerous studies indicate that SNPs
are directly associated with the development of
cardiovascular diseases, particularly stroke [9-15].
The most likely candidates for this role are SNPs
of S-lipoxygenase (ALOXS) and 5-lipoxygenase
activating protein (ALOXS5AP) genes [9, 10, 13, 16-
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21], which plays a certain role in inflammation [9,
17]. SNP of the gene encoding phosphodiesterase 4D
(PDE4D) also indirectly affects the inflammatory
process, [22], some SNPs of this gene are probably
linked with ischemic stroke [22-24]. The involvement
of SNPs in another inflammatory gene encoding C-
reactive protein (CRP) is more controversial and
unproven [25, 26, 27]. Different SNPs of the gene
encoding  methylenetetrahydrofolate  reductase
(MTHFR) were connected with the risk of ischemic
[28, 29] but not hemorrhagic stroke [28], while plas-
ma homocysteine levels were genotype dependent. It
is suggested that SNP can influence the level of
homocysteine [29].

A few studies have indicated the involvement of
SNP rs17216473 (SG13S377) of the ALOXSAP gene
in the development of cardiovascular diseases [13,
16], however, simultaneously, certain studies have
denied this claim [30].

In this study, we selected the rs17216473 poly-
morphism (SG73S8377) of the ALOXSAP gene be-
cause it is suspected to play a role in stroke. We
established its contribution to myocardial infarction
[16], and, on the other hand, other SNPs of
ALOXSAP are associated with both stroke and heart
diseases within the same population [9]. The purpose
of the work was to study the association between the
risk of ischemic stroke and the single nucleotide
polymorphism rs17216473 of the gene that encodes
ALOXSAP, in particular, the G/G and G/A genotypes
and alleles A and G, within the Ukrainian population.

MATERIALS AND METHODS OF RESEARCH

The study was reviewed and approved by the
Biomedical Ethics Committee of O.0. Bogomolets
Institute of Physiology of the National Academy of
Sciences of Ukraine, excerpt from the protocol
No. 3/19 of the meeting of the Biomedical Ethics
Committee dated 02.04.19. Written informed consent
to participate in this study was obtained from all
participants. The article does not contain any infor-
mation that allows to identify the research participant
either from the control group or from patients. The
study was carried out in the department of General
and molecular pathophysiology of 0.0. Bogo-
molets Institute of Physiology of the National
Academy of Sciences of Ukraine in accordance with
bioethics principals set out in "Declaration of
Helsinki: Ethical principles for medical research
involving human subjects”, developed by World
Medical Association, “Universal Declaration on
Bioethics and Human Rights” (UNESCO) and Euro-
pean Bioethics Convention (1997).

DNA extracted from leukocytes of venous blood
of healthy donors (control group) and patients (stroke
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group) was studied. The control group consisted of
110 people, including 60 men (54.5%) and 50 women
(45.5%), the average age in the group was
58.8+6.2 years, mode (Mo) by group was equal to
64 years. The stroke group included 109 patients,
58 men (53.2%) and 51 women (46.8%), suffering
from an acute disruption of cerebral blood circulation
(acute ischemic stroke). The focus of brain infarction
was localized in the basin of the left middle cerebral
artery in 51 patients (46.8%), in the basin of the right
middle cerebral artery in 39 (35.8%), in the vertebral-
basilar basin in 18 (16.5%) and in the basin of the left
anterior cerebral artery in 1 patient (0.9%). 21 of these
patients also have a history of ischemic stroke, 15
(13.8%) of them in the same basin and 6 (5.5%) in
another vascular basin. The average age of patients at
the time of brain infarction was 70.3+10.0 years,
mode (Mo) by group was equal to 60 years). In the
context of the study of the role of single nucleotide
polymorphisms in the occurrence of stroke, the
contingent of patients by age and localization of the
focus of brain infarction is considered as
homogeneous. Healthy donors and stroke patients
belonged to the older age group, they are residents of
Kyiv, the percentage of men and women in the
indicated groups was almost the same, therefore,
according to socio-demographic indicators, the group
of stroke patients and the control group can be
considered homogeneous. Age in the control group
ranged from 52 to 65 years, in the stroke group from
60 to 80 years, in our study the arithmetic average of
the group provides objective information about age in
combination with the mode (Mo). Guryanov V.G.
etal. [31] note that the mode of distribution of the
values of a quantitative variable is the value of the
variable that occurs with the greatest frequency [31].
Taking into consideration the average age in the
combination with Mo by group (58.8+6.2 years, Mo
was 64 years in the control group and 70.3+10.0 years,
Mo was equal to 60 years in the stroke group), the
groups are statistically comparable in age. All women
in both groups are postmenopausal.

Leukocytes of whole venous blood from healthy
individuals (control group) and individuals with acute
ischemic stroke (stroke group) were collected by
medical staff at medical institutions, Kyiv City Blood
Center and Kyiv City Clinical Hospital No. 4, I and II
Neurological Departments under the supervision of
employees of P.L. Shupyk National Medical Acade-
my of Postgraduate Education with the written
informed consent of all participants. The absence of
cardiovascular pathology, including congenital, in the
donors was almost completely confirmed by anam-
nesis, external examination, auscultation, electro-
cardiography and pressure measurement.

Ha ymoeax niyensii CC BY 4.0
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The reagents and genotyping methods used in this
study were identical to those in a previous study [16].
The following reagents were used: the DIAtom DNA
Prep kit (Isogene Lab LTD), containing lysing reagent
(guanidine isothiocyanate), sorbent (NucleoS), saline
solution to wash off DNA, ExtraGene to elute DNA
from the sorbent, and a mixture of probes for TagMan®
PCR. Deionized water was used to prepare the water
solutions [16]. DNA was extracted from blood samples
using the DIAtom DNA Prep kit (Isogene Lab LTD).
The kit contains the lysing reagent guanidine
isothiocyanate, sorbent NucleosS, saline solution, and
ExtraGene to elute DNA from the sorbent. This
method is based on the use of guanidine isothiocyanate
as a lysing reagent for cell lysis, solubilization of cell
debris, and denaturation of cell nucleases. DNA is
actively being absorbed on NucleoS"™ under the
presence of lysing reagent and then easily washed off
from proteins with saline solution and ethanol.
Subsequently, the DNA was extracted from the sorbent
and transferred to sterile DNA-free and RNA-free
microtest tubules (Eppendorf, Humburg, Germany).
The obtained DNA was used for real-time PCR.

Allele polymorphisms of the ALOX5AP gene
(G—A) were determined using TagMan® SNP Assay
C 11599359 10. Amplification was performed with
a 7500 Fast Real-time PCR System (Applied Bio-
systems, Forster City, CA, USA).

To determine which of the nucleotides, A or G,
was present at the rs17216473 locus of ALOXSAP,
we obtained the genotypes in the study groups (the
stroke and control groups) by allele discrimination
analysis using a 7500 Fast Real-time PCR System
Software (Applied Biosystems, Foster City, CA,
USA), and the number of alleles and the number of
individuals having the corresponding genotype (A/A;
A/G; G/G) within the control group (healthy) and
patients with stroke were counted. The contributions

of the two genotypes and the A and G alleles were
analyzed in the current study [16].

The data obtained in the study were processed using
the Microsoft Excel for Microsoft 365 MSO license
program, license ID: CWW_8345bc9a-868e-426b-
9026-8222e41cea63_8345bc9a-868e-426b-9026-
8222¢e41cea63 d3al2f339eddfcOedd, Microsoft Excel
for Mac version 16.86 (24060916) License ID: CWW _
8345bc9a-868e-426b-9026-8222e41cea63  8345bc9a-
868e-426b-9026-8222e41cea63  74bcSead496badbe3 7.

Analyzed data were: absolute number (in indi-
viduals) and relative (in percentage) carriers of geno-
types A/A, A/G and G/G at the polymorphic locus
rs17216473 of the ALOXSAP gene in the group of
stroke patients and in the control group, respectively,
and the absolute number of alleles A and G and
relative (in percentages) in the indicated groups.

We verified the distribution of the genotypes in
stroke patients and in the control group for consistency
with Hardy-Weinberg law [32, 33]. Then the results was
analyzed using the y2 criteria [32]. To evaluate the
association between the G/G and A/G genotypes and the
alleles A and G in the rs17216473 polymorphic locus of
the ALOXSAP gene and the risk of stroke, we compared
the control group with the stroke group using 5 and
with Yates correction criteria [31, 32]. No A/A genotype
carriers were identified in our study. The statistical
significance was estimated using y* criteria (Pearson
criteria). The association was considered statistically
significant at p<0.05 [16].

RESULTS AND DISCUSSION

We first verified the distribution of the genotypes in
stroke group and in the control group for consistency
with Hardy-Weinberg law. The results are fully inclu-
ded in the divisions of the Hardy-Weinberg law
(Table 1), according to it, ¥2 max is more than y2 for
both stroke group and control group respectively. The-
refore, the results can be analyzed using the %2 criteria.

Table 1

Distribution of genotypes in stroke group and in the control group according
to the Hardy-Weinberg law. The number of genotype carries in absolute units (n)

Genotype Con;n:)ll lg(;‘oup Str(:lk:eug)goup
G/G the number of genotype carries in the group, individuals (n) 89 83
G/A the number of genotype carries in the group, individuals (n) 21 26
A/A the number of genotype carries in the group, individuals (n) 0 0
%2 1.2 2.0
%2 max 3.8 3.8

Notes: x2 max is more than 2 for both stroke group and control group respectively. Therefore, the results can be analyzed using the y2 criteria.

25/Tom XXX/1
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Different statistical methods have been developed
to estimate SNPs heritability, which measures the
proportion of phenotypic variance explained by all
measured SNPs in the data [34, 35]. We focus on the
accordance between phenotypic manifestation of
stroke and SNP rs/7216473. There are two variants
of nucleotides in the SNP, G or A nucleotides, which
can give G/G, G/A or A/A genotypes in cor-
responding locus. G allele is dominant one; A allele
is minor allele and it was assumed to play a role in the
stroke onset. In other words, the carries of A/A
genotype should have had phenotypic manifestations
of stroke with a high probability, the carries of G/A
genotype should have had phenotypic manifestations
of stroke with a moderate probability, the carries of
G/G genotype should have had it with low probability
or absence of stroke.

We found two genotypes in the polymorphic locus
of rs17216473 in the ALOXSAP gene: G/G and G/A.
We did not identify carriers of the A/A genotype in
the stroke and control group, in contrast to the study

of peripheral artery disease, where all genotypes A/A,
G/G and G/A in the locus of rs17216473 were present
[11]. The percentage distribution of G/G and G/A
genotype carriers in the control group corresponded
to 80.9% and 19.1%, respectively, in the stroke group
percentages of G/G and G/A genotype carriers were
76.1% and 23.9%, respectively (Table 2). Genotype
G/G was the most prevalent in both the control and
stroke groups. The G/G genotype distribution in the
stroke group was almost identical to that in the control
group, whereas that in the myocardium infarction
group was significantly lower than that in the control
group [16]. That is, an essential difference between
the G/G genotype distribution of the specified SNP in
patients with stroke and myocardial infarction is
assumed [16]. In our previous study, we proposed the
use of the G/G genotype as a good prognostic
indicator to avoid myocardial infarction [16]. Ho-
wever, we cannot say the same for stroke, as the G/G
genotype does not contribute to stroke prevention.

Table 2

Distribution of genotypes G/G, G/A, and A/A in the control and stroke group.
The number of genotype carries is in absolute units (n), frequency of genotypes obtained
from the sample (percentage of genotypes carriers in the group, %+m%)

Control grou Stroke grou Total number of
Genotypes _ group _ group control and stroke
n=110 n=109 _
groups, n=219

Number of G/G genotype carriers in the group, individuals (n) 89 83 172
Percentage of G/G genotype carriers in the group, (%otm%) 80.9+3.8 76.1+4.1 78.5+2.8
Number of G/A genotype carriers in the group, individuals (n) 21 26 47
Percentage of G/A genotype carriers in the group, (%+m%) 19.1+3.8 23.9+4.1 21.5+2.8
Number of A/A genotype carriers in the group, individuals (n) 0 0 0
Percentage of A/A genotype carriers in the group, (%+m%) 0 0 0

Notes: n — the number of genotype carries in the group; % — the frequency of genotype obtained from the sample (percentage of genotypes carriers in
the group); m — the standard error of the frequency of the qualitative variable.

When analyzing the G/G distribution in com-
parison with G/A, it was seen that G/G was also
prevalent in both the control and stroke groups,
totaling 76.1% against 23.9% for G/A in the stroke
group and 80.9% against 19.1% for G/A in the control
group (Table 2). In the study of peripheral artery
disease in the locus of 1517216473 the G/G genotype
i1s also the most common, the second is the G/A
genotype, and the least common is the A/A genotype.
However, the frequency of G/G is less than that in our
study, and G/A, on the contrary, is greater [11].

16

Simultaneously, in our study, there was no
significant difference in G/A genotype between the
control and stroke groups (21 individuals (19.1%)
and 26 individuals (23.9%), respectively) (Table 2).
The A/A genotype was absent in both groups
(Table 2). This was the next significant difference
between stroke and myocardial infarction in which
we found homozygotic individuals with myocardial
infarction [16]. At the same time, Jin S. etal. [11]
found A/A genotype in the same SNP ALOXAP.

Ha ymoeax niyensii CC BY 4.0
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The distribution of the G allele was not signi-
ficantly different between the control and stroke
groups. The same trend was observed for allele A; its
number in the control group was almost identical to
that in the stroke group (Table 3). The difference
between alleles G and A was essential, which was
expected, considering the absence of carriers with the

A/A genotype in the study groups and the fact that the
number of G/G carriers was larger than that of G/A
carriers. Jin S. et al. [11] detected significantly more
percentage of A allele in the same ALOXAP SNP that
we did, which can be explained with the presence of
A/A genotype in their study.

Table 3

Distribution of G and A alleles in the control and stroke groups.
The number of allele is in absolute units (n), frequency of alleles obtained
from the sample (percentage of allele in the group, %+m%o)

Total number of G and A alleles

Alleles
control group stroke group
n=220 n=218
Number of G allele in the group, (n) 199 192
Percentage of G allele in the group, (%+m%) 90.5+2.0 88.1+£2.2
Number of A allele in the group, (n) 21 26
Percentage of A allele in the group, (%+m%) 9.5+2.0 11.9+2.2

Notes: n — the number of alleles in the group; % — the frequency of the allele obtained in the sample (percentage of the allele in the group); m — the

standard error of the frequency of the qualitative variable.

We then tried to understand the contribution of the
nucleotide G substitution for A in the current SNP to
stroke, by counting the links between G/G and G/A
genotypes and stroke using Pearson criteria (y%).
Subsequently, the same procedure was performed
for determining the association between G and A
alleles and stroke.

Statistical analysis of the links between the G/G
and G/A genotypes and stroke showed no statistically
significant connections between these genotypes and
stroke (p>0.05); specifically, the G/G and G/A
genotypes were not associated with stroke (Table 4).

Table 4

Association between G/G and G/A genotypes and stroke using Pearson criteria (y%).
The number of genotype carries is in absolute units (n)

With stroke Without stroke e ¥ with Yates correction
Genotype (number of genotype carries, (number of genotype (Value of criteria/ (Value of criteria/
individuals (n) carries, individuals (n) level of significance) level of significance)
8 89
G/G 3 0.737%*/ 0.481%*/
— s — S
G/A 2 21 p=0.391 p=0.488

Notes: association between G/G and G/A genotypes and stroke was estimated by Pearson criteria (%), it is statistically significant when p<0.05; ** —
the values of o2 criteria and *> with Yates correction; *** — the level of significance p.

We also found no statistically significant con-
nection between the A and G alleles and stroke
(p>0.05) (Table 5). Opposite results were obtained by
Shah S.H. etal. [13]. SNP rs17216473 of the
ALOXSAP gene was associated with in-stent res-
tenosis after percutaneous coronary intervention. The

authors note that atherosclerosis risk factors coincide
with the risk of in-stent restenosis [13]. At the same
time, the A allele contributed to restenosis, while the
G allele, on the contrary, played a protective role [13],
just as the G allele of this polymorphism reduced the
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risk of myocardial infarction, and the A allele
increased it in our previous study [16].

Currently, there are isolated data in public data-
bases on the contribution of rs/7216473 of the
ALOXSAP gene to the development of stroke.
Zheng J.H. et al. [30] reported about the absence of
association between haplotype B containing SNP

rs17216473 together with other SNPs and ischemic
stroke risk, which correlates with our results. On the
contrary, the data of Shah S.H. etal. [13] can be
considered in favor of the role of this polymorphism in
the stroke development, because atherosclerosis is a
significant factor in the ischemic stroke onset [10, 13].

Table 5

Association between A and G alleles and stroke using Pearson criteria ().
The number of A and G alleles is in absolute units (n)

With stroke

Without stroke

1 ¥? with Yates correction

Allele (number of alleles (n) (number of alleles (n) (value (.if crlterla/ level of (value (?f c.rlterla/ level of
significance) significance)
A 26 21
0.648%*/ 0.423%%/
p=0.421*** p=0.516%**
G 192 199

Notes: association between G/G and G/A genotypes and stroke was estimated by Pearson criteria (y), it is statistically significant when p<0.05; ** —
the values of o2 criteria and *> with Yates correction; *** — the level of significance p.

The role of other ALOXSAP polymorphisms in
the stroke onset is studied much more. Thus, it is
noted that there is a connection between stroke and
other SNPs ALOXS5AP in an Icelandic population [9]
and a group of Scottish people [10], in both studies,
an association with stroke was established for
ALOXSAP SNPs grouped in haplotype A, while for
ALOXS5AP SNPs belonging to haplotype B, no
reliable link with stroke was found [9, 10]. Bie X.
et al. [17] showed that 5 haplotypes of the promoter
region of the ALOXSAP gene locus rs4073259 were
statistically more frequent in ischemic stroke patients
compared to controls. Shah S.H. etal. [13] also
reported about the connection of SNPs ALOX5AP
rs17222814 allele G, rs10507391 allele A and
rs17222814 allele A with ischemic stroke, with
rs17222814 allele A being protective, in contrast to
the other two SNPs [13]. In favor of the participation
of SNPs ALOXS5AP in the stroke development, the
increased level of ALOXSAP gene expression in
patients with ischemic stroke in the study of the T-
allele of SNP SG13S114 is also evidenced. It has
been shown that this allele is a risk factor for ischemic
stroke [18]. There are also data on an increased level
of ALOXS5AP gene expression in the rs4073259 locus
and mRNA expression in patients with ischemic
stroke [17]. A significant relationship between SNPs
SG13S114 and SG13S100 of the ALOXS5AP gene
and stroke [19], a connection between SNP
rs4073259 of the A allele of the ALOXS5SAP gene and
the risk of cerebral infarction [20], and an association
between subclinical manifestations of athero-
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sclerosis and SNPs of ALOXS5AP in patients with
diabetes mellitus [21].

At the same time, there are studies disproving the
role of ALOXSAP gene SNPs in the occurrence of
stroke. Thus, according to Lemaitre R.N. et al. [36],
no correlation was established between SNPs of the
ALOXSAP gene and stroke. Zheng J.H. et al. [30]
reported about the absence of association between
ALOXSAP gene SNPs rsl0507391, rs4769874,
rs9551963, rs17222814, rs17222919, rs4073259,
and also Haplotype A and B and ischemic stroke risk.

Jin S. et al. [11] showed that SNPs of ALOXS5AP
(except A/Ainrsl7216473, A/Ainrs10507391, G/G
inrs4769874,and A/A inrs9551963) were associated
with the prevalence of peripheral arterial disease and
also some genotype combinations of ALOXS5AP
could be a risk factor for peripheral arterial disease.
At the same time, the prevalence of peripheral arterial
disease increases with fewer genotypes A/A in
rs17216473, A/A in rs10507391, G/G in rs4769874,
and A/A in rs9551963 [11].

According to the TOAST classification (Trial of
Org 10172 in Acute Stroke Treatment), based on the
etiology of stroke, cerebral ischemic stroke has 5
main pathogenetic subtypes: 1) large-artery athero-
sclerosis (LAA), 2) cardioembolism (CE), 3) small-
vessel occlusion (SVO), 4) stroke of other determined
etiology (ODE), 5) stroke of undetermined etiology
(UDE) [37]. It can be assumed that in the patho-
physiological changes inherent in different types of
acute cerebral stroke, SNPs of different genes should
play a certain role, since ischemic stroke is a poly-
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genic disease [6, 10] and even one subtype is most
likely caused by SNPs of different genes. Thus, the
LAA subtype was observed in the study of SNPs of
the gene ALOXSAP [10, 19], SNPs of the gene
encoding PDE4D [22, 24], SNPs of the gene enco-
ding CRP [26], SNPs of the gene encoding MTHFR
[29]; CE subtype was registered in the study of SNPs
of the ALOXSAP gene [10, 19] and SNPs of the gene
encoding PDE4D [6, 22, 24]; SVO in the study of
SNPs of the gene encoding CRP [27] and the
ALOXSAP gene [10, 19]. Two other subtypes of
ischemic stroke, ODE and UDE, were observed in in
the study of ALOXS5AP SNPs [10, 19]. All of the
above SNPs were not only observed but also
correlated with ischemic stroke. SNPs of numerous
genes play a role in the occurrence of various
subtypes of ischemic stroke [4], however, SNPs of
ALOXSAP, SNPs of genes encoding PDE4D, CRP,
and MTHFR are closely associated with inflam-
mation and atherosclerosis. Atherosclerosis, in turn,
is a chronic vascular inflammatory disease [38]. The
role of "pro-inflammatory" genes in subjects with
ischemic stroke in immunoinflammatory activation
of the acute phase of stroke is noted [7].

ALOXSAP SNPs increase leukotriene B4 pro-
duction in stimulated neutrophils, thereby contri-
buting to vascular inflammation in myocardial infarc-
tion and stroke [9]. Possible consequences of inflam-
mation are atrial fibrillation [22] and the development
of atherosclerosis [22, 39]. Atrial fibrillation is one of
the causes of CE subtype [40] and was observed in
LAA, CVO and CE subtypes [41]. Stroke most often
occurs on the basis of atherosclerosis [10, 40],
especially the LAA subtype. One of the causes of
atherosclerosis is an increased level of homocysteine
[6, 42], patients with ischemic stroke have a
significantly higher level of homocysteine compared
to controls [43]. In turn, hyperhomocysteinemia can
be caused by a genetic defect of the MTHFR enzyme
[42]. Jin M. et al. [29] noted that one of the SNPs in
the gene encoding MTHFR could affect homo-
cysteine levels and, either alone or in combination
with other factors, increases the risk of LAA [29].

SNPs of the gene encoding phosphodiesterase 4D
(PDE4D) were significantly associated with CE and
LAA subtypes [24]. PDE4D specifically degrades
cyclic adenosine monophosphate (cAMP) and is one
of the main enzymes of the cAMP signaling pathway
in inflammatory cells. A decrease in cAMP leads to
inflammation [22]. SNPs of the gene encoding CRP
can theoretically also be involved in the development
of atherosclerosis. C-reactive protein is an indicator
of inflammation [39, 44], its plasma concentration
increases in response to injury, infection, and

25/Tom XXX/1

inflammation [45]. SNPs of the gene encoding CRP can
be associated with LAA [26] and SVO [27] subtypes,
but its association with ischemic stroke is more
controversial and unproven [25, 26, 27, 46].

As can be seen, the data are contradictory and
insufficient, which requires further study of the role
of the ALOXSAP SNP in stroke onset. Our study is
one of the attempts to detect genetic predisposition to
ischemic stroke disease or risk factors.

CONCLUSIONS

1. No statistically significant association was
observed between stroke and G/G and G/A genotypes
or G and A alleles of rs17216473 (SG13S377) of the
gene encoding ALOXS5AP in a Ukrainian population.

2. No contribution of single nucleotide polymor-
phism rs17216473 (SG13S377) in the gene encoding
ALOXS5AP to ischemic stroke onset was observed in
a Ukrainian population.

Acknowledgment

We would like to thank Doctor of Medicine,
Professor, Academician of the National Academy of
Sciences of Higher Education of Ukraine Tkachy-
shyna Nataliia Yuriivna, for her advisory assistance
in working on the article, Editage (www.editage.com)
and Mr. Vikas Narang personally for English lan-
guage editing.

Contributions:

Pavlenko O.Yu. — formal analysis, investigation,
writing — original draft, writing — review and editing
the manuscript;

Strokina I.G. — formal analysis, writing — original
draft, manuscript translation into English, writing —
review and editing the manuscript;

Drevytska T.I. — investigation, writing — original
draft, writing — review and editing the manuscript;

Karvatsky I.M. — computing resources, formal
analysis;

Sokurenko L.M. — writing — original draft, wri-
ting — review and editing the manuscript;

Dosenko V.E. — conceptualization, data curation,
methodology, formal analysis, investigation, wri-
ting — original draft, writing — review and editing the
manuscript, supervision, project administration.

Funding. The study was carried out with budget
funds within scientific research “Significance of long
non-coding RNAs in the mechanisms of development
of experimental and clinical pathologies” in the
department of General and molecular pathophy-
siology of O.0. Bogomolets Institute of Physiology of
the National Academy of Sciences of Ukraine, the state
registration number of the topic is 0118U07348.

Conflict of interests. The authors declare no
conflict of interest.

19



TEOPETHUYHA ME/[UI[HMHA

REFERENCES

1. LiuX, Wang Q, Zhu R. Association of GWAS-
susceptibility loci with ischemic stroke recurrence in a Han
Chinese population. J Gene Med. 2021;23(1):e3264.
doi: https://doi.org/10.1002/jgm.3264

2. WangQ, ZhaoJ, ChangH, LiuX, ZhuR. Asso-
ciation between IncRNA ANRIL genetic variants with the
susceptibility to ischemic stroke: From a case-control study to
meta-analysis. Medicine (Baltimore). 2021;100(11):e25113.
doi: https://doi.org/10.1097/MD.0000000000025113

3.  Chen L, Zhang G, Li Q, Lin R. Variant Rs556621
on Chromosome 6p21.1 and the Risk of Ischemic Stroke in
Chinese Populations: A Meta-Analysis. Clin Appl Thromb
Hemost. 2022;28:10760296221076479.
doi: https://doi.org/10.1177/10760296221076479

4. Appunni S, Rubens M, Ramamoorthy V, Saxe-
na A, McGranaghan P, Veledar E. Stroke Genomics: Cur-
rent Knowledge, Clinical Applications and Future Pos-
sibilities. Brain Sci. 2022;12(3):302.
doi: https://doi.org/10.3390/brainsci12030302

5. Deng XD, KelJL, ChenTY, GaoQ, ZhaoZL,
Zhang W, et al. ERCCI polymorphism and its expression
associated with ischemic stroke in Chinese population.
Front Neurol. 2023;13:998428.
doi: https://doi.org/10.3389/fneur.2022.998428

6. Munshi A, Kaul S. Genetic basis of stroke: an
overview. Neurol India. 2010 Mar-Apr;58(2):185-90.
doi: https://doi.org/10.4103/0028-3886.63780

7. Tuttolomondo A, Di Raimondo D, Pecoraro R,
Casuccio A, Di Bona D, Aiello A, etal. J Neuroinflam-
mation. 2019 Apr 17;16(1):88.
doi: https://doi.org/10.1186/s12974-019-1469-5

8. [Ekkert A, Sliachtenko A, Grigaité J, Burnyté B,
Utkus A, Jatuzis D. Ischemic stroke genetics: what is new
and how to apply it in clinical practice? Genes (Basel).
2021;13(1):48. doi: https://doi.org/10.3390/genes13010048

9. Helgadottir A, Manolescu A, Thorleifsson G, Gre-
tarsdottir S, Jonsdottir H, Thorsteinsdottir U, et al. The
gene encoding 5-lipoxygenase activating protein confers
risk of myocardial infarction and stroke. Nat Genet.
2004;36(3):233-9. doi: https://doi.org/10.1038/ng1311

10. Helgadottir A, Gretarsdottir S, St Clair D, Mano-
lescu A, Cheung J, Thorleifsson G, et al. Association bet-
ween the gene encoding 5-lipoxygenase-activating protein
and stroke replicated in a Scottish population. Am J Hum
Genet. 2005;76(3):505-9. doi: https://doi.org/10.1086/428066

11. Jin S, ChoiEJ, ChoiYJ, Min WK, Park]JY,
Yoon SZ. Relationship between Arachidonate 5-Lipo-
xygenase-Activating Protein Gene and Peripheral Arterial
Disease in Elderly Patients Undergoing General Surgery:
A Retrospective Observational Study. Int J Environ Res
Public Health. 2023;20(2):1027.
doi: https://doi.org/10.3390/ijerph20021027

12. Kajimoto K, Shioji K, Ishida C, Iwanaga Y, Ko-
kubo Y, Tomoike H, et al. Validation of the association
between the gene encoding 5-lipoxygenase-activating
protein and myocardial infarction in a Japanese population.
Circ J. 2005;69(9):1029-34.
doi: https://doi.org/10.1253/circj.69.1029

20

13. Shah SH, Hauser ER, Crosslin D, Wang L, Hay-
nes C, Connelly J, et al. ALOXS5AP variants are associated
with in-stent restenosis after percutaneous corona-
ry intervention. Atherosclerosis. 2008;201(1):148-54.
doi: https://doi.org/10.1016/;.atherosclerosis.2008.01.011

14. Zhang S, Luo W, PanT, XieJ, XuZ, FangY.
ALDH2 rs671 Polymorphism Likely a Risk Factor for
Hemorrhagic Stroke: A Hospital-Based Study. Int J Gen
Med. 2023;16:1471-8.
doi: https://doi.org/10.2147/IIGM.S409183

15. Cao M, ZhangY, ChenD, ZhonglJ, ZhangX,
Yang L, et al. Polymorphism in genes encoding two fatty
acid binding proteins increases risk of ischemic stroke in a
Chinese Han population. Front Genet. 2023;14:1056186.
doi: https://doi.org/10.3389/fgene.2023.1056186

16. Pavlenko OU, Strokina IG, Drevytska TI, Soku-
renko LM, Dosenko VE. Association between single
polymorphism in the locus RS17216473 of the gene that
encodes 5-lipoxygenase-activating protein and risk of
myocardial infarction. Wiad Lek. 2020;73(11):2431-7.
doi: https://doi.org/10.36740/WLek202011118

17. Bie X, Zhao H, Zhang Z, Wang X, Luan Y, et al.
Epigenetic regulation mechanism of DNA methylation and
miRNAs on the expression of the ALOXSAP gene in
patients with ischemic stroke. Exp Ther Med.
2021;22(6):1484. doi: https://doi.org/10.3892/etm.2021.10919

18. Domingues-Montanari S, Fernandez-Cadenas I,
del Rio-Espinola A, Corbeto N, Krug T, Manso H, et al.
Association of a genetic variant in the ALOX5AP with
higher risk of ischemic stroke: a case-control, meta-ana-
lysis and functional study. Cerebrovasc Dis.
2010;29(6):528-37. doi: https://doi.org/10.1159/000302738

19. Lohmussaar E, Gschwendtner A, Mueller JC,
Org T, Wichmann E, Hamann G, et al. ALOX5AP gene
and the PDE4D gene in a central European population of
stroke patients. Stroke. 2005 Apr;36(4):731-6.
doi: https://doi.org/10.1161/01.STR.0000157587.59821.87

20. Zhang SY, Xu ML, Zhang CE, Qu ZY, Zhang BB,
Zheng ZY, et al. Association of ALOXS5AP gene single nuc-
leotide polymorphisms and cerebral infarction in the Han po-
pulation of northern China. BMC Med Genet. 2012;13:61.
doi: https://doi.org/10.1186/1471-2350-13-61

21. Burdon KP, Rudock ME, Lehtinen AB, Lange-
feld CD, Bowden DW, Register TC, et al. Human lipo-
xygenase pathway gene variation and association with
markers of subclinical atherosclerosis in the diabetes heart
study. Mediators Inflamm. 2010;2010:170153.
doi: https://doi.org/10.1155/2010/170153

22. Yu X, Zhang G, Tang X, Lin R. PDE4D single
nucleotide polymorphism rs918592 is associated with
ischemic stroke risk in Chinese populations: a meta-
analysis. BMC Cardiovasc Disord. 2024 Jan 3;24(1):17.
doi: https://doi.org/10.1186/s12872-023-03681-2

23. Nath M, Swarnkar P, Misra S, Kumar P. Phospho-
diesterase 4 D (PDE4D) gene polymorphisms and risk of
ischemic stroke: A systematic review and meta-analysis.
Acta Neurol Belg. 2023 Dec;123(6):2085-110.
doi: https://doi.org/10.1007/s13760-023-02218-w

Ha ymoeax niyensii CC BY 4.0



MEJINYHI IIEPCIIEKTUBU / MEDICNI PERSPEKTIVI

24. Gretarsdottir S, Thorleifsson G, Reynisdottir ST,
Manolescu A, Jonsdottir S, Jonsdottir T, et al. The gene
encoding phosphodiesterase 4D confers risk of ischemic
stroke. Nat Genet. 2003 Oct;35(2):131-8.
doi: https://doi.org/10.1038/ng1245

25. Chen W, Zhu X, Hu Y, Hong H, Kuang L, Liang N,
et al. Association of C-reactive protein gene polymorphisms
with the risk of ischemic stroke: A systematic review and
meta-analysis.  Brain  Behav. 2023 Jun;13(6):e2976.
doi: https://doi.org/10.1002/brb3.2976

26. LiX, GaoY, Zhao X, ChenZ, LiX, YangX.
Polymorphisms of C-reactive protein and growth arrest-
specific gene 6 modulate ischemic stroke susceptibility
through gene—gene interactions in Chinese Han population.
Biotechnol  Biotechnol Equip. 2020;34(1):937-45.
doi: https://doi.org/10.1080/13102818.2020.1809518

27. Zhang X, Wang A, Zhang J, Singh M, Liu D, et al.
Association of plasma C-reactive protein with ischemic
stroke: a Mendelian randomization study. Eur J Neurol.
2020;27(3):565-71. doi: https://doi.org/10.1111/ene.14113

28. Kumar A, Sharma R, Misra S, Nath M, Kumar P.
Relationship between methylenetetrahydrofolate reductase
(MTHFR) gene (A1298C) polymorphism with the risk of
stroke: A systematic review and meta-analysis. Neurol
Res. 2020 Nov;42(11):913-22.
doi: https://doi.org/10.1080/01616412.2020.1798107

29. JinM, Wang N, Li X, Zhang H, Zhou J, Cong M,
et al. Relationship between MTHFR C677T, homocysteine,
and ischemic stroke in a large sample of the Han Chinese
population. Medicine (Baltimore). 2022;101(38):e30562.
doi: https://doi.org/10.1097/MD.0000000000030562

30. Zheng JH, Ning GL, Xu WH, Wu XC, Ma XC.
Lack of association between ALOXSAP genetic polymo-
rphisms and risk of ischemic stroke: evidence from meta-
analyses. Neuropsychiatr Dis Treat. 2019;15:357-67.
doi: https://doi.org/10.2147/NDT.S182674

31. Huryanov VG, Liakh YuYe, Parii VD, etal.
[Handbook of biostatistics. Analysis of the results of
medical research in the EZR package (R—statistics)]. Kyiv:
Vistka; 2018.208 p.  Ukrainian.  Available from:
http://ir.librarynmu.com/bitstream/123456789/7398/1/T1o
cioHnK%203%20061iocTaTncTuku.pdf

32. Ohniev VA, editor. [Social medicine, public
health: study guide: in 4 volumes. Vol. 1: Biological
statistics]. Kharkiv: KhNMU; 2023. 324 p. Ukrainian.
doi: https://doi.org/10.5281/zenodo.10053302

33. Graffelman J, Weir BS. The transitivity of the Hardy-
Weinberg law. Forensic Sci Int Genet. 2022;58:102680.
doi: https://doi.org/10.1016/j.fsigen.2022.102680

34. Tang M, Wang T, Zhang X. A review of SNP
heritability estimation methods. Brief Bioinform.
2022;23(3):bbac067.
doi: https://doi.org/10.1093/bib/bbac067

35. Zhu H, Zhou X. Statistical methods for SNP
heritability estimation and partition: A review. Comput
Struct Biotechnol J. 2020;18:1557-68.
doi: https://doi.org/10.1016/j.csbj.2020.06.011

25/Tom XXX/1

36. Lemaitre RN, Rice K, Marciante K, Bis JC, Lum-
ley TS, Wiggins KL, et al. Variation in eicosanoid genes,
non-fatal myocardial infarction and ischemic stroke.
Atherosclerosis. 2009 Jun;204(2):e58-63.
doi: https://doi.org/10.1016/j.atherosclerosis.2008.10.011

37. Adams HP, Bendixen BH, Kappelle LJ, Biller J,
Love BB, Gordon DL, et al. Classification of subtype of
acute ischemic stroke. Definitions for use in a multicenter
clinical trial. TOAST. Trial of Org 10172 in Acute Stroke
Treatment. Stroke. 1993 Jan;24(1):35-41.
doi: https://doi.org/10.1161/01.str.24.1.35

38. Kong P, Cui ZY, Huang XF, et al. Inflammation and
atherosclerosis:  signaling pathways and therapeutic
intervention. Signal Transduct Target Ther. 2022;7(1):131.
doi: https://doi.org/10.1038/s41392-022-00955-7

39. Kuppa A, Tripathi H, Al-Darraji A, Tarhuni WM,
Abdel-Latif A. C-reactive protein levels and risk of cardio-
vascular diseases: a two-sample bidirectional Mendelian ran-
domization study. Int J Mol Sci. 2023 May 23;24(11):9129.
doi: https://doi.org/10.3390/ijms24119129

40. Pashkovskyi VM. [Differential diagnosis of ische-
mic stroke subtypes]. Practical Angiology [Internet]. 2011
[cited 2024 Sep 17];(2-1). Ukrainian. Available from:
https://angiology.com.ua/en/archive/2011/2-1/article-
395/diferenciyna-diagnostika-pidtipiv-ishemichnogo-insultu

41. Nath M, Swarnkar P, Sharma R, Kumar A, Mis-
ra S, Kumar P. Association of modifiable risk factors with
ischaemic stroke subtypes in Asian versus Caucasian
populations: a systematic review and meta-analysis. Eur J
Clin Invest. 2022 Nov;52(11):e13849.
doi: https://doi.org/10.1111/eci.13849

42. Korczowska-Lacka I, Hurta M, Banaszek N, Ko-
bylarek D, Szymanowicz O, Kozubski W, et al. Selected
biomarkers of oxidative stress and energy metabolism
disorders in neurological diseases. Mol Neurobiol.
2023 Jul;60(7):4132-49.
doi: https://doi.org/10.1007/s12035-023-03329-4

43. Pinzon RT, Wijaya VO, Veronica V. The role of ho-
mocysteine levels as a risk factor of ischemic stroke events: a
systematic review and meta-analysis. Front Neurol. 2023;14.
doi https://doi.org/10.3389/fheur.2023.1144584

44. Zhuang Q, Shen C, Chen Y, Zhao X, Wei P, Sun J,
et al. Association of high-sensitive C-reactive protein with
coronary heart disease: a Mendelian randomization study.
BMC Med Genet. 2019;20:170.
doi: https://doi.org/10.1186/s12881-019-0910-z

45. Cao MY, LiuD, Zhang XY, Tian QY, Zhang Q,
Wang YX. Association of C-reactive protein with cardio-
vascular outcomes: a Mendelian randomization study in
the Japanese population. Biomed Environ Sci.
2022;35:126-32. doi: https://doi.org/10.3967/bes2022.017

46. Mengozzi M, Kirkham FA, Girdwood EER,
Bunting E, Drazich E, Timeyin J, et al. C-Reactive Protein
Predicts Further Ischemic Events in Patients With Tran-
sient Ischemic Attack or Lacunar Stroke. Front Immunol.
2020;11:1403. doi: https://doi.org/10.3389/fimmu.2020.01403

Cratts Hagiinuia 1o penakiii 13.10.2024;
3aTBepKeHa o myomikauii 14.01.2025

21





