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BapiaHT 4A/B reHa NOS3 ik npeauKTop
PU3NKY PO3BUTKY Ta nepebiry MHOXXMHHOIo
CKJZiepo3y

Mariga NadapeHko!, Hazap Herpuuz, Jlinia @iwyks,
OneHa lMonoeas3, 309 Poccoxas, TeTaHa Herpuy2

1 JIbBiBCbKa 0b6/1aCHa K/iHiYHa slikapHs, JIbBiB, YKpaiHa

2 JIbBIBCbKMK HaLiOHa/IbHWUI MEANYHMIA YHIBEPCUTET
imeHi flannna anvybkoro, JlbBiB, YKpaiHa

3 HayioHasibHWi yYHIBEpCUTET OXOPOHM 340pPOB’S YKpaiHu
imeni 1. J1.LlLlynnka, KniB, YKkpaiHa

Bctyn. Okcua a3oTy Ta BapiaHTu reHa eHgoTenianbHoi NO-cuH-
Tasm (NOS3) npu MHOXWHHOMY cknepo3si (MC) ctann o6’ekToM
AKTUBHUX HAYKOBUX [AOCANIAXEHb OCTaHHIX POKiB, OCKi/IbKU
reH KOHCTUTYTMBHO E€KCMNPecyeTbCHA Y HEMPOHaNbHUX Ta enite-
nianbHUX KAiTUMHaX. A aKTUBHICTb (PepMeHTy eHAaoTenianbHoi
NO-cuHTasm (eNOS), wWo Bigirpa€e KAYOBY posib Y PO3BUTKY
eHpoTenianbHOi AUCAHYHKLUII, perynteTbCs BapiaHTamMu reHa
NOS3, 30kpemMa i BapiaHToM 4a/b.

Merta. Jdocnigntn Bnnave BapiaHTa 4a/b reHa NOS3 Ha pusnk
pO3BUTKY Ta nepebir 3axBOpOBaHHSA Y NALUIEHTIB i3 MHOXWHHUM
CKJ/1epO30M.

Martepianu i MeToam. [10 NnpoBeAeHHS AOCNIAXEHHS 3anyuunnm
113 xBopux Ha MC. leHOTMNYBaHHA 3a BapiaHTOM 4a/b reHa
NOS3 npoBoaunu i3 BUKOPUCTAHHSAM MeToAy noJliMepasHol
NaHUroBoi peakuii.

Pe3ynbTaTK. Hawi pe3ynbTaTu CBig4aTh Npo Te, WO HAABHICTb
reHotTuny 4bb acouilioBaHa 3i 3HMXKXEHHAM PU3UKY PO3BUTKY
MC, HaToMicTb anenb 4a reHa NOS3 acouinoBaHui i3 nigsuule-
HUM PU3NKOM PO3BUTKY. AHani3 KAiHIYHMX XapaKTepUCTUK 3a-
CBigYMB, WO NaUieHTV 3 reHoTMnamu 4ba Tta 4bb manu ictoTHO

BULWKMIM iHAeKC Mack Tina (p=0.007) nopiBHAHO 3 reHOTUNOM 4aa. Y nauieHTiB 3 reHoTunom 4bb
3HAYHO YacTille BUABASAAN TSHKKMN Nepebir 3axBoptoBaHHs (p=0.0489). MeTtoaom b6iHapHOi noric-
TWUYHOI perpecii BUSBUIN reH-akTOpHY B3aEMOAil0 MiX BapiaHToM 4a/b reHa NOS3 Ta iHAEKCOM
mMacu Tina (p=0.037), Wwo CBiaYMTb NPO NOEAHAHWNI BNAMB LMX YMHHUKIB Ha nepebir MC.

BucHoBkK. OTpMMaHi pe3ynbTaTu 3acBigunnam Baxnmey Ta HaraTtodyHKLUiOHanbHY pofb Bapi-
aHTy 4a/b reHa NOS3 y po3BuTky Ta nepebiry MC, wo notpebye noganblumx AOCNiAXeEHb ANS
Kpaworo po3yMiHHS MEXAHI3MiB BMIMBY LbOr0 reHETUYHOIr0 YNHHUKA Ta MOro B3aEMOAIi 3 iHWKn-

MW pakTopamu.

KnroyoBi coBa: MHOXWHHMI cknepo3, NOS3, BapiaHT 4a/b, yactota reHoTunie, iHAEKC Macu

Tina, EDSS.
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THE 4A/B POLYMORPHISM OF THE NOS3
GENE AS A PREDICTOR OF SUSCEPTIBILITY
AND PROGRESSION OF MULTIPLE SCLEROSIS

Maya Lafarenko?!, Nazar Nehrych?, Liliya Fishchuks3,
Olena Popova3, Zoya Rossokha3, Tetyana Nehrych?2

1 Lviv Regional Clinical Hospital, Lviv, Ukraine
2 Danylo Halytsky Lviv National Medical University, Lviv, Ukraine
3Shupyk National Healthcare University of Ukraine, Kyiv, Ukraine

Aim. Nitric oxide (NO) and the variants of the endothelial nitric
oxide synthase gene (NOS3) in multiple sclerosis (MS) have
become a focus of active scientific interest in recent years. The
NOS3 gene is constitutively expressed in neuronal and epitheli-
al cells. Moreover, the endothelial NO synthase enzyme (eNOS)
activity, which plays a pivotal role in developing endothelial
dysfunction, is regulated by variants of the NOS3 gene, includ-
ing the 4a/b variant.

Objective. To evaluate the influence of the 4a/b variant of the
NOS3 gene on the susceptibility to and progression of multiple
sclerosis.

Materials and Methods. The study included 113 patients di-
agnosed with MS. Genotyping for the 4a/b variant of the NOS3
gene was performed using the polymerase chain reaction
method.

Results. Our findings indicate that the presence of the 4bb
genotype is associated with a reduced risk of developing MS,
whereas the 4a allele of the NOS3 gene is linked to an in-
creased risk. Clinical characteristic analysis revealed that pa-
tients with the 4ba and 4bb genotypes exhibited a significantly
higher body mass index (BMI) (p=0.007) than those with the
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4aa genotype. Additionally, patients with the 4bb genotype were substantially more likely to
experience a severe disease course (p=0.0489). Binary logistic regression analysis identified a
gene-environment interaction between the NOS3 4a/b variant and BMI (p=0.037), suggesting a
combined effect of these factors on MS progression.

Conclusions. The results underscore the significant and complex role of the NOS3 4a/b variant
in the pathogenesis and progression of MS. Further investigation is warranted to deepen our
understanding of the mechanisms underlying this genetic factor and its interplay with other con-
tributing variables.

Keywords: multiple sclerosis, NOS3, 4a/b variant, genotype frequency, body mass index, EDSS.
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BcTtyn

MHOXMHHUI cknepo3 (MC) - ue XpoHidHe ay-
TOIMYHHE 3aXBOpPIOBAHHSA LIeHTpasibHOI HEPBOBOI
cuctemn (LUHC), cynpoBoa)kyBaHe 3anasieHHsM,
AeMieniHi3auielo Ta HeWpoaereHepaui€eto, Lo
NOCTYyMNoBO MNPU3BOAUTbL A0 aKTMBauii MopyLueH-
HSA YHKUiA HEPBOBOI CUCTEMWU Ta iHBaNIAHOCTI.
Bax/IMBO 3a3HauMTH, LLO YMCENbHICTb XBOPUX
Ha MC HEeBMWHHO 3pOCTaE Y BCbOMY CBITi. 3rigHO
3 ONpWIOAHEHUMM JaHUMWM CTaHOM Ha 2013 pik
KinbKicTb xBopux Ha MC crtaHoBuna 2.3 Minblio-
Ha oci6, y 2020 poui uen nokasHuk 36inbLmMBCS
00 2.8 MinbiMoHa, a y 2023 poui 6yno 3apeecTtpo-
BaHO 6nm3bko 2.9 MinbMoHa nioaen, ki XBopi-
toTb Ha MC [1]. 3rigHo 3 ocTaHHiIMM aaHMMK Atlas
of MS B YKpaiHi HaTenep 3adikcoBaHo Malixe 21
Tnucsva sumnagkie MC, a 3aranbHa 3axBoproBa-
HiCTb cTaHOBUTb 48 XxBopux Ha 100 Tmucsad ocib
[1]. Ykpan TpUBOXHMM (DaKTOM € 1 Te, WO 3a-
XBOPKOBAHHSA CTan0 OAHIEK i3 HAMMOLLIMPEHILLMX
NPUYUH HEBPONOrYHOI iHBanigHOCTI y noaen
MosioAoro BiKy. Lle 3yMOBMOE 3HAYHI couianb-
HO-EeKOHOMIYHi HacnigkW, 30KpeMa, 4yepe3 Ha-
BaHTaXeHHs1 Ha CUCTEMY OXOPOHW 340pOB’A Ta
€KOHOMIKY KpaiHu.

MpuynHKM po3suTKy MC A0Ci HE NOBHICTIO 3'sCO-
BaHi. ICHy€e npunyLeHHs, WO Lie 3aXBOPHOBaHHA
PO3BMBAETLCA BHACNIAOK MOEAHAHHA TEHETUY-
HUX | cepenoBULLHMX DaKTOpPIB, @ TaKoX BMNJIMBY
neBHWX BIpYyCiB, i BCe Le 3aryCcKae ayToiMyH-
HWI npouec. B ocCTaHHi pokM yBara HayKoOB-
UiB 30CepexeHa Ha BWBYEHHI eHaoTenianbHol
ancgyHkuii npy MC. TMopylleHHs dyHKUiA eH-
[OTenito 3yMOBJ/IHOE aKTUBaLilO IMYHHOI cucrte-
MKW, NOCUNEHHSA 3ananbHMX npouecis y LUHC Ta
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BMJIMBAE HA MPOHUKHICTb reMaToeHuedanivyHoro
6ap’epa [2-4]. BogHo4ac K1t04O0BUM (haKTOpPOM,
Lo BMJMBAE Ha PO3BUTOK eHAoTesianbHOI AUC-
dyHKLUIT Ta NosiBY Nporpecyuvnx HeBpOSIOoriy-
HUX pO3NafiB € aKTUBHICTb (PepMeHTy eHAaoTe-
niansHoi NO-cnHTasm (eNOS), sika perynioeTbcs
BapiaHTamMm reHa NOS3. OgHuM i3 HanbinbL
BMBYEHMX BapiaHTiB reHa NOS3 € 4a/b, wo
YTBOPIOETHCA BHACMIAOK TaHAEMHUX MOBTOPIB B
IHTpPOHi 4 Ta BMN/JIMBAE Ha piBEHb OKCMAY aA30TYy
(NO) - 6ionoriyHO akTMBHOro MNpoAyKTy dep-
MeHTaTMBHOI akTnBHocTi eNOS [5].

MeToto Hawoi poboTn 6yno gocnigutn BNAMB
BapiaHTa 4a/b reHa NOS3 Ha pu3MK pO3BUTKY
Ta nepebir 3axBOptOBaHHS y MaLIEHTIB i3 MHO-
XWHHUM CK/1EPO30M.

MaTepianu Ta meTtoamn

o pnocnigxeHHs 6yno 3anyyeHo 113 xBopux
Ha MC, aki npoxoamnu nNikyBaHHA Ta nepeby-
BalOTb Nig HarnsaoM y JlbBiBCbKOMY obriacHo-
MY LLeHTPi MHOXMHHOIO CK/1epo3y.

[JiarHo3 MC BCTaHOB/0OBasnM 3rigHo 3 KpUTepiamm
Mak[JdoHanbaa (y pepakuii 2017 poky) [6]. Kpu-
Tepii 3any4YeHHSs NauieHTIB 40 AOCIAKEHHSA 6ynn
TaKMMW: YCTaHOBMEHWUI diarHo3 MC; TpuBanictb
MC He MeHWe 6 MicsAuiB; HagaHHSA [O6POBINbHOI
iHdbOpMOBaHOI 3roAn Ha y4dacTb Yy AOCHIAXKEHHI.
KpuTepii BUny4yeHHs mictunm: ocié sikom go 18
i ctapwmnx 60 pokiB; TUX, XTO Ma€ cynyTHi abo
rOCTpPi XPOHIiYHi 3aXBOPKOBAHHS; BariTHUX >XXiHOK.

3aranbHa xapaKTepucTmKa NMauieHTIB, SKi yBinLL-
N 40 rpynn AOCNiAXeHHSs, HaBedeHa B Tabn. 1.

Tabamysa 1

3aranbHa KJiHIYHA XapaKTepUCTUKa 06CTEeXKEeHNX XBOPUX HAa MHOXXUHHUM CKJ1Iepo3

[MokasHUK 3aranbHa rpyna (n=113)

Bik, pokis 40.1+11.6
Crate XiHouya 75 (66.4 %)

yonosiya 38 (33.6 %)
BMI, kr/m? 24.0+4.4
Kinbkictb 6anis EDSS 3.5[2.0; 4.5]
Bik nebroTy, pokis 29.0 [23.0; 39.0]
TpwuBanicte nepebiry 3aXxBOptOBaHHS, POKiB 8.0 [3.0; 13.0]

TakK

23 (20.4 %)

CimeliHa 06TsIXXeHICTb i

90 (79.6 %)

Tun nepebiry MC

peMiTyUYNin-peLnanByoymii

90 (79.6 %)

BTOPUHHO MPOrpecyounii

18 (15.9 %)

NMepPBMHHO NPOrpecyUnii

5 (4.4 %)

BMI - iHgekc macu Tina
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Introduction

Multiple sclerosis (MS) is a chronic autoimmune
disease of the central nervous system (CNS)
characterized by inflammation, demyelination,
and neurodegeneration, which gradually lead
to progressive neurological dysfunction and
disability. Notably, the global prevalence of MS
continues to rise. In 2013, an estimated 2.3
million individuals were diagnosed with MS; by
2020, this number had grown to 2.8 million,
and by 2023, approximately 2.9 million people
were living with the disease [1]. Recent data
from the Atlas of MS report nearly 21,000 cas-
es of MS in Ukraine, with a national prevalence
rate of 48 per 100,000 population [1]. Partic-
ularly concerning is that MS is one of the most
common causes of disability in young adults,
resulting in profound socio-economic ramifica-
tions, including substantial strain on healthcare
systems and national economies.

The exact causes of MS remain incompletely
understood. Current evidence suggests that
the disease arises from a multifactorial inter-
play of genetic susceptibility, environmental
factors, and the impact of specific viral in-
fections, collectively initiating autoimmune
responses. Recent research has increasingly
focused on the role of endothelial dysfunction
in the pathophysiology of MS. Endothelial dys-
function contributes to immune system acti-
vation, exacerbates inflammatory processes
within the CNS, and compromises the integ-
rity of the blood-brain barrier [2-4]. A pivotal
factor in developing endothelial dysfunction
and progressing neurological disorders is the

Original research: Clinical sciences

activity of endothelial nitric oxide synthase
(eNOS). This enzymatic activity is regulat-
ed by genetic variations in the NOS3 gene.
Among these, the 4a/b variant is one of the
most extensively studied. This variant, result-
ing from tandem repeats in intron 4, signifi-
cantly influences the production of nitric oxide
(NO), a bioactive molecule generated through
the enzymatic activity of eNOS [5].

The aim of our study was to investigate the
influence of the NOS3 4a/b variant on the risk
of development and the clinical progression of
multiple sclerosis in patients.

Materials and Methods

The study involved 113 patients with MS who
were receiving treatment and monitoring at
the Lviv Regional Multiple Sclerosis Center.

The diagnosis of MS was established based
on the 2017 revision of the McDonald criteria
[6]. The inclusion criteria for the study were a
confirmed diagnosis of MS, a disease duration
of at least six months, and signed informed
consent to participate. Exclusion criteria were
individuals under 18 or over 60, those with co-
morbid acute or chronic conditions, and preg-
nant individuals.

The general characteristics of the patients in-
cluded in the study are presented in Table 1.

All participants provided written informed con-
sent to participate. The study was approved
by the Ethics Committee for Scientific Re-

Table 1

General Clinical Characteristics of MS Patients

Indicator General group (n=113)
Age, years 40.1+11.6
Female 75 (66.4%)
Gender Male 38 (33,6%)
BMI, kg/m2 24.0+4.4
EDSS score 3.5[2.0; 4.5]
Age of onset, years 29.0 [23.0; 39.0]
Disease duration, years 8.0 [3.0; 13.0]
) ) Yes 23 (20.4%)
Family history No 90 (79.6%)
Relapsing-remitting 90 (79.6%)
i 0,
MS type Se_condary progrgsswe 18 (15.9%)
Primary progressive 5 (4.4%)

BMI - Body Mass Index
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Bci yyacHUKW pocnigXxeHHa Hadasn NMCcbMOBY
iHdbopMOBaHy 3rogy Ha ydacTb. [JoChifXeHHS
cxBaneHe KoMiTeToM 3 eTUKM HayKOoBUX A0Chi-
[XKeHb, eKCnepMMeHTaibHMX po3poboK i HayKo-
BUX pobiT JIbBIBCbKOro HauioHanbHOro Meamy-
HOro yHiBepcuteTy iMeHi [JaHuna anuubkoro
(npotokon cxeaneHHs N212 gia 20 nucrtonaaa
2023 poky) Ta npoBeaeHe BiANOBIAHO A0 eTUY-
HUX NpuUHUMNIB enbCiHCLKOI AeKknapauil.

FeHoTMNiB 3a BapiaHToM 4a/b reHa NOS3 Bu-
3HayanM MeToAOM nNoJliMepa3Hoi NaHLUIOroBoil
peakuii (MJIP) BignoBigHO 40 nNpPOTOKONIB,
onybnikoBaHUx paHiwe Ta MoAN@IKOBaHUX
Ao Hawux ymoB [7]. Ona uboro reHomHy OHK
BMAINANK 3i 3pa3kiB nepudepiiHoi KpoBi yyac-
HUKIB AOCNIAXEHHS 3 BUKOPUCTAHHSAM Habopy
Quick-DNA Miniprep Plus Kit (Zymo Research,
CLUA) BignoBigHO A0 iHCTPYKUIA BMPOBHMKA.
[Ona sctaHoBneHHsa MNJIP BMKopucTtoByBann Ha-
6ip DreamTaq Green PCR Master Mix (Thermo
Scientific, CLLUA) Ta cneundidHi oniroHykneo-
TnaHi npanmepun (Metabion, HimeuyuunHa). Mpo-
AyKTu amnnidikauii po3ainsanu Ta Bisyanisysanu
MeToAOM renb-enektpodopesy B ABOXBIACO-
TKOBOMY arapos3HoMy resi (arapo3a KoMmaHii
Cleaver Scientific, BennkobputaHnisl) i3 goaa-
BaHHAM 6pOMUCTOro eTuaito sk 6apBHuMKa.

CTaTUCTUYHMI aHani3 BUKOHYBanM 3 BUKOPUC-
TaHHAM nporpamm SPSS v.27. Ha HOpManbHICTb
po3roaifnly AaHi nepesipann 3a Kputepiem Lla-
nipo-Binika. KaTeropianbHi 3MiHHI HaBeaeHi 4K
abCoMOTHI 3HAYeHHS Ta 4acToTW, a KiNbKiCHI
3MiHHI — K cepefHE 3HayeHHsa =+ CTaHAapTHe
BiAXuUneHHs (4N AaHWX 3 HOPMasibHUM PO3MNoai-
nom) abo ak megiaHa (Q1; Q3) - ansa gaHux, Wo
He BiAMNOBiAalTb HOpManbHOMY po3noginy. Ans
MOPIBHSAHHSA MiXK rpynamu / nigrpynamm 3a kKarte-
ropiasibHUMU 3MiIHHUMU BUKOPUCTOBYBANIN KpU-
Tepilt x2 MipcoHa (3okpema, 3 nonpaskolo MeT-
ca). Ansa ouiHkm BNAMBY edeKTy AOCNIAXKYBaHMUX
napaMeTpiB po3paxoByBasiN BiAHOLLIEHHS LLAHCIB

Original research: Clinical sciences

(OR) i3 95 % poBipunM iHTepBanoM. MopiBHSH-
HA KiJIbKICHUX 3MIHHUX BMKOHYBaNu 3 BUKOPUC-
TaHHAM ogHodakTopHoro ANOVA (ans gaHux i3
HOpMasnbHUM pO3noAifoM) abo 3 BUKOPUCTAHHSAM
KpuTepito Kpackena-Yonnica (Ans AaHux, WO He
BiANOBIAAOTL HOpPManbHOMY po3noainy). Ans
BM3HAYEHHS iICTOTHMX (DaKTOpIB, WO BMINBAKOTb
Ha TskKicTb nepebiry MC, 6yno BUKOHaHO noric-
TWUYHY perpecito. BigMiHHOCTI BBa)kanwu Biporia-
HMMW ANs BCiX TUNIB aHanisy Ha piBHi p<0.05.

Pe3synbTatn

byno BM3HayeHO 4YacToTU reHoTUMIB 3a Bapi-
aHToM 4a/b reHa NOS3 y rpyni xBopux Ha MC
(tabn. 2). Ockinbkn MacwTabHMX AocnigXeHb
4YaCTOT LbOr0 BapiaHTy B YKpaiHCbKiA nony-
nauii xsopnx Ha MC foci HiXTo He NpoOBOAMB,
K Fpyny MNOPIBHAHHA MW BUKOPWUCTaNIW AaHi,
onybnikoBaHi B. Liumbantokom 3i cnisasT. [8].
pyna nNOpPIiBHAHHA 3arajibHOK YWUCENbHICTIO
102 3p0poBi ocobu yTBOpeHa 3 62 40oNoBiKiB
Ta 40 xXiHoK i3 cepeaHiM BikoM 54.5 £ 8.2 po-
KiB, AIKi XXMBYTb Ha TepuTopii YKpaiHu Ta Hane-
XaTb A0 KaBKa3bKOI €THIYHOI rpynu.

YacTtotTn reHotuniB 3a BapiaHToM 4a/b reHa
NOS3 y xBopux Ha MC Bsignosiganv pisHoBasi
Xapgai-BanHb6epra (p > 0.05).

Y nauieHTiB i3 MC yacTtoTa nowmMpeHHs reHoTu-
ny 4bb 6yna iCTOTHO MEHLIO, HiX Yy rpyni no-
piBHSAHHS (x2=9.06, p=0.003, OR=0.35 (0.18-
0.71)), wo cBiAYMTb NpPO WMOro acouiauito 3i
3HMXEHHSAM PU3NKY PO3BUTKY 3aXBOPIOBAHHA. I
HaBnakwu, YyactoTa anens 4a 6yna iCTOTHO BULLOKO
y rpyni xsopmx Ha MC npoTu rpynu nopiBHAHHSA
(x2=10.60, p=0.001, OR=2.68 (1.46-4.94)).
OTXe, HasBHICTb anens 4a acouiioBaHa 3 nia-
BULLEHUM PU3NKOM po3BUTKY MC Malixxe BTpuYi.

3riAHO 3 MeTOoK AOCNIAXKEHHS BUKOHANM aHani3
BNNMBY BapiaHTa 4a/b reHa NOS3 Ha KniHi4YHI
XapaKTepucTukm xsopux Ha MC (tabn. 3).

Tabanysa 2
MopiBHAHHA YacToT reHoTUNiB / aneniB 3a BapiaHToOM 4a/b reHa NOS3
XBopi Ha MC pyna nopiBHSAHHSA [8] .

leH FeHoTun, anenb (n=113) (n=102) CTaTUCTUYHI NOKa3HUKMU
4bb 78 (69.0 %) 88 (86.3 %) X2=9.06, p=0.003, OR=0.35 (0.18-0.71)
4ba 28 (24.8 %) 12 (11.8 %) x2=6.00, p=0.014, OR=2.47 (1.18-5.17)
NOS3 4a/b 4aa 7 (6.2 %) 2 (1.9 %) x2=1.46, p=0.23, OR=3.30 (0.67-16.27)

4a 184 (0.81) 188 (0.92) )

=10. =0.001, OR=2. 1.46-4.94
4b 42 (0.19) 16 (0.08) x*=10.60, p=0.001, OR=2.68 (1.46-4.94)
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search, Experimental Developments, and Ac-
ademic Works at Danylo Halytsky Lviv Nation-
al Medical University (Protocol No. 12, issued
on November 20, 2023). It was conducted in
compliance with the ethical principles of the
Declaration of Helsinki.

Genotyping of the 4a/b variant of the NOS3
gene was performed using the polymerase
chain reaction (PCR) method, following pre-
viously published protocols adapted to our
laboratory conditions [7]. Genomic DNA was
extracted from peripheral blood samples of
the study participants using the Quick-DNA
Miniprep Plus Kit (Zymo Research, USA) fol-
lowing the manufacturer’s instructions. The
PCR reaction was conducted using the Dream-
Taq Green PCR Master Mix (Thermo Scientif-
ic, USA) and specific oligonucleotide primers
(Metabion, Germany). Amplification products
were separated and visualized by gel electro-
phoresis on a 2% agarose gel (Cleaver Scien-
tific, UK), with ethidium bromide used as the
staining agent.

Statistical analysis was performed using SPSS
software (version 27). The normality of data
distribution was assessed using the Shap-
iro-Wilk criterion. Categorical variables were
presented as absolute values and frequencies,
while continuous variables were expressed
as mean * standard deviation (for normally
distributed data) or as median [Q1; Q3] (for
non-normally distributed data). Group and
subgroup comparisons for categorical vari-
ables were performed using Pearson’s x? test,
including Yates’ correction when required.
Odds ratios (OR) with 95% confidence inter-
vals were calculated to assess the effect size
of the studied parameters. Continuous vari-
ables were compared using one- way ANOVA
for normally distributed data and the Krus-
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kal-Wallis criterion for non-normally distrib-
uted data. Logistic regression analysis was
employed to identify significant factors con-
tributing to the severity of MS. For all types
of analysis, statistical significance was defined
as p<0.05.

Results

The genotype frequencies of the 4a/b vari-
ant of the NOS3 gene in the MS patient group
were determined and are presented in Table
2. Since large-scale studies of this variant in
the Ukrainian population have not been con-
ducted, data published by Tsymbaliuk et al.
[8] were used as a comparison group. This
comparison group comprised 102 healthy in-
dividuals, including 62 men and 40 women,
with a mean age of 54.5 £ 8.2. All participants
resided in Ukraine and belonged to the Cauca-
sian ethnic group.

The genotype frequencies of the 4a/b variant
of the NOS3 gene in the MS group conformed
to Hardy-Weinberg equilibrium (p>0.05).

In patients with MS, the frequency of the
4bb genotype was significantly lower than in
the comparison group (x2=9.06, p=0.003,
OR=0.35 [0.18-0.71]), suggesting its asso-
ciation with a reduced risk of developing the
disease. Conversely, the frequency of the
4a allele was significantly higher in the MS
group compared to the comparison group
(x2=10.60, p=0.001, OR=2.68 [1.46-4.94]),
indicating that the presence of the 4a allele
is associated with an approximately threefold
increased risk of MS.

Aligned with the study objective, the influence
of the NOS3 4a/b variant on the clinical char-
acteristics of MS patients was examined (Ta-
ble 3).

Table 2

The analysis of genotypes and alleles frequencies
for NOS3gene (4a/b variants) in study groups

Genotypes/ | Patients with MS | Comparison group [8] U,
Gene alleles (n=113) (n=102) Statistical indicators

4bb 78 (69.0%) 88 (86.3%) X2=9.06, p=0.003, OR=0.35 [0.18-0.71]

4ba 28 (24.8%) 12 (11.8%) Xx2=6.00, p=0.014, OR=2.47 [1.18-5.17]

NOS3 4a/b 4aa 7 (6.2%) 2 (1.9%) x2=1.46, p=0.23, OR=3.30 [0.67-16.27]
4a 184 (0.81) 188 (0.92) ,

=10.60, p=0.001, OR=2.68 [1.46-4.94

4b 42 (0.19) 16 (0.08) X P [ ]
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3a pesynbTaTaMuW LbOro AOCHIAXEHHS BUAB-
NneHo, wo iHaekc macu Tina (BMI) 6yB icToTHO
BULLMM Yy NALIEHTIB 3 reHoTMnamMmn 4ba ta 4bb
NOpiBHAHO 3 reHoTUnoM 4aa. lNpu ubomMy y na-
LiEHTIB 3 reHOoTUNamm 4ba Ta 4aa NpocTexysa-
nn 6inblWw paHHil Bik AebloTy 3aXBOPHOBaHHS,
ane ui AaHi BiporigHo He BiApi3HAAUCS BiA Biky
0ebloTy 3axBOPIOBAHHS Y MAUIEHTIB 3 Fr€HOTU-
nom 4bb. TpuBanicTb nepebiry 3axBoproBaHHS,
MmN Knoro nepebiry, CTyniHb HEBPOSOriYHUX
ylwKoaxXeHb (ouiHka 3a wkanot EDSS) Takox
BipOriAHO He po3pi3HAsacb 3asieXHOo Big re-
HOTMNY NaUiEHTIB 3a A0C/MIAKEHUM BapiaHTOM
reHa NOS3.

BogHouac mpu noAini ob6cTexeHnx nauieHTiB
Ha ABi NIArpYnu 3a TAXKICTIO 3aXBOPHOBAHHA
3rigHo 3 6anamu wkann EDSS (<6 6anis Ta 26
6anis) Mu BUABMAKM acouiauito reHotuny 4bb
3 TSXKUM Nepebirom 3axsoproBaHHS (X2=3.88,
p=0.0489, OR=4.95 (1.08-22.66)). Y nauieH-
TiB 3 TsKuUM nepebirom reHoTun 4bb sBuaene-
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HO ¥y 90 % xBopux, reHotun 4ba - y 10 %
XBOpUX, a reHoTun 4aa B3arani He 6yno Bu-
SABJIEHO.

Ockinbkn npu aHanisi BNavBy BapiaHTy 4a/b
Ha KNiHIYHI XapaKTepucTnkun y nauieHTis i3 MC
BUSIBUAM BiporigHi acouiauii reHotuny 4bb 3
BMI nauieHTiB Ta TsSXKicTio nepebiry MC, me-
TOoAOM 6iHapHOI NOriCTMYHOI perpecii BUKO-
Hann OUiHKY reH-(aKToOpHOI B3aemogii. Mpu
BMKOPWUCTAHHI UbOro MeToAy 3acTocyBasin
ONXOTOMIYHI MO3HAYeHHSA 4719 BCTAHOBJEHWUX
BipOriAHMX MOKa3HUKIB Ta AOBENU HaABHICTb
reH-aKToOpHOI B3aEMOAIi y TSXKOCTI nepebiry
MC (Tabn. 4).

OTxXe, MM BCTAaHOBMAM pONb BapiaHTy 4a/b
reHa NOS3 y po3BuTky Ta nepebiry MC, a
TAKOX reH-(pakTOpHY B3AEMOLI0 MiX reHo-
Tunom 4bb ta BMI y po3BUTKY THAXKOro ne-
pebiry MC.

Tabanuys 3
BnauvB reHoTMniB 3a BapiaHToM 4a/b reHa NOS3
Ha KNiHIYHI XapaKTEPUCTUKUN XBOPUX Ha MHO>»XWUHHUA CKNiepo3
MokasHuk NOS3 4a/b P
4bb 4ba 4aa
BMI, kr/m2 24.4+4.5 23.9+4.0 19.5+1.3 0.007*
Cras KIHKM 53 (70.7 %) 17 (22.7 %) 5 (6.7 %) 0.75
40N0BIKM 25 (65.8 %) 11 (28.9 %) 2 (5.3 %) :
Bik ne6toTy MC, poku 29.0 [23.0; 41.3]|29.0 [19.0; 32.8]|30.0 [23.0; 32.0]| 0.27
TpwuBanictb nepebiry, poku 9.0 [3.0; 13.0] 7.5 [5.0; 13.8] 3.0 [2.0; 16.0] 0.80
pem-peL 60 (66.7 %) 24 (26.7 %) 6 (6.7 %)
Tun nepebiry MC BT-Np 14 (77.8 %) 3 (16.7 %) 1 (5.6 %) 0.93
n-np 4 (80.0 %) 1 (20.0 %) 0 (0.0 %)
Banu 3a wkanot EDSS 3.5 [2.0; 5.5] 3.5 [1.5; 4.0] 2.5[1.5; 3.0] 0.09
nerkuii/abo cepeaHboOi
. 4.5 % 26 (28.0 % 7 (7.5 %
TaxkicTb nepe6iry MC BaxkocTi (EDSS<6) 60 (64.5 %) 6 (28.0 %) (7.5 %) 0.0489%
Baxkuit (EDSS>6) 18 (90.0 %) 2 (10.0 %) 0 (0.0 %)
. ] TaK 16 (69.6 %) 6 (26.1 %) 1 (4.3 %)
1.00
Clmeiina obTaxenict Hi 62 (68.9 %) 22 (24.4 %) 6 (6.7 %) 0
* — no3Ha4yeHo BiporigHi BiAMIHHOCTI
BMI - iHgekc macu Tina
Tabnnuysa 4

NeH-pakTopHa B3aeMmopaia BapiaHTy reHa NOS3 ta BMI
Y PO3BUTKY THAXKKOro nepeéiry MHOXXMHHOIO CKJ/1Iepo3y

95 % i mi Exp(B
MapameTp B CepeaHbokBagpaTuyHa noxmbka | Banba | Exp (B) b AOBIpUNY iHTEpBAN ANA EXp(B)
HUXHS BEPXHS
NOS3 4a/b * BMI -0.068 0.033 4.367 | 0.934 0.877 0.996
KoHcTaHTa -1.188 0.267 19.828 | 0.305
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Our findings revealed that body mass index
(BMI) was significantly higher in patients with
the 4ba and 4bb genotypes compared to those
with the 4aa genotype. Patients with the 4ba and
4aa genotypes also exhibited an earlier disease
onset; however, these differences were not sta-
tistically significant compared to the age of onset
in patients with the 4bb genotype. Additionally,
the duration of the disease, its clinical course
type, and the degree of neurological impairment
(as assessed by the EDSS scale) showed no sta-
tistically significant differences across the geno-
types of the NOS3 gene variant studied.

By stratifying patients into two subgroups
based on disease severity according to the
EDSS score (<6 and =6 points), a signifi-
cant association was observed between the
4bb genotype and severe disease progres-
sion (x2=3.88, p=0.0489, OR=4.95 [1.08-
22.66]). Among patients with severe disease
course, 90% carried the 4bb genotype, 10%
had the 4ba genotype, and the 4aa genotype
was not detected in this subgroup.

Original research: Clinical sciences

Given the significant associations of the 4bb
genotype with BMI and disease severity in MS
patients identified in our analysis, we eval-
uated gene-factor interaction using binary
logistic regression. This method applied di-
chotomous categorization for the significant
variables observed, confirming the presence
of a gene-factor interaction influencing MS se-
verity (Table 4).

Thus, we have elucidated the role of the NOS3
4a/b variant in the mechanisms underlying the
development and clinical progression of multi-
ple sclerosis, as well as identified a gene-fac-
tor interaction between the 4bb genotype and
BMI contributing to the advancement of se-
vere MS.

Discussion

Extensive research underscores the potential
involvement of NO in the pathogenesis of MS.
NO, a product of eNOS activity, is a biologically
active molecule with diverse physiological
functions, including the regulation of vascular

Table 3
The Impact of NOS3 4a/b Genotypes on the Clinical Characteristics of MS Patients
. NOS3 4a/b Genotypes
Indicator 2bb 2ba 298 P
BMI, kg/m2 24.4+4.5 23.9+4.0 19.5+1.3 0.007*
Gender Female 53 (70.7%) 17 (22.7%) 5 (6.7%)
Male 25 (65.8%) 11 (28.9%) 2 (5,3%) 0.75
Age of onset, years 29.0 [23.0; 41.3] | 29.0 [19.0; 32.8] | 30.0 [23.0; 32.0] 0.27
Disease duration, years 9.0 [3.0; 13.0] 7.5 [5.0; 13.8] 3.0 [2.0; 16.0] 0.80
Relapsing-remitting 60 (66.7%) 24 (26.7%) 6 (6.7%)
MS type Secondary progressive 14 (77.8%) 3 (16.7%) 1 (5.6%)
Primary progressive 4 (80.0%) 1 (20.0%) 0 (0.0%) 0.93
EDSS score 3,5[2.0; 5.5] 3,5 [1.5; 4.0] 2.5 [1.5; 3.0] 0.09
_ Mild/Moderate (EDSS < 6) 60 (64.5%) 26 (28.0%) 7 (7.5%)
S ty of MS
evertty o Severe (EDSS = 6) 18 (90.0%) 2 (10.0%) 0 (0.0%) 0,0489*
o Yes 16 (69.6%) 6 (26.1%) 1 (4.3%)
Family history No 62 (68.9%) 22 (24.4%) 6 (6.7%) 1,00
* — Statistically Significant Differences BMI - Body Mass Index
Table 4

Gene-Factor Interaction Between the NOS3 Variant
and BMI in the Development of Severe MS

% fi I | for Exp(B
Parameter B Standard Error Wald Exp (B) 95% Confidence Interval for Exp(B)
Lower Upper
NOS3 4a/b * BMI -0.068 0.033 4.367 0.934 0.877 0.996
Constant -1.188 0.267 19.828 | 0.305
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O6roBopeHHSA

YncneHHi gocnigXeHHa ceigyaTb Npo MNOTEH-
uinHy ponb NO B nartoreHesi MC. NO € oa-
HUM i3 NPOAYKTIB (pepMeHTaTUBHOI aKTUBHOCTI
eNOS. Ug 6ionoriyHo akTMBHa MoneKyna BU-
KOHY€E BaxnuBi dyHKLUIi B opraHi3ami, 3okpeMa
b6epe y4yacTb y perynsuii CyAMHHOro TOHYCY,
HenpoTpaHcMicii, meTaboniamy, iMyHHUX pe-
aKUigX, a TaKOX Yy npouecax 3arnaneHHsa Ta
OKMNCNIOBaIbHO-BiAHOBHMX peakuiax [9]. Sk
Monekyna, sika 34aTtHa WBuAKo audyHAyBaTu
yepes KNITUHHI MeMbpaHu, NO BnAnBaeE Ha pis-
HOMAaHITHI KNITUHHI NpoLUEecH i MOXe 3MiHI0BaTH
PYHKUIO KNITUH, WO pobuTs ii KIHYOBUM KOM-
noHeHTOM y 6araTbox @isionoriyHnx Ta naTo-
disionoriyvHnx npouecax [10]. JoBeaeHo, Lo
y xBopuX Ha MC MnpocTexyeTbcsa niaBuULLEHa
KOHUeHTpauisa npoayktie NO (HiTpaTiB Ta HiT-
pUTiB) B CMMHHOMO3KOBIN piAnHI, KPOBI Ta ceui.
OnocepenkoBaHi AaHi ceigyatb npo Te, wo NO
MOXXe BifirpaBaTu BaX/IMBY pOJib Y PO3BUTKY
TAaKMX O3HAK 3axXBOPHOBAaHHSA, AK MOPYLUEHHSA
rematoeHuedaniyHoro 6ap’epy, MOWKOAXEH-
HA Ta AeMieniHizauia onirogeHapouunTie, gere-
Hepauis akcoHiB. 3 iHworo 6oky, NO npu MC
Ma€ TaKOX KOPWUCHI iMyHOMOAyooUi edekTn,
WO CBiAYMTb NpPO MOro cknagHy posib B naTo-
reHesi 3axBoptoBaHHs [11]. Takox o4eBUAHUM
€ Te, wo 6e3nocepeaHbo caM depmeHT eNOS
6yB BMCOKO eKCNpeCcoBaHUM y BHYTpIilLlHbOMNA-
peHXiManbHUX CYANHHUX eHaoTenianbHNUX Kii-
TWUHax nauieHTis 3 MC [12].

He3sBaxkaloum Ha HasABHI AaHi, posib BapiaHTiB
reHa NOS3 y puaunky po3suTky MC 3a1nLacTb-
CSl Masnio BMBYEHOI, @ pe3ynbTaTh HebaraTbox
[OCNiAXEeHb € cynepeynBuMu. Y UbOMY [0O-
CNifXXeHHI MU 30cepeannv yBary Ha BUBYEHHI
poni BapiaHTa 4a/b reHa NOS3. 3rigHO 3 HaaB-
HUMW A@HUMU, Llel FreHETUYHMIA MapKep acoli-
NOBaHWUI 3 LUMPOKUM CNEKTPOM 3axXBOPIOBaHb,
30KpeMa, HEeBPONOriYHMX — 3aXBOPHOBAHHAMMU
ApibHMX CyAWH FOMIOBHOrO MO3KY; iMYHHUMU
3aXBOPIOBAHHAMN — TUPEOIANTOM XaluMMOoTO,
peBMaToOiAHUM apTPUTOM Ta CUCTEMHUM 4ep-
BOHMM BOoBYakoMm [13-15].

Pe3ynbTaTth UbOro AOCNIAXEHHS CBiA4YaTb Npo
Te, Wo BapiaHT 4a/b reHa NOS3 € Bu3Hauvanb-
HUM YMHHUKOM Y pU3MKY po3BUTKY MC, 30-
KpeMa, 3a HasiBHOCTI reHoTuny 4bb uen pusunk
3HUXYETbLCA, @ 3@ HaABHOCTI 4a anenda — nig-
BULLYETbCA. Y gocnigxeHHi AlFadhli 3i cnisaBT.
He 6y/10 BU3HAYEHO CYTTEBOI Pi3HULI Yy po3mo-
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Aini reHoTunie 3a BapiaHToM 4a/b reHa NOS3
MiX nauieHTamm 3 MC Ta 340poBMMK ocobamu
[16]. OgHak BapTO 3a3HauuTW, WO BOHU BU-
ABUNW acouiauil ranaoTunis 3a BapiaHTamu
reHa NOS3, wo MicTaTb aneni 3a BapiaHTOM
4a/b 3i CXMNbBHICTIO 40 pU3KKY po3BUTKY MC.

Y ubOMy AocChigxXeHHi He 6yno BU3HA4YeHOo ic-
TOTHOro BN/MBY BapiaHTa 4a/b reHa NOS3 Ha
TaKi KNiHIYHI XapaKTepuCcTMKKU nauienTis 3 MC,
K BiKk AebloTy 3axBOpHOBaHHSA, TuUM nepebiry
MC Ta cimeriHa ob6TsXeHicTb. HaToMicTb iHWa
rpyna BYeHUX BUABMIA, WO anenb 4a acoui-
MOBaHWI i3 paHHIM MOYaTKOM 3axXBOPIOBAHHS
Ha MC - BOHM 3adikcyBanu BiporigHe niasu-
LeHHS YyacToTh anensa 4a y rpyni nauieHTis i3
nebloToM 3axBoptoBaHHSA Ao 26 pokis [16].

Mwn BuaHaumnum, wo reHotmn 4bb acouirioBa-
HUWM i3 TSHXKKMM Nepebirom MC, ane He 3HanLWNm
B HayKOBIl niTepaTypi 4OCNIAXEHb, CXOXUX 3a
OV3aNHOM, Yy SKWUX BMBYABCS AOCAIAXYBaHWM
HaMu BapiaHT reHa. O4HaK Npu AOCNIAXKEHHI
poni iHWworo BapiaHTy reHa NOS3 - rs2070744
- He 6yno BUABMNEHO ICTOTHOrO BMAWBY reHe-
TUYHOrO Mapkepa Ha TaxkKicTe MC, Bik aebio-
Ty, KAiHiYHUA nigtmun MC abo reHotun HLA-
DRB1*1501 [17].

OuiHo4YM pusunk pos3sutky MC, MU BU3HauUU-
nn acouiauito reHotuny 4bb 3a reHom NOS3
3i 3HMXKEHHAM pu3nky po3Butky MC. Ane Ha
npoTmMBary LbOMY BCTaHOBW/IU, WO Yy Maui€H-
TiB 3 LWUM reHOTMMNOM MPOCTEXYETbCA TAXKKUMN
nepebir 3axsoptoBaHHS, 36inbweHHs BMI Ta
aAMTUBHA B3AEMOAIA UMX YMHHUKIB THAXKOrO
nepebiry. BuasneHi pesynbtatn MOXyTb MaTu
Kinbka nosicHeHb. lMpoTtekTnBHun edekt (abo
3HMXKEHHS PU3UKY PO3BUTKY) 3YMOBJIOETHCH
dizionoriyvHnmm pisHsaMn NO y HoOCIiB reHOTU-
ny 4bb, aKi 3MeHLWYIOTb OKMCAOBANbHUIN CTpec
Ta CNpusAOTb HenponpoTekuii, Wo Moxe 6yTu
KOPUCHMM ana ocib6 rpynu pusmky. OgHak i3
pO3BMTKOM Ta nepebiroM 3axBOPHOBAHHSA, LWO
CYMPOBOAXYETbCHA, 30KpeMa, 3anasieHHAM i
rinepakTuBaui€lo iMyHHOI CMCTEMU, MOXE MOo-
pywyBatuca ¢yHkuioHyBaHHa eNOS, wo Hi-
BESIIOE NPOTEKTUBHY Ait0 reHoTuny 4bb. BapTto
TakoX 3a3HaunTtn, wo y poboTi Elizalde 3i cni-
BaBT. MPOAEMOHCTPOBAHO acouiauito MiX BU-
wumm piBHamMmn eNOS Ta, BignosigHo, NO y oci6
i3 oxxupiHHAM [18]. He Tpeba Takox 3abysaTtu,
Wo nauieHTn 3 MC OoTpUMYIOTb TFOKOKOPTUKO-
iAHYy Tepanito, aka 3yMoBJto€ 36inblleHHs Baru
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tone, neurotransmission, metabolism,
immune responses, and roles in inflammation
and redox reactions [9].

Due to its ability to diffuse rapidly across
cellular membranes, NO affects many cellular
processes, modulating cell functions and
making it a critical mediator in numerous
physiological and pathological conditions [10].
Elevated concentrations of NO derivatives
(nitrates and nitrites) have been detected
in the cerebrospinal fluid, blood, and urine
of MS patients. Evidence suggests that NO
may contribute to hallmark disease features
such as blood-brain barrier disruption,
oligodendrocyte damage and demyelination,
and axonal degeneration.

However, NO also exerts immunomodulatory
effects, which may provide protective benefits,
highlighting its dual and complex role in MS
pathogenesis [11]. Furthermore, studies
have shown increased expression of eNOS in
intraparenchymal vascular endothelial cells of
MS patients, emphasizing its critical role in
disease mechanisms [12].

Despite existing evidence, the role of NOS3
gene variants in the risk of developing MS
remains poorly understood, with the limited
studies available yielding conflicting results.
Our research focused specifically on the
role of the 4a/b variant of the NOS3 gene.
According to existing data, this genetic marker
is associated with a wide range of diseases,
including neurological conditions such as
cerebral small vessel disease and immune
disorders such as Hashimoto’s thyroiditis,
rheumatoid arthritis, and systemic lupus
erythematosus [13-15].

Our study demonstrates that the 4a/b variant
of the NOS3 gene is a critical factor influencing
the risk of developing MS. Specifically, the
4bb genotype is associated with a decreased
risk, whereas the presence of the 4a allele
significantly increases susceptibility to the
disease. In contrast, AlFadhli et al. reported
no significant differences in the distribution of
NOS3 4a/b genotypes between MS patients
and healthy controls [16]. Nonetheless,
their study highlighted associations between
haplotypes involving alleles of the 4a/b variant
and an increased predisposition to MS.
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Our study found no significant association
between the NOS3 4a/b variant and clinical
characteristics such as age at disease onset,
MS subtype, or family history of the disease.
However, another research group identified an
association between the 4a allele and early-
onset MS. Their findings demonstrated a
significantly higher frequency of the 4a allele
in patients whose disease onset occurred
before the age of 26 [16].

We found that the 4bb genotype is associated
with severe progression of MS. To date, no
studies with a similar design have explored
the specific NOS3 variant investigated in our
research. However, a study of another NOS3
variant, rs2070744, reported no significant
influence of this genetic marker on MS
severity, age of onset, clinical subtype, or the
HLA-DRB1*1501 genotype [17].

In our assessment of MS risk, the NOS3 4bb
genotype was found to be associated with
a reduced risk of developing MS. However,
paradoxicallyy, among patients with this
genotype, we observed severe disease
progression, elevated BMI, and an additive
interaction between these factors contributing
to disease severity.

Several explanations could account for these
findings. The protective effect (i.e., reduced
risk of development) may be attributed to
physiological NO levels in carriers of the
4bb genotype, which mitigate oxidative
stress and promote neuroprotection. This
effect could be particularly beneficial in at-
risk populations. However, during disease
progression, which involves inflammation
and immune system hyperactivation, the
function of eNOS may become impaired,
negating the protective effects of the 4bb
genotype.

Furthermore, Elizalde et al. demonstrated a
correlation between higher levels of eNOS-
derived NO and obesity, suggesting a potential
link between metabolic dysregulation and
elevated NO levels [18]. It is also important
to consider that MS patients often receive
glucocorticoid therapy, which contributes to
weight gain and may simultaneously suppress
eNOS expression, further complicating the
interplay of these factors [19].
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Ta 0AHOYACHO MOXE MPUrHivyBaTM eKCrnpecito
eNOS [19].

Ha Hawy ayMKy, Ans 6isbll NOBHOMO PO3yMiHHS
reHeTUYHUX MEeXaHi3MiB, WO sieXaTb B OCHOBI
BUsiBNeHnx edekTiB, noganblui AOCNIAXKEHHS
LbOro TNy AOUiSIbHO NPOBOAMUTU OAHOYACHO 3
OOCNIAXEHHAMM 3aranbHOreHOMHUX acouiauil
(GWAS). Toai sk GWAS gonoMara€ BU3HaunTu
WuMpLWi NATTEPHU FrEHETUYHOIO PU3NKY, PO3MO-
AisIeHOro no BCbOMY reHoMmy, uisiecnpsMoBaHe
[OCNIAXEHHA KOHKPETHUX BapiaHTIB reHis, Ta-
Knx ak NOS3, gae 3Mory oTpumaTtun ysABEH-
HA Npo MYHKUIOHANbHI WAAXW Ta iXHi KAiIHIYHI
Hacnigkn. KpiMm Toro, pesynbTaty¥ YMCNEHHUX
GWAS niagTBepaXxyloTb rinotesy npo Te, LWo
po3BUTOK MC, iMOBIpHO, 3yMOBJ/IEHWUI He Kiflb-
KOMa MyTauisiMW 3 BENUKUM edeKTOM, a 4uc-
NEeHHMMKN BapiaHTaMM 3 ManuMM edeKkToM, SKi
po3nojineHi No BCbOMy reHomy [20].

Original research: Clinical sciences

Y BUCHOBKAaX: BWKOHaHe A0CMigXeHHS 3a-
CBiAYMNO 3HauyywicTb BapiaHTa 4a/b reHa
NOS3 y po3BuTKy Ta nepebiry MC, 3o0kpema
BCT@HOBJIEHO, WO reHoTmn 4bb 3HMXYE pu3mnk
po3BuTKy MC, HaToMiCTb anenb 4a acouino-
BaHWI i3 NiABULLEHMM PU3MKOM po3BUTKY MC.
Mpn BWKOHaHHI pob60TM He BUABUAM BMAUBY
[OCNigKeHOro BapiaHTa reHa Ha Bik aebto-
Ty 3axBOploBaHHSA, TN nepebiry um CTyniHb
HEBPOJSIOMYHMX YLKOAXKeHb. OgHaK BUABWUIIN
acouiauito reHotuny 4bb i3 Taxkum nepebi-
rom MC Ta niaBuuieHHam BMI i B3aemMoaito Lnx
UMHHUKIB Y 3POCTaHHI PU3NKY TAXKOro nepe-
6iry 3axBoptoBaHHs. Lle cBiguMTb Npo cknaa-
HicTb poni reHa NOS3 B natoreHesi MC, wo
notpebye noganbLUMX AOCAIAXEHD ANS Kpallo-
ro po3yMiHHSA MeXaHi3MiB BMAMBY LbOrO reHe-
TUYHOIr0 YMHHMKA Ta MOro B3aeMoaii 3 iHWKUMHN
akTopamu.
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In our opinion, to gain a more comprehensive
understanding of the genetic mechanisms
underlying identified effects, further studies
must be conducted parallel to genome-wide
association studies (GWAS). While GWAS
helps identify broader patterns of genetic
risk distributed across the genome, focused
research on specific gene variants, like NOS3,
provides insight into functional pathways
and their clinical implications. Moreover,
the results of numerous GWAS support the
hypothesis that MS is not caused by a small
number of mutations with significant effects
but is likely caused by many small risk effects
spread across the genome [20].

In conclusion, this study highlighted the
significance of the NOS3 4a/b variant in the

Original research: Clinical sciences

mechanisms underlying the development and
progressionofMS. Specifically, the4bbgenotype
was found to reduce the risk of developing
MS. In contrast, the 4a allele was associated
with an increased risk. No significant influence
of the studied NOS3 variant was observed on
the age of disease onset, clinical subtype, or
degree of neurological impairment. However,
an association was identified between the 4bb
genotype and severe disease progression, as
well as an increase in BMI, with these factors
interacting to heighten the risk of severe
MS. These findings underscore the complex
role of the NOS3 gene in MS pathogenesis,
warranting further research to understand
better the mechanisms of this genetic factor
and its interactions with other contributing
variables.
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