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BMJINB BAPIAHTIB FEHIB MTHFR
(rs1801133, rs1801131), RFC (rs 1051266)
TA iX NOEAHAHHSI HA PU3UK PO3BUTKY TA
NEPEBIM MHOXXWHHOIO CKNEPO3Y

TeTtdHa Herpuu!, Mansa JladapeHko?!, Hazap Herpuy?,
309 Poccoxa?, Ninia ®iwyk?, Hatania fropoBeHko?2

1/IbBIBCbKU HaALiOHA/IbHUI MEANYHWNIA YHIBEDCUTET IMEHI
LHaHuna rannybkoro, JibBiB, YkpaiHa

2HayioHaslbHUKI yHIBEPCUTET OXOPOHM 340POB’S YKpaiHu iMeHi
r.J1. lynuka, Knis, YkpaiHa

MopyweHHa y dYyHKUIOHYBaHHI (QONaTHOro UMKy MOXYTb
BifirpaBaTy pofb Yy MnaToreHesi MHOXWHHOro ckneposy (MC).
FeHeTu4Hi BapiaHTW depMeHTIB i TpaHcnopTepiB ¢donaTHoro
06MiHy, 30kpema MTHFR (rs1801133, rs1801131) Tta RFC
(rs1051266), MOXyTb MOAYNOBATM pU3MK po3BuTKYy MC i noro
KNiHIYHMI Nepeb6ir.

MeTta gocnig>keHHsA — BU3HAYUTN BNANB BapiaHTiB reHis MTHFR
(rs1801133,rs1801131),RFC(rs1051266), aTakoxiX noeEgHaHHS
Ha pU3MK pO3BUTKY, MNepebir Ta MOX/MBICTb MPOrHO3yBaHHS
HEBPOJOriYHNX ywKoaXeHb nNpu MC i3 NepcrnekTMBOI MOLWYKY
HOBWX TepaneBTUYHUX CTpaTerili NpodinakTUKu.

Martepianu Ta metoam. Jocniannm 113 xBopux Ha MC T1a 70
0Ci6 KOHTPO/IbHOI rpynun. F'eHoTUNyBaHHS NPOBOAMAN METOAOM
nosiiMepasHo-naHUIroBoi peakuii 3 aHanisoMm noniMopdizmy
OOBXWH pecTpuKuinHnx dparmeHTiB. KniHibyHa ouiHKa nauieHTiB
oxonJBana BUM3HAYEHHS iHAeKcy iHBanigm3auii EDSS.

Pesynbtatn. Buasunin, wo HagaBHicTb anena 1298C 3a reHoMm
MTHFR (rs1801131) acouiioBaHa 3 NigBULLEHUM PU3UKOM PO3-
BUTKY MC, Toai gk anenb 1298A Ma€ NpoOTEKTUBHUN edeKT.

Takox BcTaHoBunu, Wwo anenb 80A Ta reHotun 80GA 3a RFC (rs1051266) nigsuwyoTb pu3uK
MC, a anenb 80G Ta reHoTMn 80GG YMHATL NPOTEKTUBHWUI BNAMB. Y NauUieHTiB i3 reHoTMnom 80GA
nokasHmk EDSS 6yB 3HauyLLe HAaNHMXUYMM MOPIBHSHO 3 nMauieHTaMm 3 reHoTMnamm 80GG Ta 80AA.
Buasunm noegHaHuii BNAvB BapiaHTiB reHiB MTHFR Ta RFC, wo BiH Moaudikye pusnk MC i ioro

KNiHiYHI NnposaBw.

BucHoBKMW. eHeTnyHi BapiaHTh MTHFR (rs1801131) ta RFC (rs1051266) BnanBawTb Ha pu3mnkK
po3BUTKY Ta nepebir MC. MNoeagHaHHa reHoTuniB 1298AC + 80GA acouilioBaHe 3 NigBULLEHUM
pusnkom MC, Toai ik 80GG y no€aHaHHi 3 (PyHKUIOHANbHO CNpUATAMBUMKM BapiaHTamm MTHFR

SHUXYE uemn PU3NK.

Knroyosi csmoBa: MHOXUHHUI cknepo3, MTHFR, RFC, donaTtHuii 06MiH, EDSS.
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THE IMPACT OF VARIANTS OF THE
MTHFR (rs1801133, rs1801131) AND
RFC (rs1051266) GENES AND THEIR
COMBINATIONS ON THE RISK AND
PROGRESSION OF MULTIPLE SCLEROSIS

Tetyana Nehrych1, Maya Lafarenko?!, Nazar Nehrych?,
Zoya Rossokha?, Liliya Fishchuk?, Nataliia Gorovenko?2

! Danylo Halytsky Lviv National Medical University, Lviv,
Ukraine

2P.L. Shupyk National Healthcare University of Ukraine, Kyiv,
Ukraine

Aim. Impairments in folate cycle function may play a role in
the pathogenesis of multiple sclerosis (MS). Genetic variants
of folate metabolism enzymes and transporters, particularly
MTHFR (rs1801133, rs1801131) and RFC (rs1051266), may
modulate the risk of MS development and its clinical course.

Objective. To determine the impact of variants of the MTHFR
(rs1801133, rs1801131) and RFC (rs1051266) genes, as well
as their combinations, on the risk, progression, and potential
prediction of neurological damage in MS, with a view toward
identifying new preventive therapeutic strategies.

Materials and Methods. The study included 113 MS patients
and 70 healthy controls. Genotyping was performed using a
polymerase chain reaction with restriction fragment length
polymorphism analysis. Clinical evaluation included assessment
of the Expanded Disability Status Scale (EDSS) score.

Results. The 1298C allele of MTHFR (rs1801131) was
associated with an increased risk of MS, while the 1298A allele
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had a protective effect. Additionally, the 80A allele and 80GA genotype of RFC (rs1051266) were
linked to a higher risk of MS, whereas the 80G allele and 80GG genotype exhibited a protective
effect. In patients with the 80GA genotype, the EDSS score was significantly lower compared to
those with the 80GG and 80AA genotypes. A combined effect of variants of the MTHFR and RFC
genes was identified, modifying the risk of MS and its clinical manifestations.

Conclusions. Genetic variants of MTHFR (rs1801131) and RFC (rs1051266) impact the risk of
developing and the course of MS. The combination of genotypes 1298AC+80GA was associated
with an increased risk of MS, whereas 80GG, in combination with functionally favorable MTHFR
variants, reduced this risk.

Keywords: multiple sclerosis, MTHFR, RFC, folate metabolism, EDSS.
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BcTtyn

MHOXMHHUI cknepo3 (MC) — ue XpOoHiyHe ay-
TOIMYHHE 3aXBOPKOBAHHA LEHTpalbHOI HEPBO-
Boi cncrtemn (LUHC), sskoMy xapakTepHi: 3ana-
NeHHs, AeMieniHizauia Ta HenpoaereHepauis,
TpuBanuin nepebir 3 NporpecnMBHMM HEBPOO-
rMYHMM YLWKOOXEHHAM Ta iHBanigusauieto [1].
MaToreHes UbOro 3axXBOPIOBAHHS CKIaAHUNA Ta
00 KiHUa He BuBYeHWM. OaHuUM i3 dakTopis,
WO MOXe BNnMBaTu Ha natoreHes MC, € nopy-
LWEeHHSA B PYHKLIOHYBaHHI OaTHOro UMKy -
6ioxiMiYHMX nMpouecax peMeTUNOBaHHA roMo-
UMCTEIHY — HenpoTeiHOreHHOl aMiHOKMCNOoTU
[2]. 3okpeMa, HegaBHI AOCNIAXEHHS MOSCHIO-
IOTb AeKiflbka MOXJ/IMBUX MeXaHi3MiB BMNAMBY
nopyweHb GoNaTHOrO LMKAY Ha PU3NK PO3BU-
ToKy MC: metmnioBaHHsA OHK, okcuaaTvBHUIA
CTpec, CWHTe3 HeKrpoMmeaiaTtopis, perynsauis
iMYHHOI BiAMOBiAI, y4YacTb B €HEpreTMyHomy
mMeTtaboniami [3-7]. T[lopyweHHs dYyHKLUIiO-
HyBaHHSA (ONaTHOro UMKy Yy XBOopux Ha MC
MOXYTb OyTM MOB’AAI3aHi 3 BapiaHTaMu reHiB
donaTtHoro o6MiHy. MounHawumn 3 KIKYOBOro
reHa MTHFR pe3ynbTaTv BUMBYEHHS acouiauil
reHiB onaTtHOro UMKy 3 pO3BUTKOM Ta nepe-
6irom MC y pi3Hux nonynsauiiHux Bmnbipkax 3a-
CBiAYMNM BigMiHHOCTI Ta po3bixHocTi [8-12].

Fen MTHFR koaye MeTuneHTeTparigpodona-
TpeayKTasy, BHYTPILUHbOKNITUHHUA (EepMeHT,
Lo Bigirpae kn4oBy posnb y MeTabonismi do-
NieBOi KMCNOTW. 30KpeMa, BiH KaTanisye nepe-
TBOpeHHS 5,10-meTuneHTeTparigpodonaty Ha
5-meTunTeTpariapodonart - 6i0N0riYHO akTMB-
Hy dopmMy donaTy, Wo TaKoX 3a4isHUIA y Npo-
uecax pemeTunoBaHHA romouucteiny (W),
cuHTesi AHK i MeTunyBaHHi HK.

Harbinbw nowunpeHnMn Ta BUBYEHUMU Bapi-
aHTamm reHa MTHFR € rs1801133 (677C>T
abo Ala222Val) Tta rs1801131 (1298A>C abo
Glu429Ala) i ix HasBHICTb aCOLIOETLCS 3i 3HU-
XKEHHSAM  aKTMBHOCTI MeTuneHTeTpariapodo-
natpeaykrasm. HacniaikoM HaaBHOCTI HU3b-
KO-(pyHKUiOHanbHMX BapiaHTiB reHa MTHFR €
3HUXEHHS (YHKLUIOHaNbHOI aKTUBHOCTI dep-
MEHTY, L0 KOAYETbCH, Ta 3pOCTaHHA piBHA L,
WO 4YMHUTbL 6e3nocepepHin pyrHIBHUA BMAuB
Ha HepBoOBi KNiITUHW. OKpiIM TOro, onocepeaKo-
BAHO BHAC/IAOK 3HMXEHOIro peMeTUyBaHHS He
YTBOPIOKOTLCS B AOCTaTHIA Mipi Taki cnonyku,
SIK METMOHIH Ta S-aAeHO3UIMETUOHIH, HeobXia-
Hi Ans NiaTpUMaHHA YHKLUIOHYBaHHS Ta BiA-
HOBJIEHHS MieniHy [13].
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BiogomMo, Wwo piBHI Moka3HWKiB ¢donaTtHoro 06-
miHy (L, donieBa kucnota, BiTamiH B12 i T.
iH.) Y HEPBOBI/ CUCTEMIi CYTTEBO BiAPI3HAOTb-
CS BiA TUX, AKi BUSABNAOTb Y NepudepinHin
KpoBi [14]. BapTo 3a3HauuTH, WO Ha CbOroA-
Hi piBeHb 'l y nepudepinHin kposi aeaki oo-
CNiAHMKK po3rnagatTb gk 6iomapkep MC [15],
X04a HanbinbLl BaXMBUM Y LLbOMY KOHTEKCTI,
3 Halol TOYKM 30pYy, € POKYC Ha ONTMMaabHO-
My 3abe3neyeHHi ponatamMm MO3KY.

TpaHcnopT ¢QonaTiB y MO30K 3AINCHIOETLCS
yepe3 rematoeHuedaniyHmin 6ap’ep 3 BUKO-
PUCTaHHSIM TPbOX OCHOBHMX TPAHCMOPTHUX
cucteM: peuentopa donaty anbda (FRa),
NpOTOHHO-3B'A3aHOro0 TpaHcnopTtepa dona-
TiB (PCFT) Ta nepeHocHuKka BigHOBAeHUX do-
natie (SLC19A1) [16]. SLC19A1 € ogHuMm i3
HanbinblWw  AOCHIAXEHUX TpaHCMeMbpaHHUX
TpaHCNOpTHMX 6inNKiB ANa TpaHCNOPTYBaHHSA
5-meTunTeTpariapodonaty B MO30OK.

l'eH RFC koaye membpaHHuii dochaTHUA aH-
Tunoptep SLC19A1, wo TpaHcnopTtye dona-
TN, CTPYKTYPHO CXOXi aHTMdonatm Ta PpisHi
opraHiyHi docdatn, 30KkpeMa noxigHi TiaMiHy
[17]. HewopnasHo ans SLC19A1 6yna Bu3Ha-
YeHa HOBa pOoJib, AK FOSIOBHOIO TpaHcrnopTepa
CUrHanbHMX Monekyn (UMKIIYHUX OUHYyKe-
0TMAIB), WO CTUMYNIOTb LUMPOKUIA CNEKTP
peakuir iMyHHOI cuctemmn [18]. Hanbinbw no-
LWUMPEHUM | LWIMPOKO AOCNIAXEHUM BapiaHTOM
reHa RFC € rs1051266 (80G>A abo Arg27His).
JocnigHVUKn BBaXatoTb, WO Liel BapiaHT Moxe
3HMXYBaTM adiHHICTb TpaHcnopTepa A0 Cyb6-
ctpaty [19], BnauBaw4Mm Ha eqdeKTUBHICTb
TpaHcnopTy donaTiB y MO30K. Mu BuaBunu,
wo 80G>A Moxe BNIMBATU Ha piBHI onaTiB y
LeHTpanbHil HepBoBil cuctemi [20].

Ockinbku TpaHcnopTHa cucrteMa donaTiB y MoO-
30K, onocepeakoBaHa SLC19A1 € Hanbinbu
AOCNIoXXEHOK Ta NMepcrneKkTUBHOK B KOHTEKCTI
dopMyBaHHSA MNepCOHanNi3oBaHOro JiKyBaHHS
doniHoBoto kucnotot [21], HeobXxiaHi aocni-
O)XXKEHHSI FTeHEeTMYHOro puU3nKy, onocepeakoBa-
HOMO UMM reHoM, Ta oro B3aEMOAISIMUN 3 iHLWN-
MU reHamMm GonaTHOro LMKYy.

ToMy MeTa Ui€i po60THU B KOHTEKCTI OLiHKK
pU3MKy, NPOrHO3yBaHHA nepebiry Ta MoLwyKy
HOBOI TepamneBTUYHOI cTpaTerii y npodinak-
TUUI HEBPOJONiYHUX YWKOAXeHb npn MC -
BU3HaA4YeHHA BMIMBY BapiaHTiB reHis MTHFR
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Introduction

Multiple sclerosis (MS) is a chronic autoim-
mune disease of the central nervous system,
characterized by inflammation, demyelin-
ation, gliosis, and neurodegeneration, lead-
ing to progressive neurological damage and
disability over time [1]. The pathogenesis of
MS remains intricate and not fully elucidated.
One potential factor influencing MS pathogen-
esis is the disruption of the folate cycle, spe-
cifically the biochemical processes involved
in the remethylation of homocysteine (Hcy),
a non-proteinogenic amino acid [2]. Recent
studies highlight several possible mechanisms
through which folate cycle disruptions may
contribute to MS development, including DNA
methylation, oxidative stress, neurotransmit-
ter synthesis, immune response regulation,
and involvement in energy metabolism [3-7].
Disruptions in the functioning of the folate cy-
cle in patients with MS may be associated with
variants of folate metabolism genes. Starting
with the key MTHFR gene, studies on the as-
sociation of folate cycle genes with the de-
velopment and progression of MS in different
population samples have demonstrated varia-
tions and inconsistencies [8-12].

The MTHFR gene encodes methylenetetrahy-
drofolate reductase, an intracellular enzyme
that plays a key role in folic acid metabolism.
Specifically, it catalyzes the conversion of
5,10-methylenetetrahydrofolate into 5-meth-
yltetrahydrofolate—the  biologically active
form of folate, which, in turn, is involved in
Hcy remethylation, DNA synthesis, and DNA
methylation.

The most common and well-studied variants
of the MTHFR gene are rs1801133 (677C>T
or Ala222Vval) and rs1801131 (1298A>C or
Glu429Ala), the presence of which is associ-
ated with a reduced activity of methylenetet-
rahydrofolate reductase. The presence of
low-functioning variants of the MTHFR gene
results in reduced enzymatic activity and an
increase in Hcy levels, which exerts a direct
neurotoxic effect on nerve cells. Additionally,
due to impaired remethylation, synthesizing
essential compounds such as methionine and
S-adenosylmethionine is insufficient, compro-
mising the maintenance and repair of myelin
[13].
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It is established that the levels of folate me-
tabolism markers (such as Hcy, folic acid, vi-
tamin B12, etc.) in the central nervous system
significantly differ from those found in periph-
eral blood [14]. Currently, peripheral blood
Hcy levels are utilized as a biomarker for MS
[15]. Nonetheless, from our perspective, the
most critical focus should be ensuring optimal
folate availability in the brain.

The transport of folates into the brain oc-
curs through the blood-brain barrier via three
main transport systems: folate receptor al-
pha (FRa), proton-coupled folate transporter
(PCFT), and reduced folate carrier (SLC19A1)
[16]. Among these, SLC19A1 is one of the
most extensively studied transmembrane
transport proteins responsible for facilitating
the passage of 5-methyltetrahydrofolate into
the brain.

The RFC gene encodes a membrane-bound
phosphate antiporter, SLC19A1, responsible
for transporting folates, structurally similar
antifolates, and various organic phosphates,
including thiamine derivatives [17]. Recently,
a novel function of SLC19A1 has been identi-
fied as a primary transporter of signaling mol-
ecules, specifically cyclic dinucleotides, which
play a role in modulating a wide array of im-
mune system responses [18]. The RFC gene’s
most common and widely studied variant is
rs1051266 (80G>A or Arg27His). Researchers
suppose that this variant may reduce the af-
finity of the transporter for the substrate [19],
affecting the efficiency of folate transport to
the brain. It has been shown that 80G>A may
affect folate concentrations within the central
nervous system [20].

Since the folate transport system to the brain
mediated by SLC19A1 is the most studied and
promising in the context of personalized folinic
acid treatment [21], further research is cru-
cial to elucidate genetic risk factors associated
with this gene and its interactions with other
genes involved in the folate cycle.

Therefore, the aim of this study, in the con-
text of assessing risk, predicting the course,
and exploring new therapeutic strategies for
the prevention of neurological damage in MS,
was to determine the impact of variants of
the MTHFR (rs1801133, rs1801131) and RFC
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(rs1801133, rs1801131), RFC (rs 1051266) a
TAKOX X MOEAHAHHA HA PU3NK PO3BUTKY, Me-
pebir Ta MOXNUBICTb MPOrHO3yBaHHSA HEBPOJIO-
riyHMx yuwkoaxeHb npu MC 3 nepcrnekTnsor
NOLUYKY HOBUX TepaneBTUYHUX CTpaTeri npo-
dinakTnku.

MaTepianu Ta metoamn

Jo pocnigxeHHs 6ynu 3anydeHi 113 xBopux Ha
MC, ski npoxoawnu nikyBaHHS Ta nepebyBatoTb
nia Harns4oM y JIbBiBCbKOMY 061acHOMY LeHTpiI
PO3CiIHOro CKNepo3y Npu KOMyHaslbHOMY HEKO-
MepuiiHOMy nianpueMcTsi J1bBiBCbKOI 06n1acHOi
paan «JlbBiBCbka obnacHa KJiHiYHa NikapHa».
[OiarHo3z MC BcTaHOB/MOBaAN 3rigHO 3 KpuUTepi-
amn Mak[oHanbaa y pepakuii 2017 poky [22].

KpuTtepil 3anyyeHHda nNauieHTiB 40 AOCNIAXEH-
HA 6ynnm Taki: Bik 18-60 pokiB; HaSABHICTb
BiporigHoro MC 3rigHO 3 kpuTepiamMn Mak[o-
Hanbga; TpuBanicte MC He MeHLW 4K WicTb
MicsauiB; HagaHHSA A06POBiINbLHOT MMCbMOBOI iH-
(opMOBaHOI 3roan Ha y4yacTb Y AOCAIAXKEHHI.
KpuTtepii BUny4YeHHs nauieHTiB: BiK A0 18-Tu
Ta nicng 60-TU pokiB; HAABHICTb CYMyTHIX 4K
FOCTPUX XPOHIYHMX 3aXBOPIOBaHb; BAriTHICTb.

Cepen xBOpuX MNpeBaxHy binbliCTb CTAaHOBU-
M XiHkn — 75 (66.4%), yvonosikis 6yno 38
(33.6%). CepepHin BiK MauieHTiB CTaHOBUB
40.1+11.6 pokiB, cepeaHin Bik ebl0Ty 3axXBO-
ptoBaHHA — 31.1+10.7 pokiB, a cepegHs Tpu-
BaNiCTb 3aXBOptoBaHHA — 9.4+6.9 poki..

Y 79.6% xBopux 6yB AiarHOCTOBaHWi pe-
MiTyloue-peunamBHun  TMn nepebiry 3axBo-
ptoBaHHSA. BTOpuHHO-nporpecuBHuii tvn MC
npoctexyBaBcs y 15.9% nauieHTiB, a NnepBuH-
Ho-nporpecyt4unii Tun - y 4.4%.

[Ons 6inblW TOYHOI OUIHKM KiHIYHOrO CTaHy 3a-
XBOPIOBAHHA 3aCTOCOBYBa/IN PO3LUMPEHY LUKa-
ny cratycy iHBaniamsauii (Expanded Disability
Status Scale, EDSS). MeaiaHa nokasHuka EDSS
ctaHoBuna 3.5 [2.0; 4.5] 6anis, wo cBiguYNTL
Npo NoMipHy iHBanian3auito y 6inbwocTi obcre-
KEHMX nauieHTiB. [o rpynun MNOpiBHAHHA 6yno
3apaxoBaHo 70 kniHi4YHO 380poBux oci6 (35 yo-
nosikiB Ta 35 xiHOK) 6e3 HeBPOAOriYHNX 3aXBO-
ptoBaHb | HEBPOJIOMYHUX CKapr B aHaMHesi.

YCi y4acHUKM Hagann NUCbMOBY iHOOPMOBaHy
3roAly Ha y4acTb Y AOCAIAXeEHHI. Yci npoueny-
pv, BUKOHaHI NauieHTaM nig yac AOCNIAXEHHS,
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BiANOBIAAOTb €TUYHUM CTaHfapTaM IHCTUTY-
LiMHOro Ta HauioHa/IbHOFO KOMITETIB 3 eTUKM,
a TakoxX [enbCiHCbKIl Aeknapauii 1964 poky
Ta BHECEeHMM A0 Hei nonpaskaM abo aHanoriy-
HUM eTUYHUM CcTaHfapTaMm. [lpoBeneHHS [O0-
CNigXXeHHS cXBaJieHe KOMICIE 3 MUTaHb eTUKN
HAYKOBUX [A0CNIgXEHb, eKCnepuMeHTasIbHUX
po3pobok Ta HayKoBMX TBOPiB JIbBIBCbKOro
HaLuiOHa/IbHOro MeAMYHOro yHiBepCcUTETY iMeHi
OaHunna Fanuubkoro (NpoTokosa cxBaneHHsN?
12 Big 20 nuctonaga 2023 p.).

MonekynsipHO-reHeTMYHNUM METOAOM BM3HAuYa-
NN BapiaHTu reHis gonatHoro o6mMiHy MTHFR
(rs1801133, rs1801131) Ta RFC (rs1051266).
Ons uboro 3pasku nepudepinHoi KpoBi naui-
€HTIB 3abupanu Ta TpaHCNOpPTyBanWu i3 BUKO-
PUCTaHHAM peareHTy ansa crabinisauii DNA/
RNA Shield (Zymo Research, CLUA) 3rigHo 3
iHCTpyKUieto. MeHomHy OHK Buginanu 3 6io-
NOriyHMX 3paskKiB i3 BMKOPUCTAHHSAM Habopy
Quick-DNA Miniprep Plus Kit (Zymo Research,
CLIA) BignoBigHO A0 pekoMeHAauin BUpPO6-
HUKa. [eHOTUNYBaHHA 3@ A[OCAIAXYBaHUMU
BapiaHTaMu reHiB NpoBOAMAN 3 BUKOPUCTAH-
HAM MeToAiB rMoJiiMepasHo-aHulrosol pe-
aKuii Ta HacTynHMM aHanisoMm noniMopdizmy
OOBXWHW pecTpukuinHnx dparmeHTis (MJ1P-
NAP®), a Takox anenis cneundivyHoi nonime-
pa3Ho-naHutrosoi peakuii (MJIP) BignosiaHoO
A0 npoTokosniB, onybnikoBaHnx paHiwe [23].
Ona BukoHaHHA [1JIP BMKOpUCTOBYBann Ha-
6ip DreamTaq Green PCR Master Mix (Thermo
Scientific, CLLUA) Ta cneumndiyHi oniroHykne-
oTMAHI nparimepn (Metabion, HimeuuunHa).
PecTpuKUiMHWIA aHani3 34incHoBanM 3 BUKO-
pUCTaHHSAM eHAOoHYyKNea3 pecTtpukuii Hinfl Ta
Hhal (ThermoScientific, USA). MNMpoayktn pe-
CTPUKUIMHOIo aHanisy po3ainsanam 3a A0NoMo-
roto enektpodopesy B 2% arapo3HoMy reni
(arapo3a ¢ipmu «Cleaver Scientific», Benmko-
6puTaHia) 3 gogaBaHHAM GpPOMUCTOro eTuaito
Ak 6apBHMKa Ta Bisyanisysanu i 36epiranu 3a
AOMOMOIroK CUCTEMU refb-enekTpodopesy.

CTaTUCTUYHUIA aHani3 npoBOAWIN 3 BUKOPUC-
TaHHAM nporpamMn SPSS v.27. KaTeropianb-
Hi 3MiHHIi HaBeaeHi AK abCoMOTHI BEAUYUYUHMU i
YaCTOTU; KiNbKiCHi 3MiHHI — abo sik cepeaHe £
CTaHAapTHe BigXWIeHHA ANng HOpMasibHO poO3-
noaineHnx paHux, abo gk MepgiaHa [Q1l, Q3]
ONa HeHOpMaNnbHO po3noAineHux aaHux. Onsa
NpOBEeAEHHS TMOPIBHAHHA MiX rpynamu/nig-
rpynaMmm 3a KateropiasibHUMU 3MiHHUMU BUKO-
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(rs1051266) genes, as well as their combi-
nations, on the risk, progression, and poten-
tial prediction of neurological damage in MS,
with a view toward identifying new preventive
therapeutic strategies.

Materials and Methods

The study included 113 MS patients, all re-
ceiving treatment and being monitored at the
Multiple Sclerosis Center of the Lviv Regional
Clinical Hospital. The diagnosis of MS was es-
tablished according to the McDonald criteria
(2017 edition) [22].

Participants were included in the study if they
satisfied the following criteria: aged between
18 and 60, diagnosed with MS in accordance
with the McDonald criteria, with a disease du-
ration of at least 6 months, and had provided
written informed consent. Exclusion criteria
comprised individuals under 18 or over 60
years of age, those with concurrent or acute
chronic ilinesses, and pregnant individuals.

Among the study cohort, females predominated,
comprising 75 individuals (66.4%), while males
constituted 38 individuals (33.6%). The mean
age of participants was 40.1 £ 11.6. The mean
age at disease onset was 31.1 £ 10.7, and the
mean duration of the disease was 9.4 + 6.9.

Relapsing-remitting MS was diagnosed in
79.6% of patients. Secondary progressive MS
was observed in 15.9% of the cohort, and pri-
mary progressive MS was identified in 4.4% of
the patients.

The Expanded Disability Status Scale (EDSS)
was utilized to assess the clinical status of the
disease accurately. The median EDSS score
was 3.5 [2.0; 4.5], indicating a moderate lev-
el of disability in most of the patients evalu-
ated. For comparison, a control group of 70
clinically healthy individuals, free from neuro-
logical disorders or complaints in their medical
history, was also included.

All participants provided written informed con-
sent prior to participation. The study adhered
to ethical standards established by institutional
and national ethics committees in compliance
with the Declaration of Helsinki (1964) and its
subsequent amendments or equivalent ethical
guidelines. The research was approved by the
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Ethics Committee for Scientific Research, Ex-
perimental Development, and Scholarly Works
at Danylo Halytsky Lviv National Medical Uni-
versity (Protocol No. 12, November 20, 2023).

Molecular-genetic techniques were utilized to
identify variants in folate metabolism genes,
specifically MTHFR (rs1801133, rs1801131)
and RFC (rs1051266). Peripheral blood sam-
ples were collected from patients and stabi-
lized using DNA/RNA Shield reagent (Zymo
Research, USA) following the manufacturer’s
protocol. Genomic DNA was isolated from
these samples using the Quick-DNA Miniprep
Plus Kit (Zymo Research, USA), adhering to
the manufacturer’s instructions. Genotyping
of specific gene variants was performed em-
ploying Polymerase Chain Reaction (PCR) and
allele-specific PCR methodologies, as described
in established protocols [23]. PCR amplification
was conducted with DreamTaq Green PCR Mas-
ter Mix (Thermo Scientific, USA) and specific
oligonucleotide primers (Metabion, Germa-
ny). Restriction fragment length polymorphism
analysis was performed using restriction en-
donucleases (Thermo Scientific, USA). The re-
sultant restriction fragments were resolved by
electrophoresis on a 2% agarose gel (Agarose
from Cleaver Scientific, UK) with ethidium bro-
mide staining and visualized and documented
using a gel electrophoresis system.

Statistical analyses were performed using
SPSS v.27. Categorical variables were reported
as absolute counts and frequencies, while con-
tinuous variables were summarized as either
means £ standard deviations for normally dis-
tributed data or medians [Q1, Q3] for non-nor-
mally distributed data. Comparisons between
groups or subgroups for categorical variables
were conducted using Pearson’s chi-squared
test, including Yates’ correction where applica-
ble. For continuous variables, the Mann-Whit-
ney U test or Kruskal-Wallis test was em-
ployed. The association between genotypes or
genotype combinations and risk was evaluated
by calculating odds ratios (OR) with 95% con-
fidence intervals (CI). Statistical significance
was defined as a p-value of <0.05 for all tests.

Results

An analysis of the genotype frequency
distribution for the studied MTHFR (rs1801133,
rs1801131) and RFC(rs1051266) gene variants
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pucTtoByBanun kputepil MipcoHa x2 (3okpemMa i
3 nonpaBKow ENTCa); 3a KiNbKiICHUMU 3MiHHU-
MW — KpuTepin MaHHa-BiTHI abo kpuTepin Kpa-
ckena-Bonnica. na OuUiHKM pU3KNKY, acouiio-
BAHOro 3 reHoTUNOM/CNoNyYEeHHAM FrEHOTUNIB,
po3paxoByBanu BiAHoweHHSa waHciB (OR) vy
mMexax 95% posipuoro iHTepBany (CI). Bia-
MIHHOCTI BBaasin BiporigHUMM An4 BCiX TUNIB
aHani3y Ha piBHi p<0.05.

Pe3synbTaTtn

Y npoueci AocniaxXeHHs NpoBeAeHNI aHari3 po3-
NoAisly 4acToT reHOTMNIB 3a AOC/IAXYBaHUMU Ba-
piaHTamu reHis MTHFR (rs1801133, rs1801131)
Ta RFC (rs10512660) y rpyni 3i 113 xBopux Ha
MC Ta 70 oci6 koHTponbHOI rpynu (Tabn. 1).

Ak BMAHO 3 Tabnunui 1, ana sapiaHtars1801133
reHa MTHFR M1 He BUABWUAIN ICTOTHUX BiAMIiH-
HOCTEN.

MpoTte ang iHworo BapiaHTty reHa MTHFR
rs1801131 BigMiHHOCTI 6ynuM iCTOTHO 3Hauvy-
wmmn. OyeBMAHO, WO HasBHICTb anens 1298C
3a BapiaHToMm rs1801131 reHa MTHFR acoui-
noBaHa 3 NiABULLEHHAM pU3NKY po3BUTKY MC
6inbw Ak y 1.5 pasa. Ha npotuBary ubomy,
3a HadABHOCTI anensa 1298A - puU3WK pO3BUTKY
XBOPO6M 3HAYHO 3HUXKYETLCS.

Y xBopux Ha MC Ha BigMiHy Big rpynu KOHTp-
OJ110 TaKOXX BCTAHOBWAMW BIipOrigHO BULLi 4Yac-

Original research: Clinical sciences

TOTM nowunpeHHa reHotuny 80GA Ta anens
80A 3a BapiaHTOM rs1051266 reHa RFC, To6T10
BMABWAM acouiauito ANng BapiaHTIB LbOro reHa
i3 MiABUWEHHSAM PU3WKY PO3BUTKY 3aXBOPHO-
BaHHSA. MowwupeHHsa reHotuny 80GG Ta anengd
80G 6ynu iCTOTHO 3HUXEHI Yy XBOpUX Ha MC Ha
BiAMiIHY Big rpynu KOHTPOJItO, WO 3acBig4ynno
NPOTEKTUBHUIN e(EeKT, a CaMe — 3HMXKEHHS pUu-
31Ky po3BUTKY MC ansa HociiB uboro anens Ta
reHoTuny.

3Baxkaloun Ha MOXNMBUIN MOEAHAHWI BNAUB
BapiaHTiB reHie donatHoro obMiHy B npoue-
Ci po3sutky MC, Hamu 6yno npoaHanisoBa-
HO pO3MoAis1 YacToT Crojsly4YeHb reHoTuniB 3a
[OCNiAXYyBaHUMW BapiaHTaMW reHiB y rpyni
xBOopux Ha MC Ta B 0Ci6 rpynu nopiBHAHHSA. Y
rnpoLueci uboro aHanizy BMU3HayeHi iCTOTHI Bia-
MiHHOCTI, HaBeaeHi y Tabnuui 2.

AK BUAHO i3 AaHUX, HaBedeHux y Tabnuui 2, 3
NiagBULLEHHAM pU3KKY po3BUTKY MCy obcTexe-
HUX XBOPMX BUSIB/IEHI acouilioBaHi NOEAHAHHS
reHoTunis 1298AC+80GA 3a BapiaHTaMu reHis
MTHFR (rs1801131) ta RFC (rs1051266), 3a
AKX, K BiAOMO, 3HMXYETbCA (PyHKUIOHANbHA
aKTUBHICTb reHiB Ta BiAnNoBiAHI MeTaboniyHi
rnepeTBopeHHs. [1pUyoMy, BU3HAUYEHa Ben4un-
Ha OR 3a HasABHOCTI LbOro MOEAHAHHS A0CHi-
O)KEeHWX BapiaHTIiB reHiB 6inbllia HixXX BenYm-
Ha OR, BM3HaueHa A/19 OKpeMnX reHoTuniB 3a
UMMU BapiaHTaMu reHis.

Tabamys 1

Pe3ynbTtatn aHanisy pos3noginy 4acrot reHoTunis 3a BapiaHtamm rediB MTHFR 1a RFC
y xBopux Ha MC nopiBHAHO 3 KOHTPOJIbHOIO rpynoIo

Fen. BapiaHT FeHoTwn, YacrtoTta reHoTtunis, anenis, n (%) ) OR (CI)
» Bap anenb xBopi Ha MC (n=113) | rpyna nopiBHAHHA (N=70) X P
677CC 62 (54.9) 37 (52.9) 0.07 | 0.7909 | 1.08 (0.60-1.97)
MTHER 677CT 46 (40.7) 28 (40.0) 0.01 | 0.9244 | 1.09 (1.56-1.89)
sioias | 155 53:5) D TSt B K Y X W )
' ' 2 614 ' A
677T 56 (25.0) 38 (27.0) 0.25 | 0.6149 =5 gg (0.55-1.43)
1298AA 46 (40.7) 38 (54.3) 3.21 | 0.0732 | 0.58 (0.32-1.06)
1298AC 55 (48.7) 29 (41.4) 0.91 | 0.3392 | 1.34 (073-2.45)
rsTg(l;lFfBl 1298CC 12 (10.6) 3(4.3) 1.54 | 0.2147 | 2.65 (0.72-9.76)
1298A 147 (65.0) 105 (75.0) 40 | 0.0456 | 0-62(0.39-0.99)
1298C 79 (35.0) 35 (25.0) : ' 1.61 (1.01-2.58)
80GG 32 (28.3) 34 (48.6) 7.96 | 0.0056 | 0.42 (0.22-0.78)
RFC 80GA 56 (49.6) 23 (32.9) 4.91 | 0.0266 | 2.01(1.08-3.73)
biass o foses [ 1 esssen
' : .02 | 0.0251 ' =
80A 106 (47.0) 49 (35.0) 5.02 | 0.025 1.64 (1.06-2.53)
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was conducted in 113 patients with MS and 70
individuals in the control group (Table 1).

As seen in Table 1, no significant differences
were found for the rs1801133 variant of the
MTHFR gene.

In contrast, significant differences were
identified for another variant of the MTHFR
gene, rs1801131. It was determined that the
presence of the 1298C allele in the rs1801131
variant of the MTHFR gene is associated with
an over 1.5-fold increased risk of developing
MS, whereas the presence of the 1298A allele
significantly reduces the risk of the disease.

Among MS patients, compared to the control
group, significantly higher frequencies of

Original research: Clinical sciences

the 80GA genotype and 80A allele were also
observed for the rs1051266 variant of the
RFC gene, indicating an association between
these gene variants and an increased risk
of developing the disease. Conversely, the
distribution of the 80G allele was significantly
lower among MS patients compared to the
control group, suggesting a protective effect,
specifically a reduced risk of developing MS
for carriers of this allele.

Given the potential combined impact of folate
metabolism gene variants in the development
of MS, we analyzed the distribution of genotype
combination frequencies for the studied gene
variants in the group of MS patients and the
comparison group. This analysis revealed signifi-
cant differences, which are presented in Table 2.

Table 1

Distribution of Genotype Frequencies for MTHFR and RFC Gene Variants
in the Study and Control Groups

. Genotype, | Genotype Frequencies, Allele Frequencies, n (%)

Gene, Variant A||e}/ep Patients with MS (n=113) | Control group (n=70) X’ P OR (€D
677CC 62 (54.9%) 37 (52.9%) 0.07 | 0.7909 | 1.08 (0.60-1.97)
677CT 46 (40.7%) 28 (40.0%) 0.01 | 0.9244 | 1.09 (1.56-1.89)

rs’f&)’ffw 677TT 5 (4.4%) 5 (7.1%) 0.20 | 0.6515 | 0.60 (0.17-2.56)
677C 170 (75.0%) 102 (73.0%) 025 | 06140 |_1:13 (0.70-1.83)

677T 56 (25.0%) 38 (27.0%) 0.88 (0.55-1.43)

1298AA 46 (40.7%) 38 (54.3%) 3.21 | 0.0732 | 0.58 (0.32-1.06)

1298AC 55 (48.7%) 29 (41.4%) 0.91 | 0.3392 | 1.34 (073-2.45)

iR, [ 1298CC 12 (10.6%) 3 (4.3%) 1.54 | 0.2147 | 2.65 (0.72-9.76)
1298A 147 (65.0%) 105 (75.0%) 20 | 0.045g |_0:62(0.39-0.99)

1298C 79 (35.0%) 35 (25.0%) 1.61 (1.01-2.58)

80GG 32 (28.3%) 34 (48.6%) 7.96 | 0.0056 | 0.42 (0.22-0.78)

80GA 56 (49.6%) 23 (32.9%) 4.91 | 0.0266 | 2.01 (1.08-3.73)

e e 80AA 25 (22.1%) 13 (18.6%) 0.33 | 0.5648 | 1.25 (0.59-5.63)
80G 120 (53.0%) 91 (65.0%) < 02 | 0.0951 | 0:61(0.39-0.94)

80A 106 (47.0%) 49 (35.0%) 1.64 (1.06-2.53)

Table 2

Analysis of Genotype Combinations for MTHFR and RFC Genes in Comparative Groups

Genot Patients with MS Control group
Gene Variants c enotype (n=113) (n=70) X2 p OR | 95% CI
ombinations
n % n %
MTHFR rs1801133 + 677CC+
RFC rs1051266 80GG 19 16.8 21 30 4.40 | 0.0359 | 0.47 | 0.23-0.96
MTHFR rs1801131+ 1298AA+
RFC rs1051266 80GG 14 12.4 17 24.28 4.35 | 0.0371 | 0.44 | 0.20-0.96
MTHFR rs1801131+ 1298AC+
RFC rs1051266 80GG 12 10.6 16 22.85 5.00 | 0.0254 | 0.40 | 0.18-0.91
MTHFR rs1801131+ 1298AC+
RFC rs1051266 80GA 32 28.3 7 10 8.65 | 0.0033 | 3.56 | 1.47-8.59
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Tabamys 2

AHani3 NOWKMpPEHHA YacTOT NOEAHAHHA reHoTuniB 3a reHamm MTHFR 1ta RFC
y xBopux Ha MC nopiBHAHO 3 KOHTPOJIbHOIO rpynoIo

BapiaHTy reHis C::ﬁg::r“:ﬂ XBO:i Ha MC (n°/=0113) l‘pyn: nopiBHﬂHHﬂo/o(n=70) ¥2 D OR 95% CI
MTAFR IsI801 33+ 677 19 16.8 21 30 4.40 |0.0359 | 0.47 | 0.23-0.96
MIPFR 1B0USI+ | 120880+ | 14 12.4 17 24.28 | 4.35(0.0371(0.44 | 0.20-0.96
MIAFR 1B0Ua1+ | Tasict | 12 10.6 16 22.85 | 5.00 |0.0254(0.40 | 0.18-0.91
MR ool | Toaomet | 32 28.3 7 10 8.65 |0.0033 | 3.56 | 1.47-8.59
IHWi BWABMEHI ICTOTHI MOEAHAHHA BapiaH- nigrpynamm He BMsiBUNU. Takox He 6yno BCTa-

TiB reHiB Manu NpoTeKkUiiHUA edeKT — 3HKu-
XKyBann pusnk po3sutky MC. Le 6ynu no-
€AHaHHA BapiaHTiB reHie ¢donaTtHOro o6MiHy
3i 3BMYAMHOK (QYHKLIOHaNbHOIO aKTUBHICTIO
677CC+80GG, 1298AA+80GG, Ta noMipHO
3HMxXeHot 1298AC+80GG (3aBasikm BapiaHTy
reHa MTHFR). OTxe, npu aHanisi BNAMBy no-
€AHaHb BapiaHTiB AOCNIAXYBAHUX reHiB Ha pu-
31K po3BUTKY MC M1 BCTaHOBW/N, LWLO BCi Npo-
TeKUinHi koMbiHauii Mmictnnu reHotmn 80GG 3a
reHom RFC.

Ha HacTynHoMy eTani (Tabn. 3) 6ys npoaHani-
30BaHMM BNAMB BapiaHTiB reHiB MTHFR Tta RFC
Ha Taki KNiHiYHi napameTpu xBopux Ha MC, sk
T™1n nepebiry MC, kinbkictb 6anie 3a WwkKanow
EDSS T1a Bik Aebl0Ty 3aXBOPHOBaHHS.

Mpy npoBeAeHHi MOPIBHAMIBHONO aHanisy no-
LWUMPEHOCTI YacToT reHoTuniB Yy niarpynax
xBopuXx Ha MC 3 pi3HMMKM Tunamm nepebi-
ry 3axBOpIOBaHHA peMiTytoye-peumnans-
HuM (PP), BTOpuMHHO-nporpecuBHum (BI) Ta
nepsuHHO-nporpecusHum (MM) - BiporigHMx
BiAMIHHOCTEN Yy TMOLWUMPEHHI FEeHOTUMNIB MiX

HOBJ/IEHO 3HAuYyLUMX acouialii MixX BapiaHTaMu
AO0CNioKyBaHMX reHiB i BikoM aebroTy 3axBo-
pOBaHHSA, X04a MpPOCTeXyBanuca TeHAeHUil, a
camMe - Hanmosnoawun Bik neblTy 3axBopio-
BaHHS (24.6+7.2) 6yB BMSIBNEHUI ANS XBOPUX
i3 reHoTMnoMm 677TT 3a reHoM MTHFR.

HanmeHwa Kinbkictb 6anis EDSS 6yna ineH-
TugikoBaHa y nauieHTiB 3 reHotunom 80GA,
NOpPiBHSAHO 3 NauieHTamMun 3 reHoTunom 80AA 3a
BapiaHToM rs1051266 reHa RFC (p=0.001).

Moganblimin aHanis 3acBigyumB, WO Yy NAUIEHTIB
i3 reHoTunoMm 80GA npocTexyBasnacad MeHLa
TpuBanicTtb nepebiry xBopobu NopiBHAHO 3 Na-
uieHtamm 3 reHotunamm 80AA Ta 80GG, ane us
pi3HMUSA He 6yna icTtoTHO BiporigHoto (p=0.43,
puc. 1).

Omxe, y rpyni obCcTexeHux nauieHTiB He 6yno
BUSABMIEHO acouialii MiX BIKOM Ha MOMEHT ae-
60Ty 3aXBOPIOBaHHS, TPUBANICTIO Moro nepebiry
Ta JOCNIAXKEHUMWN reHoTUNaMun. Byno Bu3HadeHo
TinbkM acouiauito reHoTuny 80GA 3a reHom RFC
3i 3HMXKEHHSAM cepefHboro nokasHmka EDSS

Tabanysa 3

AHanis BnauBy gocnig)XyBaHUX BapiaHTIB reHiB Ha KNiHIYHI napamMeTpu xBopux Ha MC

KniHiYHi MTHFR MTHFR RFC
napameTpu rs1801133 rs1801131 rs1051266
677CC 677CT 677TT 1298AA | 1298AC | 1298CC 80GG 80GA 80AA
Tvn PP |49 (54.4) |39 (43.3)| 2(2.2) |35(38.9)|46 (51.1)| 9 (10.0) |32 (28.3)|56 (49.6) | 25 (22.1)
nepe6iry | BM |11 (61.1)| 5(27.8) | 2 (11.1) | 8 (44.4) | 8 (44.4) | 2 (11.1) | 5(27.8) | 6 (33.3) | 7 (38.9)
MC, n (%) | nn | 2 (40.0) | 2 (40.0) | 1 (20.0) | 3 (60.0) | 1(20.0) | 1(20.0) | 2 (40.0) | 2 (40.0) | 1 (20.0)
CepepfHin nokasHuk 3,0 3.3 3.5 3.5 3.0 4.8 4.0 2.0 4.0
EDSS, 6anu [2.0; 5.1] | [1.5; 4.5] | [2.8; 4.0] | [2.0; 4.1] | [1.5; 4.0] | [2.3; 6.0] | [2.1; 5.9] | [1.5; 3.5] | [2.5; 6.0]
CepegHiit Bik 31.6x 31.1+ 24.6+ 30.3+ 31.2+ 34.0+ 31.3+ 30.6+ 32.2+
nebioty MC, poku 9.6 12.4 7.2 10.8 10.9 10.0 10.0 11.8 9.0
PP - pewmiTytoue-peunansHuii; B - BTopuHHO-NporpecneHuii; MM — nepBUMHHO-NPOrpeCcUBHUN
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Table 2 shows that genotype combinations
1298AC+80GA forthe MTHFR (rs1801131) and
RFC (rs1051266) gene variants are associated
with an increased risk of MS developing in
the examined patients. These combinations
are known to reduce the functional activity
of genes and their corresponding metabolic
processes. Moreover, the determined OR for
this combination of gene variants was higher
than the OR calculated for individual genotypes
of these variants.

Other significant genotype combinations
had a protective effect, reducing the risk of
developing MS. These included combinations
offolatemetabolismgenevariantswithnormal
functional activity, such as 677CC+80GGgG,
1298AA+80GG, and moderately reduced
activity, such as 1298AC+80GG (due to the
MTHFR gene variant). Thus, in the analysis of
the impact of genotype combinations of the
studied genes on the risk of developing MS,
it was found that all protective combinations
included the 80GG genotype of the RFC
gene.

At the next stage (Table 3), we analyzed the
impact of MTHFR and RFC gene variants on
the parameters of MS patients, such as the
type of MS progression, EDSS score, and age
at disease onset.

In a comparative analysis of genotype
frequency distribution among MS patient
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subgroups with different disease types—
relapsing-remitting, secondary-progressive,
and primary-progressive—no significant
differences in genotype distribution were
identified between the subgroups. Additionally,
no significant associations were found
between the studied gene variants and the
age of disease onset. However, certain trends
were observed. Notably, the youngest age of
disease onset (24.6+7.2 years) was found
in patients with the 677TT genotype of the
MTHFR gene.

The lowest EDSS score was identified in
patients with the 80GA genotype compared to
those with the 80AA genotype of the RFC gene
rs1051266 (p=0.001).

Further analysis revealed that patients with
the 80GA genotype had a shorter disease
duration compared to those with the 80AA
and 80GG genotypes; however, this difference
was not statistically significant (p=0.43)
(Figure 1).

Thus, no associations were found between the
age of disease onset, disease duration, and
the studied genotypes in the examined patient
group. However, an association was identified
between the 80GA genotype of the RFC gene
and a lower average EDSS score (2.0 [1.5;
3.5]), indicating less severe neurological
damage and moderate disability in patients
with this genotype.

Table 3

Analysis of the Influence of Investigated Gene Variants on Clinical Parameters
in Patients with Multiple Sclerosis

. MTHFR MTHFR RFC
C“”'Cae'_);’g(r:acmemrs rs1801133 rs1801131 rs1051266
677CT 677TT | 1298AA | 1298AC | 1298CC | 80GG 80GA 80AA
RR 49 39 2 (2.2%) 35 46 9 32 56 25
(54.4%) | (43.3%) ' (38.9%) | (51.1%) | (10.0%) | (28.3%) | (49.6%) | (22,1%)
Type of 11 5 2 8 8 2 5
MS Course| SF | (61.1%) | (27.8%) | (11.1%) | (44.4%) | (44.4%) | (11.1%) | (27.8%) | & (33:3%) | 7 (38.9%)
2 2 1 3 1 1 2 o o
PP 1 (40.0%) | (40.0%) | (20.0%) | (60.0%) | (20.0%) | (20.0%) | (40.0%) | 2 (40:0%) | 1 (20,0%])
Mean EDSS Score, 3.0. 3.3. 3.5. 3.5. 3.0. 4.8. 4.0. 2.0 4.0
Points [2.0; [1.5; [2.8; [2.0; [1.5; [2.3; [2.1; [1.5:3.5] | [2.5; 6.0]
5.1] 4.5] 4.0] 4.1] 4.0] 6.0] 5.9] D3 2 B
Mean Age of MS 31.6+ 31.1+ 24.6+ 30.3+ 31.2+ 34.0+ 31.3% 30.6+ 32.24 9.0
Onset, Years 9.6 12.4 7.2 10.8 10.9 10.0 10.0 11.8 : ’
RR—Relapsing-remitting multiple sclerosis; SP—Secondary progressive multiple sclerosis; PP—Primary progressive
multiple sclerosis
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(2.0 [1.5; 3.5]), wo cBia4YMTb NPO MEHLU O3Ha-

YeHi HeBpPOJIOriYyHi CUMNTOMM Ta NOMIPHY iHBasli-
AM3auito Y NaUEHTIB i3 UMM reHOTUMOM.
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PucyHok 1. Tpuanictb nepebiry 3axBoptoBaHHS y
xBopux Ha MC i3 pi3HMMW reHoTUNamm 3a BapiaHTOM
rs1051266 reHa RFC

3Ba)katoym Ha BU3HAYEHY HaMu acoliaLito reHo-
Tmny 80GA 3a reHom RFC y xBopux Ha MC i3
HanMeHLLOoK KinbkicTio 6anis 3a wkanow EDSS
(Wwo cBigunTbL Npo Nerwmin nepebir xsopobu npu
LbOMY FeHOTUNI), MM MpoaHanisyBann cepeaHin
nokasHuk EDSS npu pi3HMX BapiaHTax reHis
MTHFR Ta RFC 3 ypaxyBaHHsIM TpuBasocCTi ne-
pebiry xBopobu, po3noAinuBLLIM XBOPUX Ha Tpu
niarpynu: 3 TpuBanicTio nepebiry no 5 pokis,
5-10 pokiB i noHaa 10 pokis (Tabn. 4, puc. 2).

3rigHO 3 gaHMMKW, HaBedeHuMmu y Tabnuui 4,
nokasHuk EDSS 6yB HaiMeHLNI y XBOPUX Ha

Original research: Clinical sciences

MC i3 reHoTnnom 80GA Ha BigMiHY Big reHOTU-
nie 80GG ta 80AA y 3aranbHili rpyni XBopux,
Ta y BCiX TpbOX Migrpynax 3anexHo Bi4 Tpuea-
nocti nepebiry.

®po5 W510 WGinbwe 10

GG A GA

PucyHok 2. Po3noain nokasHuKiB WKanu iHBaniansauii
EDSS y xBopux Ha MC 3anexHo Bif TpMBanocTi XxBopobu
Ta BapiaHTiB 3a reHoM RFC. IcTOTHI BiporigHi BiAMIHHOCTI
y piBHi noka3Huka EDSS 6ynu BCTaHOBNEHI ANsi XBOPUX
Ha MC i3 reHotunom 80GA nopiBHsiHO 3 reHoTunoM 80GG

npu TpmBanocTi nepebiry xsopobu 5-10 pokis (p<0.05) Ta
ANa XBopuX i3 reHoTunom 80GA NOpiBHAHO 3 FEHOTUMNOM
80AA npu TpmBanocTi nepebiry xsopobu noHazg 10 pokis
(p<0.05). Omxe, 3a HasiBHOCTI reHoTUny 80GA y XBopux
Ha MC npocTexyeTbcsl NoMipHa iHBanian3auis, wo 36epi-
raeTbCs BNPOAOBX TpuBanoro nepebiry xsopobu.

Sk BMAHO 3 Tabnuui 4 Ta pUCyHKy 2, nokas-
HUK EDSS 6yB HaliHMX4YM Y NauieHTIB i3 re-
HoTunoM 80GA y BCiX TpbOX BIKOBUX MiArpy-
nax, ane iCTOTHi BiporigHi BigMiHHOCTI 6ynu
BCTaHOBJIEHI Ana xBopux Ha MC i3 TpuBanicTio
3axBoptoBaHHA 5-10 pokis i noHag 10 pokis.
Omxe, 3a HagBHocTi reHoTuny 80GA npocTe-
XYETbCA MEHL arpecuMBHU nepebir xBopobu
BMpPOAOBX TPMBAsioro vacy.

Tabanys 4

MokasHuk EDSS 3ane)xHo Big TpuBanocTti nepebiry MC Ta reHOTUNIB AOCNiA>KEHUX FeHiB

CepepHint nokasHuk | CepenHi nokasHuk | CepepgHilh nokasHuk | CepeaHin nokasHWMK
['eH, BapiaHT FeHoTUNN EDSS y 3aranbHin EDSS y rpyni ao 5 EDSS y rpyni 5-10 | EDSS y rpyni noHaa
rpyni pokiB, (n=46) pokiB, (n=18) 10 pokiB, (n=49)

MTHFR 677CC 3.0 [2.0; 5.1] 2.0 [1.5; 3.0] 3.3 [2.3; 5.6] 4.0 [3.1; 6.0]
rs1801133 677CT 3.3 [1.5; 4.5] 2.0 [1.5; 3.6] 2.0 [1.5; 4.5] 4.5 [3.5; 6.0]
677TT 3.5[2.8; 4.0] - 2.0 3.8 [3.5; 4.0]
1298AA 3.5[2.0; 4.1] 2.0 [1.5; 3.9] 2.0 [2.0; 3.0] 4.0 [3.5; 6.0]
rsl1W8ToH1F1R31 1298AC 3.0 [1.5; 4.0] 2.0 [1.5; 3.0] 2.5 [1.5; 4.5] 3.5[2.8; 5.3]
1298CC 4.8 [2.3; 6.0] 3.0 [2.0; -] 4.5 [2.0; 5.9] 6.0 [3.0; 6.8]
80GG 4.0 [2.1; 5.9] 3.0 [1.5; 4.0] 5.0 [3.3; 6.0] 5.0 [3.3; 6.0]
rs1§5F1Czss 80GA 2.0 [1.5; 3.5] 2.0 [1.5; 2.8] 1.8 [1.5; 2.8] 3.5 [2.5; 5.5]
80AA 4.0 [2.5; 6.0] 2.5[2.5; 3.6] 2.3 [2.0; 2.3] 5.0 [4.0; 6.3]
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Figure 1. Duration of Disease Progression in MS Patients
Depending on Genotypes of the RFC Gene rs1051266
Variant

Given the identified association of the 80GA
genotype of the RFC gene with the lowest EDSS
score in patients with MS (indicating a milder dis-
ease course for this genotype), we analyzed the
mean EDSS score across different MTHFR and
RFC gene variants, considering the disease dura-
tion. Patients were divided into three subgroups
based on disease duration: up to 5 years, 5-10
years, and more than 10 years (Table 4, Figure
2), without disability according to the scale.

As shown in Table 4, the EDSS score was the
lowest in MS patients with the 80GA genotype
compared to the 80GG and 80AA genotypes
in the overall group of patients and within all
three subgroups based on disease duration.

Original research: Clinical sciences

However, statistically significant differences in
EDSS scores were observed for patients with
the 80GA genotype compared to the 80GG
genotype in the 5-10-year disease duration
group (p<0.05) and for patients with the 80GA
genotype compared to the 80AA genotype in
the more than 10-year disease duration group
(p<0.05). Thus, the presence of the 80GA
genotype in MS patients is associated with
moderate disability, which remains consistent
over the long course of the disease.

Table 4 and Figure 2 show that the EDSS
score was the lowest in patients with the 80GA
genotype across all three disease duration
subgroups. However, statistically significant
differences were observed in patients with MS
lasting 5-10 years and more than 10 years.
This suggests that the presence of the 80GA
genotype is associated with a less aggressive
disease course over time.

u till 5w 5-10 = 10 and more

EDSS

9 AA cA

Figure 2 Distribution of EDSS Disability Scale Scores in
Patients with MS

Table 4

EDSS Score Depending on MS Duration and Genotypes of the Studied Genes

Average .Average EDSS Score .Average EDSS Score 'Average EDSS Score
. EDSS Score | N the Subgroup of MS |in the Subgroup of MS| in the Subgroup of MS
Gene Variants | Genotype | . - Patients with Disease | Patients with Disease Patients with Disease
in MS Patients | nration up to 5 Years Duration of 5-10 Duration Over 10 Years
(n=113) P g _
(n=46) Years (n=18) (n=49)
MTHFR C677T 677CC 3.0 [2.0; 5.1] 2.0 [1.5; 3.0] 3.3 [2.3; 5.6] 4.0 [3.1; 6.0]
677CT 3.3 [1.5; 4.5] 2.0 [1.5; 3.6] 2.0 [1.5; 4.5] 4.5 [3.5; 6.0]
677TT 3.5[2.8; 4.0] - 2.0 3.8 [3.5; 4.0]
MTHFR A1298C| 677AA 3.5[2.0; 4.1] 2.0 [1.5; 3.9] 2.0 [2.0; 3.0] 4.0 [3.5; 6.0]
677AC 3.0 [1.5; 4.0] 2.0 [1.5; 3.0] 2.5[1.5; 4.5] 3.5[2.8; 5.3]
677CC | 4.8 [2.3; 6.0] 3.0 [2.0; -] 4.5[2.0; 5.9] 6.0 [3.0; 6.8]
RFC 80GG 4.0 [2.1; 5.9] 3.0 [1.5; 4.0] 5.0 [3.3; 6.0] 5.0 [3.3; 6.0]
rs1051266 80GA | 2.0 [1.5; 3.5] 2.0 [1.5; 2.8] 1.8 [1.5; 2.8] 3.5[2.5; 5.5]
80AA 4.0 [2.5; 6.0] 2.5[2.5; 3.6] 2.3[2.0; 2.3] 5.0 [4.0; 6.3]
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BigTak Ha koropTi 3i 113 nauieHTiB MY BU3Ha4UM-
NN FTEHETUYHWUI PU3NK PO3BUTKY MPOrpecrMBHO-
ro MC, nos’a3aHoro 3 BapiaHTamu reHis MTHFR
(rs1801131, rs1801133) ta RFC (rs1051266),
IX MO€EAHAHHA, Ta MPOAEMOHCTPYBann BMJIUB
BapiaHTy reHa RFC (rs1051266) Ha nporpecy-
BaHHS XBOPOOM i TSXKKICTb il nepebiry.

O6roBopeHHA

Y HawoMmy JAocnigXeHHi He 6ynu BM3Ha4eHi
3HaJyLwi acouiauii 3a BapiaHToM rs1801133
reHa MTHFR i3 pu3snkom po3sutky MC, ane Bu-
sAB/leHa 3Hauvylwa acouiauia anena 1298C 3a
BapiaHToM rs1801131 reHa MTHFR 3i 36inb-
LWEHHAM pu3MKy po3BUTKY MC Ta npoTtekuin-
HMIM BNAKB anens 1298A ubOro reHa Ha pos-
BUTOK XBOpO6MU.

TakoXX MM He BCTaHOBW/IW ICTOTHOrO BMIU-
BY Crojly4eHb TreHOTUMNIB 3a BapiaHTamu
rs1801133 1a rs1801131 reHa MTHFR Ha pu-
3nk po3BuTky MC. lMoaibHi pesynbTatn 6ynu
otpuMmaHi N. Fekih Mrissa Ta cniBaBTOpamu
ans nauienTiB i3 MC [8]. Y mnocnigxeHHi Alatab
Ta iH. TakoX He 6yno BU3HAYeHO BipOriAHOro
BNnBY BapiaHTa rs1801133 Ha pu3KK pO3BUT-
Ky MC [9]. 'pyna BYeHux Ha 4voni 3 Chorgzy
M. He BMsIBUMI@ 3HAYYLLMX acouiauii Mix ummm
BapiaHTamu reHa MTHFR Tta MC y nonbcCbKil
nonynsauii xsopux [10].

Ha BiamiHy Bia uboro, F. Naghibalhossaini Tta
iH. BUsiBUAK, Wo ocobu 3 anenem 677T 3a Ba-
piaHToM rs1801133 Manu NigBULLEHY FEHEeTUY-
HY CXWNbHICTb A0 po3BuTKy MC [11]. Takox
ui aBTOpM MNoOKasanu iCTOTHUN BMAWB MOEA-
HaHHSA reHoTuniB 3a BapiaHTamu rs1801133 Ta
rs1801131 reHa MTHFR Ha pu3uMK pO3BUTKY
MC. Pe3ynbtatn gocnigxeHHsa S. Cakina Ta iH.
cBigyaTb Npo Te, WO BapiaHTM reHa MTHFR -
rs1801133 Ta rs1801131 MOXYTb 6yTu
noB’s3aHi 3 pu3nkom po3suTky MC [12].

Taka pi3HMUa y pe3synbTatax AOCNIAXEHb, Ha
HaWy AYMKY, € HacnigAKOM NonynauinHux Bia-
MIHHOCTEN i reH-akTOpHUX B3aEMOin. Bax-
NMBUM YMHHUKOM pO36iXHOCTEN Yy pe3ynbTa-
Tax Moxe 6yTu pi3HWIA AM3alH [OCNIOXKEHDb.
BuasneHa HaMu pi3HMUA Y pe3ynbTaTtax onu-
CaHuX BMLLEe AOCNiAXeHb BKa3lye Ha Heobxia-
HICTb MacwTabHOro NPOAOBXEHHS LMX pobiT 3
ypaxyBaHHSM TakKoX i KOM6iIHOBAHOrO BN/IMBY,
60 BapiaHTK reHiB ponaTtHoro o6MiHy, sk Big0O-
MO, € MOTYXHUM MoAUiKaUiHUM (aKTOpoM
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AN HU3KN MYNbTUMAKTOPHMX MNaTONOMYHUX
3aXBOPOBaHb i CTaHIB.

e RFC, wo koaye membpaHHUii ocdaTHUi
@HTUMOpPTEp, @ TOW CBOEK YEpPror TpaHCrop-
Tye onatm y MO30K, € ManNo AOCNIAXEHUR Y
xBopux Ha MC. Y HawoMy AocCnigXeHHi BUAB-
neHa acouiauia anensa 80A 3a reHom RFC i3
niaBULWEHUM pU3MKOM po3BUTKY MC. Ha npo-
TUBary HawoMy pe3ynbTaTy, Y CXOXOMY A0-
cnigxeHHi, nposegeHomy B. Ineichen Ta cni-
BaBTOopamu, He 6yna BCTaHOBMIEHA pi3HULSA Y
yacToTax MOWMUPEHHSA reHOTUMIB MiDXK XBOPUMU
Ha peunamBHo-peMmiTytounini MC i 300poBUMU
ocobamMn KOHTponbHOI rpynu [20]. Y uboMy
pocnigxxeHHi 6yno nokasaHo, wo 80G anenb
3a reHoMm RFC acouiioBaHui 3 6inibll paHHIM
BikoM noyaTky MC. Toai gk y KoropTi nauieH-
TiB, 0OCTEXEHUX HaMW, BUSABJIEHO, WO HOCIi
reHoTuny 80GG matoTb b6inbwnii cepeaHin no-
ka3sHuk EDSS npwu TpmBanocTti nepebiry xsopo-
6u 5-10 pokiB. BogHo4ac cepefHili NOKasHUK
EDSS 6yB iCTOTHO MEHLUNI Y XBOPUX i3 reHo-
Tnnom 80GA npwu TpuBanocTti nepebiry xsopo-
6u noHaa 5 pokis.

Ockinbkn reHotun 80GA 3a reHoMm RFC, ak i
iHWi y HawoMy p[AocnigXeHHi, He 6yB acoui-
MnoBaHui i3 BikOM OeblOTy 3axBOPIOBAHHSA Ta
TpuBanicTio noro nepebiry, To MOXHa BUCNO-
BUTM rinoTtesy npo MoAMiKaUiHMA BNINB
uboro reHotuny Ha nepebir MC. BusBneHui
HaMu MOAM@IKAUIMHMIA BNINB MOXe 6yTn 3y-
MOBJIEHV MepeBaro reTepo3uroTHOro Bapi-
aHTy 80GA, OCKiflbKM NpU HBOMY, TEOPETUYHO,
He YyTBOPKETHCHA Hi HAANUWKY, Hi AediunTty y
TpaHCcnopTi ¢onaTiB y MO30K, WO WNMOBIpPHO
0CO61MBO BaXJ/IMBO ANS NALUIEHTIB i3 TpMBanum
nepebirom MC.

SLC19A1 € TpaHCMeMbpaHHUM TPAHCMOPTHUM
6inkoM ana nornnHaHHa donaTie i iX TpaH-
CnopTy 4epe3 remaTtoeHuedaniyHmin bap’ep,
a OCKiNlbkn donatm € KodakTopaMm CUHTE3Y
MeTIOHiHY, TO iX AeudiunT MoXe NpU3BeCcTn A0
HWXXYOl 34aTHOCTI A0 peMeTuslyBaHHA Ta Mno-
ripweHHsa CUHTEe3y MeTUSIbHUX rpyn, WO He-
06xigHi onsa 3abe3neyeHHs 4YMCeNbHUX pery-
NATOPHUX MEXaHi3MiB, a TakKOX i BiAHOBMEHHS
HepBoBMX KNiTMH [20]. Moaynsauis nornMHaH-
Hs donaTiB y rematoeHuedaniyHomy 6ap’epi
yepe3 SLC19A1 MoXe MaTu MpakTUdHe Kii-
HiYHe 3HayeHHs 3aBAAKW MOXJIMBOCTI Harpa-
LIOBAHHSA HOBUX TEOPETUYHUX NiAXO0AIB A0 BiA-
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Thus, inacohortof 113 patients, we determined
the genetic risk of progressive MS associated
with variants of the MTHFR (rs1801131,
rs1801133) and RFC (rs1051266) genes, their
combinations, and demonstrated the impact of
the RFC gene variant (rs1051266) on disease
progression and severity.

Discussion

In our study, no significant associations were
identified between the rs1801133 variant of
the MTHFR gene and the risk of developing MS.
However, a significant association was found
between the 1298C allele of the rs1801131
variant of the MTHFR gene and an increased
risk of developing MS, as well as a protective
effect of the 1298A allele against the disease.

Additionally, there was no significant impact
of genotype combinations for the rs1801133
and rs1801131 variants of the MTHFR gene on
the risk of developing MS. Similar results were
reported by N. Fekih Mrissa and co-authors in
studies involving MS patients [8]. Similarly, the
study by Alatab et al. did not reveal a significant
effect of the rs1801133 variant on MS risk [9].
A study by Chorazy et al. found no significant
associations between the MTHFR gene variants
and MS in the Polish population [10].

In contrast, Naghibalhossaini et al. indicated
that individuals carrying the 677T allele of the
rs1801133 variant had an increased genetic
predisposition to developing MS [11]. They
also reported a significant effect of genotype
combinations involving the rs1801133 and
rs1801131 variants of the MTHFR gene on
MS risk. Similarly, Cakina et al. suggested
a potential association between the MTHFR
gene variants rs1801133 and rs1801131 and
the risk of developing MS [12].

In our opinion, such differences in research
findings stem from population-specific
variations and gene-environment interactions.
Another significant factor contributing to these
discrepancies could be differencesin study design.
The identified difference in the results of the
studies mentioned above highlights the need for
large-scale, continued research, also considering
the combined effect, as folate metabolism gene
variants are known to be a powerful modifying
factor for a range of multifactorial pathological
diseases and conditions.

185

Original research: Clinical sciences

The RFC gene, which encodes the membrane
phosphate antiporter responsible for
transporting folates into the brain, has been
poorly studied in patients with MS. Our study
identified an association between the 80A
allele of the RFC gene and an increased risk of
developing MS. In contrast to our findings, a
similar study conducted by Ineichen et al. found
no difference in the distribution frequencies of
genotypes between patients with relapsing-
remitting MS and healthy controls [20]. In
their study, the 80G allele of the RFC gene was
associated with an earlier age of MS onset.
The cohort of patients examined in our study
showed that carriers of the 80GG genotype
had a higher average EDSS score in cases with
a disease duration of 5-10 years. Conversely,
the average EDSS score was significantly the
lowest in patients with the 80GA genotype for
a disease duration exceeding 5 years.

Since the 80GA genotype of the RFC gene,
like the other variants in our study, was not
associated with the age of disease onset or
its duration, we can hypothesize a modifying
effect of this genotype on the course of MS.
The observed modifying influence may be due
to the heterozygous advantage of the 80GA
variant, as it theoretically prevents both an
excess and a deficiency in folate transport to
the brain. This balance may be particularly
crucial for patients with a long disease duration.

SLC19A1 is a transmembrane transport
protein critical for the uptake and transport
of folates across the blood-brain barrier. Since
folates are essential cofactors in methionine
synthesis, their deficiency can compromise
remethylation processes and diminish the
synthesis of methyl groups, which are vital for
numerous regulatory mechanisms, including
repairing and maintaining neural cells [20].
Modulating folate absorption through SLC19A1
at the blood-brain barrier may have practical
clinical significance, offering the potential to
develop new theoretical approaches for neural
cell regeneration. It is well-documented that
folinic acid, transported through SLC19A1,
exhibits significant clinical efficacy in the
brain [24]. Folinic acid could be particularly
beneficial for MS patients who also present
with autoantibodies against folate receptor
alpha (FRa) (FRAA), which impair FRa function
[25]. Therefore, optimizing conditions to
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HOBJIEHHS HEPBOBUX KJIiTUH. BO i3 HN3KK pobIT
BiAOMO, WO Halkpauwe yepe3 SLC19A1 oo Mo3-
Ky TPQHCNOPTYETbCSA Ta AEMOHCTPYE KIiHIYHWI
edekt doniHoBa kucnota [24]. lMpu ubOMy
doniHoBa kucnota Moxe 6yTu BMKOpUCTaHa
AN naudieHTiB i3 MC, y KMX TakoX BUSABNSA-
I0Tb ayToaHTuTiNa Ao peuentopis FRa (FRAA),
KOTpi MepelkoaxatTb dyHKLiOHYBaHHO FRa
[25], i ToMy HeobXiAHO CTBOPUTM YMOBW AN
NOCU/EHHSA TpaHcnopTyBaHHA Yepe3 SLC19A1.

Mpy npoBeAeHHi CTaTUCTUYHOrO aHanisy Ang
CnosiydeHb reHoTunis 3a reHamm MTHFR, RFC
MW BM3Ha4YUIM moamdikauiMHUA BNMB iX Mo-
€QHAHHA Ha 3MiHY reHeTU4YHOro pu3nKy, a
caMe MOoro 3HWXEHHS Npu MNOEAHAHHI 3 rOMO-
3UrotHuUM BapiaHToM 80GG Ta 3poCTaHHSA npwu
no€egHaHHi 3 reHotunom 80GA. [yxe Bax-
JIMNBUMU € OTpUMaHi HaMum pe3ynbTaTh LWoAo0
BMN/NBY MOEAHaHb reHOTUMIB 3a BapiaHTamu
reHiB MTHFR, RFC y KOHTEKCTi BUBYEHHSA Me-
XaHi3MiB onTuManbHoro 3abesneyeHHs dona-
TaMmu MO3KYy y xBopux Ha MC.

Onsa xBopux Ha MC 6yno BuBYEHE KIliHiYHE
3HAYEeHHS nokKasHuKiB donaTtHoro obMiHy Ta
BCTAHOBJIEHI CynepeuyuBi pesysbTaTv LWOoA0
BMN/INMBY MO0 MOKA3HMKIB — rOMOLMCTEIHY, Bi-
TaMiHy B12, ¢onieBoi KNCNOTWU — HA PU3NK PO3-
BUTKY XBOpobu Ta ii nepebir. Tak, okpeme ao-
CNif>XXeHHs nokasano, Wwo nauieHtn 3 MC Manu
6iNbll BUCOKMN piBEHb rOMOLUMCTEIHY, WO BiH
6yB noB’A3aHWIA 3 NporpecyBaHHAM XBOpPoOO6U
[26], ane ue He 6yno niagTBEPAXKEHO B iHLWIOMY
aocnigxeHHi [27].

JocnigxeHHs nokasHukiB donaTtHOro o6MiHy
(piBHiB I'U, donaTis, BiTamiHy B12) npoBoaaTb
nepesaxHo y xBopux Ha MC y nepudepinHin
KpOBi, i nuwe y nooAMHOKUX AOCAIAXEHHAX
6yno BCTAHOB/EHO, LU0 iXHil piBEHb Y CMINHHO-
MO3KOBIiN piAVHI pi3HUTbCA. 30KpeMa, piBeHb
Ml y nna3smi 3aBXAM € HUXYWUIA, @ Y CNUHHO-
MO3KOBIM piagnHi — BULWMIA. Ha BKasaHi BigMiH-
HOCTi BM/AIMBAE CTaH EHETUYHO KOHTPOSIbO-
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BaHOI CMCTEMW TpaHCNopTy onaTiB Ta iXHiX
MeTaboniTiB y ronoBHun Mo3ok [28-30].

OTxe, NoKasHukM ponaTtHoro obMiHy y nepu-
epinHili KpoBi BKpal onocepefkoBaHO CBiA-
YyaTb MpoO CTaH GonaTtHoro 0bMiHy y ronoBHo-
My MO3KY. 3BaXkalouu Ha ue, NepcneKTUBHUM €
BMBYEHHSA MEHETUYHUX Ta enireHeTUYHUX Me-
XaHi3MiB, WO peryntoTb MeTaboniaMm i TpaH-
cnopTt donaTie y rofioBHUI MO30K. TOMY Mo-
Aanblwi MacwTabHi JocnigXeHHs BapTo, Ha
Hawy AyMKy, chOKyCcyBaTW Ha MOEAHAHOMY
BMN/INBI reHEeTUYHUX BapiaHTIiB Ta X B3aeMoail
3 dhakTOpaMu cepenoBMLLA, @ TAaKOX Ha Mexa-
Hi3Max FreHEeTUYHOI N enireHeTUYHOoI perynsauii
TpaHcnopTy donaTiB y roNnoBHUI MO30K Y XBO-
pux Ha MC.

BucHoBOK

Mpn BUKOHaHHI poboTn 6yB OLiHEHM reHe-
TUYHUIA  pU3NK po3BUTKY MC, 3yMOBEHWUl
BapiaHTaMu reHis donatHoro o6MiHy. Busas-
neHi acouiauii BapiaHTiB reHiB MTHFR (1298C
anenb), RFC (80A anenb, 80GA reHoTtun) 3i
3POCTaHHAM pU3NKy po3BUTKY MC, a BapiaHTiB
reHiB MTHFR (1298A anenb), RFC (80G anenb,
80GG reHoTUN) 3i 3MEHLUEHHSIM PU3NKY PO3-
BUTKY MC. MNoeaHaHHsA JOCNiAXEHUX BapiaHTiB
reHiB YMHMAM MoandiKauiiHUI BNAMB Ha pu-
3uk po3suTtky MC. MNokasHuk EDSS 6yB icToT-
HO MEHLUMIA 3a HasiBHOCTI Yy XxBopux Ha MC re-
HoTuny 80GA nopiBHAHO 3 reHoTunamMmn 80GG
Ta 80AA.

OTxe, Hawe [OCNIAXKEHHSA CBiAYUTbL MPO He-
06XigHIiCTb nmoganblwmx MacwTabHux pobiT vy
HanpsMi BUBYEHHS MOEAHAHOIMO BMAMBY reHe-
TUYHMX BapiaHTIB Ta iX B3aeMogii 3 hakTopamm
cepefoBULLA, @ TAaKOX MeXaHi3MiB reHeTU4Hol
M enireHeTU4HOI perynauii TpaHcnopTty do-
naTiB y rofloBHMN MO30K 4Yepe3 TpaHCnopTep
SLC19A1. Lle Mmoxe cTatu NigrpyHTaM Ansa Ha-
npautoBaHHA rnepcoHaniszoBaHoi Tepanii 3a4n4
NpodinakTUKM HEBPOSONiYHUX  YLIKOAXEHb
npu nporpecuBHoMy nepebiry MC.
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enhance folate transport via SLC19A1 may be
essential for improving therapeutic outcomes
in these patients.

In the statistical analysis of genotype
combinations for the MTHFR and RFC genes,
we identified a modifying effect of their
combination on genetic risk. Specifically,
the risk decreased in combination with the
homozygous 80GG variant and increased in
combination with the 80GA genotype. Our
findings regarding the impact of genotype
combinations for the MTHFR and RFC gene
variants are particularly significant in the
context of studying mechanisms for optimal
folate delivery to the brain in MS patients.

The clinical relevance of folate metabolism
indicators in patients with MS has been
extensively explored, revealing inconsistent
findings concerning the effects of Hcy, vitamin
B12, and folic acid levels on disease risk
and progression. For instance, one study
demonstrated that MS patients exhibited
elevated Hcy levels, which were linked to
disease progression [26]. However, this finding
was not corroborated by another study [27].

Studies on folate metabolism markers (Hcy,
folate, and vitamin B12 levels) are predominantly
conducted in peripheral blood samples of MS
patients, with only a few studies demonstrating
differences in their levels in cerebrospinal fluid.
For instance, plasma Hcy levels are consistently
lower, while those in cerebrospinal fluid are
higher. These differences are influenced by
the state of the genetically controlled system
responsible for transporting folates and their
metabolites into the brain [28-30].

Original research: Clinical sciences

Thus, folate metabolism markers in peripheral
blood only indirectly reflect the state of folate
metabolism in the brain. Considering this, the
study of genetic and epigenetic mechanisms
regulating folate metabolism and transport in
the brain appears to be a promising area of
research. Future large-scale studies should
focusonthecombinedimpactofgeneticvariants
and their interactions with environmental
factors, as well as the mechanisms of genetic
and epigenetic regulation of folate transport in
the brain of MS patients.

Conclusion

Thisstudy assessedthegeneticrisk of developing
MS associated with folate metabolism gene
variants. Associations were identified between
the MTHFR gene (1298C allele), RFC gene (80A
allele, 80GA genotype), and an increased risk
of developing MS. Conversely, the MTHFR gene
(1298A allele) and RFC gene (80G allele, 80GG
genotype) were associated with a decreased
risk of developing MS. Combinations of the
studied gene variants had a modifying effect
on the risk of MS development. The EDSS score
was significantly lower in MS patients with the
80GA genotype compared to the 80GG and
80AA genotypes.

Our preliminary study highlights the necessity
for further large-scale research focusing on
the combined impact of genetic variants,
their interaction with environmental factors,
and the genetic and epigenetic mechanisms
governing folate transport into the brain via
SLC19A1. Such investigations could facilitate
the development of personalized therapeutic
strategies aimed at mitigating neurological
damage in progressive MS.
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