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Pesiome

BBepeHume. leHeTnyeckne gedeKTbl UrpaloT BaxkHYI0 POfb B Pa3BUTUM PaHHErO COCY-
LUCTOrO PemMofenpoBaHnaA. Y NaumeHToB C CUHAPOMOM FMNepMOOUNbHOCTM CyCTaBOB
(CrMC) npn HaNMUMN KapANOBACKYNIAPHbBIX PUCKOB OHM Maso N3yYeHbl.

Lienb. V3yunTb B3anmocsaAsb nonmmopduama C677T n A1298C reHa meTUNeHTeTparnapo-
donatpepykrtasbl (MTHFR) c napameTpamm cocygmctoro pemofenmpoBaHms 1 ¢onaTHoro
uuknay naymeHTos ¢ CIMC.

Matepuanbl n metogpbl. O6cneposaHo 105 nauymeHToB ¢ CTMC (90 KeHWUH 1 15 myx-
unH) B Bo3pacTe oT 20 go 28 net (cpeaHuin Bospact 22 [21; 23] roga). Bcem nuuam nposo-
OUNUCb: obuieKknnHnYeckoe obcnejoBaHe; OLeHKa Ba3OMOTOPHOM GyHKLMN SHAOTENNA
N CKOPOCTN PacnpoCTpaHeHWA NyNbCOBON BOMHbI METOAOM peorpaduu; nccnegoBaHue
napameTpOoB KeCTKOCTW apTepuin (cepaeuHO-NOAbPKEYHbIA COCYanCTbIN nHaekc (C/1CH),
noAbIKeYHO-NeYeBO UHAEKC, MHAEKC ayrMeHTaummn Metogom churmorpadum); onpege-
nexHve nonumopomramon C677T, A1298C reHa MTHFR meTogom nonumepasHom LenHom
peakuuu, onpefeneHe ypoBHel romouucterHa, ¢ponnmesor KNcnoTbl, BUTaM1MHOB B6 1
B12, sHpoTtenuHa-1, TpaHchopmumpytolero paktopa pocrta 6eta-1 (TOP-$1) nmmyHodep-
MEHTHbIM aHaIN30M.

PesynbraTtbl. CTaTUCTUUYECKM 3HaYMMble OTANYMA MPUCYTCTBOBANM Yy HocuTenen no-
numopdHoro BapuaHta A1298C reHa MTHFR no nokasatento TOP-f1 (AA/AC/CC=1619
[1432; 18731/ 1466 [1254; 1663] / 1770 [1456; 1914], p=0,014; AC/CC, p=0,029), no 3Haue-
Huto CJICU (AA/AC/CC=6,0[5,4;6,2]/6,2[5,8;6,71/ 6,0 [5,7; 6,3], p=0,049; AA/AC, p=0,045).
Mpwn pasgeneHun rpynn cornacHoO AOMUHAHTHOM MOAeNY Pasnuyuma NonyyYeHbl y HocuTe-
nenn nonumopdHoro nokyca A1298C rena MTHFR no romouuctenty (AA/AC+CC=2275
[476; 2530] / 2527 [1275; 3640], p=0,041), sngotenuny-1 (AA/AC+CC=1,2[1,0; 2,1] / 1,8
[1,1; 3,9], p=0,020), CJICW (AA/AC+CC=6 [5,4; 6,2] / 6,2 [5,8; 6,6], p=0,049); cornacHo pe-
LieccBHOM Mmopenu — y HocuTenein nonumopédursma A1298C reHa MTHFR gna nokasatens
TOP-31 (AA+AC/CC=1552[1310; 1729] / 1770 [1456; 1914], p=0,019). [No gpyrum nsyuvae-
MbIM NapameTpam rpynmnbl ObiY CONOCTaBUMbI.

658 "Cardiology in Belarus', 2024, volume 16, No. 6



OpurrHasbHble UCCNefoBaHNs
Original Research

3aknoueHme. Y nauneHTtoB ¢ C'MC HocutenbctBo reHotunoB 1298AC n 1298CC reHa
MTHFR accounmnpoBaHo € NOBbILEHNEM YPOBHA FOMOLIMCTENHA U SHAOTENNHA-1 B CbIBO-
poTKe KpoBw, ¢ yBenmyeHnem CJICU. HocutenbcTtso reHotmna 1298CC reHa MTHFR acco-
LMMpPOBaHO C noBblleHnem ypoBHsa TOP-31 B cbiIBOPOTKe KPOBM.

KnioueBble cnoBa: cCMHAPOM rMnepMobunbHOCTU CYCTaBOB, apTepuanbHan »KeCcTKoCTb,
oncdyHKLMmM sHaoTenms, nonumopsdunsm reHa MTHFR, donatHbIn umkn
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Abstract

Introduction. Genetic defects play an important role in early vascular remodeling. They
have been poorly studied in patients with joint hypermobility syndrome (JHS) in presence
of cardiovascular risks.

Purpose. To study the correlation between C677T and A1298C polymorphism of
the methylenetetrahydrofolate reductase (MTHFR) gene and parameters of vascular
remodeling and folate cycle in patients with JHS.

Materials and methods. A total of 105 patients with JHS (90 women and 15 men) aged
20 to 28 years (average age was 22 [21; 23] years) were examined. All subjects underwent
general clinical examination; vasomotor endothelial function and pulse wave velocity
were determined by rheography; arterial stiffness parameters (cardio-ankle vascular index
(CAVI), ankle-brachial index,and augmentation index by sphygmography) also were tested.
C677T and A1298C polymorphisms of MTHFR gene were determined by polymerase chain
reaction; homocysteine, folic acid, vitamins B6 and B12, endothelin-1, and transforming
growth factor beta-1 (TGF-f31) levels were assessed by enzyme immunoassay.

Results. Statistically significant differences were present in A1298C polymorphic variant
of MTHFR gene carriers for parameter TFR-31 (AA/AC/CC=1619 [1432; 18731/ 1466 [1254;
1663]/1770[1456;1914], p=0,014; AC/CC, p=0,029), for CAVIvalue (AA/AC/CC=6,0[5,4;6,2]
/6,215,8;6,71/6,0[5,7;6,3], p=0,049; AA/AC, p=0,045). After dividing the groups according
to the dominant model, differences were obtained in carriers of the polymorphic locus
A1298C of MTHFR gene for homocysteine (AA/AC+CC= 2275 [476; 2530] / 2527 [1275;
3640], p=0,041), for endothelin-1 (AA/AC+CC=1,2 [1,0; 2,11 / 1,85 [1,1; 3,9], p=0,020), for
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CAVI (AA/AC+CC=6 [5/4; 6,2] / 6,2 [5,8; 6,6], p=0,049), and, according to the recessive
model, in A1298C polymorphism of MTHFR gene carriers for the TFR-31 (AA+AC/CC=1552
[1310; 17291/ 1770 [1456; 1914], p=0,019). The groups were comparable in other studied
parameters.

Conclusion. In patients with JHS, the carriage of 1298AC and 1298CC genotypes of
MTHFR gene is associated with increasing in homocysteine and endothelin-1 level in the
blood serum and increasing in CAVI; the carriage of 1298CC genotype of MTHFR gene is
associated with increasing in TGF-1 blood serum level.

Keywords: joint hypermobility syndrome, arterial stiffness, endothelial dysfunction,
MTHFR gene polymorphism, folate cycle

B BBEAEHWE

MNpoBeaeHne akTUBHOM KapAUOBACKYIAPHON NPOGUNAKTUKNA Ha LUIMPOKOM NonynaLuu-
OHHOM YPOBHE U B €XXeHEBHOW KIIMHNYECKOW MPAKTUKE — BaXKHEWLIee YCOBME CHUXKe-
HUA cmepTHOCTU B benapycu [1]. HapylweHne anactmyecknx CBOMCTB apTepuin 1 SHAOTe-
nuanbHaa AnchyHKLMA ABNATCA PaHHMMU MapKepamm NopaeHnsa COCY0B U BaXKHbIMM
dbakTopamum cepaeyHo-cocyamcToro pucka [2]. OueHka apTepranbHOM »KeCTKOCTU 1 Napa-
METPOB ANCOYHKL MM SHAOTENUA Y MONOABIX NNL, U NaLMEHTOB B OTCYTCTBME CMMTOMOB
cepheyHo-cocyancTbix 3abonesannii (CC3) ynyyluaeT ctpatndurKkaLnm cepaeyHo-cocym-
CTOro pucka [3, 4]. HecMoTpa Ha BaXHYt0 posb cpefoBbix GakTOPOB B Pa3BUTUMN JAHHbIX
HapyLIeHNIA, onpefeneHHoe 3HaYeHne UMEIT reHeTnyeckre akTopsl [5]. leHeTuyeckune
nedekTbl meTuneHteTparmapodonatpeayktasbl (MTHFR) ABnAoTca ApKuM Npumepom ¢
[0Ka3aHHbIM BIVAHMEM Ha Pa3BUTVE CEPAEUYHO-COCYANCTbIX U LLlepebpoBacKyspHbIX 3a-
6oneBaHN 1 MPOJOJIXKAIOT aKTVBHO M3y4YaTbCs 13-3a MHOFOTPaHHOCTLY 3$dpeKToB [6, 7].

He BbI3bIBaeT COMHeHMI GaKT WNPOKON pacnpocTpaHeHHocTn CC3y nuy ¢ ancnnasu-
e coeguHuTenbHon Tkany (OCT). CocyancTble KaTacTpodbl — Hanbonee yactas NpuYKHa
BHE3arnHoOW CMepTX Y AaHHbIX nauneHToB [8]. HekoTopble npefbiayline nccnenoBaHma
NPOAEMOHCTPUPOBANN HaNINUYMe N3MEHEHUIN KaK CTPYKTYPHOrO KOMMOHEHTa (HapyLleHne
dopmoobpazoBaHMA COCYAOB, pa3pbIXieHNe SHAOTENNANbHOrO C/I0A U KOMfareHOBbIX
BOJIOKOH, pa3pexeHne n pparmeHTaumsa 31acTMYecKnX BOJIOKOH, OYaroBoe OTCyTCTBUE
NX, YMEHbLLEHME YNCNA MaJKOMbILIEYHbIX KNETOK), TaK 1 GYHKLMOHANIbHOTO KOMMOHEHTa
COCYAUCTON CTEHKU (HapyLleHne 31acTUYHOCTU apTepurii 1 Ba3OMOTOPHON GYHKLMW SH-
potenua) y naymeHTos ¢ [ICT. OgHaKO YeTKMe MeXaHM3Mbl Pa3BUTUA PAHHUX COCYANCTbIX
n3meHeHu npu OCT go cux nop He nsyyeHsl [9, 10].

CviHgpom runepmobunbHocTn cyctaBoB (CTMC) — oguH 13 Hanbornee YacTo BCTpeya-
embix cHapomoB [CT, xapaKTepusyoLwWwmninca MybTUCUCTEMHOCTbIO NMOPaXKeHNA C BOBMe-
yeHMeM CepAeYHO-COCYANCTON CUCTeMbl. 3aboneBaHme CBA3aHO C AedeKTaMm BHEKNIETOU-
HOro MaTPUKCa, OQHAKO [0 CUX MOP TOYHbIE reHeTUYEeCKNe MapKepbl oTcyTcTBytoT [11].
DonaTHbIV UMK B3aVIMOCBSA3aH C KoYeBbIMY GefkaMy BHEKJIETOYHOMO MATPUKCa, BUAS
Ha KCMPeCccmMio MaTPUKCHbIX MEeTaNNoNpoTerHa3, MPUBOAUT K PbIXJIOCTA KOSTareHOBbIX
BOJIOKOH 1 ycuneHuio ¢pubpo3sa TKaHW. [laHHbIN MeXaH3M yKa3blBaeT Ha BO3MOXKHYIO Ma-
ToreHeTmyeckyto cBasb CITMC ¢ HapyweHuem ¢onatHoro uvkna [12]. PaHee Hamu Obinu
OnucaHbl HapylweHnsa GoNaT-rOMOLUCTEMHOBOIO OOMeHa, Aemndurpytowein GyHKLMM ap-
Tepuii 1 Ba3OMOTOPHOM ANCOYHKUMM SHAOTeNnA y nayneHTos ¢ CTMC [13, 14].
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M3yueHne naToreHeTUYeCKMX MeXaHU3MOB PaHHMX MATONIOrMYECKUX M3MEHEHUN B
COCYLMCTOM pycJie MO3BOMUT YNyYllUTb CepAeYHO-COCYAUCTbIA MPOrHO3 y NaLmMeHToB C
CIMC n BblpaboTaTb B fAafibHeNLLEM ONTMMAabHbIe CTPaTernmn Tepanmm.

B LIEJTb NCCJTIEOOBAHUA
M3yuntb B3aumocsasb nonumopdusma C677T n A1298C reHa MTHFR ¢ napametpamu
COCYLMCTOro peMofenmpoBaHma 1 GonaTHoro umkna y naumentos ¢ CFMC.

B MATEPWAJIbl U METObI

Ha 6a3e Kadeppbl NponefeBTUKN BHYTPEHHNX 6one3Hel yupexaeHnsa obpa3oBaHua
«[POAHEHCKUIN rocyfapCTBEHHbI MeAULUMHCKAA YHUBEPCUTET» B MPOCMNEKTVBHOM MO-
nepeyHoM nccrefoBaHNN NPUHANN yyacTue 538 cTyaeHToB B Bo3pacTte oT 20 fo 28 ner,
obcnepnoBaHHbIX Ha NpeameT Hanuuua npusHakos CTMC. B rpynny nauneHtoB ¢ CTMC
6b11M BKNtoUeHbl 105 06cnenoBaHHbIX (90 »KEHWUH 1 15 My»KuurH, cpefHWin Bo3pacT 22
[21; 23] roga). iccnepoBaHme BbINOTHEHO B COOTBETCTBMM CO CTaHAapTamMu Hagexallen
KIMVHNYECKON NPaKTUKKU N NpUHLMNaMm XenbCUHKCKOW AeKknapauum. Bce nnua nognmcl-
Banu nHGOPMMPOBaHHOE cornacre Ha yyacTue B UCCNefoBaHMM, MPOTOKO KOTOPOro Obin
ofo6peH KOMUTETOM Mo BroMeMLNHCKON 3TrKe 1 geoHTonorun YO «[poaHeHCKI1I rocy-
LapCTBEHHbIN MeANUNHCKNIA yHUBepcuTeT» (npoTokon N2 1 ot 04.01.2020).

Kputepum BknatoueHms B rpynny ¢ CFMC: naumeHTbl 060MX MNOJSIOB C AUArHOCTMPYEMbIM
CUHAPOMOM rMnepmMobUIbHOCTY CyCcTaBoB B Bo3pacTe 20-28 neT, nonlyyeHHoe UHGopmMm-
pOBaHHOe corfacune Ha yyacTve B UccnefoBaHum.

Kputepumn HeBK/IOUEHMA B NCCNedOBaHNA: NaLMeHTbl C NpU3HakaMu Knaccuduumpy-
€MbIX MOHOTEHHbIX 3a60N1eBaHN COeANHUTENBHOM TKaHW; C HanuymMem ocTpbiXx U 060-
CTPEHMEM XPOHMYECKMX COMATUYECKUX 3aboneBaHnii; 3a6oneBaHNAMK, KOTOpbIe MO
NOBANATb Ha pe3ynbTaTbl UCCNefoBaHUA (apTepranbHaA rMNepTeH3na, Memmnyeckas
6onesHb ceppua, cemelHble GOpPMbl HapYLLEHMI IMNUAHOro o6MeHa, caxapHbli anaber,
OXUpeHMe, KypeHue, HapKoMaHus, 6epeMeHHOCTb 1 NakTauus, 3aboneBaHnAa OnopHO-
JBUraTeNbHON CUCTEMbI, OHKOMATONOrA, CUCTEMHble 3aboNieBaHUA COeaMHUTENbHON
TKaHW); NaLMeHTbl, NCNONb3yloLue npenapatbl, KOTOPble MO NOBAUATbL Ha pPe3ynbTaThl
nccnefoBaHusA, UK He BbIMOSHALWME NPOTOKO UCCeAoBaHMA, OTKa3 OT YYacTunA B UC-
crnegoBaHUN.

Mo cTaHAapTHOWM MeToAMKe BbIMOMHANNCD COOP aHAMHECTUUYECKUX AaHHbIX, OOLLeKIN-
HWYeckoe obcneqoBaHMe.

CIMC ycTaHaBnmBanca CorfacHo KANMHNYECKNM pekoMeHAaunam benopycckoro Hayu-
HOro obLecTBa Kapanonoros «narHocTka v feyeHme HacneaCcTBEHHbIX U MHorodak-
TOPHbIX HAPYLUEHWI COeAMHUTENIbHOW TKaHW» C UCMONb30BaHNeM bpalTOHCKUX KpuTepu-
eB [15].

OnpepeneHne nonumopdHbix BapuaHtoB C677T (rs1801133), A1298C (rs1801131)
reHa MTHFR ocyluecTBnanm ¢ NoMoLLblo MeTOAA NOAMMEPa3HOW LienHoM peakummn (am-
nnuourkatop ana MLP RotorGene-Q, epmaHus) ¢ npyMeHeHeM HAabOPOB peareHToB
nponssoacTea «CuHton», Poccuna. BoigeneHne reHomHon [HK yenoseka nposogunocb
Habopom peareHToB «AHK-JKkcTpaH-1» nponssoactea «CUHTON», Poccus.

OnpepeneHve yposHei romouucTerHa (L), donmeson kncnotbl (OK), BuTammnHOB
B6 n B12, sHpotenHa-1 (3T-1) KOHKYPEHTHbIM MeTofOoM, TpaHchopmupytowero dak-
Topa pocTa 6eTa-1(TOP-B1) CoHABUY-METOLOM TeXHONOMMUN HEePMEHTHO-CBA3AHHOIO

«Kapguonorus B benapycu», 2024, Tom 16, N2 6 661



Accoumnaums nonnmopdHbix BapraHtoB C677T n A1298C reHa MTHFR ¢ napameTpamu cocyamnctoro
peMoaennpoBaHna 1 GoNaTHOro LKA Y NauneHTOB C CUHAPOMOM rMnepMobUIbHOCTU CyCTaBoOB

UMMYHOCOPOEHTHOrO aHanm3a NpoBoAuan Ha aHanusatope Sunrise TECAN (ABcTpus) ¢
npumeHeHnem HabopoB peareHToB Npoun3eoacTea Fine Test Wuhan Fine Biotech Co., Kutari.

WccnepoBaHmne GyHKLUMM SHOOTENNA OCYLLECTBNANM peorpadryecknm MeTofoM C Nno-
MOLLbIO annapaTHO-NporpaMmmHoro Komnnekca «/Mmnekapa-M» (Pecnybnuka benapyce).
OueHrBanu sHZoTeNUN-3aBUCHMYyt0 Basogunatauymio (33BM) npu nposegeHUn npobbl ¢
peakTUBHOW rmnepemunen c onpefeneHmem nokasarens BasoMoTopHon GyHKLun (BO) sH-
LOTENNA — U3MEHEHNE MaKCUMaJTbHOW CKOPOCTU KpoBeHanonHeHua Adz/dt (B npoueHTax
OT MCXOJHOTO cocToAHUA). HapylweHne BO sHpoTenna Ha nepBoi MMHYTe pacLieHrBanoch
npu A(dz/dt)/dz/dt<12% [16, 17].

dnacTuyeckre CBOWCTBa COCYAOB M3y4yanncb MO COCyAaM MblLLEYHO-311acTUYECKOTro
TNa C nomolbto annapata «Mmnekapa-M» (Pecnybnuka benapycb) ¢ onpegeneHnem
CKOPOCTU PacnpoCTpaHeHWA MyNbCOBOM BOMHbI Ha KapOTUAHO-PafVanbHOM CermeHTe
(CPIMBKp). PekomeHgoBaHHble HOpMasnbHble 3HaveHuA CPIBKp ana apTepuin MbileYyHOro
TNa Ana JaHHOro nprubopa 1 Ana Bo3pacTHom rpynnbl 21-30 net — go 6,8-7,0 m/c[17, 18].

[oKa3zaTenu »eCTKOCTW apTepuii: CepAeUHO-NIOAbRKEUHbIA COCYaUCTbIN nHaekc (CJICK),
nogpkkeyHo-nneveson nHgekc JIMNN), nngekc ayrmertauum (MA) -y obcnenyembix nvu onpe-
LEeNANVCb Npy nomoLym chmurmomaHometpa-courmorpacda VaSera VS-1500N Fukuda Denshi
(AnoHus). PedepeHcHoe 3HaueHne CJICU ana nccnepgyemor BO3pacTHOW Fpynibl: My>KUKHbI
<6,8, *eHwWwuHbl <6,6; JINN>1 (Tak Kak Npu 3HaveHmmn JTNMN<0,9 3HaueHuna CJTICA 3aHmxKatoTcs,
HaMUM 13 UCCNefoBaHuA ObI UCKITIOYEHbI NALMEHTbI € AaHHbIMK 3HaueHuamu JTTN); MA<1.
CocyancTbii BO3pacT paccumTbiBascA anmnapaTom aBTOMaTUYeCK/ Ha OCHOBaHUU rpaduve-
cKoro npeob6paszosaHuA oTHoweHua CJICK kK Bo3pacTy obcnepyemoro [19].

B cnyyae pa3nunyHbix 3HaUeHUIN nccnegyemblix NapameTpoB Cnpasa 1 ClieBa y OQHOro 1
TOrO Xe UccneayemMoro Ans aHanmsa Bblbupanoch xyluee 3HaueHue.

CTaTMCTUYECKMIN aHaNU3 NOMyYeHHbIX JaHHbIX MPOBOAUN C NCMOJIb30BaHMEM MaKeTa
nporpamm STATISTICA 10.0. NpoBepKy Ha HOPManNbHOCTb pacnpepeneHna NPOBOANAN C
nomolybto Tecta Konmoroposa - CMupHoBa 1 KpuTepusa Jlunnuedopca (npu p<0,05 pac-
npepeneHvie NpU3Haka cumMTany oTINYalLWKMMCA OT HOPManbHOro). [NonyyeHHble pe3ysb-
TaTbl NPeACTaBfeHbl B BUAEe CpedHero 3HauyeHuna 1 CTaHgapTHOro oTknoHeHua (M+SD)
npuv HopManbHOM pacnpefeneHun, B BUAE MefnaHbl U HUXHErO 1 BEPXHero KeapTunen
(Me [LQ; UQ]) npu pacnpegeneHunu, oTamyatoLemca oT HopManbHoro. [lae He3aBucMMble
rpynnbl cpaBHMBaNu ¢ nomolpbto U-kputepura MaHHa — YUTHU, HECKOJTbKO rpynm — C TOMO-
Wwbto KpuTtepuna Kpackena — Yonnuca (H), npy Heo6XxoanmMoCTi BbINOAHANNCH anocTepuop-
Hble nonapHble cpaBHeHMsA no KpuTeputo Ctnna — 1gaca — Kpnunoy — OnnHepa (W). Mpu
CpaBHEHWW KaTeropuasbHbIX MepPeMeHHbIX MeXAy rpynmnamy MCnosib30BancA TOUHbIN
LBYCTOPOHHUIA KpuTepuii Ouepa n X>-KpuTtepuin ogHopoaHocTy MNMupcoHa. Ctatnctnye-
CKM 3HAUMMBbIMW Pa3nnumaA B rpynnax obu1vM NPUHATLI Ha YpoBHe 3HaunmocTu p<0,05.

B PE3YJIbTATHI

Mo pe3ynbraTtam reHOTUNMPOBaHNA YCTaHOBMEHO, YTO pacnpefeneHne YacToT reHo-
TUMNOB B aHanM3upyemow Bbibopke nauneHToB ¢ CFMC (n=105) cOOTBETCTBOBANIO OXKNMAa-
emoMmy paBHoBecuto Xapan — BanHbepra (x*=3,2, p=0,07; x*=2,7, p=0,09 cOOTBETCTBEHHO).
AHanu3 pacnpegeneHna 4acToT reHOTUMNOB 1 annenen nonmopedHoro BaprarHta A1298C
reHa MTHFR B nccnenyemoii Bbibopke nokasan: reHotun 1298AA Bctpeuanca B 44,8% cny-
yaes, reHotun 1298AC - B 38,1%, reHotun 1298CC -8 17,1%, annenb 1298A - B 63,8%, an-
nenb 1298C - B 36,2%; ans nonumopdHoro BapuaHTta C677T reHa MTHFR: reHotun 677CC
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BCcTpeyanca B 40,95% cnyyaes, reHotun 677CT - B 40,95%, reHotun 677TT — B 18,1%, an-
nenb 677C -8 61,4%, annenb 677T - B 38,6%.

AHanus nccnefyembix nokasatenen GonaTHoOro LmKna n MoneKynapHbIX MapKepoB 3H-
potennanbHom ANchyHKLMN B CbIBOPOTKE KPOBM MexXay 3 rpynnamu, cGopMUpoBaHHbIMA
B 3aBMCMMOCTY OT nonmmopodursma A1298C (AA/AC/CC) n C677T (CC/CT/TT) reHa MTHFR,
rokKasa, YTo CTaTUCTUYECKM 3HauMMble OTANYMA MPUCYTCTBOBANIN Y HOCUTENEeN nonu-
MopdHoro BapuaHta A1298C reHa MTHFR no nokasatento TOP-B1 (AA/AC/CC=1619,2
[1432,6; 1873,11 / 1466,7 [1254,0; 1663,4] / 1770,6 [1456,0; 1914,5], H=8,534, p=0,014;
AC/CC: W=3,601, p=0,029), CJICW (AA/AC/CC=6,0 [5,4; 6,21 / 6,2 [5,8; 6,71 / 6,0 [5,7; 6,3],
H=6,023, p=0,049; AA/AC: W=3,369, p=0,045). o gpyrum napameTpam rpynnbl Obinm co-
nocTaBUMbI. [py CpaBHEHWM YaCTOT MATONOMMUYECKNX 3HAYEHMI NAaPAMETPOB KECTKOCTN
COCYLMNCTON CTEHKM 1 Ba3OMOTOPHOWN ANCOHYHKLUN SHOOTENNA B 3aBUCUMOCTM OT NOJK-
Mopduama reHa MTHFR paznuuuin mexgy 3 rpynnamu Takxe He BbIAABEHO.

[na oueHkn accoumaumy nonmmopdHbIx BapmaHtoB reHa MTHFR ¢ nccnegyembivmu
rnokasaTtenAamy Mbl pasfenunuy nauneHToB Ha 2 nogrpynnbl (tabn. 1 v 2) cornacHo gomu-
HaHTHOW mogenu: Ha nogrpynny A (MTA) n noarpynny B (MNB).

Kak BugHO 13 Tabn. 1, cTaTucTyeckn 3Hauumble pasnuumna mexay MNrA v MNre nonu-
MopdHoro nokyca A1298C nonyueHbl no napametpam 'L, 3T-1, no gpyrum napameTpam
rpynnbl ObINY CONOCTaBUMDI.

Kak B1gHO 13 Tabn. 2, cTaTUCTUYECKUN 3HauuMble pasnuumna mexay MNrA v MNre nonu-
MopdHoro nokyca A1298C nonyueHbl no napametpy CJICU, no gpyrum napametpam rpyn-
MNbl 6611 CONOCTaBUMBI.

Ta6bnuua 1

Wccnepyemble nokasatenu B CbiIBOPOTKe KpoBu y nui, ¢ CTMC B 3aBUCMMOCTH OT pacnipefieneHuns
reHoTUNOB NO JOMUHAHTHOI MoAenn

Table 1

Studied parameters in blood serum of subjects with JHS depending on the distribution of genotypes
according to the dominant model

Monumop¢Hbiii nokyc C677T reHa MTHFR
. MrA (cC) MNrB (CT+TT) p
n=43 n=62
B6, Hr/mn 165 [107;218] 155 [85; 220] 0,578
OK, nr/mn 2067 [1272; 3484] 2467 [1464; 4045] 0,248
B12, Hr/mn 24,8 [14,0; 36,9] 23,4[12,6;38,2] 0,883
'L, nmonb/mn 2502 [460; 2875] 2446 [839; 2875] 0,976
TOP-B1, nr/mn 1534 [1303; 1805] 1608 [1415; 1840] 0,610
3T-1, nr/mn 1,711,1;2,7] 1,711,1;3,3] 0,987
Monumop¢ubin nokyc A1298C rena MTHFR
MokasaTens MrA (AA) nrBe (AC+CC)
n=47 n=58
B6, Hr/mn 150,0 [82,4;219,0] 165,0 [108,0; 220,0] 0,211
OK, nr/mn 2479 [1545; 4042] 2744 [1544; 4125] 0,936
B12, Hr/mn 24,8 [15,0; 45,1] 30,5[18,9; 41,9] 0,641
'L, nmonb/mn 2275 [476; 2530] 2527 [1275; 3640] 0,041
TOP-B1, nr/mn 1619 [1432; 1873] 1531 [1303; 1783] 0,206
3T-1, nr/mn 1,2[1,0;2,1] 1,8[1,1;3,9] 0,020
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Ta6bnuua 2

DOyHKUMOHaNbHbIE NapameTpbl COCYANCTON cTeHKN y nniy ¢ CTMC B 3aBMCMMOCTH OT pacnpefeneHns
reHoTunos no AOMMHaHTHOﬁI mopenun

Table 2

Functional parameters of the vascular wall in subjects with JHS depending on the distribution of
genotypes according to the dominant model

MonumopdHbiit nokyc C677T rena MTHFR
Mapamerp MrA (cC) MrB (CT+TT) p
n=43 62
CPMNBkp, m/c 6,9 [4,0;8,7] 7,416,4; 8,5] 0,415
Adt/dz, % 19,4 [9,5; 35,3] 15,0 [4,6; 27,9] 0,232
(@)@ 6,2 [5,8;6,6] 6,1(5,6; 6,4] 0,122
Jinn 1,04 (1,01; 1,07] 1,05 [1,01; 1,08] 0,382
A 0,77 [0,70; 0,87] 0,77 [0,70; 0,86] 0,477
MonumopHbiii nokyc A1298C reHa MTHFR
Mapamerp MrA (AA) nre (AC+CCQ)
n=47 n=58
CPMNBkp, m/c 7,2[6,1;8,3] 7,61(6,1;8,7] 0,490
Adt/dz, % 17,6 [7,1;31,4] 17,9 [4,6; 30,8] 0,785
[@)(@7 6,0 [5,4; 6,2] 6,2 [5,8;6,6] 0,049
nnn 1,04 [1,01;1,07] 1,05[1,01; 1,08] 0,548
A 0,76 [0,7; 0,871 0,77 [0,69; 0,84] 0,646

Mpy pasgeneHnn BbIGOPKM COFMACHO PeLeccMBHON MOZENV ASiA M3yYaemblxX Moau-
MOPPU3MOB CTaTUCTUYECKU 3HAUVMble PasnnumMA NoyyeHbl AA NOJMMOPPHOro NOKy-
ca A1298C ana nokasatena TOP-B1 (AA+AC/CC=1552 [1310; 1729] / 1770 [1456; 1914],
p=0,019), No Apyrim napameTpam rpyrnmnbl ObiI CONOCTAaBUMbI.

[pn cpaBHeHMM YacTOT NATONOrNYECKNX 3HAYEHNIA NapaMETPOB XEeCTKOCTN COCyan-
CTOW CTEHKM 1 Ba3OMOTOPHOW AnchyHKLmmM sHaoTenma mexay MNIA v MIB no peueccus-
HOM 1 AOMVHAHTHOW MOAENAM Pa3finyuuni Mexagy rpyrnnamm He BblABAEHO.

B ObCYXIOEHWE

MTHFR rs1801133 u rs1801131 ABnATCA Hanbosiee PacnpPOCTPAHEHHBIMU FEHETU-
yecknmn mytaumamm MTHFR. OgHoHykneotugHble 3ameHbl 677C>T n 1298A>C B 3TOM
reHe NPUBOAAT K 06pa3oBaHio TepMonabunbHon Gopmbl depMeHTa, y vl C FEHOTUMOM
677TT depmeHT MTHFR TepaeT cBOI akTUBHOCTb NPUMEPHO Ha 65%, a y L C FeHOTUMOM
1298CC - npumepHo Ha 40% [20, 21].

MacwTabHble MccnenoBaHWA U MeTaaHanv3bl MOKasanu, YTo MonMmopousm reHa
MTHFR accoummpoBaH ¢ nosbiweHnem ypoBHsa L, cHxkeHrem OK, ButamnHa B12, no-
BbILUEHHbIM PYCKOM Pa3BUTUA apTepuanbHON rmMnepTeH3nn, MHCYbTa, CepAevyHO-COCYA M-
CTbiX 3a6oneBaHui (B Lenom) [22-26]. OgHaKo UccnefoBaHUA, MOCBALEHHbIE U3YYEHUIO
cBA3n reHa MTHFR ¢ apTepuranbHO »KeCTKOCTbIO 1 Ba3OMOTOPHOW ANChYHKLMEN SHAOTE-
nvA, NoKasanun NpoTrneopeunBble pesynbratbl [27-31]. Bnnanne mytauyun MTHFR na CTMC
WY oTAeNbHble ero CUMMNTOMbI He 13yYanoch.

Hamwu 6bina yctaHoBneHa accoumaumsa reHotunos 1298AC+CC reHa MTHFR c noBbiwe-
Huem ypoBHA 'Ll n 3T-1 B cbiBOpOTKe KpPOBU, € yBenuyeHnem nokasatena CJICU, a Takxe
accoymaums reHotmna 1298CC reHa MTHFR c noBbiweHnem yposHsa TOP-B1 B cbiBOpoTKe
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KpoBu y naumeHToB ¢ CITMC. laHHble n3MeHeHNA 06bACHAITCA CrneayowrMm obpa3om.
®epmeHT MTHFR oTBeuvaeT 3a nogaepkaHve 6anaHca MeTMoHWHa 1 'L ana npegoTepa-
WeHnA KnetTouHon amcoyHkumm. MyTtaumm reHa MTHFR moryT obycnosnusaTb runepro-
MOLIMCTEMHEMUIO, KOTOpas B AalibHeleM NpUBOAMT K SHAOTeNManbHon AnchyHKUUm
N apTepuanbHoi purngHocTu: 1) yepes obpa3oBaHue akTUBHbIX GOPM KMUCIIOPOAA, KO-
TOpble HapyllaloT peakuuo sHAoTenmanbHoro okncneHusa asorta (NO), cHuKaA cuHTe3
NO u 6uopoctynHocTb; 2) nponudepaunio rmagKkomblleYHbIX KNeToK; 3) HapylleHue
nunugHoro obmeHa; 4) agresvo TPOoMOOLUUTOB; 5) BbIpabOTKY BbICOKOUYBCTBUTENBHOMO
C-peakTtuBHOro 6eska [32]. BaxkHO Takke HeMoCpeACTBEHHOE BMAHME [aHHOTO reHa Ha
cnHTe3 [IHK, BbipaboTKy aHTMOKCMAAHTOB, FOMEeOCTa3 aMUHOKMCIOT U OnocpejoBaHHOe
BNMAHME Yepes SNUreHeTUYEeCKYo PerynaLmio Ha SKCNPeccuio reHoB 1 CMHTEe3 6enka, UTo
TaKXke NprBOAMT K AedeKTam cocyamncToi cteHkm [33].

MNocnepHune nccnefoBaHVA JEMOHCTPUPYIOT, YTO aHOMaslbHasA OpraHM3aumna BHeKe-
TOUYHOrO MaTpurKca, NpucyTcTBytowwana B Knetkax CIMC, moxeT ObiTb GYHKLMOHaNbHbIM
CneCcTBMEM UpPE3MEPHOrO PEMOAENMPOBAHMA U3-3a NOBbILIEHHbIX YPOBHE pepMeHTOB,
paspyLialLmx BHEKIETOUHbI MAaTPUKC, U COMYTCTBYIOLWEN akTuBauumn mmodurnbpobna-
CTOB, B KOTOpbIX yyacTByeT TGF- [34, 35]. DepmeHT MTHFR B3anMocBA3aH ¢ KaHOHMYe-
CKUM curHanbHbiM nyTem TGF-3, HapyLleHne KOTOporo NpUBOANUT K pemMogennpoBaHuio
cocynos [36, 37]. Pag nccnegoBaHuin obHapyxunu, uto yposHu TGF-$1 B nnasme Kposu
3HaYNTEeNbHO MOBbILEHbI Y NaLMeHTOB C aTepockneposom, Al, XBIM, Cl, y naymeHToB ¢
AMCceKumen BHYTPEHHNX COHHbIX 1 MO3BOHOUHbIX apTepuii [38—-40]. MNoa3sonkos B.W. n ap.
NPOAEMOHCTPMPOBaNU B3aumMocBaA3b Mmexay TGF-B1, cocyamcTbiM BO3pacTOM U XKeCTKo-
CTblo apTepuit y naumneHToB ¢ Al [41]. ccnepoBaHmWiA, NOCBALEHHbIX U3YYEHNIO BANAHMWA
nonumopéursma MTHFR Ha TGF-31 y niogen, Hamn He HalfeHO. JKCNepuUMeHTasbHble
nccnepgoBaHUA Mokasanu, uto aeduunt GonmeBon KUCNOTbl NPUBOAUT K MOBbILEHUIO
TGF-31y MblLelt C XpOHUYECKM BOCNanieHem 1 GUbpo30M Noyek, a y MblLLeit C CMHAPO-
Mom MapdaHa 1 aHeBpur3mor aopTbl Npriem OK BoccTaHaBAVBaN CUrHaNbHbIA KAaHOHWYe-
ckun nyTb TGF-P3 n cnocobcTBoBan co3peBaHuio KonnareHa [42, 43].

OTcyTCTBME APYrUX Pa3NUuniA B FPyNMnax MOXeT ObiTb CBA3aHO C HeOOMbLINM Konnye-
CTBOM BbIOGOPKU 1 ee STHUYECKMMU, BO3PACTHbIMU 1 FreHAEPHbIMU 0COBEHHOCTAMU, He-
BO3MOXXHOCTbIO MOJSIHOTO KOHTPONA MUTaHWA MauUMeHTOB, 0COOEHHOCTAMYN BCaCbiBaHUA
BMTaMVHOB, KyMynaTuBHbIM 3pdekTom annenenn MTHFR, B3avmopgenctamem ¢ Apyrumm
reHeTUYeCKUMM NoNoOMKamu, ApYrMy GakTopamm BHYTPEHHEN 1 BHELIHEeN cpefbl.

YcTaHOBNEHHbIE HaMU 3aKOHOMEPHOCTV MOAUYEPKMBAIOT BAWAHWE MonuMopduMa
A1298C reHa MTHFR Ha nabopaTopHO-MHCTPYMeHTasbHble NoKa3aTeny pemMoaenpoBa-
HMA COCYAUCTON CTeHKN y naumeHToB ¢ CTMC, uto HeobxoauMmo yunTbiBaTh Aia GopmMupo-
BaHMA MPVHLUMNOB CBOEBPEMEHHOW AMArHOCTMKM Y BO3MOXKHbIX TEPaNeBTUYECKNX Mep.
YumtbiBas, uto CITMC npepactaBnaeT coboin «poHOBOe» COCTOsAHME, MoauduumpytoLlee
ecTecTBeHHOe TeueHne MHOrx 3aboneBaHuii BHyTPEHHKX OpraHoB, TpebyeTtca fanbHen-
Lee M3yyeHne MexaHW3MOB [JOKINHMYECKOrO NMOpPaXkeHWA apTepuii Y AaHHOW KOropTbl
naumeHToB.

B 3AK/TKOYEHUE

Y naymeHtoB ¢ CTMC HocutenbcTtBo reHotmnoB 1298AC n 1298CC reHa MTHFR acco-
LMMPOBAHO C NOBbILLEHVEM YPOBHA FOMOLUCTENHA 1 SHAOTENNHA-1 B CbIBOPOTKE KPOBU,
C yBeNIMyeHvem cepeyHO-NI0AbKEYHOrO COCYAUCTOrO NHAEKCa.
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Accoumnaums nonnmopdHbix BapraHtoB C677T n A1298C reHa MTHFR ¢ napameTpamu cocyamnctoro
peMoaennpoBaHna 1 GoNaTHOro LKA Y NauneHTOB C CUHAPOMOM rMnepMobUIbHOCTU CyCTaBoOB

Y naymenToB ¢ CI'MC HocutenbcTBo reHotumna 1298CC reHa MTHFR accouunmpoBaHo ¢

NoBbliLEeHNEM YPOBHA TpaHchopmMuMpytoLero GakTopa pocta 6eTa-1 B CbIBOPOTKE KPOBMU.

l JINTEPATYPA/REFERENCES

20.
21.
22.
23.
24,
25.
26.
27.
28.
29.

30.

666

WHO. Prevalence of risk factors for non-communicable diseases in the Republic of Belarus. STEPS 2020 WHO, Regional Office for Europe. Minsk;
2020. 89 p. (in Russian)

Budoff M.J.,, Alpert B., Chirinos J.A,, et al. Clinical Applications Measuring Arterial Stiffness: An Expert Consensus for the Application of Cardio-
Ankle Vascular Index. American journal of hypertension. 2022;35(5):441-453. doi: 10.1093/ajh/hpab178

2021 ESC Guidelines on cardiovascular disease prevention in clinical practice. Russian Journal of Cardiology. 2022;27(7):5155. doi: 10.15829/1560-
4071-2022-5155. (in Russian)

McEvoy J.W., McCarthy C.P, Bruno R.M,, et al. 2024 ESC Guidelines for the management of elevated blood pressure and hypertension. Eur. Heart.
J. 2024;45(38):3912-4018. doi: 10.1093/eurheartj/ehae178

Musunuru K., Kathiresan S. Genetics of Common, Complex Coronary Artery Disease. Cell. 2019;177(1):132-145. doi: 10.1016/j.cell.2019.02.015
Liu F, Du J,, Nie M,, et al. 5,10-methylenetetrahydrofolate reductase C677T gene polymorphism and peripheral arterial disease: A meta-analysis.
Vascular. 2021;29(6):913-919. doi: 10.1177/1708538120982698

Peng X., Zhou, Y., Wu, X, et al. Association of methylenetetrahydrofolate reductase (MTHFR) variant C677T and risk of carotid atherosclerosis:
a cross-sectional analysis of 730 Chinese Han adults in Chongqing. BMC Cardiovasc. Disord. 2020;20(1):222. doi: 10.1186/512872-020-01505-1
Martynov A.l, Gudilin V.A., Drokina O.V., et al. Endothelial dysfunction in patients with connective tissue dysplasias. Lechaschi vrach. 2015;2:56-
59. (in Russian)

Caregorodcev A.G. Connective tissue dysplasia: vascular pathology, causes of sudden death. Siberian Journal of Clinical and Experimental
Medicine. 2009;1:34-39. (in Russian)

Akatova E.V,, Viktorova LA., Glotov A.V,, et al. Modern approach to connective tissue dysplasia in cardiology: Diagnosis and treatment. Guide
for doctors. Reviewers: Nechaeva G.l, Martynov A.l. Moscow: GEOTAR-Media; 2023. 432 p. EDN: IMPGLD. ISBN: 978-5-9704-7325-2. doi:
10.33029/9704-7325-2-CTD-2023-1-432. (in Russian)

Atwell K., Michael W., Dubey J,, et al. Diagnosis and Management of Hypermobility Spectrum Disorders in Primary Care. Journal of the American
Board of Family Medicine. 2021;34(4):838-848. doi: 10.3122/jabfm.2021.04.200374

Courseault J.,, Kingry C., Morrison V., et al. Folate-dependent hypermobility syndrome: A proposed mechanism and diagnosis. Heliyon.
2023;9:e15387. doi: 10.1016/j.heliyon.2023.e15387

Karpovich Y.L, Pronko T.P. Gorchakova O.V. Folate cycle parameters in patients with joint hypermobility syndrome. Healthcare. 2024;9:67-74.
(in Russian)

Karpovich Y.L, Pronko T.P. Specific features of arterial stiffness and endothelial vasomotor dysfunction in patients with joint hypermobility
syndrome. Regional blood circulation and microcirculation. 2024;23(2):30-37. doi: 10.24884/1682-6655-2024-23-2-30-37. (in Russian)

Ministry of Health of the Republic of Belarus, Belarusian Scientific Society of Cardiologists, Belarusian State Medical University. Diagnosis and
treatment of hereditary and multifactorial disorders of connective tissue: national clinical recommendations. Minsk; 2014. 72 p. (in Russian)
Polonetskii L.Z., Shantsilo E.Ch., Lakhan’ko L.N., et al. Study of vasomotor function of the endothelium of the brachial artery using impedance
technology in patients with atherosclerosis. Meditsinskaya panorama. 2005;7:40-43. (in Russian)

Vorob'ev A.P, Frolov A.V., Mel'nikova O.P. Computer rheograph "Impecard M". Methods of application. Minsk; 2007. 52 p. (in Russian)

Usanov D.A,, Skripal’ A.V., Vagarin A.Yu., et al. Methods and equipment for diagnostics of cardiovascular system state by pulse wave characteristics.
Saratov State University Publishing House; 2009. 96 p. (in Russian)

Bukhtiyarov LV., Izmerov N.F, Kuz’'mina LP, et al. 3D-sphygmography as an evaluation technique in occupational health: methodological
recommendations. Moscow: lzmerov Research Institute of Occupational Health; 2015. 24 p. (in Russian)

ChangoA.,BoissonF,, BarbéF, etal. The effect of 677C-->Tand 1298A-->C mutations on plasma homocysteineand 5,10-methylenetetrahydrofolate
reductase activity in healthy subjects. Br. J. Nutr. 2000;83(6):593-596. doi: 10.1017/50007114500000751

Barretta F, Uomo F, Fecarotta S., et al. Contribution of Genetic Test to Early Diagnosis of Methylenetetrahydrofolate Reductase (MTHFR)
Deficiency: The Experience of a Reference Centeri Southern Italy. Genes. 2023;14(5):980. PMID: 37239340. doi: 10.3390/genes14050980
ALSolami A.A, Almalki A.A., Alhedyan S.Y,, et al. Plasma Homocysteine Levels and Cardiovascular Events in Patients With End-Stage Renal
Disease: A Systematic Review. Cureus. 2023;15(6):e40357. doi: 10.7759/cureus.40357

Xu B., Kong X., Xu R., et al. Homocysteine and all-cause mortality in hypertensive adults without pre-existing cardiovascular conditions: Effect
modification by: MTHFR: C677T polymorphism. Medicine. 2017;96(8):e5862. doi: 10.1097/MD.0000000000005862

Chiu M.H., Chang C.H., Tantoh D.M,, et al. Susceptibility to hypertension based on MTHFR rs1801133 single nucleotide polymorphism and MTHFR
promoter methylation. Front. Cardiovasc. Med. 2023;10:1159764. doi: 10.3389/fcvm.2023.1159764

Al-Batayneh K.M., Zoubi M.S., Shehab M., et al. Association between MTHFR 677C>T Polymorphism and Vitamin B12 Deficiency: A Case-control
Study. Journal of medical biochemistry. 2018;37(2):141-147. doi: 10.1515/jomb-2017-0051

FanY., Wu L., Zhuang W. Methylenetetrahydrofolate Reductase Gene rs1801133 and rs1801131 Polymorphisms and Essential Hypertension Risk:
A Comprehensive Analysis. Cardiovascular Therapeutics. 2022:2144443. doi: 10.1155/2022/2144443

Chernyavina A.l,, Surovtseva M.V. Impact of polymorphism of cardiovascular risk genes on arterial remodelling development depending on
presence of systemic hypertension. Russian Journal of Cardiology. 2018;(1):43-50. doi: 10.15829/1560-4071-2018-1-43-50. (in Russian)

Collings A., Raitakari O.T., Juonala M., et al. Associations of methylenetetrahydrofolate reductase C677T polymorphism with markers of subclinical
atherosclerosis: the Cardiovascular Risk in Young Finns Study. Scand. J. Clin. Lab. Invest. 2008;68(1):22-30. doi: 10.1080/00365510701487735
Yang X., Zhang M., Song R., et al. The modifying effect of the MTHFR genotype on the association between folic acid supplementation and pulse
wave velocity: Findings from the CSPPT. Cardiovasc. Ther. 2018;36(6):e12473. doi: 10.1111/1755-5922.12473

Bokayeva K., Jamka M., Banaszak M., et al. The Effect of Folic Acid Supplementation on Endothelial Function and Arterial Stiffness Markers in
Adults: A Systematic Review and Meta-Analysis. Healthcare. 2023;11(18):2524. doi: 10.3390/healthcare11182524

"Cardiology in Belarus', 2024, volume 16, No. 6



OpurrHasbHble UCCNefoBaHNs
Original Research

31.

32

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Mantjoro E.M., Toyota K., Kanouchi H., et al. Positive Association of Plasma Homocysteine Levels with Cardio-Ankle Vascular Index in a Prospective
Study of Japanese Men from the General Population. Journal of atherosclerosis and thrombosis. 2016;23(6):681-691. doi: 10.5551/jat.32243
Raghubeer S., Matsha T.E. Methylenetetrahydrofolate (MTHFR), the one-carbon cycle, and cardiovascular risks. Nutrients. 2021;13(12):4562. doi:
10.3390/nu13124562

Narayanan N., Pushpakumar S.B., Givvimani S., et al. Epigenetic regulation of aortic remodeling in hyperhomocysteinemia. FASEB journal.
2014;28(8):3411-3422. doi: 10.1096/f}.14-250183

MacFarlane E.G., Haupt J,, Dietz H.C,, et al. TGF-B Family Signaling in Connective Tissue and Skeletal Diseases. Cold Spring Harbor perspectives in
biology. 2017;9(11):a022269. doi: 10.1101/cshperspect.a022269

Pliego-Arreaga R., Cervantes-Montelongo J.A. Silva-Martinez G.A. et al. Joint Hypermobility Syndrome and Membrane Proteins: A
Comprehensive Review. Biomolecules. 2024;14(4):472. doi: 10.3390/biom 14040472

Deng Z., Fan T, Xiao C,, et al. TGF-B signaling in health, disease and therapeutics. Sig.Transduct.Target. Ther. 2024;9:61. doi: 10.1038/s41392-024-
01764-w

Blomgren L.K.M., Huber M., Mackinnon S.R., et al. Dynamic inter-domain transformations mediate the allosteric regulation of human 5,
10-methylenetetrahydrofolate reductase. Nat.Commun. 2024;15(1):3248. doi: 10.1038/541467-024-47174-y

Mehta T, Buzkova P, Kizer J.R,, et al. Higher plasma transforming growth factor (TGF)-B is associated with kidney disease in older community
dwelling adults. BVIC Nephrol. 2017;18(1):98. doi: 10.1186/512882-017-0509-6

Liuizé A., Mongirdiené A. TGF-B Isoforms and GDF-15 in the Development and Progression of Atherosclerosis. International journal of molecular
sciences. 2024;25(4):2104. doi: 10.3390/ijms25042104

Kalashnikova L.A., Danilova M.S., Shabalina A.A,, et al. Transforming growth factor beta in patients with cervical artery dissection. S.S. Korsakov
Journal of Neurology and Psychiatry. 2022;122(10):82-87. doi: 10.17116/jnevro202212210182. (in Russian)

Podzolkov V.1, Nebieridze N.N., Safronova T.A. Transforming Growth Factor-B1, Arterial Stiffness and Vascular Age in Patients With Uncontrolled
Arterial Hypertension. Heart, lung and circulation. 2021;30:1769-1777. doi: 10.1016/j.h1c.2021.06.524

Huang T.H., Chang H.H., Guo Y.R, et al. Vitamin B Mitigates Thoracic Aortic Dilation in Marfan Syndrome Mice by Restoring the Canonical TGF-3
Pathway. International journal of molecular sciences. 2021;22(21):11737. doi: 10.3390/ijms222111737

Chan C.-W., Lin B.-F. Folate Deficiency Enhanced Inflammation and Exacerbated Renal Fibrosis in High-Fat High-Fructose Diet-Fed Mice. Nutrients.
2023;15(16):3616. doi: 10.3390/nu15163616

«Kapguonorus B benapycu», 2024, Tom 16, N2 6 667



