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TROMBOFILIFA GENLARINING COVID-19 BILAN KASALLANGAN ISHEMIK INSULT
BEMORLARDAGI XUSUSIYATLARI

Annotatsiya. COVID-19 infeksiyasining jiddiy asoratlaridan biri ishemik insult hisoblanadi, uning
chastotasi nafagat kasallikning o'tkir bosgichida, balki infektsiyadan tuzalgan shaxslarda ham sezilarli
darajada ortib borayotgani kuzatilmoqda. Post-COVID sindromiga chalingan bemorlarda
prokoagulyant va antikoagulyant tizimlar o'rtasidagi muvozanatning buzilishi sababli tromboz
rivojlanishi xavfi yuqori darajada saglanib golmoqda. Ushbu holatning asosiy sabablaridan biri folat
kislotasi metabolizmi genlari (MTHFR, MTRR, MTR) va angiogenez faktori — VEGFA bilan bog'lig
bo'lishi taxmin qilinadi. Folat sikli genlarining yetarli darajada ifodalanmasligi (ekspressiya
gilinmasligi) yoki ulardagi kamchiliklar surunkali endotelial disfunktsiyaga olib keladi, bu holat
COVID-19 infektsiyasi fonida yanada og'irlashadi. Shu bilan birga, VEGFA omilining past
ekspressiyasi ishemik hududlarda yangi gon tomirlari hosil bo'lishi (angiogenez) jarayonini buzishi
orgali ishemik insult xavfini oshiradi. O'zbekiston populyatsiyasida ushbu muammolarga olib keluvchi
polimorf genlarni tadqiq gilish, aholi orasida ushbu asoratga moyil shaxslarni aniglashga yordam
beradi. Bu esa, 0'z navbatida, ushbu shaxslarda maxsus profilaktika va davolash chora-tadbirlarini
qgo'llash orgali ishemik insult va COVID-19 ning boshqa jiddiy asoratlaridan himoya gilish uchun

muhim ma'lumot manbai bo'lib xizmat giladi.

Kalit so'zlar: Ishemik insult, MTHFR, MTRR, MTR, VEGFA, gipergomosisteinemiya, endotelial
disfunktsiya, HIF-1.

Peculiarities of Thrombophilia Genes in Patients with COVID-19-Associated Ischemic Stroke
Abstract: Ischemic stroke represents a significant and severe complication of COVID-19,
demonstrating a notably increased incidence not only during the acute phase of the illness but also
among individuals who have recovered from the infection. Patients presenting with post-COVID
syndrome continue to face a substantial risk of thrombotic events, primarily attributed to a disrupted
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balance within their procoagulant and anticoagulant systems. It is hypothesized that a key underlying
cause for this phenomenon involves genetic variations within folate cycle genes (MTHFR, MTRR,
MTR) and the angiogenesis factor, VEGFA. Insufficient expression or functional deficiencies in folate
cycle genes can lead to chronic endothelial dysfunction, a condition that is further exacerbated in the
context of COVID-19 infection. Concurrently, diminished VEGFA expression impairs the process of
new blood vessel formation (angiogenesis) in ischemic areas, thereby elevating the susceptibility to
ischemic stroke. Research into these predisposing polymorphic genes within the Uzbek population
holds the potential to facilitate the identification of individuals at higher risk for this complication.
This, in turn, could provide crucial information for developing and implementing targeted prophylactic
and therapeutic interventions, aiming to protect these individuals from ischemic stroke and other

serious COVID-19-related sequelae.

Keywords: Ischemic stroke, MTHFR, MTRR, MTR, VEGFA, Hyperhomocysteinemia, Endothelial
dysfunction, HIF-1.

Ocobennoctu I'enoB TpomGopuaun y [llanuentos ¢ Mmemunueckum UucyabTom,

AccouuupoBannbsiM ¢ COVID-19

AHHoTanusi: MieMuyeckuil HMHCYJIBT SBISIETCS OJHUM M3 HauOoJsiee TSXKENbIX OCIOKHEHUH,
accorrpoBanHbIX ¢ nHpeknueit COVID-19, yacToTa BO3HUKHOBEHHUS! KOTOPOTO 3aMETHO BO3PACTAET
HE TOJIbKO B OCTPOii (a3e 3a00eBaHUs, HO U Y JIHIL, IEPEHECIINX JaHHOE HHPEKIIMOHHOE MTOPaKEHHE.
VY nauMeHToB, CTpajaolUX IOCTKOBUIHBIM CHUHIAPOMOM, COXPAHSAETCS CYIECTBEHHO IOBBILICHHBIN
pUCK TpoMOoOOpa3oBaHUs, YTO OOYCIOBIEHO JUCOAJIAHCOM MEXIY MPOKOATYJISSHTHBIMU H
aHTHKOAryJISHTHBIMH cucTeMaMu. [Ipenmnonaraercs, 4To 0 JHON U3 KIFOYEBBIX IPUUNH Pa3BUTHUS 3TOTO
MATOJIOTMYECKOTO COCTOSIHUS ABISETCS €r0 B3aUMOCBSI3b C TEHETUUECKUMHU MOJIMMOp(GU3MaMH I'eHOB
¢onarnoro nukia (MTHFR, MTRR, MTR) u ¢akropa anruorenesza — VEGFA. HenocraTtounas
JKCIIpeccHsl WU (YHKIMOHAJIbHBIE HApyIIEHHsS T'€HOB (DONATHOTO IMKJIA MOTYT NPUBOAMUTH K
(OpMHPOBAHUIO XPOHUYECKOM PHIOTENUANBHON AUCPYHKIIMH, COCTOSTHUE KOTOPOH yCyryOsieTcst Ha
¢one COVID-19. IlapamnensHo, cHmxeHue skcrpeccun ¢(akropa VEGFA nHapymaer mnporecc
(bopMHpOBaHUS HOBBIX KPOBEHOCHBIX COCYJOB (aHTHOT'€HE3a) B MIIEMHUYECKHUX 30HAX, TEM CaMbIM
MOBBIIIAS  MPEIPACIIONOKEHHOCT, K  HMIIEMUYECKOMY HHCYNIbTy. VccnegoBaHue — JaHHBIX
MOJIMMOP(HBIX TEHOB, CHOCOOCTBYIOIIMX BO3HMKHOBEHHMIO YIMOMSHYTHIX HpoOiieM B Yy30€KCKOI
MOMYJISINH, OKaXeT COAeUCTBHE B UACHTU(DUKAIIMY JIUII, TPEIPACTIONOKEHHBIX K Pa3BUTHIO TaHHOTO
ocioxHeHus. [TomyueHHble pe3ynbTaThl, B CBOIO OYepe/ib, CTAHYT LIEHHBIM HCTOYHUKOM HH(OpMaIH
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Ui pa3pabOTKH MEPCOHANM3UPOBAHHBIX CTPATETUi MPO(UIAKTUKYA M JICYCHUS, HAIIPABICHHBIX Ha

3alIUTY 3TUX JIMI OT HIIEMHYECKOT0 MHCYJIbTA M MHBIX TsDKeNbIX nocneactsuit COVID-19.

KiawueBble ciaoBa:  MmeMuyeckuid  MHCYIIBT, MTHFR, MTRR, MTR, VEGFA,

l'unepromonmcrennemMust, JuaoTenuanbHas nuchynknus, HIF-1.

Ma'lumki, hozirgi kunda global migyosda deyarli barcha hududlarga yoyilib ulgurgan va yuz
millionlabdan ortiq insonlarda tashxislangan COVID-19 (CoronaVirusDisease-19) kasalligi insoniyat
salomatligiga keng gamrovli tahdid solayotir. COVID-19 infeksiyasining qo'zg‘atuvchisi SARS-CoV-
2 (severe acute respiratory syndrome coronavirus 2) koronaviruslar oilasiga tegishli bo'lib, bu asrda
ushbu oila vakillari keltirib chigargan uchinchi yirik epidemiya sifatida tan olinadi. SARS-CoV-2
virusi boshga koronaviruslardan favqulodda tez yoyilishi, yuqori adaptatsiya gobiliyatiga egaligi,
yangi shtammlarning tez shakllanishi, shuningdek, bir gancha retseptorlar (xususan, 1l tip alveolyar
hujayralar, enterotsitlar, neyronlar, kardiomiotsitlar, jigar xolangiotsitlari, buyrak proksimal
kanalchalari, urogenital tizim hujayralarini angiotenzin o'zgartiruvchi ferment (ACE2) retseptori
orgali; Uning og'ir shakllari atipik pnevmoniya, o'tkir respirator disstress sindromi, o'pka fibrozlanishi,
"sitokin bo'roni" keltirib chigaradigan tizimli yallig'lanish kasalliklari, vaskulitga o'xshash autoimmun
holatlar, tromboz va tromboemboliyalar (jumladan, insult va infarktlar), yurak-gon tomir kasalliklari,

ruhiy va nevrologik disfunksiyalar kabi asoratlarga sabab bo'lishi belgilangan [2, 3, 4, 5, 6].
Magolaning asosiy gismi.

SARS-CoV-2, bosh miya va ishemik insult. COVID-19 infeksiyasini boshidan kechirgan bemorlarda
turli nevrologik va ruhiy disfunksiyalar, jumladan, ishemik insult, periferik neyropatiya, miopatiya,
Bikerstaff ensefaliti, Giyen-Barre sindromi, nevralgiya, miasteniya, depressiya (COVID-19 dan so'ng
bemorlarning 28,47-39%ida), bezovtalik (COVID-19 dan so'ng bemorlarning 34,72%ida), agevziya
(88,8%), anosmiya (79,6%), psixozlar, suitsidal harakatlar, xotira buzilishi, posttravmatik stress
(COVID-19 dan so'ng bemorlarning 54,5-96,2%ida), deliriya va uyqu buzilishi kabi holatlar kuzatiladi
[24, 25, 26]. COVID-19 kasalligi davrida asab tizimining shikastlanishining bir necha mexanizmi
bo'lishi mumkin: 1) Nafas olish tizimining og'ir shikastlanishi natijasida yuzaga keladigan gipoksiya,
shuningdek, o'pkalarning fibrinolitik faolligi pasayishi va endotelial disfunksiya ta'sirida faollashgan
prokoagulyatsion omillar tufayli yuzaga keluvchi trombozlar va tromboemboliyalar natijasida
Markaziy Nerv Tizimining ishemik shikastlanishi kuzatiladi [26, 29, 30]. Ya'ni, gonda fibrinogen va

D-dimer (fibrin degradatsiyasi markeri) konsentratsiyalarining yuqoriligi hamda trombotsitlar
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sonining pastligi (trombotsitlarning ko'p migdorda iste'mol qilinishi tufayli) [14, 15] bu bemorlarda
ishemik insult rivojlanishi xavfi yuqoriligidan dalolat beradi. 2) SARS-CoV-2 virusi hid bilish nervi
tolalari (shuningdek, kamrog darajada nafas olish va hazm qilish a'zolarini innervatsiya giluvchi
adashgan nerv tolalari) orgali teskari yo'nalishda bosh miyaga kirishi mumkin. Tadgigotlar COVID-
19 bilan kasallangan bemorlarning orga miya suyuqligida SARS-CoV-2 virusi borligini aniglagan [25,
26]. Bundan tashqgari, SARS-CoV-2 tomonidan hazm gilish traktining shikastlanishi uning to'siq
funksiyasini buzib, endotoksemiyaga olib keladi. Endotoksinlar bevosita hamda sitokinlarning
giperproduktsiyasi orgali bilvosita markaziy asab tizimi (MAT) faoliyatini buzishi ham depressiyaning
rivojlanishida muhim rol o'ynashi mumkin [26]. 3) Viremiya davrida SARS-CoV-2 gipotalamusga
ta'sir ko'rsatishi mumkin. Bu hududda gematoentsefal to'siq (GET) nisbatan kuchsiz rivojlanganligi va
ACE2 retseptorlarining mavjudligi bilan izohlanadi. ACE2 retseptorlari fagatgina neyronlarda emas,
balki gliyal hujayralarda ham joylashgan. 4) SARS-CoV-2 virusi TLR-retseptorlari orqali

sitokinlarning haddan tashqari ko'p ishlab chigarilishini (giperproduktsiyasini) rag'batlantiradi.

COVID-19 patogenezida tizimli vyallig'lanish va giperkoagulyatsiya rivojlanishida

endoteliotsitlarning roli.

Tadgigotlar shuni ko'rsatmoqdiki, COVID-19 kasalligi aslida endotelial disfunksiya bilan
xarakterlanadi. Buning sababi COVID-19 patogenezida endoteliotsitlarning tizimli yallig'lanishi
sitokinlarning haddan tashgari ko'p ishlab chigarilishini va giperkoagulopatiyani yuzaga keltirib,
multiorgan yetishmovchiligi, jumladan infarktlar va insultlarning kelib chigishiga zamin yaratmoqda.
Normal holatda endoteliotsitlar 6 ta asosiy funksiyasi orgali organizm gomeostazini ta'minlashda
ishtirok etadi (1-rasm): 1) gon tomirlar o'tkazuvchanligini nazorat gilish (prostakiklin, tromboksan,
prostaglandinlar, azot oksidi, endotelin, E-selektin, ICAM-1 va -2, VCAM yordamida); 2) gon tomir
tonusini tartibga solish (yugorida sanab o'tilgan moddalar yordamida); 3) gemostazni boshqgarish
(trombomodulin, tromboksan, to'gima plazminogen aktivatori, geparan sulfat, fon Villebrand omili,
to'qima faktori ishtirokida); 4) yallig'lanish jarayoni va immun javobni boshqarishda gatnashish (IL-6,
IL-8, xemotraktant moddalar); 5) hujayralar o'sishini regulyatsiya qilishda; 6) past zichlikli

lipoproteinlarni (ZPLP) oksidlash orgali xolesterin darajasini nazorat qgilish [7, 8]. (1-jadval).

VEGFA va ishemik insult. Qon tomir endotelial o'sish faktori (VEGF) guruhiga VEGF-A, VEGF-B
va P1GF (platsetar o'sish faktori) kabi omillar kiradi. Ushbu omillar vaskulogenez jarayonida, ya'ni
mezeximal hujayra prekursorlaridan qon tomirlarining gayta shakllanishida hamda gipoksiyaga
uchragan organ va to'gimalarda yangi kapillyarlar shakllanishini rag'batlantiradi. Shuningdek, HIF
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omili koagulyatsiyaga ham faollashtiruvchi ta'sir ko'rsatadi, xususan, HIF-1a to'qima faktorining
ajralib chigishini kuchaytiradi, HIF-1 va HIF-2 plazminogen aktivatori ingibitori faktorining migdorini
oshiradi va fibrinoliz jarayonini ingibitsiya giladi [15]. Bu holatda o'ziga xos patofiziologik zanjir
shakllanadi. Ya'ni, populyatsiyada keng targalgan VEGF-A genining ba'zi polimorf variantlari
angiogenez jarayonini to'liq ta'minlay olmaydi (VEGF-A transkripsion omillarga nisbatan sezuvchan
emas, angiogenezni yetarli darajada stimullamaydigan polimorf genlar), bu esa gipoksiya holatini
yanada cho'zilishiga imkoniyat yaratadi. Natijada HIF omillarining ajralib chigishi yanada kuchayadi,
bu esa giperkoagulyatsiya tufayli yuzaga kelgan ishemiyani provokatsiya giladi va gipoksiyani

chuqurlashtiradi.

Xulosa. COVID-19 kasalligida yuzaga kelgan sitokin bo'roni, giperergik yallig'lanish va SARS-CoV-
2 ning bevosita ta'siri natijasida endotelial disfunksiya shakllanadi. Buning ogibatida
giperkoagulyatsiya jarayoni yuzaga kelib, trombozlar va tromboemboliyalar yuzaga kelib, ishemik
insultga sabab bo'lishi ehtimoli mavjud. Ushbu holatning rivojlanishi, aynigsa, surunkali endotelial
disfunksiyasi allagachon mavjud bo'lgan bemorlarda (gandli diabet, arterial gipertenziya, semizlik va
gipergomosisteinemiya) yanada jiddiyroq kechadi. Gipergomosisteinemiyaga olib keluvchi har
ganday omillar (folat kislotasi, B6, B12 vitaminlarining alimentar yetishmovchiligi, MTHFR, MTRR,
MTR fermentlarining disfunksiyasi yoki gipofunksiyasiga ega bo'lgan fermentlarni tutuvchi bemorlar)
hamda MAT ishemiyasiga chidamliligini oshirishda asosiy rol o'ynaydigan (neyronlarning
gipoksiyaga chidamligini oshirish va vaskulogenezni kuchaytirish orqgali) VEGF-A omili
gipofunksiyasiga sabab bo'luvchi genlarni tutgan bemorlar COVID-19 kasalligini og'ir formada
o'tkazishga va ishemik insult bilan kasallanishga yugori moyillikka ega guruhni tashkil etadi. Bu guruh
vakillarini populyatsiyaviy molekulyar-genetik skrining orgali aniglash, ularga samaraliroq profilaktik
va terapevtik chora-tadbirlarni o'z vaqgtida qo'llash orgali, ularning umr davomiyligi va hayot sifatini

yaxshilashimiz mumkin.
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