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Ilyoposcokuii €.1. MoJieKyJSIpHO-TeHETUYHI Ta IMyHHI MexaHi3Mu
BaXKKOI0 mepediry kopoHapipycHoi xBopoou (COVID-19). — Ksamidikariiina
HAyKOBa Ipallsd Ha MpaBax PyKOIIUCY.

Juceprariiss Ha 3700yTTS HAYKOBOTO CTyIeEHsS JTOoKTopa (inocodii B ramysi
3HaHb 22 «OXOpoHa 3JI0POB’s» 3a cremalbHIcTIO 222 «MenumnuHay. — [HCTUTYT
diziomorii im. O.0. boromoneiis HAH Ykpainu, Kuis, 2024.

Hucepraiiitna poOoTa BUpilIye HAyKOBI 3aBIaHHS BCTAaHOBJICHHS HOBHUX
JAHOK MOJIEKYJISIPHO-TEHETUYHUX Ta IMYHHHX MEXaHI3MIB Ba)KKOro Iepeodiry
KopoHaBipycHoi xBopoou (COVID-19), 30kpemMa, Ha TJIi METa0OJIIYHUX PO3IIAIIB, 1
MOIIYKY €()EeKTUBHUX JOKA30BUX MPOTHOCTHUYHUX OIOMApPKEPIB TAKKOTO Mepediry
COVID-19 y narii€HTiB 3 Tpynu pU3MUKY.

VY nocnikeHHl Oy BUKOPHUCTaHI 3pa3Ku IJIa3MH KpoBl 93 maiiieHTiB 13
IYKPOBUM J1a0€TOM, OKUPIHHSAM Ta TIIEPTOHIYHOIO XBOPOOOIO (cepeaHiil Bik — 61
+ 15,39 pokiB) 13 HamMIIKOBOIO Macoro Tuta (IMT>25), saxi oTpumyBanu
aHTUA1a0eTUYHI TIpenapatu Ta OyJju TOCHiTani30BaHl B 1H(EKIIMHE BIIIIICHHS
KuiBcbkoi Mmicbkoi kiiHIyHOT mikapHi Ne 4. Ilpu rocmitamizamii 'y XBOpUX
naboparopHo Oyno miarBepkeno COVID-19 meromom IIJIP. JIo KOHTpOJIbHOL
rpynu yBidnuiM 10 mpakTHYHO 310pOBHUX TOOPOBOJBINB (cepeaniil Bik — 59 + 12,3
pokiB) 3 IMT< 5 0e3 o3HaK LyKpoBOro miadbety, oxupiHHs, rineptonii Ta COVID-
19 (3 meratuBuuM [1JIP-tectoM). Yci yyacHUKH AOCHIKEHHS HaJadd MHUCbMOBY
iH(dopMmoBaHy 3roay. Bci poOOTM 3 ydacHHKaMu JIOCHIIKEHHS MPOBEICHO 3
JOTPUMAHHSIM BUMOT 010MEIWYHOI €TUKH 1 3aTBepakeHo KomiteTom 3 G10eTHKH
[ncturyTy ¢i3iomnorii imeHi boromonbis (Ne 6/20 Bix 11.11.2020).

[Ticns B1mOOpy OiojoriyHOrO Matepiany (KpoB) OyJio MpOBEAEHO KIIHIYHE
CIIOCTEPEKEHHS 32 CTAHOM XBOPHX TI1J] 9ac MOAABIIOT0 Nepediry KOpoHaBipyCcHOT
XBOpOOM W BHKOHAHO PETPOCIIEKTUBHUN aHalli3, 3a pe3yjbTaTaMu SIKOTO BCi
NaIl€HTH OYJIM PO3AUIECHI Ha TPU IPYNH BIAMOBIAHO JO TSXKKOCTI 3aXBOPIOBAHHS Ta

kiacudikoBani sk jerki (n = 14), cepenupoi TSHKKOCTI (n = 42) Ta Baxkkl (n = 37)



3riiHo 3 Pexomenparismu HarioHansHOT KOMICIT 3 OXOpOHHU 310pOB’Sl YKpaiHM Ta
npotokosry BO3.

KpiM cTraHgapTHOTO KIIIHIYHOTO OOCTEKEHHS, Y TMAalll€HTIB BHU3HAYAIN
CreliaJIbHI TapaMeTpy KJIITHHHOI BIJIOBII1, 010X1MI4HI Ta MOJIEKYJIIPHO-T€HETUYH1
MOKa3HUKH, a came, IPOBOJANUIN BU3HAUEHHS PIBHSA CIIOHTAHHOTO Ta 1HAYKOBAaHOTO
dbopmyBanHs HeWTpodiTbHUX mMo3akmTHHHNX TacTok (NET), ix OGioximiuamX
MapkepiB HelTpoduibHOi Mienonepokcuaazu (MIIO) Tta enmactasu 1 piBHSA
nozakiiTuaHOi JIHK (nxIHK) B mma3smi kpoBi, piBHS TialypOHOBOI KHCIOTH B
11a3Mi KpoBi, PIBHIB €KCIpecii pi3HuX 130¢opM TpaHckpuriiiHoro ¢akropy HIF
(HIF-10, HIF-20, HIF-30) Ta noBrux Hexkoayrounx PHK HIF1-AS1 i HAS2-AS1 y
JeUKOIMTaX KpPOBI 3 BUKOPUCTAHHSAM  BIAMOBIJHUX CYyYacCHUX METOJIB:
[UTOJIOTIYHUX (BUAUICHHA HEHUTPODUIBHUX TpaHyJOIMUTIB 3 IUIBHOI KpPOBI,
IIPOBEICHHS KIITUHHUX peakiii, (IIOOPECHEHTHa MIKPOCKOMIs), Ol0XIMIYHUX
(Bu3HauenHs KinbkocTi mo3akimituHHOT JIHK) Ta MonekynspHO-6i0morigHmx
(imyHodepmenTHuid anami3z Ta Bu3HadeHHs ekcrnpecii PHK merogom IIJIP y
peasbpHOMY 4Yaci).

OpepxaHi  pe3yibTaTh  XapaKTEPU3YIOThCS  HAYKOBOIO  HOBHU3HOIO.
Bceranosineno, mo y naiieHTiB 13 COVID-19 pisens cnontansoro HETo3y OyB y 4
pa3u BULIUM, HIXK Y 3I0POBUX JIOHOPIB, TO1 sIK iHAykoBaHui HETo3 3poctaBy 1,65
pasu, 110 BKa3ye Ha aKTUBAIII0 HEUTPO(DIIIB y BIIMOBIIL HA BIPYCHY 1H(DEKITITO.

Busneno, mo piBens nk/IHK y nna3zmi kposi xBopux Ha COVID-19 3pocTas
MPOTIOPIIIIHO TSHKKOCTI TIEepediry, 10cAraloud MaKCUMalbHUX 3HAYEHB y TAIlI€HTIB
13 BayKKkuM Tiepedirom (B 3,4 pas3u Buile, HiX y 310poBux oci0, p<0,05). [IpoBenenuii
KOpEJISILITHUI aHami3 NiATBEPAUB cepeliHio cuity 3B’ s3ky Mixk HETo30M Ta piBHEM
nk/IHK, a moGynoBana ROC kpuBa neMOHCTpyE€ €(QEKTUBHICTH OCTaHHBHOTO
MOKa3HHUKA K MPOTHOCTUYHOTO Mapkepa TskkocTi nepediry COVID-19. 3nauenns
qyTIUBOCTI 82 % CBIUUTH, 110 11ei Oi0MapKep 103BOJIsI€ KOPEKTHO 11eHTU(IKYBATH
82 9% mari€eHTiB 13 BaXKUM TMepediroM XBOpPOOW, MIHIMI3YIOUM KIJTBKICTh

XUOHOHETATUBHUX pe3yJibTariB. OTpuMaHe Moporose 3HaueHHs 4297 HI/MJ MOKHA



BUKOPUCTOBYBATHU JUIsl PO3MEXYBaHHS Ipyn pusuky: piBeHb nkJIHK Bumie 1iporo
3HAYCHHS aCOIIIOEThCA 3 BaxkuuM repedbirom COVID-19.

Pisenr MIIO B mma3mi kposi mamieHTiB i3 COVID-19 Takox 3poctaB B
3QJICKHOCTI BiJl TSDKKOCTI Mepediry 3aXBOpIOBaHHS 1 OyB y TPYIIl TSHKKOXBOPHUX B 4
pa3u BUIIMM Y TOPIBHSHHI 3 TAI[lEHTAMH 13 JITKHUM TIEpeOirom, mo CTaTUCTUIHO
JIEMOHCTpY€ HaMBHUIIMK pPIBEHb BIUIMBY cepell ycix mapkepiB (o* = 0,43). Lle
MIJKPECIIOE KIIIOUOBY POJIb HEUTpodipHOTO 3ananeHHs Ta yTtBopeHHs NETs y
po3BuTKy Baxkux yckiaagaerb COVID-19. Busnawenns MIIO, ocobmmBo y
noenHanHl 3 nkJ{HK, MoxkHa BBakaTh HAMOUTBII MEPCHEKTUBHUM JJII TOYHOTO
POrHO3yBaHHs Baxkkoro nepediry COVID-19.

Byno Bu3Ha4€HO, 110 piBEHB r1adTypOHOBOI KHUCIOTH Yy TIa3Mi KPOB1 MaB JIUIIIE
TEHJICHIII0 JI0 3pOCTaHHS 3 OOTSKEHHSAM TMepeliry 3axBoproBaHHsA. biibi
1H(HOpPMATUBHUM MOKa3HUKOM cTasio BU3HaueHHs piBHA HAS2-AS1 B nelikonurax
NAII€HTIB, 110 T03BOJSE YITKO IUCKPUMIHYBaTH XBOPUX 13 PI3HOIO Ba)KKICTIO
KJIIHIYHOTO Tepebiry 3aXBOPIOBAHHS 1€ Ha €Taml rocmiTamizaiii. Y 310poBHX
noOposoibliB ekcnpeciss HAS2-AS1 npakTuuHO He BU3Ha4Janacs, B TOM yac K y
MaIle€HTIB 3 cepennboro BaxkicTio mnepediry COVID-19 ekcmpecis HAS2-AS1
3poctana B 7,7 paziB (p < 0.05), a npu TsbkkoMy miepe0iry - B 22,6 pasiB (p < 0.05)
MOPIBHSHO 3 TMallieHTaMHu 13 JIerkuM mepebiroM. 3Hauymicte 3miH HAS2-AS1
MiATBEPUKEHA IyXKe BUCOKUM MOKasHUKOM e(ekry Bemmumau o (0,33), mo
cBimuuTh 1ipo Te, mo HAS2-ASI € mankoro marorenesy COVID-19 y 3aranpHiii
MOMyJIAAL, ajke BKa3ye, mo 0im3bko 33% Bapialiii TsoxkkocTi nepediry COVID-19
MoxkHa mosichutd piBHeM HAS2-AS1. ROC-nokasznuku (uytnusicts 0,88,
cnenudiynicts 0,8) miarBepKyoTh, mo HAS2-AS1 Ttakox € edexTuBHUM
IHCTPYMEHTOM JJIl  1HAMBIIYyaJIbHOTO TIPOTHO3YBAHHS TSKKOCTI TeEpeoiry.
['pannyHe 3HaYeHHs 1Oro OioMapkepa cTaHoBUTH 61,8 y.0., TOOTO Malll€HTH 3
piBHeM ekcnpecii HAS2-AS1 Bumie 61,8 mOTEHIIIHO MaOTh 3HAYHO 1BUILICHUMI
(88%) pusuk yckinanHenb. Takum ynHoM HAS2-AS1 moke BUKOPHUCTOBYBAaTHUCS
JUISl CTBOPEHHSI CTpaTu(]iKalliHUX MOJEJel PU3HMKY, OCOOJIMBO y KOMOIHAIl 3

IHITUMU MapKepamu.



ITokazano, mo 13odopmu TpaHnckpuniiinoro ¢akropy HIF Bigirparots
3HauHy poJib y marorede3slt COVID-19. V xBopux 3 JIeTKUM Ta cepeaHbOBAXKKUM
nepe6irom O1IBIIO0 Mipoto 3pocTana ekcrpecis HIF-2a (y 6 Ta 10,6 pa3iB BiTHOCHO
IpyInu KOHTpoJr0), MeHie - HIF-1a (y 4,3 ta 8,2 paza) 1 Halimenmie - HIF-3a (y 6,2
ta 7,1 paza). ¥ TSHKKOXBOPUX HAWMEHIIUM BHSIBIISETHCS 3POCTAHHS CYOOIWHUITI
HIF-2a (y 17,7 pa3iB), HaTomicTh 3pocTae BHecok cybommauis HIF-1a (y 21,6
paziB) 1 ocobnuBo - HIF-3a (y 33,7 pa3iB).

Busnaueno, 1o cniBBigHOImeHHs Mk piBHsAMU ekcripecii HIF-1o0, HIF-2a Ta
HIF-30 acomiifioBane 3 TSKKICTIO Tiepebiry W MoOXe BKa3yBaTH Ha MEXaHI3MU
MOPYIICHHS aIaNTallii 10 TiMOKCii y MaIi€HTIB 13 PI3HUMHU KIIIHIYHUMHU CIIEHAPISIMHU.
{1 moKa3HUKKU MOXYTh OyTH KJIFOUYOBHMH Yy BU3HAUEHHI TSHKKOCTI 3aXBOPIOBAHHSI.
AHami3 CTaTUCTUYHOIO TIOKa3HMKY edeKTy BenuuuHd mnokasye, mo HIF-3a
JIEMOHCTpYy€e HauBUIIUKM BIUIUB (®* = 0,29) Ta Mae HalOLIBIIUN e(PEKT BIUIMBY SIK
MPOTHOCTUYHUNA MapKep cepell IHIUX 130popM TpaHcKpuIuiiHoro dakropy HIF.

Brnepie BcTaHoOBIIEHO, IO piBeHb ekcmpecii noBroi Hexoayroudoi PHK
HIF1A-AS] npakThUyHO HE BIAPIZHSAETHCA MIXK TPYHOI0 KOHTPOJIIO Ta JIETKUM
nepebirom COVID-19 ta ctanoButh 29-32 y.0., ane pi3Ko 3pOCTac y MAIEHTIB 13
CEpEeHbOTKKUM Ta TsKKUM repedirom COVID-19 (B 5 Ta 9,8 pa3a BiAOBIIHO 110
rpynu koHTpoiwo). ROC-kpuBa HIF1A-AS1 nokasye 100% cneuudiunicts 1 73%
YyTIUBICTb, 110 CBIAYUTH TIPO ieanbHy 3aaTHICTh Mapkepa HIF1-AS1 npaBuibHO
BU3HAYATH 3J0pOBHX abo marmieHTiB 13 serkum mnepedirom COVID-19. Ilpu
BUKOPUCTAaHHI IILOTO MapKepa HEMae XWUOHOMO3UTHUBHUX PE3YyJIbTATIB, IO €
HaJ[3BUYAiHO BAKJIMBHM I KIIHIYHOI AlarHOCTHKU. |'panndHe 3HaueHHs 277,85
y.0. Bka3ye piBeHb ekcrpecii HIF1-AS1, mpu mnepeBHIleHHI SKOTO TAaIli€HT
BBAXKAETHCS B 30HI1 pU3HKY Baxkkoro nepediry COVID-19. Ile cBinunTs, 1110 piBeHb
excrpecii HIF1-AS1 moxe 6yTu BaromuM J1I01OBHEHHSIM 110 JiarHoctuku COVID-
19, 3abe3neuytoyn BUCOKY CHEHU(IYHICT, 1 BUCOKUNA BHECOK Yy MPOTHOCTUYHY
MOJIENb.

PesynpraTn  aumceptariiiHoi poOOTH  JO3BOJISIOTH  HAAATH  KJITHIYHI

pexoMeHaIlii moa0 3actocyBanHs Mapkepis 3amanenns (MI1O, nkJIHK), cynuanoi
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nponukHocTi (HAS2-AS1), ta rimokcii (HIF1-AS1 Tta HIF-3a) Ta ix kom0iHanii sk
BUCOKOTOYHOTO 1HCTPYMEHTY JMJIi IPOTHO3YBAHHS Ta MOHITOPHHTY Ba)XKOTO
nepebiry COVID-19. Inrerpamis uux NaHuUX y KIIHIYHY MOPAKTUKY JOMOMOKE
OKPECIIUTH CIIPaBKHI TPYIU PU3MKY, ONTUMI3yBaTH JIKYBaHHS Ta 3MEHIIUTU
PHU3UKU JJI TAIIEHTIB, JO3BOJMBIIYU MPU HAI3BHUAWHUX CUTYALISIX 30CEPEAUTUCH

Ha IMMPOTHOCTUYHO He6ﬂaFOHOHy‘-IHI/IX HaHi€HTaX.

Kurouogi ciioBa. COVID 19; SARS-CoV-2; kopoHaBipyCHE 3aXBOPIOBAHHS;
IyKPOBUM J1a0eT 2-To THUIy; OXHUPIHHS; apTeplajbHa TIMEepPTEH3is; TIMOKCIs;
3arajieHHs; KJIITUHU IMYHHOI CUCTeMH; HeUTpodinu; HeHTpo(duIbHI MO3aKIIITUHHI
nactku; HETo3; kmitunHa  3armbens;  ymkomkenHs — JIHK;  nx/IHK;
MI€JIONIEPOKCH/Ia3a; riaTypoHoBa kuciora; excnpecis redis; HIF-1a; HIF-2a; HIF-
3a; mTOR; nosri Hexkoaytoui PHK; HIF1A-AS1; HAS2-AS1; 6iomapkepu; mporHo3

TSIKKOCTI.

SUMMARY

Dubrovskyi, levgen. Molecular-genetic and immune mechanisms of
severe COVID-19 progression. — A qualification scientific manuscript.

Dissertation for the Degree of Doctor of Philosophy in the field of 22
"Healthcare," specialty 222 "Medicine." — Bogomoletz Institute of Physiology, NAS
of Ukraine, Kyiv, 2024.

This dissertation addresses the scientific problem of elucidating novel
molecular-genetic and immune mechanisms underlying severe COVID-19
progression, particularly in the context of metabolic disorders, and identifies
effective evidence-based prognostic biomarkers for severe disease in at-risk
populations.

The study involved plasma samples from 93 hospitalized patients diagnosed
with COVID-19 via RT-PCR, presenting with diabetes mellitus, obesity, and

hypertension (mean age 61 + 15.39 years, BMI > 25). Patients were treated with
5



antidiabetic medications at Kyiv City Clinical Hospital No. 4. A control group
comprised 10 healthy volunteers (mean age 59 + 12.3 years, BMI < 25) with no
diabetes, obesity, hypertension, or COVID-19 (RT-PCR negative). All participants
provided informed consent. The study adhered to biomedical ethics standards, as
approved by the Bioethics Committee of the Bogomoletz Institute of Physiology
(No. 6/20, 11.11.2020).

After the collection of biological material (blood), clinical monitoring was
conducted to observe the condition of the patients throughout the progression of
coronavirus disease. A retrospective analysis was performed, based on which all
patients were categorized into three groups according to disease severity: mild (n =
14), moderate (n = 42), and severe (n = 37), in accordance with the
Recommendations of the National Health Commission of Ukraine and the WHO
protocol. Besides standard clinical assessments, specialized analyses of cellular
responses, biochemical, and molecular-genetic parameters were conducted. These
included neutrophil extracellular trap (NET) formation, plasma levels of
extracellular DNA (cfDNA), myeloperoxidase (MPO), hyaluronic acid,
transcription factor isoforms HIF-10, HIF-2a, HIF-30, and long noncoding RNAs
HIF1-AS1 and HAS2-AS1, utilizing cytological, biochemical, and molecular-
biological methods (real-time PCR, fluorescence microscopy, and ELISA).

The findings demonstrate that spontaneous NETosis levels in COVID-19
patients were fourfold higher than in healthy controls, with induced NETosis
increasing 1.65 times, indicating significant neutrophil activation. Plasma cfDNA
levels correlated with disease severity, peaking at 3.4 times the control group levels
in severe cases. Correlation analysis confirmed a moderate association between
NETosis and cfDNA levels, with ROC analysis showing 82% sensitivity for
predicting severe COVID-19 using a cfDNA threshold of 4297 ng/mL.

The level of myeloperoxidase (MPO) in the blood plasma of COVID-19
patients also increased depending on the severity of the disease and was four times
higher in the group of severely ill patients compared to those with mild disease. This

finding statistically demonstrated the highest effect size among all markers analyzed
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(w? = 0.43). This underscores the critical role of neutrophilic inflammation and the
formation of neutrophil extracellular traps (NETS) in the development of severe
complications associated with COVID-19. The determination of MPO levels,
particularly in combination with circulating cell-free DNA (cfDNA), can be
considered one of the most promising approaches for accurately predicting the
severe course of COVID-19.

It was determined that the level of hyaluronic acid in blood plasma exhibited
only a tendency to increase with the worsening severity of the disease. A more
informative indicator was the level of HAS2-AS1 expression in patient leukocytes,
which enabled precise differentiation of patients with varying clinical severity of
COVID-19 even at the hospitalization stage. In healthy volunteers, HAS2-AS1
expression was almost undetectable, whereas in patients with moderate COVID-19
severity, HAS2-AS1 expression increased 7.7-fold (p < 0.05), and in severe cases, it
rose by 22.6-fold (p < 0.05) compared to patients with mild disease. The significance
of HAS2-AS1 changes was confirmed by a very high effect size (©* = 0.33),
indicating that HAS2-ASL1 is involved in the pathogenesis of COVID-19 within the
general population and accounts for approximately 33% of the variance in disease
severity. ROC analysis (sensitivity 0.88, specificity 0.8) further validates HAS2-
AS1 as an effective tool for individualized severity prediction. The biomarker’s
cutoff value was identified as 61.8 arbitrary units, with HAS2-AS1 levels above this
threshold indicating a significantly elevated (88%) risk of complications. Thus,
HAS2-AS1 can be employed for developing risk stratification models, particularly
in combination with other biomarkers.

It has been shown that the isoforms of the transcription factor HIF play a
significant role in the pathogenesis of COVID-19. In patients with mild and
moderate disease, the expression of HIF-2a increased to a greater extent (by 6 and
10.6 times compared to the control group), less - HIF-1a (by 4.3 and 8.2 times) and
the least - HIF-3a (by 6.2 and 7.1 times). In severely ill patients, the increase in the
HIF-2a subunit is the smallest (by 17.7 times), while the contribution of HIF-1a
subunits increases (by 21.6 times) and especially - HIF-3a (by 33.7 times).



It has been established that the ratio between the expression levels of HIF-1a,
HIF-2a, and HIF-3a is associated with disease severity and may indicate
mechanisms of impaired hypoxic adaptation in patients with various clinical
scenarios. These indicators could serve as critical parameters in determining the
severity of the disease. Statistical analysis of the effect size reveals that HIF-3a
exhibits the highest impact (0? = 0.29) and demonstrates the strongest predictive
influence among the isoforms of the hypoxia-inducible transcription factor. This
finding highlights HIF-3a as a key prognostic marker for assessing the severity of
COVID-109.

For the first time, it has been established that the expression level of the long
non-coding RNA HIF1A-AS1 shows no significant difference between the control
group and patients with mild COVID-19, remaining within the range of 29-32
relative units. However, its expression markedly increases in patients with moderate
and severe COVID-19 (5-fold and 9.8-fold higher, respectively, compared to the
control group). The ROC curve for HIFLA-AS1 demonstrates 100% specificity and
73% sensitivity, indicating the exceptional ability of this marker to accurately
identify healthy individuals or patients with mild COVID-19. The absence of false-
positive results highlights the critical importance of this marker for clinical
diagnostics. The threshold value of 277.85 relative units defines the expression level
of HIF1A-ASL1, beyond which a patient is considered to be at high risk for severe
COVID-19. This underscores the potential of HIFLA-AS1 expression levels as a
significant complement to COVID-19 diagnostics, ensuring high specificity and a
substantial contribution to prognostic modeling.

The findings of this dissertation provide clinical recommendations for the
application of inflammation markers (MPO, cfDNA), vascular permeability markers
(HAS2-AS1), and hypoxia markers (HIF1-AS1 and HIF-3a) as a highly accurate
tool for predicting and monitoring the severity of COVID-19. Integrating these
markers into clinical practice will help identify high-risk groups, optimize treatment
strategies, and reduce patient risks, allowing healthcare systems to focus on

prognostically unfavorable cases during emergencies.



Key words: COVID-19; SARS-CoV-2; coronavirus infection; type 2 diabetes
mellitus; obesity; hypertension; hypoxia; inflammation; cells of the immune system;
neutrophils; neutrophil extracellular traps; NETosis; cell death; DNA damage;
cfDNA; myeloperoxidase; hyaluronic acid; gene expression; HIF-1a; HIF-2a; HIF-
3a; mTOR; INcRNA; HIF1A-AS1; HAS2-AS1, biomarkers; severity prediction.
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IPOTHOCTHYHUNA Mapkep KiiHiyHoro nepediry COVID-19 y namieHTiB 3
BUCOKOi rpynu pusuky. HaykoBa xoHdepeniis, XXIII-1 uutanus B. B.
[TinBucoupskoro (16-17 tpaBusa 2024 poky). — Oneca.

3. Ayoposcokuii €.1., [pesunbka T.I., Crpoit [.0., Ilamesin [.0O.,
Tymanoscrka JI.B., locenko B.€., IToptauuenko A.I'. Ilozakmituana JIHK
y IJa3Mi Mali€HTIB 3 A1a0eTOM 2 TUIy Ta OXHUPIHHAM SIK HPOrHOCTUYHUUN
mapkep Baxkkoro mnepediry COVID-19. IX Hamionansauit Konrpec
naTtogizionoriB Ykpainu (IBano-®pankiBcbk — 2024).

JAyoposcbkmii €. 1., [lpeunipka T. 1., [Toptanuenko A. I'., Jlocenko B. €.
Binnoche 30umbmenns HIF-3a B nelikouurax xBopux Ha COVID-19 €
HECHPUATIMBUM MPOTHOCTUYHUM (pakTopoM nepediry 3axBoproBaHHs. VII
HayKOBO-TIpaKTUYHA internet-koH(epeHIlis 3 MiXKHAPOIHOK yuacTio «MexaHi3Mu
PO3BUTKY MATOJIOTTYHHUX MPOIIECIB 1 XBOPOO Ta iX hapMaKoIoridHa Kopekiisy. 14
mucronana 2024 p. XAPKIB — Vkpaina.
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