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MeToto pocnigxkeHHs 6yno AoCNiANTM MOTEHUINHMIA 3B'A30K MiX
nosniMmopdHmnM BapiaHToM C3953T reHa iHTepneikin-1 6eta (IL1J3)
i KiHIKO-HEBPOMOriYHNUMKM, HenpoBilyanizauiiHMMK, reMoAuHa-
MiYHUMKN XapaKTEPUCTMKaAMM, @ TaKOX KOMHITUBHO ANCHYHKLIED

Ceitnara| B MaUI€HTIB i3 NocTiHdekuirHoto eHuedanonatieto (MIE).

MaTtepianu i MeTogun. O6CTEXEHO | BK/TIOYEHO B PETPOCNEKTUBHUIA

Lkpo6oT, PobepT OnbLueBCKi.

Ao3Bin kKoMicii 3 nutaHb 6ioeTukn: [o-
cnigxeHHa cxBaneHo Kowiciewo 3 bioe-
TUKU  TepHOMiNbCbKOro  HauioHanbHOro
MeANYHOro yHiBepcuteTy imeHi 1. Fopba-
yeBcbkoro MO3 YkpaiHn (npotokon N°74
Bia 01.09.2023 p.).

®iHaHCyBaHHS: aBTOPWN He OTPMMaNM Xoa-

aHaniz 128 xBopux Ha nocTiHdekuUinHy eHuedanonarito (MIE), ki
nepebyBanu Ha CTauioHapHOMY NiKyBaHHi B HEBPOMOriYHUX Biaai-
neHHax KM «TepHoninbCbka o6nacHa KAiHiYHa NCUXOHEBPOIOriyHa
nikapHa» TepHONiNbCbKOI 06nacHoi paan, M. TepHoninb, YKpaiHa,
y 2021-2022 pp. 26 nauieHTam NpoBOAWUIN MOSIEKYNSPHO-reHe-
TUYHE AOCNIAXEHHS B MONEKYAPHO-reHeTuyHin nabopaTtopii AY

HOI diHaHCOBOI NiATPUMKM CBOro AocChi-
IDKEHHS.

© Bci aBTopy, 2023
BY

Pe3ynbTtaTn. AHania 3aneXHOCTi HENPOBI3yani3auiiHMX 3MiH Big 4YaCcTOTW reHOTUMNIB NoAIMOpPdHOro
BapiaHTy C3953T reHa IL1S3 y xBopux Ha MNIE nokasas BiporigHui 3B'930K MiX iX 4aCTOTHMM poO3Mo-
AINOM i HasiBHICTO/BiACYTHiCTIO aBuw, rnio3y (p=0,009). TakMM YMHOM, F/1i03 BUSIBNIEHO Y BCiX HOCIIB
T/T reHotmny noniMopdHoro BapiaHTy C3953T reHa IL1B. AHani3yl4umn 3a5exHicTb 3MiH, oTpMMa-
HUX Nig Yac TpaHCKpaHianbHOro AOMAepPiBCbKOro yibTPa3ByKOBOro AOCNAIAXKEHHS CYAUH rOSIOBHOMO
MO3KY, Big nonimopdgHoro BapiaHty C3953T reHa IL1B3 y xBopux Ha lIE, y BCix HociiB reHoTuny T/T
ApiarHoctoBaHo aHriocnasm (p=0,038) Ta BepTebpobasmnspHy HegocTaTHicTb (p=0,010).

«PedepeHc-LeHTp 3 MoneKynspHoi giarHoctukn MO3 YkpaiHu», M.
Kwnis. KoHTposibHa rpyna cknaganacs 3 12 ocib, penpeseHTaTMBHMUX
3a BiKOM i cTaTTio. CTaTUCTUYHY 06p0obKy pe3ynbTaTiB NpoBOAWIM
3a goriomoroto nporpamm STATISTICA 10.0.

BucHOBKMW. Pe3ynbTaTu CBigYaTh NPO AOUINbHICTb MNOAaNbLIMX AOCAIAXEHb B3aeMoAii Mix IL1[ i
rnianbHUMU KAITUHAMKU Ta 3MiH Y KOTHITUBHOMY (PYHKLIOHYBaHHI reHOTUMIB LUMTOKIHIB i3 6inbinMm
pO3MipOM BMBIpKMK, LLO MOXE AOMOMOITU MOSACHUTU NATOdi3ioNorivyHi MexaHiaMum, LWo NpU3BOASATb
[0 KOMHITMBHUX nopylweHb Yy nauieHTis i3 MMIE.

KnwouoBi cnoBa: noctiHdekuinHa eHuedanonaris, iHTepnenkiH-1 6eta (IL1B), nonimopdism
reHa IL1B3, KOrHiTUBHa AUCHYHKLS.
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The study of associations between IL1B
C3953T gene polymorphism and clinical-
neurological, neuroimaging, hemodynamic
characteristics and cognitive dysfunction in
patients with post-infectious encephalopathy

Khrystyna Duve!, Robert Olszewski?, Svitlana Shkrobot!, Na-
talia Shalabay!

1I. Horbachevsky Ternopil National Medical University, Terno-
pil, Ukraine

?National Institute of Geriatrics, Rheumatology and Rehabili-
tation, Warsaw, Poland

The aim: To investigate potential associations between the
C3953T polymorphic variant of the interleukin-one beta (IL1p)
gene and clinical-neurological, neuroimaging, hemodynamic
characteristics, as well as cognitive dysfunction in patients with
post-infectious encephalopathy (PIE).

Materials and methods: A total of 128 patients with post-in-
fectious encephalopathy (PIE) who were receiving inpatient
treatment in the neurological departments of the Communal
Non-commercial Enterprise “Ternopil Regional Clinical Psycho-
neurological Hospital” of Ternopil Regional Council,” Ternopil,
Ukraine, were examined and included in the retrospective
analysis in 2021-2022. The molecular-genetic testing was per-
formed for 26 patients in the molecular genetics laboratory
of the State Institution “Reference Centre for Molecular Diag-
nostics of the Ministry of Health of Ukraine,” Kyiv. The control
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group consisted of 12 people, who were representative in age and gender. Statistical processing
of the results was performed using the STATISTICA 10.0 software.

Results: Analysis of the dependence of neuroimaging changes on the frequency of genotypes
of the C3953T polymorphic variant of the IL183 gene in patients with PIE showed a significant re-
lationship between their frequency distribution and the presence/absence of gliosis phenomena
(p=0.009). Thus, gliosis was detected in all carriers of the T/T genotype C3953T polymorphic
variant of the IL18 gene. Analyzing the dependence of changes obtained during the transcra-
nial Doppler ultrasound scanning of cerebral vessels on the polymorphic variant C3953T of the
IL1B gene in patients with PIE, all carriers of the T/T genotype were diagnosed with angiospasm
(p=0.038) and vertebrobasilar insufficiency (p=0.010).

Conclusions: Results suggest the reasonability of further researching the interaction between
IL1B and glial cells and changes in the cognitive functioning of cytokine genotypes with larger
sample sizes that may help explain the pathophysiological mechanisms leading to cognitive im-
pairment in patients with PIE.

Keywords: Post-infectious encephalopathy, interleukin one beta (IL1B), polymorphism of IL1[
gene, cognitive dysfunction.
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BcTtyn

IHdeKuinHi  3axBOpOBaHHSA MOXYTb BMMBa-
TM Ha pobOTy MO3KY Ta CNPUYMHSATU PO3BUTOK
nocTiHdekuinHoi eHuedanonaTii (MIE), HaBiTb
AKWO 36yAHMK He BnamMBaEe 6e3nocepenHbo Ha
LeHTpasibHy HEPBOBY cUCTeMY. 30KpeMa, nepu-
depuyHi iHdekLUii, cnpuynHeHi Bipycamm, bakTe-
piamu abo napasuvTtamu, MOXYTb MPU3BECTU A0
BTOPMHHOI 3ananbHOI BiANOBIAi B MO3KY, LLMPOKO
BiZLOMOI K HeMpo3ananeHHs [1,2]. Helposana-
NEeHHs € 3arajnbHOK O3HaKo eHuedanonarin,
NoB’A3aHnX 3 iHMEKUIMHMMK 3aXBOPIOBAHHAMMU,
onocepeaKoBaHMMU  LMTOKIHAMK,  XEeMOKiHa-
MW, aKTUBHUMU (HOPMaMM KUCHIO Ta HIiTPOreHy,
Towo. Lli megiaTopn B OCHOBHOMY BMPOBMAIOTLCS
MIKpPOr/i€lo Ta acTpoumTamum, eHaoTenianbHUMK
KniTMHaMn Ta nepudepuyHUMn iIMyHHUMKU K-
TUHaMWU. Y MO3KY UMTOKIHW 34aTHI aKTMBYBaTH
rnianbHi KNITMHKW, MoayntoBaTn MeTaboniam Hel-
pomefiaTopiB i NpM3BOAUTU A0 HEMPOTOKCUUYHUX
kackagis [3]. Micna BnavBy npo3ananbHUX CTU-
MYJ1iB MiKpOrisi 3a3Ha€ MOPOOrivyHUX i DyHK-
LioHaNbHUX 3MiH | OpraHi3oBy€E iMyHHY Biano-
Biab y UHC. lNMpo3ananbHe cepenoBuLle TakoxX
Npu3BOAUTbL A0 KiJIbKOX MaToforiyHUX 3MiH B
actpornii. Llei peakTMBHUI acTpornios xapak-
TepusyeTbCcs  rineptpodieto, MoaudikoBaHUM
CEKpeTOMOM i MiABULLEHOK eKcrpecien 6inkis
NPOMIXHUX HUTOK, 0COBMBO rnianbHOro ibpu-
NSAPHOro KUCNOTHOro 6inka i BiMeHTUHY [4].

YncneHHi 3MiHHi, Taki 9K iIHTEHCUBHICTb, TpUBa-
NiCTb Ta iMYHOMOriYHUI iMNPUHTKMHT [5], Bigi-
rpatoTb BiANOBIAHY PONb Y BU3HAYEHHI Nepebiry
eHuedanonaTii 4na KOXHOro nauieHta. € aaHi,
WO HeMpo3ananeHHs 6ysio NpUYMHHO NoB’sA3a-
He 3 TpUBaJIMM HEBPOIOMIYHUM MOLUKOAXEHHAM
i HU3KO KOMHITUBHUX i MNOBEAIHKOBUX CUMM-
TOMIB, BKJ/IHOHAKOUN BTPATy NaM’aTi, KOTHITUBHY
ancoyHKuio, TpuBory Ta genpecito. Kpim Toro,
HEeBPOJOriyHi Hacnigku, noB'aA3aHi 3 iHdeKUin-
HUMU 3aXBOPIOBAHHSAMU, MOXYTb HaBiTb BMNAM-
BaTM Ha ManbyTHIO 3aXBOPIOBAHICTb i MPOrHO3
HelpoaereHepaTMBHMX posnaais [6].

Cepen uncCrieHHUX MediaTopiB 3anasieHHsa OCo-
6nmMBy ponb y Xxoai perynsauii iMyHONOriYHMX
B3a€EMOJIiN BiAirpaloTb LUMUTOKIHW, POSb SKUX A0-
BeAeHa i B HenpornowKkoaxeHHi. CiMelincTBo iHTe-
pnerkiny 1 (IL-1) cknaga€eTbes 3 TpbOX MONEKYN,
ABox aroHictie (IL-1a ta IL-1B) Ta cneundivHo-
ro aHtaroHicra peuentopa IL-1 (IL-1ra), a Ta-
KOX ABOX MeMbpaHHux peuentopie (IL-1RI Ta
IL1RII). ). Ui umToKiHM BigirpatoTb BUpillanbHy
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posib Y BPOMXKEHIN IMyHHI cucTeMi Ta perynio-
t0Tb DYHKLUIT aaanTUBHOI IMyHHOI CUCTEMK, BUPI-
LIanbHO OMOCePEeAKOBYOUM 3anasibHy BiAMOBIAb
Ha WKIANMBI areHTW Ta MOLKOAXEHHS TKaHWH
[7,8]. InTepneinkiH oanH 6eta (IL1B) € HamBax-
NMBIWKM 4neHoM cimerictBa IL-1. BiH BMpobns-
€TbCA YNCNEHHUMW TUMAMU KNITUH, BKJOYaO4n
napeHxiMy roloBHOMO MO3KY, HEMPOHM Ta acTpo-
LUMTK, MICA4 iLeMiYHOro iHCyNbTy roJI0BHOrO MO3-
Ky, | MOro piBeHb MiABULLYETLCS MICNS TPaBMU.
IL1B TakoX BBaXa€TbCs OCHOBHMM MeaiaTopoM
3ananeHHs nicna uepebpoBacKynsApHOi iwemii
[9]. 3aBASAKM YMCNEHHMM MOTOYHMM AOCNIAXKEH-
HAM BBaXa€eTbcs, wo IL-1B 3aaTtHUiA moayntoBa-
TN MPOHUKHICTb remaToeHuedaniyHoro 6ap’epy,
aKTUBYBATU rAianbHi KAITUHWU, HENPOHaNbHUN
anonTo3 i HeKpOo3, 3ananeHHs Ta iHdInbTpauio
iMyHHUX KnitTH y LWHC [10,11]. leH, wo koaye
IL1B, kapToBaHui Ha xpomocomi 2 (2ql4). B ai-
NSAHUI AaHOro reHa BusaBneHo 135 oaHoOHyKne-
OTMAHMX 3aMiH, a nonimopdiamM +3953C/T 3Ha-
XOAUTbCA B 5 €K30Hi AaHOro reHa, 3yMOBJIHOYM
3aMiHy umTo3uHy (C) Ha TuMiH (T) B MONOXEHHI
+3953 HyK1e0TMAHOI MoCcNiA0BHOCTI. [loniMop-
i3M reHa IL-13 acoLilOETLCA 3 eninencieto Ta iH-
LWMMM HEBPONOMiYHUMK 3axXBOPIOBaHHAMMK [12].
Kpim TOro, 6yno npunyleHo, wo noniMmopdHui
BapiaHT +3953 (rs1143634) reHa IL-13 Bnnuneae
Ha npoaykuito npoTteiHy IL-1B [13].

MaTepian Ta meToamn

3aranom 128 xBopuX Ha NOCTiHMEKUINHY eH-
uedanonaTito (MNIE), aki nepebyBann Ha cTa-
uioHapHoMmy nikyBaHHi y 2021-2022 pokax
y HesposioriyHux sigaineHHax KHIT «TepHo-
ninbcbka obnacHa KniHiYHa NCMXOHEBPOSOTIY-
Ha nikapHsa» TepHoNiNbCbKOi obnacHoi paau
(M. TepHoninb, YkpaiHa), 6ynu pgocnigxeHi ta
BKJ/IIOYEHI 4O PETPOCMNEeKTUBHOro aHanisy. Mo-
NeKynsapHO-reHeTnyYHe AOoCNiAXEHHS nposeae-
HO 26 nauieHTaM. KOHTpoOsibHY rpyny ckianu
12 ocib, penpe3eHTaTUBHMX 3a BIKOM i CTaTTIO.

KpuTtepil BKAIOYEHHSA MNAUiEHTIB: Maui€eHTU Bi-
KoM 18-75 pokiB; nauieHTW 3 eHuedanitom
UM MeHiHroeHuedanitom B aHaMmHesi (BipyCHOI
abo bakTepianbHOi eTionorii, y TOMy 4ncni XBo-
pi Ha COVID-19) ta BIJl-iHdikoBaHi nauieHTW.
KpuTepil BUKIOYEHHSA: HASABHICTb COMATUYHOI
naTtosorii B CTagii AeKkoMneHcauii, oHKkonaTo-
norii; nauieHT” 3 Nigo3pot Ha xBopoby Anb-
urerimepa abo iHWIi aAereHepaTUBHI 3aXBOpto-
BAaHH4A; MNAUIEHTIB i3 O3HaKaMW 3J/10BXWBAHHA
ankorosneMm abo NCMXOAKTUBHUX PEYOBMUH.
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Introduction

Infectious diseases may affect brain function
and cause the development of post-infectious
encephalopathy (PIE), even if the pathogen
does not directly affect the central nervous
system. In particular, peripheral infections
caused by viruses, bacteria or parasites may
lead to a secondary inflammatory response in
the brain, commonly known as neuroinflam-
mation [1,2]. Neuroinflammation is a common
feature of encephalopathies associated with
infectious diseases, mediated by cytokines,
chemokines, reactive oxygen and nitrogen
species, etc. Microglia, astrocytes, endotheli-
al cells, and peripheral immune cells mainly
produce these mediators. In the brain, cy-
tokines can activate glial cells, modulate the
metabolism of neurotransmitters, and lead
to neurotoxic cascades [3]. After exposure to
pro-inflammatory stimuli, microglia undergo
morphological and functional changes and or-
ganize an immune response in the CNS. The
pro-inflammatory environment also leads to
several pathological changes in astroglia. This
reactive astrogliosis is characterized by hyper-
trophy, a modified secretome, and increased
expression of intermediate filament proteins,
especially glial fibrillary acidic protein and vi-
mentin [4].

Numerous variables, such as intensity, dura-
tion, and immunological imprinting [5], play a
relevant role in determining the course of en-
cephalopathy for each patient. Evidence shows
that neuroinflammation has been causally
linked to long-term neurological damage and
cognitive and behavioral symptoms, including
memory loss, cognitive dysfunction, anxiety,
and depression. In addition, neurological se-
quelae associated with infectious diseases may
influence the future incidence and prognosis of
neurodegenerative disorders. [6].

Among the numerous mediators of inflamma-
tion, cytokines play a unique role in the regula-
tion of immunological interactions, the role of
which has also been proven in neuro damage.
The interleukin 1 (IL-1) family comprises three
molecules, two agonists (IL-1a and IL-1B) and
a specific IL-1 receptor antagonist (IL-1ra), as
well as two membrane receptors (IL-1RI and
IL1RII). These cytokines have a crucial role in
the innate immune system and regulate func-
tions of the adaptive immune system, deci-
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sively mediating the inflammatory response
to noxious agents and tissue damage [7,8].
Interleukin one beta (IL1B) is the most essen-
tial member of the IL-1 family. It is produced
by numerous cell types, including brain paren-
chyma, neurons, and astrocytes, after brain
ischemic stroke, and its levels are increased
after trauma. IL1B is also considered an es-
sential mediator of inflammation after cere-
brovascular ischemia [9]. Due to the number
of current research works, IL-1f is thought to
be capable of modulating blood-brain barrier
permeability, activating glial cells, neuronal
apoptosis and necrosis, inflammation, and im-
mune cell infiltration within the CNS [10,11].

The gene encoding IL1B is mapped to chromo-
some 2 (2g14). In the region of this gene, 135
single-nucleotide substitutions were found,
and the +3953C/T polymorphism is located in
exon 5 of this gene, causing the substitution of
cytosine (C) for thymine (T) at position +3953
of the nucleotide sequence. IL-18 polymor-
phisms have been associated with epilepsy
and other neurological conditions [12]. More-
over, the genetic variant +3953 (rs1143634)
in IL-1B has been suggested to influence the
production of IL-1B protein [13].

Materials and Methods

A total of 128 patients with post-infectious
encephalopathy (PIE) who were receiving
inpatient treatment in 2021-2022 at the
neurological departments of the Communal
Non-Commercial Enterprise “Ternopil Regional
Clinical Psychoneurological Hospital” of Terno-
pil Regional Council,” Ternopil, Ukraine, were
examined and included in the retrospective
analysis. The molecular-genetic testing was
performed for 26 patients. The control group
consisted of 12 people, who were representa-
tive in age and gender.

Patient inclusion criteria were the following:
patients aged 18-75; patients with a history
of encephalitis; meningoencephalitis (of viral
or bacterial etiology, including patients with
COVID-19); and HIV-infected patients. Exclu-
sion criteria: the presence of somatic pathol-
ogy in the stage of decompensation, oncopa-
thology; patients with suspected Alzheimer's
disease or other degenerative diseases; pa-
tients with evidence of alcohol abuse or use of
psychoactive substances.
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lMpoBeaeHe foCniAXeHHS € O4AHOMOMEHTHUM A0~
CNiAKEHHAM TUMNY <«BUMaAOK-KOHTpPONb>». [po-
TOKO/ AO0CNIAXKEHHA BKJKOYAB CKPUHIHM naui-
€HTIB Ha BIAMOBIAHICTb KPUTEPIAM BKJ/IHOYEHHS
Ta BUMKJ/IOYEHHS, NpoBedeHHs JnabopaTopHMX
BU3Ha4YeHb, reHeTUYHe AOCNIAXKEHHSA Ta CTaTUC-
TUYHMIA aHanNi3 oTPUMaHMX AaHux. Bci nauieHTn
6ynu noiHdopMoBaHi NpPo MeTy KAiHIYHOrO A0-
CNifXKeHHS Ta Aanu NMCbMOBY iH(DOPMOBaHY 3ro-
Ay Ha y4yacTb Yy HboMY. KoH®iAeHUiNHICTb Woao
ocobu Ta cTaHy 340poB’s nauieHTa 36epiranacs.

ETnuyHe cxBaneHHsa. dopmMa iHPOpMOBAHOI 3ro-
OV nauieHTa, KapTta 0b6CTexeHHs Ta BCi eTa-
Ny AocnifXeHHs 6ynun 3aTBepaXeHi KoMicier
3 b6ioeTvkn TepHONiINbCbKOro HauioHanbHOro
MeAWYHOro yHisepcuteTy imeHi I. Nopbaues-
CbKoro, M. TepHoninb.

Henposisyanizauito nposoauan 3a AOMNOMO-
rol MynbTUCAiIpanbHOI KOMM'IOTEPHOI TOMO-
rpadii (KT) (Asteion 4 Toshiba abo Toshiba
Aquilion TSX-101A/QC, SinoHia) abo MarHiT-
HO-pe3oHaHcHoi Tomorpadii (MPT) («Siemens
Magnetom Avantto» 1,5 Tn, 3 nepenoBoto Tex-
Honorieo TIM, HiMmeuunHa).

CTaH MO3KOBOrO KpOBOTOKY AOC/iAXyBaau 3a
[OMOMOro0 TpaHCKpaHianbHOro AynjeKcHoro
ckaHyBaHHS (TKAC) iHTpakpaHianbHUX CyAWH
Ta ekcTpakpaHianbHuXx 6paxiouedanbHux cy-
AvH Ha anapari Philips HDI. KorHitnsHi dyHKuUii
ouiHoBanu 3a 4onoMoroo MoHpeanbCbKOol LWKa-
nm (MoCA). Yci obcrexyBaHi npoxoaunm Tec-
TYBaHHA 3@ CTaHAAPTHOK METOAMKON OLIHKMK
KOMHITUBHMX [AOMEHIB. MakcuMManbHO MOXU-
Ba KinbKicTb 6anis — 30. HopMolo BBaXa€eTbCs
pe3ynbTaT Big 26 6anis. 22-25 6aniB o3Havae
nerke nopyLlleHHS KOTHITMBHUX yHKLiN, 19—
21 6an — noOMipHe MNOpYLEHHS KOrHITUBHUX
dyHKUIN, ao 19 6anie — gemeHuito [14].

MOJIEKYJISPHO-TEHETUYHE AOCJIIA>KEHHA
OJIIMOP®HOIO BAPIAHTY C3953T rEHA IL1[3
Woro nepwwum etanom 6yno suaineHHs AHK i3
LinbHOI NepudepnyHOi KpoBi Ha ManepoBoMy
6naHKy 3a [40MOMOrol KOMepLuinHoro Habopy
«Quick-DNA Miniprep Plus Kit» (Zymo Research,
CLUA) 3rigHo 3 iHCTpyKLUi€eto. MonekynsipHo-reHe-
TUYHY andepeHLiauito 4oCNiaKyBaHNX BapiaHTiB
reHiB NpoBOAMIN METOAOM anesnb-cneumdivyHoi
MNP a6o MNP MNAP® (nonimopdiamy AOBXKUHU
pPeCcTpUKLUINHMX (parMeHTiB) 3a CTaHAAPTHUMU
onepauiiHUMM MpoToKoMaMn, po3pobieHnMn B
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MOJEKYSAPHO-TeHETUYHIN nabopaTtopii aepxas-
Horo 3aknagy «PedepeHc-ueHTp 3 Monekynsap-
HOi agiarHocTMkn MO3 YkpaiHu», M. KuiB.

EnekTpodopeTnyHuiA  po3noain npoBoaunu B
CUCTEMi ANS rOpU30HTaNbHOrO enekTpodopesy
multi Sub Midi (Cleaver Scientific, Bennkobpu-
TaHig). Po3Mmip amnnidikoBaHMX Ta pecTpuK-
LiNHWUX dparMeHTiB OLiHIOBaNM MOPIBHIOUN 3
MapKepoM MonekynsipHoi Barn GeneRuler DNA
Ladder (Thermo Scientific, CLLIA) y 3abapsne-
HOMY eTuain-6pomigom 3% arapo3HoMy reni
(Cleaver Scientific, BennkobputaHis). B npoue-
Ci Bi3yanisauii ouiHoBann yTBopeHi parMeHTn
ONS KOXHOro 3paska Ta 34incHoBann goTtodik-
cauito oTpuMaHux 306paxeHb. MeHoTUNKM 3pas-
KiB BU3Ha4vanu BiANOBiAHO A0 CTaHAAPTHUX orne-
pauiiHnUX npoueayp, 3aTBEpPIXeHUX Yy 3aknagi,
OLIHIOOUYM MONEKYNSAPHY Bary pecTpukuiiHuX/
amnnidikoBaHnX (parMeHTiB MOPIBHAHO 3 MO-
JIeKy/ISpHOI0 Barow Ta BiAMNOBIAHUMW NO3UTUB-
HUMW KOHTPONbHUMMK 3pa3kamu (Tabn. 1).

Tabavysa 1

MonekynsapHa Bara pecTrpukuinHnx/
amnmnidikoBaHnx pparmMeHTiB

Po3Mip pecTpukuUinHnx/
amMmiicgikoBaHux pparMeHTiB Ta
BiANOBiAHMI reHoTUN
FeHoTnn CC: 138 Ta 112 n.H.
eHotun CT: 250, 138 Ta 112 n.H.
FeHoTun TT: 250 n.H.

leH Ta
nonimopdism, rs

IL-1B C3953T,
rs1143634

CTATUCTUYHUI AHANI3

CratnctnuHy o06pobky aaHux npoBoannun 3a
AonoMorow  Komn'toTepHux nporpam Microsoft
Excel Ta STATISTICA 13.0. [na nOKa3HMKIB
4YaCTOTK pO3paxoByBanM iX abCONOTHY KiNbKiCTb
(n) Ta BiacoTok (%). Ona NOPIBHAHHS YacToT-
HUX XapaKTepPUCTUK Y rpynax BUKOPUCTOBYBau
X2 MipcoHa ans Tabnuup 3x2 Ta 6inblie, npu
piBHi BiporigHocTi skoro p<0,05 cTBepaxysanu
Npo BiAMIHHICTb MK AOCMIAXKYBaHUMW rpyrnamu.
Mpu NopiBHAHHI Tabnuub 2X2 BUKOPUCTOBYBAu
OBOCTOPOHHIM TOYHMI KpuTepi diwepa, piBeHb
[OCTOBIPHOCTI SIKOro Tex cknagas p<0,05

Pe3synbTatn

AHanizyroun CUHAPOMAsIbHY XapaKTepucTtu-
Ky nauieHTiB 3 MNIE BMSIBNEHO, WO Hah4acTiwe
BUABMSNNCS LedanriyHnii, acTeHIYHUNA, MEHiH-
reasbHW, CUMHAPOM nNipaMigHO-pedNeKToOpHOI
HeAOCTaTHOCTI, CUHAPOMU PYXOBUX i YYTAUBUX
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The performed study is a single-moment clini-
cal study of the “case-control” type. The study
protocol included screening patients to deter-
mine compliance with inclusion and exclusion
criteria, carrying out laboratory determina-
tions, genetic research, and statistical analysis
of the obtained data. All patients were informed
about the purpose of the clinical study and gave
written informed consent for their participation
in it. Confidentiality about the patient’s identity
and state of health was preserved.

Ethical approval. The patient’s informed con-
sent form, examination card, and all stages of
the research were approved by the bioethics
commission of the I. Horbachevsky Ternopil
National Medical University, Ternopil.

Neuroimaging was performed using multis-
piral computed tomography (CT) (Asteion 4
Toshiba or Toshiba Aquilion TSX-101A/QC,
Japan) or magnetic resonance imaging (MRI)
(“Siemens Magnetom Avantto” 1.5 T, with ad-
vanced TIM technology, Germany).

The state of cerebral blood flow was studied
using transcranial duplex scanning (TCD) of
intracranial vessels and extracranial brachio-
cephalic vessels on a Philips HDI device.

Cognitive functions were assessed using the
Montreal Cognitive Assessment (MoCA). All
examinees were tested according to the stan-
dard method for assessing cognitive domains.
The maximum possible number of points is
30. A result of 26 points and above is consid-
ered the norm. A score of 22-25 points means
mild impairment of cognitive functioning, 19-
21 points means moderate impairment of cog-
nitive functioning, and up to 19 points means
dementia [14].

MOLECULAR GENETIC STUDY OF POLYMOR-
PHIC VARIANT C3953T OF THE IL1B8 GENE

Its first stage was isolating DNA from whole
peripheral blood on a paper blank using the
commercial kit “"Quick-DNA Miniprep Plus Kit”
(Zymo Research, USA) according to the in-
structions. Molecular and genetic differentia-
tion of the studied gene variants was carried
out by allele-specific PCR or PDRF PCR (re-
striction fragment length polymorphism) by
standard operational protocols developed in
the molecular genetics laboratory of the State
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Institution “"Reference Centre for Molecular Di-
agnostics of the Ministry of Health of Ukraine,”
Kyiv.

Electrophoretic separation was carried out
in the System for horizontal electrophore-
sis multi Sub Midi (Cleaver Scientific, Great
Britain). The size of amplified and restric-
tion fragments was estimated by comparing
the molecular weight marker GeneRuler DNA
Ladder (Thermo Scientific, USA) in an ethid-
ium bromide-stained 3% agarose gel (Cleav-
er Scientific, UK). In the visualization pro-
cess, the formed fragments for each sample
were evaluated, and obtained images were
photographed. Genotypes of the pieces were
determined according to the standard oper-
ating procedures approved by the institution
by considering the molecular weight of the re-
striction/amplified fragments compared to the
molecular weight and corresponding positive
control samples (Table 1).

Table 1

The molecular weight of restriction/
amplified fragments

The size of the restriction/
amplified fragments and the
corresponding genotype
Genotype CC: 138 and 112 bp
Genotype CT: 250, 138 and 112 bp
Genotype TT: 250 bp

Gene and poly-
morphism, rs

IL-1B C3953T,
rs1143634

STATISTICAL ANALYSIS

Statistical data analysis was carried out using
Microsoft Excel and STATISTICA 13.0 comput-
er software. Their absolute number (n) and
percentage (%) were calculated for frequency
indicators. Pearson’s x2 was used for tables of
3x2 and more, at the probability level of which
p<0.05 revealed a difference between the
studied groups to compare frequency charac-
teristics in groups. When comparing 2x2 ta-
bles, a two-sided Fisher’s exact test was used,
the probability level of which was also p<0.05.

Results

Analyzing the syndromes of patients with PIE,
cephalalgia, asthenic, meningeal, pyramidal
insufficiency syndrome, syndromes of motor
and sensory disorders, and cerebellar ataxia
syndrome were most often detected. Among
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po3nagiB Ta CMHAPOM MO304KOBOI atakcii. Ce-
pes Bulle-BKazaHWX KIiHIKO-HEBPOOriYHNX
CUHAPOMIB HE BCTAHOBJIEHO BipOriAHOI 3anex-
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HOCTi HasiBHOro/BigCyTHbOrO CUHAPOMY $SK 3
pO3MoAisiIoM 4acToT reHoTUniB, TakK i 4acToT
anenent CiTreHa IL1B (Tabn. 2, 3).

Tabanysa 2

3anexHicTb KJAiHIYHUX CMHAPOMIB Big nonimopd¢gHoro Bapianty C3953T rena IL13
y nagieHTiB 3 NMNIE, n Ta %

KniHiuHuiA cuHgpom 1Lip
Cc/C C/T T/T
_ 3 (42,86) 5(31,25) 2 (66,67)
LledanriyHuin cuHapom + 4 (57,14) 11 (68,75) 1 (33,33)
X% P x?=1,42; p=0,493
_ 1 (14,29) 0 0
ACTEHIYHUIA CUHAPOM + 6 (85,76) 16 (100,00) 3 (100,00)
X% p x?=1,42; p=0,493
_ 6 (85,71) 7 (43,75) 1 (33,33)
MeHiHreanbHuii CMHAPOM + 1 (14,29) 9 (56,25) 2 (66,67)
X% P x?=4,02; p=0,134
. . . _ 2 (28,57) 7 (43,75) 1 (33,33)
CuHapoM I'IlpaMI,EI,HO-pe(pJ'IEKTopHOI n 5 (71,43) 9 (56,25) 2 (66,67)
HefoCTaTHOCTI
X% P x?=0,51; p=0,774
_ 4 (57,14) 11 (68,75) 2 (66,67)
CWHAPOM pyXOBMX pO3Naais + 3 (42,86) 5 (31,25) 1 (33,33)
X% P x?=0,29; p=0,864
_ 4 (57,14) 7 (43,75) 2 (66,67)
CWHAPOM YYTIMBUX PO3NajiB + 3 (42,86) 9 (56,25) 1 (33,33)
X’ P x?=0,73; p=0,696
_ 4 (57,14) 10 (62,50) 1 (33,33)
CUHAPOM MO304YKOBOI aTaKkcil + 3 (42,86) 6 (37,50) 2 (66,67)
X2 P x?=0,88; p=0,643
Mpumitka 1. x? — TecT Xi-kBagpaT lipcoHa; p — piBeHb AOCTOBIPHOCTI.
MpuMiTka 2. *cTaTUCTUYHO AOCTOBiIpHUIA pe3ynbTaT (p<0,05).
MpuMmiTka 3. - BiACYTHICTb CUHAPOMY; + HasIBHICTb CUHAPOMY.
Tabamys 3

3anexHicTb KJIHIYHUX CUHAPOMIB Bi YacToTU anenen noniMopdHoOro BapiaHTy
C3953T rena IL1B y nauieHTiB 3 NIE, n Ta %

KniHiuyHMiA cuHgpom C IL_:ﬁ b
LUedanriyHuii cuHapoMm ; i; Egg:g;; 193(?509’,901(3)) >0,05
ACTEHIYHMI CMHAPOM ; 2; 22’3?;)3) ) (180100) >0,05
MeHiHreanbHU CUHAPOM ; 1? Egg:gg; 193(?509’,901(3)) >0,05
CuvHApPOM nipaMigHo-pedeKTOPHOT HEAOCTATHOCTI ; 1; Egg;g 193(?509’?019)) >0,05
CUHAPOM pyXOBUX po3naais ; 1? Egg:gg; 175((365;31;) >0,05
CUHAPOM YyTNNBUX PO3Naais ; 12 gg:gg; ii Egg:gg; >0,05
CWHAPOM MO304KOBOI aTakcii ; 12 Eig:gg; i; Ei::ig; >0,05

MpuMmiTka 1.— BIACYTHICTb CUHAPOMY; + HaSIBHICTb CUHAPOMY.
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the clinical and neurological syndromes men- tablished with the distribution of genotype

tioned above, no probable dependence of the frequencies and frequencies of C and T alleles

presence/absence of the syndrome was es- of the IL1B gene (Tables 2, 3).

Table 2

Dependence of clinical syndromes on the polymorphic variant C3953T of the IL1

gene in patients with PIE, n and %

. IL1B
Clinical syndrome c/C c/T /T
_ 3 (42.86) 5 (31.25) 2 (66.67)
Cephalalgia + 4 (57.14) 11 (68.75) 1 (33.33)
X% P x?=1.42; p=0.493
_ 1 (14.29) 0 0
Asthenic + 6 (85.76) 16 (100.00) 3 (100.00)
X2 p x?=1.42; p=0.493
_ 6 (85.71) 7 (43.75) 1 (33.33)
Meningeal + 1 (14.29) 9 (56.25) 2 (66.67)
X% P X?=4.02; p=0.134
_ 2 (28.57) 7 (43.75) 1 (33.33)
Pyramidal insufficiency + 5(71.43) 9 (56.25) 2 (66.67)
X% P x?=0.51; p=0.774
_ 4 (57.14) 11 (68.75) 2 (66.67)
Motor disorders + 3 (42.86) 5 (31.25) 1 (33.33)
X% P x?=0.29; p=0.864
_ 4 (57.14) 7 (43.75) 2 (66.67)
Sensory disorders + 3 (42.86) 9 (56.25) 1 (33.33)
X% P x?=0.73; p=0.696
_ 4 (57.14) 10 (62.50) 1 (33.33)
Cerebellar ataxia + 3 (42.86) 6 (37.50) 2 (66.67)
X% P x?=0.88; p=0.643
Note 1. x2 — Pearson Chi-square test; p — level of its significance.
Note 2. *Statistically significant result (p<0.05).
Note 3. - no changes; + availability of changes.
Table 3

Dependence of clinical syndromes on the frequency of alleles of the polymorphic

variant C3953T of the IL1B gene in patients with PIE, n and %

Clinical syndrome C IL_I'_lﬁ b
Cephlaiga O Y5 WY
Asthenic ; 22 Eg;;;) 22 (130.00) >0.05
Meningeal ; 1? 8223; 193(?505.90129)) >0.05
Pyramidal insufficiency _'__ 1; Ezggg 193((4509'?013) >0.05
Motor disorders ; 1? 8223; 175((3618.'8128)) >0.05
Sensory disorders _'__ 13 gggg; E gggg; >0.05
Cerebellar ataxia ; 12 Eiggg; 1(2) Ei:ig; >0.05

Note 1. - no changes; + availability of changes.
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AHani3 3anexHoCTi HenpoBi3yanilzauinHMX 3MiH
Bil YACTOTM reHoTMNIB reHa IL1B y nauieHTiB 3
MIE nokasas BipoOrigHMN B3AaEMO3B'S30K MiX iX
YaCTOTHUM PO3MOAIZIOM Ta HasABHICTHO/BiACYT-
HicTio aBuw rnio3y (Tabn. 4). Tak, y 85.71 %
nauieHTiB HociiB reHoTnna CC ta 81.25 % Ho-
ciiB reHotuna CT reHa IL1B3 sBuwa rniosy He
AiarHOCTyBanucs, ToAi 4K y BCiX HOCIIB reHOTU-
na TT giarHOCTOBaAHO rnios.

AHaniz 3anexHocTi HenpoBidyanizauiiHux
3MiH BiA4 4YacTtoTu anenen reHa IL1B y naui-
€HTiB 3 MNIE He nokasaB BiporigHMX acouiauin
MiXK X 4YaCTOTHMM pO3MOAISIOM Ta HasABHIC-
TIO/BIACYTHICTIO HelpoBi3yani3auinHnux 3MiH
(Tabn. 5).

Original research: Basic sciences

AHanNi3y4mn 3anexHiCTb 3MiH, OTPUMaHUX NpwU
y/bTPa3ByKOBOMY AYMJIEKCHOMY CKaHyBaHHI
uepebpanbHux cyamH Big nonimopdiaMy reHa
IL1B y nauieHTiB 3 NIE HaMK BCTAHOBJ/IEHO Bi-
porigHUin B3a€EMO3B'SA30K MiX HasIBHICTIO/Bia-
CYTHICTIO aHriocnasMy, BEHO3HOIMo 3acTolo,
BepTebpo-6a3nnsspHOi HeQOCTaTHOCTI Ta po3-
noainom yacrtot reHotunie C/C, C/T ta T/T
(Tabn. 6). Tak, y BCix HociiB reHoTuny T/T gia-
FHOCTOBAHO aHriocnasMm, ToAi K y nepeBaxHol
6inbwocTi HociiB reHoTnny C/C aHriocnasm He
BUSIBIEHWI. AHasnoriyHa TeHAeHLUiss crnocTtepi-
ranacs woao AiarHoCcTukm BepTebpo-6asmnsap-
HoT HepocTaTHocTi (y 100 % HociiB reHoTuny
T/T). BcTaHOBNEHO HACTyNMHWI po3noAin 4vac-
TOT reHoTunis reHa IL1B y nauieHTiB 3 INIE Ta

Tabnnuysa 4

3anexHicTb HelpoBi3dyanizauiiHMX 3MiH Bifg 4acTOTU reHOTUNIB
nonimopdHoro BapiaHty C3953T reHa IL1B y nagieHTiB 3 NIE, n Ta %

HeiipoBisyaniszauiiHi 3mMiHu IL1B
C/C C/T T/T
- 6 (85,71) 13 (81,25) 2 (66,67)
Po3WwMpeHHs WAyHOUKIB + 1 (14,29) 3 (18,75) 1(33,33)
X% P x2=0,50; p=0,780
. - 6 (85,71) 14 (87,50) 3 (100,00)
PoswunpeHHs cy6apa?XH0|,u.aanmx I 1(14,29) 2 (12,50) 0
npocrTopis
X% P x?=0,46; p=0,796
- 6 (85,71) 13 (81,25) 0
Inios + 1 (14,29) 3 (18,75) 3 (100,00)
X% P x?>=9,25; p=0,009*
- 6 (85,71) 12 (75,00) 2 (66,67)
HasBHicTb KicT + 1 (14,29) 4 (25,00) 1(33,33)
X% P x2=0,52; p=0,773
Mpumitka 1. x? - Tect Xi-kBagpart MipcoHa; p — piBeHb AOCTOBIPHOCTI.
MpumiTka 2. *cTaTUCcTUYHO AOCTOBIpHUI pe3ynbTaT (p<0,05).
MpuMiTKa 3. - BiACYTHICTb 3MiHU; + HASABHICTb 3MiHU.
Tabnnys 5

3anexHicTb HelpoBi3yanizauiiHMX 3MiH Bifg YacToTu anenemn
nonimopdgHoro sapiaHty C3953T rena IL1B y nauienTiB 3 NIE, n Ta %

HelipoBisyanisauiiHi 3MiHKu IL1B
posizy u c = .
- 25 (83,33 17 (77,27
PO3LUMpPEHHS LWTYHOUKIB " 5 ((16,,67)) c ((22,’73)) >0,05
Po3wnpeHHs cybapaxHoiganbHux - 26 (86,67) 20 (90,91) 0,05
npocTopis + 4 (13,33) 2 (9,09) !
. - 25 (83,33) 13 (59,09)
I >0,05
o3 n 5 (16,67) 9 (40,91) '
. . - 24 (80,00) 16 (72,73)
H >
asBHICTb KiCT - 6 (20,00) 6 (27.27) 0,05

MpumiTka 1. — BIACYTHICTb 3MiHW; + HasIBHICTb 3MiHW.
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Analysis of the dependence of neuroimaging
changes on the frequency of genotypes of
the IL1B gene in patients with PIE showed a
probable relationship between their frequen-
cy distribution and the presence/absence
of gliosis phenomena (Table 4). Thus, glio-
sis was not diagnosed in 85.71% of patients
carrying the CS genotype and 81.25% of CT
genotype carriers of the IL1B gene. In con-
trast, all carriers of the TT genotype were di-
agnosed with gliosis.

Analysis of the dependence of neuroimaging
changes on the frequency of alleles of the
IL1B gene in patients with PIE did not show
any significant associations between their fre-

Original research: Basic sciences

quency distribution and the presence/absence
of neuroimaging changes (Table 5).

Analyzing the dependence of changes obtained
during duplex ultrasound scanning of cerebral
vessels on the polymorphism of the IL13 gene
in patients with PIE, we established a proba-
ble relationship between the presence/absence
of angiospasm, venous stasis, vertebral-basilar
insufficiency and the frequency distribution of
genotypes C/C, C/T and T/T (Table 6). Thus, all
carriers of the T/T genotype were diagnosed with
angiospasm, while angiospasm was not detected
in most carriers of the C/C genotype. A similar
trend was observed in the diagnosis of verte-
bral-basilar insufficiency (in 100% of carriers of

Table 4

Dependence of neuroimaging changes on the frequency of genotypes of the
polymorphic variant C3953T of the IL1B gene in patients with PIE, n, and %

Neuroimaging signs IL1B
C/C C/T T/T
) - 6 (85.71) 13 (81.25) 2 (66.67)
EnIargemen; Osftgr‘\'? ventricular ¥ 1(14.29) 3 (18.75) 1(33.33)
Y X% P x?>=0.50; p=0.780
- 6 (85.71) 14 (87.50) 3 (100.00)
Expansion of subarachnoid spaces + 1 (14.29) 2 (12.50) 0
X% P x?=0.46; p=0.796
- 6 (85.71) 13 (81.25) 0
Gliosis + 1 (14.29) 3 (18.75) 3 (100.00)
NG®) x?=9.25; p=0.009*
- 6 (85.71) 12 (75.00) 2 (66.67)
The presence of cysts + 1(14.29) 4 (25.00) 1 (33.33)
X% P x>=0.52; p=0.773
Note 1. x? - Pearson Chi-square test; p - level of its significance.
Note 2. *statistically significant result (p<0.05).
Note 3. — no changes; + availability of changes.
Table 5

Dependence of neuroimaging changes on the frequency of alleles of the C3953T
polymorphic variant of the IL1B gene in patients with PIE, n and %

Neuroimaging signs IL1B
C T p

Enlargement of the ventricular system — 25 (83.33) 17 (77.27) ~0.05
+ 5 (16.67) 5(22.73)

Expansion of subarachnoid spaces - 26 (86.67) 20 (90.91) ~0.05
+ 4 (13.33) 2 (9.09)

Gliosis - 25 (83.33) 13 (59.09) ~0.05
+ 5 (16.67) 9 (40.91)

The presence of cysts - 24 (80.00) 16 (72.73) ~0.05
+ 6 (20.00) 6 (27.27)

Note 1. - no changes; + availability of changes.
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BUSIB/IEHUM BEHO3HUM 3acTOeEM: C/C - 42.86%,
C/T-6.25% 1a T/T - 66.67 %, wo BiporigHo
BiAPI3HAMOCH Big AaHUX MALUIEHTIB 3 BiACYTHIM
BEHO3HMM 3acToeM (x2=7,31; p=0,026).

Mpwn aHanisi 3anexHocCTi 3MiH, OTPMMaHUX Mpwu
y/IbTPa3ByKOBOMY AYMNJIEKCHOMY CKaHyBaHHi Cy-
OWH Big noniMop@isMy reHa IL1B y nauieHTiB 3
MNIE HaMn He BUSIBNEHO BipOriAHOro B3aEMO3B 513~
Ky MDK HasiBHICTIO/BiACYTHICTIO XapaKTepUCTUKMU
Ta po3noainom yacrot anenen C ta T (Tabn. 7).

Original research: Basic sciences

OUiHIOKYM 3aNEXHICTb KOFHITUBHUX (QYHKLIN
3a pe3ynbTatamMu aHanizy MoHpeanbCbKoro
KorHiTuBHoro tecty MOCA vy nauienTtiB 3 TIE
BiA nonimop@diaMy reHa IL1[3 He BUABIEHO CTa-
TUCTUYHO BIpOrigHMX 3MiH FK LOAO po3moainy
YyacToT reHoTuniB, Tak i YyactoTn anenen Cta T
reHa IL1B (Tabn. 8, 9).

O6roBopeHHA
IL1B € NNernoTpONHUM LMTOKIHOM, SKUA MOXe
aKTMBYBaTM MIKPOrAito Ta aCcTpoOLUTH, Lo Npu-

Tabavys 6

3anexHicTb 3MiH, OTPUMaHUX MNMPU YJIbTPAa3BYKOBOMY AYINJIEKCHOMY CKaHyBaHHI CyAuH,
Big nonimopdgismy reHa IL1B y naudieHTis 3 NIE, n Ta %

IL1B
PesynbTtaTt ¥Y3 Ayns1IeKCHOro CKaHyBaHHA CyAuUH c/c /T /T
- 6 (85,71) 10 (62,50) 0
AHriocnasm + 1 (14,29) 6 (37,50) 3 (100,00)
X% P ¥x?=6,53; p=0,038%*
. - 5(71,43) 11 (68,75) 0
HepocTaTHicTb KPOBOTOKY B KapoTWA- T 2 (28,57) 5 (31,25) 3 (100,00)
HoMy 6aceliHi
X% P x?=5.44; p=0.066
— 7 (100,00) 15 (93,75) 3 (100,00)
CreHo3 + 0 1 (6,25) 0
X% P x?=0,65; p=0,723
- 4 (57,14) 15 (93,75) 1 (33,33)
BeHo3HWIA 3acTin + 3 (42,86) 1 (6,25) 2 (66,67)
X% P x?=7,31; p=0,026%*
- 6 (85,71) 13 (81,25) 0
BepTtebpo-6a3unsipHa HefoCcTaTHICTb + 1 (14,29) 3 (18,75) 3 (100,00)
X% P x?=9,25; p=0,010%*
Mpumitka 1. x? - Tect Xi-kBagpart MipcoHa; p — piBeHb AOCTOBIPHOCTI.
MpumiTka 2. *cTaTucTn4HO AoCTOBipHUI pe3ynbTaT (p<0,05).
MpuMiTKa 3. - BiACYTHICTb 3MiH; + HasBHICTb 3MiH.
Tabanysa 7

3anexHicTb 3MiH, OTPMMaAHUX NPU Y/IbTPAa3BYKOBOMY AYMNJIEKCHOMY CKaHyBaHHI
uepebpanbHMUX CyAMUH, Big YacToTu anenen reHa IL1B y naudieHTiB 3 NIE, n Ta %

IL1
Pe3synbraTt ¥3 AyNNEeKCHOro cCkaHyBaHHA CyAuUH C l_;r =
. - 21 (70,00) 11 (50,00)
A >
Hriocnasm " 9 (30,00) 11 (50,00) 0,05
HepocTaTHICTb KPOBOTOKY B KapoOTUAHOMY - 21 (70,00) 11 (50,00) 50.05
6aceitHi + 9 (30,00) 11 (50,00) !
- 29 (96,67) 21 (95,45)
CTeHo3 n 1(3,33) 1(4,55) >0,05
o . - 23 (76,67) 17 (77,27)
BeHOo3HUI 3acTin n 7 (23,33) 5 (22,73) >0,05
- 2 1
BepTebpo-6a3unnspHa HeoCTaTHICTb " 55 ((1863,,6 373)) 93 ((4509,’9019)) >0,05

MpuMmiTka 1. — BiACYTHICTb 3MiHW; + HASIBHICTb 3MiHW.
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the T/T genotype). The following frequency dis-
tribution of IL1B gene genotypes in patients with
PIE and detected venous stasis was established:
C/C - 42.86%, C/T - 6.25%, and T/T - 66.67%,
which probably differed from the data of patients
with no venous stasis (x2= 7.31; p=0.026).

When analyzing the dependence of changes
obtained during the transcranial Doppler ultra-
sound scanning of vessels on the polymorphism
of the IL1B gene in patients with PIE, we did not

Original research: Basic sciences

find a probable relationship between the pres-
ence/absence of the characteristic and the dis-
tribution of C and T allele frequencies (Table 7).

Evaluating the dependence of cognitive functions
based on the results of the Montreal cognitive
test (MOCA) in patients with PIE on the polymor-
phism of the IL1B gene, no statistically significant
changes were found both in terms of the distribu-
tion of genotype frequencies and the frequency
of C and T alleles of the IL1 gene (Tables 8, 9).

Table 6
Dependence of changes obtained during ultrasound duplex scanning
of vessels on IL1 gene polymorphism in patients with PIE, n, and %
IL1B
The TCD results c/C c/T /T
Angiospasm - 6 (85.71) 10 (62.50) 0
+ 1 (14.29) 6 (37.50) 3 (100.00)
X% P X?=6.53; p=0.038*
Insufficiency of blood flow in the - 5(71.43) 11 (68.75) 0
carotid distribution + 2 (28.57) 5 (31.25) 3 (100.00)
X% P x?=5.44; p=0.066
Stenosis - 7 (100.00) 15 (93.75) 3 (100.00)
+ 0 1 (6.25) 0
X% P x?=0.65; p=0.723
Venous stasis - 4 (57.14) 15 (93.75) 1(33.33)
+ 3 (42.86) 1 (6.25) 2 (66.67)
X% P x?=7.31; p=0.026%*
Vertebrobasilar insufficiency - 6 (85.71) 13 (81.25) 0
+ 1(14.29) 3 (18.75) 3 (100.00)
X% P x2=9.25; p=0.010%*
Note 1. x? — Pearson Chi-square test; p - level of its significance.
Note 2. *Statistically significant result (p<0.05).
Note 3.- no changes; + availability of changes.
Table 7

Dependence of changes obtained during ultrasound duplex scanning of cerebral
vessels on the frequency of alleles of the IL1B gene in patients with PIE, n, and %

IL1B
The TCD It
e results C T D
. - 21 (70.00) 11 (50.00)
A >0.
nglospasm n 9 (30.00) 11 (50.00) 0.05
Insufficiency of blood flow - 21 (70.00) 11 (50.00) 50.05
in the carotid distribution + 9 (30.00) 11 (50.00) ’
) — 29 (96.67) 21 (95.45)
Stenosis n 1(3.33) 1(4.55) >0.05
. - 23 (76.67) 17 (77.27)
Venous stasis n 7 (23.33) 5 (22.73) >0.05
- 2 . 1 .
Vertebrobasilar insufficiency " 55((1863.637:;) 93(2509.9019)) >0.05

Note 1. - no changes; + availability of changes.
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Tabanys 8

OuiHka KOrHiTuBHMX PyHKUiN y naudieHTiB 3 NMIE 3a pesynbtataMu aHanisy
MoHpeasibCbKOro KOrHitTuBHoro tecty MOCA 3anexxHo
BiaA nonimopdismy reHa IL1B, n Ta %

KorHitTuBHui pedexkt
Hopma = - =
[eHoTnn Nerknun [MomipHUI X% P
n % n % n %
c/C 3 25,00 4 28,57 0 0 220.32:
IL1B C/T 8 66,67 8 57,14 0 0 );(3=_O ’85(5
T/T 1 8,33 2 14,29 0 0 '
Mpumitka 1. x? - TecT Xi-kBagpaT lipcoHa; p — piBEHb AOCTOBIPHOCTI.
Tabnanysa 9
OuiHka KOrHiTMBHUX (hyHKUIN y naudieHTiB 3 MNIE 3a pe3ysbTaTaMu aHanisy
MoHpeanbCbKOro KorHitTuBHoro rectry MOCA 3anexHo
Big yactoTtu aneneu reHa IL1B, n ta %
KorHiTuBHuin gedekr
Hopma = - =
Anenb Nerkni MoMipHWUI p
n % n % n %
C 14 58,33 16 57,14 0 0
IL1 ! ! =1
B T 10 41,67 12 42,86 0 0 p=1,000

3BOAUTb A0 MOAAIbLLIOr0 CUHTE3Y iHLWMX Mpo-
3ananbHmMx Megiatopis y UHC [15]. Anani3
OZHOHYK/1€0TUAHOr0 NoniMopdiaMy reHis npo-
3anasibHUX UUTOKIHIB Y KIHIYHOMY KOHTEKCTI
MOXe CApUSATW KpalloMy po3yMiHHIO nepebiry
3axBOpOBaHHA. [eHM npo3anasibHUX LUTOKI-
HiB MalOTb HAA3BMYAMHO BUCOKWUI CTYyMiHb NO-
nimopdi3My, i KiNbKiCTb CanTiB LbOro nosaiMop-
@di3My B 0QHOMY reHi MOXe A0CsraTu KinbKoOX
pecaTtkis. IHWKMMM cnoBaMK, HaABHICTb anesb-
HOro noniMop@iaMy B MPOMOTOPHMUX 06nacTaX
reHiB 3abe3neyye pisHOMaHITHICTb IHAMBIAIB 3a
CTyrneHeM NpoAyKLUii LMTOKIHIB Mig Yac KNiTUH-
HOI Bignosigi. 3a gaHnmm Aguet F. Ta cniBaBTO-
piB, ekcnpecia IL1B HanBuwa B reHotmni T/T i
HaMmeHwa B reHoTuni C/C [16].

Pe3ynbTaTi Hawwux AoCAigXeHb nokasanu Ha-
ABHICTb BiporigHoi acouiauii (p=0,009) Mix
reHoTunoMm noniMopdHoro BapiaHTy C3953T
reHa IL13 y nauieHTiB 3 MNIE Ta HasgBHiCTIO/BiA-
CYTHICTIO fBMLL rNio3y Yy rosioBHOMY MO3KY 3a
OAHUMKW  HeWpoBi3yanisauinHoro o6CTeXeHHs.
30KpeMa, y BCiX HociiB reHotuny T/T BusiBne-
HO siBMWWA rnio3y, WO MMOBIpHO CBiAYMTb MpPO
NpsAMY 3a/IeXHICTb BUHUKHEHHS r1io3y BiA ri-
nepnpoaykuii npoteiny IL1B. Kpim Toro, aHani-
3YKUN 3aNEXHICTb 3MiH, OTPUMAHUX NPU Yib-
TPa3BYyKOBOMY AYMNNEKCHOMY CKaHYBaHHI CyauH

128

Bi4 nonimopdHoro BapiaHTy C3953T rena IL1S3
y nauieHTiB 3 MIE y BCix HociiB reHotuny T/T
AiarHoctoBaHo aHriocnasm (p=0,038) Ta Bep-
Tebpo-6a3mnsapHy HepocTtaTHictb (p=0,010).
BapTo BKasaTtu, WO aHani3ylun 3asiexHiCTb
KOFHITUBHMX (DYHKLIN 3@ pe3yfnbTaTtaMu aHani-
3y MOHpeanbCbKOro KorHitmpHoro tecty MOCA
Bi4 nonimopdHoro BapiaHTy C3953T rena IL1S3
y nauieHTiB 3 MNIE M1 He BUABUAN CTAaTUCTUYHO
BiporigHMX 3MiH AK Yy po3MnoAifi 4acTtoT reHoTu-
niB, Tak i po3noAini 4acTtoTn anenen.

ACTPOLMTN € HANMOLUMPEHIWNM TUMOM FNianb-
HUX KNITUH Y MO3KYy. He3Baxarwun Ha Te, Wo
MiKpOrfnia BBaXaeTbCA OCEPenKOM OCHOBHUX
BHYTPILLHIX IMYHHUX KNITUH LEHTPasibHOI Hep-
BoBoi cuctemmn (LHC) y Mo3ky, actpouutu
Ternep MNocTalTb K BaXMBi rpaBui B Henpo-
3anasnbHin Bignosigi. ACTpounuTn — Ue iMyHO-
KOMMETEHTHI KNITUHU, 34aTHI BUABNATU CUT-
HasiM MO3KOBOro iHCY/bTy Ta pearyBaTW Ha
HUX LWNAXOM CceKpeLuil UWUTOKIHIB i XeMOKiHIB
Ta aKkTuBauil afanTUBHOIO iIMyYHHOro 3axucTy
[17,18]. AcCTpouuTn pearyiTb Ha YypaXKeHHS
LIHC uepe3 acTtpornios, cknagHuin KNiTUHHWUI
rnpoLec 3a y4yacTio acTpouMUTIiB y BiAMOBiAb Ha
pi3Hi TMNK ypaxeHHs LLHC [19]. Llei peakTnB-
HWI CTaH acTpOUMTIB PEeryalETbCS 3aseXHOo
Bi4 4acy Ta KoHTekcTy [20].
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Table 8

Assessment of cognitive functions in patients with PIE according to the results
of the analysis of the Montreal cognitive test MOCA depending
on the polymorphism of the IL1B gene

Normal Cognitive impairment
Genotype Mild Moderate NG®)
n % n % n %
c/C 3 25.00 4 28.57 0 0 220 32
IL1B c/T 8 66.67 8 57.14 0 0 );()=_f§)6356
/T 1 8.33 2 14.29 0 0 '
Note 1. x? — Pearson Chi-square test; p — level of its significance.
Table 9

Assessment of cognitive functions in patients with PIE based on the resuilts
of the analysis of the Montreal cognitive test MOCA depending on the frequency
of alleles of the IL1B gene

Norm Cognitive impairment
Alleles Mild Moderate p
n % n % n %
C 14 58.33 16 57.14 0 0
IL1 =1.
B T 10 41.67 12 42.86 0 0 p=1.000
Discussion occurrence of gliosis on the hyperproduction of

IL1B is a pleiotropic cytokine that may activate
microglia and astrocytes, leading to the down-
stream synthesis of other pro-inflammatory and
chemotactic mediators within the CNS [15].
Analysis of SNPs in inflammatory cytokines en-
coding genes in a clinical context may be con-
ducive to a better understanding of the disease
course. Genes of pro-inflammatory cytokines
have an extremely high degree of polymor-
phism, and the number of sites of this polymor-
phism in one gene may reach several dozens.
In other words, the presence of allelic polymor-
phism in the promoter regions of genes ensures
the diversity of individuals in terms of the de-
gree of cytokine production during cellular re-
sponse. Due to Aguet F. and the co-authors, the
expression of IL1B is highest in the T/T geno-
type and lowest in the C/C genotype [16].

The results of our research showed the exis-
tence of a probable association (p=0.009) be-
tween the genotype of the C3953T polymor-
phic variant of the IL1B gene in patients with
PIE and the presence/absence of gliosis in the
brain according to neuroimaging examination.
In particular, in all carriers of the T/T genotype,
the phenomenon of gliosis was detected, which
probably indicates a direct dependence of the
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the IL1B protein. In addition, analyzing the de-
pendence of changes obtained during the tran-
scranial Doppler ultrasound scanning of vessels
on the polymorphic variant C3953T of the IL13
gene in patients with PIE, all carriers of the
T/T genotype were diagnosed with angiospasm
(p=0.038) and vertebrobasilar insufficiency
(p=0.010). It should be noted that when an-
alyzing the dependence of cognitive functions
based on the results of the MOCA-test on the
C3953T polymorphic variant of the IL183 gene
in patients with PIE, we did not find statistical-
ly significant changes in both the distribution
of genotype frequencies and the distribution
of allele frequencies. Astrocytes are the most
abundant glial cell type in the brain. Although
microglia are considered the primary central
nervous system (CNS)-intrinsic immune cells
in the brain, astrocytes are now emerging as
essential players in the neuroinflammatory
response. Astrocytes are immune-competent
cells able to detect brain insult signals and
respond to them by secreting cytokines and
chemokines and activating adaptive immune
defense [17,18]. Astrocytes react to CNS in-
sults through astrogliosis, a complex cellular
process involving astrocytes in response to
various types of CNS injury [19]. This reactive
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KpiM Toro, peakTWBHi aCTpOUWUTW KIaCU4YHO
XapaKTepusyrTbCca MiABULLEHOK €eKCMNpeci€to
rniansHoro @ibpMnapHOro KUCNoro npoTei-
Hy. Pamies D. Ta iH. npoAeMOHCTpyBanun, LWo
nposananbHi UWTOKIHM rNMGOKO BMNIMBAKOTb
Ha uuMTOCKeneT i 3anasbHy peakuilo Henpo-
HaNbHUX acTpouMnTiB, OTpMMaHMX 3 ReN KNiTuH
(iMMopTanizoBaHa NiHig KNiITUH-NoNepeaHUKIB
HEMpOHIB NOAWHK, 3aaTHA AudepeHuioBaTn-
CS B HeMpoOHW Ta rnianbHi KNitnHn). bes uu-
TOTOKCUMYHOCTI eKcrnpecia rnianbHoro ¢ibpu-
napHoro kucnoro 6inka, BiMeHTMHY Ta S100B
3HMXKYyBasnacs, Todi sk piBeHb MPHK GS 3anu-
LWaBCsl HE3MiHHUM [21].

[nianbHi KNITUHW BaXXnuBi ANs MicUueBUX 3a-
nasibHMX MpoueciB, MNPOAYKYKUM LUTOKIHU,
Taki gk IL1B. Kpim Toro, Heinpo3ananeHHs KOH-
TPONMOETLCA aAKTUBALIED AiafibHUX KMITUH,
WO Npu3BOAUTbL A0 AeCTpyKuii Ta nporpecy-
BaHHA MpW AesKuUxX NaTosoriyHnx ctaHax. pu
xBopobi Anburerimepa edekTu 3ananbHoi Ta
OKWMCHIOBAJIbHOI iHAYKLIiT, CTBOPEHiI XPOHIYHOIO
aKTUBALUIED iaflbHUX KNITUH, Npu3Benu Ao
pynHyBaHHs HenpoHiB [22]. Licastro F Ta iH. go-
CnigXXyBanu, 4 BNanBalTb nonimopdismm IL13
Ha HEBPOJIOriYHi XapaKTEPUCTUKM Ta KIHIYHWNA
CTaTyC nauieHTiB i3 XxBopobo AnbureriMepa
(XA) 3 piarHo3oM, niaTBepAXXeHMM naTtosioroa-
HaToMiuHO. MauieHTn 3 XA (n=133) 6ynu reHo-
TUNOBAHI 3a NOMIMOPPHUMUN AINAHKAMU B reHax
anoninonpoteiHy E € (APOE €) Tta IL1[B. MNoni-
Mop@i3m IL1SB +3953 BN/IMHYB Ha BUXMBAHHS
nauienTie 3 XA, a ocobu 3 reHoTmnom T/T i 6e3
anens APOE €4 npoaeMOHCTpyBasn HanKopoT-
We KyMynsaTuBHe BUXunBaHHS [23]. HewonasHe
AOCNioXeHHA nokasano, wo noniMopdism IL18
OEMOHCTPYE BULLY CXWJIbHICTb A0 6iYyHOro ami-
OTPOIYHOro CKIepo3y Ta BWUCOKY LIBWUAKICTb
nporpecyBaHHs 3axBOpPtOBaHHSA [24].

Kpim TOro, 6ionorivyHi Mapkepu 3ananeHHs 6ynu
NoB’sA3aHi 3i 3HMXKEHHSAM KOMHITUBHMX 3A4i6HOC-
Ten [25]. Hanpuknag, Baune Ta iH. [26] BUsiBU-
NN, WO 3ananbHUK 6iomapkep iHTepnenkiH-8
6yB MoB’A3aHM i3 NOripleHHsaM nam’aTi, po3y-
MOBOI LWBMAKOCTI Ta pyxoBoi yHKLii. 3a 3BU-
YalHUX yMOB 6e3 IMYHHOro BUKIUKY LIMTOKIHM
€ HEeBiA'EMHOK YaCTWMHOK HAaBYaHHSA, Nam’aTi,
HEepBOBOI MNACTUYHOCTI Ta HenporeHesy [27].
OpHak TOHKWI 6anaHC HeNpOHHOI Ta IMYHHOI
AKTMBHOCTI 3a (isionioriyHnx ymoB Moxe 6yTun
NopyLleHNn 3ananeHHaM. 3ananeHHs BKasye
Ha HaaMipHe BUPOGEHHSA UMTOKIHIB, KONWN He-
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Ma€ BUK/MKY IMYHITETY, i Le NOB’A3aHO 3 HeMn-
poONCUXiYyHMMK po3nagamMm Ta HempoaereHepa-
TUBHUMUM 3axBoptoBaHHAMK [25]. BianosigHo
00 AaHuX, oTpuMaHmx Stacey D Ta iH., reH IL1B
6yB OOHMM i3 HaMBUAATHILWMX KaHANAATIB Y A40-
CNiAXEeHHSX reHeTUYHOI acouiauil KOrHiTMBHOro
CTapiHHS B MONynsuUiMHUX JochiigKeHHax 6e3
aemeHuii [28] y nepexpecHOMy AOCNiAXEHHI 3
BUKOPUCTaHHAM BMbBipkn nonynsauii n=385 eB-
poneoigis, y ToMy uncni n=172 xiHku (cepea-
HiM BiK: 72,2+4,4) i n=197 4onosikiB (cepea-
Hin Bik: 73,1+4,4) Baune Ta iH. BUSBUIN AyXe
3Hauywmn 38’30k Mix IL1B SNP rs16944 Ta
enizognyHoto nam’attio (p=0,003) [29]. OTxe,
CUCTEMHWI 3ananbHUIM NpoLec BUKIMKAHWI ne-
pudepPUYHMMN IHDEKLISAMU MOXe NPU3BECTU A0
Helpo3anasieHHs 3 aKTUBALIEK MiafbHUX Ki-
TUH Ta NiABULLEHHAM PiBHA TaKUX LUTOKIHIB, 9K
IL1B, 3HMXEHHAM HenpoTpodiyHMX daKTopiB,
ancdyHkuieto rematoeHuedaniyHoro 6ap’epy,
ancbanaHcom mMeTaboniamy HerpoTpaHCMiTepiB
Ta HEMPOTOKCUYHICTIO, WO B MoAasiblIOMYy 3Y-
MOBUTb MOBEAIHKOBI Ta KOrHITUBHI MOpPYyLLUEHHS.

Y BUCHOBKaxX: aHasi3ykun 3aNexXHIiCTb KNiHi-
KO-HEBPONOriYHNX CUMHAPOMIB, HeNpoBi3ya-
Ni3auinHnx, remMogMHaMiYHUX XapaKTEpPUCTUK
Ta KOMHITMBHOI AMC@YHKUIT BiA noniMopdHO-
ro BapiaHty C3953T reHa IL1B y nauieHTiB 3
MIE BiporigHi BiAMIHHOCTI Yy po3noAini 4actoT
reHOoTUNiB BCTAHOBJIEHO NULLE AN HENPOBI3y-
anisauinHmx 3MmiH (y BCiX HociiB reHotuny T/T
BUSABNEHO ABULLA M1i03y) Ta 3MiH Lepebpanb-
HOT remoamnHaMiku (y BCiX HociiB reHoTuny T/T
BUSIBJZIEHO aHriocnasm Ta BepTebpo-b6asunnsp-
HY HeAOCTaTHICTb). Pe3ynbTatm ceigyaTb npo
OOUINbHICTb NoaanblWKMX A0CNiIAXeHb B3aEMoil
Mk IL1B Ta rnianbHUMKU KNITUHaMW Ta 3MiH Y
KOFHITUBHOMY (YHKLIOHYBaHHI MO BiAHOLIEH-
HIO A0 FeHOTUNIB LUMWTOKIHIB i3 6inblwinM po3mi-
poM BUBIpKM, WO MOXE AOMNOMOITU MOSACHUTU
natodizionoriyHi MexaHiamu, WO NpU3BOASATb
[0 KOMHITUBHUX NopyleHb Yy nauieHTis i3 MMIE.

3asiBa Harna[oBOl paAu:  [OCHIAXEHHS
cxBaneHo Kowmicieto 3 6ioeTukm TepHoNinb-
CbKOr0 HauioHaNbHOro MeAM4YHOro YyHiBepcu-
TeTy iMeHi I. TopbayeBcbkoro MO3 YkpaiHu
(npoTtokon N274 Big 01.09.2023 p.).

3asaBa npo iHpopMoBaHy 3roay: iHpopMO-
BaHy 3roAy OTpPWMMaHO BiA YCiX y4YacCHMWKIB [0-
CNig>KeHHs.
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state of astrocytes is regulated in a time- and
context-specific manner [20].

Moreover, reactive astrocytes are classically
characterized by increased glial fibrillary acid-
ic protein expression. Pamies D. et al. demon-
strated that pro-inflammatory cytokines pro-
foundly affected the cytoskeleton and the
inflammatory response of astrocytes derived
from ReN-cells (immortalized human neural
progenitor cell line able to differentiate into
neurons and glial cells). Without cytotoxici-
ty, glial fibrillary acidic protein, vimentin, and
S100B expression were downregulated, while
the GS mRNA level remained unchanged [21].

Glial cells are essential in local inflammatory
processes by creating cytokines such as IL1pB.
Furthermore, the neuroinflammation was con-
trolled by the activation of glial cells, which
resulted in several disorders’ destruction and
progression. In Alzheimer’s disease, the inflam-
matory and oxidative induction effects created
by chronic glial cell activation resulted in neu-
ron destruction [22]. Licastro F. et al. investi-
gated whether IL1B polymorphisms affected
neuro-pathological features and clinical status
of Alzheimer’s disease (AD) patients with au-
topsy-confirmed disease diagnosis. AD patients
(n=133) were genotyped for the polymorphic
regions in the apolipoprotein E € (APOE €) and
IL1B genes. The IL1B +3953 polymorphism
influenced survival in AD patients, and those
with the T/T genotype and without the APOE €4
allele showed the shortest cumulative survival
[23]. A recent study demonstrated that poly-
morphisms of IL13 showed higher amyotrophic
lateral sclerosis susceptibility and a high rate of
disease progression [24].

Besides this, biological markers of inflamma-
tion have been associated with decreased cog-
nitive ability [25]. For example, Baune et al.
[26] found that inflammatory biomarker inter-
leukin-8 was associated with poorer memory,
mental speed, and motor function. Under nor-
mal conditions without immune challenge, cy-
tokines are integral to learning, memory, neu-
ral plasticity, and neurogenesis [27]. However,
the delicate balance of neural and immune ac-
tivity under physiological conditions can be dis-
rupted by inflammation. Inflammation is indi-
cated by an overproduction of cytokines when
there is no challenge to immunity and has been
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associated with neuropsychiatric disorders and
neurodegenerative disease [25]. According to
the data obtained by Stacey D et al., the IL183
gene has been one of the most prominent can-
didates in genetic association studies of cogni-
tive aging in non-demented population studies
[28] in a cross-sectional study utilizing a popu-
lation sample of n=385 Caucasians, consisting
of n=172 females (mean age: 72.2+4.4) and
n=197 males (mean age: 73.1+4.4) Baune
et al. found a highly significant association
between the IL13 SNP rs16944 and episodic
memory (p=0.003) [29].

Therefore, the systemic inflammatory process
caused by peripheral infections may lead to
neuroinflammation with the activation of glial
cells and increased levels of cytokines such as
IL1B, decreased neurotrophic factors, a dys-
function of the blood-brain barrier, an imbal-
ance in the metabolism of neurotransmitters,
and neurotoxicity, which will subsequently
lead to behavioral and cognitive disorders.

In conclusions: Analyzing the dependence of
clinical and neurological syndromes, neuro-
imaging, hemodynamic characteristics, and
cognitive dysfunction on the polymorphic vari-
ant C3953T of the IL1B gene in patients with
PIE, significant differences in the distribution
of genotype frequencies were established only
for neuroimaging changes (gliosis was detect-
ed in all T/T genotype carriers) and changes in
cerebral hemodynamics (angiospasm and ver-
tebrobasilar insufficiency were seen in all car-
riers of the T/T genotype). Results suggest the
reasonability to further research of interaction
between IL1B and glial cells and changes in
cognitive functioning about cytokine genotypes
with a larger sample of patients, which may
help to explain the pathophysiological mech-
anisms leading to cognitive impairment in pa-
tients with post-infectious encephalopathy.

Institutional Review Board Statement:
The research was approved by the Commis-
sion of Bioethical Expertise and Research Eth-
ics of the I. Horbachevsky Ternopil National
Medical University, Ministry of Health, Ukraine
(report N274 dated September 1st, 2023).

Informed Consent Statement: Informed
consent was obtained from all subjects in-
volved in the study.



Mpaui HTLW MeanyHi Hayku Proc Shevchenko Sci Soc Med Sci  www.mspsss.org.ua

2023, Tom 72, N2 2 ISSN 2708-8634 (print) ISSN 2708-8642 (online) 2023, Vol. 72, 2
OpuriHanbHi gocnigXeHHs: dyHAAMEHTaNbHI HayKHu Original research: Basic sciences
References
1. Amanollahi M, Jameie M, Heidari A, et al. The Dialogue Between Neuroinflammation and Adult
Neurogenesis: Mechanisms Involved and Alterations in Neurological Diseases. Mol Neurobiol.

2023;60(2):923-959. doi: 10.1007/s12035-022-03102-z.

2. Barbosa-Silva MC, Lima MN, Battaglini D, et al. Infectious disease-associated encephalopathies. Crit
Care. 2021;25(1):236. doi: 10.1186/s13054-021-03659-6.

3. DiSabato D, Quan N, Godbout JP. Neuroinflammation: the devil is in the details. J Neurochem.
2016;139:136-153. doi: 10.1111/jnc.13607.

4. Shulyatnikova T, Verkhratsky A. Astroglia in sepsis-associated encephalopathy. Neurochem Res.
2020;45:83-99. doi: 10.1007/s11064-019-02743-2.

5. Wendeln A, Degenhardt K, Kaurani L, et al. Innate immune memory in the brain shapes neurological
disease hallmarks. Nature. 2018;556(7701):332-338. doi: 10.1038/s41586-018-0023-4.

6. Heneka MT, Kummer MP, Latz E. Innate immune activation in neurodegenerative disease. Nat Rev
Immunol. 2014;14(7):463-477. doi: 10.1038/nri3705.

7. MesaF, Lanza E, Garci "a L, et al. Polymorphism IL1RN rs419598 reduces the susceptibility to generalized
periodontitis in a population of European descent. PLoS ONE.2017;12(10):e0186366. doi: 10.1371/
journal.pone.0186366.

8. Palomo ], Dietrich D, Martin P, et al. The interleukin (IL)-1 cytokine family—Balance between
agonists and antagonists in inflammatory diseases. Cytokine. 2015;76(1):25-37. doi: 10.1016/]j.
cyto.2015.06.017.

9. Hassan SA, Arbab MA, Abdelrahman SF, et al. The Significance of Mutation in IL-1pB Gene and Circulatory
Level for Prediction of Trauma Severity and Outcome in Traumatic Cerebral Hemorrhagic Contusion. ]
Acute Med. 2020;10(2):70-76. doi: 10.6705/j.jacme.202003_10(2).0003.

10. Liu X, Quan N. Microglia and CNS interleukin-1: beyond immunological concepts. Front Neurol. 2018;
9:8. doi: 10.3389/fneur.2018.00008.

11. Lin CC, Edelson BT. New insights into the role of IL-1B in experimental autoimmune encephalomyelitis
and multiple sclerosis. J Immunol. 2017;198:4553-4560. doi: 10.4049/jimmunol.1700263.

12. Sariteke A., Uludag I. F.,, Ozyilmaz B., Zorlu Y., Sener U., Tokucoglu F. Association Between Interleukin
1 Beta (IL-1B) Gene Variation and Temporal Lobe Epilepsy with Hippocampal Sclerosis. Turk J Neurol
2021;27:390-393.

13. Zivkovi¢ M, Koli¢ I, Jesi¢ S, Joti¢ A, Stankovi¢ A. The Allele 2 of the VNTR Polymorphism in the Gene That
Encodes a Natural Inhibitor of IL-1B, IL-1RA Is Favorably Associated With Chronic Otitis Media. Clinical
and Experimental Otorhinolaryngology 2018;11(2):118-123.

14. Nasreddine, Ziad S., et al. "The Montreal Cognitive Assessment, MoCA: a brief screening tool for mild
cognitive impairment.” Journal of the American Geriatrics Society 53.4 (2005): 695-699.

15. Mendiola AS, Cardona AE. The IL-1B phenomena in neuroinflammatory diseases. J Neural Transm
(Vienna). 2018;125(5):781-795. doi: 10.1007/s00702-017-1732-9.

16. Aguet F, Barbeira A, Bonazzola R, et al. The GTEx Consortium atlas of genetic regulatory effects across
human tissues. Science. 2020;369:1318-1330. doi: 10.1126/science.aaz1776.

17. Pekny M, Wilhelmsson U, Tatlisumak T, Pekna M. Astrocyte activation and reactive gliosis-A new target
in stroke? Neurosci Lett. 2019;689:45-55. doi: 10.1016/j.neulet.2018.07.021.

18. Farina C., Aloisi F., Meinl E. Astrocytes are active players in cerebral innate immunity. Trends Immunol.
2007;28:138-145. doi: 10.1016/5.it.2007.01.005.

19. Escartin C, Guillemaud O, Carrillo-de Sauvage MA. Questions and (some) answers on reactive astrocytes.
Glia.2019;67:2221-2247. doi: 10.1002/glia.23687.

20. Colombo E, Farina C. Astrocytes: Key Regulators of Neuroinflammation. Trends Immunol. 2016;37:608-
620. doi: 10.1016/5.it.2016.06.006.

21. Pamies D, Sartori C, Schvartz D, et al. Neuroinflammatory Response to TNFa and IL1B Cytokines Is
Accompanied by an Increase in Glycolysis in Human Astrocytes In Vitro. Int J Mol Sci. 2021;22(8):4065.
doi: 10.3390/ijms22084065.

22. Manal AI, Wameed HA, Muhsin SG, et al. Neuroprotective Effect of Vinpocetine against Lead Acetate-
Instigated Neurotoxicity in Rats by Evaluation Tumor Necrosis Factor-Alpha, Interleukin-1Beta and
Interleukin-10. Iragi J Pharm Sci. 2022;31(2):129-134.

23. Licastro F, Veglia F, Chiappelli M, et al. A polymorphism of the interleukin-1 beta gene at position +3953
influences progression and neuro-pathological hallmarks of Alzheimer’s disease. Neurobiol Aging.
2004;25(8):1017-1022. doi: 10.1016/j.neurobiolaging.2003.11.002.

24. Ravnik-Glavac M, Goricar K, Vogrinc D, et al. Genetic variability of inflammation and oxidative stress

genes affects the disease’s onset, progression, and survival of patients with amyotrophic lateral sclerosis.
Genes (Basel). 2022;13(5):757. doi: 10.3390/genes13050757.

132



Mpaui HTL MeanyHi Hayku Proc Shevchenko Sci Soc Med Sci  www.mspsss.org.ua
2023, Tom 72, N2 2 ISSN 2708-8634 (print) ISSN 2708-8642 (online) 2023, Vol. 72, 2

OpuriHanbHi gocniaXeHHs: dyHAAMEHTaNbHi HayKun Original research: Basic sciences

25.

26.

27.

28.

29.

Chalmers RA, Cervin M, Choo C, et al. Networks of inflammation, depression, and cognition in aging
males and females. Aging Clin Exp Res. 2022;34(10):2387-2398. doi: 10.1007/s40520-022-02198-6.
Baune BT, Ponath G, Golledge J, et al. Association between IL-8 cytokine and cognitive performance in
an elderly general population—the MEMO-Study. Neurobiol Aging. 2008;29:937-944. doi: 10.1016/]j.
neurobiolaging.2006.12.003.

McAfoose ], Baune BT. Evidence for a cytokine model of cognitive function. Neurosci Biobehav Rev.
2009;33:355-366. doi: 10.1016/j.neubiorev.2008.10.005.

Stacey D, Ciobanu LG, Baune BT. A systematic review on the association between inflammatory genes
and cognitive decline in non-demented elderly individuals. Eur Neuropsychopharmacol. 2017;27(6):568-
588. doi: 10.1016/j.euroneuro.2015.12.017.

Baune BT, Ponath G, Rothermundt M, Riess O, Funke H, Berger K. Association between genetic variants
of IL-1beta, IL-6 and TNF-alpha cytokines and cognitive performance in the elderly general population of
the MEMO-study. Psychoneuroendocrinology. 2008;33(1):68-76. doi: 10.1016/j.psyneuen.2007.10.002.

133



