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3MIHU BITHOCHUX PIBHIB IIUTOKIHIB TA ®YHKIIIOHAJIBHUN
CTAH AYTO®ATTI Y JTIM®OLIUTAX IIEPUPEPUYHOI KPOBI
Y BIIJAJIEHOMY ITEPIOAI ITICJIA OITPOMIHEHHA

MeTa: ouiHWUTK BiZHOCHI PiBHI LMTOKIHIB Ta (YHKLiOHaNbHUIA CTaH ayTodarii y nimpounTax nepucdepnyHoi KpoBi B
YYacHMKiB NikBigaLii Hacnigkie aBapii Ha YAEC.
Marepianu i meTopgu. 06cTeXeHO 42 naLieHTH YonoBsivoi cTati, Bikom 51-77 (61,35 + 5,21) pokis. Cepes HUX: OCHOB-
Ha rpyna — 31 yyacHuk nikeigauii Hacnigkis aBapii (YJIHA) Ha YAEC, Bikom 56-63 (60,16 + 1,73) poKiB Ta KOHTPONb-
Ha rpyna — 11 oci6, Bikom 51-77 (64,72 + 9,24) pokis, Aki He 6panu y4yacTi B nikBifauii HacnigkiB YopHobUbCbKOT
KaTacTpodu i He MeWwKanu Ha pPapioakTMBHO 3abpyaHeHUX TepuTopiax. BU3HayeHHs BiILHOCHWUX PiBHIB LWTOKIiHiB,
NF-xB p65, nokasHukiB aytocarii y nimbountax nepudepuyroi kposi (MK) npoBoaunu 3 BUKOPUCTAHHAM METOAY
MPOTOYHOT LUTOMETPI.
Pesynbratu. B YJIHA Ha YAEC BUABNEHO 3HWXKEHHA BigHOCHUX piBHiB IL-1[3, IL-2, Ta IFN-y Ta nigBuweHHs IL-6, TNF-o.
i TGF-B y nimcbouutax MK. KopenauitHuit aHani3 nokasaB HAfBHICTb 3aNeXHOCTi MiX PiBHAMKU JOCNimKYBAHUX LM-
TOKiHiB. BigHocHui piBeHb NF-KB p65, 6a3anbHuit piBeHb knoyoBoro 6inka aytodarii LC3B Ta nicns gogaBaHHs xno-
poxiHy andocdary y nimdouuntax MK YTHA Ha YAEC 6yB noaibHMM [0 Takoro B 0Ci6 KOHTPONbHOT rpynu. BigmiveHo
3HWXXEHHA NOKa3HWKIB EMHOCTI Ta YyTIMBOCTI ayTodariyHoro notoky B nimgountax MK B YIHA Ha YAEC. Buasnero
npsMi KopensuiiHi 38'a3kKn Mix 6a3anbHum piBHem Ginka LC3B ta IL-4 ta IL-6 y nimcbouuTax MK YJIHA Ha YAEC.
BuCHOBKM. 3a 0TpMMaHMMM nonepeaHiMu gaHumu, BussneHi 3aminu B YJTHA Ha YAEC MoxyTb cnpuaTK akTuBauii naTo-
NOMiYHUX 3ananbHUX NPOLECIB Ta ayTOIMyHHUX peaKuiit BHACNiAoK nopyweHHs dyHKUiT nimdoumTie i peakuii 3ana-
NIEHHA y 3B'A3KY 31 3cCyBOM 6anaHcy Mix LUTOKIHaMM Ta NO3UTUBHOK PETYNALI€l0 IXHbOTO CUHTE3Y.
KnioyoBi cnoBa: aytodaris; LC3B; uuToKiHW; nimdounTu; 3ananeHHs; ioHidyl4e BUNPOMiHIOBaHHSA; YOpHOOWUD;
aBapis Ha YAEC.
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CHANGES IN RELATIVE CYTOKINE LEVELS AND FUNCTIONAL
STATUS OF AUTOPHAGY IN PERIPHERAL BLOOD LYMPHOCYTES
IN THE REMOTE PERIOD AFTER IRRADIATION

Objective: to assess the relative levels of cytokines and the functional state of autophagy in peripheral blood lym-
phocytes of clean-up workers of the Chornobyl accident.

Materials and methods. A total of 42 male patients aged 51-77 (61,35 + 5,21) years were examined. They includ-
ed: the main group — 42 clean-up workers of the Chornobyl accident aged 56-63 (60,16 + 1,73) years; and the con-
trol group — 11 persons aged 51-77 (64,72 + 9,24) years, who did not participate in the liquidation of the conse-
quences of the Chornobyl accident and did not live in radioactively contaminated areas. Analysis of relative levels
of cytokines, NF-xB p65, and autophagy parameters in peripheral blood (PB) lymphocytes was performed using flow
cytometry.

Results. The decrease in the relative levels of IL-1f, IL-2, and IFN-y and an increase in IL-6, TNF-c, and TGF-f3 in the
PB lymphocytes of the clean-up workers of the Chornobyl accident were detected. Correlation analysis showed the
presence of a relationship between the levels of the studied cytokines. The relative level of NF-kB p65, the basal
level of the key autophagy protein LC3B and after the addition of chloroquine diphosphate in the PB lymphocytes
of the clean-up workers of the Chornobyl accident were similar to those in the control group. The decrease in the
capacity and responsiveness of the autophagic flux in the PB lymphocytes of the clean-up workers of the Chornobyl
accident was noted. Direct correlations were found between the basal level of the LC3B protein and IL-4 and IL-6 in
the PB lymphocytes of the clean-up workers of the Chornobyl accident.

Conclusions. According to preliminary data, the detected changes in the clean-up workers of the Chornobyl acci-
dent may contribute to the activation of pathological inflammatory processes and autoimmune reactions due to
impaired lymphocyte function and inflammatory reactions due to a shift in the balance between cytokines and pos-

itive regulation of their synthesis.

Key words: autophagy; LC3B, cytokines; lymphocytes; inflammation; ionizing radiation; Chornobyl accident.
Problems of Radiation Medicine and Radiobiology. 2025,30:398-413. doi: 10.33145/2304-8336-2025-30-398-413

BCTYII

LluTOoKiHM — 1ie BeIMKa rpyna MoJIeKyJI, 1110 PeTyJII0I0Th
3anajeHHs, sIKa CKJIAJa€EThCsl 3 XeMOKIiHiB, iHTepdepo-
HiB, iHTepJIeiKiHiB Ta (aKTOpiB HEKpPO3y MyXJIMHU, Ta
MOB’si3aHa 3i CKIIagHOI0 CUTHAJIBLHOIO MEPEXelo 3 Killb-
KOMa piBHSIMM aKTMBallil i KOHTPOJIIO, OIOCEPEAKOBA-
HUMM PO3UYMHHUMM pelLeNTOpaMu, aHTaroHicTaMu pe-
LIENTOPiB, Pi3HOMAHITHUMU CUPOBATKOBUMM MeiaTo-
pamu, a TakoxX moaiMopdizmamu reHiB [1, 2]. YacTuHa
LUTOKIHIB MilOTb y METISIX 3BOPOTHOTO 3B’SI3KY 3i
3aTHICTIO aBTOMaTUYHO KOHTPOJIIOBATH BIACHUIA CUH-
Te3. KpiM Toro, jokajibHe KJIITUHHE MiKpOOTOUEHHS Ta-
KOX BIJINBA€ Ha CUHTE3 LIMTOKIHIB [2]. JlncbamaHc Mix
Mpo- Ta MPOTU3ANAJIbHUMU LUTOKIHAMU 3HAYHOIO Mi-
pOIO CIIpUSIE MOPYLIEHHIO PEeryjsuii iMyHHOI CUCTEMU
Ta PO3BUTKY CUCTEMHOIO 3allajJieHHSI HU3bKOIO PiBHS,
acoLiiOBAHOTO 3i CTapiHHSAM — iHMIAMEUIXKUHTY, 110
MOB’SI3aHO 3 TTOSIBOIO a00 TIPOTPECi€l0 psIay XPOHIYHUX

PJ Liliia M. Zvarych, e-mail: l.zvarych@ukr.net

INTRODUCTION

Cytokines are a large group of molecules that regu-
late inflammation, consisting of chemokines,
interferons, interleukins, and tumor necrosis fac-
tors, and are associated with a complex signaling
network with multiple levels of activation and con-
trol, mediated by soluble receptors, receptor antag-
onists, various serum mediators, and gene poly-
morphisms [1, 2]. Some cytokines act in feedback
loops with the ability to automatically control their
own synthesis. In addition, the local cellular mic-
roenvironment also affects cytokine synthesis [2].
An imbalance between pro- and anti-inflammatory
cytokines significantly contributes to the dysregu-
lation of the immune system and the development
of low-level systemic inflammation associated with
aging — inflammaging, which is associated with the
onset or progression of several chronic diseases of
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3aXBOPIOBaHb CEPLIEBO-CYIMHHOI Ta HEPBOBOI CHUCTEM,
KOTHITUBHUM 3HMKEHHSIM 1 3arajlbHOIO CJIAOKICTIO Op-
radizmy [1]. BaxauBum peryasiTopoM LIbOTO IIPOLIECY €
TpaHcKpunuiiHuit ssnepHuii ¢pakrop NF-kB [3]. Bin
3a3BUYaili aKTMBYETHCS ITpO3alaJlbHUMU LIMTOKIiHAMU
(TNF-o Ta IL-1), 6akrtepiaJlbHUMU abO BipyCHUMM
areHTaMM Ta iHIINMU CTPECOPHUMMU (pakTopamu [4].

limepakTusaiis NF-xB nop’d3aHa 3 mopylieHHSIM
npouecy aytodarii [5]. 3arajiom, ayrodarisi € MexaHi3-
MOM KOHTPOJIIO SIKOCTi OiJIKiB Ta OpraHe, SIKWil miaTpu-
MY€E HOpPMaJIbHUI KJIITUHHUIA TOMeOCTa3, ajie OCTaHHIM
yacoM TaKOX OyJ0 IOKa3aHO, III0 BOHA PETryJIoE 3a-
najbHi Ta iMYHOJOTiIUHI peakiii, 30KpeMa 3a paxyHOK
BIUIMBY Ha CUHTE3 i BUBiIbHEHHS LIMTOKIHIB [4, 6]. 3HU-
JKEHHSI aKTUBHOCTI ayTodarii € BaXKJIMBUM MeXaHi3MOM,
SIKUI CIIPUSIE CTApPiHHIO IMYHHOI CUCTEMM Ta PO3BUTKY
XPOHIYHOTO 3anajeHHs [4], 1110 € CEpl03HOI0 MEAUYHOIO
npobaemoro. Ilpu upomy iHdopmalii 10A0 BIUIMBY
¢akTOpiB, TAKMX SIK CIIOCIO KUTTS, (Pi3WIHI TPAaBMU, HAsSIB-
HICTh CYMYTHiX 3aXBOPIOBaHb, IMIPUIOM JiKapChKUX TIpe-
napartiB TOILLIO, BCe Ilie Opakye. 3BaKarouMu Ha 3HAYEHHS
iMYHHOTO 3aIajleHHs y BifJaJeHOMY Mepioai micJisl or-
POMIHEHHSI, pO3YMiHHS KJIITUHHUX i MOJIEKYJISIPHUX M€-
XaHi3MiB, SIKi iHiLIil0OIOTh 3MiHU B iMyHHIill CUCTEMIi, € aK-
TyaJIbHUM.

META

OUiHUTH BiZHOCHI piBHi IMTOKIHIiB Ta (PyHKIIIOHATBLHUI
cTaH aytodarii y JiMdorurax neprucheprudyHoi KpoBi B
YYaCHUKIB JikBigauii HacainkiB aBapii Ha YAEC.

MATEPIAJIN TA METOJIHN
g mpoBeaeHHs AOCHiIXKEeHHsI Oylo BidiOpaHO 3pa3ku
nepudepnyHoi Kposi (ITK) 42 ocib 4onoBiuoi cTati, BiIKoM
51-77 (61,35 * 5,21) pokiB. OcHOBHY IpyIy ckianu 31
yyacHUK JikBigauii HacnigkiB aBapii (YJIHA) na YAEC,
BiKOM 56—63 (60,16 % 1,73) pokiB. KoHTpoibHa rpymna —
11 oci6, Bikom 51—77 (64,72 % 9,24) pokiB, sIKi He Opanu
y4yacTi B JliKBigauii HacaigkiB YopHOOUIBbCHKOI KaTacTpoO-
¢u i He MellIKalIu Ha pagioaKTUBHO 3a0pyIHEHUX TepH-
Topisix. B ycix o0cTexkeHnX ocid BiICYyTHS OHKOJIOTIYHA i
OHKOTreMaToJIOTiYHa MaToJIOTisl B aHaMHe3i. 3arajabHa xa-
paKTepuCTUKa Ipyn 0OCTEXXEHHS HaBeaeHa B Tao. 1.
Binnochi piBui IL-1o, IL-1B, IL-2, IL-4, IL-6,
TNF-o, IFN-y, TGF- ta cy6onunuiii sinepHoro dak-
topa NF-xB — p65 (RelA) y nimbonutax [1K Bu3Havammn
METOJIOM MPOTOYHOI LUTOMETPii 3a METOAUKON BHYT-
PILIHBOKJIITUHHOTO 3a0apBJIeHHS KJIITUH 3 BUKOPUCTAH-
HaM Habopy Fixation / Permeabilization Solution Kit
(Becton Dickinson (BD), CIIIA) nns dikcauii Ta nepme-
abinizauil KJIITMHHUX MeMOpaH Ta MOHOKJIOHAJIbHUX aH-

the cardiovascular and nervous systems, cognitive
decline, and general weakness of the body [1]. An
important regulator of this process is the nuclear
transcription factor NF-xB [3]. It is usually acti-
vated by pro-inflammatory cytokines (TNF-o
and IL-1), bacterial or viral agents, and other
stressors [4].

Hyperactivation of NF-xB is associated with
impaired autophagy [5]. In general, autophagy is a
mechanism of protein and organelle quality control
that maintains normal cellular homeostasis, but it has
also been recently shown to regulate inflammatory
and immunological responses, in particular by influ-
encing the synthesis and release of cytokines [4, 6].
Decreased autophagy activity is an important mech-
anism that contributes to the aging of the immune
system and the development of chronic inflamma-
tion [4], which is a serious medical problem.
However, information on the influence of factors
such as lifestyle, physical injuries, the presence of
concomitant diseases, medication use, etc., is still
lacking. Given the importance of immune inflam-
mation in the remote period after irradiation, under-
standing the cellular and molecular mechanisms that
initiate changes in the immune system is relevant.

OBJECTIVE

To assess the relative levels of cytokines and functional
state of autophagy in peripheral blood lymphocytes
of clean-up workers of the Chornobyl accident.

MATERIALS AND METHODS

For the study, peripheral blood (PB) samples were
taken from 42 male patients, aged 51—77 (61.35 =
5.21) years. The main group included 31 clean-up
workers of the Chornobyl accident, aged 56—63
(60.16 + 1.73). The control group included 11
persons (aged 51-77 (64.72 £ 9.24) years) who
did not participate in the liquidation of the conse-
quences of the Chornobyl accident and did not
live in radioactively contaminated areas. The
characteristics of the study groups are given in
Table 1.

The relative levels of IL-1c, IL-103, 1L-2, IL-4,
IL-6, TNF-o, IFN-y, TGF-f and the nuclear fac-
tor subunit NF-xB — p65 (RelA) in PB lympho-
cytes were determined by flow cytometry using the
intracellular staining method with the Fixation /
Permeabilization Solution Kit (Becton Dickinson
(BD), USA) for fixation and permeabilization of
cell membranes and monoclonal antibodies to
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XapaKTepucTuKa rpyn o6cTexeHHs

Table 1
Characteristics of the studied groups

F'pynu oGcTexxenHs / Study groups Kinbkicts (oci6)

The number of patients, n

Bik, poku / Age, years
M = SD (min / max)

Dosa, m38 / Dose, mSv
M = SD (min / max)

KowtponbHa rpyna / Control group 1
YJTHA Ha YAEC / Clean-up workers 31

64,72 £ 9,24 (51 / 77)

60,16 = 1,73 (56 / 63) 234,21 + 241,2 (1,2 / 990,0)

tutin 1o umutokidiB i NF-xB p65 (pS529) (BD, CIIA),
miueHux PE.

Jlist BUBHAUEHHSI aKTUBHOCTI ayTodarii UiJIbHy KpOB
iHKyOyBaJi MPOTAroM 2 roj y CTaHAApTHUX YMOBax B
CO; inky6aTopi ipu 5 % CO,, temneparypi 37 °Ci95 %
BOJIOTOCTi B XKMBUJIbHOMY cepenoBuilli RPMI-1640 3
L-rnyraminom, NaHCOs, 10 % emOpioHaJIbHOIO Telisi-
4YOI0 CUPOBATKOIO Ta 1 % pO3YMHOM aHTUOIOTUKY-aH-
TUMIKOTUKY (Sigma-Aldrich, CIIIA) 3 nomaBaHHSIM a00
6e3 50 MmkM xnopoxiny nugocdaty (CAS Number: 50-
63-5, Sigma-Aldrich, CIIIA) [7].

AKTUBHICTh ayTodarii BU3HA4YaJu 3a BiZIHOCHUMMU
piBHsIMHU KimoyoBoro Oinka LC3B (Microtubule-associ-
ated protein 1 light chain 3B) y nimdouurax ITK meTto-
JTIOM MPOTOYHOI IMTOMETPIi [7] 3 BAKOPUCTAHHSIM METO-
JIUKY HETIPSIMOTO iMyHOIIyOPECLIEHTHOTO 3a0apBIICHHS
KIIITUH KPOJISIYMM TOJIKJIOHAJIbHUM aHTUTLIOM MPOTU
LC3B 3 natopy LC3B Antibody Kit for Autophagy ta
BTOPUHHMM aHTUTiIoM, MideHUM Alexa Fluor™ 647
(Invitrogen, CIIIA). MoOHOKJIOHaJIbHE AHTUTIIO Anti-
Active Caspase-3 FITC i dpnyopecuentanii 6apBauk BD
Horizon™ Fixable Viability Stain 570 (BD, CILA) no-
JIATKOBO BMKOPHMCTOBYBAJIMCS IJIsSI BUBHAYECHHS (PpaKilii
JKMBUX KJIiTUH.

Amnanniz 3paskiB 1K npoBoauau Ha MPOTOYHOMY LIMTO-
meTpi BD FACSLyric (BD, CIIIA) 3a 1ormoMoroo mpor-
pamHoro 3abe3nedyeHHss BD FACSuite (BD, CIIA) s
15 000 mromiit y pexkmmax «Dot plot» i «Dot histogram».

Meniany inTeHcuBHOCTI (payopecueHiii (MFI) Buko-
PUCTOBYBaJIM JJIsI BU3HAUEeHHS 0a3ayibHoro piBHa LC3B,
uuToKiHiB Ta NF-kB p65.

IToka3HUKM €MHOCTI Ta YyTJIMBOCTI ayTodariyHoro
TMOTOKY XapaKTepU3yBaJiM (PYHKIIOHAJIBHY aKTUBHICTb
ayrodarii y nimpouutax 1K [8]. s iX po3paxyHKy BH-
KopucTtoByBaiu 3HauyeHHs1 MFI 6azanbHoro piBHs LC3B
ta LC3B, acouiiloBaHoro 3 ayrogarocomamu (MFI
LC3B y nimpoumTax 1K, mo iHKyOyBanmcs 3 XJIOpOXiHy
augocdarom — iHTIOITOPOM 3AUTTSA ayTodarocom 3
JIi30COMaMu).

€MHicTb ayrodariuHoro notoky (€AII) Bimobpaxae
KIJTBKiCTh ayTo(harocoMm, sIKi YTBOPIOIOTHCS i IeTPagyioTh

cytokines and NF-kB p65 (pS529) (BD, USA),
labeled with PE.

To determine autophagy activity, whole blood
was incubated for 2 hours under standard condi-
tions in a CO; incubator at 5 % CO,, 37 °C and 95 %
humidity in RPMI-1640 Medium with L-gluta-
mine, NaHCO3, 10% fetal bovine serum and 1%
antibiotic-antimycotic solution (Sigma-Aldrich,
USA) with or without the addition of 50 uM
chloroquine diphosphate (CAS Number: 50-63-5,
Sigma-Aldrich, USA) [7].

Autophagy activity was determined by the rela-
tive levels of the key protein LC3B (Microtubule-
associated protein 1 light chain 3B) in PB lympho-
cytes by flow cytometry [7] using the indirect
immunofluorescent staining of cells with the rabbit
polyclonal antibody against LC3B from the LC3B
Antibody Kit for Autophagy and the secondary
antibody with the fluorescent label Alexa Fluor™
647 (Invitrogen, USA). The monoclonal antibody
Anti-Active Caspase-3 FITC and BD Horizon™
Fixable Viability Stain 570 (BD, USA) were addi-
tionally used to determine the fraction of live cells.

The analysis of PB samples was performed on a
BD FACSLyric flow cytometer (BD, USA) using
BD FACSuite software (BD, USA) for 15,000
events in the Dot plot and Dot histogram modes.

The median fluorescence intensity (MFI) was
used to determine the basal levels of LC3B, cyto-
kines, and NF-«B p65.

Autophagic flux capacity and responsiveness [§]
characterized the functional activity of autophagy
in PB lymphocytes. For their calculation, the MFI
values of the basal level of LC3B and LC3B asso-
ciated with autophagosomes (MFI LC3B in PB
lymphocytes incubated with chloroquine diphos-
phate, an inhibitor of autophagosome fusion with
lysosomes) were used.

The autophagic flux capacity (AFC) reflects the
number of autophagosomes formed and degraded
over a certain period of time and is calculated as
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3a IICBHUI MEPioJ yacy, Ta po3paxoBYEThCS SIK Pi3HULIS
Mixk piBHem LC3B y nimdouurax ITK, 1o iHKyOyBa-
mmcg 3 xnopoxiny pudocparom (MFI LC3B CQ), Tta
6azanpHuM piBHeM LC3B y mimpouurax 1K (MFI
LC3B Spont) 3a ¢opmyJoro:

€Al = MFI LC3B CQ - MFI LC3B Spont

Yytnusicth ayTodariunoro motoky (YAIT) Bimobpa-
>Ka€ KpaTHY 3MiHY, 1110 BiIMTOBiIa€ YyTIMBOCTI KIITUHU
JIo iHIyKii ayTodarii A1 3a1aHUX YMOB €KCIIEPUMEH -
TY, 1 pO3paxOBYEThCS SIK BiIHOILLIEHHSI iHTEHCUBHOCTI
curHany LC3B, omocepenkoBaHOro XJIOPOXiHY AHW-
(ocdatom, no iHteHcuBHOCTI curHany LC3B y mim-
¢ouutax I1K, 110 He iHKyOyBaaucs 3 XJIOPOXiHY AU-
docdaTtom 3a popMyIoIO:

MFILC3B CQ
MFI LC3B Spont

YA =

CtaTUCTUYHMI aHani3 AaHux

CratucTUYHMI aHali3 IPOBOIM/IY 3a JOTIOMOTOIO IPOT-
pamHoro 3abe3rnedyeHHs1 Statistica 8.0 (StatSoft. Inc.).
HopManbHiCTb po3Moaiay KilbKiCHUX 3MiHHUX BU3HA-
yajan 3a goromMororo tecty KomMoropoBa-CwmipHoBa 3
nonpaskoto Jlitiedopca. [1i1s MopiBHIHHS MOKa3HUKIB
3acTocyBaiu #-tecT CrelofgeHTa adbo U-kpurepiit MaH-
Ha-YiTHi. 3B’SI30K MiX MapaMeTpaMU PO3paxoBYBaIM 3a
JoroMoroio Koedimienra xopensiii Ilipcona a6o
CnipMena. PiBeHb cTaTUCTUUHOI 3HAYYIIOCTi OyJIO BCTa-
HoBJIeHO Ha piBHi p < 0,05, a 0,06 < p < 0,10 GyJ10 npuii-
HSITO SIK O3HAKY TEHACHILII.

PE3VIJIBTATU
PesynbraTit 1OCTiIKeHb BiTHOCHUX PiBHIB LIMTOKiHIB
IL-1a, IL-1B, IL-2, IL-4, IL-6, TNF-a, IFN-y, TGF-
By nimdoumrax MK Bussumm psia 3min B YJIHA Ha
YAEC (puc. 1). Tak, BinHocHwMii piBeHb [L-2 y nimMmdpo-
uurtax [1K YJIHA na YAEC 6yB 3HmxeHuii (196,63 +
97,98 vs 448,42 + 141,13, p < 0,01), a BinHOCHI piBHi
IL-18 ta IFN-y Manu TeHACHILIO 10 3HUXEHHS
(237,90 & 46,09 vs 575,57 + 304,06 Ta 143,82 + 65,30
vs 215,20 + 71,39) nopiBHSIHO 3 NMOKa3HUKaMU B OCi0
KoHTpoJbHOI rpynu (puc. 1, B, C ta F). Ilpote,
BimHocHi piBHi 1L-6 (1521,30 + 388,84 vs 1053,75 =
329,49, p <0,01), TNF-o (725,70 & 356,26 vs 367,83 *
155,65, p<0,05)i TGF-B (1517,13 £ 555,33 vs 732,33 £+
156,64, p < 0,01) y nimponurax I[1K YJIHA na YAEC
OyJIM BUI, Hi3XK B 0Ci0 KOHTpOJBHOI Tpynu (puc. 1,
E, G, H).

KopensuiliHuii aHasti3 moka3aB HassBHICTb 3aJI€XKHOC-
Ti MiX piBHSIMU TOCJIiIKyBaHUX HUTOKiHiB B YJIHA Ha
YAEC (tabxn. 2). He Oyno 3HalimeHO KOpesiiii Mix

the difference between the level of LC3B in PB lym-
phocytes incubated with chloroquine diphosphate
(MFI LC3B CQ) and the basal level of LC3B in PB
Iymphocytes (MFI LC3B Spont) according to the
formula:

AFC = MFI LC3B CQ - MFI LC3B Spont

The autophagic flux responsiveness (AFR) reflects
the fold change corresponding to the sensitivity of the
cell to autophagy induction for given experimental
conditions and is calculated as the ratio of the LC3B
signal intensity mediated by chloroquine diphos-
phate to the LC3B signal intensity in PB lympho-
cytes not incubated with chloroquine diphosphate
according to the formula:

MFILC3B CQ
MFI LC3B Spont

Statistical data analysis

Statistical analysis was performed using Statistica
8.0 software (StatSoft. Inc.). The normality of the
distribution of quantitative variables was deter-
mined using the Kolmogorov-Smirnov test with
Lilliefors correction. To compare the parameters,
Student’s #-test or Mann-Whitney U-test was used.
The relationship between parameters was calculated
using the Pearson or Spearman correlation coeffi-
cient. The level of statistical significance was set at
p <0,05,and 0,06 < p < 0,10 was accepted as a sign
of a trend.

RESULTS
Relative levels of cytokines IL-1ct, IL-15, IL-2, IL-4,
IL-6, TNF-a, IFN-y, TGF-$ in PB lymphocytes in-
dicated several changes in the clean-up workers of the
Chornobyl accident (see Fig. 1). Thus, the relative
level of IL-2 in PB lymphocytes of the clean-up work-
ers was reduced (196.63 £ 97.98 vs 448.42 £ 141.13,
p <0.01), and the relative levels of IL-1 and IFN-y
tended to decrease 237.90 & 46.09 vs 575.57 & 304.06
and 143.82 + 65.30 vs 215.20 £+ 71.39) vs. control
group (Fig. 1, B, C and F). However, the relative lev-
els of IL-6 (1521.30 % 388.84 vs 1053.75 + 329.49,
p < 0.01), TNF-a (725.70 *+ 356.26 vs 367.83 +
155.65, p < 0.05) and TGF-B (1517.13 £ 555.33 vs
732.33 &£ 156.64, p < 0.01) in PB lymphocytes of the
clean-up workers of the Chornobyl accident were
higher than in the control group (Fig. 1, E, G, H).
Correlation analysis showed a relationship between
the levels of the studied cytokines in the clean-up
workers of the Chornobyl accident (Table 2). No cor-
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PucyHoK 1. PieHi yutokiuie y nimouyurax MK oci6 rpyn o6crexkeqns: A — IL-1o; B — IL-1; C - IL-2; D - IL-4;
E - IL-6; F — IFN-y; G — TNF-o; H — TGF-B, Me [Q1; Q2] (*p< 0,05; **p < 0,01 nopisHsHO 3 3 KOHTPONLHOIO FPyTIOI0)

Figure 1. The levels of cytokines of PB lymphocytes of individuals of the study groups: A - IL-1¢; B - IL-1j3;
C-1IL-2; D - IL-4; E - IL-6; F — IFN-}; G — TNF-o; H — TGF-B, Me [Q1; Q2] (*p < 0,05; **p < 0,01 compared to Control group)
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Ta6nuua 2
KopenauiitHa 3anexHictb Mix piBHAMMU uuTOKiHiB ¥ nimdoumutax MK VIHA Ha YAEC
Table 2
Correlation analysis between the levels of cytokines of PB lymphocytes of Clean-up workers
Moka3nuk / Parameters, y.o./ c.u. Moka3uuk / Parameters, y.o / c.u. Rs* p
IL-4 074 < 0,001
IL-1o IL-6 0,72 < 0,001
IFN-y -0,53 0,038
IL-1B 0,84 0,002
IL-6 IL-4 0,65 < 0,001
IFN-y -0,59 0,011
IL-1B 0,80 0,004
TNF-o. IL-2 0,69 0,005
IFN-y 0,69 0,004
IFN-y 0,61 0,008
TGF-p NF-or 0,63 0,006

BiKOM a00 103010 ONPOMiHEHHS Ta PiBHIMU LIUTOKi-
HiB y nimpouuTtax [TK YIIHA na HAEC.

Ockinbku TpaHcKpunuiiiHuii dakrop NF-xB €
KJIIOYOBUMM MEIiaTOpOM CHUTHaJi3allil LUTOKIHIB i
B3a€EMOIIOB’sI3aHU 3 ayTodarieio, MPOBeIeHO BU3-
HaveHHsI BimHOCHOTO piBHS cybonuaui p65 NF-xB
y niMmpouutax ITK ocid rpym oOcTexkeHHsI, MpoTe
3MiH ITIOKa3HUKa He Oyno BusiBieHo (puc. 2). Kope-
Jisuii Mixk BigHocHuMU piBHsIMU NF-xB p65 Ta 1u-
tTokiHamu y JiMmdorurax ITK, Bikom abo go3010 or-
pomiHeHHs B YJIHA Ha HAEC He BU3HaueHO.

3a pesynsraramu gociimkeHds B YJIHA na HAEC
He CIIOCTEpIrajocs CTaTUCTUYHO 3HAYYIIMX 3MiH 0a-
3ajpHOro piBHs Oinka LC3B (3660,61 £ 2068,33 vs
3260,72 £+ 1410,54) abo micis momaBaHHS XJIOPOXiHY
mudocdary (4731,91 £ 2023,02 vs 5976,18 £ 2776,02)
y mimdorurax 1K, mopiBHSIHO 3 TTOKa3HUKAMU OCi0
KOHTpOJIbHOI rpynu. HatomicTs mokaszuuk €AIl nim-
(ouwmtis I1K 6yB 3umxenuii (p < 0,05) B YJIIHA Ha
YAEC, a moka3uuk YAIl MaB TeHIEHIIIO 1O 3HU-
KeHHs (puc. 3).
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relations were found between age or radiation dose and
cytokine levels in PB lymphocytes of the clean-up
workers of the Chornobyl accident.

Since the transcription factor NF-«xB is a key mediator
of cytokine signaling and is interconnected with auto-
phagy, the relative level of NF-xB p65 in PB lymphocytes
of the study groups was determined, but no changes in
the parameters were detected (Fig. 2). No correlations
were found between the relative levels of NF-xB p65 and
cytokines in PB lymphocytes, age or radiation dose in the
clean-up workers of the Chornobyl accident.

According to the results of the study, no statistically
significant changes in the basal level of LC3B protein
(3660.61 +2068.33 vs 3260.72 + 1410.54) or after the ad-
dition of chloroquine diphosphate (4731.91 * 2023.02 vs
5976.18 = 2776.02) in PB lymphocytes were observed in
the clean-up workers of the Chornobyl accident, com-
pared to the parameters of the control group. Instead,
the AFC of PB lymphocytes was reduced (p < 0.05) and
the AFR tended to decrease in the clean-up workers of
the Chornobyl accident (Fig. 3).

PucyHoK 2. PiBeHb NF-xB p65 y nimpouutax MK oci6
rpyn o6crexkeHHsa, Me [Q1; Q2]

Figure 2. The level of NF-xB p65 of PB lymphocytes of
individuals of the study groups, Me [Q1; Q2]
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PucyHok 3. NokasHuku €A T1a YA nimcouutis MK ocié rpyn o6crexeHHA: A — nokasHuk EAI; B — noKasHukK

YAI, Me [Q1; Q2] (*p < 0,05 nopiBHIHO 3 KOHTPONLHOIO FPYOI0)

Figure 3. The AFC and AFR of PB lymphocytes of individuals of the study groups: A — AFC; B - AFR, Me [Q1; Q2]

(*p < 0,05 compared to Control group)
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PucyHoK 4. KopenauiitHui aHanis mixk pisHamu IL-4, IL-6 Ta 6inka LC3B y nimdouutax MK YIHA Ha YAEC
Figure 4. Correlation analysis between the levels of IL-4, IL-6 and LC3B protein in PB lymphocytes of Clean-

up workers

BusiBneHo mpsiMi KopensiiiiHi 3aesKHOCTi MixX 0a-
3abHUM piBHeM Oinka LC3B Tta IL-4 i IL-6 y aimdo-
mutax ITK YJIHA na YAEC (puc. 4). Kopensuii Mixx
bazampHUM piBHeM Oinka LC3B, nokasnukamu €AI,
YAIT Ta BikoMm a00 103010 OIpOMiHEHHSI OY/I1 BiICYTHi.

OBI'OBOPEHHA

LIuTOKiHM peryoloTh pO3BUTOK, TU(epeHIliaIliio Ta
(byHKIIIOHYBaHHS KJIITUH iIMyHHOI CUCTEMHU, i € OC-
HOBHMM (haKTOPOM B3aEMO/IIi SIK MiXXK CAMUMU iMyH-
HUMM KJIITMHAMM, TaK i 3 KJIITMHAMM iHIIUX TUITiB
TkaHuH. [lokazaHo, IO cepen Mpo3amaJlbHUX ILH-
tokiHiB IL-1a Ta B, IL-2, IL-6, IL-7, IL-8, 1L-12,
IL-17, IL-18, TNF-o, CCL2, CXCL10, MIP-1a,
MIP-1p ta CCL5 GepyTh y4acTh y maTroreHe3i Bik-
acolilioBaHMX 3aXBOPIOBaHb, TOMi SIK LIUTOKIHU 3

Direct correlations were found between the basal
level of LC3B and IL-4 / IL-6 in PB lymphocytes of the
clean-up workers of the Chornobyl accident (Fig. 4).
There were no correlations between the basal level of
LC3B, AFC or AFR and age or radiation dose.

DISCUSSION

Cytokines regulate the development, differentiation, and
function of immune cells and are a major factor in the
interaction between immune cells and cells of other tis-
sue types. Among the proinflammatory cytokines, IL-1o
and B, IL-2, IL-6, IL-7, IL-8, 1L-12, IL-17, IL-18,
TNF-a, CCL2, CXCL10, MIP-1a, MIP-1fB, and
CCLS5 are involved in the pathogenesis of age-related
diseases, while anti-inflammatory cytokines (IL-10,
TGF-B, and IL-37) suppress inflammation in aging [1].
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npotusananbHow nieo (IL-10, TGF-B Ta IL-37)
MPUTHIYYIOTh 3allajIeHHsI TP cTapiHHi [1].

AyToariss YMHUTH MOIYJTIOIOUNIA BITJIMB Ha MIPOILIeCH
3anajeHHs. B3aeMomis Mix ayTodariero Ta 3amajieH-
HSM Jy>Ke CKJIaJHa, i MOXHa CIOCTepiraTu sIK IOo3M-
TMBHi, TaK i HeraTWBHi 3B’3kM. HalBaxJMBilIUMU
LUTOKiHamMu B il B3aemonii € 1L-1, I1L-2, 1L-4, 1L-6,
IL-10, IL-17, IFN-y Ta TNF-a [4]. Tak, aytodaris
crnpusie go3piBaHHIo IL-1, nocTaBnsiioun nomnepeaHu-
KM LIMTOKIiHIB 10 iH(JIaMacoMm [4], a MOpyIIESHHS ayTo-
(arii Moxe pu3BeCTH 10 ix rinepcekpellii [6]. BonHo-
yac IL-lo ta IL-1B copusiors NF-xB-3anexHiii
IHIYKIiT psity Mpo3anajbHUX TeHiB, 30KpeMa TUX, 110
konytoth IL-6 ta IL-8. Tomy aytodaris onocepeako-
BaHo perymoe 1L-6, 1L-8 ta iHIi HUTOKIHM, X04a MO-
KyTh OyTH 3amisiHi i inmi 1L-1-He3anexHi msxu [6].
AyTtodariss WMOBIpHO Bimirpae BaXJIWUBY pOJb ¥
kimiperci TGF-B, a cam TGF-3 Mmoxe perymoBatn ak-
TuBHicTh aytodarii [9]. IFN-y mocumioe ayrodarito,
sgKa MOTIM CIpHUSIE Mpe3eHTallil aHTUTeHY, KIITUHHIN
npoJtidepallii Ta KiaipeHcy BipyciB i Oakrepiid. 1g ak-
TUBaLis ayTodarii MoTiM CTUMYJIOE BMBiJIbHEHHS
IFN-yy nemii no3uTUBHOTO 3BOPOTHOTO 3Bs1’3Ky [10].
Y Toit yac, sik IFN-y ta TNF-0, iHayKyloTh ayTo-
(arito, IL-4 ta IL-13 npurHiuyroTs ii [11].

Otxe, OKpiM cripusiHHS e(heKTUBHiA iMyHHIl Biamo-
Bigi, ayrodarisi IpUrHidye peaxiii 3anajeHHs 3a 1010-
MOTOIO eJliMiHallii KJIITUHHOTO JeOpucy, 10 MOXe aK-
TUBYBaTH 3allajibHi CUTHAJIbHI IUISIXW, Ta BIUIMBY Ha
npo3anaibHi IMTOKIHU i KOMIIOHEHTH iH(1amacom [4].

¥ xonTtekcti ayrodarii NF-xB 3a3Bnuait nmie gk iH-
rioitop [4]. [Tpu akTuBauii NF-xB Moxke npurHiuyBatu
eKCIIPEeCilo KiJIbKOX IeHiB, MOB’sI3aHUX 3 ayTodari€lo,
TUM CaMMM IIpUTHiuytouu mpolec ayrodarii. Kpim To-
ro, NF-xB aktuBye inrioitopn ayrogarii — mTORCI,
Bcl-2 ta Bcel-xL. Tomy rinepaktusaiis NF-kB i mpu-
THiYeHHS ayTodarii MOXyTh OyTM O3HaAKaMW XPOHiu-
HOro 3anajieHHsl abo ayTOiMyHHOIO CcTaHy [4].

loHi3yroue BUIMPOMiHIOBAHHSI COPUYMHSIE IHUPOKUIA
cnektp 3miH y AHK, nimigax i 6inkax, 1110 mpu3BoaUTh
JI0 TJIMOOKOTO TOIIKOMXKEHHST OMPOMIHEHUX KJIITUH i
TKaHUH. Y pasi mopylieHHs1 abo HeedeKTUBHOCTI
KOMILIEKCY MeXaHi3MiB BiAMOBiAi Ha MOILIKOMXEHHS
HAHK, panianifiHo-iHIyKOBaHi IMOIIKOIXEHHS a0o
BUKJIMKAIOTh 3arvbelib KJIiTHH, a00 30epiraloThbcs Ta
nepeaalTbes KiiTHHaM-Halaakam. OnHak, mopiBHSI-
HO 3 paHHIMU HacligKaMu ONPOMiHEHHSsI, JOBIOCTPO-
KOBi 3MiHU, CIIpUYMHEHI Hi€l0 i0Hi3yIOUOTO BUII-
POMiHIOBaHHS, MEHII BUBYEHi [12].

AyTOKpUHHA Ta MapakpyvHHA KOMYHiKallisl MiX KJTi-
TUHaAMU 0e3MmocepeJHbO BIIMBAE HA KJIITUHHY BilMNo-

Autophagy has a modulating effect on inflamma-
tory processes. The interaction between autophagy
and inflammation is very complex, and both positive
and negative relationships can be observed. The
most important cytokines in this interaction are IL-
1, IL-2, IL-4, IL-6, IL-10, IL-17, IFN-yand TNF-
o, [4]. Thus, autophagy promotes the maturation of
IL-1 by delivering cytokine precursors to inflamma-
somes [4], and impairment of autophagy can lead to
their hypersecretion [6]. At the same time, IL-1o
and IL-1p promote the NF-xB-dependent induc-
tion of several proinflammatory genes, in particular
those encoding IL-6 and IL-8. Therefore,
autophagy indirectly regulates 1L-6, IL-8 and other
cytokines, although other IL-1-independent path-
ways may also be involved [6]. Autophagy probably
plays an important role in the clearance of TGF-J,
and TGF-B itself can regulate the activity of
autophagy [9]. IFN-y enhances autophagy, which
then promotes antigen presentation, cell prolifera-
tion, and clearance of viruses and bacteria. This acti-
vation of autophagy then stimulates the release of
IFN-yin a positive feedback loop [10]. While IFN-y
and TNF-a induce autophagy, IL-4 and IL-13
inhibit it [11].

Therefore, in addition to promoting an effective
immune response, autophagy suppresses inflamma-
tory responses by eliminating cellular debris that can
activate inflammatory signaling pathways and by
affecting proinflammatory cytokines and inflamma-
some components [4].

In the context of autophagy, NF-«B typically acts as
an inhibitor [4]. When activated, NF-kB can suppress
the expression of several autophagy-related genes,
thereby inhibiting the autophagy process. In addition,
NF-kB activates the autophagy inhibitors mTORCI,
Bcl-2, and Bcl-xL. Therefore, hyperactivation of
NF-xB and inhibition of autophagy may be signs
of chronic inflammation or an autoimmune condi-
tion [4].

Tonizing radiation induces a wide range of changes
in DNA, lipids, and proteins, leading to profound
damage to exposed cells and tissues. When the com-
plex DNA damage response mechanisms are dis-
rupted or ineffective, radiation-induced damage
either causes cell death or persists and is transmitted
to progeny cells. However, compared with the early
effects of radiation, the long-term changes caused by
ionizing radiation are less well understood [12].

Autocrine and paracrine communication between
cells directly influences the cellular response to
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BiIb Ha onpoMiHeHHs. Taka KOMyHiKallisi MOXe BKJTIO-
yaTH cekpelilo (hakTopiB, TAKUX SIK LIMTOKIHU, XEMO-
KiHu, nporeasu, Jinigu, JHK ta mikpoPHK, siki mo-
JKYTh IMPSIMO BUBLJIBHATUCS Y TO3aKJIITUHHE CEPEIOBU-
1e abo TpaHCIopTyBaTHCs Yepe3 ek3ocoMu. Hailikpa-
1e BUBYUeHUMU 1iutokiHamu € IL-1ot, IL-1P, IL-6, IL-8,
TNF-a, TGF-B, GM-CSEFE, FAS-L, VEGE siki 38’513y~
I0TbCS 3 pelienTopaMu ado MeMOpaHHMMU OiIKaMu,
1110 3aMycKae rnepeaavyy CUrHajliB KJAiTUHAM-MilIEHSIM,
10 MOX€ BIJIMHYTM Ha iXHIO BiAIOBiAb Ha OII-
pominennd [13]. e omnieo ¢pyukuieio NF-kB, gxa
He TOB’sI3aHa 3 3aIlaJIeHHSIM, € 10ro akTUBallisl pa3oM
3 penapauiero JJHK i akTuBalliero KOHTpOJbHUX TOUOK
KJITUHHOIO UMKy SIK BiAINOBiAb Ha MOILIKOIKEHHS
JAHK, mo mo3Boisie 30eperti HOpMaslbHY (QYHKILIIO
KJIIiTUH y pasi nmomkomkeHHs [14]. Tomy B3aemomisa
curHaibHoro 1uisixy NF-xB ta ayrodarii Mmoxe BILn-
BaTU Ha YCITIIIHICTh HMiATPUMKHU KJIITUHHOTO TOMEOC-
Tazy IicJsl ONPOMiHEHHSI.

Tak, B YJIHA na YAEC BinHocHi piBHi IL-1p, IL-2,
ta [FN-yy nimdounrax [1K Oynu 3HMXKEHI, a BITHOCHI
piBHi IL-6, TNF-o i TGF- HaBmaku minBuieHi. Y
JocaigkeHHi [15] TakoxX BUSIBUIM TTiABUILIEHHS PiBHS
cupoBaTkoBoro 1L-6 y npauiBHUKIB, sIKi MpalloOTh 3
JKepeslaMM pafialii B AiarHOCTUYHUX i TepamneBTUY-
HUX BigaiieHHsX JikapHi. [HIIe gocaiakKeHHs rmokKa3a-
JI0, 1110 OKPiM minBulleHHs piBHs1 1L-6 BUsiBJIEHO 3pOcC-
taHHA piBHIB IL-1o0 Ta MIP-10 y mpaliBHUKIB cepu
OXOPOHHM 3I0POB’d, SIKi 3a3HAIOTh MPOpECiHHOro OIl-
pominenHs [16]. Hatomicts Hrycek A. Ta iH. [17] Busi-
BUJIM 3HAaYHO BUIi piBHi IL-2 y cupoBaTi KpoBi Ta
Huxui piBHi IL-4 y mpauiBHUKIB, SIKi IpaiioBaiu 3
JKepeJaMyd PEHTIeHiBChbKOro BUMIPOMiHIOBAHHSI.
Zakeri F. Ta iH. [18] TakoxX BMSIBWIM 3HauyHE ITiIBU-
meHHsd piBHg 1L-2 y cupoBaTLi KpoBi Ta 3HMKEHHS
piBus IL-10 y rpymi iHTepBeHLiliHMX KapaioyaoriB. Ha-
ToMicTh KoHUeHTpalist 1L-4, IL-6, IL-8 ta IFN-y Oy-
Jia 6e3 3MiH. B 0ci0, sIKi nepexxuan aToMmHe 6GomMobapay-
BaHHs, piBHI IL-6 306inbliyBanucg 3 [03010 OII-
poMiHeHHs [19]. Kpim Toro, 3poctanu piBHi TNF-o 3
JI03010 OIMpOMiHEeHHs Ta 3 BikoM, a IL-10 ta IFN-y
3pocTaju Juiue 3 103010 onpoMiHeHHs [20]. B oci0,
110 TMPOXUBAIOTH Y pPalloHi 3 BUCOKMM pafialliiHUM
¢oHoM (SIHL3AH) TakoX CIOCTepirajocsl 3HayHe
MiABUILIEHHSI PiBHIB 3aMajlbHUX LIMTOKiHIB, TaKUX SIK
IFN-vy, IL-a, MCP-1, sIL-6R, EGFR T1a CPb [21].

3a pe3yapraTaMy HAIIOTO JOCHTiIKEHHS OylI0 BUSB-
JIEHO TIPSIMi KOpPEJsUiiiHi 3B’SI3KM MiXX BiIHOCHUMU
piBasmu IL-1o Ta IL-4 i 1L-6 y nimpormrax K
VJIHA na YAEC. Harowmictb y IL-10, a Takox y 1L-6
BU3HAYEHO 3BOPOTHII KopessiiiiiHuii 38’5130k 3 [FN-.

radiation. Such communication may involve the
secretion of factors such as cytokines, chemokines,
proteases, lipids, DNA, and microRNAs, which
may be directly released into the extracellular envi-
ronment or transported via exosomes. The best-
studied cytokines are IL-lc, IL-1B, IL-6, IL-8,
TNF-a, TGF-B, GM-CSE, FAS-L, and VEGE
which bind to receptors or membrane proteins, trig-
gering signaling to target cells, which may influence
their response to radiation [13]. Another function of
NF-xB, not related to inflammation, is its activation
together with DNA repair and activation of cell
cycle checkpoints in response to DNA damage,
which allows for the preservation of normal cell
function in the event of damage [14]. Therefore, the
interaction of the NF-xB signaling pathway and
autophagy may affect the success of maintaining cel-
lular homeostasis after radiation.

Thus, in the clean-up workers of the Chornobyl
accident, the relative levels of IL-1B, IL-2, and
IFN-y in PB lymphocytes were reduced, while the
relative levels of IL-6, TNF-a and TGF-f3, on the
contrary, were increased. The study [15] also found
an increase in serum levels of IL-6 in workers work-
ing with radiation sources in the diagnostic and thera-
peutic departments of the hospital. Another study
showed that in addition to the increase in levels of
IL-6, an increase in levels of IL-1oc and MIP-10 was
found in healthcare workers exposed to occupational
radiation [16]. In contrast, Hrycek A. et al. [17]
found significantly higher serum levels of IL-2 and
lower levels of IL-4 in workers working with X-ray
sources. Zakeri F et al. [18] also found a significant
increase in serum levels of 1L-2 and a decrease in
levels of IL-10 in a group of interventional cardiolo-
gists. In contrast, the concentrations of 1L-4, IL-6,
IL-8, and IFN-ywere unchanged. In survivors of the
atomic bombing, levels of IL-6 increased with radi-
ation dose [19]. In addition, levels of TNF-a
increased with radiation dose and age, while IL-10
and IFN-vy increased only with radiation dose [20].
In individuals living in an area with a high radiation
background (Yangjiang), a significant increase in the
levels of inflammatory cytokines, such as IFN-v,
IL-o,, MCP-1, sIL-6R, EGFR, and CRP [21], was
also observed.

Our study revealed direct correlations between the
relative levels of IL-1o and 1L-4 and IL-6 in lym-
phocytes of the clean-up workers of the Chornobyl
accident. However, an inverse correlation was found
for IL-1oc and IL-6. Also, the relative levels of I1L-6
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Takox BimHOCHi piBHi IL-6 Ta IL-1P npsimo kopenio-
Bajiy MixX coboto. CrocTepiraaucs npsiMi KopeastiiHi
3B’513kM MixX BinHocHuMU piBHsIMU TNF-o ta IL-1f i1
IL-2, a Takox [FN-y. ITpsimi KopesiiiiiiHi 3B’ 13K1 BU-
sBieHi Mixk BitTHocHUMU piBHsIMM TGF- ta TNF-o i
IFN-y. I1pu uboMy 3B’S13Ky MixX BiKOM a00 103010 OIl-
POMiHEHHSI Ta BIZHOCHUMMU PiBHSIMU LIUTOKiHIB HE OYy-
JIO BUSIBJIEHO.

B YJIHA na YAEC He OyJi0 BUSIBJIEHO 3MiH BiITHOC-
Horo piBHg cybomuHuui p65 NF-xB y nmiMdounrax
I1K Ta kopensiuiit 3 BiTHOCHUMU PiBHSIMU LIMTOKiHIB y
nimgouurax ITK, Bikom abo 103010 OIIpoOMiHEHHS.

HatoMicTh pe3ynsrat AOOCHiIXEeHb TOCTPOTO OI-
POMiHEHHSI BUSIBWIH, 1110 iOHi3y10Ye BUITPOMiHIOBAHHS
aktnBye NF-kB y mimponmrax [22], a B ocib, IKi mpo-
JKMBAIOTh y 30HI MiJABUILEHOIO pamialiiiHoro ¢GoHy y
Pamcapi, excripecist reny NFKB Oyna niguiiueHa [23].

bazanbHuii pisens 6inika LC3B y nimdonurax 11K B
VJIHA na YAEC 0OyB 6e3 3MiH, IpoTe IMOKa3HUKN
€AIl i YAIT Oynu 3HMXKeHi. AHai3 ayTodariyHoro
MOTOKY B ONpOMiHeHUX (pidpodraacTax JIOAWMHMU, IO
3a3HajIu il JeTaJbHUX O03 pafiallii, moka3aB IOCTYy-
noBe 3HIKeHHS TpoTtsarom 30 mHiB. [licag mBuakoro
3HMXKEHHsT ayTodarii excripecis pl6 36iablimiacs, i
3aIlyCTMBCS MEXaHi3M CTapiHHs, ajie ayTodariyHa ak-
TMBHICTb TaK i 3ajquiuuaacs 3HUXeHor. OTxke, B3ae-
Mois Mix ayrodariero i crapiHHsIM, IMOBIpHO, Ma€
BUpilllaJbHe 3HAYeHHS IS YCITIIIHOI peai3ailii Kii-
TUMHHOI BiAMoBiAi Ha pagiauiiiHuii BruiuB [24]. Pania-
HilfHO-iHIYKOBaHUI OKCUIATMBHUI CTpec Bidirpae
KJIIOUOBY pOJIb B iHAYKIIil ayrodarii B KJIITUHAX, 11O
Oy1M ONMpoOMiHEHI PEHTTeHiBCbKUM BUIIPOMiHIOBaH-
HSM, XO04a MeXaHi3MM, sIKi JeXaTb B OCHOBi LIbOTO
npoliecy, HeIOCTaTHbO OXapaKTepru30BaHi [25].

BuspneHi npsimi KopeJisiliiiHiI 3aJIeKHOCTI Mix
crnoHTaHHUM piBHeM Oiika LC3B ta 1L-4 i IL-6 y nim-
(ouutax ITK YJIHA nHa YAEC MoXyTh BKa3yBaTH Ha
peryJsiiio NpoayKlil JTaHUX LIMTOKiHiB.

IL-1o Ta IL-1PB € BaxkimBUMM iHilliaTOpamMu cTpec-
iHAyKoBaHOro 3anajbHoro Kackany [2]. IL-1f € kito-
YOBUM MeAiaTOpOM 3anajabHOi peakliii Ta 6epe yJyacThb
y npouiepatrii, nrudepeHiiarii Ta anonTos3i KIIiTiH [26].
IL-2 Bimirpae k1o4oBy poJib B iMYHHIH BifITOBifi, 1110
CIpUsie aKTUBHOCTI MPUPOAHUX KilepiB Ta aude-
peHuianii HaiBHUX T-niMbouuTi y T-xenmnepu 1 ta 2
TIITy, HEraTUBHO peryatoe cuHTte3 IL-17. 3 BikoM JiM-
¢doumT cMHTE3yI0Th 3HaUHO MeHIe 1L-2 [2]. IL-4 Bi-
Jlirpa€ KJIIOYOBY pOJb y 3amlalibHill peakiii, iHAyKO-
BaHil1 iHBa3i€lo mapas3uta abo ajgepreHom [27]. IL-6 Bi-
Jlirpa€e KJao4oBy poJib y rocTpoda3oBiil BiAOBii B Me-
TabOJiYHOMY KOHTpPOJIi Ta B MaToreHes3i OaraTbox

and IL-1P were directly correlated with each other.
Direct correlations were observed between the rela-
tive levels of TNF-o and IL-1f3 and IL-2, as well as
IFN-y. Direct correlations were found between the
relative levels of TGF- and TNF-o., and IFN-y. At
the same time, no relationship was found between
age or radiation dose and relative levels of cytokines.

No changes were found in the relative level of the
p65 subunit of NF-xB in PB lymphocytes and no
correlations with the relative levels of cytokines in
PB Iymphocytes, age or radiation dose in the clean-
up workers of the Chornobyl accident.

In contrast, acute exposure studies have shown
that ionizing radiation activates NF-xB in lympho-
cytes [22], and NFkB gene expression was increased
in individuals living in the area of elevated back-
ground radiation in Ramsar [23].

Basal levels of LC3B protein in PB lymphocytes
from the clean-up workers of the Chornobyl accident
were unchanged, but AFC and AFR were reduced.
Analysis of autophagic flux in irradiated human
fibroblasts exposed to lethal doses of radiation
showed a gradual decrease over 30 days. After a rapid
decrease in autophagy, p16 expression increased, and
the senescence mechanism was triggered, but
autophagic activity remained reduced. Therefore,
the interaction between autophagy and senescence is
likely to be crucial for the successful implementation
of the cellular response to radiation exposure [24].
Radiation-induced oxidative stress plays a key role in
the induction of autophagy in cells irradiated with X-
rays, although the mechanisms underlying this
process are not well characterized [25].

The revealed direct correlations between the spon-
taneous level of LC3B protein and IL-4 and IL-6 in
Iymphocytes of the clean-up workers of the Chor-
nobyl accident may indicate the regulation of the
production of these cytokines.

IL-1o and IL-1P are important initiators of the
stress-induced inflammatory cascade [2]. IL-1B is a
key mediator of the inflammatory response and is in-
volved in cell proliferation, differentiation and apop-
tosis [26]. IL-2 plays a key role in the immune res-
ponse, promoting the activity of natural killers and the
differentiation of naive T-lymphocytes into T-helper 1
and 2, negatively regulating the synthesis of 1L-17.
With age, lymphocytes synthesize significantly less
IL-2 [2]. IL-4 plays a key role in the inflammatory
response induced by parasite invasion or allergen [27].
IL-6 plays a key role in the acute phase response in
metabolic control and in the pathogenesis of many
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XPOHIYHMX 3aXBOPIOBaHb. BiH YMHUTH TIEHOTPOITHUIA
edexr i BrmMBae Ha aktuBHicTh TNF-o Ta IL-1 [2, 26].
IFN-y — 1e ueHTpajibHUI TPO3anajbHUI LIUTOKIH,
1110 Bimirpae BUpilajabHy PoJib Y BpOJIKEHOMY Ta ajar-
TUBHOMY iMYHITeTi, aKTUBYIOUM YMCJICHHI iIMyHOMOY-
JIIOI0Yi MOJIeKyJIM, i 6epe yyacThb y pi3HMX 3amajibHUX
Ta ayToiMmyHHMX 3axBopioBaHHsX [10]. TNF-o € mpo-
3arajbHUM MeIiaTOPOM, SIKUI YUHUTH TO3UTHUBHY Jil0
MpU JIOKAJIbHIN aKTUBAallii B TKAHWHAX, ajle MOXe OyTH
Jy>Ke WKiIIUBUM NPpU CUCTEMHOMY BUBIJIbHEHHI. K
npasuio, TNF-o BUBiIbHSIETBCS pa3oM 3 iHTep-
nerikinamu, 3a3Buvait I1L-1 [26]. TGF-B — BaxnuBuii
npoTu3anajbHU LIMTOKiIH, 0OMEXYE SIK rocTpodaso-
BY BiIIOBiJib, TaK i 6epe y4acTh y BiTHOBJIECHHI TKAHUH
TiCJIsI TTIOIIKOKEeHHS a00 iHdekil [2].

OTxe, 3HIKEHHS BimHOcHMX piBHiB IL-103, IL-2, Ta
IFN-yy nimponurax 1K YJIHA na HAEC moxe no-
pylyBaTH (PyHKIIi1 1iM(OLIMTIB Ta HEraTUBHO BILIMBA-
TU Ha PO3BUTOK peakiiil 3ananeHHs. [TinBuineHi piBHi
IL-6, TNF-o i TGF-, HaBnaku, MOXyTb CIyTyBaTu
MapkepaMu XpoHiuyHoro 3anaieHHsa B YJIHA Ha
YAEC. HasBHi KopessiiiHi 3B’ 13K MiX LIUTOKiHAMU
BKa3ylOTh Ha CUHEPreTUYHY B3aEMOJil0 MiX LU-
TOKiHAMU, a TAKOX KacKagHUM XxapaKTep IXHbOIO CUH-
Te3y, a TaKOX 3CyB y OiK XpOHi3allil 3amajgbHUX MpPo-
neciB. He3Baxkarouum Ha BiICyTHIiCTb 3MiH y 0a3ajibHO-
My piBHi 0itka LC3B, mpssMa Kopesiist 3 BiTHOCHUMA
piBHsaMHU 1L-4 i IL-6 Ta 3HMKeHHS MoKa3HUKiB €Al i
YAII MOXIMBO BKa3yloThb Ha MO3UTUBHY PEryJSLil0
CUHTE3y JaHuUX HUTOKiHiB JiMpouutamu ITK. Kpim
TOTO, BiJICYTHICTb 3MiH croHTaHHoro piBHs1 NF-xB
p65 iiMoBipHO BKa3ye Ha HasiBHicTh NF-kB-He3anex-
HUX MEXaHi3MiB, 110 CHPUSIOTH BUSBIEHUM 3MiHaAM
BiTHOCHMX PiBHiB LIUTOKiHiB.

OOMeXXeHHSIMM HaIIOTO JIOCTiKEHHS € MaJia BUOipKa
ocib rpyn oocTexxeHHs. TakoxK MpoBOIMIOCS BUBHAYEH-
Hs Juiie 6a3aJbHOrO piBHS LIUTOKIHIB Y JiM(oLMTax
I1K, 6e3 mocimkeHHs 3MiH il BILIMBOM aKTUBALIIHUX
dakTopiB in vitro. BimHOCHI piBHI K LIMTOKIiHIB, TaK i
oinka LC3B, pospaxyHok noxasHukiB €AIl ta YAII
BU3HAYaIM y 3arajibHiil momyssiii gimcpouumris ITK 6e3
BimOKpeMJIeHHsT oKpeMux cyononysswii T- i B-nimdo-
LIUTIB, TIPUPOTHMX KijiepiB. OTpruMaHi pe3yasTaTh BKa-
3YI0Th Ha HEOOXiTHICTh 30iIbIIIEHHSI BUOIpKY MAalliEHTIB
Ta BUKOPUCTAHHSI JOJATKOBUX MapKepiB JiM(OIUTIB,
JOCTiIKEHHS CTUMYJIbOBAHUX JiM(POLIMTIB TOLIO 15T 1X
MiaTBEpIXKeHHS 200 CIPOCTYBAHHSI.

OTtpuMaHi pe3ynbTaTi JeMOHCTPYIOTh HEOOXiTHICTh
TMPOJOBXEHHS 1 PO3IIMPEHHS AOCHTIIKEHb OalaHCy
LIMTOKIiHIB i poJii ayTodarii y #oro miaTpumili, BILUIUBY
10HI3yIOUOTO BUIIPOMiIHIOBAHHS Ta iHIIUX CTPECOPHUX

chronic diseases. It exerts pleiotropic effects and
influences the activity of TNF-o and IL-1 [2, 26].
IFN-y is a central proinflammatory cytokine that
plays a crucial role in innate and adaptive immunity,
activating numerous immunomodulatory molecules,
and is involved in various inflammatory and autoim-
mune diseases [10]. TNF-o is a proinflammatory
mediator that has a positive effect when activated
locally in tissues, but can be very harmful when
released systemically. TNF-o is usually released
together with interleukins, usually IL-1 [26]. TGF-f
is an important anti-inflammatory cytokine that
limits both the acute phase response and is involved
in tissue repair after injury or infection [2].

Therefore, a decrease in the relative levels of IL-1J3,
IL-2, and IFN-yin PB lymphocytes of the clean-up
workers of the Chornobyl accident may disrupt lym-
phocyte functions and negatively affect the develop-
ment of inflammatory reactions. Elevated levels of
IL-6, TNF-0, and TGF-B, on the contrary, may
serve as markers of chronic inflammation. The
existing correlations between cytokines indicate a
synergistic interaction between cytokines, as well as
the cascade nature of their synthesis, as well as a shift
towards the chronicity of inflammatory processes.
Despite the absence of changes in the basal level of
the LC3B protein, a direct correlation with the rela-
tive levels of 1L.-4 and IL-6 and a decrease in the
AFC and AFR may indicate a positive regulation of
the synthesis of these cytokines by lymphocytes. In
addition, the absence of changes in the spontaneous
level of NF-xB p65 probably indicates the presence
of NF-kB-independent mechanisms that contribute
to the detected changes in the relative levels of
cytokines.

The limitations of our study are the small sample
size of individuals in the study groups. Also, only the
basal level of cytokines in PB lymphocytes was deter-
mined, without studying changes under the influence
of activating factors in vitro. The relative levels of
both cytokines and LC3B protein, calculation of
AFC and AFR indices were determined in the gene-
ral population of PB lymphocytes without separating
individual subpopulations of T- and B-lymphocytes,
natural killers. The results obtained indicate the need
to increase the sample of patients and use additional
Iymphocyte markers, study of stimulated lympho-
cytes, etc., to confirm or refute them.

The results demonstrate the need to continue and
expand studies of cytokine balance and the role of
autophagy in its maintenance, the influence of ionizing
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YUHHUKIB Ha XpOHi3allilo 3amajbHUX MPOILECIB i
noaiMOpOiAHICTh MATOJOril B OCi0, MOCTpaxKaaainx
BHacaigok aBapii Ha HAEC.

BUCHOBKU

1. 3a pesynsratamu gociaimxkeHHst B YIHA na YAEC
BUSIBJICHO 3HUXXEHHSI BHYTPIIIHbOKJIITUHHUX PiBHiB
IL-1pB, IL-2 ta IFN-yi nigBumenus 1L-6, TNF-o i
TGF-B y nimdoumrax IMK. Kopensuiiinuii aHami3
MOKa3aB HasIBHICTb 3aJ1e>KHOCTI MixX piBHsIMU IL-1 Ta
IL-4, IL-6, IFN-y; TGF-B, IFN-y ta TNF-a B
YJIHA na YAEC. 3miH BinHocHoro piBHsS NF-xB
p65 y nimpountax [NK YJIHA na YAEC He BusB-
JIEHO.

2. bazanpanuit piBeHs 0inka LC3B Ta micig nomaBaH-
Hs xa0poxiHy audocdaty y nimporurax [TK YIIHA
Ha YAEC OyB noiOHMM 10 TAKOTO B OCiO KOHTPOJIb-
Hoi rpynu. Haromicte mokaszHuku €AIl ta YAII
nmim@ouutiB ITK 6ynm 3umxeni B YJIHA na HAEC.
Busasneno npsiMi KopessiiliHi 3B’I13K1 MiXX 0a3alib-
HUM piBHeM Oinka LC3B ta IL-4 i IL-6 y nimdoru-
tax I[TK YJIHA na HAEC.

3. Orpumani pesyasratu B YJIHA nHa YAEC MoXyTb
BKa3yBaTU Ha 3CYB OajaHCy MiX LIUTOKIHAMM, 3MiHY
iX peryJsiii, XxpoHi3allilo 3aajibHOro nmpouecy. 3Hu-
keHHs1 BigHocHMX piBHiB IL-1P, IL-2 Ta IFN-y Ha
doni ninpumenux pisHiB IL-6, TNF-o i TGF-B y
nmiMponurtax 1K Moxe copusaTH MOpPYyIIEHHSIM
(byHKIIiOHATBHOT aKTUBHOCTI JiM(OLMUTIB Ta pe-
aKkiisgM 3anajeHHs. BiacyTHiCTb 3MiH y 6a3aibHOMY
piBui 6inka LC3B B koMOiHamii 3 Kopelsiieo 3
BimHOCHUMM piBHsAMU 1L-4 i IL-6 Ta 3HMXKEHHSIM I10-
Ka3HUKIB ayTodarii MOXJIMBO BKa3ylOTb Ha IO3M-
TUBHY PEryJsILil0 CUHTE3Y JaHUX LIUTOKiHiB JliMpo-
nutamu 1K, a BincyTHICTb 3MiH CIIOHTAHHOI'O PiBHS
NF-xB p65 Bkasye Ha HasgBHicTh NF-xB-He3anex-
HUX MeXaHi3MiB.

Mxepena piHaHCyBaHHA

PobGota BukoHaHa y pamkax miaaHoBoi HIAP «/lo-
CJIIIKEHHST pOJli CUCTeM KJIITUMHHOIO TOMEOCTasy y
peryisii iMyHHOTO 3amajieHHsI, SIK (paKTopy po3-
BUTKY XPOHIYHOT COMaTUYHOI MAaTOJIOTil B yYaCHUKIB
JikBigaii HacainkiB aBapii Ha YAEC Ta BilicbKOBOC-
JIy>KOO0BIIiB crsl 000poHU YKpainu» (2025—2027 pp.
Ne mepxxpeectparii 0125U001224) 3a dpiHaHCYBaHHS
HAMH VYkpainu.

KoHpniKT iHTepeciB
ABTOpPH 3a8BJISIIOTH MPO BiICYTHICTb KOH(MJIKTY iH-
TepeciB.

radiation and other stress factors on the chronicity of
inflammatory processes and polymorbidity of pathology
in persons affected by the Chornobyl accident.

CONCLUSIONS

1. The decrease in intracellular levels of 1L-1f, IL-2
and [FN-yand an increase in IL-6, TNF-a.and TGF-
B in PB lymphocytes was detected in the clean-up
workers of the Chornobyl accident. Correlation analy-
sis showed a relationship between the levels of I1L-1
and IL-4, IL-6, IFN-y; TGF-B, IFN-yand TNF-a in
the clean-up workers. No change in the relative level
of NF-xB p65 in the PB lymphocytes of the clean-up
workers of the Chornobyl accident was detected.

2. The basal level of LC3B protein and after the addi-
tion of chloroquine diphosphate in the PB lymphocytes
of the clean-up workers of the Chornobyl accident was
similar to that in the control group. In contrast, the
AFC and AFR of PB lymphocytes were reduced. Direct
correlations were found between the basal level of LC3B
protein and IL-4 and IL-6 in the PB lymphocytes of the
clean-up workers of the Chornobyl accident.

3. The results obtained in the clean-up workers of the
Chornobyl accident may indicate the shift in cytokine
balance, change in their regulation, and chronicity of
inflammatory process. A decrease in the relative levels
of IL-1B, IL-2, and IFN-y against the increased levels
of IL-6, TNF-a and TGF-3 in PB lymphocytes may
contribute to impaired functional activity of lympho-
cytes and inflammatory reactions. The absence of
changes in the basal level of LC3B along with a corre-
lation with the relative levels of 1L-4 and IL-6 and a
decrease in autophagy parameters may indicate a pos-
itive regulation of the synthesis of these cytokines by
PB lymphocytes, and the absence of changes in the
spontaneous level of NF-kB p65 indicates the presence
of NF-kB-independent mechanisms.
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