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®YHKIIOHAJIbHUN CTAH BPOHXOJIETEHEBOI CUCTEMU TA
BIJIHOCHA JIOBXXWHA TEJIOMEP B YYACHUKIB JIIKBIJALIII
HACJIIIKIB ABAPII HA YAEC Y BIJIZIAJTEHOMY
MICJISABAPIMHOMY ITEPIOJI

MeTa: BMBYMTM B3AEMO3B'A30K MiX (DYHKLIOHANbHUM CTAHOM OPOHXONEreHeBOi CUCTEMU Ta AOBXKMHOW TenoMep B
yyacHukiB nikBigauii Hacnigkis aBapii (YJIHA) va YAEC y BigpnaneHomy nicnsasapiiHomy nepiogi.
Marepianu Ta metoau. 06ctexxero 113 YTHA na YAEC (YTHA) 1986-1987 pp. yonosiyoi cTati. InauBigyaneHi 3apo-
KyMeHTOBaHi Jo3u papiauiniHoro onpomiHeHHs Y/IHA ctaHosunum Big 1,0 po 880 m3B (330,4 + 317,7 (M + SD)). Ce-
pepHiii Bik nauieHTiB cknapas (62,21 + 6,99) pokis. [poBefeHo koMnaeKc QyHKLiOHaNbHWUX NereHeBux TecTiB (cnipo-
MeTpis, 6oainnetTusmorpacdis, gocnigxkeHHs andysiiHoT 30aTHOCTI NereHb). BifHOCHY [OBXUHY TenoMep BU3HaYanu
metofom flow-FISH.
Pe3ynbratu. BuseneHa TeHAeHUis A0 CKOPOYEHHS BiAHOCHOT foBxXUHKU Tenomep B YJIHA, ski xBopitoTb Ha X03J1 I-11
cTapii Ta XO3J1 III-1V cTagii, nopiHaHO 3 YJTHA, siki He manu 3axBoptoBaHb GpoHxonereHeBoi cuctemm (15,2 + 2,7).
JlocToBipHO KOpOTWI TesioMepu cnoctepiranuck y xsopux Ha X03J1, ki 3a3Hanu Aii onpomiHeHHs y n03i noHag 500
M3B (RTL 13,6 + 2,5) nopiBHsAHO 3 xBopumMu Ha XO3J1, koTpi 6ynu onpomiHeHi y po3i meHwe 100 m38 (RTL 15,3 + 2,3).
Mpu KopenauiiHOMy aHanisi pocnimkyBaHux GyHKUiOHaNbHUX nokasHukiB (FEV: (n), BHYTPilWHbOrPYAHOTO TUCKY
(ITGV), 3aranbHoi emHocTi nereHb (TLC) audy3sinHoi 3gatHocTi nereb (DLCO) 3 BIAHOCHOK JOBXUHOW TenoMep JoC-
TOBipHMX acouialii BusBneHo He 6yno. Ha gaHoMmy etani Takox He BUABNEHO Oyab-AKOT acolialii BifHOCHOT A0BXMK-
HW TenoMep i3 BiKOM Ta iHAEKCOM Macu Tina.
BucHoBku. Ha gaHomy etani gocnifi)KeHb He BCTAHOBAEHO B3aEMO3B'AI3KY AOBXKMHM TEJIOMEP 3 NOKA3HUKAMU YHK-
LioHanbHux nereHeBux TecTiB B YJIHA Ha YAEC. MNpu ubomy BUABNAEHA TEHAEHLINA [O CKOPOUYEHHS BiHOCHOT BOBXMUHM
Tenomep B YJTHA, koTpi xBopitoTb Ha X03J1 Ta 3a3Hanu Aii ioHi3y04oro onpomMiHeHHs B go3ax Big 100 go 500 m3B Ta
noHapg 500 m3B.
KniouoBi cnoBa: yyacHuku nikBifauii Hacnigkis aBapii, YopHobunb, ioHi3yloue BUNPOMiHIOBAHHSA, BiHOCHA [JOBXMK-
Ha Tenomep, GYHKLIOHaNbHI NereHeBi TeCTU.
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LUNG FUNCTION AND TELOMERE RELATIVE LENGTH IN
CLEAN-UP WORKERS OF CHORNOBYL NPP ACCIDENT IN
A REMOTE POST-ACCIDENT PERIOD

Objective. The objective was to study the relationship between functional status of bronchopulmonary system and
telomere length in clean-up workers of Chornobyl NPP accident in a remote post-accident period.

Materials and methods. A study was performed in 113 clean-up workers of Chornobyl NPP accident. Individual do-
cumented doses of irradiation in clean-up workers ranged from 1,0 to 880 mSv (330.4 + 317.7 (M £ SD)). The aver-
age age of the Chornobyl NPP participants was (62.21 + 6.99) years. A complex of functional pulmonary tests
(spirometry, body plethysmography, examination of lung diffusion capacity) was performed. Relative telomere
length (RTL) was analysed by flow-FISH.

Results. There was a tendency to decrease the relative telomere length in clean-up workers with COPD I-II stage
and COPD III-IV, compared with patients with the absence of bronchopulmonary diseases (RTL 15,2 + 2,7).
Significantly shorter telomeres were observed in patients with COPD who were exposed to radiation at a dose of more
than 500 mSv (13.6 + 2.5) compared with COPD patients who were exposed at a dose <10 mSv (RTL 15.3 + 2.3). When
analyzing the correlation relationships of the studied indicators, no significant associations were found with the
relative telomere length. At this stage of the study no association of relative telomere length with age, body mass
index, and functional criteria (FEV; (1), intrathoracic pressure (ITGV), total lung capacity (TLC), diffusion lung capac-
ity (DLco)) was detected.

Conclusions. The analyzed telomere length relationship from liquidators of the Chernobyl found no direct associa-
tion with indicators of lung function tests, however, showed a trend towards reducing the relative telomere length
in clean-up workers who suffer from COPD and exposed to doses from 100 to 500 mSv and above 500 mSv.

Key words: Chornobyl accident, clean-up workers, ionizing radiation, relative telomere length, functional pulmonary

tests.
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BCTYII

HocCHimKeHHsT TeTIOMEPHUX IOCIiIIOBHOCTEN XPOMOCOM
€ OJHMM 3 HaMaKTyaJbHIlIMX HaIpsSMKiB Cy4acCHUX
JOCIiIKeHb Y MeaAuKo-0ionoriuHii ramnysi. Tenomepu i
TeJoMepa3u, SIKi peryjIiolTh IX HOBXUHY, ITOB’sSI3aHi 3
HaWBaXXJIUBIIIUMU OIiOJOTNiYHUMU TIpodJieMaMu —
CTapiHHSM Ta OHKOreHe3oM. TejJoMepu CKIalarThCs 3
baraTtopazoBux JIHK-moBTopiB i MPOTEIHOBOTO «I1e/Te-
puH» KoMIUIeKcy (aHri. shelterin), SIKuii pa3oM 3aXUIIae
KiHIII XpOMOCOMM BiJ CUHTe3y Ta Jaerpanauii. Texomepu
BKOPOYYIOThCSI 3 BiKOM 4Yepe3 HEMOBHY KiHIIEBY peILi-
Kalilo i yepe3 BILUIMB HAaBKOJMILIHBOTO CEpPeAOBMILA Ta
BHYTPIIITHIX CTPeCOBUX (PaKTOPiB.

Binomo, 1110 onHUM 3 €(heKTiB i0Hi3yIH0UOIro BUIIPOMi-
HIOBaHHSI € MPUCKOPEHE CTapiHHs. Y HU3LI AOCIiTKEeHb
MPOBOJAMIOCH BUBYEHHSI BILUIMBY iOHi3yI0UOT0 BUIIPOMi-
HIOBaHHSI Ha JOBXWHY TeJIOMEp, IO JO3BOJIMJIO 3aIIpO-
MOHYBAaTU 1X y $SKOCTi OiomapkepiB Ta IPEAUKTOPIB

0] Liudmila 1. Shvaiko, e-mail: pulmoaid @i.ua

INTRODUCTION

The study of the telomere sequences of chromo-
somes is the most relevant trend of modern scien-
tific developments in the field of biomedical
research. Telomeres and telomerases, that provide
positive regulation of telomere length are associat-
ed with the most important biological problems —
aging and oncogenesis. Telomeres consist of mul-
tiple DNA repeats and shelterin protein, which
together protect the ends of the chromosome from
synthesis and degradation. Telomeres shorten with
age due to incomplete final replication and due to
environmental and internal stressors.

One of the effects of ionizing radiation is known
to be accelerated aging. A number of studies have
investigated the effect of ionizing radiation on
telomere length, which has made it possible to
offer them as biomarkers and predictors of radia-
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pagiauiitHoi yytauBocTi [1, 2]. JochigkeHHsT BeTepaHiB
atroMHuX BunpoOyBaHb y CIIIA [3], npoaeMOHCTpyBaIu
c1abKy HeraTuBHY KopeJisuito (rig -0.399) Mixx 10BXu-
HOIO TeJloMep, 00paXOBaHOIO 03010 OIPOMiHEHHS i
TpaHCJIOKAIlIIMA XpOMOCOM, 110 MiATBEPIKYE TOBIOT-
PUBAJIMIA BIUIMB HU3bKMX A03 iOHi3yI0UOTO BUIIPOMiHIO-
BaHHS Ha 3araJIbHUI CTaH 3m0poB’s. Ha pisHuit mo3o3a-
JIEXKHUM BIUIMB Ha JOBXMHY TEJIOMEP XPOHIYHOIO OIl-
POMiHEHHS BKa3yIOThb i iHIIII AOCHiITHUKHA [4].

B3aeMo03B’130K MixX CKOPOYEHHSIM BiTHOCHOI TOBXHU-
HHU TeJaoMep i KIITUHHOIO TIpoJidepalli€io, 0yB mpoje-
MOHCTPOBaHUI Yy HEIIOJAaBHIX IOBimoMJIeHHsX. Tak, B
y4YacHUKIB JjdikBimawlii HachigkiB aBapii (YJIHA) Ha
YAEC y BignaneHoMy Iepiofi IMicisi OpOMiHEHHS BCTa-
HOBJIEHO KOpEJsLiiHy 3ajexHicTh Toka3HukiB RTL
(BimHOCHA JOBXMHA Tejomep) Ta ekcrpecii Cyclin DI.
BcTaHOBIEHO HETaTUBHY KOPEJSLINHY 3aI€XKHICTh MixX
cepenHiM nokazHukoMm RTL y nmimdouurax nepudepuu-
HOI KpOBi Ta BIKOM BCiX 00CTeXEHHUX 0OCi0, sSKi YBiALILIN
no Bubipku. BogHouac y rpymi obctexxenux YJIHA Ha
YAEC npocTeXyloThCs JUIle 3arajibHi TEHAEHIIii, KOTpi
JeMOHCTPYIOTb CKOPOUYEHHS JOBXMHU TeaoMmep JdiMpo-
OUTIB IeprdepruIHOi KPOBi BiTHOCHO BiKY, III0 MOXKe Oy-
T JOJATKOBMM JIOKa30M padialliiiHO-iHAYKOBAHOTIO
KJIITUHHOTO CTapiHHS iMyHOKOMITETEHTHUX KJIITUH [5].

B VkpaiHi Ha CbOrogHi NMpoOXUBAIOTh MaiixKe 2 MIIH
nocTpaxgannx BHachigok asapii Ha YAEC Ta mionaii-
meHne 200 Trc. ocib 3a3HaM BIUTMBY 30BHILIIHBOTO OIT-
POMiHEHHS Ta iHraJsILiiiHOrO HaJAXOIKEHHS palioHYyK-
JigiB. TakoxX BiZoMO, 110 3aXBOPIOBAHICTb HA XPOHIUHY
OpPOHXOJIET€HEBY MATOJIOTilO Y LIi€1 KOTOPTU JIOAEH Iie-
peBaxae cepeIHbOYKPATHChKi 3HAYEHHSI.

IIpu pocimkeHHI MOKa3HUKIB (DYHKIIIOHAIBHOTO CTaHY
Jieredb B YJIHA nHa YAEC 3 ypaxyBaHHSIM 103 pafialiiiHO-
ro OIPOMiHEHHSI BCTAHOBJIEHO IMO3UTUBHUI KOpPESILiii-
HUI 3B’S130K MiXX 103010 pamiallifHOro ormpoMiHeHHSI i Mo-
Ka3HuKamu 00’eMy (popcoBaHoro Bunuxy 3a 1 cex (FEV)),
He3aJIeXKHO Bili HAsSIBHOCTI XPOHIYHOTO OOCTPYKTHMBHOIO
3aXBOPIOBAHHS JIeTeHb. 3a pe3yJibTaTaMi OOMiTIeTU3MO-
rpadii y XBOpUX Ha XpOHiUHE OOCTPYKTHUBHE 3aXBOPIOBAHHS
Jerenb (XO3JT) YIIHA Ha YAEC nopiBHSIHO 3 HO30J10Ti4-
HUM KOHTPOJIEM BHU3HAYAJIOCh 3HAYHE TOCTOBIpHE TOPY-
IIIEHHS CITiBBITHOIIEHHS JeTeHeBUX 00’ €MiB, 30UIbILIEHHS
BHYTPILLTHBOTPYIHOTO THCKY, 1110 CBiTYUTD MPO 3HUKEHHS
€JIaCTUYHOCTI JIETeHb, OUTbIII BUPAXKeHi pECIipaToOpHi Io-
PYLIEHHS BHACTIIOK JIereHeBoI TinepiHdaLii [6].

VY maui€eHTiB, sIKi XxBopiroTh Ha XO3JI, KopoTiIi Teao0-
MepU BUSIBJISIMCH B €HIOTENi1 JIeTeHEBUX CYIUH, albBe-
OJISIpPHOMY €ITiTelii Ta JIeiKouuTax nepruhepuIHoi KpoBi
[7, 8], migTBepAXKYyIOUM JaHi IPO MPUCKOPEHE CTapiHHS
npu XO3JI. 3a pesdyapraTamMu MeTaaHamizy [9], mpu

tion sensitivity [1, 2]. In USA the studies in
nuclear testing veterans [3] have shown a weak
negative correlation (ri4 -0.399) between telomere
length, irradiation dose calculated, and chromo-
some translocations, confirming the long-term
impact of low doses of ionizing radiation. Other
results of studies indicate different dose-depend-
ent effects on telomere length of chronic irradia-
tion [4].

The relationship between the reduction in re-
lative telomere length and cell proliferation has
been identified in recent studies. For example,
in the long-term period after the irradiation, the
clean-up workers of Chornobyl NPP accident
(ChNPPA) have correlated RTL and Cyclin D1
expression. A negative correlation was found
between the mean RTL in peripheral blood lym-
phocytes and the age of all surveyed subjects. At
the same time, only the general tendencies that
show reduction in peripheral blood lymphocyte
telomere length, which can be additional evi-
dence of radiation-induced cellular aging of
immune cells, are observed in the group of sur-
veyed in clean-up workers of Chornobyl NPP
accident [5].

At present there are about 2 million inhabitants
exposed after the Chornobyl accident in Ukraine
and at least 200,000 of them were affected by the
external exposure and inhalation of radionuclides.
It is also known that the incidence of chronic bron-
chopulmonary pathology in this cohort of people
outweighs the average Ukrainian indicators.

In the study of indicators of functional state of
the lungs, the clean-up workers of ChNPPA, tak-
ing into account radiation doses, established a pos-
itive correlation between the radiation dose and
the FEV, indices, regardless of the presence of
chronic obstructive pulmonary disease. According
to the results of bodyplethysmography in patients
with chronic obstructive pulmonary disease
(COPD) in clean-up workers of ChNPPA, signifi-
cant disturbance of the pulmonary volume ratio,
an increase in intra-thoracic pressure, indicating a
decrease in elasticity of the lungs, more pro-
nounced respiratory and respiratory disorders were
determined [6].

In patients with COPD, shorter telomeres have
been found in pulmonary vascular endothelium,
alveolar epithelium, and peripheral blood leuko-
cytes |7, 8], confirming data on accelerated aging
in COPD. According to a meta-analysis [9], when
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CIIOCTEPEXXEHHI MPOTATOM 7,5 POKY, TOBXMHA TEJIOMED
JIEMKOLIMTIB NeprucepruyHOl KPOBi MALliEHTIB, XBOPUX Ha
XO3JI, 6yna 3HaYHOIO MipOIO TTOB’sI3aHa 3 PU3NKOM BCiX
MPUYMH CMEPTHOCTI BiJl paKy, He3aJIeXKHO BiJl MOXKJIMBUX
MOIMUQiKyIOUnX (PaKTOPiB, TAKUX K BiK, CTaTyC KYpiHHS
i GyHKIiOHAIBLHUI CTaH JereHb. TakoxK 0y10 BUSIBICHO,
IO XO4Ya cTaTyc KypiHHSI He OYB TOB’s3aHUil 3 mude-
peHILIiaJIbHOIO TOBXKUHOIO TeJIOMEP B YYACHUKIB JOCIiI-
>KeHHS, SKi Majiyd 3HAa4YHWUI aHaMHe3 KypiHHS (B ce-
peaHboMy noHaa 40 mayok curapet Ha pikK) JOBXMHA Te-
JIoMep JIEHKOINTIB MeprudeprnyHoi KpoBi Oyjia 3HAYHO
koportioo (6iabi Hixk Ha 50 %), HiIX y 300pOBUX 0OCi0
aQHaJIOTIYHOTO BiKY.

B3aeM03B’S130K MiX TSXKKiCTIO (PYHKIIIOHATBHOTO CTa-
Hy seredb ipu XO3JI i TOBXMWHOIO TeJIOMep B HeIaBHIX
JocligkeHHssx 0yB HesaBHUM. Houbeni Savale [10] He
3HAWIIIN 3B’SI3KYy MiX MapaMmeTpamMy (DYHKILii JereHb i
TOBXWHOM TeaoMep. Tum He meH1n, Rode [11] BUsIBUB,
10 ydyacHUKM JlaTChKOro AOCHIIXEHHSI 3 HU3bKUM
crniBBigHOmWIeHHIM O®B;/®XKEJl (BUCOKUI CTYITiHb
00CTPYKIIii) MaJIM KOPOTII TEIOMEPH.

3 iHIIOTrO OOKY, OCKiJIbKM JIer€Hi MOCTiiiHO 3a3HAIOTh
BIUIMBY (PaKTOPiB pM3UKY HABKOJUIIHBOTO CEPEIOBU-
11a, YHKIIis IereHb cama 1o cobi Moxke OyTH MapKepom
OiosoriuHoro BiKky [12].

He3sBaxaroun Ha BeJIMKUL 00CAT HAKOMUYeHO1 iHdop-
Mallii, JOCHiIXKEeHHS, sIKi O BUBYAJIM BIUIUB SIK iOHi3ylO-
YOro BUITPOMiHIOBaHHS, TaK i (DYHKIIii JIeTeHb HA TOBXH -
Hy TeJIoMep B 0Ci0, KOTpi MOCTpaxkaaii Bill BEJIMKOMa-
cluTabHoi padialliiiHOT aBapii JOTerep He MPOBOIWINCH.

META

MeTa pocliaKeHHs MmoJisiraja y BUBYEHHI B3aEMO3B’$13-
Ky MiX (YHKILiOHaJbHMM CTaHOM OpPOHXOJIEr€HEeBOI
cucteMu Ta JoBxuHOIO TeaoMmep B YJIHA na YAEC y
BiImajgeHoMYy ITicjisiaBapiiiHOMY Iepiozi.

MATEPIAJIN TA METOJIHN

KoMmniekcHe kiaiHiYHe Ta iMyHOJOriYHe OOCTEXXEHHSI
oyno nposenere 113 YJIHA na YAEC 1986—1987 pp.
YOJIOBiUOI CTaTi y BimmajeHOMY IepioAi ITicas oIl-
poMiHeHHs. IHAMBiAyandbHi 3aJ0KYMEHTOBaHi 03U
pamianiitHoro onpomMinenHs YJIHA cranoBunu Bim 1,0
no 880 m3B (330,4 = 317,7 (M £ SD)). CepenHiii Bik
VJIHA na YAEC cxinagas (62,21 £ 6,99) pokis. Cepen
VIJIHA, BKJIIOYEHUX Y AOCTiIKeHHs, y 80 He OyJIO BUSIB-
JIEHO 3aXBOPIOBAaHb OPOHXOJIETEHEBOI CUCTEMM, 33 TIalli-
€HTaMm OyB BctaHoBieHU miarHo3 XO3JI. Kputepiamu
BUKJIIOUEHHS OyJIM HasIBHICTh TOCTPUX iH(PEKIIAHUX Ta
OHKOJIOTiYHUX 3aXBOPIOBaHb, XPOHIYHNX 3aXBOPIOBAHb Y
cTajii 3aroCTPEeHHSI.

observed for 7.5 years, the length of peripheral
blood leukocyte telomeres in COPD patients was
significantly associated with the risk of all causes of
cancer mortality, regardless of possible modifying
factors such as age, smoking status and ventilatory
function of the lungs. It was also found that
although smoking status was not associated with
differential telomere length, study participants
who had a significant history of smoking (an aver-
age of more than 40 packs of cigarettes per year)
had significantly shorter peripheral blood leuko-
cyte telomere length (more than 50%) than in
healthy subjects of the same age.

The relationship between COPD severity (based
on pulmonary function study) and telomere length
was implicit; in recent studies, Houben Savale
found no relationship between lung function
parameters and telomere length [10]. However,
Rode found that participants in the Danish study
with a low FEV,;/FVC (greater obstruction rate)
had shorter telomeres [11].

On the other hand, since the lungs are con-
stantly exposed to environmental risk factors,
lung function itself can be a marker of biological
age [12].

Despite the large amount of accumulated infor-
mation, studies examining the effects of both ion-
izing radiation and lung function on telomere
length in individuals affected by a radiation inci-
dent have not yet been conducted.

OBJECTIVE

The study objective was to establish a relationship
between the bronchopulmonary system function
and telomere length in clean-up workers of
ChNPPA in a late post-accident period.

SUBJECTS AND METHODS

Male clean-up workers (n = 113) of the ChNPPA
exposed in 1986—1987 were involved in clinical
and immunological studies in a late period upon
irradiation. Individual documented radiation
doses ranged from 1.0 to 880 mSv (330.4 + 317.7
(M £ SD)). The average age of the ChNPPA
clean-up participants was (62.21 £ 6.99) years. No
any diseases of the bronchopulmonary system
were diagnosed 80 study subjects, and 33 patients
were diagnosed with COPD. The exclusion criteria
in the study were either presence of acute infec-
tious and oncological diseases or chronic diseases
in the acute stage.

(1) 506



ISSN 2304-8336. pobnemu paniauiiinoi Meouunkm 1a pagiobionorii = Problems of Radiation Medicine and Radiobiology. 2019. Bun. 24.

CLINICAL

RESEARCH

DyHKIIOHAIBHUN CTaH OpPOHXOJIETEHEBOI CUCTEMM
OlIiHIOBaJIM HA OCHOBI cIlipoMeTpii, boairieTudMorpadii,
JocaigkeHHs 11udy3iiiHO1 31aTHOCTI JJereHb Ha pecItipa-
TopHOMYy KoMmruiekci «MactepCkpuH bomni/dibdroxH»
(€rep (HiMmewyuynHa)) 3 BiANOBIAHUMU MOAYJISIMU,
BpaHLi HaTtiie. [1pu oLiHII OCHOBHUX CITIPOMETPUYHUX
MOKAa3HMKIiB BpaXOBYBaJl HaJleXKHi BeJIMUYMHU BiIMOBII-
HO J0 CTaTi, BiKy, 3pOCTy Ta Macu TiJia TalieHTiB. Bcra-
HoBIeHH aiarHo3y XO3JI 3ailicHIOBaIN 3TiIHO 3 peKOo-
menpauismu GOLD (2019) [13].

Busnauenns BimHocHOI goBkuHM TeoMmep (RTL) mim-
¢oumTiB nepudepryHOi KPOBi MTPOBOAWIN 3a AOITOMO-
roto Haoopy Telomere PNA Kit/FITC (Dako Cytoma-
tion, Denmark) ta flow FISH meTony (mmporoyHa muTo-
MeTpudHa (hIyopeciieHTHa Tiopuan3aris in situ). Meto-
nuka rposeneHHs flow FISH ananisy ckinamanace 3 riorne-
penHboi 00poOKM, NeHaTypallil, Tiopuau3arii (1-il 1eHb);
npomuBaHHd, (apoysanHs JIHK, ananizy (2-if neHb).
INoka3nnk RTL OyB po3paxoBanmii 3a (hOpMyIIoio:

(mean FL 1exp cells Wlth PNA) (mean FL 1e)p cells WIthOUt PNA)

Respiratory function was assessed by analyzing the
spirometry, bodyplethysmography, lungs diffusion
capacity assay using «MasterScreen Body/Diffusion»
complex (Egger (Germany)) with corresponding
modules. Tests were made in the morning on an
empty stomach. In assessing the main spirometric
parameters, due account was taken of the appropri-
ate values according to the sex, age, height and body
weight of the patients. The COPD were disgnosed
according to the GOLD recommendations [13].

The determination of the relative telomere
length (RTL) in peripheral blood lymphocytes was
performed using the Telomere PNA Kit / FITC kit
(Dako Cytomation, Denmark) and the flow FISH
assay (flow cytometric fluorescence in situ hybri-
dization). Flow-FISH analysis methodology con-
sisted of pretreatment, denaturation, hybridization
(day 1); washing, DNA staining, analysis (day 2).
RTL was calculated by the formula:

RTL =

x 100

(mean FL 1ctr[ce/[s Wlth PNA) (mean FL 1ctrlce[[3 WIthOUt PNA)

PE3VYJIBTATU TA OBI'OBOPEHHA

JJ1st OLIiIHKM BIUTMBY 10Hi3YI0UOT0 BUIIPOMiHIOBAaHHS Ha
(byHKIIiOHATBHUI CTaH OPOHXOJIETEHEBOI CUCTEMHU Ta
BiZHOCHY OOBXHUHY Teaomep YJIHA Oynu posnopineHi
Ha TpU I'PyIU 3a OTPUMaAHOIO J03010 OMPOMiHEHHS: | —
0—100 M3, II — 110—500 M3B, III — 6inbiie 500 M3B
(Ta6m. 1). HaliuucenbHiII00 TPYIIOI0 B 0OCTEXEHI KO-

Taonauusa 1

RESULTS AND DISCUSSION

To evaluate the effect of ionizing radiation on the
functional state of the bronchopulmonary system
and the relative length of the clean-up workers of
ChNPPA telomere were divided into three groups
according to the received radiation dose: I — 0—100
mSy, IT — 100—500 mSy, IIT — > 500 mSv (Table 1).

3aranbHa xapakrepuctuka YJIHA Ha YAEC Ta oci6, AKi 3a3Hanu BNAMBY i0Hi3yI040ro BUNPOMiHIOBAHHA B MeXax
paaiauinHoro ¢oHy, 3anexHo Bif f03M ioHi3ylouoro onpomiHeHHs, (M + SD)

Table 1

General characteristics of clean-up workers of Chornobyl NPP accident and persons exposed to ionizing radi-
ation within the radiation background depending on the dose of ionizing radiation, (M + SD)

F'pynu cnoctepexeHHs / Groups

Moka3HuK I (n= 35) Il (n =48) Il (n = 30) BiporipHicTe

Parameter [0 < 100 m38 00 = 100-500 m38 00 > 500 m3s Student’s p
D < 100 mSv D = 100-500 mSv D > 500 mSv

Bik, poxu 62,6 + 7,4 60,7+ 9,9 63,7+ 6,7 >0,05

Age, years

KypiHs, n (%) *n1-3<0,05

Smoking, n (%) 27 (77,1) 33 (68,8) 14 (46,7) P2 < 0,05

IHOeKC nayka pokiB (cepeq, Kypuis) P 1-2<0,05

Pack years index (among smokers) 28,1+ 143 17,7106 82,2%169 p23<0,05

X031, %

COPD, % 37,1 25,0 26,7 >0,05

BMI, kr/m2

BMI, kg/m? 29,2+ 5,1 29,341 27,6+ 4,3 >0,05

Mpumitku. *p 1—2 — pisHrus mix rpynamu | 1a l; p 13 — pisHnug mix rpynamu | 1a lll; po—3 — pistnug mix rpynamu 1 Ta lll.
Notes. *p1-o — difference among groups | and II; p1-3 — difference among groups | and Ill; p2_3 — difference among groups Il and IIl.
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ropti YJIIHA oyna Il (mo3a ompomineHHst ([O) mo-
piBHIOBana 100—500 M3B), 1i KiabKicTh ckiamana 48
0ci0. JIocToBipHUX BiAMiHHOCTE! 3a BIKOM MiX IpyIa-
MU XBOpPUX BUSBJIEHO He Oyi0. BincoTok ocib, sKi Ky-
psITh 200 KypWIiud B MUHYJIOMY, OyB TOCTOBIpHO HUX-
yum B YJIHA 3 J1O nonan 500 M3B, TIOPiBHSIHO 3 TpYy-
namu I ta 11, mpoTe iHTEHCUBHICTb KYPiHHS cepell Kyp-
1IiB 32 TOKa3HMKOM MavyKa-pokKiB y 1iii rpymi Oysia Hali-
Buiolo. Bincorok YJIIHA, ski xBopitoTh Ha XO3JI, OyB
HabinpmmM y I rpymi (1O < 100 m3B) i ckinangas 37 %
3 obcTexeHux ocib. JJocToBipHOI pi3HMLI 32 KiJIbKICTIO
xBopux Ha XO3JI MixX rpyrnaMu JOCiIXeHHS He OyJ0
BUSIBJICHO.

3a pesyabraTaMyd BUBYEHHSI MOKAa3HUKIB (PYHKIIiO-
HaJIbHUX JIETeHEeBUX TecTiB y rpynax YJIHA 3anexHo Bif
03U OIMpPOMiHEHHS OyJI0O BUSBIECHO, IO AOCTOBIPHO
HIDKYi TTOKA3HMKU JIeTeHeBOI (PYHKIII 3a MOKa3HUKOM
FEV, cnocrepiranuch y rpymi nauieHTiB 3 J1O MeHIle
100 M3B MOPiBHIHO 3 TUMU, XTO OYB OIIPOMiHEHUH Y 1O~
3ax Bim 100 7o 500 m3B Ta monan 500 M3B (Tad. 2).

Ta6nauusa 2

The largest group of clean-up workers of in the
studied cohort was group II (radiation dose (D) was
100—500 mSv), including 48 people. No significant
differences in age were found between groups of
patients. Percentage of smokers or smokers in the
past, was significantly lower in clean-up workers of
ChNPPA with up to 50 ¢cSv compared to groups I
and II, but the rate of smoking among pack smok-
ers was the highest in this group. The percentage
of clean-up workers of ChNPPA with COPD was
highest in group I (D < 100 mSv) and made up
37 % of the surveyed persons. COPD patients be-
tween the study groups was found.

Based on the results of the study of functional
pulmonary test indices in clean-up workers
groups, it was found that a significantly lower
FEV, pulmonary function indices were observed in
the group of patients exposed below 100 mSv com-
pared to those who were exposed to doses from 100
to 500 mSv and over 500 mSv (Table 2).

MoKasHUKHK q)yHKLI,'iOHaIIbHMX NereHeBMx TeCTiB Ta BiAHOCHO:I' AOBXHWUHU TesiIoMep B YMOBHUX OAMHULAX Y rpynax

cnocrepexeHHa, (M x SD)
Table 2

Indicators of functional pulmonary tests and relative telomere length in conventional units in observation

groups, (M + SD)

Fpynu cnoctepexeHHs / Groups

MokasHmk I (n= 35) Il (n =48) I (n = 30) BiporipHicTs
Parameter [0 < 100 m3e [0 = 100-500 m3B [0 > 500 m38 Student’s p
D < 100 mSv D = 100-500 mSv D > 500 mSv
*p 1-2 < 0,05
FEV; (1) 28+ 09 3,2+0,9 3,1 £07 P 1< 0,05
FEV1, % Bip, HanexHux 3HaueHb P 1-2<0,05
FEV1. % of predicted 871 £257 96,7 + 24,4 101,9+22,3 D1 s< 0,05
p1-2<0,05
FEVs (1) 3,708 41+0,7 42+09 D1 s< 0,05
FEV; /FEVs, % 64,1 +13,2 68,4 + 12,9 67,7+ 10,8 >0,05
FEVi/FVC, % 69,2+ 134 739 £114 746+ 11,2 > 0,05
TGV (1) 43+12 42+1,1 39+1,2 > 0,05
ITGV, % Bin, HAnEXHMX 3HAYEHb
ITGV. % of predicted 119,9 + 33,6 118,3 + 33,2 110,4 = 31,0 > 0,05
TLC-He (1) 6,1£0,9 6,609 6,4+1,1 > 0,05
TLC-He, % Bif, HANeXHWX 3HaYEHb
TLC-He, % of predicted 893+ 111 92,5+ 17,0 94,4 + 13,2 > 0,05
Dlco, mmol /min/kPa 74+272 78+1,7 76+23 > 0,05
Dico, % Bin HanexHux 3waeHb 79,9+ 21,7 82,0+ 16,6 84,9 + 248 >0,05
Dlco, % of predicted
BinHocHa foBXMHa Tenomep . . + p1-2<0,05
RTL 15,6 +2,4 14,8 + 3,1 139+25 D13 < 0,05

MpuMitkn. *p 1-2 — pidHuus Mix rpynamm | Ta ll; p 1—3 — pistmus mix rpynamu | 1a lll; po_3 — pisuus Mix rpynamm Il a lll.
Notes. *p1—p — difference among groups | and II; p1_3 — difference among groups | and Ill; p_3 — difference among groups Il and Ill.
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Takok TOCTOBIpPHO MEHIIIMM Y BKa3aHili IpyIli XBOpUX OYB
noka3Huk FEVg (1) y mopiBHsHHi i3 rpynamu II ta II1. ¥V
TOM Xe Yac JOCTOBIpHUX BiIMIHHOCTE! y TTOKa3HUKAX, SIKi
XapaKTepU3yIoTh JieTeHeBi 00’eMU Ta AUPY3iiHYy (QYHKILIO
nerenb (ITGV, TLC-He, DLco) BusiBieHo He OyJ10.

DyHKIIIOHATBHI JIETEHEBi T€CTU BUKOHYIOTBCS 3 METOIO
JIaTHOCTUKM 3aXBOPIOBAaHb JIETeHb, SIKi MOB’sg3aHi i3
BiKOM, 30KpeMa — XpOHIUHOTO OOCTPYKTUBHOTO 3aXBOPIO-
BaHHS JlereHb Ta imionatuyHoro ¢idbposy jereHb. Cripo-
MeTpUYHEe OOCIIIKEHHS, 30KpeMa BMMIipIOBaHHSI ITOKa3-
HUKa 00’eMy popcoBaHoro Buanxy 3a 1 cex (FEV)), ¢op-
coBaHoi XUTTeBOI eMHOCTI (FVC) Ta iX CriBBiIHOIIIEHHS
(FEV,/FVC) — HaliBaXJIMBIILIWIA €Tall B 1ialrHOCTULLi JIere-
HEBMX 3aXBOPIOBaHb, HEOOXiAHMIA HE TiIbKHU JJIS1 MOCTa-
HOBKM JIiarHO3y, ajie il 1151 BUBHAUYE€HHSI CTYNEeHS TSKKOCTI
3aXBOPIOBAHHS, MiIOOPY iHAUBIAYaIbHOI Teparlii, OLliIHKN
e(eKTUBHOCTI 1 TPOBENEHHSI, YTOUHEHHS TIPOTHO3Y ITe-
pebiry 3aXBOpIOBaHHSI Ta MPOBEACHHST €KCIIEPTU3M Tpa-
nesnatHocTi [13]. OcKinbKu iereHi MOCTiifHO MimIaloThes
BIUIMBY (DaKTOPiB PU3UKY HABKOJIMIITHHOIO CEepPEIOBMIIIA,
¢yHKLig JereHb caMa IO cobi Moxe OyTM MapKepoM
GiosioriuHoro Biky [12]. Ony0J1ikoBaHO AeKiabKa JOCi/-
JK€Hb IIPUCBSIYCHUX BUBYCHHIO B3aEMO3B’SI3KY MiXK JIOB-
JKMHOIO TeJIOMEpPIiB Ta CHipOMETPUYHMMM TTOKa3HUKaMU
[8—10, 12]. Tak, y mochimxkeHHi Rode 3i cmiBaBTt. [11],
MOBiTOMIISIETBCS PO MiHIMaIbHY KOPEJISLiI0 MixK TOBXKU-
HOIO TeJIoMep Ta (DYHKIIIE€IO JIeTeHb 3a CITipOMETPUIYHUMU
nokasHukamu FEV;, FVC ta FEV,/FVC. He3Baxatouu Ha
Te, 110 noka3HuK FEV| € ocHOBHUM KpUTepieM 1Jis Jiar-
HOCTUMKU OPOHXOOOCTPYKTUBHUX TOPYIIEHb, TOBEICHO,
IO TOKAa3HUKHU JIETEHEBUX O0’€MIB, 30KpeMa, BHYT-
pimtHbO-rpynHUit TMCK TazdiB (ITGV), 3araibHa €MHICTb
serenb (TLC), Ta nudysiitHoi 3nmaTHOCTI JiereHb (DLco)
TOYHIllIE XapaKTepPU3YIOTh JIETEHEBY TrilepiHIIsLi0 Ta
eMdi3zeMy MpH BiIKOBUX 3MiHaX B JiereHsx [ 14].

Xoua y I rpyni moka3HUKHU JiereHeBO1 (hYHKIIi1 Oyamn
TipiimMu, BifHOCHa goBxuHa tenoMep (RTL) BusBu-
Jlach 1OCTOBipHO MeHIoM0 y rpymi YJIHA, kotpux 0y-
JIo oTrpoMiHeHo y go3i moHan 500 mM3B (13,9 £ 2,5), no-
piBHsgHO 3 YJIHA, onpominenumu B 103i 0—100 M3B —
(15,6 £ 2,4), BignosigHo. BigHocHa DOBXWHA TeNO0-
mep B rpyni YJIHA, onpoMiHeHux y 1o3i 100—500 m3B
cranoBuna (14,8 £ 3,1) ta Oyna HETOCTOBIPHO HUX-
yoito y nopiBHgaHHI 3 YJIHA, onmpomiHeHuMu y 103i
0—100 m3B.

3a pesyJibTaTaMM NOMepeaHiX JOCTiIKEeHb [5], 3HMXKEH-
HsI BiIHOCHOI JOBXWHU TeJIOMEP MOXe OyTU iHAYKOBAaHO
KOMOiHOBaHUM BIUIMBOM BiKy Ta JIO3M OMNPOMIHEHHS 3
iCTOTHUM MOIMDiKyIOUMM e(heKTOM CYyyTHbOI ITaToJIOri1.

CBinueHHs PO B3aEMO3B’ 130K (DYHKIIi1 JIeTeHb 3a MO-
kazHukoM FEV| Ta BiIHOCHOIO JOBXMHOIO TEJIOMEp €

FEVs (1) was also significantly lower in the group
1 compared to groups IT and III. At the same time,
no significant differences were found in the indica-
tors that characterize pulmonary volumes and dif-
fuse lung function (ITGV, TLC-He, DLco).

Functional lung tests are performed to diagnose
age-related pulmonary diseases, including chronic
obstructive pulmonary disease and idiopathic pul-
monary fibrosis. Spirometric testing, in particular
measuring the expiratory volume for 1 second
(FEV)), forcing vital capacity (FVC) and their
ratio (FEV,/FVC), is the most important step in
the diagnosis of pulmonary disease, not only nec-
essary for diagnosis but also for determination of
the severity of the disease, selection of individual
therapy, evaluation of the effectiveness of its con-
duct, clarification of the prognosis of the disease
course and carrying out the examination of per-
formance [13]. As lungs are constantly exposed to
environmental risk factors, lung function itself can
be a marker of biological age [12]. Several studies
have been published on the study of the relation-
ship between telomere length and spirometric
parameters [§—10, 12]. Thus, in the study of Rode
et al. [11] reported a minimal correlation between
telomere length and lung function according to the
spirometric parameters FEV;, FVC and
FEV,/FVC. Although FEVI1 is the main criterion
for the diagnosis of bronchial obstructive disor-
ders, it has been proven that pulmonary volumes,
in particular, intra-chest gas pressure (ITGV),
total lung capacity (TLC), and lung diffusion
capacity (DLco) are more accurate characterize
pulmonary hyperinflation and emphysema with
age-related changes in the lungs [14].

Although indicators of pulmonary function were
worse in group I, the relative telomere length (RTL)
was significantly shorter in the clean-up workers of
ChNPPA group, which was irradiated at more than
500 mSv (13.9 £ 2.5) compared to the dose-irradi-
ated clean-up workers 0—100 mSv — (15.6 + 2.4),
respectively. The relative length of telomeres in the
clean-up workers group irradiated at a dose
100—500 mSv was (14.8 £ 3.1) and was significant-
ly lower than the ULN irradiated dose 0—100 mSv.

According to previous studies [5], a decrease in the
relative telomere length can be induced by a com-
bined effect of age and radiation dose with a signifi-
cant modifying effect of concomitant pathology.

The evidence of the relationship between lung
function by FEV, and relative telomere length is

509 ‘&



KJTIHIYHI

AOCNIAXKEHHA

ISSN 2304-8336. [Npobnemu pagiaviiiHol meauunHn Ta pagiobionorii = Problems of Radiation Medicine and Radiobiology. 2019. Bun. 24.

noBOJIi KoHTpaBepciitHumu. Tak, y 2014 p. [15] nmpoBo-
IWBCS aHalli3 B3a€MO3B’SI3Ky HOBXHWHU TeEJIOMEp Y
nmiM@onuTax rmeprudepudHoi KpoBi, SK Mapkepa 0iomo-
TiYHOTO BiKY, 3 (DYHKIII€IO JereHb i 3aXBOPIOBAHHSIMU
OpraHiB AuxaHHs. byn1o BUSIBIeHO TOCTOBipHi MO3UTUB-
Hi KOpeJsiLii MixK JOBXUHOIO TeJIOMep Ta (PyHKIIIi€EIO Jie-
reHb. KpiM Toro, y maii€HTiB i3 3aXBOpIOBaHHSIMU Ha
XO3JI Ta OpoHXiaIbHY aCTMY TeJIOMEpU OYJIM KOPOTIIN-
MU, HiX Yy 300pOBMX OCi0. ABTOpaMM OyJIO0 3p0OJIeHO
BUCHOBOK IIPO HAasSIBHICTh HEIIPSIMUX IOKa3iB TiloTe3un
nopo Te, 110 MepeadacHe CTapiHHsSI Oepe ydacTb y Ma-
todizionorii XO3JI Ta actMu, a PyHKIIiS JereHb 4aCTKO-
BO BigoOpaxkae OioyioriuyHe CTapiHHS BHACIITOK BHYT-
piHix mpouecis. BogHovac B iHIIoMy nociimkeHHi [16]
He OyJIO BUSIBJIEHO JOCTOBIpHOI acouialii MixX ITOBXMU-
HOIO TEJIOMED i KIIIHIYHUMU MTPOosIBaMU Ta (hyHKIiOHAb-
HUMU TTapameTpamMu y xBopux Ha XO3JI. ITpote BigHOC-
Ha JTOBXWHA TeJloMep Oylra JOCTOBIPHO KOPOTIIOIO Y
xBopux Ha XO3JI, gk TUX, XTO KypWJIA Ta i TUX, XTO HE
KYpHB, Y MOPiBHSIHHI 3i 310POBUM KOHTPOJIEM.

s olliHKM BimHOCHOI MOBXMHU Teaomep B YJIIHA
3aj1exKHO Bij (DyHKIiT JiereHb 3a mokasHukoMm FEV| i3
3arajbHOI KiJIbKOCTi XBOpUX OyJIM BUIiNEHI MiArpyIiu:
1 — mauieHTH, IKi He MalOTh 3aXBOPIOBAaHb OPOHXOJIE-
TeHeBOi CHCTeMM Ta TopyIlleHb GYHKIII JereHb
(FEV,/EVC > 0,7), 2 — YJIHA, xotpi xBopitoth Ha XO3J1
I-II cranii (GOLD) (FEVi/FVC < 0,7; FEV, > 50%),
Ta 3 — migrpyna xsopux Ha XO3JI, KOTpUM IiarHOCTO-
BaHo XO3JI III cramii (GOLD) (FEV,/FVC < 0,7;
FEV, < 50 %) (puc. 1). BinHocHa JOBXKMHa TeJIOMED B
VIJIHA, sxi xBopitots Ha XO3JI I-II cranii, cranoBmnia
(14,6 £ 2,3), YJIHA i3 XO3J1 111 cranii — (14,5 + 2,0),
BiAITOBIAHO, Ta OyJa HEAOCTOBIPHO MEHIIIOIO Y MOPiB-

quite controversial. Thus, in 2014 [15], an analysis
of the relationship of telomere length in peripheral
blood lymphocytes, as a marker of biological age,
with lung function and respiratory diseases.
Significant positive correlations between telomere
length and lung function were found. In addition,
telomeres were shorter in patients with COPD and
bronchial asthma compared with healthy subjects.
The authors conclude that there is indirect evi-
dence for the hypothesis that premature aging is
involved in the pathophysiology of COPD and
asthma, and that lung function partially reflects
biological aging due to internal processes. At the
same time, no significant association between
telomere length and clinical manifestations and
functional parameters in COPD patients was
found in the 2018 study [16]. However, the telo-
mere relative length was significantly shorter in
COPD patients than both smokers and non-smo-
kers compared to healthy controls.

To assess the RTL in clean-up workers of
ChNPPA, depending on the lung function by FEV|,
from the total number of patients were allocated
subgroups: 1 — no diseases of the bronchopulmonary
system and impaired lung function (FEV,/FVC>
0.7), 2 — clean-up workers COPD stage I-—II
(GOLD) (FEV,/FVC < 0.7; FEV, > 50%), and 3
subgroups of COPD patients diagnosed with stage
111 COPD (GOLD) (FEV,/FVC < 0.7; FEV, <
50%) (Fig. 1). The RTL in ULN patients with
COPD I—II stage was (14.6 £ 2.3), clean-up work-
ers of ChNPPA with COPD III stage — (14.5 £ 2.0),
respectively, and was significantly less compared to
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RTL, BigHOCHa AOB}XUHa Tenlomep
Relative telomere length
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PucyHokK 1. BigHocHa poBXUHA Tenomep y nenkouutax nepudepu4Hoi Kpoei 3anexHo Bip ctapii X03J1 3a
(GOLD, 2019) B V/IHA Ha YAEC y BipaaneHomy nepiopi nicna onpomiHeHHA

Figure 1. RTL in peripheral blood leukocytes in dependence of COPD (GOLD 2019) stage clean-up workers of

Chornobyl NPP accident at a remote period after radiation
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HsHHi 3 YJIHA, gKi He Manu 3aXBOproBaHb OpOHXOJIe-
reHeBoi cucremu (15,2 £ 2,7).

3a pe3yabTaTaMi BUBUEHHS BiTHOCHOI JOBXKWHU TEJIO-
mep B YJIHA, xotpi crpaxnaiors Ha XO3JI O0yno BusB-
JIEHO JOCTOBipHO KopoTiii TejoMepu (13,6 £ 2,5) B oci0,
SKi 3a3HaIU Aii onmpoMiHeHHs y 103i moHan 500 M3B, y
MopiBHIHHI 3 Tpynoio xBopux Ha XO3JI, koTpi Oynu or1-
pomiHeHi y mo3i mexmie 100 m3B (15,3 = 2,3) (puc 2.).
BigHocHa moBXMHa TejoMmep Oyja A0 HUXKYOKW Yy
rpyni YJIHA, gki xBopitorb Ha XO3JI, Ta onpoMiHEHUX
y nozax Bim 100 mo 500 M3B, HiXX y IArpyIi ocid, oI-
poMiHeHux y no3i meHii 3a 100 m3B (14,7 £ 1,9) Ge3
JIOCTOBIPHOI Pi3HUIII MiX TpyMaMH.

U1 BUBHAYEHHST B3a€EMO3B’SI3KiB MK MOKa3HUKAMM
(yHKIIiOHATBEHUX JIETEHEBUX TECTIB Ta iHIINX (PaKTOPiB,
SIKi OB’s13aHi 3 BIKOM Ta MOXKYTh BILIMBAaTH Ha TOBXUHY
TeJIoOMep, MPOBEAECHO KOPEJSILiMHUIA aHali3 MixX BiKOM,
ingpekcom macu Tina (BMI), mokasHukamu yHKIIiO-
HaJIbHMX JereHeBuX TecTiB: FEV| (1), BHyTpilTHEOTpYyI-
Horo tucky (ITGV), 3aranpHoi emHocri jereHs (TLC),
nudysiitHoi 3maTHOCTI JereHb (DLco).

YV 2018p Oysio onybJ1ikoBaHO pe3yJibTaTh MPOBEAESHOTO
KpOcC-CeKliifHOro MetaaHanizy [17], Skuii BUSIBUB, 11O
BUIIMI TTOKA3HUK iHAEKCY MacH Tijla acolliloBaBCs 3 KO-
POTILIMMU TeJIOMepaMU, OCOOIMBO Y MOJIOAIIIN BiKOBilt
TpyIli, caMe TOMY Il ITOKa3HUK OYJIO BKJIIOUEHO 10
aHaJIi3y KOpeIiifHNX 3B’ I3KiB.

BignoBimHO 10 OTpMMaHUX pe3yJbTaTiB He BUSIBJIIEHO
Oyab-sgKOi acoliallii KopeasliiHuX 3B’s3KiB BiIHOCHOI1

clean-up workers of ChNPPA, which had no dis-
eases of the bronchopulmonary system (15.2 £ 2.7).

According to the results of the study of the relative
length of telomeres in COPD patients, significantly
shorter telomeres (13.6 £ 2.5) were detected in
COPD patients in different doses, who were ex-
posed to irradiation at a dose of more than 500 mSv
vs. group of COPD patients who were irradiated
at < 100 mSv (15.3 + 2.3) (Fig. 2). The telomere
relative length was slightly lower in clean-up wor-
kers of ChNPPA with COPD than in the subgroup
exposed to doses less than 100 mSv (14.7 £ 1.9)
with no significant difference between the groups.

To determine the relationship between lung
function test scores and other age-related fac-
tors that may affect telomere length, the correla-
tion analysis between age, body mass index
(BMI), and functional lung test scores, namely
FEV, (1), intrathoracic pressure (ITGV), total
lung capacity (TLC), and lung diffusion capaci-
ty (DLco).

In 2018, the results of a cross-sectional meta-
analysis were published [17], which found that a
higher index of body mass index was associated
with shorter telomeres, especially in the younger
age group, which is why this index was included in
the study of correlations.

No associations were found by correlating
relationships of identified telomere length indi-

RTL, BiaHOCHa f0BXUWHa Tenomep
Relative telomere length

<100 m3B/mSv

100-500 M3 B8/mSv

F'pynu cnocrepekeHHsA
Groups

>500 m3B/mSv

PUCYHOK 2. BigHoCHa g0BXXUHA Tenomep y nemKouuTax nepucepuyHoi KpoBi 3aexHo Bif A03M i0Hi3ylouoro
onpomiHeHHs y xBopux Ha X03J1 YJIHA Ha YAEC y BipnaneHomy nepiogi nicns onpomiHeHHA

Mpuwmitka. *p < 0,05.

Figure 2. RTL in peripheral blood leukocytes in a wide range of doses in COPD clean-up workers of Chornobyl

NPP accident at a remote period after radiation
Note. *p < 0.05.
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TIOBXWHM TEJIOMEP i3 BiKOM, KJIiHIYHUMU MPOsSIBaMU Ta
¢dyukuionanbHuMu Kpurepisimu (FEV,, ITGV, TLC,
DLco) (Ta6J'I. 3).

Taonauusa 3

cators with age, clinical manifestations, and
functional criteria (FEV,, ITGV, TLC, DLco)
(Table 3).

KopenauinHuit aHani3 kKniHiyHux, pyHKLiOHaNbHMX NOKA3HMKIB i3 foBxuHOI0 Tenomep B YIIHA y BigpaneHomy

nepioai nicna onpomiHeHHA
Table 3

Correlation coefficients of clinical, functional indicators with telomere length clean-up workers of Chornobyl

NPP accident at a remote period after radiation

Bik / Age BMI FEV; (n) ITGV TLC DLCO RTL
Bik / Age 0,05 -0,23 0,02 -0,10 -0,27* -0,03
BMI 0,05 0,13 -0,26* 0,09 0,23 0,17
FEV1 (n/1) -0,23 0,13 -0,39* 0,59+ 0,68* -0,07
ITGV 0,02 -0,26* -0,39* 0,21 -0,43* 0,00
TLC 0,10 0,09 0,59* 0,21 K 0,47* 0,02
DLco -0,27* 0,23* 0,68 -0,43* 0,47 0,02
RTL -0,03 0,17 -0,07 0,00 0,02 0,02

Mpumitka: *p < 0,05
Note: *p < 0.05

Tpeba 3a3HauUUTHU, 1110 BUCHOBOK MPO BiICYTHICTb J0O-
Ka30BOTO ITiATBEPIXKEHHSI acoliiallii JOBXWHU TeJIOMEepP
i3 OyIb-SIKMM KJIiHIiYHUM a00 (PYHKLiOHAJIbHUM IPOSsi-
BOM a TaKOX HasIBHOCTI CYITYTHIX 3aXBOPIOBAaHb Y XBOPUX
Ha XO3JI Oymo 3po0OieHO TakKoX Y IOCHiIKEHHI
Elizabeth et al [18]. ¥ po06oTi BUBYaBCcs B3aEMO3B’SI30K
He TUIbKM MiX goBxuHolo Teiaomep Ta FEV), a Takox
Mix rokaszHukamu rinepindusnii (IC/TLC) Ta nereHe-
Boi mudysii (KCO). Lle 30iraerncs i3 pesynsraramu 0a-
raTboX JIOCJiIXeHb, B sIKMX acowuiauig Mixk FEV), Ta
BiIHOCHOIO TIOBXXMHOIO TeJoMep Oysia MiHiMaJIbHOIO.

Pesynbrati 1aHOrO JOCHIIXKEHHSI HEOOXiJTHO OILliHIO-
BaTH SIK TIOIIePEeIHi 3 IEBHUMU OOMEXEHHSIMHU Yepe3 He-
PiBHOMIpHICTh po3nogineHHs xBopux Ha XO3JI y rpyn
crnocTepexxeHHs1. [Ipore pe3yabTaTu, OTpUMaHi B TpyIli
VIIHA, ki xBopitoth Ha XO3JI, cBigyaTh Mpo HeoOXia-
HICTh NOAAJIbIIOI POOOTH LLJISIXOM MiJABUILIEHHS CTaTUC-
TUYHOI OJHOPIAHOCTI TPy JOCTiAKEHHSI.

BUCHOBKU

B pesynbraTi BUBYEHHSI B3a€EMO3B’SI3KY MiX (DYHKIIiO-
HaJbHUM CTaHOM OpPOHXOJIET€HEeBOI CUCTEMU Ta TOBXKU-
Hoto Tenomep B YIIHA na YAEC, sxki Oynu onpomiHeHi
y pi3HOMY JiamasoHi 103, y BiggajdeHoMmy Ilicisa-
BapiliHOMYy Tiepioji BCTaHOBJIEHI HAaCTYIIHI
HOMIpPHOCTI:

» BuspieHa TeHAEHLisI 40 CKOPOYEHHS BiTHOCHOI JOB-
xkuHu Tenomep B YJIHA, ski xBopitoth Ha XO3JI I-I1
cramii Ta XO3JI I1I-1V cranii, y mopisHsHHI 3 YJIHA,
SJKi He MaJlu 3aXxBOPIOBaHb OPOHXOJIETEHEBOI CUCTEMU
(15,2 £ 2,7).

3aKO-

The conclusion that there is no documentary
evidence of association with telomere length of
any clinical or functional manifestation and the
presence of comorbidities in COPD patients was
also made in the study by Elizabeth et al [18].
The relationship between telomere length and
FEV, was studied, as well as between hyperinfla-
tion (IC/TLC) and pulmonary diffusion (KCO).
This is in line with the results of many studies in
which the association between FEV, and relative
telomere length was minimal.

The results of this study should be considered as
preliminary with some limitations because of
unevenness of observation groups in the number of
COPD patients. However, the results obtained in
the clean-up workers of ChNPPA cohort suffering
from COPD testify to the prospect of this line of
research.

CONCLUSIONS

As a result of studying the relationship between
the functional state of the bronchopulmonary
system and the telomere length in clean-up
workers in a remote period after radiation expo-
sure during Chornobyl NPP accident. The fol-
lowing conclusions were established:

» There was a tendency to decrease the relative
length of telomeres in clean-up workers with COPD
I-II stage and COPD III-1V, compared with clean-
up workers of ChNPPA, whodid not suffer from dis-
eases of the bronchopulmonary system (15.2 &= 2.7).
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» BigHocHa noBXMHA Tejomep OyJjia JOCTOBIpHO MEH-
molo (13,6 = 2,5) y xBopux Ha XO3JI, ski 3a3Hanu aii
orpoMiHeHHA y 103i moHaa 500 M3B y TTOPiBHSIHHI 3 XBO-
pumu Ha XO3JI, onmpomiHeHumMu B 103i MeHiie 100 M3B
(15,3 £2,3).

» Ha nmaHomy erami JIOCHiIXEHb 3a pe3yjbraTaMu
OLIIHKY KopensaniiHux 3B’sa3KiB B YJIHA 6e3 XO3JI He
BUSIBJIEHO OyIb-SIKOi acoluiallii BiTHOCHOI JOBXWHU Te-
JIoMep 3 BiKOM, iHIEKCOM MacH Tijla Ta (PYHKIiOHab-
HUM CTaHOM OpOHXOJIETEHEBOI CUCTEMMU.
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