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BILJIUB ITOJIIMOP®HUX BAPIAHTIB I'EHA SLC6A44
HA YACTOTY BUABJITEHHA JEITPECUBHUX CTAHIB
B I'PVYIII YJIHA HA YAEC Y BIJJAJTEHOMY ITEPIO/I
ITICJII YOPHOBUJIbCHKOI KATACTPO®U

MopylWweHHA NCUXIYHOro 340POB’A NOCTPaXAanMx ocib € OAHUM 3 BAXKIMUBUX MELUYHUX HAcNigkiB YopHOOUNbCLKOT
aBapii. Binomo TakoX, Wo B peani3aLii natoreHe3y AenpecuBHUX CTaHiB CYTTEBA POJib HANIEXUTb FeHY TpaHCMopTepa
cepoToHiHy (SLC6A4).
MeTa po60TH — BCTAaHOBUTM BN/IMB NoNiMOPGHUX BapiaHTiB reHa SLC6A4 Ha YyacTOTy BUABNEHHS [ENPECUBHUX CTaHiB
y rpyni yyacHukiB nikeigauii Hacnigkis asapii (YJIHA) y BigganeHomy nepiogi nicns YopHobunbcbkoi katactpotu.
Metoau. [JocnigxeHHs nposefeHo B rpyni 59 noctpaxaanux BHacnigok asapii Ha YAEC, po3nogineHnx Ha gBi rpynu
(6e3 penpecii Ta 3 agenpecuBHO CUMNTOMATKUKO). [liarHOCTMKA fenpecuBHUX po3naais 6a3yBanacb Ha KOMMIEKCHi i
OLiHLi cKapr 06CTeXEeHMX, AaHUX KNiHIKO-NCMXOMNATONOriYHOro JOCHiAXKEHHS, NOKa3HMKaX WKanM CaMOOLiHKN aen-
pecii 3yHra (SDS), kopoTkoi ncuxiatpuyHoi ouiHouHoT wkanu (BPRS), onutyBanbHuka 3aransHoro 3g0pos’s (GHQ-28).
3 MoHoHyKneapiB nepudepuyHoi kposi suginanu OHK, nonimopdism 5-HTTLPR Bu3Havanu meTonom nonimepasHoi
nanutorosoi peakuii (MJIP).
Pe3ynbraTu. [lenpecuBHa cMMNTOMATHKA YacTiwe Gyna BUABNEHA Cepef, PEKOHBANECLEHTIB rOCTPOi NPOMeHeBOi XBO-
po6u (IMX), Hix B YIHA 6e3 [TIX B aHamHe3i: (p = 0,006). BussneHi TeHgeHuii fo acouiauii oTpumaHoi fo3u
30BHiLIHLOTO OMPOMiHEeHHs 3 KinbKicTio 6anis 3a wkanoto SDS (r = 0,284; p = 0,043), cymoto 6anis 3a wkanotw BPRS
(r=0,686; p=0,001), HasBHicTio genpecii (r=0,323; p=0,017) Ta ii BaxkicTio (r=0,273; p = 0,051). Cepep obcTe-
weHux YJTHA y nopiBHsAHHI 3 BENIMKOIO rpynoto €BPONeiLiB 6e3 NcMxiyHux BigxuneHb BUABAEHO 30iNblEHHS KibKOCTI
HociiB reHotuny S/S SLC6A4 (p = 0,03). Tinbku ans HociiB reHoTuny S/S BUABNEHA 3BOPOTHA acoljialis Mix po3-
BUTKOM fienpecii Ta Bikom nauieHTa: r =-0,503 (p = 0,033), mix po3BuTKOM fAenpecii Ta Yacom Bif aBapii Ha YAEC:
r=-0,581 (p=0,011), a TaKoX N0O3NUTUBHA KOpensaLif po3BUTKY fenpecii 3 4o30to onpomiHeHHs: r=0,515 (p = 0,025).
Cepen oci6 Bikom 55 pokiB i cTapwe po3BMTOK fenpecii OyB acoliloBaHWN 3i 3HMMKEHHAM YacTOTM BUCOKO-
dyHKUioHanbHOro reHotuny La/La go 4,76 % npotu 31,25 % 3a BifcyTHOCTI AenpecuBHux puc (p = 0,042). B rpyni
6inblW MONOAMX NALiEHTIB PO3NOAIN reHOTUNIB 3aNeXHO Bif 03HaK Aenpecii He po3pisHasca (p = 0,476).
BucHoBoK. [inoTHUi aHani3 po3noginy reHotunis reHa SLC6A4 3a nonimopdizmamu 5-HTTLPR i rs25531 B rpyni Y/IHA
noKa3aB NepCcneKTUBHICTb NOAANbLINX JOCNiAXeHb BHeCKY reHoTuniB LA/LA i S/S B po3BUTOK ienpecuBHUX CTaHiB B
KoMbiHauii 3 gieto paaiauiiHoro YnHHKKA.
KniouoBi cnoBa: fenpecusHi posnagu, nonimopdism reHa SLC6A4, rocTpa npomeHeBa xBopoba, aBapis Ha YAEC.
Mpobnemu padiayitinoi meduyuHu ma padiobionozii. 2017. Bun. 22. C. 282-291.

P«J JToranoBewkuii KoctaHtrH Mukonaitosnd, e-mail: loganovsky@windowslive.com

(1) 282




CLINICAL

RESEARCH

ISSN 2304-8336. lpobnemn pagiauiiivoi Meauunkn Ta pagiobionorii = Problems of radiation medicine and radiobiology. 2017. Bun. 22.

1.V. Abramenko, N.I. Bilous, S.A. Chumak , K.M. Loganovskyr«l

State Institution «National Research Center for Radiation Medicine of the National Academy of Medical
Sciences of Ukraine», 53 Melnykova str., Kyiv, 04050, Ukraine

Influence of polymorphic variants of the SLC644 gene on the frequency
of detection of depressive states in the group of the clean-up workers of
consequences of Chornobyl accident in the remote period after the
Chornobyl catastrophe

Mental disorders of the victims are one of the important medical consequences of the Chornobyl accident. It is also
known that in the implementation of the pathogenesis of depressive states a significant role belongs to the sero-
tonin transporter gene (SLC6A4).
Objective. To determine the effect of polymorphic variants of the SLC6A4 gene on the frequency of detection of
depression in a group of clean-up workers in the remote period after the Chornobyl catastrophe.
Methods. The study was conducted in a group of 59 victims of the Chornobyl NPP accident, divided into two groups
(without depression and with depressive symptoms). The diagnosis of depressive disorders was based on a compre-
hensive assessment of the complaints of the surveyed, the clinical and psychopathological data, the values of the
Zung Self-Rating Depression Scale (SDS), the Brief Psychiatric Rating Scale (BPRS), the General Health Questionnaire
(GHQ-28). DNA from the peripheral blood mononuclear cells was isolated, and the 5-HTTLPR polymorphism was
determined by polymerase chain reaction (PCR).
Results. Depressive symptoms were more often found among reconvalescents of acute radiation sickness (ARS) than
in the clean-up workers without ARS: (p = 0.006). The tendencies of the association of the received dose of exter-
nal exposure with the number of points on the SDS scale (r = 0.284; p = 0.043), the sum of scores on the BPRS scale
(r=0.686; p =0.001), depression (r=0.323, p = 0.017) and its severity (r = 0.273; p = 0.051) were found. Among
the examined clean-up workers, in comparison with a large group of Europeans without mental disorders, an increase
in the number of carriers of the genotype S/S SLC6A4 was found (p = 0.03). Only for the carriers of the S/S genotype,
the reciprocal association between the development of depression and the age of the patient was found: r =-0.503
(p = 0.033), between the development of depression and the time from the ChNPP accident: r =-0.581 (p = 0.011),
as well as positive correlation of development of depression with dose of irradiation: r=0.515 (p = 0.025). Among
people aged 55 and older, the development of depression was associated with a decrease in the frequency of high-
ly functional genotype La/La to 4.76% versus 31.25% in the absence of depressed symptoms (p = 0.042). In the group
of younger patients, the distribution of genotypes did not differ depending on the signs of depression (p = 0.476).
Conclusion. The pilot analysis of the distribution of genotypes of the SLC644 gene for polymorphisms of 5-HTTLPR
and rs25531 in the clean-up workers group showed the promise of further studies of the contribution of LA/LA1S/S
genotypes to the development of depressive states in combination with the action of the radiation factor..
Key words: depressive disorders, SLC644 gene polymorphism, acute radiation sickness, Chornobyl NPP accident.
Problems of radiation medicine and radiobiology. 2017;22:282-291.

BCTYII

OIHUM 3 HaWBaXKIUBIIIUX MeIUYHUX HacaiaKiB Yop-
HOOWJILCHKOIT aBapii € MOPYLIEHHS ICUXiYHOTO 300POB’sI
0ci0, sKi 6e3nmocepeIHbO 3a3HaIM BIUIUBY i0Hi3yIOUOTO
OIMPOMiHEHHS Ta Aii CTpecOpHUX (PaKTOpiB, MOB’SI3aHUX
3 aBapi€lo Ta 1i JikBigaliero. B OiIbIIOCTI AOCTIAKEHD
BCTAaHOBJICHO ITiABUINCHHS 4YAacTOTH IeIPeCHUBHUX
CTaHiB, CYILIMIAJbHUX ifealiii, pO3BUTKY aJKOrOJbHOI
3aJIeXKHOCTI B TpYIli yJacHMKIB JIiKBimauii HacjiakiB
aBapii (JIHA) gx y paHHiii, TaK i y BiggajieHuid nepiona
micag iHuuaeHty [1—5]. BoaHoyac HaKOMUYYIOThCS
JaHi II0J0 BarOMOI0 BHECKY I€HETUYHOTO YMHHUKA Y

INTRODUCTION

One of the most important medical consequences
of the Chornobyl accident is the disturbance of the
mental health of individuals who have been directly
exposed to ionizing radiation and the effects of the
stressors associated with the accident and its elimina-
tion. In most studies, an increase in the frequency of
depressive states, suicidal ideations, and the develop-
ment of alcohol dependence in the group of clean-up
workers in the early and remote period after the inci-
dent [1—5] has been established. At the same time,
data on the significant contribution of the genetic fac-
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naTtoreHe3 ASMPECUBHUX Ta iHIIMX a(peKTUBHUX CTaHIB,
SKWU € MATPpYyHTSIM A0 peaiisallii HeraTUBHOTO BILUIMBY
cTpecopHux dakTopiB [6]. B sgkocTi BiporizHux Mirie-
Hell PO3MISIIAEThCs HU3Ka TeHiB, cepel SKUX 3HauyHa
yBara MpUIUISETbCS T€HY TpaHCIopTepa CEpPOTOHIHY
(SLC6A4).

CepoToHiH (5-TiIpOKCUTPUNTAMiIH) — BaXJIUBUH
MeJiaTop, SIKUi PeTyJIio€e BiNOBIb HA CTPECOPHI (hak-
TOpU 4Yepe3 TimoTajaMo-TinodizapHO-HATHUPHUKOBY
Bich. BiH HaKOMMUYYETHCSI Y BE3MKyJdax MpeCUMHANTUY-
HMX HEWpOHIB, Mpu AenoJjspizalii MeMOpaHU HaaXo-
JIUTb A0 CUHAIICY Ta Oepe ydacThb y Iepeaadi HepBOBOrO
iMmysbcy. Mloro HaIIMIIOK 32 1OMOMOTOIO TPAHCIIOPTe-
pa CepOTOHIHY MOBEPTAETHCS NO IMPECUHANITAYHOTO
HEMPOHY, Ie PO3LIEILUIIOETHCI MOHOAMIHOOKCHIA3010 10
5-TiApOKCUiHIOAOUTOBOI KHUCIOTHU. TakKuMM 4YMHOM,
TPaHCIOPTEP CEPOTOHIHY 3YITMHSIE aKTUBYIOUY Ail0 Me-
ngiaTopa [7].

Ien SLC6A4 posramosBannii y mimgaii 17ql1.1-ql12
xpoMocomu 17. Ha piBeHb Hioro excripecii iCTOTHO
BIUIMBA€E HAsSBHICTb MOJIMOP(}i3MiB y TMPOMOTOPHIM
ninsHui. Haiibinbm BimoMum € noaiMopdism, oOyMOB-
JICHUI BCTaBKOIO/IEJICIi€I0 TTOCIiZOBHOCTI TaHIEMHMX
MOBTOPiB (44 mapu HYKJIEOTUIIB), IKUI OTpUMAaB Ha3BY
5-HTTLPR (the serotonin transporter-linked polymor-
phic region). 3a HasSIBHOCTi BCTABKM CUHTE3YETHCS JOBra
(L, long) annens, 3a ii BimcyTHOCTI — KopoTKa (S, short)
anuens [8].

ITiznimre y ckiani BctaBku (i BinmosinHo, L-anens) OyB
BUSBICHUU moaiMopdizM omHoro HykieoTuay (SNP,
single nucleotide polymorphism) — 1s25531, y Burmsani
3aMiHM aneHiHy (A) Ha ryaHiH (G) y IOCTOMY HYKJI€O-
TUAI BCTaBKU [9].

ITonimopdizmu 5S-HTTLPR i rs25531 BrumBaloTh Ha
piBeHb ekcrpecii reHa SLC6A4. Hu3pka excripecis xa-
paktepHa 111 S-anens i Lg-anens (MpUCyTHICTh TyaHiHy
3a noaiMopdizmoM 1s25531), Bucoka — st La-anens
(pucyTHICTb afeHiHy 3a noaiMopdizmoM rs25531) [10].
Lle oOyMOBIEHO HasIBHICTIO CalTiB TpUETHAHHS KO(paK-
TOpIiB TPAHCKPUIILil y MiNSHILI TaHAEMHMUX ITOBTOPIB.
BignoBigHO, y HOCIiB pi3HUX aJieliB PO3Pi3HSIETHCS KOH-
LIEHTpallisl TpaHCIopTepa CEPOTOHiHY B KIIITWHi, 110
BIUIMBAa€E Ha MeTaboJii3M Mepgiatopa. Tomy 3a3HaueHi
nojiMopdizMu € @YHKUIOHAIBLHO 3HAUYIIMMU i
acollifoBaHUMHU 3 PiZHUMHU (PopMaMM TICUXIYHUX PO3-
JIafiB.

Hacammnepen, Oyio BUSIBJIEHO IiABUILIEHHS 4aCTOTU
S-anens cepen miteit, MiAJIiTKiB Ta JOPOCIUX MOJIOAOTO
BiKy, SIKi CTpaXXIaroTh Ha AEIpeciio Ta MaloTh CYillU-
nanbHy mnoBeniHky [11, 12]. OpHak, B iHIOMX
JOCHIIXKEHHSIX 3Hauyllol acouialii MixX II0Ji-

tor in the pathogenesis of depressive and other affec-
tive states, which is the basis for the implementation
of the negative impact of stress factors [6], is being
accumulated. A number of genes are considered as
probable targets, among which considerable attention
is paid to the serotonin transporter gene (SLC6A4).

Serotonin (5-hydroxytryptamine) is an impor-
tant mediator that regulates the response to stress
factors through the hypothalamic-pituitary-adre-
nal axis. It accumulates in the vesicles of presynap-
tic neurons, with depolarization of the membrane
enters the synapse and participates in the transmis-
sion of the nerve impulse. Its surplus with the help
of the serotonin transporter is returned to the
presynaptic neuron, which splits with monoamine
oxidase to 5-hydroxyindoloacetic acid. Thus, the
serotonin transporter stops the activating action of
the mediator [7].

The SLC6A4 gene is located in the 17q11.1-q12
region of chromosome 17. The presence of poly-
morphisms in the promoter region is significantly
affected on its level of expression. The most com-
monly known polymorphism is the insertion / dele-
tion of the sequence of tandem repeats (44 pairs of
nucleotides), called the 5S-HTTLPR (the serotonin
transporter-linked polymorphic region). In the pres-
ence of an insert, a long (L) allele is synthesized; in
its absence, a short (S) allele [8] is synthesized.

Later in the insert (and, accordingly, L-allele),
the polymorphism of a single nucleotide (SNP, sin-
gle nucleotide polymorphism) — rs25531 was
found, in the form of replacing adenine (A) with
guanine (G) in the sixth nucleotide of the insert [9].

The polymorphisms of 5-HTTLPR and rs25531
affect the expression level of the SLC6A44 gene. Low
expression is characteristic for S-allele and L —alle-
les (presence of guanine by polymorphism rs25531),
high — for Lx allele (presence of adenine by polymor-
phism 1s25531) [10]. This is due to the presence of
attachment sites for transcription cofactors in the tan-
dem repetitions area. Accordingly, carriers of different
alleles differ in the concentration of the serotonin
transporter in the cell, which affects the metabolism
of the mediator. Therefore, these polymorphisms are
functionally significant and associated with various
forms of mental disorders.

First of all, an increase in the frequency of S-alle-
les among children, adolescents and young adults
who were depressed and suicidal was found [11,
12]. Howeyver, in other studies, no significant asso-
ciation was found between the polymorphisms of
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Mopdizmamu reHa SLC6A4 Ta pu3MKOM PO3BUTKY JeTI-
pecii BusiBJieHO He OyJio [13]. B moganbiiomMy 0yJio 1mo-
KazaHo, mo BmiauB SLC6A4 peani3yeThbCs TIiIbBKA 3a
YMOB Jii CTpecOpHUX (aKTOpPiB, IPUUOMY MAE 3HAUECH-
Hsl He JIMIle TUII, CUJIa, TPUBAJIICTb il CTPECOPHOTrO
daxTopy, ane i Bik iHauBigyyma. ToMy B iHILIOMY MeTa-
aHaJi3i, IpoBeIeHOMY Ha 3HA4YHill BUOIplli 3 ypaxyBaH-
HSIM 3a3HaY€HUX YNHHUKIB, BHECOK MOJiMOP(i3MiB re-
Hy SLC6A4 y po3BUTOK Jenpecii y aiTeii OyB MmiaTBep-
KeHuit [14].

JlocmigKeHHSI JeNpeCUBHUX CTaHiB y MOCTpaXKAalux
BHacaigoK YopHOOMIbCHKOI aBapii 3 ypaxyBaHHSIM T'eHe-
TUYHOI KOMITOHEHTH HE TTPOBOAMIKCD.

META

BcTranoBuTH BiporigHuii BIJIMB MOJIiMOP¢GHUX BapiaHTIB
reHa SLC6A4 Ha 4acTOTy BUSIBJIEHHSI NENPECUBHUX
CTaHiB B IpyMi y4YacHHMKIB JIiKBigalii HacaiAKiB aBapii
(YJIHA) y BimnineHoMy Tiepioni miciig aBapii Ha YopHo-
ounbebKit AEC.

MATEPIAJI I METOIN JOCJIII2KEHHS
JocmimKkeHHsT TIpOBEIEHO B TPyl 59 mocTpakmanimx
BHacaigok aBapii Ha YAEC (Bci 4oJ10BikHM, cepeaHili Bik
59,26 £ 0,98 pokiB, cepenHiii BiKk Ha MOMEHT aBapii
34,84 £ 0,98 pokiB), SIKi MPOXOAMIN OOCTEXEHHS Ha 6a3i
Bioainy papgialiiiHoi mncuxoHeBpoJjorii  IHcTutyty
KJiHiyHO1 pagionorii 1Y «HamioHaabHUII HayKOBUWiA
HeHTp pagiauiiHoi menuuuHu HAMH  Ykpainw»
(HHIIPM) B pamkax nepioguyHUX OMISIAIB B KJIiHiKO-
enigemMiosiorigunoro peectpy (KEP) HHLPM. Hocmin-
JKEHHSI TIPOBOAMJIOCH 32 iH()OPMOBAHOI 3roAM MAalli€HTIB
Ta cxBajieHHs1 KoMiteToM 3 MeanuHoi etuku HHIIPM.
B rpyny Bxoauiio 17 peKoHBajeCUEHTIB TOCTPOI ITpoMe-
Hesoi xBopobu (I'TIX), 37 YIHA 1986 poky Ta 5 YJIHA
iHmwmx nepioaiB. Jlo3a onmpomiHeHHs Oyna Bimoma B 41
VIJIHA (25,33 £ 3,58 ¢3B, MeniaHa 18,71 ¢3B) i B ycix pe-
konBanecueHtiB ['TIX (100—200 ¢38 — 12 oci6; 200—
300 ¢3B — 3 oci6, > 300 c3B — 2 0ci0).

JiarHocTuKa JenpecUBHUX po3iadiB OasyBajach Ha
KOMIIJIEKCHIl OILIiHIII CKapr oOCTeXEHUX, TaHUX KIIiHi-
KO-TICMXOIIaTOJIOTIYHOTO AOCIIIKEHHS, IMOKa3HUKaX
KA caMmooliHku neripecii 3ynra (SDS), xopoTkoi
ncuxiatpuyHoi ouiHouHoi mwkanu (BPRS), onutyBanb-
HUKa 3arajbHoro 310poB ‘g (GHQ-28) — [5].

JHK nis npoBeaeHHST MOJEKYISIPHUX TOCHTiIXKEHb
BUIIJISIIA 3 MOHOHYKJIeapiB IepudeprnaHoi KpoBi 3 BU-
kopuctaHHsaM Habopy QIAamp Blood Mini Kit
(Qiagen, Crawley, Benuka bputanis). ITonimopdizm 5-
HTTLPR Bu3Havaiu MeTOmOM MOJiMepa3HOl JIaHIO-
rosoi peaxirii (IJIP), gky mpoBomuian 3 BUKOPHUCTAH-

the SLC6A4 gene and the risk of developing depres-
sion [13]. Subsequently, it was shown that the effect
of SLC6A4 is realized only under conditions of
stress factors, with the importance not only of the
type, strength, duration of the stress factor, but also
the age of the individual. Therefore, in another
meta-analysis, conducted on a significant sample,
taking into account these factors, the contribution
of SLC6A4 gene polymorphisms to the develop-
ment of depression in children was confirmed [14].

The studies of depressions in the victims of the
Chornobyl accident, taking into account the genet-
ic component, previously were not conducted.

OBJECTIVE

The objective of the work was to determine the
probable effect of polymorphous variants of the
SLC6A4 gene on the frequency of detection of
depression in a group of clean-up workers in the
remote period after the Chornobyl accident.

MATERIAL AND METHODS
The research was conducted in the group of 59 victims
of the Chornobyl catastrophe (all men, mean age 59.26
* 0.98 years, mean age at the time of the accident 34.84
+ 0.98 years) who were examined on the basis of the
Department of Radiation Psychoneurology of the
Institute of Clinical Radiology of the NRCRM NAMS
of Ukraine within the framework of periodic reviews in
the Clinical and Epidemiological Registry (CER) of the
NRCRM. The informed consent of the patients was
received and approved by the Committee on Medical
Ethics of the NRCRM. The group consisted of 17
reconvalescents of acute radiation sickness (ARS), 37
clean-up workers in 1986 and 5 clean-up workers of
other periods. Radiation doses were known in 41 clean-
up workers (25.33 & 3.58 ¢Sy, median 18.71 ¢Sv) and in
all ARS convalescents (100—200 cSv — 12 people,
200—300 cSv — 3 people, > 300 cSv — 2 persons).

The diagnosis of depressive disorders was based on
a comprehensive assessment of the complaints of the
surveyed, the clinical and psychopathological data,
the values of the Zung Self-Rating Depression Scale
(SDS), the Brief Psychiatric Rating Scale (BPRS),
the General Health Questionnaire (GHQ-28) [5].

The DNA for molecular studies was isolated
from peripheral blood mononuclear cells using
QIAamp Blood Mini Kit (Qiagen, Crawley,
UK). The polymorphism of 5-HTTLPR was
determined by the polymerase chain reaction
(PCR) method, which was performed using
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HSAM TIpaiiMepiB, 110 MapKyIOTb TPaHUII TaHAEMHOI
TMOCJTiIOBHOCTI:

> npsamuii; 5 -TTGCCGTCCCAAGCAATGGATGA-
35

> 3BopoTHUil: 5 -"TCTGGGAAGGGACAGAAGAT-
GAC -3

I1JIP npoBoAWIM B HACTYITHOMY PEeXUMi: iHiL{ialis: —
94 °C, 7 xB, notiM 35 nukiiB amrutigikartii (94 °C — 30
ceK., 67,5 °C — 45 cek, 72 °C — 45 cek), ¢piHabHA eJI0H-
rauisg 72 °C — 10 xB. Ckuag cyminni st aMrutigpikanii
(3arampHmii 06’em 20 mki): 3pasok JHK — 3 wmxi,
npaiiMepu — 0,5 MK, cyMmimn ajis aMmrutigikauii Master
Mix («biomabrex», Ykpaina) — 10 MKk, Boma AeioHi30-
BaHa — 6 MKJL.

IIpu npoBeneHHi eyekTpodopesy B 3% arapo3Homy
reai S-anenb (485 1m.H.) i L-anmenp (528 m.H.) po3pi3HsI-
JIVCh 32 PyXOMICTIO.

st BU3HaYeHHS nosiiMopdismy 1s25531 6 MKIT oTpu-
maHoro [TJIP-TipoayKTy po3LIeTUIOBaIu 5 Ofl. PECTPUK-
tazoro Hpall y BinmosinHoMy Oydepi («bionadrex», Yk-
paiHa) mpoTtsiroM 3 roauH rpu Temmepatypi 37 °C Ta ineH-
TiKyBaan ajnelii 3a JOIMOMOrolo ejekTpodopesy B 3 %
arapo3Homy remi [15]. Coig 3a3HaYNTH, 10 BCi aMILTihi-
KOBaHi ajesi MaJli OOUH iIeHTUYHUI CalT PEeCTPUKIIil,
TOMY IIiC/IsI OOpOOKM pPECTPUKTA30l0 iX PYXOMIiCTh
3MmiHI0OBanack. Kpim Toro, y ckinani Lg-anest 3HaxoauBs-
Ccsl NOJATKOBUIM CaWT PeCcTpUKIIil, 110 HOPU3BOAMUIO 10
po3LIeTJICHHS ajieli Mpuoau3Ho HaBImin. Po3mipu mipo-
TYKTiB peakxllii MicJisi peCTpUKILil HaBeneHo y Taour. 1.

CraTuCTUYHY OOpOOKY OTPUMAHMX PE3yabTaTiB MpPo-
Boauau y iporpami SPSS Statistics 17.0.

Taoauuya 1

primers that mark the boundaries of the tandem
sequence:

> forward: 5-TTGCCGTCCCAAGCAATG-
GATGA-3";
> reverse:
GATGAC -3

The PCR was performed in the following mode:
initiation: — 94 °C, 7 minutes, then 35 cycles of amp-
lification (94 °C — 30 seconds, 67.5 °C — 45 seconds,
72 °C — 45 seconds), final elongation 72 °C — 10 min.
Composition of the mix for amplification (total vol-
ume of 20 pl): DNA sample — 3 pl, primers — 0.5 pl,
PCR Master Mix (Biolabtech, Ukraine) — 10 pl,
water deionized — 6 pl.

When conducting an electrophoresis in 3%
agarose gel, S-alleles (485 bp) and L-alleles (528
bp) differed by moving.

To determine the polymorphism of rs25531, 6 ul of
the obtained PCR product were cleaved with 5 units
restriction enzyme Hpall in appropriate buffer
(«Biolabtech», Ukraine) for 3 hours at a temperature
of 37 °C and the alleles were identified by elec-
trophoresis in 3% agarose gel [15]. It should be noted
that all amplified alleles had one identical restriction
site, therefore, after processing by restriction, their
mobility were changed. In addition, in the Lg-allele,
there was an additional restriction site, which led to
splitting the allele by about half. The sizes of reaction
products after restriction are shown in Table 1.

Statistical processing of the obtained results was
carried out in the SPSS Statistics 17.0 program.

5'-"TCTGGGAAGGGACAGAA-

DoBxuHa amnnicikoBaHux anenie npu Bu3HayeHHi nonimopgismis 5-HTTLPR i rs25531 reHa SLC6A4

Table 1

Length of amplified alleles in determining of the polymorphisms of 5-HTTLPR and rs25531 of the SLC6A4 gene

[loBXWUHa B0 pPeCcTPUKLT

LoexuHa nicng pectpukuii Hpall

Anent / allele Length before restriction Length after restriction by Hpall

S-anenb / S-allele 485 297

Lg-anens / Lg-allele 528 166

La-anenb / La-allele 528 340
PE3VYJIBTATU TA IX OGTOBOPEHHS RESULTS AND DISCUSSION

3ajieXXHO BiJ HAsBHOCTI AEMPECUBHOI CUMIITOMATHKHU,
00cTexeHi 0cobu OyIM PO3IOALIcHI Ha OCHOBHY (n = 36,
€ O3HaKU Jernpecii) Ta KOHTPOILHY TpyIry (n = 23, 03Ha-
KM gernipecii BimcyTHi). OCKibKM y BCiX TAali€HTIB B
TPYIIi 3 IEMIPECUBHOIO CUMITTOMATUKOIO OyJIM HasIBHI KO-
MOpPOIiIHI Ccepiio3Hi LepeOpOBACKYIISIPHI MOPYLIEHHS
(XHMK 2-3 cT., Hacigky mepeHeceHuX iHCYJIBTIB), a B
KJIiHIYHilA cMMNOTOMATUIli, HapiBHi 3 JNEeNpPeCUBHUMHU,

Depending on the presence of depressive symptoms,
the subjects were divided into the main (n = 36, with
depressive symptoms) and control group (n = 23,
without depressive symptoms). All patients in the
group with depressive symptoms had comorbid seri-
ous cerebrovascular disorders (chronic cerebrovascu-
lar disease of 2—3 degree, consequences of strokes),
and in clinical symptomatology, along with depressive
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BiaMivaJMcs i MCUXOOpPraHiYHi CUMIITOMU Pi3HOTO CTY-
MeHsT BUpaXkeHOCTi (Bif LiepedpacTeHiYHOro 10 JEMEHT-
HOro), TOMy ASHpeCUBHi po3jiaau y LuX 0cid po3risaa-
JIUCh B paMKaX OPTraHiYHOIO JEeMpPEeCHBHOIO po3jagy —
F06.32. IamieHTn OCHOBHOI TPyny OyJIY MOJIOIIINMU
(54,61 £ 1,18 pokiB), Hixk KOHTpOJIb (58,86 £ 1,59 pokiB;
p = 0,034). BuasneHa 3BOpoTHA KOPEJAIlisl MiXX BiKOM
MAallieHTIB Ta YaCTOTOIO BUSIBJICHHS NEMPECUBHUX PUC
(r=-0,276; p = 0,034).

ITauienT ABOX TI'pyn AOCTOBIPHO PO3Pi3HSJIUCH
(p = 0,001 B ycix BUmagKax) 3a mokasHMKaMu mKai SDS,
BPRS ta GHQ-28 (puc. 1). BogHouac, crieKTp comaThy-
HOI TTaToJIOTii (aHaTi3yBaIM HAsIBHICTh iIEMiYHOI XBOPO-
Ou ceplis, iH(DapKTy MioKapaa Ta iHCYJIbTY B aHaMHe3i, ap-
tepiajibHOi rinepteHsii I ta III cTyneHs, XxpoHiYHUX 3aX-
BOpPIOBaHb IITYHKOBO-KHUIIIKOBOI'O TPaKTy Ta OpOHXOJIere-
HEBOI CUCTEMHU, EHIOKPUHHOI MATOJIOri1) OYB iIEeHTUIHUM
B 000x rpynax (puc. 2). He BUSIBIEHO TaKOX CYTTEBUX
po30ixkHOCTel y cepeaHix mokasHmkax SDS, BPRS ra
GHQ-28 y xBopuX 3 OKpeMUMU HO30JIOTIYHUMU (popma-
mu. TakuM 4YMHOM, JOEMPEeCUMBHi CTaHU Y OOCTEKEHUX
VJIHA He 6yim 6e3nocepeIHbO TTOB'I3aHi 3 COMaTUYHOIO
narosoriero. Ciin TakoxX 3a3HAYUTU, 110 OUIBIIICTL 00C-
TeXEHUX MaJIM 3HAYHY KiJIbKiCTh COMaTUYHUX 3aXBOPIO-
BaHb, 110 MpUTaMaHHo Tpy1i YJIHA B misomy.

HenpecrBHa CUMIITOMAaTHKAa JacTilie OyJjia BUSIBICHA
cepen pexkonBajiecueHTiB I'TIX (88,2 %, y 15 3 17 ob¢Te-
KeHux), Hixk B YJIHA 6e3 I'TIX B anamuesi (50,0 %,y 21
342 o6crexxenux); p = 0,006. I1pu aHaizi Bcix o6cTexe-
HUX BMSIBJIEHI TeHJEHLII 4O acoliialii oTpuMaHOi J03U
30BHILIHBOTO OMPOMIHEHHS 3 KiJIbKiCTIO OaJjliB 3a 1IKa-

symptoms, there were also psycho-organic symptoms
of varying degrees of severity (from cerebroasthenic to
dementia). Therefore depressive disorders here were
considered within the framework of an organic
depressive disorder — F06.32. Patients in the main
group were younger (54.61 £ 1.18 years) than control
(58.86 * 1.59 years; p = 0.034). The inverse correla-
tion between age of patients and incidence of depres-
sion symptoms was revealed (r = -0.276; p = 0.034).
Patients in the two groups significantly differed
(p = 0.001 in all cases) on the scales of SDS, BPRS
and GHQ-28 (Fig. 1). However, the spectrum of
somatic disease (analyzed the presence of coronary
heart disease, myocardial infarction and stroke in his-
tory, arterial hypertension grade II and III, chronic
diseases of the gastrointestinal tract and the broncho-
pulmonary system, endocrine pathology) was identi-
cal in both groups (Fig. 2). Also there were no signifi-
cant differences in the mean scores of SDS, BPRS
and GHQ-28 in patients with certain nosological
forms. Thus, depressive states in the examined clean-
up workers were not directly related to somatic
pathology. Notably, that the majority of surveyed
patients had a significant number of somatic diseases
inherent to the clean-up workers group as a whole.
Depressive symptoms were more common among
the ARS econvalescents (88.2%, 15 of 17 surveyed)
than in clean-up workers without ARS (50.0%, 21 of
42 patients); p = 0.006. Among all the surveyed, there
was a trend towards association of the received exter-
nal dose with SDS scale values (r = 0.284; p = 0.043);
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PucyHok 1. Kinbkictb 6anie 3a wKanamm onutyBanbHUKIB y 06CcTeeHUx ydacHuKie JIHA 3anexHo Big 03Hak

Aenpecii.

Figure 1. Number of points on the questionnaires scales in the examined clean-up workers, depending on

the signs of depression.
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€HA0KPUHHI XxBopoby / endocrine diseases
6poHx0-nerexesa natonorisa / bronchopulmonary diseases
BMPa3KoBa xBopoba / peptic ulcer disease

renatuty / hepatitis

racTpuTu / gastritis

cTeHokappis Hanpyru / effort angina

ArlI-ll ct. / arterial hypertension grade 111l

Al Bcs1 / arterial hypertension all

I I I I
I [lenpecusHi o3Haku / signs of depression
I bHe3 o3Hak genpecii / no signs of depression

iHCynbTH / stroke

IM / myocardial infarction

0 10 20 30 40 50 60 70 80 90
% obcTexeHnx / % of examined persons

PucyHoK 2. KinbkicTb OKpeMux cCOMaTUYHUX 3axBOPIOBAHb Yy ob6CTexkeHuUx y4yacHukiB JIHA 3anexHo Bip
HasABHOCTI 03HaK Aenpecii. Al - apTepianbHa rinepreHnsia, IM - iHdapKr miokapaa.

Figure 2. Number of somatic diseases in the clean-up workers depending on the presence of signs of

depression.

Jow SDS (r = 0,284; p = 0,043), cyMoro 6aiiB 3a 1IKa-
so1o BPRS (r = 0,686; p = 0,001), HasgBHicTIO Aenpecii
(r=0,323; p=0,017) Taii Baxxictio (r =0,273; p=0,051).
OpHak, nipu aHami3i okpemMo YJIHA Ta pexkoHBasec-
ueHTiB I'TIX i acouiarii 0yau He3HAYYILIMMMU.

[1pu mopiBHAHHI YaCTOTH OKpEeMUX TeHOTUTTIB SLC6A4
y obcrexxeHnx Hamu YJIHA 3 Benukoro rpyrnoio €Bpo-
MNenuiB 0e3 MCUXiYHUX BiAXWUJIeHb, BUSBIEHO 30ibIIEH-
HSI KiJIBKOCTI HOCiiB reHotuiry S/S (p = 0,03). Yacrora
reHotuny S/S HaOKagach 10 HOPMaJIbHUX ITOKAa3HU-
KiB TiJIbKM Y TIALIEHTIB 0€3 mcuxivyHol maroJjorii (25 %)
Ta MepeBUIyBaja ii B ycix iHmmx Bumankax (32 %). Lli
JlaHi CITiBMaJaloTh 3 pe3yjbTaTaMu iHIIUX JOCIiAHUKIB,
SIKi BUSIBWIM MiABUILEHY YacTOTy TeHOTuiry S/S mpu
3HAUHOMY CIHEKTpi TICUXOJOTiUHUX TOpYIIeHb Ta
ncuxiaTpuyHux 3axBoproBaHb [18—21]. 3a po3noainom
reHotuniB SLC6A4 YIIHA 3 o3nHakamm neripecii Ta 0e3
JIETPECUBHOI CUMITTOMATUKM He po3pi3Hsuch (p = 0,749)
(Tabm. 2).

Ta6nuusa 2

with the BPRS scale sum of scores (r = 0.686;
p = 0.001); with depression (r = 0.323; p = 0.017)
and its severity (r = 0.273; p = 0.051). But consider-
ing separately the clean-up workers and ARS conva-
lescents these associations were insignificant.

When comparing the frequency of certain SLC6A4
genotypes in the examined clean-up workers with a
large group of Europeans without mental disorders,
an increase in the number of carriers of the genotype
S/S was detected (p = 0.03). The frequency of the
genotype S/S was close to normal in patients without
mental illness (25%) and exceeded it in all other cases
(32%). These data coincide with the results of other
researchers who found an increased frequency of the
genotype S/S with a significant spectrum of psycho-
logical deviations and mental disorders [18—21].
According to the distribution of SLC6A44 genotypes
clean-up workers with and without depressive symp-
toms did not differ (p = 0.749) (Table 2).

FeHoTMNY 06cTexkeHUx 0cib 3a nonimopdizmamm 5-HTTLPR i rs25531 reHa SLC6A4

Table 2

Genotypes of the examined patients for the polymorphisms of 5-HTTLPR and rs25531 of the SLC6A4 gene

OGcTexeHi rpynu / allele

FeHotun / genotype

La/La L./S La/Le Le/Le Le/S §/S
OcHoBHa / main 7(19,4) 14 (38,9) 3(8,3) 0 1(2,8) 11 (30,6)
KoHTponb / control 6 (26,1) 6 (26,1) 2(8,7) 0 2(8,7) 7(30,4)
Bci obctexei / all syrveyed 13 (22,0) 20 (33,9) 5(8,5) 0 3(5,1) 18 (30,5)
€sponeiicbka nonynsuisi / Europian population n = 822 [17] 208 (25,30) 330 (40,15) 61 (7,42) 1 (0,12) 64 (7,79) 158 (19,22)
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BpaxoByouu naHi 1moao (PyHKIiOHaJIbHOI 3HAYY-
IIOCTi OKpPEeMUX aJiesliB Ta 32 MPUHLMUIIAMM, BUKJIAe-
Humu Hu et al. [16], Mu npoBeu po3ITOaiJ NMalli€HTIB
Ha HOCITB BUCOKOAKTUBHUX ¢opM reHa SLC6A4 (reHo-
tun La/La), poMixHoi (reHotunu La/S, La/Lc) Ta
HU3BKOI aKTMBHOCTI (reHotunu Lg/Lg, Lg/S, S/S).
ChiBBigHOIIEHHS HOCII1B QYHKIIIOHAILHUX (POPM TeHa
SLC6A4 B OCHOBHIl Trpyni Ta B KOHTPOJIi CITiBIIagaio
(p = 0,629) (puc.3).

Xoua yYacToTa HU3BKO(PYHKIIOHAJIBHOIO TE€HOTHUITY
S/S BiporigHO He po3pi3HsUIach y 0Ci0 OCHOBHOI Ta
KOHTPOJILHOI TPYII, TUTBKU JJIsI HOCiiB LIbOTO Te€HOTUITY
OyJla BMsIBJIEHA 3BOPOTHA acolliallisi MiX pPO3BUTKOM
nenpecii Ta Bikom mauieHTta: r = -0,503 (p = 0,033),
MiX pO3BUTKOM Aemnpecii Ta vacom Bix aBapii Ha HAEC:
r=-0,581 (p=0,011), a TakoX MO3UTUBHA KOPEJIAILLis
PO3BUTKY JHerpecii 3 103010 onpoMiHeHHs: r = 0,515
(p = 0,025).

BpaxoByioun B3a€EMO3B’SI30K MiX PO3BUTKOM JIEII-
pecii Ta BikoM 00CTeXXeHUX, MU TaKOXK ITpoaHajli3yBan
posmnofin reHotuniB SLC6A4 B OKpeMUX BiKOBUX TpY-
nax nauieHTiB (1o 50 pokiB, 50—54 poku, 55—59 pokiB,
60 pokiB Ta crapiie). Busgsunocs, 1110 cepen ocid BikoM
55 pokiB i cTapie po3BUTOK Aerpecii OyB acolliiioBa-
HUH 3i 3HUXKEHHSIM 4aCTOTU BUCOKO(YHKIIIOHAJbHOTO
reHotuny La/La: #ioro yactora cranosuia 4,76 % 3a
HasgBHOCTI JenpecuBHux puc Ta 31,25 % 3a ix BiaACyT-
Hocti (p = 0,042), mpuyomMy po30iXKHOCTI CITOCTepira-
JIUCh He3aJeXHO Bi MCUXiaTPUYHOTO JiarHo3y o0cTe-
KeHMX. B rpyni OuUTbII MOJOAMX MHALliEHTIB PO3IOIiNI
TeHOTUIIIB 3aJI€XKHO BiJl 0O3HAK AeMNpecili He PO3Pi3HSIBCS
(p =0,476).

KombinoBanuii BrumB BiKy Ta reHotuny La/La Ha
PO3BUTOK AeMpeciii 0yB miaATBepIKeHUIA YHiBapiaHTHUM
a”anizom: F = 5,883 (p = 0,019), okpeMoO BILUIUB BiKY:
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Taking into account the data of the functional sig-
nificance of distinct alleles and the principles set out
by Hu et al. [16], we performed the distribution of
patients on high-activity forms of the SLC6A44 gene
(genotype La/La), intermediate (genotypes La/S,
LA/Lg) and low activity (genotypes Ls/Lc, Lg/S,
S/S). The ratio of carriers of functional forms of the
SLC6A4 gene in the main group and in the control
coincided (p = 0.629) (Fig. 3).

Although the frequency of the low-function geno-
type S/S probably did not differ in the main and con-
trol groups, only in carriers of this genotype a reverse
association between the development of depression
and the age of the patient: r = -0,503 (p = 0,033),
between the development of depression and the time
from the accident on ChNPP: r=-0.581 (p =0.011),
as well as the positive correlation of depression with
irradiation dose: r = 0.515 (p = 0.025) were revealed .

Taking into account the relationship between the
development of depression and the age of the subjects,
we also analyzed the distribution of SLC6A44 geno-
types in separate age groups of patients (up to 50
years, 50—54 years, 55—59 years, 60 years and older).
Among people aged >53, the development of depres-
sion was associated with a decrease in the frequency of
highly functional genotype La/La: its frequency was
4.76% in the presence of depressive symptoms and
31.25% in their absence (p = 0.042). The differences
were observed irrespective of the psychiatric diagnosis
of the subjects. In the group of younger patients, the
distribution of genotypes did not differ depending on
the signs of depression (p = 0.476).

The combined effect of age and genotype La/La on
development of depression was confirmed by a uni-
variate analysis: F = 5.883 (p = 0.019), separately the

PucyHok 3. Po3nogin HociiB okpeMux reHoTunie reHa
SLC6A4 3a hyHKLiOHANbHMM NPUHLUMNOM B OCHOBHil i B
KOHTPONbHiil rpynax o6cTexeHux ocib.

0 — ekcnpecia reHotmniB /Lg, Lg/S, S/S HM3bKOIT akTUBHOCTI, 1 —
ekcnpecis reHoTmnie La/S, La/Le NPOMIXXHOT aKTUBHOCTI, 2 —
ekcnpecisa reHoTmny La/La BUCOKOI akTUBHOCTI) B OCHOBHI i B
KOHTPOJbHIM rpynax 06CcTexeHnx ocib.

Figure 3. Distribution of carriers of certain genotypes
of the SLC6A4 gene according to the functional principle
in the main and in the control groups of the examined
- persons.

0 - expression of genotypes /Lg, Lg/S, S/S of low activity, 1 —
expression of genotypes La/S, La/Lg of intermediate activity, 2 —
expression of genotype La/La high activity.
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F =4,527 (p = 0,038), okpeMO BIUIUB T€HOTUITY HE3HA-
gymuii (F = 0,533; p = 0,469).

BUCHOBOK

Takum yMHOM, MiMOTHUIA aHaJi3 PO3MOALTY T€HOTHUITIB
reHa SLC6A4 3a monimopdizmamm 5-HTTLPR i
rs25531 B rpymi yuyacHukiB JIHA mokazaB mepcrex-
TUBHICTh TMOAAJBIIMX AOCIiIXEHb BHECKY T€HOTHUIIiB
La/La i S/S B pO3BUTOK JAEMPECUBHUX CTaHIB B
KOMOiHallil 3 Ai€l0 paaialliiHOro YMHHKKA, HasIBHICTIO
KOMOpPOigHOI IaToyiorii Ta HOCTTpaBMaTUYHUX PO3-
JIaJliB.
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effect of age: F = 4.527 (p = 0.038), separately the
effect of genotype is negligible (F = 0.533; p = 0.469).

CONCLUSION

The pilot analysis of the distribution of genotypes of
the SLC6A4 gene for the polymorphisms of 5-
HTTLPR and rs25531 in the group of clean-up
workers showed the prospect of further research into
the contribution of Ls/La and S/S genotypes to the
development of depressive states in combination with
the action of the radiation factor, the presence of
comorbid pathology and post-traumatic disorders.
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