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SHAYEHHA TEHETUYHUNX MAPKEPIB PAIIOYYTIINBOCTI

I PAIIOPESUCTEHTHOCTI B ®OPMYBAHHI
OHKOTEMATOJIOTTYHOI TA CEPLIEBO-CYJIMHHOI ITATOJIOI'TI
Y OITPOMIHEHUX ITICJI YOPHOBUJIBCHKOI ABAPII

MeTa poboTu nonsrana y BUBYEHHi BHECKY iMyHOTEHETUYHOT KOMMNOHEHTU B hOpMyBaHHA nocTpaaialinHux edekTis y
BigfaneHoMmy nepioai nicns onpoMiHEHHSA Ha piBHi iMyHHOro pearyBaHHA OpraHiamy NIOAMHU, IK NPOrHOCTUYHOTO KPU-
Tepito OUiHKM pU3MKy peanizauii pagiauiiHo-acouilioBaHOi cCOMaTUYHOT naTonorii.
06'eKTOM [oCnigKeHHs OynM peKoHBanecueHTU roctpoi npomeHeBoi xBopobu (FMX) I cryneHs TsxkocTi i 88
NauieHTiB 3 aHaNOriYyHMM papialiiHMM aHamMHe30M, afe 3 HeniaTBepaKeHUM aiarHo3zom [MX, 73 nayieHTn, aki MatoTb
CTaTyC y4yacHukiB nikeigauii Hacnigkie YopHoOunbcbkoi katactpodu (YTHYK) 3 xpoHiuHoto iwemiyHolo XxBOpoboto
cepua (XIXC), 65 nauieHTiB — Y/IHYK 6e3 XIXC, 120 HeonpomiHeHux nauieHTiB 3 XIXC. MauieHT 3 oHKoremaro-
NoriyHoto matosorieto — 256 oci6. 500 NPaKTUYHO 340POBUX OCIO — MONYAALIAHWIA KOHTPOb.
Pe3ynbraTtu. Ha 0CHOBi BUBYEHHSA CNEKTPY iMYHONOMYHMX, FEMATONOMIYHUX Ta MONEKYNAPHO-TEHETUYHUX NOPYLEHb Y
CNiBBiAHOWEHHI 3 IMYHOreHETUYHUMM YUHHUKAMW BU3HAYEH] MapKepy pU3NKY peanisalii reHeTUYHOT CXUNbHOCTI [0
OHKOreMaTo/I0ri4yHOoi Ta CepLEBO-CYAMHHOT NATONONT Yy 3a3HAYEHNUX KOHTUHTEHTIB.
BucHoBku. OTpumaHi faHi cBifyaTh Npo Te, WO OAHUM i3 MexaHi3MiB GOpMyBaHHA pagialiiHo-acouiioBaHOi MynbTH-
thakTopianbHoOi natonorii, € peanisauis HLA-reHeTUYHOT CXMNBHOCTI A0 3aXBOPIOBAHHSA, IK HAa PiBHi po3nafiB y remo-
noesi Ta iMyHoNoes3i, Tak i Ha piBHi 3aXBOPIOBAHHA B LiiIOMY, @ HOCICTBO B peHO/reHOTUNT MapKepiB pagioyyTnnBoCTi
MiABMLLYE PU3MK peanizalii naToaoriyHoro npoLecy B yMoBax ONPOMiHEHHS.
KniouoBi cnoBa: reHeTU4Hi MapKkepu, pagioyyTnueicTb, Pafiope3ncTeHTHICTb, MynbTU(dAKTOpPiaNbHa NaToNOrisA, rocTpa
npomeHeBa XxBopo6a, iMyHONaToNOriuHi peakwii, acouiaTMBHMII 3B'A30K.

Mpobnemu padiayitinoi meduyuru ma padiobionozii. 2013. Bun. 18. C. 220-231.

J. M. Minchenko!, I. S. Dyagil', O. O. Dmytrenko', I. V. Dmytrenko!s=d, T.Y. Shlaykhtychenko!,
T. I. Gavrylenko?, D. O. Biliy!, V. I. Khomenko?®, V. G.Bebeshko!

IState Institution “National Research Center for Radiation Medicine of the National Academy of Medical
Sciences of Ukraine”, Melnykov str., 53, Kyiv, 04050, Ukraine

2SE NSC “Acad. N.D.Strazhesko Institute of Cardiology” NAMS of Ukraine, Kyiv, Ukraine

JKyiv Bone Marrow Transplantation Center, Kyiv, Ukraine

Role of radiosensitivity and radioresistance genetic markers in hematological
and cardiovascular disease in persons exposed after the Chornobyl accident
The objective was to study the immunogenetic component contribution to the formation of post-radiation effects

in the long-term period after radiation exposure at the level of the human immune response as a prognostic criteri-
on for risk assessment of radiation-associated somatic diseases.
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Study object was the convalescents of acute radiation syndrome (ARS) of the first grade of severity, 88 patients with
a similar radiation history but with unconfirmed ARS, 73 patients being the liquidators of the Chornobyl accident con-
sequences (LCAC) with chronic ischemic heart disease (HIHD), 65 patients LCAC without HIHD, 120 non-exposed
patients with HIHD, 256 patients with oncohematological diseases and 500 healthy people - a population control.
Results. Markers of risk of realization of genetic predisposition to oncohematological and cardiovascular disease in
these groups were identified on the basis of study of immunological, hematological and molecular genetic disorders
in relation to immunogenetic factors.

Conclusion. These data indicate that realization of HLA-genetic predisposition to the disease is one of the radiation
associated multifactorial pathology pathways, and presence of radiosensitivity markers in pheno/genotype enhances
the realization risk of pathological process under irradiation.

Key words: genetic markers, radiosensitivity, radioresistance, multifactorial disorders, acute radiation sickness,

immunopathological reactions, associative relation.

Problems of radiation medicine and radiobiology. 2013;18:220-231.

3rigHO 3 JAaHUMM PETPOCIEKTUBHOI OIIHKM HACIiIKiB
JIi1 TOCTPOro i AOBrOTPUBAJIOro ONPOMiHEHHS Y Biggaie-
HOMY TIepioJli CITOCTEPIra€ThCs 3MEHIEHHST YACTKU 3/10-
pOBUX OCi0 3 umMcia MOCTpaXkKAaauX i 3pOCTaHHS 3aXBO-
PIOBAHOCTI HA OHKOIeMaTOoJIOTiUHY Ta CepLeBO-CYAUHHY
MaTOoJIOTil B Pi3Hi TepMiHM Micisg onmpoMiHeHHs. CBiTOBI
3100yTKM OCTaHHIX POKiB B Tajly3i MEAUYHOI T€HETUKU
CBigyaTh, 110 OHKOIEMAaTOJIOTiUHi, CeplLeBO-CYAMHHI
XBOpPOOM BiTHOCSTBCS IO KJIaCcy MYJIBTH(PAKTOPiaIbHUX
3aXBOpPIOBaHb, (POPMYBAHHS i peastizallist IKUX B 3HAUHii
Mipi ITOB’s13aHi He TiJIbKU 3 BILIMBOM €K30T€HHUX, EHI0-
TeHHUX YMHHMUKIB [1, 2], 3 MOJEKYJISIpPHO-TeHETUYHUMU
NOPYLICHHSIMU Y T€HOMI, a i 3 FeHETUYHOIO CXUJIbHICTIO
0Cco0M 10 caMOro 3aXBOpIOBaHHS. BM3HAaueHHST BHECKY
KOXHOro (pakTopa B peajlizallilo 3a3HaUYeHUX 3aXBOPIO-
BaHb Ma€ BKpail BaXKJINBE 3HAYCHHS [IJISI PO3PaXyHKY pPH-
3MKiB PO3BUTKY IATOJIOrii i MPOrHO3yBaHHS 1i mepeobiry.

META POBOTU

BuBYyeHHS1 BHECKY iMYHOT€HETMYHOI KOMIIOHEHTU B
¢dopMyBaHHS TIOCTpamiallifHNX e(PEeKTiB y BimgareHOMY
Mepiofdi Imicas onpoMiHEHHS Ha piBHI iIMyHHOTO peary-
BaHHS OpraHi3My JIOOWHU, SIK IMPOTHOCTUYHMI KpH-
Tepiil OLLIHKY PU3UKY peaisalii pagialiliHo-acolliiioBa-
HOI COMaTUYHOI NaTOJOTiI.

MATEPIAJIN TA METOJIU

OG’exTOM OOCHiIKeHHs Oyau 65 peKOHBaJleCLEHTIB
roctpoi mpomeHeBoi xBopoou (I'TIX) I cTtymeHs TskkocTi
i 88 maIieHTiB 3 aHAJIOTIYHUM pafialliiHUM aHAMHE30M,
ajie 3 HemiaTBepakKeHUM aiarHo3oM ['TIX; 120 mauieHTiB
3 XPOHIYHOIO ileMiyHow0 XBopobolo ceplist (XIXC), gki
He MaJlu KOHTaKTy 3 JXKepejJlaMU i10Hi3yH4oro BUII-
poMiHeHHS.; 73 malieHTH, sIKi MaloTh CTaTyC YJYaCHUKIB
JiKBimawii HachigkiB YopHOOMIBCHKOI KaTacTpodu
(YJIHUYK), 65 mamientiB — YJHYK 6e3 XIXC.
IlalieHT 3 OHKOIreMaToJIOTiYHOIO MATOJIOTIEID: MHO-

According to retrospective assessment of the
effects of acute and long-term radiation exposure,
the reduced proportion of healthy people among
the exposed group and increased number of onco-
hematology and cardiovascular diseases is obser-
ved in different periods after irradiation. Global
achievements of recent years in the field of medical
genetics indicate that oncohematological and car-
diovascular diseases belong to the class of multi-
factorial diseases. They are caused not only by
multiple exogenous and endogenous factors and
molecular-genetic abnormalities in the genome,
but are also influenced by personal genetic predis-
position to the disease [1, 2]. Determination the
contribution of each factor in the implementation
of these diseases is important to calculate the risk of
the disorders development and predict their course.

STUDY OBJECTIVE

To study the contribution of immunogenetic com-
ponent to the formation of post-radiation effects
in the long-term period after radiation exposure at
the level of the human immune response as a prog-
nostic criterion for the risk assessment of realiza-
tion of radiation associated somatic diseases.

MATERIALS AND METHODS

The 65 convalescents of acute radiation syndrome
(ARS) of the first grade of severity, 88 patients with
a similar history of irradiation, but with uncon-
firmed ARS, 120 patients with chronic ischemic
heart disease (CIHD), 73 patients who have the
status of the liquidators of the consequences of
Chornobyl accident (LCCA), 65 patients (LCCA)
without CIHD werew the study subjects. The
oncohematological diseases were: multiple myelo-
ma (MM) — 54 patients, chronic lymphoid
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>krHHa MiesjoMa (MM) — 54 ocobu, xpoHiuHa JdimMdoinHa
neitkemist (XJIJT) — 58 oci0, roctpa aimdoigHa Jieiikemist
(I'JIJT) — 48 ocib, rocTpa mienoigHa neiikemist (I'MJI) —
63 ocobu, MiesogucruiacTuuHuii cuaapom (MAC) — 33.
500 mpakTUYHO 3A0POBUX OCI0 — MOMYJISLUIMHUI KOHT-
poib (LeHTpabHO-YKpaiHChKa reHoreorpadiyHa 30Ha).

B sgxocTi eK30reHHOro HeraTUBHOI0 YMHHMKA 00paHo
papnianiiiHe onmpoMiHeHHs B miama3oHi 103 0,75-2,0 Ip, a
MOPYIIeHHS B IMyHHOMY TOMEOCTa3i XBOPUX PO3TJIsiaa-
JINCBH SIK €HIOTEHHUI YMHHUK. [eHeTHIHA CXMIIBHICTh 10
3a3HAYEHMX 3aXBOPIOBaHb OLIIHIOBAJACh 3a pe3yJibTaTa-
MU JIOCHIIKEeHb TOJiMOP(di3My TOJOBHOTO KOMILIEKCY
ricrocymicHocTi [3]. 3HaueHHS A03M OMPOMIHEHHS Y
OiJIbILIOCTI OOCTEXXEHUX BU3HAYAIOCS 3a MPUITUCHUMU
JAHUMMU, Y JeSKUX 3 HUX € IMITBepIKEHUMHU METOIaMU
biogo3umetpii [4]. MonekynsipHO-TeHETUYHI AOCTi/-
JKEHHSI OIPOMiHEHUMX 0Ci0, XBOPUX Ha TOCTpPi JehKeMil,
BKJIIOYAJIM BU3HAYEHHSI ITOPYIIeHb KapiOTHUILY, eKCIIpecii
XUMEPHUX I'eHiB, KJIOHAJIbHI NepeOya0BY Ir'eHiB iIMyHOT-
JIOOYIiHiB Ta TopyieHHs B MikpocateniTHiin JJHK (;10-
kycu D9S171 ta D12S98).

PE3VJIBTATU TA OBI'OBOPEHHS

s BUpilleHHsT HaMU OyJIM MOCTaBJIeHi HACTYIHI MH-
TaHHS.

1) 4y iCHYIOTh iIMYHOT€HETMYHi MeXaHi3Mu peasiszallii
TeHEeTUYHOI CXMUJIbHOCTI BiTHOCHO KOHKPETHUX €K30TeH-
HUX YUHHUKIB?

2) sIKa CTYITiHb YJacTi iMyHOJIOTiYHOI Ta iMyHOTE€HETUY-
HOI KOMITOHEHT y (hopMyBaHHi paaialiiliHo-acolliiioBa-
HUX i MyITBTU(PAKTOPiaIbHUX 3aXBOPIOBAHb?

3) gKa 1oJis BHECKY iMYHOTeHETUYHUX MapKepiB pamio-
YYTJIMBOCTI B PU3UK peati3allii TeHETUYHOI CXUJIBHOCTI
0 MyJIbTU(aAKTOpiaJlbHOI MATOJOTil B yMOBaX OMpPOMi-
HEHHS?

YoMy B IKOCTi eHIOT€HHOTO (haKkTOpa MU 00pajv Mmopy-
IIEHHS B iMyHHOMY TomeocTasi? Bimomo, mo mpu mii
panialiiiHOro BUMOPOMIHIOBaHHSI HalyacTille peanisy-
IOTbCSI Ti 3aXBOPIOBaHHSI, TPU SIKUX 3 OAHOro OOKY
pPEECTPYIOThCSI CKJIQAHI IMYHOJIOTIUHI TIOPYILIEHHS B
3B’SI3KY 3 TUM, 10 KJIITUHUA iMyHHOI CUCTEMU € BUCOKO-
YYTJAMBUMMU A0 BIUIUBY iOHi3yI0UOTO BUIIPOMiHIOBaHHS, 3
JIPYTOro — KiCTKOBUI MO30K, Y SIKOMY JIOKaJ1i30BaHi CTOB-
OypoBi KJITUHU i TIOMEPEAHUKNA iMyHOKOMITETEHTHUX
KJTIITMH, € MiclleM TIepBUHHOI BiAMOBiAI Ha [Iil0
pamiauiiiHoro yuHHUKa [5, 6]. BimoMo Takox, 1o came
iIMyHOreHeTMYHa KOMIIOHEHTA BilIOBiIa€ 3a FeHETUUHUIA
KOHTpPOJIb iIMYHHOI'O TrOMeocTa3y [JIsi YTpUMaHHs HOp-
MaJIbHOTO iMYHOTIO€3y opraHizmy JjgoauHu. Cucrema
HLA (human leukocyte antigens), roloBHUIA KOMILIEKC
riCTOCYMICHOCTI JIDAWHU 3a0e3I1euy€e perysiiio iMyHHOT

leukemia (CLL) — 58 patients, acute lymphoid
leukemia (ALL) — 48 patients, acute myeloid
leukemia (AML) — 63 patients, myelodysplastic
syndrome (MDS) — 33 patients. 150 healthy peo-
ple presented a population control (Central
Ukranian genegeographic zone).

Radiation exposure in the dose range of 0.75—
2.0 Gy was chosen as an exogenous negative risk
factor, the disturbances in immune homeostasis
was considered an endogenous factor. Evaluation
of genetic susceptibility to these diseases was based
on the study of the major histocompatibility com-
plex polymorphism [3]. The value of radiation
exposure dose in most patients was determined by
pre-conscription data, some doses were confirmed
by biodosimetry methods [4]. Molecular-genetic
examination of exposed patients with acute
leukemia included karyotyping, evaluation of the
fusion genes expression, clonal changes in
immunoglobulin genes and disturbances in
microsatellite DNA (loci D9S171 and D12598).

RESULTS AND DISCUSSION

The following questions were stated to receive the
solution:

1) do the immunogenetic mechanisms of genetic
susceptibility realization exist in relation to speci-
fic exogenous factors?

2) what is the involvement rate of immunological
and immunogenetic components in the formation
of radioassociated and multifactorial diseases?

3) what is the contribution of immunogenetic
markers of radiosensitivity to the risk of genetic
susceptibility to multifactorial diseases under irra-
diation?

Why the disturbances in immune homeostasis
were chosen as an endogenous factor? It is known
that under radiation exposure most often occur
the diseases that are accompanied by complex
immunological disorders due to the fact that
immune cells are highly sensitive to ionizing radi-
ation. On the other hand, the bone marrow with
localized stem cells and precursor immune cells is
the site of the primary response to the radiation
[5, 6]. We also know that the immunogenetic
component is responsible for the genetic control
of immune homeostasis to maintain normal
immunopoiesis. HLA (human leukocyte anti-
genes) system, the major histocompatibility com-
plex provide regulation of the immune response
by interaction of all immunocompetent cells
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BIZMOBIi OpraHi3aMy Ha piBHi B3a€MOJIil BCiX iMyHOKOM-
METEHTHUX KJIITUH, LIIJISIXOM pO3IMi3HaBaHHS CBOIX (B TO-
MY YMCJIi 3MiHEHNX CBOIX) i CTOPOHHIX KIITWH, iHiIliaIrii
Ta peasizallil iMyHHOI BiIMOBimi, 1110 3a0e3Ieuye BUKU-
BaHHS JIIOAVMHU Ha PiBHI iHAWBILY i TOMYJISLIT B LIJIOMY B
YMOBax [il HETaTUBHMX €K30T€HHUX i €HIOTeHHUX YMH-
HUKiB [7]. AHTurenu HLLA knacy I mpucyTHi Ha moBepXHi
BCiX SIIPOBMICHUX KJIITUH i TPOMOOLIUTIB i HEOOXimHi 1St
po3Mi3HaBaHHS TpaHC(HOPMOBAHMX KJTITUH LIUTOTOKCHUY-
HuMu T-niMdbouutamu. Ajle BOHM MaloTh 1 iHINY
¢yHKIII0, a came 3abe3leuyeHHsT B3aEMOJil MiXX BciMa
iHIIMMU SIAPOBMICHMMM KIITMHAMM (HaBiThb Ha piBHI
B3a€EMO/Iil HEUPOH — CHMHAIIC), 110 30KpeMa 3a0e3Meuye
HijicHe (YHKIL[iOHYBaHHSI iIMyHHOIO TOMEOCTa3y i op-
raHiaMy $K OiojloriuHoi cuctemMu B Iiyiomy [8]. Bax-
JINBIIIOIO iMYHOJIOTiYHOIO (PyHKILi€ aHTureHiB HLA
knacy II € 3a6e3nedyeHHs B3aemomnii Mixx T-miM@onramMmu
i MakpocaraMu B mpoieci iMyHHOI1 Bianosini. T-xenanepu
pO3ITi3HAIOTh CTOPOHHI aHTUT€H JIMILIE ITiCJIs1 ioro omnpa-
LIOBaHHS MakpodaraMu, oegHaHHs 3 aHTureHamu HLA
JIPYroro KJjacy i IMpe3eHTallil 1[bOro KOMIUIEKCY Ha MOo-
BepxHi Makpodara. [€HM ToJOBHOIO KOMILIEKCY TiCTO-
CYMICHOCTI MOpsia 3 TeHeTUYHUM KOHTPOJIEM CIie-
1M (ivyHOI iIMyHHOI BilMOBiAi 0OYMOBIIOIOTh TeHETUIHUI
KOHTPOJIb “SIKOCTi iMyHHOI BillITOBiZli” Ha piBHi acolliifo-
BAHOCTI KOHKPETHUX CITeLUMIYHOCTe aneieii CUCTeMM
HLA 3 aKTUBHICTIO pi3HUX CyONOIyIsILiiA iMyHOKOMIIETe-
HTHMX KJIITUH. BBaxkaeThcs, 1110 JaHa (yHKIIiSI € BTOPUH-
HOIO i peaJTli3yeThCs y BUIIaAKaX, KOJIM JIOAWHA CITPOMOX-
Ha BiIOBigaTH Ha JaHUWi areHT. Ha ocHOBI momyisiLiiHUX
JocligkeHb Oynau Bu3HaueHi HLA-reHotumnu, siki 3ab6e3-
MEeYyI0Th PE3UCTEHTHICTh 0COOM 10 iH(eKIiiHuX 30y/-
HukiB (HLA-A1, -B8, -DR3). BpaxoBytoun ¢axkt aco-
LiaTUBHOIO 3B’I3KY PE3UMCTEHTHOCTI IO LiJOro CHEKTPY
iHpeKIiHNX 30yIHUKIB 3 OMHUM i TUM K€ TalJIOTUTIOM,
MOXHa IMPUITYCTUTH, 1110 AaHi acowianii HLA MoxyTb Oy-
TU TIOB’SI3aHi HE TUIbKKU 3 CaMOIO T€HETUYHO OOYyMOBJIE-
HOIO BiIMOBIAII0 HA KOHKPETHUM iH(DEKLIAHWIA areHT, ajie
1 3 TaHKaMM iIMyHHOI BiIMOBii, sIKi OepyTh y4acThb B ii pe-
ajizariii. Y cBiTOBIl JliTepaTypi BXKe MpeAcTaBIeHi HEUnC-
JIEHHI TaHi CTOCOBHO aCOLliaTUBHOTO 3B’ 513Ky (ITO3UTUBHO-
ro i HeraTUBHOT0) 3 KOHKPETHUMM MOKa3HWKAMU iMyHHOI
CHCTeMH, 30KpeMa 3 KiJIbKICTIO i (PyHKIIIOHAJIBHOIO aK-
TUBHICTIO iIMyHOKOMIIETEHTHUX KiituH CD4%, CD8T,
EKK, darormryrouoi ¢pyHKIiT HelTpoditiB [8].
IMonepenni Hami mocmimkeHHs (1987—1990) B oMy
HampsIMKY CBifuaTh, 110 iHAWBiAyaJlbHA YYTJIUBICTh Op-
TaHi3My JIOJWHMU 10 pafiallifHOro ONMPOMiIHEHHS € TeHe-
TUYHO JIeTepPMiHOBAHOIO Ha PiBHI F€HETUYHMUX CHUCTEM
KpoBi, nepii 3a Bce cuctemu HLA. Ha Mmoneri KicTKOBO-
MO3KOBOro cuHapoMy pekoHBanecueHTiB ['TIX I cTyne-

through recognition of own (including modified
own) and alien cells, immune response initiation
and realization, that porvide human survival at
the individual and the population level under
exposure to negative exogenous and endogenous
factors [7]. HLA I class antigenes are present on
the surface of all nuclear cells and platelets. These
antigenes are required for recognition of trans-
formed cells by cytotoxic T-lymphocytes.
Furthermore, they have another function — they
ensure interaction between all other nuclear cells
(even between neurons by the synapses), which
provides the integrity of immune homeostasis and
functioning of organism as a biological system [8].
The most important immunological function of
HLA II class antigenes is to provide interaction
between T-lymphocites and macrophages during
the immune response. T-helpers recognize fore-
ign antigene only after processing by macr-
ophages, combination with HLA antigenes of the
second class and presentation of this complex on
the macrophage surface. Genes of major histo-
compatibility complex besides the genetic control
of specific immune response cause genetic control
of “immune response quality” at the level of asso-
tiation of allele specificity of HLA system with
activity of the various immune cell subpopula-
tions. It is believed that this function is secondary
and proceeds when a person is able to respond to
this agent. HLA-genotypes that provide resistance
to infectious agents (HLA-A1,- B8, -DR3) were
identified during the population study. Taking in
account the fact of associative relation between
resistance to a variety of infectious agents and the
same haplotype, it can be assumed that these HLA
associations may be related not only to the gene-
tically determined response to specific infectious
agents, but also to those stages of the immune
response which take part in its implementation.
There are few data about the associative relation
(positive and negative) with specific parameters of
the immune system, including the number and
functional activity of immunocompetent cells
CD4*, CD8*, NK cells, and phagocytic function
of neutrophilic granulocytes. [8].

Our previous study (1987—1990) in this area sug-
gests that the human individual sensitivity to radi-
ation exposure is genetically determined at the
level of genetic blood systems, especially HLA sys-
tem. Immunogenetic markers of human radiosen-
sitivity and radioresistance were defined on the
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Hs1 Oy BU3HAYEHI MapKepW MiABUILEHOI pamdiovyTiau-
BocTi oprani3zmy. Jlo Hux BimHeceHi HLA-A10; HLA-
A28; HLA-B38; HLA-B35; HLA-DR3, HLA-DR4, a ta-
KOX TOMO3UTOTHIiCTh 3a ¢deHoTuriom Hp2-2 (cucrema
rantorino6iHiB) [9]. Cneuudiunocti HLA-B15; HLA-
DR2; BigHeceHi 10 MapKepiB 3 NPOTEKTUBHOIO (hYHKILi-
€10. OCKiTbKI B HaIll Yac I TICTOTUITYBaHHS BUKOPHC-
TOBYIOTbCSI HE CEpOJIOTiUHi, a MOJEKYISIPHO-TeHETUUHI
METOAU, MM IPOBEJIM MOBTOPHE TiCTOTMITYBaHHSI 10-
CJIiIXKEHUX 0Ci0, 1110 TO3BOJIUIIO iAeHTU(IKyBaTU MapKe-
PY pamioYyTIIMBOCTI i CXMITBHOCTI 0 MYJIBTU(AKTOPialb-
HOI MAaToJIoTii IK Ha PiBHi aHTUTEHHOI Creln(iYHOCTI,
TaK i Ha piBHi cieMdiYHOCTI ajJleTbHUX TEHiB.

ITpu 3icTaBiieHHI OTpUMaHUX PE3YJbTaTiB 31 CBITOBU-
MU gaHnumu BimHocHo HLA acowiamiii i3 3axBoproBaH-
HSIMM BU3HAYaJIM y MEepeBaXkKHOI OUIbIIOCTI OMpOMiHe-
HUX ocib — pexonBanecueHTiB ['TIX (88%) y deHOoTHITAX
AHTUTEHH, SIKi € BiAMOBiZaJbHUMM 34 CXUJIbHICTb /10 Te-
MAaTOJIOTIYHUX 3aXBOPIOBaHb. 10 TaKMX BiITHOCUTHCS aH-
TUTreH A2, SIKWii BipOriIHO 4acTilie ineHTU(IiKyeETbCS Y
XBOpUX Ha TiMOMJIACTUYHY aHEMIil0 Ta XPOHIYHY
MienoinHy neiikemitro, anturenu HLA-B5 u HLA-B35,
acolliiioBaHi 3 XpOHIYHOIO JIiIM(MOITHOIO JIEKEMI€I0, aH-
turedH HLA-B8 — 3 Mmienob6iactHoio ¢opMoI0 rocTpoi
seiikemii [10, 11]. ToMy omHUM 3 acleKTiB HaIIOi pobo-
T OyJIO IMHAMiuHe BUBUEHHS y OIPOMiHEHUX OCib ma-
paMeTpiB reMorioesy. BcraHoBeHO, 110 Y BU3HAUYEHHI
pO30iXKHOCTE MiXX OMPOMiHEHUM Ta HEONMPOMiHEHUM
OpraHi3MOM [I0 XapaKTepHUX BiTHECEHi OKpeMi mapa-
METpU TeMOIloe3y: 3arajbHa KiJdbKiCTh JICHKOLUTIB,
JTiM@OLNTIB Ta CYONOIYNAINHUNA CKJIa[ iMyHOKOMIIE-
TEHTHMX KJIiTUH.

BcTtaHnosneHo, mo y nauieHti 3 I'TIX 0 ctyneHs yepe3
6-8 MicsiB (TepImii mepiox) micis GakTy OnpoMiHEH-
HSI XapaKTepHUM € JOCTOBIpHE 3HMKEHHSI BiTHOCHOIO
yycaa JEeHKOUUTIB, TiM(OLUTIB Ta MOHOLIUTIB. Y TIO-
JanbIIOMY, dyepe3 5—6 pokiB (apyruii mepion) i yepes
12—14 pokiB (TpeTiii mepioa) B JaHUX rpymnax 30epira-
IOThCS Ti XK 3HAYEHHS JISUKOIIMTIB, JiM(MOIINTIB Ta MO-
HOLMTIB. Y nepeBaxHoi Oinbirocti mamieHTiB i3 ITIX T
Il cTyneHs TakoX Maju MicClle aHaJIOTiYHi 3pYIIEHHS
3a3HAY€HMX MOKAa3HUKIB KpoBi. HocaigkeHHs moJi-
Mopdizmy HLA cuctemu 1okasajio BipOrigHo IiaBUILIE-
HY JacToTy 3ycTpiyaeMmocti antureHis HLA-A10 (24,7%
npotu 9,8% RR-12,5); HLA-Cw1 (22,2 % npotu 7,6%,
RR=3,5) B rpyni pekonsajiecueHTiB ['TIX 3i 3HMKEHOIO
KIJIBKiCTIO JIiM(OLIMTIB, 110 JA€ MiATIPYHTS BiTHECTU AaHi
crnelniyHOCTI 10 MapKepiB-TIpeAUKTOPIiB PU3UKY BU-
HUKHEHHSI JIEAKOMEeHi.

Yacrora 3ycrpivaeMmocti aHtureHa HLA-B8 ta 3Ha-
yeHHs1 KoedimieHTa acouianii (3,7% mnporu 19,5%.
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model of bone marrow syndrome in ARS grade I
convalescents. These markers included HLA-A10,
HLA-A28, HLA-B38, HLA-B35, HLA-DR3,
HLA-DR4, and homozygosis for the Hp2-2 phe-
notype (haptoglobins system) [9]. Specificities
HLA-B15 and HLA-DR2 are markers with pro-
tective function. Since nowadays the molecular-
genetic techniques are used in histotyping rather
than serological ones, we re-typed same patients.
It allowed us to identify markers of radiosensitivity
and predisposition to multifactorial pathology not
only at the level of antigene specificity, but also at
the level of specificity of allelic genes.

When the results were compared with worldwide
data regarding HLLA associations with diseases, it
was determined that in the vast majority of exposed
individuals — ARS convalescents (88%) — the anti-
genes that are responsible for predisposition to
hematological diseases were present in phenotypes.
These antigenes included antigene A2, which is
more likely to be identified in patients with
hypoplastic anemia and chronic myeloid leukemia,
antigenes HLA-B5 and HLA-B35 associated with
chronic lymphoid leukemia, and antigene HLA-
B8 associated with a acute myeloid leukemia [10,
11]. Therefore, one aspect of our work was the run-
time study of hematopoietic parameters in exposed
persons. It was found that certain hematopoietic
parameters are different in irradiated and non-irra-
diated organism. These parameters include the
total number of leukocytes, lymphocytes and sub-
populations of immunocompetent cells.

It was revealed that for patients with ARS grade 0
a significant reduction in the directed number of
leukocytes, lymphocytes and monocytes is fairly
typical at the point of 6—8 months (first period)
after the radiation exposure. Later, after 5—6 years
(second period) and 12—14 years (third period) the
same values of leukocytes, lymphocytes and mono-
cytes are kept in the same group. Among most of
patients with ARS grade I and II the similar alter-
ations in these blood parameters were observed.
Study of HLA system polymorphism showed a sig-
nificantly increased antigenes HLA-A10 frequency
(24.7% vs. 9.8% RR-12. 5); HLA-Cw1 (22.2% vs.
7.6%, RR = 3.5) in ARS convalescents with
reduced number of lymphocytes. This fact allows to
attributr these specificities to the marker-predictors
of leukocytopenia risk.

Frequency of the HLLA-B8 antigene and the coef-
ficient of association (3.7% vs 19.5%. RR = 0.3) in
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RR=0,3) B nocnikeHilt rpyIii ocio CBiYMTh PO MPOTEK-
TUBHI (PyHKILii JaHOT CrIe UM @PiYHOCTI.

VY pexonBanecueHriB I'TIX, B IKMUX BCTaHOBJIEHA OH-
KOremMaroJIoTiyHa IaToJjioris yepe3 7—9—12 pokiB miciist
OIPOMiHEHHS, B yCiX BUMaAKax y (eHOTUITI XBOPUX ITO-
psn 3 aHTUT€HAMU, acOllifOBaHUMU caMe 3 3aXBOPIO-
BaHHSM, ineHTU(IKOBaHI MapKepH ITiIBUIIECHOI pamio-
YYTJIUBOCTI OpraHi3my.

Hasomumo npuknaa. XBopuii L. deHotumn 3a cucte-
moro HLA-A3,11; B17,38; Cw2,3; DR1,4. ¥V ¢eHoTumi
MPUCYTHE TaIJIOTUIIOBE  CIIOJYyYEHHSI aHTUICHIB
pamiouyrtinBocTi HLA-B38; Cw3; DR4. Y xBoporo B no-
JATbIIOMY PO3BMHYJIACS TOCTpa Mi€T00JIacTHA JeHKeMis,
OpoO CXWIbHICTh [0 $KOI BKa3yBaJu MO3UTHUBHI
acoIliaTMBHI 3B’SI3KM, a TAKOX TTPO TIEBHUI BHECOK iMy-
HOTeHETUYHOI KOMITOHEHTH 11I€ Ha piBHi pO3/1a/liB B TeMO-
Ta iMyHOIIO€3i MpM iOHi3ylI0UOMYy ONpoMiHEeHHi. BusHa-
YEHHST IMyHOT€HETMYHOTO MacIIOPTy XBOPUX Ha OHKOTIe-
MaTOJIOTiUHY MAaTOJIOTiI0 HO3BOJUIO BIIHECTU MpU-
cytHicTh B HLA-reHoTumi cneuudgiuynocreit HLA-A*24;
HLA-A*02 ; HLA-A*11; HLA-B*18; HLA-B*35; HLA-
B*51; HLA-C*03; DRB1*11 ta rammoruiry DQA1*0101,
DQBI1*0501 mo dakTopiB TeHETWYHOIi CXWJILHOCTI IO
roctpux Jerikemiil. I1pyu 11boMy TeBHi ajneni, 30Kpema,
HLA-C*03; HLA-B*35 € 06ioJloriYyHUM iHAMKATOPOM
MiBUILEHOI PalioyyTIMBOCTI opraHidamy. To6To, HOCIiii-
CTBO MaHUX ajiejieil MOXHa PO3IJISIIaTd SK iMyHOTeHe-
TUYHI (paKTOPU PU3MKY PO3JIALiB B KOHKPETHUX JIAHKAX
TeMoIIoe3y, peajisallii KicTKOBOMO3KOBOIO CHUHIPOMY i
OHKOIeMaToJIOTiYHO1 MaTOJIOri1l ITPU OMPOMiHEHHi.

ImyHOTeHeTMUHMIT MOHiTOpUHT manieHTtiB [TIX-0 3
BHUpPA3HUMM pO37agaMHu B IeMOIloe3i CBiIUYUTh MPO Ha-
SBHICTb y 45% iHOUBINIB IMyHOTEHETMYHUX MapKepiB,
acoIlifOBaHNX 3 OHKOTEMAaTOJOTIYHUMM 3aXBOPIOBAH-
aamu (HLA-A2; HLA-B35; HLA-B5; HLA-DRB1*11)
Ta 3i 3BHMKEHOI0 iIMyHOpeakKTUBHICcTIO opraHizmy (HLA-
A24; HLA-A9; HLA-B7), (HLA-B35 acouiauis 3 ay-
TOIMYHHOIO KOMITIOHEHTO0). TOOTO, MPOCTEXKYIOThCS
AHAJIOTIYHI acOIiaTUBHI 3aKOHOMiIPHOCTI B3aEMO3B’SI3KY
MiX iMyHOTeHEeTHUUYHUMU (haKTopaMHu Ta po3jiajaMu B
iMyHO- i TeMOIT0€3i y OMIPOMiHEHUX OCi0O He3aJeKHO BiJl
CTymneHs onpoMiHeHHs. Lle TakoX CBiAYMTh PO MiABU-
ILIEHUI PU3UMK Yy TOJANbILIOMY peaslizalil JeHKeMiuHuX
MPOLIECIB Y IaHUX OCi0 i CKJIAJa€ OCHOBY BiIHECEHHSI 1X
JIO TPYIH PU3UKY (POPMYBaHHSI OHKOTEMAaTOIOTiYHOI a-
TOJIOTI.

AHaJi3 cTyrneHs BHECKY iMyHOTEHETMYHMX MapKepiB
pamioyyTIMBOCTI Y (hOpMYyBaHHS OHKOI€MaTOJIOTiYHOI
MaToJIOTil B yMOBaX OMPOMiHEHHS CBiTYUTH PO MiACHU-
JICHHSI CTYIIeHsI pU3NKYy (OPMYBaHHSI I1aTOJIOTiYHOTIO
npotiecy (puc. 1).

the studied group indicates the protective func-
tions of this specificity.

In ARS convalescents with oncohematologic
diseases diagnosed 7—9—12 years after the radia-
tion exposure the markers of increased radiosensi-
tivity were identified in all cases in the patient phe-
notypes as well as antigenes associated just with the
disease.

Example. Patient Sh. The HLA-phenotype is
A3,11; B17,38; Cw2,3; DRI1,4. Phenotype includes
haplotype combinations of radiosensitivity antigenes
HLA-B38; Cw3; DR4. The patient subsequently had
got an acute myeloid leukemia, the predisposition to
which was obvious due to positive associations. The
same is relevant to a certain contribution of immuno-
genetic components at a level of haemo- and immu-
nopoietic disorders under irradiation. Identification
of immunogenetic passport of patients with malig-
nant haematologic disease allowed to attribute the
presence of specificities HLA-A*24, HLA-A*02,
HLA-A*11, HLA-B*18, HLA-B*35, HLA-B*51,
HLA-C*03, DRBI1*11 and haplotype DQA1*0101,
DQB1*0501 to the factors of genetic susceptibility to
acute leukemia. Specific alleles, including HLA-
C*03 and HLA-B*35, are biological indicators of
increased organism radiosensitivity. I.e. the presence
of these alleles can be regarded as immunogenetic
factors of risk for hematopoietics disorders and for
bone marrow syndrome and oncohaematologic dis-
eases implementation under radiation exposure.

Immunogenetic monitoring of patients with ARS
grade 0 with serious hematopoiesis disorders indi-
cates that 45% of individuals have immunogenetic
markers associated with oncohematological disease
(HLA-A2, HLA-B35, HLA-B5, HLA-DRBI1*11)
and with reduced immunoreactivity (HLA-A24,
HLA-A9, HLA-B7), (HLA-B35 is the association
with autoimmune component). Similar patterns of
association relationship between immunogenetic
factors and disorders are observed in the immune-
and haemopoiesis in exposed persons, regardless of
the exposure grade. This fact also indicates an
increased risk of subsequent implementation of
leukemic processes in these individuals and forms
the basis of referring them to the group with risk of
oncohaematologic pathology development.

The analysis of the contribution degree of
immunogenetic markers of radiosensitivity in the
formation of oncohaematologic pathology under
irradiation shows the enhancement of risk for the
pathological process (Fig. 1).
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OnpomiHeHi ocobu
persons exposed to radiation

l HeonpomineHi oco6u
persons not exposed to radiation

HLA-A*24

HLA-A*24,
B*38

HLA-DRB1*11

HLA-A*25,
DRB1*11

PucyHok 1. BiporigHi HLA-acouiauii 3 pu3aukom BUHUKHEHHA OHKOreMaToNoriyHoi naronorii 'y
pexoHBanecueHtiB MX i HeonpomiHeHUx 0ci6 B 3aneKHOCTI Bif HAABHOCTI B reHOTUNi MapKepiB CXUJIbHOCTI

A0 NaTonorii y noeaHaHHi 3 MapKepamu paaiouyTauBoOCTi.

Figure 1. Significant HLA-associations with risk of hematologic disease development in ARS convalescents
and unexposed persons depending on the presence in genotype markers of susceptibility to disease com-

bined with markers of radiosensitivity.

JlocmigKeHHsT iIMyHOT€HETUYHOIO I1acloOpTy y HEOIl-
POMiHEHUX XBOPUX HaA TOCTPY JeHKEMil0, CBIiTUUTh, 1110
(pbakTOpaMM TEeHETUYHOI CXUJIBHOCTI 10 3aXBOPIOBAHHS €
npucyTHictb B HLA-reHoturni cneuugiyHocreit HLA-
A*24; HLA-B*18; HLA-B*35; HLA-B*51; HLA-C*03;
DRBI1*11 Tta ramioruny DQA1*0101, DQB1*0501, a
¢axTOpaMM reHETUYHOI CXWJILHOCTI 0 Mi€JIOMHOI XBO-
pobu € npucytHicTb B HLA-reHoTtuni cneuudiyHoctei
HLA-C*06; DQB1*0501; DQB1*0601. To6T0, iMyHOT€e-
HeTUYHi (paKTOpU CXWJILHOCTI 10 3aXBOPIOBAaHb CUCTEMU
TeMOII0e3y € 3araJJbHUMM HE3aJIeXXHO Bim (izuuHoi xa-
PaKTEPUCTUKM €K30IT€HHOIO YMHHMKA.

BinHocHO miporHo3y mnepebiry 3axBOpIOBaHHSI BCTa-
HOBJIEHO, 110 Y OMIPOMiHEHUX i HEOTIPOMiHEHUX XBOPUX
Ha TOCTpY JiefiKeMilo, He3ajieXKHO Bil BiKy XBOpOTO,
eeKTUBHICTb Tepamii acoliiioBaHa 3 meBHUM HLA re-
HotunoM. HagBHicTth crenmdignocreit HLA-A*02 i
HLA-B*51 acouilo€eTbcst 3 OiNbII CIPUSITANBUAM TIPOT-
HO30M III0JI0 TPUBAJIOCTI MEPIIOi peMicii, a MPUCYTHICTh
crneuudiunocteit HLA-A*11 i HLA-B*08 - BimHOCHO
TPUBAJOCTI XKUTTS. [l03UTHMBHA BiAMNOBiAb HA IMyHOTE-
pariio i3 3aCTOCyBaHHSIM TpaHCIUIAHTALIil TeMOMOETHY-
HUX CTOBOYpOBHUX KJTHH acolliiioBaHa 3 HOCICTBOM
aneneit HLA-C*06 i HLA-DQAI1*0101, saxi MoxHa
pO3IsIAaT SIK YMHHUKMU JJIs1 TIPOTHO3YBaHHSI BiAMNOBIidi
Ha JIiKyBaHHSI.

OOcTeXeHHsI OMPOMiHEHUX XBOPUX Ha TOCTpi Jiek-
KeMil He BUSIBUJIO CIleU@iuHUX MOJEKYJISIPHO-TeHe-
TUYHUX MOpPYLIEHb. XapakKTep, 4yacToTa Ta CKJIAAHICTh

The study of immunogenetic passport in unex-
posed patients with acute leukemia shows that the
presence of specificities HLA-A*24, HLA-B*18,
HLA-B*35, HLA-B*51, HLA-C*03, DRBI1*11
and haplotype DQA1*0101, DQBI1*0501 is a fac-
tor of genetic susceptibility to the disease, and the
presence of HLA-genotype specificities HLA-
C*06, DQB1*0501, DQBI1*0601 is a factor of
genetic susceptibility to multiple myeloma. That
is, the immunogenetic factors of susceptibility to
hematopoiesis disorders are common regardless of
the physical nature of exogenous factors.

Concerning the prognosis of the disease course it
was found that the effectiveness of therapy is associ-
ated with a specific HLA genotype in radiation
exposed and unexposed patients with acute leuke-
mia, regardless of the patient’s age. Presence of spe-
cificities HLA-A*02 and HLA-B*51 is associated
with a more favorable prognosis for the duration of a
first remission, and specificitiecs HLA-A*11 and
HLA-B*08 are associated with a more favorable
prognosis regarding lifetime. Positive response to im-
munotherapy with transplantation of hematopoietic
stem cells is associated with a carriage of allele HLA-
C*06 and HLA-DQAI1*0101, which can be consid-
ered as factors to predict the response to treatment.

Examination of irradiated patients with acute
leukemia revealed no specific molecular and genet-
ic disturbances associated with ionizing radiation
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MOpYILIEeHb KapioTUITy, €KCIIpecis XMMEepHUX TeHiB,
KJIOHAJIbHI Nepedya0BU reHiB iMyHOrI00YAiHIB Ta IO-
pyurenHs B MikpocarteniTHiit JJHK (mokycn D9S171 Ta
D12S98) y 3icTraBiaeHHi 3 MoOKa3HUKaMU Iepediry roct-
pux JefKeMiil y XBOpPHUX € aHaJOTiYHMUMHU MOJs OIl-
pOMiHEHUX i HeomnpoMiHeHMX oci0. Tak, HasIBHiCTb
KJIITUH 31 COOpifHEHMMMU KJIOHAMM He3aJieKHO Bif
TPYNU CIIOCTEPEXKEHHS € MPOTHOCTUYHO HECTIPUSTIN -
BOI0 03HaKoo nepebdiry I'JI, ckiiagHi KJIOHAJbHI MOpPY-
IIeHHs Kapiotuny y xBopux Ha IJI € HezajmexHum
MPOTHOCTUYHO HECIPUITIUBUM YMHHUKOM iHIUBIOY-
aJbHOI BiAIIOBIAI Ha Teparilo, a gejelis 16-1 XxpoMoco-
MM B cerMeHTi 16q13 y xBopux Ha ['MJI He moripiye
NpOrHo3 mnepediry 3axpoproBaHHs. Y xBopux Ha [JIJI
He3aJieXKHO BiJ TPYyIM CHOCTEPEXEHHSI B MiKpoca-
TeJiTHUX Jokycax D9S171 ta D12S98 wvacrimie mae
Miclle BTpaTa reTepO3UIOTHOCTI, HiX IOsiBa HOBOTO
anens.

PesynbraTtu gocnigkeHb CBigyaTh, 110 B KOMIO3ULil
MapKepiB, acoLilfOBaHUX 3 PU3MKOM BMHUKHEHHS Ta-
TOJIOTiIYHOTO TIPOIIECY, He3aJIeXKHO Bil MOCITiIKyBaHOI
HO30J10TiYHOiI (popMu (OHKOTeMaTOJOriyHa 4Yu ceplie-
BO-CYIMHHA) BXOASTH CIEIU(MIYHOCTI, IKi BBAXKAIOTHCS
MapKepaMu HampsMKy iMyHHOI Bimmosimi: HLA-B7;
HLA-A9; HLA-DR?2; (Hu3pka cuja iMyHHOI BiJIO-
Bini), HLA-B8 (Bucoka cwuia iMyHHOI BiIIOBimi);
HLA-B35 (ayroiMmyHHa KommoHeHTa). JlaHmii dakrt
CBiTYUTH TIPO TeE, IO B MaTOreHe3i (hOpMyBaHHS MYJIb-
TH(aKTOpiaJbHOI MATOJIOTii BaroMol0 CKJIaJIOBOIO €
iMyHOJIOriYHa Ta iMyHOreHETHMYHa KOMMIOHEHTH [12].
bynu Bu3HaueHi MapkKepu, acolilioBaHi 3 iMYyHO-
JIOTIYHUMU MOPYLICHHSIMM CYOMNOIYJISLIHOIO CKJIamTy
iIMYHODPETryJISITOPHUX IMYHOKOMIMETEHTHUX KJIiTHUH.
Tak, cmeuudiynocti HLA-B21 (RR=7,54); DR2;
(RR=6,24) ; DR7(RR=4,23) ta rammmorunu HLA-B7,
DR2 (RR=3,82) acouilioBaHi 3i 3HUXXEHOIO KiIbKiCTIO
CD4 xnitun. Ianmotunosi cnonyyeHHst HLA-DR3, 7
(RR=7,53) acouiiioBaHi 3i 3HMXKeHOW KiibKicTio CD3
kiituH. Mapkep HLA-B8 Hece mporekKTUBHY (DYHKIIi1O
BiTHOCHO PU3UKY 3HUKEHHS KiJIbKOCTi JaHUX KJIiTUH.
BcraHoBiieHi ogHOHamNpaBjeHI acoLiaTUBHI 3B 3K
mapkepiB HLA 3 pu3uKoM TmoOpylleHb Yy cyOmomy-
JISIUIAHOMY CKJIaZi iMyHOKOMIIETEHTHUX KJIITUH y OM-
POMiHEHMX i HEONPOMiHEHMX OCi0, 10 CBiIUUTHL MPO
3arajJibHi MeXaHi3MUu peasiszallii TeHeTUYHOI CXWUJIb-
HOCTI.

VY BigmaneHoMy mepuoji MPOCTEKEHUM aHaIOTiYHUA
iMYHOT€HEeTUYHUI MexaHi3M (POpMyBaHHSI CepLEBO-CY-
JUHHOI MaTOoJIOril Yy AOCHiIXKEeHUX KOHTUHIeHTiB. Ciin
BiI3HAYMTH, 110 3a 4yacoM (OpMyBaHHsS MiCas OIl-
POMIHEHHS CeplLeBO-CYAMHHI 3aXBOPIOBAHHS 3a I'eHe-

exposure. The type, rate and complexity of kary-
otype abnormalities, fusion genes expression, clon-
al rearrangements of immunoglobulin genes and
disturbances in microsatellite DNA (loci D9S171
and D12S98) are similar for irradiated and unex-
posed patients with acute leukemia. So, the pre-
sence of cells with related clones regardless of
observation group is an unfavorable prediction fea-
ture of acute leukemia course, complex clonal kary-
otype abnormalities in patients with acute leukemia
is an independent unfavorable prognostic factor of
individual therapy response, and deletion of the 16™
chromosome in segment 16ql3 in patients with
acute myeloid leukemia (AML) does not worsen the
prognosis of the disease course. Among patients
with ALL in both groups the loss of heterozygosity
in the microsatellite loci D9S171 and D12S98 is
more often than new allele appearance.

Research results indicate that the markers associ-
ated with risk of pathological process development,
regardless of analyzed nosological form (onco-
haematologic or cardiovascular), include specifici-
ties which are considered being markers of the
immune response direction: HLA-B7, HLA-A9,
HLA- DR2 (low strength of the immune response),
HLA-BS (high strength of the immune response),
HLA-B35 (autoimmune component). This fact
indicates that immunological and immunogenetic
components are the essential components in patho-
genesis of multifactorial diseases [12]. Markers,
associated with immunological disorders of immu-
noregulatory subpopulation of immunoregulatory
immunocompetent cells, were identified. Thus, the
specificity of HLA-B21 (RR=7.54), DR2;
(RR=6.24), DR7 (RR=4.23) and haplotypes
HLA-B7, DR2 (RR=3.82) are associated with a
reduced number of CD4 cells. Haplotype combina-
tion of HLA-DR3, 7 (RR=7.53) is associated with
a decrease in the number of CD3 cells. Marker
HLA-BS has a protective function in regard to risk
of CD3 in cells number reduction. One-way asso-
ciative relation of HLLA markers with risk of distur-
bances in subpopulation of immunocompetent cells
in the irradiated and non-irradiated individuals was
shown. It is the evidence of common mechanisms
for realization of genetic predisposition.

In the late period the similar immunogenetic
mechanism of cardiovascular disease onset is
observed in the studied groups. It should be noted
that for the time of onset after irradiation the car-
diovascular disease with genetic predisposition
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Ta6bnuuysa 1
YacTtoTa BuasneHHa geakux HLA-renie y xeopux Ha XIXC, wo 3a3Hanu pagiauinHoro onpomiHeHHs
Table 1
Frequency of some HLA-genes identification in patients with CIHD that have undergone radiation exposure
HLA-renu Ta’ix cnony4yeHHss  KoHtponbHa rpyna Xeopi Ha XIXC Xgopi Ha XIXC, wwo 3a3Hanm RR
HLA-genes and their The control group  Patients with CIHD papiauiiiHoro BnauBy
combinations Patients with CIHD, radiation exposed
N=150 N=60 N=48
A* 29 0,015 0,118 0,132 3,36
A* 33 0,013 0,118 0,121 3,36
B* 27 0,023 0,124 0,145 2,94
B* 35 0,071 0,213 0,286 3,87
B* 38 0,071 0,082 0,286 3,87
DRB1*03 0,165 0,152 0,367 4,15
DRB1*04 0,157 0,023 0,031 0,11
DRB1*12 0,023 0,152 0,145 3,45
DQA1*0103 0,069 0,191 0,183 3,52
DQA1*0201 0,140 0,023 0,031 0,23
DQA1*0501 0,106 0,383 0,367 471
DQB1*0301 0,203 0,191 0, 183 0,87
DQB1*0303 0,032 0,164 0,183 4,25
DQB1*0602 0,128 0,023 0, 031 0,46
B*35, DRB1*12 0,012 0,126 0,145 7,21

TUYHOIO CXWJIBHICTIO peai3oBaHi 3HAYHO ITi3HilIe, ye-  were realized much later, after 15 years or even
pe3 15 i Giabliie poKiB, BiAMOBiAHO. more, respectively.

B ycix Bumaakax pM3UK peaizaliii MmaToJoriyHOro In all cases the risk of pathological process real-
Tpoliecy y OIPOMIHEHUX i HeoNpoMiHeHUX ocid OyB  ization in the irradiated and unexposed individuals
acolliloBaHMM 3 aHaJIOTiYHMMM 3a crienudiuyHicTio  was associated with specificity similar HLA-genes
HLA-renamu (ta6u. 1, puc. 2). (Tabl. 1, Fig. 2).

YV 80 % ompominenux oci6, xsopux Ha XIXC, Oyna In 80 % of irradiated patients with CIHD the
Bu3HaueHi HLA-mapkepu pamiouyrimBocTi B Komro-  HLA-markers of radiosensitivity in combination
3UIIii 3 aHTUTeHaMM, sIKi acollilioBaHi caMe 3 3axBopio-  with antigens associated with disease were identi-

BaHHSIM. fied.
401y, B OnpowmineHi ocobu
35 Exposed persons
HeonpomiHeHi ocobu
30 Not exposed persons
MonynauiitHWit KOHTPONb
254 .
Population control
20 | . RR=0,06
15
101
5,
0,
A*33 DRD1*04 DRB1*12 DQA1*0501 DQB1*0303

PucyHok 2. BiporigHi HLA-acouiauii 3 pusukom po3eutky XIXC y onpomiHeHuUx Ta HeonpomiHeHux oci6

Figure 2. Significant HLA-associations with the risk of CIHD development in radiation exposed and unex-
posed persons
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Ta6nauusa 2
BiporigHi acouiauii HLA-mapkepiB 3 imyHonarosoriyHumMm peakuiamm y xsopux Ha XIXC
Table 2
Significant associations of HLA-markers with immunopathological reactions in patients with CIHD
ImyHOnoOriyHi napameTpm HLA-cneumdiyHoCTi Yacrora HLA-cneuudiuHocTei (F) RR
Immunological parameters HLA-specificities The HLA-specificities rate (R)
1 (n=30) Il (n=29)
linepcekpeLis MOHOHYKNIEapHUMK KNiTHamK KpoBi 11-6 B*35 0,079 0,214 417
Hypersecretion of IL-6 by mononuclear blood cells DRB1*03 0,076 0,167 3,82
DQA1*0103 0,077 0,286 423
MNinBuieHa ceHenbiniaauis NiMAOLMTIB 10 TKAHUH CYAVHHOI CITKK B*08 0,063 0,121 3,34
Increased lymphocytes sensitizertion to the tissues of vascular wall B*14 0,035 0,100 4,69
DQB1*0501 0,167 0,070 0,17
3HuxeHa nponidepatvBHa 3aaTHICTL NiMdoLmTIB B*35 0,057 0,153 2,97
Reduced proliferative capacity of lymphocytes DRB1*03 0,050 0,143 4,23
DRB1*16 0,025 0,107 3,68
A*01 0,143 0,036 0,12
B*07 0,163 0,036 0,11
DQA1*0103 0,163 0,071 0,21

MpumiTka. | — xBopi Ha XIXC 3 HopmanbHUMK iMyHONOTiYHMMY peakwysmu, Il — xBopi Ha XIXC 3 iMyHONaToNOriYHMMM peakuiamu
Note. | — Patients with CIHD with normal immunological reactions, Il — Patients with CIHD with imunopatological reactions

AHani3 cnexTpy iMyHONATOJIOTIYHUX peakliil y XBO-
pux Ha XIXC cBimunTh, 1110 HAKOIIBII XapaKTEPHUMU €:
3HMXKEHa MpoJiipepaTMBHA 3HAATHICTh JiMQOLIUTIB,
migBUILIEHA ceHcuOimizauis JiM@OLUTIB 10 TKAHWUHU
CYIVWHHOI CTiHKHU, TilepceKkpelliss MOHOHYKJIECapHUMU
KJliTUHAMM KpoBi 1L-6, He3ajnexXHO Bim rpyIu criocre-
pexeHHs (ormpoMiHeHi, HeomnpomiHeHi). [TpoBeneHuit
aHaJji3 acouiauii iMyHOreHeTUYHUX YMHHUKIB 3 pU3U-
KOM BUHUKHEHHS JaHUX IMyHOITATOJOTIYHUX 3MiH J03-
BOJIMB BHU3HAUYUTU MapKepy BiZTHOCHO KOXHOTO THUITY
iIMyHHUX peaxiliii (Tad. 2).

Bcranosneno, mo y 80% xBopux Ha XIXC nepeBaxkan
rineppeakTMBHUI TUI iIMYHONATOJOTIYHMX peakliit,
1110 CYIIPOBOJIXKYBAJI0Ch BUPAXKEHUMU aTEPOCKIEPOTUY-
HUMU KOPOHApPHUMM YpaXKeHHSIMU CcyauH. B 1iii rpymi
XBOPUX BCTAHOBJEGHO TIO3UTHMBHI 1 HEraTuUBHI
acolliaTMBHI 3B’I3KM 3 (haKTOpaMM iMyHHOTO pearyBaH-
Hs. Tak, 3a 4acTOTOIO 3yCTPiYaEMOCTI Ta 3HaYeHb KO-
e(ilieHTiB acouialii 10 MPEeIUKTOPIiB OyIW BiTHECEHI
cnenudiuynocti  HLA-BS  (RR=4,17); HLA-
DQAI1*0103 (RR=3,5); HLA-DRBI1*03 (RR=3,7);
HLA-DRB1*16 (RR=3,8). ¥ 30% xBopux Ha XIXC ne-
peBaxkaB ayTOIMyHHUU THUIT iMyHOMNATOJOTiYHUX pe-
aKliii, 110 KOpeJIIoBaJIO 3 PaHHIM ITOYaTKOM 3aXBOPIO-
BaHHS (10 45 POKIB i pO3BUTKOM YCKJIaTHEHB). 3a CTy-
neHeM KoeillieHTa acolliallil 40 MPeIuKTOPiB PO3BUT-
Ky iMyHomarojoriunux peakuii mpu IXC BimHeceHi
aneni HLA-B14 (RR=4,7); HLA-B35 (RR=3,3); HLA-
DRB1*03 (RR=3,8); HLADRB*16 (RR=3,7).

Analysis of immunopathological reactions in
patients with CIHD shows that the reduced lym-
phocyte proliferative capacity, increased sensitizing
of lymphocytes to vascular wall tissue, mononu-
clears blood cells hypersecretion of IL-6 regardless
of observation groups (irradiated, unexposed) are
the most typical ones. Analysis of the immuno-
genetic factors association with risk of appearance
of appropriate immunopathological changes
allowed to determine the markers for each type of
immune reactions (Tabl. 2).

It was found that in 80% of patients with CIHD the
hyperreactive type of immunopathological reactions
was prevalent followed by severe atherosclerotic lesions
in coronary vessels. In this group of patients the positive
and negative associative relations with immune res-
ponse factors were revealed. Thus, according the rate
and association coefficients the specificities the HLA-
B8 (RR=4.17), HLA-DQAI1*0103 (RR=3.5), HLA-
DRBI1*¥03 (RR=3.7), HLA-DRB1*16 (RR=3.8) were
referred to the predictors. In 30% of patients with
CIHD the autoimmune type of immunopathological
reactions was predominant and correlated with early
disease onset (before 45 years with complications).
According to the level of association coefficient the
alleles HLA-B14 (RR 4.7), HLA-B35 (RR=3.3),
HLA-DRB1*03 (RR=3.8), HLADRB*16 (RR=3.7)
were attributed to the predictors of immunopathologi-
cal reactions in patients with CIHD.
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o TpOTeKTOpPiB PO3BUTKY iMYHOITaTOJOTIYHUX pe-
akwii Oymu BigHeceHi cmeuudivunocti: HLA-A*68
(RR=4,7); HLA-DRB1*01 (RR=4,2) HOCIiCTBO SIKNX
CIIpUSIE T3HBOMY TTOUYaTKy aTepockiiepo3y; HLA-A*01,
B*07 (RR=4,7); HLA-DQA1*0101 (RR=4,6) -
acolliifoBaHe 3 BiICYTHICTIO ayTOiMYHi3allii 3a TyMOpaJjb-
HAM TUTIOM; OpucyTHicTh aneneit HLA-DQBI1*0501
(RR=7,2) acoiloeThcsl 3 BiICYTHICTIO ayTOIMyHi3allil 3a
KJIITUHHUM TUIIOM.

BHUCHOBKU

TakuM ymMHOM, OTpMMaHi HaMM JaHi CBig4aTh TMpoO Te,
10 OJHWM i3 MeXaHi3MiB (hopMyBaHHS pafdialliiiHO-
acoliioBaHo1 MyJabTU(aKTOpiaabHOI MaTOJOTii, € pe-
anmizaniss HLA-reHeTU4YHOI CXMJBHOCTI 10 3aXBOPIO-
BaHHS, K Ha piBHi po3IadiB y reMoIioe3i Ta iMyHOII0-
€3i, TaK i Ha piBHi 3aXBOPIOBaHHS B LIJIOMY, a HOCIIICTBO
B (eHO/TEeHOTHII MapKepiB paliouyTIMBOCTI MiABUIITYE
pU3MK peajizallii IaToJIOTIYHOro IIpoliecy B YMOBax
onpoMiHeHHs1. OTpuMaHi JaHi TAaKOX CBimyaTh PO Ba-
TOMUI BHECOK iMYHOJIOTiYHOI Ta iMyHOT€HETHMYHOI
KOMITOHEHT y TIaTOTeHe3 MYJIBTU(DAKTOPiaJbHOI MaTo-
JIOTii 9K eHIOTeHHUX (paKTOpiB pU3NKY (POPMYBaHHS
3aXBOPIOBAaHHS, a TaKOX MpPO 3arajibHi MeXaHi3MM pe-
ajizallii cmagkoBOl CXWJILHOCTI MPU BIJIMBI HEraTWB-
HUX €K30IM€HHUX YMHHUMKIB PU3MKY, HE3aJEXKHO Bil iX
CIIEKTPY.
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The specificities HLA-A*68 (RR=4.7), HLA-
DRB1*01 (RR=4.2) were attributed to protectors
against immunopathological reactions. Their pre-
sence promotes later start of atherosclerosis. HLA-
A*01, B¥07 (RR=4.7), HLA-DQA1*0101 (RR=4.6)
are associated with lack of humoral type of autoim-
munization. Presence of HLA-DQBI1*0501 allele
is associated (RR=7.2) with lack of the cell type of
autoimmunization.

CONCLUSIONS

Our findings emphasize the fact that realization of
HLA-genetic predisposition to the disease at the
level of disturbances in haematopoiesis and
immunopoiesis as well as on the level of disease in
general is one of the mechanisms of formation of
radiation-associated  multifactorial  disease.
Presence of markers of radiosensitivity in the
pheno/genotype increases the risk of pathological
process realization under radiation exposure.
Obtained data also indicate a significant contribu-
tion of immunological and immunogenetic compo-
nents to pathogenesis of multifactorial pathology as
endogenous risk factors for the disease onset. Data
show also the general mechanisms of genetic pre-
disposition realization under negative exogenous
risk factors exposure, regardless of their spectrum.
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