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Abstract

Average life expectancy (ALE) is a significant integrating indicator of the population health. It can be af-
fected by many factors such as radiation and hereditary ones. A population-genetic analysis of the avera-
ge life expectancy (ALE) was performed for nuclear workers at the Mayak Production Association expo-
sed to external and internal radiation over a wide dose range and their offspring. A methodical approach
was proposed to determine ALE for individuals with different genotypes and estimate ALE in the popula-
tion based on genotype distribution. The analysis of a number of genetic markers revealed significant chan-
ges in the age-specific pattern of the Hp types in workers over 59 years. Such changes were caused by both
radiation and non-radiation (cardiovascular pathology) factors. In the first case, ALE decreased as Hp 1-
1> Hp 2-2 > Hp 2-1 (radiation). In the second case,it decreased as Hp 1-1 > Hp-2-1 > Hp 2-2 (non-
radiation). Analyses of genetic markers in the workers' offspring indicated significant shifts in distribu-
tion of the Hp types,especially an increase in the proportion of Hp 2-2 at doses from external g-rays over
2Gy to parents by the time of conception. Based on the non-radiation genotype differences in ALE in this
group of offspring, the preliminary calculation of ALE was carried out, which indicated its reduction by
0.5 years in comparison with the control.
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INTRODUCTION

Average life expectancy (ALE) is an important in-
tegrating indicator of the population health. Hu-
man life expectancy can be affected by many in-
ternal and environmental factors such as food di-
et, alcohol consumption, smoking, cardiovascular
and other pathologies, occupational factors inclu-
ding those of radiation nature (Gavrilov L.A.,Ga-
vrilova N.S., 1986; Frolkis V.V., 1988; Voeykov
V.L.,2002; Urlanis B.C.,1978). The role of gen-
etic factors is of wide discussion now (Johnson
T.E., 1997; Sell D.R., et al. 1996; Finch C.E.,
Tanzi R.E., 1997). Hereditary factors of stable
characteristics being of main concern draw sub-
stantial attention. They, include genetic poly-
morphous systems that remain constant during
the whole lifetime. It is known that about 30% of
genes in the human genome are polymorphous,i.e.
they are presented by two and more alleles (Al-
tukhov Y.P.,1989). The critical role of heredita-
ry polymorphism in various adaptive possibilities
and different morbidity in humans is well known
(Dolmatova 1.Y., Rafikov Kh.C., 1990; Schwain
B.K. et al., 1980). This problem is studied to
rather less degre with respect to the average life-
span (Altukhov Y.P.,1998; Altukhov Y.P.,Shere-
metyeva V.A., 2000; Muir A., Whitfield J.B.,
1990).

BBEJIEHUE

Cpennsisi  TIPOJIOJKUTENBHOCTD  TIPEACTOSIIENH  KU3HU
(CIIIIK) aBisterca ofHUM U3 Ba)KHBIX MHTETPATHBHBIX
TMOKa3aTeseil 3/[0POBbsI HACEJIEHUST; HA HEe MOTYT BJIUSITH
MHOTHE BHYTPEHHME U BHENTHUE (PaKTOPbI, TAaKHe KaK Xa-
pakTep mUTaHus, yrmorpebJeHne aaKoroJist, KypeHue, cep-
JIEYHO-COCY/TUCTAs U JAPYTasi MAaTOJIOTUST, TPOECCHOHAb-
Hbie (DaKTOPBL,B TOM uKcae U paguanuonnble (FaBpuios
JI.A.,TaspumoBa H.C.,1986; ®pomskuc B.B.,1988; Bo-
efiko B.JI.,2002; Ypnanuc B.11.,1978). Illupoko o6-
cykgaercss poJb renerndecknx akropos (Johnson
T.E., 1997; Sell D.R. et al., 1996; Finch C.E., Tanzi
R.E., 1997). Oco6oe BHUMaHHE B 3TOM OTHOIICHUU
MIPUBJIEKAIOT HACJIE/ICTBEHHbIE (DAKTOPDI, IMEIOIINE CTa-
OUJIbHbBIE XapaKTePUCTUKKU. K MX 4nciy,pexie BCero,
OTHOCSITCSI TEHETUYECKUE TMOJUMOP(MHbIE CUCTEMBI, KOTO-
pbI€ OCTAIOTCS TIOCTOSTHHBIMHU Ha TIPOTSLKEHUN BCEH JKM3-
uu. Kak m3BecTHO,0K0710 30% reHOB B reHOME YesIoBeKa
MOJMMOP(HBI, TO €CTh, IPEJCTABIEHDBI IBYMS U 60JIee aj-
gensmu (Antyxos 10.11.,1989). Xopomio usBecTHO Cy-
IIECTBEHHOE 3HAYEHHNE HACJIEICTBEHHOTO TOIUMOPhU3Ma
B PasHbIX aIANITAI[IOHHDBIX BO3MOKHOCTSIX U PA3JIMIHON
3a6oseBaemoctn y Jmoaeit (omarosa 1.10., Paduxos
X.C.,1990; Schwain B.K. et al.,1980). B 3unauntesn-
HO MEHbIIIeH CTeTleHr 3Ta Mpo6JeMa u3ydeHa B OTHOIIe-
Huy npogospkuTeabnocty skusan (Antyxos 10.11.,1998;
Anryxo [O.I1., lepemerneBa B.A., 2000; Muir A.,
Whitfield J.B.,1990).
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ALE indicates the life period duration of the gi-
ven generation of either just born or being at
the same age, with an assumption that mortality
in each age-group will be the same in the course
of their life as of the year when these calcula-
tions were carried out (Merkov A.M., Polyakov
L.E.,1974). In other words, ALE indicates the
year's individuals will live for in average upon
the given age.

Lifespan reduction is one of the most negative
consequences of radiation exposure (Moskalev
Y.1.,1991). However,the literature data on lifes-
pan estimation for the exposed individuals are
rather limited. The population-genetic approach
based on the ALE estimation for individuals
with different genotypes promises certain pro-
spects for studying this problem among nuclear
workers. We have previously shown that natu-
ral reduction of population with different geno-
types is also different (Telnov V.I., 1997).
Thus,our study is focused on ALE estimation for
exposed individuals and their offspring with dif-
ferent genotypes and determination of the con-
tribution of radiation and non-radiation factors
into its changes.

SUBJECT AND METHODS

The results analysis of the examination of 985
nuclear industry workers from the Mayak PA
including 695 males and 290 females (a main
group) aged 35-79 years, who were exposed to ion-
izing radiation on a wide dose range in the PA mak-
ing,and 406individuals including 286 males and 120
females (a control group) aged 25-55 years, who
have no occupational exposure to ionizing radiation
and still been living in this city, was performed.
Due to the individual photo monitoring dosimetry
data total external y-radiation doses ranged 0,01 -
7,6 Gy for the persons under study. The biophysi-
cal studies results showed that 720 individuals had
*Pu incorporation. In addition,511 Mayak work-
ers' children who were exposed to external y-radia-
tion in total doses 0,01-7,5 Gy at the time of con-
ception (the main group), were also studied. The
control group included 205 children, whose parents
had no contact to occupational exposure to ionizing
radiation sources.

Hp types were determined with use of the vertical
electrophoresis in the 5% polyacrylamide gel.
ALE value for individuals of the definite age was
from the Ozersk town  population mortality
table, the latter is made by the population census
data of 1989. To quantify age-specific shifts in
distribution of genetic markers,the age elimination
relative risks (RRAE) were estimated for individ-
uals with the given Hp genotype at the n-age and
older on the basis of the four-field table equation
(Fleis J.,1989):

[Toxasarean CIITIZK - 31O wmco JieT,KOTOpbIEe B Cpel-
HEM TPE/ICTOUT MPOKUTh JAHHOMY TIOKOJIEHUIO POJIUB-
NIUXCS WJIM YUCJTY CBEPCTHUKOB OIPEIEJEHHOTO BO3-
pacTa, ecJm MPeANoJOXKUTD, 9TO Ha BCEM TPOTSIKEHUN
WX JKM3HU CMEPTHOCTb B KaXK/JIOW BO3PACTHON TI'pyIIie
OyJZieT Takoil, Kakoil oHa OblIa B TOM TOMY, IJIST KOTO-
poro npoussoauaoch ucunciaenne (Mepkos A.M.,ITo-
asixoB JILE.,1974). To ectp,uncio ger CIITIK yka-
3BIBAET HA TO,CKOJDBKO JIET B CPEJHEM MPOXKUBYT €Il
JIUTIA, IOCTUTIITHE JJAHHOTO BO3PAcTa.

OpnuM u3 HanboJiee HeOJIATONPUSTHBIX TOCJEICTBUI
JIENCTBYST PAJMAIlNK SIBJISIETCSI COKPAIIEHNE TIPOIOJIKI-
TEJILHOCTH JKU3HH 00JydeHHbIX oprannamoB (Mocka-
aes 10.11.,1991). Bmecre ¢ Tem,B qureparype AaHHbIE
MO OIEHKE TPOIOJIKUTETTBHOCTH SKU3HU Y O0JTYYEHHBIX
Jiofieit  BecbMa orpanudenbl. OTpe/ie/IeHHbIE TIEPCITEK-
TUBBI B U3YYEHUH 3TOH MPOOJEMBI Y PAGOTHIUKOB aTOM-
HOW TIPOMBIIIJICHHOCTH TPEICTABJISAET TOIMYJISAIIHOHHO-
TeHeTUYEeCKUil To/IX0/1, o0cHOBaHHbI Ha orleHke CIITIK
y JoJiell ¢ pa3HbIMH TeHoTHNmaMu. PaHee Hamu OBLIO
MOKa3aHO, YTO €CTeCTBEHHAast YObLIb JIOJIE ¢ PAa3HLIMU
rerotumamMu HeogmaakoBa (TemproB B.U.,1997). Uc-
XOZSI M3 9TOTrO, IIEJIbI0 MCCAEAOBAHUST SIBUJIACH OIEHKA
CIIIDK y o6iyueHHBIX Jofiell I NX TIOTOMKOB C pas-
HBIMH TE€HOTHUIIAMU U OTIPe/eIeHre BKJaJa PaJuaiioH-
HBIX W HEPAIUAIMOHHBIX (PAKTOPOB B €€ U3MEHEHHE.

OBBEKT U METO/bI NCCJIEJOBAHUA

[TpoBenien anamm3 pe3yJabTatoB o6ciaenoBanust 985 pa-
6otHukoB 1O "Magk" - 695 myskunH u 290 >xeHIINH
(ocroBHasg rpymma) - B Bozpacre ot 35 10 79 JeT,KoTo-
pbie TOJBEPrINCh OOJTYYEHUIO B TIEPUOJ] CTAHOBJIECHUS
MPEeANpuATHS B IMNUPOKOM Auana3oHe 103, u 406 gemo-
Bek - 286 myskunn 1 120 sxeHuma (KOHTPOJIbHAS TPYTI-
ma) - B Bo3pacTe 25-35 JIET, HE UMEBINMMX KOHTaKTa C
mpodecCHOHATHbHBIM PAIUAIIOHHBIM BO3/ICHCTBUEM U
MPOKUBAIONINX B 9TOM 3Ke ropojie. CyMMapHbIe 03bI
BHETITHETO y-O0JYUYEeHUST 10 JAHHBIM WHAWBU/YAJIbHOTO
(poToKOHTPOJIST ¥ 06CTEIOBAHHBIX JHOJIeil KOJe6aInch
or 0,01 no 7,6 I'p. Ilo pesyabratam 6HODHUINYECKOTO
obceoBanus 720 4YeJOBEK WMEJU WHKOPIIOPAIUIO
*Pu. Taxxe 6b1 o6caenoBanbl 511 mereit pa6oTHU-
koB 1O "Mask", moBepTIxcst BO3ACHCTBUIO BHEIITHE-
ro y-00JIy4eHust B cyMMapHbIX fo3ax ot 0,01 mo 7,5 I'p
Ha MoMeHT 3avatusi (ocHoBHas rpymma). KoHTposb-
Hylo rpynimy coctaBuim 205 feTeit, ponuTesn KOTOPHIX
He uMesTH TPOQ)eCCHOHATBHOTO KOHTAKTa € MCTOYHUKA-
MU HOHU3UPYIOIIETO U3JTyICHHUS.

Omnpenenenne TuoB Hp mMpoBoAMIN ¢ MOMOIIBIO BEP-
THKAJBHOTO 3J1eKTPodopesa B 5% MOJUAKPIIAMUATHOM
reqe. CIIIK pms s onpeiesleHHOTO BO3pacTa MoJTy-
YA/l M3 COCTABJIEHHOW paHee TaGJINIIbI CMEPTHOCTH KH-
teneit T. O3epcka 1O [JaHHBIM TEPENUCH HACEJIEHsT
1989 roga. [lns KOAMUECTBEHHOH OIEHKW BO3PACTHBIX
CIBUTOB B pPACIpPeJeJEeHNN TeHETHYECKUX MapKEPOB
OIIPE/IeJISIN OTHOCUTEJIbHBIH PUCK BO3PACTHOW 3JIMMU-
nammu (RRBD) mopeil ¢ ganmbiM renortunoM Hp B
Bo3pacte n u 6oJjiee JieT Ha OCHOBe (hOPMYJIbI /IS 4e-
ThIpexnoabHbIX Tabmmr (Dreiic [Ix.,1989):
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Pa X Pc+d
Pc X Pa+b ’

where Pa is given genotype proportion in the ju-
nior age-group individuals; Pbis given genotype
proportion in the senior age-group individuals; Pc
is a proportion of rest genotypes in the junior age-
group individuals; Pd is a proportion of rest ge-
notypes for individuals in the senior age-group.

RRAE: (1)

RRae indicates what chances the given genotype
individual-carrier have to drop out the population
upon attaining the n-age. At the same time, RRAE
is 1 for all genotypes in the population; at an
increase of it the age elimination rises, and falls
with its decrease.

ALE for individuals with the given genotype, who
attained the n-age, ALEnG, was estimated through
the following equation proposed by us:

ALEw. ALE
NG = ) ()

AE

where ALEn is ALE for individuals in the general
population who have attained the n-age.

Total ALE for individuals with the given geno-
type (ALErc) was found with the equation:

ALETG = Dyears +ALE NG (3)

ALE for individuals from the total population
with the known genotype distribution (ALErc)
was estimated with the equation:

ALEpc= (ALEtGi Pj), 4)

where ALErci is ALE for individuals with the gi-
ven genotype, Pj is a frequency of the given popu-
lation genotype.

RESULTS AND DISCUSSION

We have revealed earlier several age-specific pecu-
liarities of the distribution estimate of genetic
markers of the nuclear industry facility workers
under examination (Telnov V.I.,1997). They we-
re characterized with different trends in age-speci-
fic alterations of Hp genotypes in individuals at
their 60 years and older exposed to relatively low
(decrease in individual quota with the 2-2 genoty-
pe) and rather high doses of ionizing radiation
(decrease of individual quota with the 2-1 genoty-
pe). For the latter group, a significant rela-
tionship of the age-specific alterations with expo-
sure to total external y-irradiation doses over 4Gy
and /or *Pu incorporation over 1.48 kBq was re-
vealed. An increase in the Hp 1-1 frequency was
common for the age-specific pattern of the Hp
genetic system among exposed individuals to rela-
tively low and high doses. Table 1 shows value di-
stribution of Hp genotypes, RRAE, and ALE

(1

raePa - f1ong ganHOrOo reHoTHNA Y JIMIL MJajliel Bo3-
pactHoii rpymmnbl, Pb - 1o gaHHOTO TEHOTHIIA Y JIUIT
crapiieil Bo3pacTHOI rpymmbl,Pc - 1071 ocTaabHbIX
FeHOTHIIOB Y JIMI[ MJajineil Bogpactuoii rpymisl,Pd -
JI0JIS1 OCTAJIbHBIX T€HOTUIIOB Yy JIUI[ cTaplieil Bo3pact-
HOI I'pyIIBI.

RRB> mokaspiBaeT KaKOBbBI IIAHCHI HOCHUTEJIS JaHHOI'O
FeHOTHIIA BBIOBITH U3 NOIIyJAnInnu 10 JOCTHUXKEHUN
BO3pacCTa n JieT. HpI/I atoM RRB3 Bcex TreHOTHIIOB B
MOy AN paBE€H 1,HpI/I €Tro yBe/JMY€HNN BO3paCTHasd
QJUMUHaIlUA  HOBbIIIAETCA, NIPU yYMEHbIICHUN -
CHUKAETCA.

CIIIK pag moxeit ¢ aHHBIM FeHOTHUIIOM, JOCTUTIINX

Bospacta n Jjer, (CIIIIJKNr) onpegensam 1o
MPeIJOKEHHOI HamMu (hopMy.Jie:
amx |
CHIIKyp= ———— )
RR

BD

rae CIITIKN - CIITIK g siurg B o61ieii oy asium,
JIOCTUTTIINX BO3pacTa n JieT.

O6myio (nomayio) CIITDK aaa mogei ¢ JanHbIM
renorunom (CIITIZKor) onpenensm o opmy.ie:

CHH}KOF = Nyer + CHH}KN]" (3)

CIIIK anas goneir u3  o6mieit  TMOMYJASIAA  C
usBecTHbIM pacnpegeenneM renorunos (CIIITKmr)
orpeiesisiin 1o Gopmy.ie:

CHIKyr= (CHITKor; x P) @)

rae CIIIIKorn - CIIIJK g goxeil ¢ faHHBIM reHOo-
TUTIOM, Pj - 4acToTa JJaHHOTO TeHOTHIA B TIOMYJISAIUH.

PE3YJIbTATBI 1 OBCYXK/IAEHUNE

Panee nipu onieHke pacrpeje/ieHus TeHeTHIeCKUX Map-
KEpoB y OO6CJEeIOBAaHHBIX PAGOTHUKOB MPEATTPUSITHS
ATOMHON IIPOMBINLIEHHOCTH HaMHW ObLTH BbISIBJIEHbI
ompesieJieHHble  Bo3pacTHble oco6enHoctn (TenbHOB
B.1.,1997). Onu 3ax/moyanuch B pa3JMdHON Halpa-
BJIEHHOCTH BO3PACTHBIX HM3MEHEHUil reHoTurnoB Hp y
mozeir 60 u 6osee JieT, 06yIEHHBIX B OTHOCUTETIHHO
Masbpix (CHUDKEHUe oM JIUIL ¢ TeHOTUIIOM 2-2) U 60-
Jlee 3HAUUTEJbHBIX J03aX (CHUKEHME IO JIHI[ C re-
norunoMm 2-1). Ilpu aTOM B TOC/IEAHER TpymIe ycTa-
HOBJIEHA JIOCTOBEPHAST 3aBUCHMOCTD BO3PACTHBIX U3Me-
HEHWIT OT BHEITHETO Y-00JIyYeHUs] B CyMMapHBIX /103aX
6onee 4I'p wm (u) mEkopmopammu **Pu Gomee 1,48
kbk. OOGmmM i BO3pacTHON AMHAMHMKK TeHeThde-
ckoit cucrembl Hp y Jiofieii, 06JydeHHBIX B OTHOCH-
TEJIbHO MaJIbIX U 3HAYUTEJbHBIX /[03aX,0bLI0 ITOBbBIIIE-
nue yacrorel Hp 1-1. B tabmauie 1 npejcraBjieHo pa-
cripenenenne rteHotunmoB Hp, RRBa um moxasatenn
CIIIIIK y moneit 60 u 6GoJiee JieT, TIOABEPTIIAXCST OT-
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for individuals aged 60 being exposed to relative-
ly low radiation doses (total external g-irradia-
tion doses up to 1Gy; and *Pu incorporation,not
more than 1.48 kBq). One should note that ALE
for individuals, having attained 60 years old, was
15.6 years in general city population.

HOCHUTEJIbHO MEHBIEMY PaJUAIMOHHOMY BO3AEHCTBUIO
(cymmapnbie 103b1 BHemHero g-oGmydenns go 1 I'p
nwm (u) mEkopmoparua “*Pu me Gonee 1,48 kBk).
Otmerum, yto CIITIK pns swi, JOCTUTIITNX BO3pacTa
60 et B o6meit nomynsiun ropoga (CIITIXKN), cocra-
Buita 15,6 ser.

TABLE 1

ALE FOR INDIVIDUALS WITH DIFFERENT HP GENOTYPES, HAVING ATTAINED 60 YEARS OLD
AND BEING EXPOSED TO LOW DOSES

OLEHKA CIK Y NIOAEN, OBJIYYEHHBIX B MAJTbIX O3AX, C PA3HBIMU TEHOTUMNAMM HP,
JOXMBLUMX OO BO3PACTA 60 JIET

TABJMLA 1

Hp genotypes

Age-groups n 11 21 X
1. < 60 years 1015 13.2% 48.7% 38.1%
2. > 60 years 99 21.2% 49.5% 29.3%

RRAE 0.73 0.99 1.21

ALEyg, years 21.4 15.8 12.9

ALE\G - ALEy, years +5.8 +0.2 -2.7

ALErg, years 81.4 75.8 72.9

Note: "+" here and further, an increase in ALENG, "-" its reduction; other notes in the text.

Tovmeuarme: snecs v panee sHak "+" ykassieaeT Ha ysenmuerme CITKNT, a sHok

Table 2 presents the genotype distribution of Hp,
RRAE and ALE for individuals over 60 years
exposed to significant radiation impact (total
external y-irradiation doses over 1Gy; and those
from *Pu incorporation,over 1.48 kBq).

- HO ee COKpOLLLeHMe; OCTAsbHbIE MOSACHEHMA B TEKCTE.

B rta6suie 2 mpenctaBieHo pacrpeeseHne TeEHOTUTIOB
Hp,RRBa u CIIIIK y moneit 60 u GoJiee Jet, moaBepr-
MINXCsI 3HAYNTETBHOMY PAIHAINOHHOMY BO3IEHCTBHUIO
(cymmapHble 103b1 BHENTHETO Y-06my4ernns Goee 1Tp n
(nmm) wakopnopanms **Pu Gosee 1,48 kBK).

TABLE 2

ALE FOR INDIVIDUALS WITH DIFFERENT HP GENOTYPES, HAVING ATTAINED 60 YEARS OLD
AND BEING EXPOSED TO RATHER HIGH DOSES

TABJMLIA 2

OLEHKA CIMX Y JIOOEM C PA3HBIMM TEHOTUIAMM HP, DOXMBLLUMX LO 60 JIET, OBJTYYEHHBIX B 3HAYATENBHBIX JO3AX

Hp genotypes, %
Age-groups n 11 21 X
1. < 60 years 1015 12.9 493 37.8
RRAg 0.75 1.18 0.98
ALE\g, years 20.8 13.2 15.9
ALExg - ALEy, years +5.2 2.4 +0.3
ALErg, years 80.8 73.2 75.9

Tables 1 and 2 show that the reduction of ALE
value is observed for individuals with Hp 2-2,
who attained the age over 60 years old and were
exposed to low doses,and for individuals with Hp
2-1,who attained the age over 60 years old and we-
re exposed to significant doses. In both cases
ALE was maximal for individuals with genotype
Hp 1-1.

The further analysis of age-specific alterations was
performed to determine the possible contribution
of radiation factor into the ALE changes for indi-
viduals from the senior age-group, who were expo-
sed to relatively low doses. Table 3 demonstrates
that the genotype distribution of Hp, RRAE and
ALE were similar for these individuals over a ran-
ge of total external g-irradiation doses 0.01 - 1Gy
and /or over a range of *Pu incorporation levels
from 0 to 1.48 kBq.

W3 panubIx, mpejicraBienHHbix B tabuauinax 1 u 2 Buj-
HO, uto cokpamenne CIIIIK mabmomgaercs y Joneit
OO0JIYYEeHHBIX B MaJIbIX /I03aX ¢ reHoturnomM Hp 2-2, no-
crurmmmx Bo3pacrta 60 u Gosee Jet,a TakxKe y 06Jy-
YEHHBIX B 3HAUWTEJIbHBIX [03aX JIOJEil C TEHOTUIIOM
Hp 2-1, nocturmux Bospacra 60 u Gosee jer. Ilpum
aToM B ToM u apyrom caydasx CIITIZK y mozeit ¢ re-
HOTUIIOM 1-1 OBLIA MaKCHUMAJbHOIL.

Jl1s1 oTleHKM BO3MOKHOTO BKJIAJIa PAMAIMOHHOTO (Dax-
topa B ndMenenune CIITIJK y s crapimeii Bo3pacTtHON
TPYIIIIBI, OéJIyLIGHHbIX B OTHOCHUTEJIbHO MaJIbIX /103aX,
OBbLT TIPOBE/ICH JTATTbHEHINII aHAIM3 BO3PACTHBIX M3Me-
HEHUIl ¢ yY9eTOM /103 BHEIIHETO W BHYTPEHHETO 00yde-
nusi. Kak BujHO u3 tabn. 3,pacipejesieHre TeHOTUIIOB
Hp, RRBD u nokazaremun CIITIJK 6bun mpaktuueckm
O/ITMHAKOBBIMU y 9TUX JIUIT B /[TUATIA30HE CYMMapHbIX /103
BHentHero ramma-o6rydernus ot 0,01 go 1Tp) nwm (n) B
Juanasone yposueir makopropamuu “*Pu 0-1,48 xbBx.
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TABLE 3

ALE FOR INDIVIDUALS WITH DIFFERENT HP GENOTYPES AGED 60 YEARS OLDER AND OVER,
WHO WERE EXPOSED TO RELATIVELY LOW DOSES OF VARIOUS EXPOSURE LEVELS

TABJIMLIA 3

OLEHKA CIK Y NIOAEN C PA3HBIMM TEHOTUMAMM HP 60 M BOJIEE JIET, OBJTYYEHHBIX B OTHOCUTENBHO MAJTBIX LIO3AX, MPU
PA3HbBIX YPOBHSX PAOMALWOHHOTO BO3OEACTBMA

Hp genotypes, %
Group " 1-1 21 22

1. Comparisons (< 60 years) 1015 13.2% 48.7% 38.1%
2. 260 years; doses from y-rays, 1-49 ¢Gy; and/or **’Pu, 0 - < 55 20.8% 50.0% 29.2%
0.74 kBq;

RRAg 0.74 0.97 1.22

ALE\g, years 21.1 16.1 12.8

ALEyNg - ALEy, years +5.5 +0.5 -2.8

ALEqg, years 81.1 76.1 72.8
3. 260 years; doses from y-rays, 50-100 cGy; and/or *’Pu, 44 22.2% 48.2% 29.6%
0.74-1.48 kBq

RR,; 0.71 1.01 1.20

ALE\g, years 22.0 15.4 13.0

ALE\G - ALEy, years +6.3 -0.2 -2.6

ALErg, years 82.0 75.4 73.0

The similar analysis was carried out for individu-
als from the senior group (over 60 years old) with
significant radiation doses. Table 4 shows reduc-
ing of ALE for individuals with Hp 2-1,who were
exposed to total external girradiation dose from
over 4Gy and/or **Pu incorporation over 1.48
kBq, in comparison with a group of individuals
being exposed to lower radiation doses.

[Togo6GHbIi aHaMM3 GBLI MIPOBEJEH U B CTapIleil BO3pacT-
HOW rpymme (>60 JjeT) npu 3HAYMTENBHOM PaIMAIMOH-
HOM Bo3fieiicTBun. Kak BUAHO U3 TaGMIB! 4, IPH CyM-
MapHOil /103 BHENIHEero ramma-oOsydenusi Gosee 4Ip
wmn (n) wakopnoparuu **Pu Gosbine 1,48 kB ycraHo-
BieHo cokpamierne CIIIIVK y sogeit ¢ renorumom Hp
2-1 no cpaBHEHUIO ¢ IPYIION JIKIL, IIOTyYUBIINX MEHb-
Iee paJuaImonHoe BozjeicTBue (tabmmma 4).

TABLE 4

ALE FOR INDIVIDUALS WITH DIFFERENT HP GENOTYPES AGED 60 YEARS OLD AND OVER,
WHO WERE EXPOSED TO SIGNIFICANT DOSES AT VARIOUS EXPOSURE LEVELS

TABJINLA 4

OLEHKA CMMX Y MOOEM C PASHBIMA TEHOTUMAMM HP 60 W BOJIEE JIET, OBMTYYEHHBIX B 3HAYATENBHBIX LO3AX, MPU PA3HbBIX
YPOBHSX PAOMALIMOHHOTO BO3OEMCTBMA

Hp genotypes*
Group " 1-1 21 22
1. Comparisons (< 60 years) 1015 13.2% 48.7% 38.1%
2. 260 years; doses from y-rays, 1-4 Gy; and/or *’Pu 65 18.5% 47.7% 33.8%
<1.48 kBq
RR4r 0.80 1.02 1.10
ALEyg, years 19.5 15.3 14.2
ALExg - ALEy, years +3.9 203 -1.4
ALEqg, years 79.5 75.3 74.2
3.2 60 years; doses from y-rays > 4Gy; and/or **Pu 64 21.9% 34.4% 43.8%
>1.48 kBq
RRAE 0.72 1.34 0.89
ALE\g, years 21.7 11.6 17.5
ALEyg - ALEy, years +6.1 -4.0 +1.9
ALEqg, years 81.7 71.6 77.5

Note: *given in %.
ovmeuarme: *npencrasnersl 8 %.

The information on cardiovascular pathology and
diabetes mellitus, which make a significant contri-
bution into the population mortality in some de-
veloped countries, was obtained from medical re-
cords in order to clarify specific causes of the ge-
notype age-related elimination in individuals un-
der examination (Kositsky G.I.,1987; Masovetsky
A.G., Velikov V.K.,1987). Individuals with dif-
ferent Hp genotypes were compared due to radia-
tion (total external y-exposure doses and /or from
®Pu incorporation) and main biological factors
(age-gender-specific composition). We have pre-
viously revealed deviations in the genotype distri-

751 BbBISICHEHMST HEKOTOPBIX KOHKPETHBIX TMPUYUH
BO3PACTHOU JJIUMHUHAIUN TEHOTUIIOB Yy 0O6CJeI0BaH-
HBIX JIIO/IEN U3 MEIUIUHCKON JOKYMEHTAIK GbLIa 1M0-
Jaydena mHGOPMAIHS O CEPAETHO-COCY/IUCTON TaTOI0-
MM U CaxapHOM Juabere, BHOCSIIMX CYIIECTBEHHBIX
BKJIQJl B CMEPTHOCTb HACEJEHHs] B PA3BUTHIX CTPAHAX
(Kocumkuit T.U., 1987; Masosenxkuit A.T., Beankos
B.K.,1987). Jluua ¢ pasubiMu reroturniaMn Hp Gbuin
COTIOCTABUMBI 10 PaJMAIUOHHBIM (CyMMapHbIE [03bI
BHENIHEro ramMma-o6ayuenust uan (1) HHKOPIIOpAIHs
Pu) m ocHOBHBIM OuosiornueckuM ¢daktopam (Bo3-
PacTHO-TI0JI0BOM coctas). Panee Hamu Gblau 0GHAPY-
JKEHbI OTKJIOHEHUS B pacipejesieHnn reHoturnoB Hp B
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bution of Hp toward reduction in the 2-2 homo-
zygotes and some increase in the 1-1 homozygotes
among individuals over 59 years suffering with di-
abetes mellitus, hypertension and those survived
myocardial infarction (Telnov V.1.,1997).

Table 5 shows the distribution of Hp genotypes in
individuals of 60 years old and over being diagnos-
ed with the above-mentioned diseases. Relative
risks, ALE values,and changes of ALE indices were
determined for such diseases (with respect to the li-
fespan in the control group),for which at the same
time age-specific dynamics was found (table 6).

CTOPOHY CHIIKEHHSI TOMO3WTOT 2-2 W HEKOTOPOTO IO-
BBINIIEHUST Yrcaa ToMo3uToT 1-1 cpeam miofeft crapiine
59 JieT, cTpafalonuX caXxapHbIM JAaGeTOM, TUIIEPTOHH-
YecKoil GOJIE3HBIO W TiepeHecuX NH(apKT MUOKap/Ia
(TenproB B.U.,1997).

B rabsmite S npezicTaBieHO pacnpesiesieHue TEHOTUTIOB
Hp y Jozeit 60 u 6oJiee JeT ¢ BbIAEJEHHBIMI 3a60.T€-
BanusiMu. [lyis aTux 3abojieBaHMil, IPU KOTOPBIX 00-
Hapy’KIJIach BO3pacTHas [WHAMWUKA, OBbLIN OTpe/ese-
HbI oTHOCcUTeMbHBIN puck, CIITIIK, a Takke namMenenmne
CIIIIJK oTHOCUTENBHO TPOAOKUTETHbHOCTH KUIHUI
JLT KOHTPOJIbHON rpyrmbl (tabmmma 6).

TABLE 5
DISTRIBUTION OF Hp GENOTYPES IN INDIVIDUALS AGED 60 YEARS OLD AND OVER WITH VARIOUS DISEASES
TAB/MLIA 5
PACTIPEENEHME TEHOTUMOB Hp Y JIOOEM B BO3PACTE 60 JIET M CTAPLLE MPU PASSIMUHBLIX 3ABOTEBAHMSIX
o,
Disease Age, years n 11 Hp gemz)t)lfpes, % o)
Control <60 404 13.4 48.0 38.6
Myocardial infarction > 60 29 24.1 51.7 24.1
Hypertension > 60 63 20.6 50.8 28.6
Diabetes > 60 33 21.2 57.6 21.2
TABLE 6
RELATIVE RISKS (RR) FOR AGE ELIMINATION, AVERAGE LIFE EXPECTANCY (ALE), AND ALE CHANGES
FOR INDIVIDUALS-CARRIERS OF HP GENOTYPES AGED 60 YEARS AND OVER WITH DIFFERENT DISEASES
TAB/MLIA 6
OLEHKA OTHOCMHTESIBHOTO PUCKA (RR) BO3PACTHOM SIIMMUHALIAA,
CPEOHEN MPOLOIIKATENBHOCTW MPEACTOSLLEN XXM3HM (CIMK) M UBMEHEHMIA CIMK
Y HOCUTENEM TEHOTUMOB HP B BO3PACTE 60 JIET M CTAPLLE MNP/ PA3/IMYHBIX 3ABOTIEBAHMSX
. Hp genotypes, %
Disease Index Hp 1-1 P ng Zy-Ii Hp 22
RR 0.67 0.93 1.38
Myocardial infarction ALE 23.3 16.8 11.3
ALE changes, years +7.7 +1.2 -4.3
RR 0.75 0.95 1.24
Hypertension ALE 20.7 16.4 12.6
ALE changes, years +4.9 +0.8 -3.0
RR 0.74 0.83 1.47
Diabetes ALE 21.1 18.9 10.6
ALE changes, years +5.5 +3.2 -5.0

Thus,having based on the obtained results,we can in-
dicate two types of ALE changes for individuals
with different genotypes,i.e. radiation and non-radi-
ation ones. Non-radiation type is characterized with
the ALE reduction in the following order: Hp 1-1 >
Hp 2-1 > Hp 2-2 (see tables 1 and 3); and radiation
type is characterized with the ALE reduction as Hp
1-1 > Hp 2-2> Hp 2-1 (see tables 2 and 4).

Genetic structure analysis in the Mayak workers'
children performed by the above-mentioned genetic
markers has revealed significant changes in genoty-
pe distribution of Hp and alleles in individuals,
whose parents had received total external y-irradia-
tion doses (gonad doses) over 2Gy by the concep-
tion time (table 7). These changes were characteriz-
ed with a significant increase in the 2-2 homozygo-
tes and Hp2 allele frequency. At the same time,they
did not depend on an antenatal ionizing radiation
dose and non-radiation factors. The results testify to
a gametal selection toward the 2-2 homozygotes in
the overexposed individuals' families.

CrenoBaresbHO, HA OCHOBAHWH TOJYUYEHHDBIX PE3YJIb-
TAaTOB MOKHO TOBOPHUTDH O [IBYX BapHaHTaxX Pa3anunii
CIIIIJK y sfomeit ¢ pa3HBIMM TEHOTHIIAMU - Hepajna-
IIMOHHOM ¥ paananmonHoM. HepagmanmoHHbI Bapu-
aHT xapaktepusyetcsi cokpanienuem CIIIITK B mopsn-
ke Hp 1-1 > Hp 2-1 > Hp 2-2 (cm. Tabmuusr 1 u 3),
a pagmarmoHubiil - coxkparenueMm CIIIIZK B mopsiake
Hp 1-1 > Hp 2-2> Hp 2-1 (cm. Tabmuupr 2 u 4).

[Tpu ananm3e TeHETMYECKOI CTPYKTYPHI fieTeil paGoTHH-
koB [IO "Masgk" 1mo Ha3BaHHBIM BBIIE T€HETUYECKIM
MapKepaM ObLTH yCTAHOBJIEHDBI CyNIECTBEHHbIE M3MEHe-
HUSI B paclpesieJieHnn TeHOTHNOB u asnieneii Hp y
JIUIIT, YbY POJIUTENH TIOTYIUJIN K MOMEHTY 3a4aTus CyM-
MapHbIe [I03bI BHEITHETO Y-00JyYeHNUsT, TO €CTh TOHA/IHbIE
103bL, 6otee 2Ip (Tabimma 7). OTH U3MEHEHMS Xapak-
TEPU30BATNCH IOCTOBEPHBIM YBEJMUEHIEM YHCJa TOMO-
aurot 2-2 u yacrotel ananeaun Hp2. Ilpu stom orn He 3a-
BHUCEJIU OT 03Bl AHTEHATAJIBHOTO OOJIYIEHNST U HepaIna-
IMMOHHBIX (akTopoB. IloyueHHble pe3yJbTaTbhl CBHIE-
TEBbCTBYIOT O HAJTWYUU TaMETHYECKOTO OTOOPa B CEMbSIX
nepeoOyYeHHBIX JIO/EH B CTOPOHY TOMO3WUTOT 2-2.
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FREQUENCY OF HP GENOTYPES AND ALLELES IN THE OFFSPRING DEPENDING ON PARENTS' TOTAL EXPOSURE DOSE
BY THE CONCEPTION MOMENT

TABLE 7

TABJMLA 7
YACTOTA EHOTUMNOB W AJINENEM TATTTOTTIOBMHA Y TIOTOMKOB B 3ABUCUMOCTV OT CYMMAPHOWM [O3bl OBJTYYEHMS,
NONYYEHHOW POMTENAMM K MOMEHTY 3AYATVA

Grg;nps Parents’ exposure n Hp genotypes Alleles
. doses i 3
children 1-1 2-1 2-2 Hp Hp
1 Control (0) 205 13.7% 50.7% 35.6% 0.389 0.611
2 Main including: 511 13.7% 44.2% 42.1% 0.358 0.642
3 less 2Gy 371 14.3% 46.4% 39.3% 0.375 0.625
4 over 2Gy 140 12.1% 38.6%* 49.3%* 0.314 0.686
Total 716 XZ]_2: XZ]_2:
X?,5=1.05 X?,5=0.21
X%,.4=6.43" X%4=3.85"
X.=4.11° X%.4=2.97"

Note: Xn-m indicates differences in the distribution of genotypes and dlleles between corresponding groups; * significant changes (p<0.05) in frequency

of genotypes versus the control; ap<0Q.]; bp<0.05.

Tovmesarme: Xn-m pasnuums B pOCrpeneneHi reHoTMIoB M nenen Mexay COOTBETCTBYIOLLMMM rpynnamu; *aoctosepHbie pasmmimns (p<0,05) s

UaCTOTE reHOTUNOB MO OTHOLEHMIO K KorTponio; ap<<0,1; bp<0,05.

Having based on the non-radiation type of ALE
changes in individuals with different Hp genotypes
and data from table 7,we performed comparative esti-
mations of ALE were carried out for the offspring of
exposed and non-exposed individuals with use of Eq.
(4). Table 8 demonstrates that ALE was reduced by
0.18 years in the group of exposed individuals' off-
spring in comparison with non-exposed individuals.
At that, ALE was reduced by 0.07 years in the off-
spring group, whose parents had total external g-
irradiation doses from less than 2Gy by the concep-
tion time. ALE was reduced by 0.5 years in the
group of offspring, whose parents had received total
external y-irradiation doses 2Gy. Therefore, these
findings testify to genetic polymorphism critical role
of differences in the life expectancy for individuals
with different genotypes. It is obvious that non-
radiation factor, particularly cardiovascular and
other pathologies (non-radiation ALE changes)
results in reduction of ALE for individuals with Hp
2-2 at low radiation doses. The ALE reduction for
individuals with Hp 2-1 at significant radiation
doses (radiation type of ALE changes) can be
explained with the excess morbidity and mortality of
oncodiseases, which confirms the population-genetic
observation results that indicated a higher carcino-
genic risk for individuals-carriers of the given geno-
type in comparison with the others (Beckman G. et
al. 1986; Mitchell R.J. et al. 1988).

Ucxons u3 HepaguiallioOHHOTO BapHAHTA U3MEHEHHs
CIIITK y mopeit ¢ pazabivu reHoturiaMu Hp m janibix
TabJHIbl 7, Mbl BBIMOJHUIM CPABHUTEIHHYIO OIEHKY
CIIIZK y moTtoMKOB 06 TydeHHBIX U HEOOJYUYEHHBIX JITO-
Jieil ¢ ucriosbzoBanueM Gopmysibl 4. Kak BUIHO U3 Ta-
6ttt 8,110 cpaprennio ¢ CIITIK notomMkoB HeoOTy4yeH-
HBIX JIOZIEl, BO BCEil TpyIe  TMOTOMKOB OOJIYYE€HHBIX
CIIIToK menbme wa 0,18 rona. Tlpu atom B Tpytime 1mo-
TOMKOB, YbHl POJUTEIN K MOMEHTY UX 3a4aThsi MOJTYYNIN
CyMMapHble JI03bl BHeIHEro y-o6syderusi menee 21,
CIIIIIK 6prta ymenbiena Ha 0,07 Toma,a B ciaydae Tipe-
BbItieHust J1o3bl 2Ip - npakrudyeckn Ha 0,5 roga. Taxkum
06pa3oM, [OJTyYeHHbIE [TAHHbIE CBUETEIbCTBYIOT O 3HAYE-
HUU TEHETHYECKOro mnojuMopdusMa B HEOJMHAKOBOI
OXKHUJIAEMOH  TIPO/IOJKUTETTbHOCTH JKU3HU JIIOZIEeH, UMero-
MIUX Pa3Hble reHoTHIbl. OYeBUIHO,YTO TPUYUHON COKpa-
nmenus CIITIK y moneit ¢ renotunom Hp 2-2 nipu Bo3-
JIENICTBIY MAJIbIX JI03 SIBJISIOTCST HEPAUAINOHHbIE (DAKTO-
PBbI, B YACTHOCTH CEPJEYHO-COCY/IUCTAsT U JPYrasi MaToJio-
rua (nepajmatmonnbii Bapuant usmenenus CITTIK).
Coxpaienne CIITIK y moneit ¢ renoruniom Hp 2-1 nipu
3HAYNTETBHOM PAMAIMOHHOM BO3/ieicTBIN (pauarmon-
HBIl BapMAHT) MOKET GbITb OOBSICHEHO IIOBBIIEHHON 3a-
60JIEBAEMOCTBIO U TIOCJIEYIONIEll CMEPTHOCTBIO OT OHKO-
JIOTHYECKUX 3a60JI€BAHUIT, UTO COTIACYETCSI C PE3yJIbTara-
MU  TIOIYJISIIUOHHO-TEHETHYECKNX  HAGTIO/IEHNi, CBUjIe-
TEJbCTBYIONINX O 6OJiee BbICOKOM KAHIIEPOTE€HHOM DPUCKE
y HOCHTeJIell 3TOr0 TeHOTHIIA MO CPABHEHHIO C J[PYTHMU
(Beckman G. et al. 1986; Mitchell R.J. et al. 1988).

TABLE 8
ALE FOR EXPOSED AND NON-EXPOSED INDIVIDUALS' OFFSPRING
TABJIALIA 8
OLIEHKA CIMK Y MOTOMKOB OBJTYYEHHBIX M HEOB/TYYEHHBIX SIIOOFA
(i:i)ll:ﬁse::f Parents’ exposure doses * n Total ALE, years Changes
1 Control (0) 205 75.53 -
2 Main including: 511 75.35 -0.18
3 less 2Gy 371 75.46 - 0.07
4 over 2Gy 140 75.05 -0.48

Note: *at the conception fime.

ovmeuarme: * - Ha MOMEHT 30uaTMs!
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The analysis has revealed significant shifts in the
Hp type distribution of genetic markers in the
nuclear workers' offspring, especially an increased
proportion of Hp 2-2 at parents' external g-irra-
diation doses over 2Gy by the conception time.
Based on the non-radiation type of genotypic dif-
ferences in ALE,the preliminary ALE calculations
were performed for this offspring group, which
revealed the ALE reduction by 0.5 years versus
the control.
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