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The objects of the study was a population of Abay and Beskaragai regions of the East Kazakhstan
region, living in the area covered by the former Semipalatinsk nuclear test site.

Purpose - a comprehensive cytogenetic analysis of the population living in radiation-contaminated
areas.

In the process, were selected group of persons who are descendants (second, third generation) of
the population living in the period of atmospheric, surface and underground explosions at designated
areas. They held the fence biological material (peripheral blood) and cytogenetic studies performed to
identify chromosomal aberrations routine and FISH (in situ hybridization) methods.

As a result of our work, we defined and studied the frequency and types of chromosomal aberrations
in generations of descendants of persons living in radiation-contaminated areas. A comprehensive
analysis and the evaluation of the identified chromosomal abnormalities in peripheral blood lymphocytes
and calculated dose irradiation incorporated in the descendants living in the study area.
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KOMMNEKCHbIA ULUTOrEHETUYECKUX AHANU3
XPOMOCOMHbIX HAPYLWUEHUX Y HACEJIEHMA
CEMEMCKOIO PEFTMOHA KA3AXCTAHA

M. P. MapueBa, H. XK. YanxxyHycoga,
A. X. Caumoga, A. XX. AGbinrasmHoBa

"ocyaapcTBeHHbIM MeguUnHCKU yHnBepcuteT ropoga Cemen, KasaxcTaH

ObbekTamm uccnegoBaHus SBUNOCL HaceneHue Abainckoro n beckaparaickoro panoHoB BocTouHo-
KasaxcraHckon obnact KasaxcraHa, npoXuBaloWee B  PErMoHe  [eicteus  ObiBLUErO
CemunanaTHCKOro SAepHOro NonmroHa.

Llenb paboTbl - NPOBECTU KOMMIEKCHBIA LIMTOrEHETUYECKNN aHann3 y HaceneHus), NPOXMBatoLLEero
Ha pafuaLOHHO-3arPSI3HEHHbIX TEPPUTOPUSAX.

B npouecce paboTbl Gbinv 0TOBPaHbI rpynnbl ML, ABMSKLMXCA NOTOMKaMW (BTOPOrO, TPETLEro
MOKOMNEHNs) HaceneHusl, MPOXWBAIOLWEr0 B NEpUOL NPOBEAEHUS aTMOCKEPHbIX, HA3eMHbIX W
NoA3EMHbIX B3pPbIBOB HAa 0003HAYEHHbIX TeppuTopusix. Y Hux Bbin npoBeaeH 3abop B1onormyeckoro
MaTepuana (nepudepuyeckas KpoBb) M BbIMOMHEHbI LIMTOTEHETUYECKME WCCNEAOBAHNS Ha npeamet
BbISIBNEHMS XPOMOCOMHbIX abeppauuit pyTuHHbIM U FISH (in situ rnbpuausauyms) metogamu.

B pesynbTate paboTbl Hamu ONpeaeneHbl U M3yyYeHbl YacToTbl U BUAbI XPOMOCOMHbIX abeppaLuii y
MOKOMNEHU NOTOMKOB WL, NPOXWBAIOWMX Ha paguaLyMoOHHO-3arpsi3HEHHbIX Tepputopusix. NpoBegeH
KOMMMEKCHbI aHanu3 W AaHa OLEHKA BbISBMEHHBIM XPOMOCOMHbLIM HapyLleHusM B numdoumTax
nepumepuyeckon KpoBW, a Takke MOACYMTaHa 403a UHKOPMOPUPOBAHHOMO OBNyYeHMst y MOTOMKOB,
NPOXMBAIOLLMX Ha U3y4aeMOii TEPPUTOPHN.

KnioueBble cnoBa. CemunanaTWHCKWA S4EPHbIA MONUIOH, XPOMOCOMHble abeppaunn, FISH-
MeTos,.
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KA3AKCTAH PECNYBJIMKACbI CEMEN AMUMAKTA TYPATbIH
TYPFbIHOAAPAObBIH XPOMOCOMAbI B¥3blJIbICTAPAODbIH
XMbIHTbIKTbl LUTOFrEHETUKAIDIK 3EPTTEYI

M. P. MapueBa, H. XK. YHanxxyHycoga,
A. XX. CaumoBa, A. XX. A6GbinrasmHoBa

Cemel kanacblHblH MEMMEKETTIK MEANLNHA YHUBEPCUTETI,
KasakctaH Pecnybnukachl

3eptTey obbekTici BypbiHFbl Cemeit SaponblK NOMMIoH ic apekeTiHiH, KasakcTaH ailMarblHaa
TypFaH LUbiFbic-KasakctaH obnbickl Abai xaHe beckapafan ayaaHAapblHbiH TypfbiHAap 6onbin
Tabbinagpl.

YKYMbICTbIH MaKcaTbl: paguauuanbl nacTaHfaH ammakTa TypaTblH TYPFbIHOAPAbIH, KUbIHTHIKTbI
UMTOrEHETUKAIbIK 3epTTeYi.

Kymbic yaepiciHae GenrineHreH almakta atMocepanslk, Xep YCTiHAEr, acTblHAafFbl XanbIKTbiH,
(eKiHLWi, YLWiHWI YpnakKTblH) XapbinbiCTapAblH, KYPridreH YyakbiTTa TypFaH yprnakrapbl 60mbin
TabblnaTbiH TYMFa ToNTapsbl ipikTinreH. OnapgaH Guonoruanbik Matepuanaapas! (NepuupranbIK KaH)
any xyprisingi FISH (in situ rmbpuamsaums) xaHe pyTUHAI ToCinaepMeH XpoMocomabl abeppauusHbl
aHblKTayFa LMTOreHeTuKanblK 3epTTey opblHAanabl.

JKYMbIC KOpbITbIHABICHIHAA 6i3 paguumMsanbl NacTaHFaH aiMakTa TypFaH YpnakTblH XpOMOCOMAbIK
abeppauus Typrepi MeH KUininiriH 3epTTen aHblKTagblK. MUbIHTLIKTbI 3epTTey XYprisingi xoHe
nepuupuAnbIK  KaHHbIH, NUMGOLNTTEPIHAE aHblKTanFaH Xpomocomabl Oy3binynapfa KOpbITbIHAbI
Gepingi, 3epTTenreH anMakTa TypFaH YpnaKTblH, MHKOPNOPUPNEHTEH COYNEHIH, MOnLLepi CaHanabl.

Heri3ri cesgep. Cemen 94ponblK NOAUroHbI, XxpoMocoMablk abeppauusnapsl, FISH- tacini.
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Introduction. Environmental pollution is the it is generally accepted that the most informative
cause of increasing the rate of mutation process  and sensitive cytogenetic indicators are, namely
and the amount of genetic load in human chromosomal aberrations in peripheral blood
populations, as evidenced by the growing number  lymphocytes [1]. Principles of cytogenetic
of hereditary and multifactorial diseases, birth  methods of dosimetry and radiation exposure
defects and malformations, especially pronounced indicating convincingly substantiated in many
in ecologically disadvantaged regions. domestic and foreign research, the results of

In order to predict the severity of radiation  which served as the basis for recommendations
damage to the body, in time to provide effective  of WHO, IAEA and UNSCEAR on practical use of
assistance, as well as evaluate the possible the analysis of chromosomal aberrations in
effects of radiation, it is necessary to have reliable  peripheral blood lymphocytes as a test system for
information on the dose received ionizing quantitative evaluation of mutagenic agents
radiation. In such cases, special significance  Radiation nature (UNSCEAR, 1986). Information
biological markers of radiation exposure. To date, about the "biological" dose obtained by
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cytogenetic methods wider than its physical
significance, since it reflects not only the result of
radiation exposure, but also its individual
radiosensitivity, which allows more correctly
predict early and late effects of radiation. Analysis
of chromosomal aberrations in peripheral blood
lymphocytes have found wide application in
molecular epidemiological study of people
exposed to radiation. It is known that the genetic
apparatus of the cell damage that can occur at
the level of chromosomal rearrangements in
symmetric translocations in some cases underlies
radiation carcinogenesis [2]. However, the
outstanding issues related to the role of somatic
mutations in the development of other illnesses.
Elevated levels of chromosomal aberrations in
peripheral blood lymphocytes may precede the
development of pathological processes, or simply
be an indicator of trouble in the human body.
Available data on the relationship of chromosomal
aberrations with somatic diseases in those
exposed as a result of living in radiation-
contaminated areas are not unique and highlight
the need for systematic research in this area for
more information. In most cases, we are talking
about irradiation in small doses. Therefore, the
main concern is the effects of radiation exposure
at low doses, a feature of the biological effect of
which is still the subject of active debate [3,4,5].
At the same time quantification of small doses, as
well as the possible consequences of exposure in
the population of the Semipalatinsk region of East
Kazakhstan remain problems facing serious
scientific and methodological difficulties. In this
regard, one of the urgent problems of radiation
medicine is the development of sensitive criteria
by which to judge objectively about the dangers of
radiation exposure, especially in small doses on
the human body. Naturally, this problem can be
successfully solved only on the basis of
cytogenetic monitoring of people exposed to

radiation as a result of the operation of the
Semipalatinsk nuclear test site (SNTS), the
consequences of activities which are felt at the
moment.

The aim of this study is a comprehensive
cytogenetic analysis of the population living within
the area of the former Semipalatinsk nuclear test
site.

The objects of the study was the population
of the East Kazakhstan region (EKR) - Abay,
Beskaragai areas, the control group - Kokpekty
area. Samples of heparinized peripheral blood of
135 people. The study was conducted in two
stages.

Materials and methods. Material for
cytogenetic examination was the culture of
peripheral blood lymphocytes of persons and their
descendants living in the study area. Sampling of
biological material (blood) for cytogenetic analysis
was carried out with the consent of the persons
selected for the study, and for children, with their
parents' consent, joining scheduled blood
sampling in hospitals. For each person completed
a questionnaire that included data on age,
radiation route, bad habits (smoking, alcohol), as
well as diseases, medication, X-ray procedures in
the six months preceding the cytogenetic
examination.

The choice was dictated by the research
groups of the availability of published data on the
display and verification of oncology and general
diseases in groups of persons exposed to radiation
in the dose range of 250 mSv or more [6].

Just the first stage of the study involved 80
people, of which one generation - 35 people; from
age 61 to 84 years; 2nd generation - 37 people;
age 30 to 49 years; 3rd Generation - 8 persons;
age from 5 to 13 years (Table 1). Quantitative and
qualitative ~ assessment of  chromosomal
aberrations routine method conducted on 24,000
metaphases that was - 300 on each test.

Table 1.

General characteristics of the surveyed population.

Number of The average number of The total number of
people gy ol ezl metaphasgs per person identified aberrations
5-13 8 2400 300 -
30-49 37 11100 300 190
61-84 35 10500 300 260
in total 80 24000 300 450

At the second stage of the research was the
analysis of stable chromosome aberrations by
FISH in the second generation descendants of
persons residing in the v. Sarzhal Abai area and

v. Dolon Beskaragai area. We proceeded from
the assumption that in some cases we can talk
about the inheritance of deterministic effects of
parents as a result of the formation of radiation-
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induced genomic instability. On the other hand,
living in areas exposed to radioactive
contamination could create a situation in which
the ultra-low doses of radiation exposure suffered
by persons born after 1963. Of the 55 people the
main group and 10 controls were examined 27
men and 28 women from the main group, whose
average age was 40-50 years. The control group
— the residents of Kokpekty area. All descendants
were born and live in the v.Sarzhal and v.Dolon.
Their parents are directly exposed to the radiation
factor in the period of the surface and
underground tests, and at the time of blood
sampling were apparently healthy. Preparation of
drugs for chromosome FISH studies done in
stages under the following conditions: blood
sampling from the cubital vein (9 mL) was carried
out in vacuum tubes with heparin. Transport of
specimens from the collection site was carried out
in a cold container (8° C -100 C). Tubes of blood
are transported in Semey that takes 7 to 10 hours

(time allowed hospital transport is 16-24 hours).
FISH analysis was performed using a cocktail
mixture of probes for the 1st, 2nd and 4th
chromosomes (MetaSystemsGmbH): 1 chromo-
some labeled with FITC (green), chromosome 2 -
Spectrum orange (orange), chromosome 4 -2 dye
(FITC and Spectrum orange).

Results and discussion. In the analyzed
24,000 metaphase plates revealed 450
chromosomal aberrations, which amounted to
1.87%. According to published data [7], the
spontaneous frequency is within 1.0% - 1.5%.
Previously, it was shown [8] that the ratio of the
frequency of chromosomal aberrations in
chromatid has predictive value for determination
of genetic risk in the offspring. Thus, the
proportion of chromosomal aberrations was 49% -
51% of the chromatid type - for those 1st
generation, 2nd generation in individuals
(offspring) is equal to the ratio - 33% and 67%,
respectively (Table 2).

Table 2.
Frequency of chromosomal aberrations in population EKR (routine method).
The frequency of ,
(genAe?:tion) chromosomal aberrations CHTETESEID § GRS §j52 Ratio
n on 100 cells n on 100 cells n on 100 cells

5-13 (3) - - - - - - -
30-49 (2) 190 1,71 63 0,57 27 1,14 1:2
61-84 (1) 260 2,47 128 1,21 32 1,25 :

Thus, the analysis routine cytogenetic studies
suggests that the descendants of persons
residing in the test areas have chromosomal
abnormalities, mainly chromatid type, which are
now, along with chromosomal aberrations,
regarded as one of the effects of prolonged
radiation exposure. Increasing the frequency of
aberrations in elderly may indicate a developing
age-chromosome instability and, therefore, their
greater sensitivity to genotoxic effects of the
environment. However, we can not exclude at the
same time the influence of radiation and medical
and household factors.

In the next step was carried out cytogenetic
analysis of unstable chromosomal aberrations in
the second generation descendants living in the
v. Sarzhal Abay area and the v.Dolon Beskaragai
area EKR using routine staining of chromosomes.
To assess the level of unstable chromosome
aberrations drugs metaphase plates were
analyzed for the presence of dicentric,
atsentrikov, rings, deletions, chromosomal breaks
and exchanges. Routine cytogenetic methods
were analyzed 5500 metaphase cells, 100
metaphases for 1 person. Table 3 shows the
results of cytogenetic analysis.

Table 3.

Analysis of unstable chromosome aberrations using routine staining of chromosomes in the off

spring of the v.Sarzhal and v.Dolon.

Populated locality | Aberrant cells (%) | All aberrations (%) |Chromosome type (%)| Chromatid type (%)
Sarzhal 0,956+0,22 1,244+0,25 0,926+0,21° 0,318+0,12
Dolon 0,82940,15 0,82940,15 0,457+0,11° 0,371+0,1
Average 0,893+0,126 1,037+0,138 0,692+0,11° 0,345+0,08
Control 0,87 £0,1 0,87 £0,1 0,19+0,05 0,68+0,09
"p=0,001;
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As can be seen from the data presented in
people from the village Sarzhal frequency of
chromosomal abnormalities was (1,244+0,25)%
that almost does not exceed the control level
(0,87 £ 0,1)%.

Analysis of the spectrum of cytogenetic
disturbances persons surveyed indicated that as
chromosomal aberrations occurred - 0,926 +
0,21%, and chromatid type - 0,318+0,12%, the
absence of these types of rearrangements as
dicentric. ~ Chromosomal  aberrations  were
presented double break and fragments, chromatid
type - single breaks and fragments.

People from the village of Dolon frequency of
chromosome aberrations was 0,829 + 0,15%,
which is slightly lower than that of the surveyed
villages Sarzhal and do not differ from those of
the control group, but nevertheless conducted a
comparative analysis of the types of aberrations
also showed a significant excess chromosomal
aberrations.

Generalizing the data obtained by cytogenetic
analysis of both groups were established: the
spectrum encountered aberrations of
chromosome  aberrations was  submitted
chromatid type and substantially equal ratio which
in turn was represented by single or double break
and fragments.

As noted earlier, cytogenetic markers of
radiation damage are structural rearrangements of
chromosomes and, above all, stable aberrations
(translocations, chromosome breaks), and then
presents the results of the frequency of
chromosomal aberrations in 55 descendants of
persons in the second and third generation living in
the East Kazakhstan region, determined by FISH.

In addition to the stable chromosome aber-
rations (deletions, duplications and translocations)
in the analysis of FISH-stained preparations drew
attention to the presence of unstable chromosome
aberrations: the presence of chromosomal breaks
and chromatid type, acentric fragments, dicentric,
rings, chromosomal exchanges.

Total analyzed 11000 metaphase nuclei (the
rate of 200 metaphases / 1 pers.). For each
metaphase nucleus made on 3 shots, according
to the used filters. The presence of chromosomal
aberrations was established by image processing
metaphases. Table 4 summarizes the cytogenetic
analysis FISH-stained metaphase spreads.

It should be noted that the frequency of
aberrations detected in this case was higher than
the frequencies identified in routine analysis. This
is due, firstly, with a large number of metaphases
studied and, secondly, the spread spectrum
revealed aberrations in FISH-analysis.

Table 4.

Results of the analysis of chromosomal aberrations in the offspring of residents living in the
area covered by the former Semipalatinsk nuclear test site.

Breaks Fragments
Chromatid [Chromosome|  Single Double |Dicentric| Chromosome | Deletion [Duplication|Translocati
(%) (%) (%) (%) change (%) | (%) (%) | ons (%)
Sarzhal
0,375+ 0,4+ 0,425+ | 0,475+ | 0,05+ 0,2+ 0,075+| 0,025+ | 0,25+
0,097 0,1 0,103 0,109 | 0, 035 0,071 0,043 0,025 0,025
Total chromosome aberrations - 2,15 + 0,229
Chromatid type- 0,850+ 0,145 |Chromosome type - 1,300 + 0,179
Dolon
0171+ | 0286+ | 0,214+ | 0,271+ ({0,071t | 0,029+ |0,114+| 0,400+ | 0,100 +
0,049 0,064 0,055 0,062 | 0,032 0,020 0,040 0,038 0,038
Total chromosome aberrations - 1,414 + 0,141
Chromatid type - 0,400+ 0,075 IChromosome type - 1,014 0,120
Total two settlements
0,245+ 0,327+ | 0,291+ 0,345+ | 0,064+ | 0,091+ |0,00+(| 0,073+ | 0,073+
0,047 0,054 0, 051 0,056 0,024 0,029 0,030 0,026 0,026
Total chromosome aberrations - 1,682 + 0,123
Chromatid type - 0,564+ 0,071 |Chromosome type - 1,118+ 0,100
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Group average frequency of chromosomal
aberrations in the villagers Sarzhal above (2,150
+ 0,229), than in the village of Dolon (1,414 +
0,141). This is true for both routine and FISH-
analysis. In both groups there is excess
frequency  of  chromosomal  aberrations
(1,11840,100) over chromatid (0,564+0,071),
which corresponds to modern ideas about the
influence of the radiation factor. As a comparison
of the results, we use the well-known data on the
number of spontaneous mutations revealed by
FISH-analysis.

However, for this cohort of residents of East
Kazakhstan region (EKR), the frequency of
chromosomal aberrations were lower than those
of other Kazakh researchers who conducted the
study population cytogenetic EKR (previous
showed higher frequencies of chromosomal
aberrations: at the level of 3% [9]. The
explanation for this is that in our study were
examined  indicators  descendants  (2-3
generation) residents living in the contaminated
areas. However, because of the small amount of
data in the literature regarding the cytogenetic
changes in the offspring of exposed individuals,
determined their frequency of aberrations of
stable and unstable type of routine and FISH
methods exceed levels spontaneous mutation,
which does not exclude the effect of the radiation
factor.

In the calculations, the cumulative dose of
radiation, we used published data on the specific
dose dependence of the frequency of stable
chromosome aberrations obtained after irradiation
of blood samples by gamma irradiation at a dose
rate of 0.1 Gy / min and subsequent FISH-
analysis.

It should be noted that in the Snegireva G.P.
[10] obtained similar dose dependence as taking
into account the frequency of dicentric / centric
rings, as well as taking into account the
translocations identified by FISH method. This is
undoubtedly an important result confirms the
correctness of the formula proposed (Lucas et al.,
1993) for converting the frequency of
translocations involving chromosomes stained the
entire genome. To determine the dose of
irradiation, we used the following regression
relationship:

y=0,24 + 0,70 D +0,14 D2, where

y frequency translocations
chromosomes 1, 4, and 12 100 cells

D - dose. The significance of the model:

p=6,3x104.

involving

62

Use of this dependence to calculate the
cumulative dose of radiation frequency of
translocations allowed us on the basis of the
results  FISH-analysis to evaluate the
retrospective dose cohorts surveyed residents of
East Kazakhstan region: the v.Sarzhal - 0.6 cSy;
v.Dolon - 2.5 cSv. The entire cohort of residents
EKR - 1.82 cSv.

It is noted that dosage values were calculated
using a calibration curve for gamma [10] obtained
by a specific dose. In this case, were not taken
into account important factors such as the real
dose rate, the nature of radiation exposure
(whether internal external radiation), the dose
distribution in time and relative biological
effectiveness of radiation, since such data are not
available. Naturally, there is also a great deal of
uncertainty associated with the impact on the
level of non-radiation factors translocations
nature, such as age, living conditions, factors of
production. However, despite this, the results
make it possible to retrospectively assess the
degree of radiation effects on the population of
the regions affected by radiation in the absence of
precise data of physical dosimetry.
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