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Abstract—The influence of low-dose ionizing radiation on a human being is increasing in the modern world
(medical diagnostics etc.). The issue of the effect of low-doses on human health is topical and controversial.
It is known that in the population up to 15% of people react to radiation exposure differently from what has
been expected, which, according to the published data, happens owing to their genome peculiarities. The
objective of the current study was to investigate the influence of chronic lowdose rate exposure (doses to red
bone marrow varied within the range 3—4600 mGy) of the Techa River residents (South Urals) on the radio-
sensitivity of T cells in vivo and in vitro under additional gamma exposure of peripheral blood T lymphocytes
(0.5, 1, and 2 Gy). Such cytogenetic parameters as frequency of unstable chromosome aberrations and micro-
nuclei were used as irradiation markers. Persons were considered radiosensitive if the obtained values of the
analyzed parameters for them exceeded the 90% percentile. On the basis of the findings of the performed
study, the following conclusions were drawn: about 10% of donors demonstrated increased radiosensitivity;
moreover, the effect did not depend on the dose of chronic exposure; no age dependence of radiosensitivity
in the studied age range (49–89 years) of the donors was revealed. In most cases, we did not detect a repro-
ducible radiosensitivity effect in the same donor under different irradiation regimes.

Keywords: individual radiosensitivity, micronucleus test, chromosome aberrations, peripheral blood T lym-
phocytes
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INTRODUCTION

Today the influence of low doses of radiation on
people is considerable. Numerous medical procedures
and adverse environmental conditions increase the
presence of the radiation factor in people’s lives. In the
case of accidental exposure or an emergency for pro-
fessionals and the community, the goal of radiation
protection is to prevent deterministic effects and limit
stochastic effects in humans in clinical practice [1]. To
achieve this goal, it is necessary to determine the DNA
damage most accurately. It plays a role in realization of
the effects of irradiation in the human body. DNA
damage is also used to assess the exposure dose of a
person in the absence of physical dosimetry or for val-
idating its assessments.

The most common method for detecting DNA
damage is cytogenetic. This approach is based on
counting the frequency of chromosomal aberrations or
micronuclei in human peripheral blood T cells, which
can, under certain restrictions, be recalculated to an
exposure dose using a dose–effect calibration curve [2].

Accumulated scientific data prove the existing vari-
ations in the individual radiation responses of organ-
isms, which is also a limitation for biodosimetry meth-
ods. For example, it was noted that, even in people
with acute radiation syndrome who survived the
atomic bombing in Hiroshima and Nagasaki (Japan),
there were individual differences in the intensity of
hair loss, in the reaction of hemopoiesis, etc. [3].

The study of the mechanisms of individual radio-
sensitivity of people is one of the promising areas of
research in the field of radiation genetics. The rele-
vance of this topic is due to not only possible emer-
gency situations, but the need for professional selec-
tion of specialists in contact with ionizing radiation,
selection of sources and adequate radiation doses
during radiation therapy, justification of the need for a
large number of medical diagnostic procedures, and
clarification of radiation safety standards for the pub-
lic and personnel of nuclear plants [4].

Individual radiosensitivity means the ability of a
biological object to react in a certain way to ionizing
radiation. Individual radiosensitivity can be assessed
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using several criteria: different reactions of patients to
radiation therapy, reactions of healthy tissues to radia-
tion therapy long time after it, presence of individuals
most susceptible to radiation-induced cancers in the
population, interindividual variability in the DNA
breaks repair or the elimination rate of damaged cells,
different cell response to ionizing radiation at certain
doses and dose rates [5]. The induction of double
DNA breaks, which result in chromosomal aberrations
and partially in the micronuclei, is considered a manifes-
tation of the organism’s individual sensitivity to the effect
of radiation [2]. Recently, much attention has been paid
by researchers not to the direct effect of radiation on the
cell (target theory), but to the so-called “non-targeted
effects,” which are described as “bystander effect,”
“abscopal effect,” “adaptive response,” genomic insta-
bility, and delayed apoptosis [6].

One of the most important issues in modern radio-
biology is the question of the correlation of the organ-
ism’s genome characteristics and its radiosensitivity.
So, it is known that radiation therapy is especially fatal
for carriers of homozygotes of the ATM gene and with
a high probability can trigger cancer in ATM-,
BRCA1- and BRCA2-, and TP53-heterozygous carri-
ers. It is believed that total gene mutations associated
with a predisposition to radiosensitivity or cancer can
be represented in the population in a substantial pro-
portion of 5 to 15% [7].

Analysis of the published data shows that the
body’s radiosensitivity is manifested differently when
exposed to low and high doses of ionizing radiation. In
[8], the manifestation of individual radiosensitivity
was recorded when exposed to a dose of 1 mGy using
fluorescence for the γH2AX marker. It was noted that
in normal human skin cells at low (10 mGy) and high
(2 Gy) radiation doses, changes in expression were
observed in different sets of genes [9]. When working
with DNA microarrays (10500 gene probes), it was
found that, among 853 probes, the expression of
214 genes was specifically determined by low doses
(10 mGy), and the expression of 370 other genes was
determined by exposure to high doses (2 Gy). A set of
140 known genes that respond to low-dose exposure
included mainly genes for homeostasis, cell commu-
nication, signaling, membrane structure, cytoskele-
ton, RNA and protein synthesis, chromatin, energy
metabolism, stress, cell death, and transport. Most
importantly, DNA repair genes were rarely expressed
under conditions of low doses. Thus, cellular and tis-
sue reactions to radiation in the range of low doses are
very specific and differ from those caused by high
doses.

When studying the irradiation effects on humans
in vitro and in vivo, it was suggested that the question
of the existence of radiosensitive and radioresistant
genotypes is not as straightforward as radiobiologists
had previously thought. The authors suppose that at
least three partially intersecting groups of polymor-
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phic loci of genes that are associated with susceptibil-
ity to increased somatic mutagenesis should be iso-
lated. These groups are (1) loci associated with the
level of spontaneous chromosomal aberrations (for
example, the loci of genes GSTM1 and GSTT1),
(2) loci associated with radiosensitivity during in vivo
irradiation (possibly the SOD2 gene), and (3) loci the
variability of which determines the radiosensitivity of
chromosomes during irradiation in vitro (for example,
CYP1A1, CAT). So, it was shown that the frequencies
of spontaneous (in vivo) and induced (in vitro) chro-
mosomal aberrations are associated with different
groups of genes. Large deletions of detoxification
genes were more often associated with reduced levels
of cytogenetic disorders. Most SNPs, including those
associated with DNA repair, weakly correlated with
the radiosensitivity of chromosomes [10, 11]. These
data can serve as evidence that, during the evolution of
the cell, several different mechanisms or ways of cellu-
lar response have been developed, which can substi-
tute or complement each other in stressful situations.
The genetic diversity of the cells of one tissue allows
them to respond differently to the harmful effects (in
our case, γ radiation), adapt to new conditions, or
launch apoptosis mechanisms without affecting the
activity of the tissue and the whole organism.

The aim of this study is to analyze the effect of
chronic low-intensity irradiation of the body on the
radiosensitivity of peripheral blood T cells after γ irra-
diation in vitro. For this, the data obtained from the
residents of the South Urals who were subjected to
chronic cumulative exposure in the dose range from
0.003 to 4.6 Gy were taken from the cytogenetic base
of the Urals Research Center for Radiation Medicine
(URCRM). Unstable chromosomal aberrations
(UCA) of the exchange type and the frequency of
micronuclei (MN) in cytokinesis-blocked mitosis
were selected as DNA damage markers. The study
evaluated the effect of gender and age on the radiosen-
sitivity of T cells.

MATERIALS AND METHODS
Criteria for the donor grouping for research. Cytoge-

netic studies, the results of which are given in this
work, were carried out at the URCRM for several
years among persons exposed to chronic exposure in
the South Urals as a result of accidental discharges of
liquid radioactive waste from PA Mayak into the
Techa River from 1948 to 1956. The population expo-
sure was cumulative: external due to γ exposure from
the river water and internal β exposure due to intake of
89,90Sr with drinking water and food [12]. The range of
cumulative doses of exposure of red bone marrow
(RBM) of the examined people was from 0.003 to 4.6 Gy.
Individual exposure doses for the residents of the
coastal villages of the Techa River were calculated in
the biophysics laboratory of the URCRM using the
updated dosimetric system TRDS-2016 [13].
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Fig. 1. The number of examined groups and their intersec-
tions (detailed explanations are given in the text).
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A cytogenetic study was carried out for persons
born before 1960, of both genders, mainly of three
nationalities (Russians, Tatars, Bashkirs) who lived in
the coastal villages of the Techa River. Persons with a
history of autoimmune, cancer, chronic inflammatory
diseases in the acute phase and individuals receiving
cytostatics and antibiotics, as well as those who under-
went diagnostic irradiation in the 6 months prior to
taking a blood sample, were excluded from the study.
Information about the health status of donors was
obtained from the DB Man of the URCRM, and
information on the history of oncological morbidity in
the subjects was provided by the staff of the epidemio-
logical laboratory of the URCRM. In accordance with
applicable international standards (Helsinki Declara-
tion, 1964) and with the permission of the Ethics
Committee of the URCRM, all patients gave
informed consent for blood sampling and further
research.

Metaphase chromosome preparations to assess the
frequency of unstable chromosomal aberrations. To
assess the frequency of the UCA of exchange type
(dicentric and ring chromosomes, acentric rings),
preparations of metaphase chromosomes from donor
peripheral blood T lymphocytes were prepared
according to the protocol presented in [2]. The proto-
col includes four consecutive stages: cultivation of cells
up to the metaphase stage, hypotonic treatment of
metaphase cells, fixation of metaphase plates, and the
actual preparation of chromosome preparations. Five
milliliters of blood was taken from the ulnar vein in the
morning on an empty stomach in syringes with hepa-
rin. The cultivation of T cells was performed in sterile
flasks. From one to several samples was prepared for
one donor. One sample was cultured without irradia-
tion in vitro, and the rest were subjected to γ irradia-
tion in vitro at doses of 0.5, 1, and 2 Gy. Additional irra-
diation was performed on the Igur-1 facility, the γ-irradi-
ation power was 0.014 Gy/s; the irradiation source was
137Cs; the nonuniformity of irradiation reached 5%.

Cells were cultured in a CO2 incubator at 37.5°C for
54 h after irradiation. Three hours before the end of
cultivation colcemid was added to the culture at a total
concentration of 0.1 mg/mL (Paneko, Russia). Cells
were fixed three times with cold 4°С freshly prepared
fixative (3 parts of ethyl alcohol : 1 part of glacial acetic
acid). To obtain preparations of chromosomes, the
suspension was pipetted on cooled, fat-free glasses,
which were dried in air. The quality of the preparation
was assessed with phase-contrast microscopy [14].

The preparations were stained with 2% Giemsa
solution for 10 min. The analysis was carried out with
light microscopy, at 1000× magnification on an Axio-
ImagerZ2 microscope (Carl Zeiss, Germany). From
100 to 500 cells were analyzed per person.

According to the results of the UCA study, four
groups of donors were formed depending on the dose
of irradiation of the samples in vitro (Fig. 1):
RUSSIA
(1) The “baseline” group: blood culture of donors
was not irradiated in vitro, but T cells were exposed
in vivo as a result of chronic exposure of the residents
of the coastal villages of the Techa River. This was the
largest group represented in this work (533 partici-
pants).

(2) The “0.5 Gy” group: blood culture of donors
was additionally irradiated in vitro at a dose of 0.5 Gy.
This was the second largest group in this work (108
participants).

(3) The “1 Gy” group: blood culture of donors was
additionally irradiated in vitro at a dose of 1 Gy.

(4) The “2 Gy” group: blood culture of donors was
additionally irradiated in vitro at a dose of 2 Gy.

The high-dosed groups of 1 Gy and 2 Gy were rep-
resented by the same donors; i.e., they intersected
completely (included 33 participants in each group).
For all donors who belonged to the 0.5 Gy, 1 Gy, and
2 Gy groups, the baseline UCA level was estimated;
i.e., these groups overlapped completely with the
“baseline” donor group.

Preparation of cytokinesis-blocked lymphocytes. The
protocol of the micronucleus test procedure consisted
of several stages: cultivation of peripheral blood T lym-
phocytes, blocking cytokinesis, hypotonic treatment,
fixing of cell suspension, and then preparation of spec-
imens [15].

The whole blood samples were taken from the
ulnar vein in a syringe with heparin. All preparations of
working solutions and cell culture production were
performed under sterile conditions. Two culture f lasks
were prepared for each blood sample. The f lasks were
incubated in a CO2 incubator at 37°C and 5% CO2.
After 29 h from the start of incubation, the second
sample was subjected to γ irradiation at a dose of 1 Gy
in vitro. Samples were irradiated at the IGUR-1 facil-
ity. After 48 h from the start of incubation, 70 μL of a
cytochalasin B working solution in DMSO was added
to the samples. The samples were treated with hypo-
tonic KCl solution (0.125 M) and fixed with a mixture
of ethanol and glacial acetic acid in 3 : 1 ratio after 72 h
from the start of incubation. Then, preparations were
prepared from the fixed cell suspension, which after
N JOURNAL OF GENETICS  Vol. 55  No. 10  2019
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Table 1. Frequency of exchange unstable aberrations (M ± SD) and radiosensitivity parameters in subgroups of the exam-
ined individuals

n, number of donors.

Indicators Baseline
n = 533

0.5 Gy
n = 108

1 Gy
n = 33

2 Gy
n = 33

Exchange aberrations per 100 cells 
(M ± SD)

0.23 ± 0.57 0.44 ± 0.66 12.97 ± 4.76 49.45 ± 17.96

90% 1.00 1.05 18.00 61.2

Number of radiosensitive donors 28 (5.2%) 11 (10.2%) 3 (9.1%) 4 (12.1%)

gender
age

doses to RBM, Gy

19 females : 9 males
49–89 years
0.01–2.60

9 females : 2 males
56–76 years
0.05–1.43

1 female : 2 males
60–79 years
0.007–1.71

3 females : 1 male
57–82 years
0.007–1.38
drying were stained with 2% Romanovsky–Giemsa
solution for 2 h.

Assessment of cells with micronuclei was per-
formed with light microscopy of 10 × 100 on an Axio-
Imager microscope (Germany). The number of binu-
clear lymphocytes with micronuclei per 1000 binu-
clear lymphocytes was estimated.

Two donor groups were formed to analyze with
micronucleus test:

(1) the baseline group: blood culture of donors was
not irradiated in vitro, but T cells were exposed to
chronic exposure;

(2) the 1 Gy group: blood culture of donors was
additionally irradiated in vitro at a dose of 1 Gy.

For all donors from the 1 Gy group, the initial level
of cells with micronuclei was evaluated; i.e., the
groups overlapped with respect to donors. The base-
line group was represented by 633 donors, and the
1 Gy group had 497 donors.

Selection criteria for radiosensitive persons. In this
study, persons who had an increased cytogenetic cel-
lular response to radiation exposure were considered
as radiosensitive donors. As shown by the analysis of
cytogenetic data distributions presented in this work,
the data did not follow a normal distribution, which
corresponds to the published data. Radiosensitive
donors included people whose indices were above the
90th percentile [16]. In each sample, we analyzed the
influence of the dose of chronic exposure of RBM on
the indices of radiosensitivity. The influence of gender
and age at the time of examination on the increased
level of cytogenetic disorders was also assessed. For
those donors who were represented in different dose
groups, the reproducibility of T-cell radiosensitivity
was assessed at different doses of radiation in vitro.

Statistical data processing was performed using the
SigmaPlot program; the nonparametric Mann–Whit-
ney rank test was used to compare two data samples.
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RESULTS

Table 1 presents the results of the analysis of UCA
frequency in the examined groups. In the baseline
group, 5.25% of radiosensitive individuals were identi-
fied among 533 participants. The age of these donors
ranged from 49 to 89 years; the range of RBM expo-
sure in them varied from 0.01 to 2.6 Gy; cells with ele-
vated levels of UCA were detected 2 times more often
in women.

In the 0.5 Gy group, an increased level of chromo-
somal aberrations was observed more often in women
(9 and 2, respectively); the age of these donors ranged
from 56 to 76 years; individual doses of chronic expo-
sure of RBM ranged from 0.05 to 1.43 Gy.

Since the baseline and 0.5 Gy groups were the most
numerous, it was assumed that in these groups the
highest reproducibility of the increase in the frequency
of radiation markers among the same persons would
be revealed. However, only one woman, 73 years old,
with a dose of 0.75 Gy to RBM, showed elevated levels
of UCA in the baseline group and in the 0.5 Gy group.
Thus, the remaining individuals who had an UCA
level above the 90th percentile in the 0.5 Gy group did
not have the same high UCA values in the baseline
group.

In the 1 Gy group, elevated levels of chromosomal
exchanges were detected in three people (one woman
and two men). These were donors aged 60, 70, and 79
at the time of the survey. RBM doses ranged from
0.007 to 1.71 Gy in them. Four radiosensitive donors
(three women and one man) were identified in the
2 Gy group. The age interval was also wide: from 57 to
82 years, and RBM doses varied from 0.007 to 1.39 Gy.
Despite the fact that the last two groups completely
included the same donors, the effect of radiosensitiv-
ity was found in different subjects examined. None of
them was defined as radiosensitive in assessing the
baseline level of UCA.

Analysis of the frequency of T cells with micronuclei
revealed significant differences in indicators depending
 2019
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Table 2. Frequency of cells with micronuclei (M ± SD) and radiosensitivity parameters in the examined women

n, number of donors; percentage of the total number of surveyed individuals is given in parentheses.

Indicators
Baseline
n = 388
(61.3)

1 Gy
n = 294

(M ± SD), ‰ 18.83 ± 11.21 151.02 ± 44.76

90% 30 206.5

Number of radiosensitive donors 37 (9.5%) 29 (9.8%)

age
doses to RBM, Gy

51–88 years
0.01–2.78

54–79 years
0.06–1.96

Table 3. Frequency of cells with micronuclei (M ± SD) and radiosensitivity parameters in the examined men

n, number of donors; percentage of the total number of surveyed individuals is given in parentheses.

Indicators Baseline
n = 245 (38.7)

1 Gy
n = 203

(M ± SD), ‰ 14.41 ± 8.01 135.19 ± 37.1

90% 26.3 183.4

Number of radiosensitive donors 24 (9.8%) 20 (9.8%)

age
doses to RBM, Gy

54–84 years
0.01–1.46

55–73 years
0.08–1.53
on gender. Therefore, cytogenetic data are presented
separately for men and women (Tables 2 and 3).

As can be seen from Table 2, the baseline level of
the frequency of lymphocytes with MN from an indi-
cator of 30‰ was exceeded in 37 women, which
accounted for 9.5% of the examined 388 samples. The
age range of radiosensitive women ranged from 51 to
88 years; the dose to RBM was in a wide range from
0.01 to 2.78 Gy.

When assessing the radiosensitivity of donor lym-
phocytes in the 1 Gy dose group, the frequency of
lymphocytes with MN exceeded 206.5‰ in 29
women, which accounted for 9.8% of 294 samples
examined. The age range of the examined individuals
ranged from 54 to 79 years.

Radiosensitive donors whose frequency of cells
with micronuclei exceeded the 90th percentile both in
the baseline and in the 1 Gy groups were the same
three women. Their age was 65, 66, and 67 years; doses
to RBM were 1.26, 1.29 and 1.96 Gy; i.e., they were
women with chronic exposure doses to RBM exceed-
ing 1 Gy.

As can be seen from Table 3, in the baseline group,
the frequency of lymphocytes with MN exceeded the
value of 26.3‰ in 24 men, which accounted for 9.8%
of the entire 245 samples. The age of radiosensitive
men ranged from 54 to 84 years; the doses to RBM
varied in a wide range from 0.01 to 1.46 Gy.

When assessing the radiosensitivity of donor lym-
phocytes in the 1 Gy dose group, the frequency of
RUSSIA
lymphocytes with MN exceeded 183.4‰ in 20 men,
which accounted for 9.8% of 203 patients examined.
Their age ranged from 55 to 73 years. The range of
doses to RBM in these individuals was 0.08–1.53 Gy.

Radiosensitive donors whose frequency of cells
with micronuclei exceeded the 90th percentile both in
the baseline and 1 Gy groups were seven men. Their age
was 58, 63, 63, 65, 68, 73, and 73 years; the doses to RBM
were 0.77, 0.93, 1.17, 0.14, 0.18, 1.01, and 1.24 Gy.

Thus, in the course of cytogenetic research con-
ducted with two assays and in vitro γ irradiation among
the population of the Southern Urals subjected to
chronic radiation exposure, an increase in cytogenetic
indicators was revealed in a small part of the partici-
pants examined (about 10%). There was no effect of dose
to RBM after chronic radiation exposure on T-cell
radiosensitivity, since excess DNA damage in PHA-
stimulated lymphocytes was observed in donors with both
low and high doses to RBM (from 0.007 to 2.78 Gy). High
levels of UCA were more often detected in women, but
the micronucleus test did not reveal the gender effect.
No effect of age on the radiosensitivity of T cells in
individuals in the studied age range (48–89 years) was
detected either. Only one woman demonstrated ele-
vated values of chromosomal aberrations in both the
baseline and 0.5 Gy groups. The micronucleus test
revealed deviations in both groups in three women and
seven men (1 and 3.4% of donors, respectively).
N JOURNAL OF GENETICS  Vol. 55  No. 10  2019
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DISCUSSION
The question of the radiosensitivity of the body is

rather complicated, since the body is a complex system
and includes many elements and connections between
them. Radiosensitivity is usually estimated on the
basis of cell culture survival or in animal experiments
in classical radiobiology [4].

The data of other researchers and the results pre-
sented in our work demonstrate that it is not yet possi-
ble to clearly assess the “radiosensitivity” of the whole
body on the basis of the known “cellular” approaches.
A complex multilevel system with a huge number of
regulatory links and mechanisms (which is the human
body) can modify the radiobiological response and
show a different response to irradiation in comparison
with cell culture irradiated in vitro. The analysis of
products of genes responsible for the cell cycle regula-
tion (TP53, CHK2, MDM2, NBS1, BRCA1, RAD17,
ATM) revealed that an insufficient amount or absence
of enzymes that regulate certain stages of the cell cycle
leads to an increase in the frequency of mutation and
genomic instability of the cell [17].

Radiosensitivity of the body can be detected after
both low and high doses of ionizing radiation, which is
indirectly confirmed by the data obtained in this study.
Importantly, two independent cytogenetic methods
(simple staining method of metaphase chromosomes
and micronucleus test) provided similar results
regarding the effect of hazardous chronic exposure on
the radiosensitivity of T cells of the examined individ-
uals. The data analysis demonstrated that radiosensi-
tivity was detected at low doses to RBM (0.007 Gy)
and at high doses to RBM (up to 2.78 Gy) in all groups
of donors. Thus, no effect of the dose of RBM chronic
irradiation on the manifestation of the radiosensitivity
of PHA-stimulated T lymphocytes was detected in this
work.

It is believed that, at low doses, “untargeted
effects” play a significant role, which leads to a greater
effect from exposure owing to an increase in the vol-
ume of tissue involved in the response, and dose-
dependent effects are not observed. Probably, mecha-
nisms underlying these effects affect individual diver-
sity in the radiobiological response. It was convinc-
ingly shown that the intercellular gap channels and the
secretion of soluble factors into the extracellular
space, where the exosomes play an active role, are
involved in transmitting signals from radiation-dam-
aged cells to neighboring unirradiated cells [18]. It is
noted that, even at low doses, the damage from radia-
tion is greater than the initial volume of tissue exposed
to radiation.

It is important to note that, in the present work,
cells from 5 to 12% of examined donors in all groups
were radiosensitive. This can prove the significant
influence of genome features on radiosensitivity. For
example, the structural features of chromatin and
genes (SNPs, mutations) can modify the cellular
RUSSIAN JOURNAL OF GENETICS  Vol. 55  No. 10 
radiobiological response in several ways. They can
cause an increased level of chromosomal aberrations,
enhance or inhibit the expression of individual genes,
change the intensity of biochemical reactions and their
cascades, etc. [19]. The influence of the genetic factor
on the variation of the radiobiological response is
proved by the existence of rare human syndromes that
suggest high radiosensitivity when exposed to ionizing
radiation (for example, ataxia telangiectasia, Li-Frau-
meni syndrome, Fanconi anemia, Nijmegen breakage
syndrome (NBS), Cornelia de Lange syndrome, etc.)
[7]. With such syndromes, the fraction of surviving
cells is from 10 to 50% after irradiation of 2 Gy (SF2);
also, the yield of induced chromosomal aberrations
increases 1.5–2 times. Homozygous carriers of muta-
tions of the LIG4 or ATM genes are characterized by
SF2 of only 1%. They respond well to radiation ther-
apy and it is appropriate to use the term “hyperradio-
sensitivity” for them [20, 21].

Radiosensitivity has been most well studied in
patients after radiation therapy. Various degrees of tis-
sue damage and wide variability of chromosomal
damage were noted in these people. Polymorphism of
the GSTP1 gene could be attributed to ∼35% of the
variability of the response to radiotherapy [22, 23].

The correlation of the frequency of γ-induced
(1 Gy in vitro) chromosomal aberrations with the
polymorphism of 45 candidate genes contributing to
reparation, detoxification of xenobiotics, and oxida-
tive stress was studied. A total of 53 sites were studied
in 99 participants. The association of chromosomal
aberration levels with the carrying of minor alleles of
the polymorphic sites of the OGG1 Ser326Cys, ABCB1
Ile1145, and NQO1 Pro187Ser genes (p = 0.0002) was
found during the study. The combination of genetic
and cytogenetic predictors explained more than 30%
of the population variability in radiosensitivity of
chromosomes [24].

The wide variability of cytogenetic parameters was
also noted in the present study, even at high doses of
radiation in vitro. Thus, the frequency of UCA in the
1 Gy group varied from 5 to 24 per 100 cells, and in the
2 Gy group, from 18 to 104 per 100 cells. The fre-
quency of cells with micronuclei in the 1 Gy group
ranged from 30 to 336‰.

Factors that model the radiobiological response are
known to include age, smoking, the presence of diabe-
tes, and vascular diseases associated with collagen.
Whether this indicator is affected by gender, ethnicity,
diet, alcohol, and other habits remains either not
known or contradictory [25]. We did not find any
effect of age on the radiosensitivity of T lymphocytes
in our study. Analysis of the data showed that an
increased level of DNA damage was observed in peo-
ple of a wide age range from 49 to 89 years.

As for the reproducible high radiosensitivity of
T cells, evaluation of the UCA frequency revealed only
one woman (which is less than 1% of the sample) in
 2019
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which an increased frequency of chromosomal
exchanges was detected both in the baseline and
0.5 Gy groups. Contrary to our expectations, radio-
sensitive donors in the 1 Gy and 2 Gy groups did not
have the same result in the baseline group. When using
the micronucleus test, reproducible radiosensitivity of
the cells was noted in a larger number of people exam-
ined (three women and seven men).

In our analysis of cytogenetic data, as in any study,
there are shortcomings that could affect the results.
These include a different number of cells (from 100 to
500) when analyzing metaphase plates, a small num-
ber of donors in high-dose groups, errors in estimating
individual doses of RBM irradiation, which can in
some cases be up to 30%. However, the conclusions
that were made on the basis of the analysis performed
correspond to the published literature data presented
by us above.

CONCLUSIONS

Thus, we believe that our results allow us to con-
clude the following:

It is necessary to carefully draw conclusions about
the individual reaction of the whole body to radiation
on the basis of cellular techniques carried out in vitro.

The individual radiosensitivity of the body in about
10% of the people examined will significantly affect
the results of individual biodosimetry. This should be
considered when preparing expert opinions on the fact
of human exposure, as well as when interpreting the
values of accidental exposure doses in clinical practice.
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