
46

ORIGINAL RESEARCH    RADIATION MEDICINE 

EXTREME MEDICINE   2, 26, 2024   MES.FMBA.PRESS| |

Blinova EA    , Korechenkova AV, Yanishevskaya MA, Akleyev AV

THE IMPACT OF POLYMORPHISMS IN ANTIOXIDANT GENES ON THE RISK OF MALIGNANT NEOPLASM 
DEVELOPMENT IN EXPOSED INDIVIDUALS 

In the context of additional radiation exposure, single nucleotide polymorphisms in the genes encoding the antioxidant system enzymes can contribute to the 

oxidative stress enhancement, damage to DNA, and therefore lead to the increase in the risk of malignant neoplasm (MN) development. The study was aimed to 

determine the association of the СYBA (rs4673), GPX1 (rs1050450), MPO (rs2333227), CAT (rs7943316), SOD2 (rs4880) polymorphic loci with the risk of MN 

development in individuals affected by low dose rate chronic radiation exposure considering intergenic interactions and the radiation dose. Two groups of individuals 

were included in the study: exposed individuals with no MNs — 384 people with the mean accumulated dose to the red bone marrow (RBM) of 796.95 ± 35.97 

mGy; exposed individuals with the history of MNs — 227 people with the mean accumulated dose to RBM of 520.06 ± 38.72 mGy. Amplification of the rs4880, 

rs2333227, rs7943316, rs4673, rs1050450 polymorphic loci was performed with real time PCR. Compliance with the Hardy–Weinberg equilibrium was reported for 

all gene polymorphisms. It has been found that the rs4880*С (SOD2) and rs1050450*Т (GPX1) alleles are associated with the risk of MN development in accordance 

with the dominant (OR = 1.49 (1.02–2.18), р = 0.04) and recessive (OR = 2.00 (1.11–3.62), р = 0.02) inheritance modes, respectively. An interfactor interaction 

model with the 100% reproducibility and 66% accuracy (р = 0.001) has been obtained that includes the SOD2 (rs4880), СYBA (rs4673) polymorphisms and the 

factor of accumulated dose to RBM. Thus, polymorphic loci of the genes regulating the oxidative status of the cells are associated with the increased risk of MN 

development in individuals, who have experienced chronic radiation exposure with predominant exposure of RBM.
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Е. А. Блинова    , А. В. Кореченкова, М. А. Янишевская, А. В. Аклеев

ВЛИЯНИЕ ПОЛИМОРФИЗМА В ГЕНАХ АНТИОКСИДАНТОВ НА РИСК РАЗВИТИЯ 
ЗЛОКАЧЕСТВЕННЫХ НОВООБРАЗОВАНИЙ У ОБЛУЧЕННЫХ ЛЮДЕЙ

На фоне дополнительного радиационного воздействия однонуклеотидные полиморфизмы в генах, кодирующих ферменты антиоксидантной системы, 

могут способствовать усилению окислительного стресса, возникновению повреждений ДНК и, как следствие, приводить к повышению риска развития 

злокачественных новообразований (ЗНО). Целью работы было установить связи полиморфных локусов СYBA (rs4673), GPX1 (rs1050450), MPO 

(rs2333227), CAT (rs7943316), SOD2 (rs4880) с риском развития ЗНО у лиц, подвергшихся хроническому низкоинтенсивному радиационному 

воздействию, с учетом межгенных взаимодействий и дозы радиационного облучения. В исследование были включены две группы людей: облученные 

лица без ЗНО — 384 человека со средней накопленной дозой облучения красного костного мозга (ККМ) 796,95 ± 35,97 мГр; облученные лица с ЗНО в 

анамнезе — 227 человек со средней накопленной дозой облучения ККМ 520,06 ± 38,72 мГр. Амплификацию полиморфных локусов rs4880, rs2333227, 

rs7943316, rs4673, rs1050450 проводили методом ПЦР в реальном времени. Для всех полиморфных участков генов выявлено соответствие равновесию 

Харди–Вайнберга. Обнаружено, что аллели rs4880*С (SOD2) и rs1050450*Т (GPX1) ассоциированы с повышенным риском развития ЗНО согласно 

доминантной (ОШ = 1,49 (1,02–2,18), р = 0,04) и рецессивной (ОШ = 2,00 (1,11–3,62), р = 0,02) моделям наследования соответственно. Получена модель 

межфакторных взаимодействий со 100%-й воспроизводимостью и точностью 66% (р = 0,001), включающая в себя полиморфизмы SOD2 (rs4880), 

СYBA (rs4673) и фактор накопленной дозы облучения ККМ. Таким образом, полиморфные локусы генов, регулирующих оксидантный статус клеток, 

связаны с повышенным риском развития ЗНО у лиц, подвергшихся хроническому радиационному воздействию с преимущественным облучением ККМ.
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Table 1. Characteristics of the studied groups

Note: mean ± SD (min–max) — mean ± standard deviation (min–max); mean ± SE (min–max) — mean ± standard error of the mean (min–max).

Parameter
Individuals exposed on the Techa 

River with no MNs (n = 384)

Individuals exposed on the Techa 
River with the history of MNs

 (n = 227)

Sex, n (%)
Male

Female
124 (32.29) 
260 (67.71)

83 (36.56) 
144 (63.44)

Ethnicity, n (%)
Slavs

Turkic people
138 (35.94) 
246 (64.06)

104 (45.81) 
123 (54.19)

Age at the time of examination, years; mean ± SD (min–max)
73.91 ± 9.04 
(43.00–97.00)

73.42 ± 8.82 
(47.00–95.00)

Accumulated dose to RBM, mGy; mean ± SE (min–max)
796.95 ± 35.97 
(1.69–3715.72)

520.06 ± 38.72 
(0.85–3507.07)

The mechanisms underlying the damaging effects of ionizing 
radiation are closely related to the oxidative stress enhancement 
in exposed cells [1]. The increase in the levels of reactive oxygen 
species (ROS) contributes to damage to macromolecules, 
including proteins, nucleic acids, and lipids, which results in 
DNA dysfunction and damage, as well as in the apoptotic 
cell death [2]. The main role in antioxidant defense is played 
by glutathione peroxidase (GPX gene), catalase (CAT gene), 
manganese-dependent superoxide dismutase (SOD2 gene), 
myeloperoxidase (MPO gene), and cytochrome b-245 (CYBA 
gene). Single nucleotide polymorphisms (SNPs) in the genes 
encoding antioxidant enzymes can contribute to alteration of 
the enzyme activity and enzyme function impairment [3]. In 
particular, alteration of superoxide dismutase and glutathione 
peroxidase activity and the decrease in their ability to neutralize 
free radicals is observed in individuals having unfavorable 
alleles in SOD2 (rs4880) and GPX1 (rs1050450) polymorphic 
loci, respectively [4]. Catalase is an important endogenous 
antioxidant enzyme that catalyzes decomposition of hydrogen 
peroxide into oxygen and water, thereby neutralizing the ROS 
harmful effects. The rs7943316 polymorphic locus in the 
promoter region of the CAT gene can modify the transcription 
factor binding affinity. Due to the presence of mutant allele Т, 
abnormal transcription factor binding can result in the promoter 
activity, gene expression alteration, and the decrease in the 
enzyme catalyst activity [5]. The decrease in the catalyst activity 
of antioxidant enzymes, in its turn, increases susceptibility to 
oxidative stress. The rs2333227 polymorphic locus located in 
the promoter region of the gene encoding myeloperoxidase 
downregulates the MPO gene, thereby disrupting the SP1 
transcription factor binding site. It has been found that 
substitution of the G base with A base is associated with 
the decreased expression of the MPO gene mRNA and the 
decrease in the amount of enzyme, while the G allele, in contrast, 
is associated with the increased MPO production [6]. A number 
of polymorphisms in the CYBA promoter and exon regions affect 
the gene expression and the NADPH oxidase activation, which 
results in the increased production of free radicals along with the 
detected antioxidant deficiency [7]. All of these testify to the fact 
that the presence of SNP in the genes encoding the antioxidant 
system enzymes can have an effect on both quantitative and 
functional characteristics of the enzyme, as well as modify the 
radiation effects in case of ionizing radiation exposure. 

The study was aimed to determine the association of 
the СYBA (rs4673), GPX1 (rs1050450), MPO (rs2333227), 
CAT (rs7943316), SOD2 (rs4880) polymorphic loci with the 
risk of malignant neoplasm (MN) development in individuals 
with chronic low dose rate exposure considering intergenic 
interactions and the radiation dose. 

METHODS

Genotyping based on the СYBA (rs4673), GPX1 (rs1050450), 
MPO (rs2333227), CAT (rs7943316), SOD2 (rs4880) polymorphic 
markers was performed in individuals, who lived in the 
radioactively contaminated areas along the Techa River and 
were affected by chronic low dose rate exposure in the low 
to medium dose range [8]. All the patients enrolled were 
admitted to the Clinical department of the Urals Research 
Center for Radiation Medicine of FMBA of Russia (URCRM) in 
2003–2023; blood samples collected from these patients were 
stored in the URCRM tissue bank. The inclusion criteria for all 
the examined individuals were as follows: residence in one of 
41 villages located in the territory adjacent to the Techa River 
at any time between 1 January 1950 and 31 December 1960; 
availability of the individual accumulated dose to the red bone 
marrow (RBM) calculated using the Techa River Dosimetry 
System-2016 (TRDS-2016) [9]. The exclusion criteria for all the 
examined individuals were as follows: hematological disorders 
and the lack of information about the past medical history. 

The examined individuals (611 people) were divided into 
two groups: those, who were chronically exposed on the Techa 
River and had no MNs, — 384 individuals; those, who were 
chronically exposed on the Techa River and had a history of 
MNs of various localization, — 227 individuals. The detailed 
characteristics of the studied groups are provided in Table 1.

The accumulated dose to RBM of the examined individuals 
was within the range of 0.85–3 715.72 mGy, and the mean 
dose did not exceed 659 mGy. No significant differences in the 
accumulated dose to RBM between the groups of exposed 
individuals with and without MNs were revealed (p > 0.05). The 
studied groups were matched by sex, ethnicity, and age. 

The exposed residents of the Techa riverside villages had 
the following solid cancers: MNs of the digestive system — 
49 individuals (ICD-10 codes: С00, C02, C04, C15, C16, 
С18.4, С19, C22.7, C25.9, С26), respiratory system — 28 
individuals (ICD-10 codes: С30, C32.9, С34), skin — 44 
individuals (ICD-10 codes: С43.9, С44), female reproductive 
system — 70 individuals (ICD-10 codes: С50, С53, С54, С56),  
male reproductive system — eight individuals (ICD-10 codes: 
С61, С63), urinary system — 16 individuals (ICD-10 codes: 
С64, C67), endocrine system — 13 individuals (ICD-10 code: 
С73). Furthermore, MNs of bone and articular cartilage — one 
individual (ICD-10 code: С40), brain and nervous system — 
two individuals (ICD-10 code: С71, С72), eye and adnexa — 
two individuals (ICD-10 code: С69), MNs without specification 
of site — four individuals (ICD-10 code: С80), carcinoma in situ 
unspecified — three individuals (ICD-10 code: D09), and MNs 
of uncertain or unknown behavior of other and unspecified 
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Fig. 1. Distribution of MNs in the group of exposed individuals depending on the cancer localization 
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Table 2. Characteristics of polymorphic regions

Note: 2KB Upstream Variant —  a sequence variant located within 2KB 5' of a gene.

Gene SNP Alleles Minor allele Position Location

SOD2 rs4880 T/C С chr6:159692840 Missense variant 

MPO rs2333227 С/T Т chr17:58281401 2KB Upstream Variant

CAT rs7943316 A/T Т chr11:34438925 2KB Upstream Variant

CYBA rs4673 С/T С chr16:88646828 Missense variant

GPX1 rs1050450 С/T Т chr3:49357401 Missense variant

sites — three individuals (ICD-10 code: D48) were reported 
in the studied cohort. The distribution of MNs in the group of 
exposed individuals is presented in Fig. 1.

Peripheral blood for testing was collected to the 9 mL 
Vacuette test tubes (Greiner Bio-One; Austria) covered with 
the K3-EDTA blood anticoagulant. Genomic DNA was isolated 
on the spin columns using the ExtractDNA Blood & Cells kit 
(Evrogen; Russia) in accordance with the manufacturer’s protocol.

SNPs of the candidate genes were selected for the study 
based on the location of the polymorphic locus in the gene, 
as well as the association with MN revealed by analysis of the 
HapMap (URL: hapmap.ncbi.nlm.nih.gov), NCBI (URL: https://
www.ncbi.nlm.nih.gov/), SNPedia (URL: https://snpedia.com/) 
databases. Table 2 provides characteristics of the studied gene 
polymorphic regions.

Amplification of the studied polymorphic loci was 
performed by real-time PCR on the StepOnePlus Real-Time 
PCR System (Applied Biosystems; USA) using the reagent kits 
synthesized by TestGen OOO (Russia) in accordance with the 
manufacturer’s protocol.

Deviation of the frequency distribution for genotypes of the 
studied polymorphisms from the expected Hardy–Weinberg 
equilibrium distribution was estimated using the chi-squared 

test (χ2) in the Gene Calc online calculator (URL: https://
gene-calc.pl/hardy-weinberg-page). The odds ratio (OR) with 
the 95% confidence interval was calculated to estimate the 
relationship of alleles in the polymorphic loci with the risk of 
MN development. The relationship was considered significant 
at p < 0.05.

Non-parametric Multifactor Dimensionality Reduction 
method (MDR software package v. 3.0.2, available at http://
sourceforge.net/projects/mdr) [10] was used to estimate 
intergenic interactions and radiation doses. During such 
analysis the multilocus genotypes and factors are combined 
into groups with the increased and decreased risk of the 
disease development to reduce dimensionality of the number 
of parameters calculated. Thus, the optimal factor interaction 
model allowing one to predict susceptibility/no susceptibility to 
certain disorders is selected among all the proposed variants 
of models constructed based on the entered primary data 
through repeated verification [11]. Optimality of the resulting 
models was assessed based on their reproducibility based 
on the findings of the cross validation consistency (CVC) and 
the testing balanced accuracy (TBA). The model should be 
reproduced at least 9 times out of 10 and the model accuracy 
should exceed 55%. P-value for the testing balanced accuracy 
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Table 3. Abundance of the studied SNP genotypes in exposed individuals 

Note: Ho — observed heterozygosity; He — expected heterozygosity; p — value for the Hardy–Weinberg test.

Gene/SNP Genotype
Exposed individuals without MNs Exposed individuals with MNs

Number (%) Ho He p Number (%) Ho He p

SOD2/rs4880
С/С 
С/Т 
Т/Т

70 (19) 
174 (47) 
125 (34)

0.47 0.49 0.5
41 (20) 

110 (54) 
52 (26)

0.54 0.5 0.2

MPO/rs2333227
С/С 
С/Т 
Т/Т

276 (72) 
101 (27) 

4 (1)
0.27 0.25 0.1

122 (74) 
42 (25) 
1 (1)

0.26 0.23 0.2

CAT/rs7943316
А/А 
А/Т 
Т/Т

60 (16) 
179 (48) 
134 (36)

0.48 0.48 0.9
25 (13) 
89 (46) 
75 (39)

0.47 0.47 0.8

CYBA/rs4673
С/С 
С/Т 
Т/Т

201 (54) 
139 (37) 
34 (9)

0.37 0.4 0.2
96 (49) 
78 (40) 
21 (11)

0.4 0.43 0.4

GPX1/rs1050450
С/С 
С/Т 
Т/Т

182 (49) 
162 (44) 
28 (8)

0.44 0.41 0.3
73 (46) 
62 (40) 
22 (14)

0.4 0.45 0.1

Table 4. Association of SNPs with the risk of MN development

Gene/SNP Mode
Genotype

OR (95% CI) p
Exposed individuals without MNs Exposed individuals with MNs

SOD2/rs4880

Dominant
T/T (125) 

C/T-C/C (244)
T/T (52) 

C/T-C/C (151)
1.00 

1.49 (1.02–2.18)
0.04

Recessive
T/T-C/T (299) 

C/C (70)
T/T-C/T (162) 

C/C (41)
1.00 

1.08 (0.70–1.66)
0.72

MPO/rs2333227

Dominant
C/C (276) 

C/T-T/T (105)
C/C (122) 

C/T-T/T (43)
1.00 

0.93 (0.61–1.40)
0.72

Recessive
C/C-C/T (377) 

T/T (4)
C/C-C/T (164) 

T/T (1)
1.00 

0.57 (0.06–5.18)
0.6

CAT/rs7943316

Dominant
T/T (134) 

A/T-A/A(239)
T/T (75) 

A/T-A/A (114)
1.00 

0.85 (0.59–1.22)
0.38

Recessive
T/T-A/T (313) 

A/A (60)
T/T-A/T (164) 

A/A (25)
1.00 

0.80 (0.48–1.32)
0.37

CYBA/rs4673

Dominant
C/C (201) 

C/T-T/T (173)
C/C (96) 

C/T-T/T (99)
1.00 

1.20 (0.85–1.69)
0.31

Recessive
C/C-C/T (340) 

T/T (34)
C/C-C/T (174) 

T/T (21)
1.00 

1.21 (0.68–2.14)
0.52

GPX1/rs1050450

Dominant
C/C (182) 

C/T-T/T (190)
C/C (73) 

C/T-T/T (84)
1.00 

1.10 (0.76–1.60)
0.61

Recessive
C/C-C/T (344) 

T/T(28)
C/C-C/T (135) 

T/T(22)
1.00 

2.00 (1.11–3.62)
0.02

Note: OR (95% CI) — odds ratio with the 95% confidence interval.

was determined using a 1000-fold permutation test. The 
differences were considered significant at p < 0.05. The factor 
interaction analysis results were visualized using the graphs 
plotted using the Fruchterman–Rheingold force-directed layout 
algorithm. The contribution of each factor and/or interaction 
of factors is measured using the enthropy value (H) expressed 
in %. Thus, the factor with the 100% enthropy unambiguously 
determines the class the individual belongs to (healthy/
unhealthy individuals); therefore, the factor with 0% plays no 
role in susceptibility to the disease. To evaluate the effect of the 
dose the examined individuals were subdivided into three dose 
subgroups: 1 — 0.85–99 mGy; 2 — 100–999 mGy; 3 — ≥ 
1000 mGy.

RESULTS

The results of assessing the distribution of SNP of the 
antioxidant system genes in the chronically exposed individuals 
are provided in Table 3.

No deviation from Hardy–Weinberg equilibrium was observed 
for all SNPs of the genes. Furthermore, the observed and 
expected heterozygosity values were similar for all SNPs, which 
indicated the random nature of the sample. 

In the next phase of the study we performed analysis of the 
relationship of each gene polymorphism with the risk of MN 
development based on the recessive and dominant inheritance 
modes (Table 4).

The analysis showed that the rs4880*С and rs1050450*Т 
alleles were associated with the increased risk of MNs 
(OR = 1.49 (1.02–2.18), р = 0.04) and OR = 2.00 (1.11–3.62), 
р = 0.02, respectively). Considering the fact that the complex 
cascade of interactions between the antioxidant system gene 
products and the contribution of the radiation exposure factor 
to the risk of MN development are not taken into account when 
assessing the associations of single alleles and genotypes, 
we performed the analysis of intergenic interactions with the 
accumulated dose yielding the 1n-, 2n-, 3n-, and n-factor 
models (Table 5). Simultaneous testing of all five SNPs and the 
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Note: р — value for the testing balanced accuracy obtained in the 1000-fold permutation test; Se — sensitivity; Sp — specificity.

Table 5. Models of intergenic interactions with the accumulated dose in chronically exposed individuals 

Model Testing balanced accuracy Cross validation consistency p Se Sp

Dose to RBM 0.53 5/10 0.275 0.304 0.827

SOD2 rs4880, dose to RBM 0.55 6/10 0.162 0.761 0.454

SOD2 rs4880, dose to RBM, CYBA rs4673 0.66 10/10 0.001 0.75 0.601

SOD2 rs4880, dose to RBM, CYBA rs4673, 
GPX1 rs1050450

0.57 10/10 0.062 0.837 0.578

Fig. 2. Graph of interaction between the elements of the 3-factor model 

factor of accumulated dose to RBM was carried out. Table 5 
presents the four best combinations of factors based on the 
modeling results. Further increase in the number of parameters 
significantly reduced the accuracy of the models presented.

Among all the models revealed, the 3-factor model including 
the SOD2 (rs4880), CYBA (rs4673) polymorphisms and the 
accumulated dose to RBM was the most accurate (66%) and 
had 100% reproducibility (р = 0.001). The rs4880*С (genotypes 
C/C and C/T) and rs4673*T (genotypes T/T and T/C) alleles 
were reported as the ones associated with the increased risk 
of MN development. The GPX1 (rs1050450) polymorphism was 
included in the 4n-factor model. However, specificity of such 
model decreased with increasing sensitivity, which affected 
accuracy. Other polymorphisms were considered insufficiently 
informative. The graph of interaction between the elements 
of the 3-factor model is provided in Fig. 2.

The SOD2 (rs4880) polymorphism explaining 0.96% 
of phenotypic entropy (uncertainty) and the factor of the 
absorbed dose to RBM are of the highest informational value 
(1.24%). The CYBA (rs4673) informational contribution 
of 0.06% is the least, which is likely to play no significant role 
in the risk of MN development. However, it is worth considering 
interactions between all elements of the model that are 
of synergistic nature. Thus, the pair of rs4880 and rs4673 
account for 0.61% of entropy; rs4673 and the accumulated 
dose to RBM account for 0.83%; rs4880 and the accumulated 
dose to RBM account for 0.21%.

DISCUSSION

ROS being the products of normal cell metabolism play an 
important role in stimulation of the intracellular signaling 
pathway in response to changes in the intra- and extracellular 
environment. The majority of ROS are generated in the 
mitochondrial respiratory chain [12]. However, imbalance 
between the free radical and reactive metabolite formation and 
elimination by means of the antioxidant system enzymes results 
in the development of oxidative stress. The factors contributing 
to oxidative stress are diverse: from lifestyle (smoking, alcohol 
consumption) to environmental exposures (chemical and radiation 
exposure). Furthermore, chronic diseases and inflammation can 
also be associated with oxidative stress. Eventually, oxidative 
stress results in damage to the important biomolecules and cell 
structures with potential consequences for the whole body [13]. 
In case of persistent oxidative stress, ROS are produced for a 
long time. This is how a significant impairment of the cell structure 
and functions can occur, which may lead to somatic mutations 
and neoplastic transformation [14]. The ability of antioxidants to 
neutralize the effects of free radicals may constitute an important 
component of the body's antitumor defense. The antioxidant 
system effectiveness is genetically determined. Overexpression 
or decreased activity of the antioxidant enzymes can modify the 
effects of radiation exposure [15].

Our study has shown that the SOD2 rs4880*С and GPX1 
rs1050450*Т alleles are associated with the increased risk of 
MN development in the individuals, who had chronic radiation 
exposure in a wide dose range, which is generally in line with 
the data reported for non-exposed people. According to the 
genomic assessment of oncogenicity based on the regBase 
prognostic model, rs4880 is considered to be likely pathogenic. 
According to the published data, rs4880 is associated with 
the increased risk of prostate cancer [16]. Furthermore, in 
individuals with the SOD2 (rs4880) С/Т and Т/Т genotypes, the 
measured SOD2 enzyme activity was 33% lower than in carriers 
of the C/C genotype [17]. However, the study [18], in contrast, 
showed a decrease in the enzyme activity in individuals with 
the Т variants in the codon 16 resulting in the oxidative stress 
enhancement, which is a probable cause of damage to the cell 
structures. A number of studies have shown the association 
of the GPX1 (rs1050450) genetic variant with the susceptibility 
to MNs in non-exposed individuals [19]. The complex meta-
analysis including 31 published papers has demonstrated 
that rs1050450 can contribute to the susceptibility to MN 
development due to disrupted antioxidant balance. Carriers 
of the Т allele variant have the increased risk of developing 
various types of MNs, especially in Asian subgroups, based 
on the dominant genetic model [20]. The decrease in the gene 
functional activity can be a possible mechanism underlying such 
effects. For example, according to the ClinVar data, rs1050450 
is associated with glutathione peroxidase deficiency.

With due account of the fact that many factors, including 
intergenic interactions and environmental factors, influence the 
malignant transformation of the cell, we have analyzed the role 
of intergenic interactions of SNPs and the dose to RBM in the 
development of MNs in exposed individuals. As a result of the 
analysis a 3-factor model having the highest accuracy (66% 
(р = 0.001)) and 100% reproducibility was identified. According 

RBM
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0.96%

CYBA_rs4673
0.06%

0.21%

0.61%

0.
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to this model, increased risk of MN development was 
registered for the combination of the SOD2 С*rs4880 allele, 
CYBA T*rs4673, and the accumulated dose to RBM. It should 
be noted that the most accurate model includes the SOD2 
(rs4880) polymorphic variant. Its association with the risk of MN 
development has been identified in our study. At the same time, 
the GPX1 (rs1050450) polymorphism also associated with the 
risk of MN development was not included in the model: CYBA 
(rs4673) was identified instead of it based on the testing results. 
However, considering its insignificant contribution (0.06%), it is 
difficult to unambiguously determine its role at this phase of 
our research. The research results [21] show that rs4673 is 
associated with the increased risk of breast cancer. Individuals 
with the rs4673 С/Т and Т/Т genotype have 1.42 times higher 
risk of breast cancer, than individuals with the С/С genotype.  

Apparently, the increased production of ROS due to 
radiation exposure against the background of reduced 
superoxide dismutase activity could possibly contribute to the 

oxidative stress enhancement, damage to the cells components 
and DNA, and therefore lead to an increase in the risk of MN 
development.

CONCLUSIONS

The study has shown that polymorphic loci of the genes 
regulating the oxidative status of the cells, such as the SOD2 
rs4880*С (OR = 1.49; 95% CI = 1.02–2.18; р = 0.039) and 
GPX1 rs1050450*Т (OR = 2.00; 95% CI = 1.11–3.62; р = 0.024)
alleles, are associated with the increased risk of MN 
development in the chronically exposed individuals. The 
model of interfactor interactions has also made it possible to 
determine the increased risk of MN development in carriers of 
the rs4880*С, rs4673*Т minor alleles and the dose to RBM. 
Further research is required to reveal the modifying effect of 
exposure in individuals with unfavorable alleles in SNPs of the 
antioxidant system genes.
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