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Abstract. Breast cancer is one of the leading causes of mortality among women. The most frequently encountered tu-
mors are luminal tumors. Associations of polymorphisms in the hOGGT (rs1052133), APEXT (rs1130409), XPD (rs13181),
SOD2 (rs4880), and CAT (rs1001179) genes were studied in 313 nonsmoking postmenopausal patients with luminal
B subtype breast cancer. The control group consisted of 233 healthy nonsmoking postmenopausal women. Statisti-
cally significant associations of the XPD and APEXT gene polymorphisms with the risk of developing luminal B Her2-
negative subtype of breast cancer were observed in a log-additive inheritance model, while the CAT gene polymor-
phism showed an association in a dominant inheritance model (OR = 1.41; CI 95 %: 1.08-1.85; Padj.= 0.011; OR = 1.39;
Cl 95 %: 1.07-1.81; Padj = 0.013 n OR = 1.70; Cl 95 %: 1.19-2.43; Padj = 0.004, respectively). In the group of elderly
women (aged 60-74 years), an association of the CAT gene polymorphism with the risk of developing luminal B sub-
type of breast cancer was found in a log-additive inheritance model (OR = 1.87; 95 % Cl: 1.22-2.85; Padj = 0.0024).
Using MDR analysis, the most optimal statistically significant 3-locus model of gene-gene interactions in the develop-
ment of luminal B Her2-negative subtype breast cancer was found. MDR analysis also showed a close interaction and
mutual enhancement of effects between the APEXT and SOD2 loci and the independence of the effects of these loci
from the CAT locus in the formation of luminal B subtype breast cancer.
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reHoB hOGG1, APEX1, XPD, SOD2 un CAT, y4aCTBVIOILINX

B rIpoireccax pernapauum JIHK 1 aHTMOKCUOAHTHON 3allliTe,
C PMICKOM Pa3BUTUS paKa MOJIOUHOI KeJie3bl

A.A. Tumodeena 1@, B.JL. Munnna (912, A.B. TopryHnakosa L2 0O.A. Co6oaesa (91, PA. Turos (912,

S.A. 3axapoBa L2 M.A. Bakanosa (91, A .H. I'Ayuikos 1

T DepepanbHbIii ccneaoBaTeNbCKMI LEHTP yrNsA 1 yrnexumin CUBMPCKOro oTaeneHns Poccuiickor akagemum Hayk, Kemepogo, Poccusa
2 KeMepOBCKWI roCyAapCTBEHHbIN YHIBEPCUTET, KeMepoBo, Poccus

@ annateam86@gmail.com

AHHoTauuA. OHKONOrMyeckrie 3a60neBaHNA MOTIOYHON Xenesbl — OfHa 13 BEAYLWMX NPUYUH CMEPTHOCTY Y XKEHLLUH.
Pak MONOYHON »Kene3bl OTHOCUTCA K YMCY PacnpOCTPaHEHHbIX MyNbTUdAKTOPUANbHbIX MONMIEHHbIX 3aboneBaHui,
peanu3yoLwyxca B pesysibTate COYeTaHHOro B3aVIMOAENCTBUA reHeTMYECKUX 1 CpefoBbIX pakTopoB. Hanbonee yacto
BCTPEYaloTCA NIIOMUHANbHbIE OMyXonu. JIIOMUHANbHBIA NOATVN B paka MOIOYHON »Kene3bl XapakTepusyeTca XyALWnm
NPOrHO30M U PaHHUMW peLuanBamu. Jna n3yyeHuns reHeTnyecknx GpakTopoB prcKa Pa3BUTHA 310KayeCTBEHHbIX HO-
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Monumopdusmbl reHoB penapaumm AHK 1 aHTMOKCMAAHTHON
3aLMTbl U PUCK Pa3BUTUA pPaka MOIOYHON Xxenesbl

BOOOPa30BaHWI MOSIOYHON »Kene3bl HeobxoAMMO onpeaenvTb NoAMMOPGHbIE BapMaHTbl FEHOB, UIPAOLLMNX BaXKHYIO
ponb B KaHUeporeHese, K YNC/y KOTOPbIX OTHOCATCA reHbl penapauumn HK n cnctembl aHTMOKCMAAHTHON 3alynThl.
M3yueHbl accoymaumm nonmmopodusmos reHos hOGGT (rs1052133), APEXT (rs1130409), XPD (rs13181), SOD2 (rs4880)
n CAT (rs1001179) y 313 HeKypALMX NaLMeHTOK B NOCTMeHoMay3e C AMarHo3oM JIloMHanbHoro nogrvna B Her2-He-
raTVIBHOTO paka MOMOYHOW Xene3bl. B KOHTponbHyto rpynny Bowv 233 340poBble HEeKYpALLME XeHLMHbI B NOCTMe-
Honay3e. 3aperncTpupoBaHbl C MOMNPaBKOW Ha BO3PACcT CTaTUCTUYECKN 3HaUYVMble accoLmaumy NonMmMopdHbIX Bapu-
aHToB reHoB XPD (rs13181) u APEX1 (rs1130409) ¢ pncKom pa3BuUTMA JIIOMUHaNbHOrO noatuna B Her2-HeratuBHoro
paka MOJIOYHOW Xene3bl B IOr-agAUTUBHON Mofenn HacnenoBaHus, reHa CAT (rs1001179) — B AOMUHAHTHON mopenu
OR =1.41; Cl 95 %: 1.08-1.85; Padj = 0.011; OR = 1.39; Cl 95 %: 1.07-1.81; Padj = 0.013 1 OR = 1.70; Cl 95 %: 1.19-2.43;
Padj = 0.004 cooTBeTCTBEHHO). B rpynne XeHWMH Noxunoro Bo3pacta (60-74 rofa) BblsiBieHa accoumnaums BapuaH-
TOB reHa CAT (rs1001179) ¢ puckom pa3BUTUA paka MOJIOYHOW ene3bl B JIOr-agAUTMBHOW MOAENN Hacle[oBaHWA
(OR = 1.87; Cl 95 %: 1.22-2.85; Padj = 0.0024). C nomoLybto MDR-aHanu3a HangeHa Hanbonee onTyManbHasa CTaTu-
CTUYECKMN 3HAUYMMasA 3-N0KYCHaA MOAESb MeXreHHbIX B3aMOAEeNCTBUI NPU Pa3BUTUN OHKO3aboneBaHWI MOMOYHOW
»enesbl NlomyHanbHoro noatuna B. MDR-aHanu3 nokasan Tak»ke TeCHoe B3avMOAEeNCTBIME U B3aUMHOe ycuneHve 3¢-
dekToB Mexpy nokycamu APEXT n SOD2 n He3aBUCUMOCTb 3PEKTOB AlaHHbIX IOKYCcoB OT addekTa nokyca CAT npu
dopMUPOBaHUN JIIOMUHANBHOTO MNOATUMNA B paka MOMoOYHON Xenesbl.
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KntoueBble cfloBa: pak MOMTOYHOW »ene3bl; NloMUHanbHbIN nogtun B; hOGGT; APEXT; XPD; SOD2; CAT.

Introduction

Malignant transformations of the breast are the most wide
spread oncological pathologies, by amount of deaths they take
second place in world statistics (Siegel, 2021). Age, excess
weight, heritage can be referred to as risk factors for onco-
pathology of breasts. Genetical, reproductive and hormonal
factors can make a significant contribution to breast cancer.
According to literature data, hormonal (luminal) malignancies
are the most widespread (Ignatiadis, Sotiriou, 2013). Luminal
B subtype of breast cancer, as opposed to luminal A subtype,
is characterized by poor prognosis, early recurrence and high
frequency of metastases in lymph nodes (Nishimura et al.,
2010).

Breast cancer (BC) is a complex disorder with a high level
of heterogeneity. The most well-studied markers of hereditary
risk of BC are mutations in genes like BRCA1/2, PALB2, TP53.
They influence the risk increase for BC more than twofold in
comparison with the whole population. BC that is linked with
germinal mutations in BRCA [ has a triple negative phenotype
(70-85 %), while ER-positive cases can be detected in carriers
of mutations in the BRCA2, ATM, CHEK?2 and PALB?2 genes
(Breast Cancer Association Consortium, 2021).

Meanwhile the majority of BC cases are sporadic (only
from 5 to 10 % cases of BC are hereditary forms). There is a
need for significant prognostic markers for sporadic forms of
BC that can allow us to determine the group of risk to decrease
mortality and morbidity.

Genome-wide association studies (GWASSs) allowed to
register over 170 loci of susceptibility for malignant breast
transformation development, among them the biggest con-
tribution can be made by single nucleotide polymorphisms
(Michailidou et al., 2017; Ferreira et al., 2019). In Caucasian
women, via GWAS, 32 loci associated with BC risk were
identified. Five loci showed associations (P < 0.05) in the op-
posite direction between luminal and non-luminal subtypes of
BC. In silico studies demonstrated that these five loci consist
of cell-specific enhancers that differ in normal, luminal and
basal cells of breasts (Zhang H. et al., 2020). A large number
of variants detected by similar studies as a rule are located in
regulatory non-coding regions, especially in distal enhancers
and transcription factor binding sites (Pan et al., 2021).

Variants of DNA repair genes among different biomarkers
are of greatest interest. DNA aberrations such as oxidative
and reductive nitrogen bases, adducts and mutations induced
by methylation agents can be recovered by enzymes of base
excision repair (BER).

The hOGG1 gene encodes a key enzyme of the BER path-
way, bifunctional DNA-glycosilase/p-lyase, which excludes
residues of 8-oxoguanine. The most well-studied and useful
hOGG1 polymorphic variant is rs1052133, which causes sub-
stitution of serine with cysteine in region 326 of the protein,
decreasing the ability for repair activity (Niu et al., 2012). In
a study using a BC cell line (HCC1937), it was shown that
these cells are able to accumulate high levels of 8-oxoguanine
in comparison with to normal glandular tissue (Nyaga et al.,
2000).

Another gene of the BER pathway is APEXI, which en-
codes apurinic/apirimidinic endonuclease that can delete
DNA sites with no nitrogen bases. APEXI rs1130409 poly-
morphic variant is linked to transversion of thymine to guanine
in the 5th exon and causes substitution of asparagine acid
with glutamine acid (Asp148Glu). It is associated with the
ability of this enzyme to interact with other components of
BER, thus decreasing the effectiveness of repair (Hadi et al.,
2000).

Nucleotide excision repair (NER) plays a crucial role in
stabilization of genome structure due to its ability to recover
a high spectrum of DNA mutations (Sugasawa, 2010). One
of the key components of this pathway is the XPD gene that
encodes helicase, which participates in DNA unwinding
and recognition of adducts and thymine dimers (Fontana et
al., 2008). Substitution of adenine with cytosine in region
2251 of the gene (rs13181) promotes replacement of lysine
by glutamine in region 751 of the protein, thus changing its
configuration and causing interaction with helicase activator
(Romaniuk et al., 2014).

Oxidative stress is one the most important factors in can-
cerogenesis caused by active forms of oxygen production that
can affect DNA and initiate lipid peroxidation and modifica-
tion of protein molecules (Caporaso, 2003; Tas et al., 2005).
Effectiveness of autoxidation system performance is ensured
by individual genetic properties. Catalase (CAT) and super-
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oxide dismutase (SOD2) refer to proteins that can protect cells
against oxidative stress (Ambrosone, 2000).

CAT is a key enzyme involved in neutralization of active
oxygen forms via breakdown of hydrogen peroxide to water
and oxygen (Ambrosone, 2000). Allele variants of this gene
are associated with reduction of catalytic activity of this
enzyme. rs1001179 is a well-studied polymorphic variant
in the promoter region of the gene that can influence gene
expression and cause a decrease in enzyme activity (Forsberg
et al., 2001; Bastaki et al., 2006). A hypothesis about a link
between estrogen exposure and catalase activity was made. It
was shown that exposition of normal epithelial cells of human
breasts to estradiol decreases the activity of cellular catalase
(Forsberg et al., 2001).

Manganese-dependent superoxide dismutase works in the
antioxidative system and is expressed in mitochondria. Tran-
sition of cytosine to thymine in the 47th region of the gene
(rs4880) causes alanine-to-valine substitution in the 16th re-
gion of the protein and alteration of the secondary structure of
the signal peptide. Destabilization of its alpha-helix domain
decreases import of the protein from the cytoplasm to the
mitochondria matrix causing enzyme absence. For 7 variant,
mRNA instability is typical (Sutton et al., 2005). Association
of this single nucleotide polymorphism with SOD2 overex-
pression and accumulation of genotoxic oxygen peroxide has
already been described (Ji et al., 2012).

Based on the above, the aim of this study was the analysis of
association of loci HOGG1 (rs1052133), APEX]I (rs1130409),
XPD (rs13181), SOD2 (rs4880) and CAT (rs1001179) with
BC development risk in women with luminal B Her2-negative
subtype.

Materials and methods

Overall, 2,150 women with breast cancer that are Kemerovo
region residents were observed. Inclusion criteria of patients
in the study were as follows: Caucasian, female, age over 40,
postmenopausal, previously diagnosed with luminal B Her2-
negative BC, absence of family forms of oncopathology.
Exclusion criteria were: smoking, oncopathology forms in
anamnesis, relatives with oncopathology.

313 non-smoking women were selected from the whole
sample of patients (median age 60.88+0.35), 42.04 % had
the I stage of disease, 42.04 % had the II stage, 13.38 and
2.55 % patients were diagnosed with the III and IV stages
of BC, respectively. Metastases in lymph nodes and/or in
distal organs were observed in 51 women. All patients were
observed by medicals of Kuzbass Clinical Oncological Dis-
pensary using a whole complex of diagnostics methods, after
that it became possible to make a certain pathomorphological
diagnosis for each woman. Classification of subtypes was
based on expressional parameters of estrogen (ER) and pro-
gesterone (PR) receptors and also those of receptor tyrosine ki-
nase (Her2) and level of proliferative activity of Ki-67 (Gold-
hirsch et al., 2013).

233 Kemerovo region residents were included into the
control group without any symptoms of oncological disorders
(median age 58.44+0.34). Inclusion criteria in the control
group were: Caucasian, female, age over 40 years, postmeno-
pausal. Exclusion criteria were: smoking, oncological cases in
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Table 1. Characteristics of the comparison groups

Age, Patients, Controls,
years N (%) N (%)
45-59 119 (36.39) 137 (58.80)
60-74 194 (59.33) 96 (41.20)

anamnesis, relatives with oncopathology. Age characteristics
of the observed groups (according to the WHO recommenda-
tions of 2016) are presented in Table 1.

This study was approved by the ethics committee of the
Federal Research Center of Coal and Coal Chemistry of SB
RAS according to the statements of the Helsinki declaration
(ratified in 2000). Collection of data and samples of periphe-
ral blood was conducted after receiving voluntary informed
consent from patients and healthy individuals.

DNA was purified from peripheral blood via the stan-
dard method of phenol-chloroform extraction (Sambrook
et al., 1989). Variants of the 7 OGG! (rs1052133), APEX]
(rs1130409), XPD (rs13181), and CAT (rs1001179), SOD2
(rs4880) genes were genotyped by real-time PCR using Tag-
Man primers from SibDNA kits (SibDNA, Novosibirsk, Rus-
sia). Amplification and detection of the results were performed
using the CFX96 amplificator (BioRad, USA).

SNPStats (http://bioinfo.iconcologia.net/SNPstats) and
STATISTICA 10.0 (StatSoft Inc., Tulsa, Oklahoma, USA)
programs were used for statistical processing of the obtained
results. Analysis of rare allele frequency, accordance to Har-
dy—Weinberg equilibrium were provided by available online
sources (https://gene-calc.pl/hardy-weinberg-page and http://
www.quantpsy.org/chisg/chisq.htm, respectively). Statistically
significant results were accepted with p <0.05. For minimiza-
tion of type I statistical error, multiple comparisons problem
was used. Using age parameter, we performed a logistic reg-
ression analysis with odds ratio (OR) calculation (with 95 %
confidence interval). The most convenient statistical model
with the lowest value was selected using Akaike Information
Criteria (AIC). With Multifactor Dimensionality Reduction
(MDR), which allows to evaluate all possible models of SNP
combinations, we investigated intergenic interactions. Contri-
bution of each gene and/or their interactions were evaluated
by H-parameter (caused by entropy) and represented as a
percentage (%) (Moore et al., 2006). To perform this analysis,
the program package of MDR 3.2.0 was used (Computational
Genetics Laboratory, Philadelphia, Pennsylvania, USA).

Results

Investigation of the hHOGG1, APEXI, XPD, SOD2 and CAT
genes polymorphic variants was conducted in cohorts of non-
smoking women with luminal B subtype of BC and healthy
women of similar age (Table 2).

Distribution of alleles and genotypes in the studied groups
corresponds to Hardy—Weinberg equilibrium and to parame-
ters observed in Caucasian population (http://www.ensembl.
org/Homo sapiens). No statically significant differences were
detected between different groups of patients (malignancy
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Table 2. Distribution of DNA repair and antioxidant system genes polymorphic variants in the study groups

Loci Genotypes and alleles  BC, N (%)
XPD c.2251A>C, AA 125 (39.94)
p.K751Q (rs13181)
AC 152 (48.56)
cc 36 (11.50)
A 201 (64.22)
C 118(35.78)
pHWE-x- 0.39
APEX1 c.444T>G, T 107 (34.19)
p.D148E (rs1130409)
G 157 (50.16)
GG 49 (15.65)
T 186 (59.27)
G 127(40.73)
pHWE* 0.56
hOGGT1 c.977C>G, cc 185 (59.11)
p.5326C (rs1052133)
cG 118(37.70)
GG 10(3.19)
C 244 (77.96)
G 69 (22.04)
pHWE* 0.10
CAT g.4760 C>G cc 168 (53.67)
(rs1001179)
CcG 119 (38.02)
GG 26 (8.31)
C 228 (72.68)
G 85(27.32)
p HWEx 0.48
SOD2 c.47T>C, T 84 (26.84)
p.A16V (rs4880)
TC 147 (46.96)
cc 82 (26.20)
T 157 (50.32)
C 156 (49.68)
pHWE* 0.30

Controls, N (%) P (df)**

118 (50.64) 0.06 (2)/0.05 (1)
95 (40.77)
20(8.58)

166 (71.03)
67 (28.97)

0.87
96 (41.20) 0.10(2)/0.16 (1)

114 (48.93)
23(9.87)

153 (65.67)
80 (34.33)

0.24

142 (60.94) 0.28(2)/0.97(1)
77 (33.05)
14 (6.01)

181 (77.47)
52(22.53)

0.45

151 (64.81) 0.045 (2)/0.07 (1)
69 (29.61)
13 (5.58)

186 (79.62)
47 (20.38)

0.22
65 (27.90) 0.24 (2)/0.41 (1)

122 (52.36)

46 (19.74)

126 (54.08)

107 (45.92)

0.71

* Accordance to Hardy-Weinberg equilibrium (HWE); ** level of significance after comparison of alleles and genotypes frequency in the study groups.

stage, its localization, metastases development). Significant
differences between genotypes and alleles distribution in DNA
repair and antioxidant system genes, taking into account the
Bonferroni correction were not detected in study groups.
Analysis of different hereditary models with correction
for age allowed to detect association between the risk of lu-
minal B Her2-negative BC development and XPD (rs13181)
and APEX] (rs1130409) in the log-additive model, and CAT
(rs1001179) in the dominant model (OR = 1.41; CI 95 %:

1.08-1.85; Padj = 0.011; OR = 1.39; CI 95 %: 1.07-1.81;
Padj=0.013 and OR =1.70; CI1 95 %: 1.19-2.43; Padj = 0.004
respectively).

Distribution of genotypes and alleles of the studied genes in
different age groups of patients with BC and healthy women
is presented in Table 3.

Analysis of different hereditary models allowed to reveal
links between polymorphic variants of the CAT (rs1001179)
gene with the risk of luminal B Her2-negative BC develop-
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Table 3. Distribution of different variants of DNA repair and antioxidative system genes in different study groups

Age Loci Genotypes BC, N (%) Controls, N (%) P (df)*
and alleles
45-59 XPD c.2251A>C, AA/AC/CC 49 (41.18)/52 (43.70)/18 (15.12) 68 (49.64)/56 (40.87)/13 (9.49) 0.35
p.K751Q(rs13181)
A 75 (63.03) 96 (70.08) 0.29
C 44 (36.97) 41 (29.02)
APEX1 c.444T>G, TT/TG/GG 41 (34.45)/58 (48.74)/20 (16.81) 53(38.69)/67 (48.91)/17 (12.40)  0.68
p.D148E (rs1130409)
T 70 (58.82) 87 (63.15) 0.52
G 49 (41.18) 50 (36.85)
hOGGT ¢.977C>G, CC/CG/GG 75 (63.03)/40 (33.61)/4 (3.36) 88 (64.23)/42 (30.66)/7 (5.11) 0.89
p.5326C (rs1052133)
C 95 (79.84) 109 (79.56) 0.92
G 24 (20.16) 28 (20.44)
CC/CG/GG 64 (53.78)/50 (42.02)/ 5 (4.20) 83 (60.58)/45 (32.85)/9 (6.57) 0.39
CAT g.4760 C>G
(rs1001179) C 89 (74.79) 106 (77.01) 0.74
G 30(25.21) 31(22.99)
SOD2 c.47T>C, TT/TC/CC 29 (24.37)/61 (51.26)/29 (24.37) 30(21.90)/69 (50.36)/38 (27.74)  0.89
p.A16V (rs4880)
T 59 (50.00) 64 (47.08) 0.74
C 60 (50.00) 73(52.92)
60-74 XPD c.2251A>C, TT/TG/GG 76 (39.18)/100 (51.55)/ 18 (9.27) 50 (52.08)/39 (40.63)/7 (7.29) 0.16
p.K751Q (rs13181)
T 126 (64.96) 70 (72.40) 0.22
G 68 (35.04) 26 (28.60)
APEX1 c.444T>G, TT/TG/GG 66 (34.02)/99 (51.03)/29 (14.95) 43 (44.79)/47 (48.96)/ 6 (6.25) 0.08
p.D148E (rs1130409)
T 116 (59.54) 67 (69.27) 0.13
G 78 (40.46) 29(30.73)
hOGG1 ¢.977C>G, CC/CG/GG 110 (56.70)/78 (40.21)/ 6 (3.09) 54 (56.25)/35 (36.46)/ 7 (7.29) 0.40
p.5326C (rs1052133)
C 149 (76.81) 72 (74.48) 0.85
G 45 (23.19) 24 (25.52)
CC/CG/GG 104 (53.61)/69 (35.57)/ 21 (10.82) 68 (70.83)/24 (25.00)/ 4 (4.16) 0.02
CAT g.4760C>G C 139 (71.40) 80 (83.33) 0.04
(rs1001179) G 55 (28.60) 16 (16.67)
Log-additive model (OR = 1.87, Cl 95 % 1.22-2.85, Padj = 0.0024)
SOD2 c.47T>C, TT/TC/CC 56 (28.87)/85 (43.81)/53 (27.32) 13 (13.54)/55(57.29)/28 (29.17)  0.02
p.A16V (rs4880)
T 98 (50.77) 40 (42.19) 0.20
C 96 (49.23) 56 (57.81)

* Level of significance in comparison of alleles and genotypes distribution between different study groups.

ment in elder patients (60—74 years) in the log-additive model
(OR =1.87; C1 95 %: 1.22-2,85; Padj = 0.0024).

Via the MDR method, the most optimal 3-loci model of
intergenic interactions with a high level of precision, mini-
mal rate of error for BC risk prediction and maximal level of
reproducibility evaluation was obtained (Table 4).

Analysis of the model in contingency tables, which rep-
resent all possible variants for the 3-loci model, revealed
12 protective and 15 risk combinations for luminal B Her2-
negative BC development (Fig. 1).

The MDR analysis showed a simultaneous strengthening of
effects between two loci, APEX] (rs1130409) (H = 0.07 %)
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Table 4. Significant intergenic interactions during BC development

Loci TrBal.Acc. Test.Bal.Acc. SignTest(p) Se. Sp. CcvC Pre.

CAT (rs1001179) * APEXT (rs1130409) * SOD2 (rs4880) 0.616 0.557 < 0.0001 0473 0.752 10/10 0.799

Note. Tr.Bal.Acc. - training balanced accuracy; Test.Bal.Acc. - testing balanced accuracy; Sign Test (p) - test for significance; Se. - sensitivity; Sp. - specificity;

CVC - repeatability of the result; Pre. — precision of the model
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Fig. 1. Combination of genotypes for the 3-loci model of CAT (rs1001179), APEX1 (rs1130409) and SOD2 (rs4880) that can pre-
dispose to the risk of luminal B Her2-negative BC development.

Dark grey cells — genotypes of increased risk, light grey cells — genotypes of decreased risk (left columns in the cells — patients with BC,

right columns - healthy women).

and SOD2 (rs4880) (H = 0.55 %), and also independence
of their effects from CAT (rs1001179) (H = 0.44 %) during
formation of luminal B Her2-negative BC (Fig. 2).

Discussion

Sensitivity of an organism to air pollutants depends on the
correct work of many enzyme systems, which include DNA
repair and the antioxidative system. The level of breast tis-
sues exposition to exo- and endogenous estrogens (providing
DNA adducts formation) makes a big contribution to disease
pathogenesis (Martucci, Fishman, 1993; Hanawalt, 2002).
Estrogens are involved in regulation of antioxidative enzymes
and can initiate oxidative mutations in DNA due to formation
of active forms of oxygen during metabolic reactions (Tjeon-
neland et al., 2004; Bergman et al., 2005; Silva et al., 2006;
Liou, Storz,2010).

In one of the articles, influence of obesity on BC risk in
female carriers of at least one minor allele of myeloperoxidase
gene or DNA repair genes like GMT, MSH2, XPG and XRCC1
was detected (McCullough et al., 2015). In another study, it
was shown that genes involved in oxidative stress and DNA
repair can increase survival of women affected by breast
oncopathologies (Rodrigues et al., 2012). At the same time
there were no scientific works aimed at synergetic influence
of DNA excision repair genes with genes of the antioxidative
system on BC risk.

DNA aberrations that are formed due to active forms of
oxygen can be recovered via the BER and NER pathways.
Results obtained in our work concerning APEX1 (rs1130409)
association with BC risk are consistent with literature data
(Mitra et al., 2008; Smith et al., 2008; Kim et al., 2013). Ad-

CAT

APEX1

MnSOD2

Fig. 2. Dendrogram of intergenic interactions during formation of lumi-
nal B Her2-negative BC.

Red - synergy of effects, brown - independent interaction.

ditionally, a link between the 4447 allele and estrogen-positive
BC development was revealed in Chinese women (Wang T.
et al., 2018). Besides the repair function, this enzyme can
perform oxidative-reductive activity of transcriptional factors
(Kelley et al., 2012; Wang Z. et al., 2014). Redox activity
of the protein contributes to synergy between the APEX]
(rs1130409) and SOD2 47 (rs4880) loci during BC formation.

The hOGGI gene is another key component of the BER
pathway. In our study, no links were found between hOGG1
(rs1052133) and BC risk. Similar results were demonstrated in
the meta-analysis by M. Kamali et al. (2017), where associa-
tion of 977G with BC wasn’t revealed in Caucasian as well
as in Asian women (Kamali et al., 2017). At the same time, in
a scientific work performed among Polish patients, 70GG1
977GG genotype contributed to the risk of BC development
(Romanowicz et al., 2017).

Results of scientific studies that are aimed at XPD (rs13181)
association with oncological disorders of the breast are not
obvious. In works that were conducted using material of Ca-
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nadian, Brazilian and Chinese women no significant results
were obtained (Dufloth et al., 2005; Zhang L. et al., 2005;
Onay et al., 2006). Observation of Indian patients allowed
to reveal association of the 225/ C allele with enhanced risk
of BC (Samson et al., 2011). Later, a meta-analysis was
conducted that showed an increased risk of BC in 225/C al-
lele carriers in Caucasian and mixed populations (Yan et al.,
2014). Similar results were demonstrated using Polish patients
(Smolarz et al., 2019).

Manganese-dependent superoxide dismutase is one of the
most important enzymes of the antioxidative system. Besides
its own essential function (antioxidative activity), SOD2 pro-
tein has binding sites with different factors of transcription that
are useful for its activation and are also involved in defense of
cells against oxidative stress (Alateyah et al., 2022). Results
of molecular and genetical studies of SOD2 (rs4880) asso-
ciation with BC risk are quite controversial. In our study, no
influence of this polymorphic variant on the risk of malignant
transformation development in breasts was detected. Similar
results were obtained in the works conducted among Polish
and Greek women (Jablonska et al., 2015; Kakkoura et al.,
2016). In Mexican female patients, an association between the
47T allele of the SOD2 gene and luminal A subtype formation
was detected, but not with luminal B (Gallegos-Arreola et al.,
2022). In Iraqi and Taiwan, an association between this allele
and increased BC risk was also detected (Tsai et al., 2012;
Jabir, Hoidy, 2018).

Results of studies aimed to link the CAT (rs1001179) gene
polymorphism with BC risk are still controversial. In some
scientific works among American patients, an association
between a decreased risk of BC and the -262 CC genotype
was revealed in comparison with 7 allele carriers (Ahn et al.,
2004, 2005). In our study, we got similar results. Ambiguous
data were obtained by Y. Li et al. (2009), who registered a
small decrease in BC risk in postmenopausal women with the
CAT -262 CC genotype that were consumed a huge number
of fruits and vegetables (over two portions a day). Among
women with a small rate of fruits and vegetables consump-
tion, CAT -262 CC was linked with an increased risk of BC
(Li et al., 2009).

Conclusion
The combined influence of DNA repair and antioxidative
system genes variants on breast cancer risk was demonstrated.
This work was conducted using material of postmenopausal
women; to better understand the influence of individual geneti-
cal features on breast cancer development, it is also advisable
to include younger women in experimental study.

To clarify the ability of the system of risk prognosis for
BC risk evaluation, it is necessary to increase the number of
studied patients to perform an additional study.

References

Ahn J., Gammon M.D., Santella R.M., Gaudet M.M., Britton J.A.,
Teitelbaum S.L., Terry M.B., Neugut A.L., Josephy P.D., Ambro-
sone C.B. Myeloperoxidase genotype, fruit and vegetable consump-
tion, and breast cancer risk. Cancer Res. 2004;64(20):7634-7639.
DOI 10.1158/0008-5472.CAN-04-1843

Ahn J., Gammon M.D., Santella R.M., Gaudet M.M., Britton J.A.,
Teitelbaum S.L., Terry M.B., Nowell S., Davis W., Garza C., Neu-
gut A.L, Ambrosone C.B. Associations between breast cancer risk

Polymorphisms of DNA repair and antioxidant defense genes
and the risk of developing breast cancer

and the catalase genotype, fruit and vegetable consumption, and
supplement use. Am. J. Epidemiol. 2005;162(10):943-952. DOI
10.1093/aje/kwi306

Alateyah N., Gupta L., Rusyniak R.S., Ouhtit A. SOD2, a potential tran-
scriptional target underpinning CD44-promoted breast cancer pro-
gression. Molecules. 2022;27(3):811. DOI 10.3390/molecules2703
0811

Ambrosone C.B. Oxidants and antioxidants in breast cancer. Antioxid.
Redox Signal. 2000;2(4):903-917. DOI 10.1089/ars.2000.2.4-903

Bastaki M., Huen K., Manzanillo P., Chande N., Chen C., Balmes J.R.,
Tager 1.B., Holland N. Genotype-activity relationship for Mn-super-
oxide dismutase, glutathione peroxidase 1 and catalase in humans.
Pharmacogenet. Genomics. 2006;16(4):279-286. DOI 10.1097/01.
fpc.0000199498.08725.9¢

Bergman M., Ahnstrom M., Palmeback Wegman P., Wingren S. Poly-
morphism in the manganese superoxide dismutase (MnSOD) gene
and risk of breast cancer in young women. J. Cancer Res. Clin. On-
col. 2005;131(7):439-444. DOI 10.1007/s00432-004-0663-7

Breast Cancer Association Consortium. Breast cancer risk genes — as-
sociation analysis in more than 113,000 women. N. Engl. J. Med.
2021;384(5):428-439. DOI 10.1056/NEJMoal913948

Calculation for the Chi-Square Test [Electronic resource]. URL: http://
www.quantpsy.org/chisq/chisq.htm (accessed: 06.07.2023)

Caporaso N. The molecular epidemiology of oxidative damage to
DNA and cancer. J. Natl. Cancer Inst. 2003;95(17):1263-1265.
DOI 10.1093/jnci/djg065

Dufloth R.M., Costa S., Schmitt F., Zeferino L.C. DNA repair gene
polymorphisms and susceptibility to familial breast cancer in a group
of patients from Campinas, Brazil. Genet. Mol. Res. 2005;4(4):
771-782

Ensembl [Electronic resource]. URL: http://www.ensembl.org/Homo
sapiens (accessed: 06.07.2023)

Ferreira M.A., Gamazon E.R., Al-Ejeh F., Aittoméki K., Andrulis I.L.,
Anton-Culver H., Arason A., Arndt V., Aronson K.J., Arun BK,, ...
Yang X.R., Yannoukakos D., Ziogas A., Kraft P., Antoniou A.C.,
Zheng W., Easton D.F., Milne R.L., Beesley J., Chenevix-Trench G.
Genome-wide association and transcriptome studies identify target
genes and risk loci for breast cancer. Nat. Commun. 2019;10(1):
1741. DOI 10.1038/s41467-018-08053-5

Fontana L., Bosviel R., Delort L., Guy L., Chalabi N., Kwiatkowski F.,
Satih S., Rabiau N., Boiteux J.P., Chamoux A., Bignon Y.J., Bernard-
Gallon D.J. DNA repair gene ERCC2, XPC, XRCC1, XRCC3 poly-
morphisms and associations with bladder cancer risk in a French
cohort. Anticancer Res. 2008;28(3B):1853-1856

Forsberg L., Lyrenés L., de Faire U., Morgenstern R. A common func-
tional C-T substitution polymorphism in the promoter region of the
human catalase gene influences transcription factor binding, re-
porter gene transcription and is correlated to blood catalase levels.
Free Radic. Biol. Med. 2001;30(5):500-505. DOI 10.1016/s0891-
5849(00)00487-1

Gallegos-Arreola M.P., Ramirez-Patifo R., Sanchez-Lopez J.Y., Zuii-
ga-Gonzalez G.M., Figuera L.E., Delgado-Saucedo J.I., Gomez-
Meda B.C., Rosales-Reynoso M.A., Puebla-Pérez A.M., Lemus-Va-
rela M.L., Garibaldi-Rios A.F., Marin-Dominguez N.A., Pacheco-Ver-
duzco D.P., Mohamed-Flores E.A. SOD2 gene variants (rs4880 and
rs5746136) and their association with breast cancer risk. Curr. Issues
Mol. Biol.2022;44(11):5221-5233. DOI 10.3390/cimb44110355

Goldhirsch A., Winer E.P., Coates A.S., Gelber R.D., Piccart-Geb-
hart M., Thiirlimann B., Senn Y.-J. Personalizing the treatment of
women with early breast cancer: highlights of the St Gallen Inter-
national Expert Consensus on the Primary Therapy of Early Breast
Cancer 2013. Ann. Oncol. 2013;24(9):2206-2223. DOI 10.1093/
annonc/mdt303

Hadi M.Z., Coleman M.A., Fidelis K., Mohrenweiser H.W., Wil-
son D.M. 3rd. Functional characterization of Apel variants identi-
fied in the human population. Nucleic Acids Res. 2000;28(20):3871-
3879. DOI 10.1093/nar/28.20.3871

430 Vavilovskii Zhurnal Genetiki i Selektsii / Vavilov Journal of Genetics and Breeding - 2024 - 28 - 4



A.A. Tumodeea, B./. MnHuHa, A.B. TopryHakosa ...
A.A. 3axapoBa, M.J1. bakaHoBa, A.H. Inywkos

Hanawalt P.C. Subpathways of nucleotide excision repair and their
regulation. Oncogene. 2002;21(58):8949-8956. DOI 10.1038/sj.onc.
1206096

Hardy-Weinberg equilibrium [Electronic resource]. URL: https://gene-
calc.pl/hardy-weinberg-page (accessed: 06.07.2023)

Ignatiadis M., Sotiriou C. Luminal breast cancer: from biology to treat-
ment. Nat. Rev. Clin. Oncol. 2013;10(9):494-506. DOI 10.1038/
nrclinonc.2013.124

Jabir F.A., Hoidy W.H. Pharmacogenetics as personalized medicine: as-
sociation investigation of SOD2 rs4880, CYP2C19 rs4244285, and
FCGR2A rs1801274 polymorphisms in a breast cancer population
in Iraqi women. Clin. Breast Cancer. 2018;18(5):e863-e868. DOI
10.1016/j.clbc.2018.01.009

Jablonska E., Gromadzinska J., Peplonska B., Fendler W., Reszka E.,
Krol M.B., Wieczorek E., Bukowska A., Gresner P., Galicki M.,
Zambrano Quispe O., Morawiec Z., Wasowicz W. Lipid peroxida-
tion and glutathione peroxidase activity relationship in breast can-
cer depends on functional polymorphism of GPXI. BMC Cancer.
2015;15:657. DOI 10.1186/s12885-015-1680-4

Ji M., Tang J., Zhao J., Xu B., Qin J., Lu J. Polymorphisms in genes
involved in drug detoxification and clinical outcomes of anthracy-
cline-based neoadjuvant chemotherapy in Chinese Han breast can-
cer patients. Cancer Biol. Ther. 2012;13(5):264-271. DOI 10.4161/
cbt.18920

Kakkoura M.G., Demetriou C.A., Loizidou M.A., Loucaides G., Neo-
phytou I., Malas S., Kyriacou K., Hadjisavvas A. MnSOD and
CAT polymorphisms modulate the effect of the Mediterranean diet
on breast cancer risk among Greek-Cypriot women. Eur. J. Nutr.
2016;55(4):1535-1544. DOI 10.1007/500394-015-0971-5

Kamali M., Kargar S., Heiranizadeh N., Zare M., Kargar Sh., Zare
Shehneh M., Neamatzadeh H. Lack of any association between the
Hoggl Ser326Cys polymorphism and breast cancer risk: a systema-
tic review and meta-analysis of 18 studies. Asian Pac. J. Cancer
Prev. 2017;18(1):245-251. DOI 10.22034/APJCP.2017.18.1.245

Kelley M.R., Georgiadis M.M., Fishel M.L. APE1/Ref-1 role in redox
signaling: translational applications of targeting the redox function
of the DNA repair/redox protein APE1/Ref-1. Curr. Mol. Pharma-
col. 2012;5(1):36-53. DOI 10.2174/1874467211205010036

Kim K.Y., Han W., Noh D.Y., Kang D., Kwack K. Impact of genetic
polymorphisms in base excision repair genes on the risk of breast
cancer in a Korean population. Gene. 2013;532(2):192-196. DOI
10.1016/j.gene.2013.09.069

Li Y., Ambrosone C.B., McCullough M.J., Ahn J., Stevens V.L.,
Thun M.J., Hong C.C. Oxidative stress-related genotypes, fruit
and vegetable consumption and breast cancer risk. Carcinogenesis.
2009;30(5):777-784. DOI 10.1093/carcin/bgp053

Liou G.Y., Storz P. Reactive oxygen species in cancer. Free Radic. Res.
2010;44(5):479-496. DOI 10.3109/10715761003667554

Martucci C.P., Fishman J. P450 enzymes of estrogen metabolism.
Pharmacol. Ther. 1993;57(2-3):237-257. DOI 10.1016/0163-7258
(93)90057-k

McCullough L.E., Eng S.M., Bradshaw P.T., Cleveland R.J., Steck S.E.,
Terry M.B., Shen J., Crew K.D., Rossner P. Jr., Ahn J., Ambro-
sone C.B., Teitelbaum S.L., Neugut A.L., Santella R.M., Gam-
mon M.D. Genetic polymorphisms in DNA repair and oxidative
stress pathways may modify the association between body size and
postmenopausal breast cancer. Ann. Epidemiol. 2015;25(4):263-269.
DOI 10.1016/j.annepidem.2015.01.009

Michailidou K., Lindstrém S., Dennis J., Beesley J., Hui S., Kar S.,
Lemagon A., Soucy P., Glubb D., Rostamianfar A., ... Garcia-Clo-
sas M., Schmidt M.K., Chanock S.J., Dunning A.M., Edwards S.L.,
Bader G.D., Chenevix-Trench G., Simard J., Kraft P., Easton D.F.
Association analysis identifies 65 new breast cancer risk loci.
Nature. 2017;551(7678):92-94. DOI 10.1038/nature24284

Mitra A.K., Singh N., Singh A., Garg V.K., Agarwal A., Sharma M.,
Chaturvedi R., Rath S.K. Association of polymorphisms in base
excision repair genes with the risk of breast cancer: a case-control
study in North Indian women. Oncol. Res. 2008;17(3):127-135. DOI
10.3727/096504008785055567

2024
284

Monumopdusmbl reHoB penapaumm AHK 1 aHTMOKCMAAHTHON
3aLMTbl U PUCK Pa3BUTUA pPaka MOIOYHON Xxenesbl

Moore J.H., Gilbert J.C., Tsai C.T., Chiang F.T., Holden T., Barney N.,
White B.C. A flexible computational framework for detecting, cha-
racterizing, and interpreting statistical patterns of epistasis in ge-
netic studies of human disease susceptibility. J. Theor. Biol. 2006;
241(2):252-261. DOI 10.1016/}.jtbi.2005.11.036

Nishimura R., Osako T., Okumura Y., Hayashi M., Toyozumi Y., Ari-
ma N. Ki-67 as a prognostic marker according to breast cancer sub-
type and a predictor of recurrence time in primary breast cancer.
Exp. Ther. Med. 2010;1(5):747-754. DOI 10.3892/etm.2010.133

Niu Y., Li F., Tang B., Shi Y., Yu P. Association of hOGG1 Ser326Cys
polymorphism with gastric cancer risk: a meta-analysis. Mol. Biol.
Rep. 2012;39(6):6563-6568. DOI 10.1007/s11033-012-1485-3

Nyaga S.G., Lohani A., Jaruga P., Trzeciak A.R., Dizdaroglu M.,
Evans M.K. Reduced repair of 8-hydroxyguanine in the human
breast cancer cell line, HCC1937. BMC Cancer. 2006;6:297. DOI
10.1186/1471-2407-6-297

Onay V.U., Briollais L., Knight J.A., Shi E., Wang Y., Wells S., Li H.,
Rajendram 1., Andrulis I.L., Ozcelik H. SNP-SNP interactions in
breast cancer susceptibility. BMC Cancer.2006;6:114. DOI 10.1186/
1471-2407-6-114

Pan Q., Liu Y.J., Bai X.F., Han X.L., Jiang Y., Ai B., Shi S.S., Wang F.,
Xu M.C., Wang Y.Z., Zhao J., Chen J.X., Zhang J., Li X.C., Zhu J.,
Zhang G.R., Wang Q.Y., Li C.Q. VARAdb: a comprehensive varia-
tion annotation database for human. Nucleic Acids Res. 2021,
49(D1):D1431-D1444. DOI 10.1093/nar/gkaa922

Rodrigues P., Furriol J., Bermejo B., Chaves F.J., Lluch A., Eroles P.
Identification of candidate polymorphisms on stress oxidative and
DNA damage repair genes related with clinical outcome in breast
cancer patients. Int. J. Mol. Sci. 2012;13(12):16500-16513. DOI
10.3390/ijms 131216500

Romanowicz H., Pyziak L., Jabtonski F., Bry$§ M., Forma E., Smo-
larz B. Analysis of DNA repair genes polymorphisms in breast can-
cer. Pathol. Oncol. Res. 2017;23(1):117-123. DOI 10.1007/s12253-
016-0110-5

Romaniuk O.P., Nikitchenko N.V., Savina N.V., Kuzhir T.D., Goncha-
rova R.I. The polymorphism of DNA repair genes XPD, XRCCI,
OGGI, and ERCC6, life expectancy, and the inclination to smoke.
Russ. J. Genet. 2014;50(8):860-869. DOI 10.1134/S102279541408
0067

Sambrook J., Fritsch E.R., Maniatis T. Molecular Cloning: A Labora-
tory Manual. New York: Cold Spring Harbor Laboratory Press, 1989

Samson M., Singh S.S., Rama R., Sridevi V., Rajkumar T. XPD
Lys751Gln increases the risk of breast cancer. Oncol. Lett. 2011;
2(1):155-159. DOI 10.3892/01.2010.220

Siegel R.L., Miller K.D., Fuchs H.E., Jemal A. Cancer statistics, 2021.
CA Cancer J. Clin. 2021;71(1):7-33. DOI 10.3322/caac.21654

Silva S.N., Cabral M.N., Bezerra de Castro G., Pires M., Azevedo A.P.,
Manita 1., Pina J.E., Rueff J., Gaspar J. Breast cancer risk and poly-
morphisms in genes involved in metabolism of estrogens (CYP17,
HSD17betal, COMT and MnSOD): possible protective role of
MnSOD gene polymorphism Val/Ala and Ala/Ala in women that
never breast fed. Oncol. Rep. 2006;16(4):781-788

Smith T.R., Levine E.A., Freimanis R.I., Akman S.A., Allen G.O.,
Hoang K.N., Liu-Mares W., Hu J.J. Polygenic model of DNA re-
pair genetic polymorphisms in human breast cancer risk. Carcino-
genesis. 2008;29(11):2132-2138. DOI 10.1093/carcin/bgn193

Smolarz B., Michalska M.M., Samulak D., Romanowicz H., Wojcik L.
Polymorphism of DNA repair genes in breast cancer. Oncotarget.
2019;10(4):527-535. DOI 10.18632/oncotarget.26568

SNPStats [Electronic resource]. URL: http://bioinfo.iconcologia.net/
SNPstats (accessed: 06.07.2023)

Sugasawa K. Regulation of damage recognition in mammalian global
genomic nucleotide excision repair. Mutat. Res. 2010;685(1-2):
29-37. DOI 10.1016/j.mrfmmm.2009.08.004

Sutton A., Imbert A., Igoudjil A., Descatoire V., Cazanave S., Pessay-
re D., Degoul F. The manganese superoxide dismutase Alal6Val
dimorphism modulates both mitochondrial import and mRNA stabi-
lity. Pharmacogenet. Genomics. 2005;15(5):311-319. DOI 10.1097/
01213011-200505000-00006

MEOAUUMNHCKAA TEHETUKA / MEDICAL GENETICS 431



A.A.Timofeeva, V.I. Minina, A.V. Torgunakova ...
Ya.A. Zakharova, M.L. Bakanova, A.N. Glushkov

Tas F., Hansel H., Belce A., Ilvan S., Argon A., Camlica H., Topuz E.
Oxidative stress in breast cancer. Med. Oncol. 2005;22(1):11-15.
DOI 10.1385/M0:22:1:011

Tjenneland A., Christensen J., Thomsen B.L., Olsen A., Overvad K.,
Ewertz M., Mellemkjaer L. Hormone replacement therapy in rela-
tion to breast carcinoma incidence rate ratios: a prospective Danish
cohort study. Cancer. 2004; 100(11):2328-2337. DOI 10.1002/cncr.
20250

Tsai S.M., Wu S.H., Hou M.F., Chen Y.L., Ma H., Tsai L.Y. Oxida-
tive stress-related enzyme gene polymorphisms and susceptibility
to breast cancer in non-smoking, non-alcohol-consuming Taiwanese
women: a case-control study. Ann. Clin. Biochem. 2012;49(Pt. 2):
152-158. DOI 10.1258/acb.2011.011098

Wang T., Wang H., Yang S., Guo H., Zhang B., Guo H., Wang L.,
Zhu G., Zhang Y., Zhou H., Zhang X., Li H., Su H. Association
of APEX] and OGGI gene polymorphisms with breast cancer risk
among Han women in the Gansu Province of China. BMC Med.
Genet. 2018;19(1):67. DOI 10.1186/s12881-018-0578-9

Wang Z., Ayoub E., Mazouzi A., Grin I., Ishchenko A.A., Fan J.,
Yang X., Harihar T., Saparbaev M., Ramotar D. Functional va-

Polymorphisms of DNA repair and antioxidant defense genes
and the risk of developing breast cancer

riants of human APE] rescue the DNA repair defects of the yeast AP
endonuclease/3'-diesterase-deficient strain. DNA Repair. 2014;22:
53-66. DOI 10.1016/j.dnarep.2014.07.010

World Health Organization. [Electronic resource]. URL: https://www.
who.int/ru (accessed: 03.10.2023)

Yan Y., Liang H., Light M., Li T., Deng Y., Li M., Li S., Qin X. XPD
Asp312Asn and Lys751Gln polymorphisms and breast cancer sus-
ceptibility: a meta-analysis. Tumour Biol. 2014;35(3):1907-1915.
DOI 10.1007/s13277-013-1256-3

Zhang H., Ahearn T.U., Lecarpentier J., Barnes D., Beesley J., Qi G.,
Jiang X., O’Mara T.A., Zhao N., Bolla M.K,, ... Kraft P., Simard J.,
Pharoah P.D.P., Michailidou K., Antoniou A.C., Schmidt M.K.,
Chenevix-Trench G., Easton D.F., Chatterjee N., Garcia-Closas M.
Genome-wide association study identifies 32 novel breast cancer
susceptibility loci from overall and subtype-specific analyses. Nat.
Genet. 2020;52(6):572-581. DOI 10.1038/s41588-020-0609-2

Zhang L., Zhang Z., Yan W. Single nucleotide polymorphisms for
DNA repair genes in breast cancer patients. Clin. Chim. Acta. 2005;
359(1-2):150-155. DOI 10.1016/j.cccn.2005.03.047

Conflict of interest. The authors declare no conflict of interest.

Received August 3, 2023. Revised January 12, 2024. Accepted February 26, 2024.

432 Vavilovskii Zhurnal Genetiki i Selektsii / Vavilov Journal of Genetics and Breeding - 2024 - 28 - 4


https://www.who.int/ru
https://www.who.int/ru

