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INTRODUCTION
In Ukraine, annually, 6-8 thousand occupational diseases 
are registered, 70% of those are bronchopulmonary pathol-
ogies (BPP) [1]. The nature, clinical course and complica-
tions of BPP depend on the composition of the industrial 
aerosols, their aggressiveness and genetic predispositions 
and immunological characteristics of the individual [2]. 
In living organisms, there are various systems that protect 
from exogenous damaging agents, such as DNA repair 
[3-7]. There are 4 basic DNA repair systems: base-ex-
cision repair (BER); nucleotide excision repair (NER); 
double-strand break repair (DSBR), which is divided into 
homologous recombination (HR) and non-homologous 
end joining (NHEJ); mismatch repair (MMR). 

Most of the damages to DNA (up to 70%) are removed by 
BER [8]. The genes encoding for BER are characterized by a high 
level of polymorphism, which, due to changes in the activity of 
reparative enzymes, can affect individual sensitivity to the ac-

tions of various genotoxic agents, including tobacco smoke and 
industrial aerosols. The XRCC1 gene (X-ray-repair cross-com-
plementing group 1) is localized on the 19-th chromosome 
(19q13.2). A protein that it encodes, regulates the regeneration 
of DNA molecules that have been damaged by ionizing radiation 
and alkylating agents [3, 8-9]. The XRCC3 gene (X-ray-repair 
cross-complementing group 3) is involved in recombinant DNA 
repair and double-stranded DNA breaks [10].

The protein products of the NER genesare involved in the 
removal of the damaged nucleotides with the subsequent 
restoration of the structure of the DNA molecule, through 
the recognition and correction of basal cross-linking [11]. 
The XPD protein (xeroderma pigmentosum group D) 
functions at the beginning of the synthesis of all proteins as 
a subunit of the complex protein TFIIH, a complementary 
factor of RNA polymerase II [5, 6]. The main function of 
the ERCC1 gene (Excision repair cross complementing 1) 
is nucleotide recovery [11].
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ABSTRACT
Introduction: The frequency of alleles and genotypes of DNA repair genes in people working due to the influence of industrial aerosols (miners and workers of asbestos-cement 
plants (n = 215)) was studied.
The aim of the work was to identify allelic polymorphisms affecting the formation of resistance or leading to an increased risk of developing bronchopulmonary pathology.
Materials and methods: In 90 patients with bronchopulmonary pathology and 125 persons working under the same conditions but without respiratory system diseases, 
the polymerase chain reaction in real time was determined by the polymorphisms of DNA repair genes: XPD (rs13181, rs799793), ERCC1 (rs11615), XRCC1 ( rs25487) and XRCC3 
(rs861539), ATM (rs664677), XRCC7 (rs7003908) and MLH1 (rs1799977).
Results: In the course of this study the alleles and genotypes contributing to resistance to the development of respiratory system pathologies were determined: XRCC1•G/A 
(rs25487) (OR=0.57; 95% CI: 0.32-1.02; P≤0.040; χ²=4.14); MLH1•A (rs1799977) (OR=0.62; 95% CI: 0.40-0.96; P≤0.020; χ²=5.06); MLH1•A/A (rs1799977) (OR=0.43; 95% CI: 
0.24-0.79; P≤0.003; χ²=8.73). Also, we established the alleles and genotypes associated with the risk of developing bronchopulmonary pathology: XPD•C/C (rs13181) (OR=2.20, 
95% CI: 1.02-4.77; P≤0.020; χ²=4.85); XRCC1•A/A (rs25487) (OR=3.37; 95 % CI: 1.22-9.63; P≤0.008; χ²=6.94); ATM•T/T (rs664677) (OR=2.48; 95% CI: 1.16-5.31; Р≤0.010; 
χ²=6.61); MLH1•G (rs1799977) (OR=1.61; 95% CI: 1.04-2.49; P≤0.020; χ²=5.06); MLH1•A/G (rs1799977) (OR=2.32; 95% CI: 1.29-4.21; P≤0.002; χ²=9.01). 
Conclusions: The results indicate the influence of allelic polymorphisms of DNA repair genes on the formation of resistance to the development of bronchopulmonary pathology 
under the action of industrial aerosols and open up prospects for the development of modern preventive measures.
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Variants of DSBR errors lead to different types of mu-
tations and chromosome rearrangements that induce a 
genome instability and carcinogenesis [3, 6]. The gene 
XRCC7 (X-ray-repair cross-complementing group 7) is 
located on the 8th chromosome (8q11), encodes a protein 
which is a large catalytic subunit of the DNA-PC complex 
(DNA-PKc), which forms an active protein kinase with Ku 
and initiates recovery by NHEJ [8, 13, 14]. The ataxia-tel-
angiectasia mutation (ATM) gene is localized on the 11th 
chromosome (11q22-23), encoding the DNA-dependent 
proteincanase, localized mainly in the nucleus. The car-
riers of mutant alleles are characterized by sensitivity to 
radiation, multiple defects in development, predisposition 
to oncology [15]. A special place among the DNA repair 
systems belongs to the MMR, thanks to which it is possible 
to preserve genetic information even when there is a high 
number of mutations. The MLH1 gene (mutL (E. coli) ho-
molog 1) is located on chromosome 3, encoding a protein 
that regulates the replacement of improperly coupled DNA 
bases and is inactivated by methylation [16]. 

Consequently, there is a lot of data on DNA repair of SNPs 
associated with high risk factors for lung carcinogenesis 
due to tobacco smoke, therefore we decided to study these 
molecular markers in people working in an environment in 
which industrial aerosols have an impact on them. 

THE AIM
The aim of the work was to identify allelic polymorphisms 
affecting the formation of resistance or an increased risk 
of developing bronchopulmonary pathology.

MATERIALS AND METHODS
The materials used in the study do not violate the princi-
ples of bioethics and can be published (excerpt from the 
protocol №2 of the meeting of the Bioethics Commission 
of the State Institution « Institute of Occupational Health 
of the National Academy of Medical Sciences of Ukraine “, 
February 29, 2016). All patients participating in the study 
gave their consent and signed an informational agreement. 

The study included people working with industrial aero-
sols (n = 215), these are workers of asbestos-cement plants 
(ACP, n = 95), and coal miners (n = 120). For a comparative 
analysis, two groups were formed: the experimental group 
included people with BPP (chronic bronchitis, chronic ob-
structive pulmonary disease, pneumoconiosis). The diagno-

sis was established or confirmed in the Clinic of Occupation-
al Diseases of the Kundiiev Institute of Occupational Health 
of the National Academy of Medical Sciences of Ukraine. 
The diagnosis was established by X-ray examination of the 
chest organs, respiratory function and diffusion capacity of 
the lungs for carbon monoxide (DLCO). The control group 
consisted of the ACP and the miners, who did not have BPP 
in their medical history, but their experience and working 
conditions coincided with the data of the respondents of the 
experimental group, table I.

DNA was isolated from peripheral blood leukocytes 
using NeoPrep100DNA and NEOGENE (Ukraine) kits. 
The genotypes of the genes were determined by the 
polymerase chain reaction method in real time: XPD 
(rs13181, rs799793), ERCC1 (rs11615), XRCC3 (rs861539), 
XRCC1 (rs25487), ATM (rs664677), XRCC7 (rs7003908) 
and MLH1 (rs1799977) using the amplifier 7500 Fast 
Real-Time PCR System (Applied Biosystems, USA) and 
TaqMan Assays.

The obtained results were statistically analyzed using 
Orion 7.0, Statistica 10 and Excel 2010 programs. The 
probability of differences was determined by χ2-criterion, 
values   P <0.05 were considered significant.

RESULTS AND DISCUSSION
The frequency distribution of alleles and genotypes of DNA 
repair systems of the participants from the experimental 
and control groups were studied. The frequencies of the 
alleles of NER gene: XPD (rs13181, rs799793), ERCC1 
(rs11615); BER gene: XRCC3 (rs861539), XRCC1 (rs25487); 
DBSR gene: ATM (rs664677), XRCC7 (rs7003908) - were 
not characterized by significant differences between the 
experimental and control groups (P> 0.05). It was found 
that the frequency of carriers the dominant allele MLH1•А 
(rs1799977) was significantly higher in the control group 
compared to the experimental group, and vice versa, the 
minor allele MLH1•G (rs1799977) was significantly more 
often represented in the group with BPP (χ² = 5.06; P 
<0.020), (Table II, III).

It should be noted that the obtained frequencies of genotypes 
of DNA repair genes in our study closely matched the popula-
tion frequencies of European race, Table IV.

In the study of genotypes of NER genes (XPD (rs13181, 
rs799793) and ERCC1 (rs11615)), it was found that there 
were no significant differences in the frequencies of dominant 
homozygotes and heterozygotes between the experimental 

Таble I. General characteristics of study groups 

Indication Control 
(n = 125)

Study  
(n = 90)

Age 45.0 ± 7.2 50.5 ± 7.3

Harmful experience 16.9 ± 5.4 21.0 ± 6.1

Age at the beginning of the influence of harmful factors 26.4 ± 6.7 28.7 ± 6.8

Smoking 68 ± 4,2 50 ± 5,3 
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and control groups (P>0.05). In addition to the heterozygote 
frequencies of the XPD gene (rs13181), a trend towards a 
statistically significant difference between the XPD•А/С in 
the examined experimental and control groups was found 
(χ²=3.18; P <0.070). The XPD (rs13181) minor genotype was 
found to be significantly more common in the experimental 
group with the XPD•C/C rate of 24.4% than in the control 
group - 12.8% (χ²=4.85; P<0.020), (Table 5, 6). Analysis of 
the frequency distribution of the genotypes of BER genes, did 
not establish an association between the polymorphism of 
XRCC3 (rs861539) and an increase in the risk of developing 
BPP (P>0.05). In the analysis of the frequency of genotypes of 
the gene XRCC1 (rs25487), statistically significant differenc-
es were found between the heterozygotes G/A (χ² = 4.14; P 
<0.040) and the minor homozygotes A/A (χ²=6.94; P<0.008) 
(Table 5, 6). The distribution of frequencies DSBR of genes 
ATM (rs664677) and XRCC7 (rs7003908) showed a link of 
polymorphism rs664677 with the risk of BPP development in 

occupational groups of miners and ACP workers. Therefore, 
the frequency of minor homozygotes in the ATM•T/T in the 
experimental group was 26.7% and in the control group 12.8%, 
indicating a correlation with the risk of respiratory system 
pathology (χ²=6.61; P<0.010) (Table 5). Upon analyzing the 
frequencies of the genotypes of the gene XRCC7 (rs7003908), 
no statistically significant differences were detected (P>0.05). 

In the study of frequency distribution of genotypes of 
polymorphism MLH1 (rs1799977) MMR, it was found that 
dominant A/A homozygotes were reported more often in 
56.6% of respondents in the control group as compared 
to a corresponding frequency in the study group, which 
was 35.6% (χ²=8.73; P<0.003). It was also found that A/G 
heterozygotes were significantly more common in the ex-
perimental group - 56.7% as compared to the control group 
- 36.0% (χ²=9.01; P<0.002), which indicates an association 
with the risk of developing BPP among workers of harmful 
and hazardous professions (Table V, VI).

Table II. The distribution frequency of DNA repair gene alleles in the study group

Gene polymorphisms 

Alleles 

РA a

Control Study Control Study 

XPD (rs13181) 61.6 56.1 38.4 43.9 0.200

XPD (rs799793) 67.6 63.9 32.4 36.1 0.400

ERCC1(rs11615) 61.6 62.2 38.4 37.8 0.900

XRCC3 (rs861539) 65.2 64.4 34.8 35.6 0.900

XRCC1(rs25487) 66.8 62.8 33.2 37.2 0.300

АТМ (rs664677) 61.2 52.2 38.8 47.8 0.060

XRCC7 (rs7003908) 65.2 67.8 34.8 32.2 0.500

MLH1 (rs1799977) 74.0 63.9 26.0 36.1 0.020

Table III. Analysis of associations of alleles of DNA repair genes in the study group 
Gene polymorphisms Alleles OR, 95% СІ

XPD (rs13181)
А 0.80 (0.53-1.20) 

С 1.25 (0.83-1.89)

XPD (rs799793)
Asp 0.85 (0.56-1.30)

Asn 1.18 (0.77-1.80)

ERCC1(rs11615)
T 1.03 (0.68-1.55)

C 0.97 (0.64-1.47)

XRCC3(rs861539)
C 0.97 (0.64-1.47)

T 1.03 (0.68-1.57)

XRCC1(rs25487)
G 0.84 (0.55-1.28)

A 1.19 (0.78-1.82)

АТМ (rs664677)
A 0.69 (0.46-1.04)

T 1.44 (0.96-2.17)

XRCC7 (rs7003908)
C 1.12 (0.73-1.72)

T 0.89 (0.58-1.37)

MLH1 (rs1799977)
A 0.62 (0.40-0.96)

G 1.61 (1.04-2.49)



ALLELIC POLYMORPHISMS OF DNA REPAIR GENES AND THEIR INFLUENCE ON THE FORMATION OF RESISTANCE...

787

As a result of the study, the alleles and genotypes that have 
a protective effect on the development of BPP in workers 
of hazardous and harmful industries were defined as: XRC-
C1•G/А (rs25487) (OR = 0.57; 95% CI: 0.32 - 1.02; Р≤0.040; 
χ² = 4.14); MLH1•А (rs1799977) (OR = 0.62; 95% CI: 0.40 
– 0.96; Р≤0.020; χ² = 5.06); MLH1•A/А (rs1799977) (OR = 
0.43; 95% CI: 0.24 – 0.79; Р≤0.003; χ² = 8.73). Also, the alleles 
and genotypes associated with the risk of BPP development in 
miners and ACP workers were determined by the OR method 
for genotypes of DNA repair: XPD•С/С (rs13181) (OR=2.20; 
95%CI: 1.02 – 4.77; Р≤0.020; χ²=4.85); XRCC1•А/А (rs25487) 
(OR=3.37; 95%CI: 1.22 – 9.63; Р≤0.008; χ²=6.94); АТМ•Т/Т 
(rs664677) (OR=2.48; 95%CI: 1.16 – 5.31; Р≤0.010; χ²=6.61); 
MLH1•G (rs1799977) (OR=1.61; 95%CI: 1.04 – 2.49; Р≤0.020; 
χ²=5.06); MLH1•A/G (rs1799977) (OR=2.32; 95%CI: 1.29 – 
4.21; Р≤0.002; χ²=9.01). 

These polymorphisms were previously considered by 
researchers as markers of the incidence of cancer of various 
types and localizations, including lung cancer, and as mark-

ers of radiosensitivity to the effects of ionizing radiation. 
However, our results indicate the existence of associations 
between certain alleles of DNA repair genes and the risk 
of respiratory system pathology due to industrial aerosols.

CONCLUSION 
For the first time results indicating the significance of 
polymorphisms of DNA repair genes in the formation of 
predisposition or resistance to the development of bron-
chopulmonary pathology among workers of hazardous 
and harmful industries of Ukraine were obtained. The 
established alleles and genotypes that promote resistance 
to respiratory system diseases: XRCC1•G/A (rs25487) 
(OR=0.57; 95% CI: 0.32-1.02; P≤0.040; χ²=4.14); ML-
H1•A/A (rs1799977) (OR=0.43; 95% CI: 0.24-0.79; P≤ 
0.003; χ2=8.73). Also, alleles and genotypes associated with 
the risk of developing bronchopulmonary disease were 
identified: XPD•C/C (rs13181) (OR=2.20; 95% CI: 1.02-

Table IV. Frequency distribution of genotypes of DNA repair genes in European race
Polymorphisms AA, % Aa,% aa, % Notes 

XPD
(rs13181) A/A – 35.4 A/С – 52.4 С/С– 12.2 12

XPD
(rs799793) Asp/Asp – до 43 Asp/Asn 50-53 Asn/Asn - 17 17

ERCC1
(rs11615) С/С – до 50 С/Т – 30 Т/Т - 17 9

XRCC3
(rs861539) C/C – 53.1 C/T– 30.1 T/T – 16.8 10

XRCC1
(rs25487) G/G – 33 G/A – 50 A/A – 17 11

АТМ
(rs664677) A/A- 30-35 A/T - 50 T/T - 13 15

XRCC7
(rs7003908) С/С - 33 С/Т - 50 Т/Т - 17 18

MLH1
(rs1799977) A/A – 25-45 A/G – 35-45 G/G – до 10 16

Table V. Frequency of distribution of genotypes of DNA repair genes in the study group

Gene polymorphisms 

Genotypes 

РAA Aa aa

Control Study Control Study Control Study 

XPD (rs13181) 36.0 36.7 51.2 38.9 12.8 24.4 0.050

XPD (rs799793) 44.0 38.9 47.2 50.0 8.8 11.1 0.700

ERCC1(rs11615) 42.4 41.1 38.4 42.2 19.2 16.7 0.800

XRCC3 (rs861539) 41.6 41.1 47.2 46.7 11.2 12.2 0.900

XRCC1(rs25487) 39.2 42.2 55.2 41.1 5.6 16.7 0.010

АТМ (rs664677) 35.2 31.1 52.0 42.2 12.8 26.7 0.030

XRCC7 (rs7003908) 44.8 46.7 40.8 42.2 14.4 11.1 0.700

MLH1 (rs1799977) 56.0 35.6 36.0 56.7 8.0 7.7 0.008
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4.77; P≤0.020; χ²=4.85); XRCC1•A/A (rs25487) (OR=3.37; 
95% CI: 1.22-9.63; P≤.008; χ²=6.94); ATM•T/T (rs664677) 
(OR=2.48; 95% CI: 1.16-5.31; P≤0.010; χ²=6.61); ML-
H1•A/G (rs1799977) (OR=2.32; 95% CI: 1.29-4.21; P≤.002; 
χ2=9.01). 

REFERENCES
 1.  Кundiyv YI., Nagorna AM. Professional morbidity in Ukraine in the 

dynamics of long-term observation. Ukrainian Journal of the problems 
of Occupational Medicine. 2005; 1: 3-11(in Ukrainian). 

 2.  Izmerov NF, Chuchalin AG. Occupational diseases of the respiratory 
system (National leadership). Moscow. Publish in group “GEOTAR-
Media”. 2015; 785: 119-48 [in Russian].

 3.  Аndrushchenko ТА., Basanets АV. Violations of the system of DNA repair, 
induced by the action of professional factors of miners. Ukrainian Journal 
of the problems of Occupational Medicine. 2015; 4(45): 69-78. 

 4.  Kuschel B, Auranen A, McBride S et al. Variants in double-strand break 
repair genes and breast cancer susceptibility. Hum Mol Genet 2002; 11: 
1399-440.

 5.  Urzhumov PV, Pogodina AV, Akleev AV. Polymorphisms of NBS1 and 
PARP1 genes and the efficiency of DNA repair: Bull Chelyabinsk State 
Univer. 2013; 7 (298): 107-8. [ in Russian].

 6.  Kiffmeyer WR., Langer E., Davies S.M. Genetic Polymorphisms in the 
Hum Popul. Cancer. 2004; 100(2): 411-7. 

 7.  Pavanello S, Clonfero E. Individual susceptibility to occupational 
carcinogens: the evidence from biomonitiring and molecular 
epidemiology studies. G Ital Med Lav Ergon. 2004; 26(4): 311- 21. 

 8.  Hao B, Miao X, Li Y, Zhang X et al. A novel T–77C polymorphism in 
DNA repair gene XRCC1 contributes to diminished promoter activity 
and increased risk of non-small cell lung cancer. Oncogene. 2006; 25: 
3613-20. 

 9.  Wang Y, Yang H, Li H et al. Association between X-ray repair cross 
complementing group 1 codon 399 and 194 polymorphisms and lung 
cancer risk: a meta-analysis. Cancer. 2009; 285: 134-40. 

 10.  Rodriguez S, Gaunt TR, Day NM. Hardy-Weinberg Equilibrium Testing of 
Ascertainment for Mendelian Randomization Studies. American J Biol 
Epidemiol. 2009; 10: 1093-359. 

 11.  Andrushchenko TA, Goncharov SV, Dosenko VE Genetic predisposition 
to bronchopulmonary pathology in workers of harmful and hazardous 
industries: analysis of five polymorphisms of DNA gene repair. Fiziol Zh. 
2018; 64 (4): 12-9. [in Ukrainian].

 12.  Shin A, Lee KM, Ahn B et al. Genotype-phenotype relationship between 
DNA repair gene genetic polymorphisms and DNA repair capacity. Asian 
Pac J Cancer Prev 2008; 9:501-5. 

Table VI. Analysis of associations of genotypes of DNA repair genes in the study group 
Gene polymorphisms Genotypes OR, 95% СІ; Р, χ²

XPD (rs13181)

А/А 1.03 (0.56-1.88); Р≤0.900

А/С 0.61 (0.34-1.09); Р≤0.070

С/С 2.20 (1.02-4.77); Р≤0.020; χ²=4.85

XPD (rs799793)

Asp/Asp 0.81 (0.45-1.46); Р≤0.400

Asp/Asn 1.10 (0.62-1.97); Р≤0.700

Asn/Asn 1.28 (0.48-3.44); Р≤0.500

ERCC1(rs11615)

T/T 0.95 (0.53-1.71); Р≤0.800

T/C 1.16 (0.64-2.09); Р≤0.600

C/C 0.83 (0.39-1.79); Р≤0.600

XRCC3(rs861539)

C/C 0.98 (0.54-1.76); Р≤0.900

C/T 0.98 (0.55-1.75); Р≤0.900

T/T 1.10 (0.44-2.75); Р≤0.800

XRCC1(rs25487)

G/G 1.13 (0.63-2.04); Р≤0.600

G/A 0.57 (0.32-1.02); Р≤0.040; χ²=4.14

A/A 3.37 (1.22-9.63); Р≤0.008; χ²=6.94

АТМ (rs664677)

A/A 0.83 (0.45-1.54); Р≤0.500

A/T 0.67 (0.38-1.21); Р≤0.100

T/T 2.48 (1.16-5.31); Р≤0.010; χ²=6.61

XRCC7 (rs7003908)

C/C 1.08 (0.60-1.93); Р≤0.700

C/T 1.06 (0.59-1.91); Р≤0.800

T/T 0.74 (0.30-1.81); Р≤0.400

MLH1 (rs1799977)

A/A 0.43 (0.24-0.79); Р≤0.003; χ²=8.73

A/G 2.32 (1.29-4.21); Р≤0.002; χ²=9.01

G/G 0.97 (0.32-2.91); Р≤0.900



ALLELIC POLYMORPHISMS OF DNA REPAIR GENES AND THEIR INFLUENCE ON THE FORMATION OF RESISTANCE...

789

 13.  Hsieh YH., Chang WS., Tsai CW. et al. DNA double-strand break repair gene 
XRCC7 genotypes were associated with hepatocellular carcinoma risk in 
Taiwanese males and alcohol drinkers, Tumour Biol. 2015; 36(6): 4101-6.

 14.  Xiao M., Shen Y., Chen L. et al. The rs7003908 (T>G) polymprphism 
in the XRCC7 gene and the risk of cancers, Mol. Biol. Rep. 2014; 41(6): 
3577-82.

 15.  Tretyak B., Makukh H., Kitsera N. et al. The molecular genetic analysis 
of common ATM gene mutations among patients with Ataxia-
telagiectasiasuspection, Factors of experimental evolution of organisms. 
2015; vol. 16: 251-5. 

 16.  Lanza G, Gafa R, Maestri I et al. Immunohistochemical pattern of MLH1/
MSH2 expression is related to clinical and pathological features in 
colorectal adenocarcinomas with microsatellite instability, Mol Pathol. 
2002;15(7): 741-9.

 17.   Bukowski K, Wozniak K. Polymorphism of genes encoding proteins of 
DNA repair vs. occupational and environmental exposure to lead, arsenic 
and pesticides. Med. Pr. 2017; 12: 758-79. 

 18.  Wang C., Huang X-Y., Yao J-G. et al. XRCC7 rs7003908 polymorphism and 
Helicobacter pylori Infection – Related Gastric Antrum Adenocarcinoma, 
Int. J. Genomics 2013: 1246-52.   

 

Authors’ contributions:
According to the order of the Authorship.

Conflict of interest:
The Authors declare no conflict of interest.

CORRESPONDING AUTHOR
Tetyana A. Andrushchenko
State Institution «Kundiiev Institute of Occupational Health 
of the National Academy of Medical Sciences of Ukraine «
75 Saksagansky str, 01033 Kijów, Ukraina 
tel:+380503124814
e-mail: imp-cys@ukr.net

Received: 21.02.2019
Accepted: 19.04.2019


