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Correlations between polymorphisms of double-strand
break DNA repair genes and risk of bronchopulmonary
pathology development in hazardous industries workers
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The study in the group of workers of asbestos-cement plants and miners of allelic variants of XRCC7
(rs7003908) and ATM (rs664677) polymorphisms encoding the double-strand break repair DNA (n=215).
These polymorphisms are recognized markers of cancer of various types and localizations, as well as mark-
ers of radio sensitivity/resistance in the influence of ionizing radiation. The respondents of the research
group were workers of asbestos-cement plants and coal miners in the anamnesis in with bronchopulmonary
pathology, the control group consisted of workers without diseases of the respiratory system. The genotypes
of the genes of the the XRCC7 (rs7003908) and ATM (rs664677) were determined in real time by the
polymerase chain reaction method. As a result of the study, it was established that the minor genotype
ATMT/T (OR=2.48 95%CI: 1.16-5.31; y*=6.61; P<0.01) are associat with a risk of bronchopulmonary
pathology. Also, it was found that the dominant allele of ATM*A (OR=0.69; 95% CI: 0.46-1.04), geno-
types: dominant homozygotes ATM*A/A (OR=0.83; 95%CI: 0.45-1.54), heterozygotes ATM*A/T

(OR=0.67; 95%CI: 0.38-1.21) cause resistance to bronchopulmonary pathology in workers with
harmful and dangerous working conditions. The analysis of the frequency distribution of the allelic variants
of the gene XRCC7 (rs7003908) suggests that there is no association of this polymorphism with the risk of
developing respiratory diseases. The obtained results to the importance of polymorphism of the ATM gene
(rs664677) for the repair of double-strand DNA ruptures in the development of diseases of the respiratory
system in workers in harmful and dangerous industries.

Key words: SNP; XRCC7; ATM,; bronchopulmonary pathology.

INTRODUCTION A DSBR is important for the survival of ter-
minally differentiated cells of highly specialized
tissues in mammals with a significant life time
[3]. During the evolution, effective mechanisms
for the optimal DSBR its two main pathways

In the structure of harmful and dangerous
occupational factors in main branches of
modern industry, there are those that can lead
to disorders in the Double-strand break repair have been developed: non-homologous end
(DSBR) [1, 2] and cause the development of joining (NHEJ) and homologous recombination
chronic Broncho-pulmonary pathology (BPP).  (HR) [3, 4]. It is believed that the NHEJ is a
Industrial aerosols are represented by a large  pathway which is functioning during the evolu-
variety of chemical composition, most often  tjon of the cell cycle, with which the ligation of
found in them: compounds of silicon, calcium, DNA ends with minimal enzyme treatment oc-

and carbon; oxides of iron, magnesium, man-  curs in the place of their combination. Whereas
ganese; radioactive elements - strontium, po-  HR is an active recombination occurring in the
lonium, titanium, lead, potassium and others. late (S and G,) phases of the cell cycle, and uses
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an intact homologous sequence of mainly nurs-
ing chromatids as a repair matrix [4, 5].

The Double-strand break may occur in the
normal replication process and as a result of the
effect of DNA damaging agents, which are con-
sidered to be the most severe types of genotoxic
damages. Various variants of DSBR errors result
in various types of mutations and chromosomal
rearrangements which induce instability of the
genome and carcinogenesis [3, 6].

The gene XRCC?7, also known as Protein
kinase, is a DNA-activated, catalytic polypep-
tide (PRKDC) located on the 8th chromosome
(8q11), it consists of 85 exons and 86 introns
and is an important DNA regenerator involved
in NHEJ [7]. To date, over 100 SNPs have been
known in the XRCC7, some of which correlate
with malignant tumors [8-11].

ATM - gene is localized on the 11th chromo-
some (11q22-23), has a length of 150 thousand
nucleotide sequences and consists of 66 exons.
It received the name of “mutation of ataxia-tel-
angiectasia” (ATM). To date, 88 polymorphisms
with undefined function. have been described
in the ATM. The carriers of the mutant alleles
of the gene of the ATM are characterized by
sensitivity to irradiation, multiple defects in the
development of organs, and a predisposition to
oncological diseases [12].

Now the polymorphisms NHEJ gene are rec-
ognized as oncomarkers, they restore of double-
stranded DNA fractures under the influence of
exogenous factors [8]. Among the diseases of
the respiratory system there are no pathological
processes that would be determined as obligatory
precancerous. Optional precancerous states in-
clude processes in which the squamous metaplasia
of the bronchial epithelium is observed. Taking
into account the pathogenetic component of DNA
damages in the development of BPP in groups of
workers with harmful and dangerous occupational
factors, a search for markers of individual predis-
position to this pathology among polymorphic
variants DSBR of genes seems relevant.

The purpose of the work was to study the
distribution of frequency of genotypes of genes
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of XRCC7 (rs7003908) and ATM (rs664677) in
workers et hazardous and harmful industries for
identification of risk markers in development of
bronchopulmonary pathology.

METHODS

In order to conduct a molecular genetic study,
groups were selected based on the demographic
data. The survey included employees of hazard-
ous and harmful industries of Ukraine, workers
of asbestos-cement plants (ACP) (n=95) and
miners of coal mines (n=120). The experimen-
tal group consisted of 90 respondents with a
history of BPP (chronic bronchitis, chronic
obstructive pulmonary disease, pneumoconio-
sis). The average age of the study group was
50.5+7.3 years, the average harmful experience
is 21.0£5.6 years. The control group included
125 participants who had no BPP in the history,
aged 45.1+7.1 years, a harmful experience of
17.0£5.1 years. In order to prevent contradic-
tions in assessing the long-term effects of vari-
ous technogenic factors, using modern molecu-
lar genetic technologies, a unified bank of the
DNA genetic material was created. The genetic
material was obtained from persons who had
contact with genotoxic agents: dust of fibrogenic
action of various origin, chemical substances
(acids, hydrocarbons, alkalis), physical factors.
DNA for molecular genetic studies was isolated
from peripheral blood leukocytes by a stan-
dard method using the commercial test system
“NeoPrepl 00DNA”, “NEOGENE”, Ukraine.
The genotypes of the XRCC7 (rs7003908) and
ATM (rs664677) genes were determined in real
time by the polymerase chain reaction method,
their allelic polymorphism was determined us-
ing a TagMan primer set of pre-designed SNP
Genotyping Assay, small scale Human and
7500 Fast Real-Time PCR System (“Applied
Biosystems”, USA), followed by the analysis of
allele discrimination. The obtained results were
statistically analyzed using Orion 7,0; Statistica,
and the Excel 2000 software. In the statistical
analysis of the obtained results, the standard
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method y¥*> was used and in this the value of
P <0.05 was considered significant.

RESULTS AND DISCUSSION

Analysis of the prevalence of allelic variants
of the XRCC7 (rs7003908) showed that the
frequency of distribution of the dominant allele
- Cin responders in the experimental group was
67.8% that of the control — 65.2% (Table 1). The
minor 7T-allele of the XRCC7 gene (rs7003908)
was found in 32.2 % of workers of the ACP
and in coal miners of the experimental group
and 34.8 % in the control group. The statistical
analysis of the results of showed not significant
differences.

The analysis of the prevalence of allelic
variants of the gene of the ATM (rs664677)
showed that the distribution frequency of the
dominant allele ATM+A4 in respondents of the
experimental group was 52.2 %, in the control
— 61.2 %. In the statistical processing of the
obtained results, the Odds Ratio (OR) of the
ATM-4 to participants of the experimental group
with respect to the control was determined
(OR=0.693; 95% confidence interval (CI):
0.46-1.04), indicating its protective role to the
risk of BPP development. The minor 7-allele
of the gene of ATM (rs664677) was detected in
47.8 % of the workers of the ACP and in miners
of the experimental group, and 38.8 % in the
control group. The value of OR for the ATM-T
allele was determined (OR=1.44; 95%CI: 0.96-

2.17), indicating a link with the risk of BPP
developing. In calculating the results by the
v? method, a tendency towards a statistically
significant difference between the frequencies
of the dominant allele ATM+A and the minor
allele ATM+T of polymorphism rs664677 was
observed between the examined experimental
and control groups (¥*=3.44; P<0.06). The data
are presented in Table 1

In order to study the association of genotypes
of genes XRCC7 (rs7003908) and ATM (rs664677)
with the risk of BPP development, their
frequencies were determined. It should be
noted that the received values of frequency
of genotypes were near to the population
frequencies of the European (Caucasian)
population, which according to the literature
data are:

- dominant homozygotes: XRCC7+C/C -
33%; ATM*A/4 — 30 - 35%;

- heterozygotes: XRCC7+C/T - 50%; ATM*A/T
- 50%;

- minor homozygotes: XRCC7+T/T - 17%;
ATM-T/T - 13% [13, 14].

The frequency of allelic variants of the gene
XRCC7 (rs7003908) was as follows: C/C —
44.8%; C/T—40.8%, T/T — 14.4% in the control
group and respectively in the study group:
dominant homozygotes XRCC7+C/C — 46.7%,
heterozygotes XRCC7C/T — 42.2%, minor
homozygotes XRCC7T/T — 11.1% (P<0.7),
(Table 2). The obtained results indicate that the
frequency distribution of genotypes of the gene

Table 1. Allele frequencies of polymorphisms XRCC?7 (rs7003908) and ATM (rs664677) of case and control subjects

The groups Dominant allele, % Minor allele, %
XRCC7-C XRCC7-T

Control 65.2 34.8

Study 67.8 322

OR; 95%CI; % P 1.12 (0.73-1.72); P<0.5 0.89 (0.58-1.37); P<0.5
The groups ATM-A ATM-T
Control 61.2 38.8

Study 52.2 47.8

OR; 95%CI; ¢ P

0.69 (0.46-1.04); x*=3.44; P<0.06

1.44; 0.96-2.17; x*=3.44; P<0.06

Note: Here and in Table 2 OR - odds ratio; CI - confidence interval.
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XRCC7 (rs7003908) is not significantly different
in the control group and in the group of workers
with BPP (Fig. 1).

In the study of frequency of genotypes of
the gene of ATM (rs664677) it was established
that in the control group dominant homozygotes
A/A were — 32.5%; heterozygotes 4/T — 52.0 %,
minor homozygotes 7/T — 12.8 % and in the
study group: ATM*4/4 — 31.1 %, ATM*A/T —
42.2 %, ATM*T/T —26.7 % (P<0.03) respectively
(Table 2). The obtained results indicate that the
frequency distribution of genotypes of the gene
of the ATM (rs664677) significantly differs
from the frequencies of the minor homozygotes
ATM-T/T in the control group and in the group
of workers with BPP (Fig. 2).

Using OR method, a genotype associated
with the risk of development of BPP-homolo-
gous homozygotes gene ATM<T/T (OR=2.48;
95%CI 1.16-5.31) was established. Also, geno-
types have been established that may determine
resistance to the development of BPP in work-
ers of harmful and dangerous industries: the
dominant homozygotes of the gene ATM<A/A
(OR=0.83; 95%CI 0.45-1.54); heterozygotes
ATM+A/T (OR=0.67; 95%CI 0.38-1.21).

9% 50 -
45 - g CC
40 - BcCT

35 - BTT
30 -
25 4
20 -
15 -
10 -+

Respondents

Fig. 1. Distribution of genotype frequencies of gene XRCC7
(rs7003908) in the group of workers of hazardous and harmful
industries: I — control; I — study
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In calculating the results by y* method, a
statistically significant difference between the
frequencies of the homozygotes of the ATM*T/T
polymorphism rs664677 of the ATM gene was
found between the examined experimental and
control groups (y>=6.61; P<0.01). The data are
presented in Table 2.

Of course, the larger sample size and the
presence of other SNPs for the reconstruction of
molecular DNA in the study can be significantly
added to the structure of the frequency distribution
of the DSBR genotype in the group of miners
and ACP workers. Nevertheless, the presence
of significant differences, even in the analysis
of several dozen samples of allelic variants
and frequency of genotypes, determines the
feasibility of further research in this direction.

Thus, for the results were obtained on
the significance of polymorphisms of the
genes for the repair of double-stranded DNA
breaks in formation of a predisposition to BPP
development in workers of ACP and coal miners.
The data in polymorphisms were considered by
other researchers as markers of predisposition
to cancer of various types and localizations,
including lung cancer, and as markers of radio

% 60 -
mAA
50 BAAT
BIT

40

30

20

10

Respondents I

Fig. 2. Distribution of genotype frequencies of gene of ATM
(rs664677) in the group of workers of hazardous and harmful
industries: I — control; II — study
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Table 2. Genotype frequencies of polymorphisms XRCC7 (rs7003908) and ATM (rs664677) of case and control subjects

Dominant )
Heterozygotes Minor homozygotes
The groups homozygotes P,
XRCC7-C/C XRCC7-C/T XRCC7°T/T
Control 44.8 40.8 14.4
Study 46.7 422 11.1 P<0.7
OR;95%CT; 1.08 (0.60-1.93) 1.06 (0.59-1.91) 0.74 (0.30-1.81)
v P P<0.7 P<0.8 P<0.4
The groups ATM-A/A ATM-A/T ATMT/T
Control 35.2 52.0 12.8
Study 31.1 42.2 26.7 P<0.03
OR; 95%CI; 0.83 (0.45-1.54) 0.67 (0.38-1.21) 2.48 (1.16-5.31)
1% P P<0.5 P<0.1 ¥*=6.61; P<0.01

sensitivity or resistance to ionizing radiation.
However, the detained results indicate the
association between altered alleles in the ATM
gene and the probability of BPP developing.

CONCLUSIONS

As a result of the study, it was established that
the minor genotype ATM<T/T (OR=2.48; 95%CI:
1.16-5.31; 4>=6.61; P<0.01) are associat with a
risk of bronchopulmonary pathology. Also, it
was found that the dominant allele of ATM<A
(OR=0.69; 95% CI: 0.46-1.04), genotypes:
dominant homozygotes ATM<A/A (OR=0.83;
95 % CI: 0.45-1.54), heterozygotes ATM<A/T
(OR=0.67;95 % CI: 0.38-1.21) cause resistance to
bronchopulmonary pathology in workers with
harmful and dangerous working conditions. The
analysis of the frequency distribution of the al-
lelic variants of the gene XRCC7 (rs7003908)
suggests that there is no association of this
polymorphism with the risk of developing re-
spiratory diseases. The obtained results to the
importance of polymorphism of the ATM gene
(rs664677) for the repair of double-strand DNA
ruptures in the development of diseases of the
respiratory system in workers in harmful and
dangerous industries.

The authors of this study confirm that the research
and publication of the results were not associated
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KOPPEJIALIUU TIOJIUMOP®PU3MOBT'EHOB
PEITAPAIIUU IBYHUTEBBIX PA3SPBIBOB
JTHK C PUCKOM PA3BUTHU A BPOHXOJIEIOY-
HOM MMATOJIOTUU Y PABOTHUKOB OIIAC-
HbIX OTPACJIEM IPOMBIIIJIEHHOCTH

W3zydeHo pacrpelielieHHe aUIeIbHBIX BAPHAHTOB TOJIAMOP-
¢uzmoB XRCC7 (rs7003908) u ATM (rs664677), konu-
pylomux pernapanuio IBYHUTEBBIX pa3psiBoB J[HK, B
PO eCcCHOHATBHON TPYIITe PAOOTHUKOB acOECTOIIEMEHTHBIX
3aBOJIOB M maxTépoB (n=215). JlanHbBIEe MOJIUMOPHUIMBI
SIBIISIFOTCS MPU3HAHHBIMU MapKepaMu OHKOTATOJIOTHI
Pa3UYHBIX THUIOB W JIOKAJIHM3AIUil, a TAK:KE MapKepaMmbl
PanavoOYyBCTBUTEIBHOCTH/PE3UCTCHTHOCTH K BIUSIHUIO
HOHUM3UpYOIIEro u3iaydeHus. O0cinenoBaiy pabOTHHKOB
acOeCTOIEMEHTHBIX 3aBOJIOB W IMaxXTEPOB B aHAMHE3E Yy
KOTOPBIX ObLTa OPOHXOJICTOYHAS [TATOJIOTUS, TPYIIITY KOHTPOJIS
COCTaBWJIM PaOOTHUKH TeX jke npodeccuii 6e3 3adoneBanmii
JIbIXaTeNbHON cHCTEeMBbl. MeT0/I0M MOJIMMEpa3HON IEeMHON
PeaKiuy B peallbHOM BPEMEHH OIIPEICIISUTH TeHOTHUITEI TCHOB
XRCC7(rs7003908) 1 ATM (rs664677). YcTaHOBJIEHO, YTO
MuHOpHBIN TeHoTHmn ATMT/T (OR=2,48; 95%CI: 1,16-
5,31; ¥*=6,61; P<0,01) accoruupoBaHbIif ¢ pUCKOM Pa3BUTHS
OpOHXOJIETOYHOU MATOJIOTHH, a TAaKXKe, YTO JOMHUHAHTHBIN
amens ATMeA (OR=0,69; 95% CI: 0,46-1,04), TeHOTHITBIL:
noMuHaHTHBIE TOMO3UTOTEl ATMeA/A(OR=0,83; 95%CI:
0,45-1,54), rereposurorst ATM*A/T (OR=0,67; 95%CI:
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0,38-1,21) 0GycnaBiuBalOT PE3UCTEHTHOCTh K PA3BUTHIO
OpPOHXOJIErOYHON NATOJOTHH Y PAOOTHHKOB C BPEIHBIMHU U
OIaCHBIMH YCJIOBHSIMHU TPyia. AHAIU3 Paclpe/ielieHHs 4acToOT
ajutensHbIX BapuanToB reHa XRCC7 (rs7003908) ykaspiBaer
Ha OTCYTCTBHE CBSI3M JJAHHOTO HOJUMOpP(HHU3MA C PUCKOM
pa3BuTHs 3a00JI€BaHUH JBIXaTENILHOW CUCTEeMBL. [lonyuennble
pe3yJIbTaThl YKa3bIBAlOT HA 3HAYEHHE IOoJMMopdu3Ma reHa
ATM (rs664677) penapauuu AByHHTEeBBIX pa3psiBoB JJHK B
Ppa3BUTHH 3a00JI€BaHUN JABIXaTEILHON CHCTEMBbI Y PAOOTHUKOB
BPEIHBIX U OIACHBIX OTPACIICH POMBIIIICHHOCTH.
Kirouesbie cnoBa: SNP; XRCC7; ATM; OpoHxoJierovHas
[aTOJIOTHsL.

T.A.Angpymenko!, C.B.l'onuapos?, B.€./locenko?

KOPEJISILII TOJIMOP®I3MIB 'EHIB
PEIAPALILi JBOHUTKOBHX PO3PUBIB JIHK
3 PU3UKOM PO3BUTKY BPOHXOJIETEHEBOI
MATOJIOITi Y TPAIIIBHUKIB HEBE3IEUHU X
TAJY3EW MPOMUCJIOBOCTI

BuBuUeHO po3moais anenbHHUX BapiaHTIB MOIiMOpQi3MiB
XRCC7(rs7003908) i ATM (rs664677), o KOAYIHOTh pe-
napanito aBoHutkoBux pospusis JJHK, y nmpodeciituiit
Ipyni MpaiBHUKIB a30€CTOLEMEHTHHUX 3aBOJIB 1 LIaxTapiB
(n=215). i moxiMop¢i3zMH € BU3HAHHUMH MapKepaMu
OHKOIIATOJIOT i PI3HOMaHITHUX THIIIB 1 JJOKaJIi3aliii, a TaKoX
MapKepamu paaiouyTIHBOCTI/PE3UCTCHTHOCTI 0 BIUIMBY
10HI3YOUOT0 BUITPOMiHIOBaHHS. J{OCITiI)KyBaIIH MpalliBHUKIB
a30eCTOLEMEHTHHX 3aBOJIB 1 LIaXTapiB B aHAMHE31 y SKUX
HassBHAa OpOHXOJIEreHeBa MaTOJIOTis, IPYIy KOHTPOJIIO
CKJIAJIM NPaLiBHUKN Oe3 3aXBOPIOBAaHb JANXAIBHOI CHCTEMH.
MeToi0M MOJTiMEpa3HOi JAHIFOrOBOI peakilii B peabHOMY
yaci BuzHauyaiau reHorunu reriB XRCC7(rs7003908) ta
ATM (rs664677). BcraHoBieHO, 10 MIHOPHHN T€HOTHII
ATMeT/T (OR=2,48; 95%CI: 1,16-5,31; ¥*=6,61; P<0,01)
acoyinosanuii 3 pusUKOM pO36UMKY OpoHxone2eneoi namo-
J0eil, a makox, mo nomiHanTHui anesib ATM<A (OR=0,69;
95% CI: 0,46-1,04) i TeHOTHIU: TOMIHAHTHI TOMO3UTOTH
ATM<A/A (OR=0,83; 95%CI: 0,45-1,54), cemeposucomu
ATM<A/T (OR=0,67; 95%CI: 0,38-1,21) 3yMOBIIOIOTH
PE3HUCTEHTHICTh 10 PO3BUTKY OPOHXOJIETCHEBOT NATOJIOTIT y
TPy MPaLiBHUKIB 31 IIKIJTMBUMY 1 HeOe3IIeUHUMH yMOBaMHU
mpaigi. AHaJIi3 PO3MOJiTy YacTOT aJICIbHUX BapiaHTIiB reHa
XRCC7 (rs7003908) cBiquuTh MpO BiACYTHICTH 3B 3Ky
JTAHOTO MOJTIMOP(i3My 3 PU3UKOM PO3BHTKY 3aXBOPIOBAHb
quxanbHoi cuctemMu. OTpuMaHi pe3ysbTaTH BKa3ylOTh Ha
3HavyeHHs noiiMopdizmy rena ATM (rs664677) penaparii
nBoHHTKOBUX po3puBiB JHK y po3BuTky XBopob auxanbHOT
CHCTEMH y NPaLliBHUKIB IIKIJIMBUX 1 HEOC3NEUHNX raly3en
HPOMUCIIOBOCTI.

Kirouogi ciioa: SNP; XRCC7; ATM; GponxosnercHena
[aToJIOTIs.
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