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ABSTRACT

Aim. To assess the association of the MrnSOD (rs4880) and GPX! (rs1050450) gene polymorphisms with arisk of
developing chronic dust-induced bronchitis in workers of the coal mining industry.

Materials and methods. The study included 182 coal miners with prolonged exposure to high concentrations of
coal dust, including 116 people with a previously established diagnosis of chronic dust-induced bronchitis (CDB)
and 66 people without pathology of the bronchopulmonary system, working under the same sanitary and hygienic
conditions. Polymorphisms of the MnSOD (rs4880) and GPX1 (rs1050450) genes were studied using polymerase
chain reaction.

Results. For the first time, we established a statistically significant association between the polymorphisms of the
MnSOD (rs4880) and GPXI genes (rs1050450) and CDB. Thus, the chance of detecting the homozygous A/A
(vVa/va) MnSOD genotype in miners with CDB was 2 times higher than in the comparison group ( ¥? — 5.42;
p = 0.02; odds ratio (OR) 2.21; 95% confidence interval (CI) 1.13—4.33), while the chance of detecting the ho-
mozygous G/G (Pro/Pro) GPX1 genotype in miners with CDB was amost 6 times higher than in the comparison
group (x2 — 21.47; p = 0.001; OR 5.89; 95% Cl 2.65-13.08). It was found that the combination of AA/GG geno-
types of the MnSOD/GPX1 genes was significantly associated with a 1.5-fold risk of developing CDB (¥? — 11.49;
p <0.001; relativerisk (RR) 1.59; 95% Cl 1.36—1.84), while the chance of detecting this combination of genotypes
in miners with bronchopulmonary pathology was 15 times higher than in the comparison group (OR 15.09; 95%
Cl 1.99-114.64).

Conclusion. Carriage of homozygous genotypes A/A at the rs4880 MnSOD locus and G/G at the rs1050450
GPX1I locus was shown to be a marker of genetic predisposition to the development of CDB. The combination of
homozygous genotypes of the studied AA/GG MnSOD/GPX1 genes indicated a 1.5-fold risk of developing CDB.
Carrying one of the three combinations of the MrnSOD and GPXI genotypes (GG/AA, AA/AA, and AG/AA)
indicated resistance to the development of CDB.
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Accouymauma nonvumopdunsmosn reHoB MnSOD n GPX1
C PUCKOM Pa3BUTNA XPOHNYECKOro NbU1eBOro 6poHxura

Kykoa A.l.""?, Kasuukasa A.C."?, AgbiknHa T.K.!, l'ynsaesa O.H.'
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PE3IOME

Heaw. OueHuTsb CBsI3b NOMUMOPGHBIX J0KycoB reHoB MnSOD (rs4880) u GPXI (rs1050450) ¢ puckom pa3BuUTHs
XPOHHYECKOTO MbUICBOT0 OPOHXUTA y PAaOOTHUKOB OCHOBHBIX IPO(eccuii yriieJoObIBaIOIIEH OTpaciy.

MarepuaJjibl 1 MeTOABI. B nccinenoBanue BkiroueHs! 182 paboTHNKA YrOJNBHBIX IIAXT C AJUTEIBHBIM BO3JIEHCTBUEM
BBICOKMX KOHLIEHTpAaLUil YroJbHO-IOPOAHON MBLIM, CPEeAM KOTOPhIX 116 uenoBek C paHee yCTaHOBJIEHHBIM
JIMarHO30M «XpOHHYecKuil mbiieBod Oponxut» (XIIB), 66 — nmua 6e3 matomorny OPOHXOJIETOYHON CHCTEMBI,
paboTaromye B TeX e CAaHNTApHO-TUTHEHHYecKux ycioBusx. [lomumopdusmer renoB MnSOD (1s4880) u GPX1
(rs1050450) u3yyanu ¢ moMOUIbIO OJTUMEPa3HON IIETTHON peakiuu.

Pe3yabTathl. BriepBrie ai1s monnMophu3MoB TeHOB ()epMEHTOB aHTHOKCHAAHTHOMW 3amuThl — MnSOD (rs4880) u
GPX1I (1rs1050450) ycranosieHa cTatucTHiecku 3HadnMast acconuanus ¢ XI1b. Tak, manc oOHapyXUTh TOMO3H-
rotHblii renoTHn A/A (Val/Val) MnSOD y maxtepos ¢ XIIB B 2 pasa Bblllie, 4eM B rpyiie cpasaenus (x2 — 5,42;
p = 0,02; orHomenmne mancos (OIL) 2,21; 95%-i nosepurensHsIit HHTEpBaT (95%-it W) 1,13-4,33), Torna xax
mraHc oOHapyXuTh roMo3uroTHsIil reHotunt G/G (Pro/Pro) GPXI y maxrtepos ¢ XI1Bb mouru B 6 pa3 BbIIIe, 9eM B
rpymie cpasHerust (x> —21,47; p=0,001; OLL 5,89; 95%-it AU 2,65—13,08). BosiBIIeHO, 9TO COUeTaHHE TEHOTHIIOB
AA/GG renoB MnSODIGPX1 cTaTHCTHYECKH 3HAYMMO CBSI3aHO C IOy TOPAKpaTHBIM puckom passutust X116 (y* —
11,49; p < 0,001; otHOCHTEeNBHBIH puck 1,59; 95%-it IU 1,36-1,84), Torna kak manc 0OHAPYKUTh 3TO COYCTAaHHE
TEHOTHIIOB y MIAXTEPOB C MATOJNOTHell OPOHXOIErOuHOM cHcTeMBI B 15 pa3 Bbimie, ueM B rpymme cpaBHeHus (OLLI
15,09; 95%-it 1N 1,99-114,64).

3axioyenue. [lokazaHo, 4TO MapKepoM T'eHETHYECKOH MpeapaciojoxkeHHocTH K pasButuio XIIb sBisercs
HOCHUTEIHCTBO TOMO3UTOTHHIX TeHOTUNIOB A/A B nokyce rs4880 MnSOD u G/G B nokyce 151050450 GPX1. Coue-
TaHHE TOMO3UTOTHBIX T€HOTHUIIOB U3y4eHHBIX TeHOB AA/GG MnSOD/GPX1 cBUAETENBCTBYET O OIYyTOPAKPATHOM
pucke pa3sutust XI16. HocuTenbCTBO 0JHOrO U3 TpEeX codeTaHuil reHOTUNoB reHoB MnSOD u GPXI1: GG/AA,
AA/AA n AG/AA cBuzeTensCcTBYET 0 pe3UCTeHTHOCTH K popmupoBanuio XI1b.

Kawuessblie cioBa: nomumopdusm renos, MnSOD, GPXI, yronbHO-TIOpOIHAs MbLIb, XPOHHYCCKUAN IBUICBOM
OpOHXHT

KOH('I).]'II/IKT HUHTEPECOB. ABTOpBI JACKIApUPYIOT OTCYTCTBUE SIBHBIX U MOTCHIUAJIBHBIX KOH(l)J'II/IKTOB HUHTEPECOB,
CBA3aHHBIX C Hy6J’[HKaHHCﬁ HaCTOS[H.[efI CTaTbHU.

Hcrounnk ¢punancupoBanus. PaboTta BeINOIHEHA IO TOCYAaPCTBEHHOMY 33/IaHUIO B PAMKax OIOJDKETHOH TEMEI
HayuHo-nccnenoBaTebCKoro HHCTUTYTa KOMIUIEKCHBIX TPOOJIEM THTHEHB M MPO(ECCHOHANBHBIX 3a00JIeBaHIH
(Ne AAAA-A19-119013190126-6).

CooTBeTcTBHE NMpaBWJIaM 3THKH. Bce maumeHTsl moamucany HHPOPMHUPOBAHHOE COIJIACHE HA YYacTHE B
uccnenosanun. Mccnenosanue onodpeHo komuteroM o onomennuuuckoit stuke HUU KIIT'TI3 (mpotokon Ne 3,
§1 or 28.04.2022).

Jns uutupoBanus: XKXykosa A.I'., Kasunkas A.C., Snpixknnaa T.K., ['ynsesa O.H. Accouunarms nonmumoppu3sMoB
reHoB MnSOD u GPXI ¢ puckoM pa3BHTHSI XPOHHYECKOTO MBUIEBOTO OpOHXUTA. Bronemens cubupckou meouyu-
Hot. 2023;22(3):36-42. https://doi.org/10.20538/1682-0363-2023-3-36-42.
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INTRODUCTION

Chronic dust-induced bronchitis (CDB) in miners
is a special form of bronchial inflammation in response
to exposureto high concentrations of coal dust withthe
development of diffuse atrophic and sclerotic changes,
accompanied by impaired bronchia motility and
respiratory failure [1, 2]. The key mechanism of the
pathological response to long-term coal dust exposure
is excessive activation of free radical processes (FRP)
and changes in the activity of antioxidant defense
enzymes [3-5].

Manganese superoxide dismutase (MnSOD) and
glutathione peroxidase (GPx) are the key antioxidant
enzymes which provide the first line of defense
against oxidative stress [6—9]. Experiments on long-
term exposure to coal dust showed changes in the
expression of antioxidant defense components in
different organs in rat models, including MnSOD,
catalase, and GPx [10].

There are practicaly no studies that describe
genetic variationsin antioxidant defenseinindividuals
with long-term exposure to coal dust at work. Among
the antioxidant enzymes in CDB, the polymorphism
of the glutathione-S-transferase (GSTT) gene family
isthe most studied one. The glutathione S-transferase
gene family provides resistance of cells and tissuesto
toxic substances and products of lipid peroxidation. It
has been shown that carriers of the GSTTI+ genotype
which is responsible for normal production of the
enzyme are most susceptible to the development of
CDB, and carriers of the GSTT! null-genotype are
resistant to CDB development [11, 12].

The aim of the study was to assess the association
of the MnSOD (rs4880) and GPX1 (rs1050450) gene
polymorphisms with a risk of developing CDB in
workers of the coal mining industry.

MATERIALS AND METHODS

Individuals employed in the man mining
occupations in south Kuzbass mines (an underground
tunneller, a stope miner, a mining machine operator)
aged 39-58 years were examined in the clinic of the
Research Institute for Complex Problems of Hygiene
and Occupational Diseases. A total of 182 coal miners
with long-term exposure to high concentrations
of coa dust (exceeding the maximum permissible
concentration by up to 35times), including 116 miners
previousdy diagnosed with chronic dust-induced
bronchitis (CDB), were examined. Occupational
bronchopulmonary pathology was diagnosed after
the examination at the clinic of the Research Institute

for Complex Hygiene Problems and Occupational
Diseases by the medical expert board using federal
guidelines.

The comparison group (66 workers) that underwent
a preventive medical examination consisted of indi-
vidual swithout bronchopulmonary pathol ogy, working
under the same sanitary and hygienic conditions. The
examined groups of miners are comparable in age and
work experience, the difference between the groups
is statistically insignificant (p > 0.05). The average
work experience of minerswith CDB was 24.39 + 0.5
years, in the comparison group—23.1 + 1.2 years. The
average age of miners with CDB was 48 + 0.6 years,
in the comparison group — 46 + 0.7 years.

The following inclusion criteria were used in the
study: Russian ethnicity; male gender; employment
in the main occupations in the coal mines of south
Kuzbass; at least 10 years of working underground;
signed voluntary informed consent to participate
in the study; clinically confirmed diagnosis of
CDB for individuals included in the experimental
group. The exclusion criteria were as follows:
belonging to indigenous or settler descendant ethnic
groups, mental disorders; malignant neoplasms and
autoimmune diseases; refusal to sign an informed
consent to participate in the study. For the comparison
group, an additional exclusion criterion was any
bronchopulmonary  pathology, including both
occupational and general somatic pathology.

For genetic studies, venous blood was taken on
an empty stomach in vacutainers with K.EDTA as
an anticoagulant. Extraction of genomic DNA from
blood cells was performed by phenol — chloroform
extraction followed by ethanol precipitation [13].
Polymorphic variants of the genes were analyzed by
real-time polymerase chain reaction using competitive
TagMan probes complementary to the polymorphic
DNA sequence on DTprime-4 (DNA-Technology
LLC, Moscow, Russian Federation). Test systems
for molecular genetic analysis were developed by
the Institute of Chemical Biology and Fundamental
Medicine of the Siberian Branch of the Russian
Academy of Sciences and synthesized by SibDNK
LLC (Novosibirsk, Russian Federation). MnSOD
(rs4880) and GPX1 (rs1050450) gene polymorphisms
were studied.

Statistical analysis of the results obtained was
carried out using the IBM SPSS Statistics 22 software
(license agreement No. 20/604/3-1 of 22.04.2016).
The normality of the distribution of quantitative
variables (age and work experience of patients) was
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checked using kurtosis and asymmetry parameters.
Quantitative variables were presented as the mean (M)
and the standard error of the mean (). Under normal
distribution, Student’s parametric ¢test was used
to compare two independent samples. The critica
significance level (p) a which the null hypothesis
would be rejected was 0.05.

The correspondence of the actual distribution of
polymorphic variants of the MrSOD and GPX1 genes
to the theoretically expected one was determined
according to the Hardy — Weinberg equilibrium.
Pearson’s y? value was calculated to assess differences
in the distribution of genotypes in patients with CDB
and healthy individuals. The critical value of the
significance level of differences was p = 0.05. The
significance of differences in parameters was assessed
by calculating the odds ratio (OR) and relative risk
(RR) with the determination of the limits of the 95%
confidence interval (CI). If the OR is more than 1,
it means that the chances of finding a risk factor are
higher in the group with an outcome (disease). If 95%
Cl does not include 1, that is, both limits are > 1 or <1,
a conclusion is made about the statistical significance
of the identified association between the factor and the
outcome at p < 0.05.

RESULTS AND DISCUSSION

The correspondence of the actual distribution
of MnSOD (r4880) and GPX! (rs1050450) gene
polymorphisms to the theoreticaly expected one
was determined according to the Hardy — Weinberg
equilibrium (Table 1). In the comparison group,
the frequency of the A allele of the GPXI gene was
two times higher than the frequency indicated in the
dbSNP database of the NCBI open access information
resource for the general population (0.6924 compared
to 0.3219). However, no deviation of the obtained
data from the expected frequencies was observed,
the significance level was above 0.05 both for each
genotype (x> — 0.26-1.17-1.32; p > 0.05) and the
total (y2 — 2.75; p > 0.005). For the MnSOD gene, no
deviations from the frequency indicated in the doSNP
database were observed in both study groups.

The results obtained indicated that the Hardy —
Weinberg equilibrium conditions were met (Table 1)
with p > 0.05 for all studied genotypes, which made
it possible to interpret the data obtained and conduct
further analysis using the Pearson’s x? test to assess
the distribution of genotypes between miners with
CDB and individualsin the comparison group.

Table 1
Distribution of alleles and genotypes of the MNnSOD (rs4880) and GPX1 (rs1050450) genes in the study groups
Geno- | Absolute Genotype | Allele Theoretically Theoretically expected | Hetero- r
Group Gene tvpe numbers frequency, | frequen- | expected genotype| number of individuals | zygos- | Hardy—

yp % cy, % frequency, % with a given genotype ity Weinberg
A/A 48 41.4 61.6 38.0 44 0.35
A/G 47 40.5 - 47.3 55 1.13
cbs G/G 21 18.1 38.4 14.7 17 473 0.9
Total 116 1 1 1 116 2.38
MnSOD = 4 16 24.25 50.0 25.0 165 0.02
Comparison A/G 34 51.5 - 50.0 33 50,0 0.03
group G/G 16 24.25 50.0 25.0 16.5 ’ 0.02
Total 66 1 1 1 66 0.06
A/A 14 12.9 321 10.3 1 0.67
A/G 42 385 - 43.6 48 0.64
cbs G/G 53 48.6 67.9 46.1 50 436 0.15
Total 109 1 1 1 109 1.46
GPXI A/A 34 52.3 69.2 47.9 31 0.26
Comparison A/G 22 33.9 — 42.6 28 426 117
group G/G 9 13.8 30.8 9.5 6 ’ 1.32
Total 65 1 1 1 65 2.75

*p > 0.05.

In the course of our study, the MnSOD (rs4880)
and GPXI (rs1050450) gene polymorphisms were
considered separately. A molecular genetic study of
MnSOD and GPXI gene polymorphisms revealed

statistically significant differences between patients
with CDB and the comparison group (Table 2). The
chance of detecting the homozygous A/A genotype
in MnSOD (r4880) in miners with CDB was two
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times higher than in the comparison group (x* — 5.42;
p<0.02; OR —2.21; 95% CI 1.13-4.33).

It has been shown that the A/A (Va/Va) genotype
of the MnSOD gene causes a change in the secondary
structure of the MnSOD signal sequence (from a-helix
to B-sheet structure), resulting in a decrease in the
transport of the antioxidant enzyme into mitochondria
[14]. In addition, a change in the secondary structure
reduces the activity of MrSOD by 30-40% and the
efficiency of detoxification of superoxide anion
radicals [6, 8, 15], which is one of the factors of
excessive FRP activation. Thus, earlier rat model
experiments focusing on long-term exposure to coal
dust showed a decrease in SOD activity by 1.9 times
and an increase in the sensitivity of lung tissue to FRP
induction in vitro [10].

The study of the GPXI (rs1050450) gene
polymorphism showed that the chance of detecting
the homozygous genotype G/G (Pro/Pro) in miners
with CDB was amost 6 times higher than in the
comparison group (x> — 21.47; p = 0.001; OR —5.89;
95% CI 2.65-13.08). Previoudly, carriers of the G/G
(Pro/Pro) genotype had high activity of glutathione
peroxidase (GPx1) and a high level of free radica
oxidation products in blood plasma. In addition, the
G/G (Pro/Pro) GPX1 genotype providesamoreintense
antioxidant response to damaging effects compared to
the G/A (Pro/Leu) and A/A (Leu/Leu) genotypes [9].
In turn, the homozygous genotype A/A isthe genotype
of resistanceto the devel opment of CDB, the frequency
of which in the comparison group was 4 times higher
than in miners — 52.31% and 12.85%, respectively.

Table 2

Distribution of MNSOD and GPX1 genotypes in the comparison group and in patients with chronic dust-induced bronchitis

Comparison CDB, . OR,
Gene Genotype group, abs. (%) abs. (%) xp 95% ClI
A/A (Val/val) 16 (24.24) 48 (41.38*) 2.21;1.13;4.33
MnSOD (rs4880) A/G (Alalval) 34 (51.52) 47 (40.52) 5.42; 0.02 0.64; 0.35; 1.18
G/G (AlalAla) 16 (24.24) 21 (18.10) 0.69; 0.33; 1.44
G/G (Pro/Pro) 9(13.84) 53 (48.62*) 5.89; 2.65; 13.08
GPX1 (rs1050450) A/G (Pro/Leu) 22 (33.85) 42 (38.53) 21.47, 0.001 0.82; 0.43; 1.55
A/A (Leu/Leu) 34 (52.31) 14 (12.85%) 0.13; 0.06; 0.28
* — significance of differences compared to the comparison group.
Table 3

Combinations of MNSOD (rs4880) and GPX1 (rs1050450) gene polymorphisms in coal industry employees

Group Combination of genotypes
AA/GG GG/AA AA/AA AG/AA

CDB patients 23 1 5 9
Comparison group 1 8 11 17

5 11.49; 12.20; 8.91; 12.52;
xp p<0.001 p<0.001 p=0.003 P <0.001
OR 15.09 0.06 0.21 0.22
95% ClI 1.99-114.64 0.01-0.48 [0.07-0.63 0.09-0.54
RR, 159 0.16 0.46 0.49
95% ClI 1.36-1.85 0.03-1.04 0.22-0.95 0.29-0.84

Note: the table presents the combinations of genotypes that have a statistically significant association with the development of
chronic dust-induced bronchitis and resistance to its devel opment.

Next, we determined whether there were significant
differences in combinations of genotypes of the
MnSODIGPXI antioxidant enzyme genes between
coad miners with CDB and hedthy individuals
(Table 3). The analysis showed that the combination
of AA/GG genotypes of the MnSODI/GPXI genes
had a statistically significant association with a 1.5-
fold risk of developing CDB (y? — 11.49; p < 0.001;

RR — 1.59; 95% CI 1.36-1.84), while the odds of
detecting this combination of genotypes in miners
with bronchopulmonary pathology were 15 times
higher than in the comparison group (OR — 15.09;
95% CI 1.99-114.64). This may be due to a significant
decrease in MnSOD activity and excessive activation
of GPx1 and FRP in organs, in particular in the
lungs [16]. Carriers of the combination of AA/GG
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genotypes who have a high genetic risk of developing
CDB should be advised to change their job, have a
regular health checkup, and participate in preventive
measuresif they were previously exposed to coal dust.

Three combinations of polymorphic genotypes
of the MnSODIGPX1 genes: GG/AA (x* — 12.20;
p <0.001; OR - 0.06; 95% CI 0.01-0.48; RR — 0.16;
95% CI 0.03—1.04), AA/AA (x2 — 8.91; p = 0.003;
OR — 0.21; 95% CI 0.07-0.63; RR — 0.46; 95% CI
0.22-0.95), and AG/AA (> —12.52; p <0.001; OR —
0.22; 95% Cl 0.09-0.54; RR—0.49; 95% Cl 0.29-0.84)
are associated with resistance to the development of
CDB (Table 3). This may be due to preserved normal
activity of the antioxidant defense enzymes MnSOD
and GPx1 and maintenance of anormal redox balance.

CONCLUSION

Based on the obtained results, we can conclude
that the carriage of homozygous genotypes A/A at
the rs4880 MnSOD locus and G/G at the rs1050450
GPXI locus is a marker of genetic predisposition
to the development of CDB, and their combination
AA/GG in the MnSOD/GPXI genes indicates a 1.5-
fold risk of developing CDB. The rs1050450 GPX1
polymorphism homozygous for the A alele forms
resistance to CDB development. Carrying one of the
three combinations of genotypes in the MnSOD and
GPXI genes (GG/AA, AA/AA and AG/AA) aso
indicates resistance to CDB.
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