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Heavy metal ions are known to induce generation of a large number of reactive oxygen species (ROS). Glutathione S
transferases (GSTs) play an important role in adaptation and response to oxidative stress. GSTM1, GSTT1, and GSTP1 genes
have numerous described polymor phisms, the most significant being GSTM1, GSTT1, and GSTP1 |le105Val deletion ones.

Our objective was to study the relationship between the genetic polymorphism of GSTM1, GSTT1, GSTP1 genes and
blood levels of metalsin smelter operators engaged in crude lead refining.

We examined 55 mal e |ead-refining furnace operators working at a non-ferrous metal alloy plant. Blood metal concen-
trations were measured by inductively coupled plasma mass spectrometry. GSTM1 and GSTT1 deletion polymor phisms were
determined using real-time SYBR Green gPCR and that of GSTP1 Ilel05Val — using a commercial SNP Screening Kit. Sta-
tistical data processing was carried out using the Mann — Whitney U-test.

Blood levels of industry-specific metals were not statistically different between the workers with GSTT1 and
GSTP1 genotypes. We established, however, that men with the null genotype of GSTM1 had significantly higher blood
arsenic levels.

Our findings indicate that a high blood arsenic level associated with occupational exposure may be attributed to
the GSTM1 null genotype. This observation can be used to identify the most vulnerable groups of individuals at risk of
overexposure to arsenic.

Keywords: xenobiotics, GSTM1, GSTT1, GSTP1, glutathione S-transferases, heavy metals, arsenic, polymor phisms.

Chemical pollution of the environment re- For example, workplace air in a zone
mains a priority sanitary-epidemiological health where lead refining takes place contains
risk factor. It is especially true for workers em- large quantities of metals that can be found
ployed at harmful productions. in lead cake such as lead, antimony, cop-
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per, sulfur, bismuth, arsenic, tin and some
others.

Heavy metal ions are known to be able to
stimulate formation of reactive oxygen species
(ROS) in large quantities. These species in-
duce oxidative stress in a cell thereby damag-
ing cellular structures [1, 2].

Glutathione-S-transferases (GST) play an
important role in adaptation and response to
oxidative stress. Many polymorphisms have
been described for GSTMI1, GSTT1 and
GSTP1 genes; however, the deletions in
GSTM1, GSTT1 and Ile105Val for GSTP1
gene are the most significant ones. These
polymorphisms lead to either total absence of
an enzyme or to a reduction in its activity. As
a result, the described mutations can lead to
weaker resistance to effects produced by
heavy metals [3—6].

Studies with their focus on workers’ ge-
netic predisposition provide more data on
pathogenesis of a disease and make it possible
to identify groups that are more susceptible to
exposure to harmful occupational factors. This
is vital for developing and implementing ac-
tivities aimed at managing health risks at a
workplace, personified medical and prevention
programs included.

Our research goal was to examine an as-
sociation between genetic polymorphism of
GSTM1, GSTT1, and GSTP1 genes and metal
contents in blood of smelters dealing with
crude lead refining.

Materials and methods. We examined
55 males who worked as smelters in the re-
fining section of a metallurgic (smelting)
workshop at an enterprise that produced non-
ferrous alloys. Their age was from 28 to 56
years (an average age was 40.94 + 7.04
years). The sampling was ethnically ho-
mogenous. Mass concentrations of metals
(Pb, N = 54; Cd, N = 52; Sb, N = 43; As,
N = 43) were identified in blood by mass
spectrometry with inductively coupled

ISSN (Print) 2308-1155 ISSN (Online) 2308-1163

ISSN (Eng-online) 2542-2308

plasma. DNA was extracted from peripheral
blood according to conventional procedures
and polymorphisms were identified as per
the procedure, which we described in our
previous studies [7].

Since genotype analysis does not allow
distinguishing between the normal homozy-
gote (I/I) and heterozygote (I/D) for GSTT1
and GSTM1 genes, we took a recessive model
with using I/* (I/I or I/D) and DD (null allele)
variables. We applied a dominant genetic
model (Ile/Ile against Val/*) for GSTP1
Ile105Val polymorphism and combined
Ile/Val and Val/Val into one group. Differ-
ences in the identified indicators were esti-
mated with Mann — Whitney test and y* with
Yates’s correction. Critical significance in test-
ing the null hypothesis was taken as equal to
0.05. We applied Kolmogorov — Smirnov test
to check whether data were normally distrib-
uted. The results were statistically analyzed
with Statistica 12 software package (StatSoft
Inc, USA).

Results and discussion. In the present
study, we examined an association between
genetic polymorphism of GSTMI1, GSTTI,
and GSTP1 genes and metal contents in blood
of smelters who worked in the refining sec-
tion of a metallurgic (smelting workshop) at
an enterprise that produced non-ferrous al-
loys. Alleles of the examined genotypes were
distributed according to an average pattern
typical for a European population (Figure).
Therefore, the analyzed sampling was homo-
geneous. It was then divided into two groups
as per presence or absence of predisposition
for each genotype: normal genotype/hetero-
zygote and deletion genotype for GSTM1 and
GSTT1; normal genotype and mutant geno-
type / heterozygote for GSTP1.

Metal contents in blood as per genotype
frequencies (for better illustration, mean val-
ues are used) and authenticity of differences
are given in Table.
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Figure. Distribution of GSTM1, GSTT1, GSTP1
genotype frequencies in smelters working in the
refining section of a metallurgic (smelting) work-
shop at an enterprise that produces non-ferrous
alloys and average frequencies in the population:
1/* is the normal genotype/heterozygote, DD is the
deletion (mutant) genotype, Ile/Ile is the normal
genotype, Val/* is the mutant genotype/heterozygote
(GSTM1: > =0.76, p=0.3833; GSTT1: ¥* = 0.04,
p=0.84; GSTP1: *=1.69, p=0.1939)

Overall, we did not detect any statisti-
cally authentic differences regarding GSTTI1
and GSTP1 genotypes in metal contents in
blood of workers under the same exposure.
This is probably due to mutant alleles of
these genes being less frequent than mutant
GSTM1 and since the sampling was rather
small, it also prevented us from identifying
any significant differences for these two
genotypes.

Heavy metals are excreted rapidly from
the body due to their hydrophilic properties
growing because of enzymatic activity by
glutathione-transferases. Probably, compen-
satory detoxification pathways become in-
volved to excrete lead, antimony and cad-
mium, and they induce activity of other en-
zymes.

Although we did not detect any statisti-
cally significant differences for all the afore-
mentioned metals, we established an associa-
tion with the deletion in GSTM1 gene and

Mean metal contents in blood of smelters with different GSTs genotypes

GSTT GSTM GSTP
I/* DD P- I/* DD P- Ile/lle Val/* P-

value value value
0362+ | 0.408+ 0386+ | 0338 0342 +

C/gﬁf 0.06 018 | 091 | 0.07 0.1 0.69 %‘\‘Ifgf)g 0.08 | 0.56
HE (N=44) | (N=8) (N=34) | (N=18) (N =28)
4771 + 400+ | 1124+ 6448+ | 6.893+

‘/‘;;113 78\?; 31 6;8 267 | 048 | 091 3.66 | 0.02 | 3.03 146 | 021
s (N="7) (N=27) | (N=16) (N=19) | (N=24)
8.776 + 915+ | 834+ 8908+ | 8.809

M;E;n3 8&7; %1 087 | 078 | 094 044 | 0.66 | 121 0.58 | 0.67
N=7) (N=27) | (N=16) (N=19) | N=24)

pb. | 36939 % [ 41601 392.04 + | 34733 + 3667+ | 384+

s | 238 516 | 049 | 283 3244 | 055 | 37.87 2502 | 0.76

HE (N=46) | (N=8) (N=35) | (N=19) (N=24) | (N=30)

Note: I/* is the normal genotype / heterozygote, DD is the deletion (mutant) genotype, Ile/Ile is the normal
genotype, Val/* is the mutant genotype / heterozygote. The table contains mean values and error of the mean; statis-

tically authentic differences are given in bold (p < 0.05).
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arsenic contents in blood. People with the mu-
tant genotype had arsenic in their blood in a
concentration that was by 3 times higher
against the same indicator in people with the
normal genotype (p = 0.02).

Arsenic metabolism has several ways;
binding to certain proteins is one of them [§],
and conjugation with glutathione is another
[9]. After consequent stages in methylation
are completed, this way leads to formation of
two end products, methylarsonic acid (MMA)
and dimethylarsinic acid (DMA). MMA and
DMA metabolites are less toxic than non-
organic compounds and are easier to excrete
with urine [10, 11]. Such members of the
GST family as GSTP1, GSTT1 and GSTM1
can influence an ability to metabolize arsenic
depending on their expression and various
allele types [12-19]. Thus, Gonzalez-
Martinez with colleagues showed that the de-
letion variant of GSTM1 produced negative
effects on arsenic excretion by the kidneys
due to its lower enzymatic activity. Contents
of arsenic metabolites in urine went down

proportionate to an increase in overall arsenic
contents in case the deletion GSTMI1 geno-
type was present. No such regularities were
established for GSTT1 and GSTP1 genotypes
[20]. This fact indicates that GSTM1 makes a
significant contribution to arsenic metabolism
and its deletion genotype can lead to high ar-
senic concentrations in blood due its lower
enzymatic activity.

Conclusion. We established in this study
that elevated arsenic concentrations in blood
detected under exposure to harmful occupa-
tional factors might be caused by the deletion
GSTMI1 genotype. In future, this fact can be
used to identify population groups that are the
most susceptible to exposure to arsenic in high
concentrations as well as to implement preven-
tion activities in due time.
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