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Abstract. Background. Chronic kidney disease is defined by renal damage or an estimated glomerular
filtration rate less than 60 mi/min/1.73 m?. Lead is a ubiquitous environmental factor that can confribute fo
lengthy clinical complications in individuals with chronic kidney disease. They can be exposed to changes
in zinc homeostasis. The MT2A gene also expresses a wide range of physiological and pathological effects.
Materials and methods. This study involved 60 blood samples from individuals with kidney disease on
hemodialysis, and 60 samples from apparently healthy individuals as a conftrol. The purpose was to identify
the molecular character of the genotype of the MT2A gene SNP (A>G) (1s28366003) in a cohort of chronic
kidney disease subjects and apparently healthy confrols. Results. Blood lead and zinc serum levels were
compared between patients and healthy controls by flame afomic absorption spectrophotometry. Lead
contents were significantly and considerably higher, with significant differences (o > 0.01) between the
patient cohort and the healthy confrols, while serum zinc was significantly decreased. Males are more
affected than females with chronic kidney disease, and individuals older than 40 years had a greater
risk of complications. Hypertension has a meaningful posifive relation to chronic kidney disease, and it is
therefore considered a possible risk factor. The rs28366003 A>G genotype associated with increased risk of
kidney disease in Iraqi patients demonstrated considerable variation. The median age of kidney disease
patients was 20 fo 69 years. Genotypes and allele frequencies of rs28366003, A>G in the kidney disease
population: 51.7 % (n = 31) were wild-type (AA), 33.3 % (n = 20) were heterozygous (AG) and 15 % (n = 9)
were homozygous (GG). The allele frequencies of A and G were 68.3 and 31.7 %. Conclusions. Thus, the
drop in zinc levels and the harmful increase in blood lead in chronic kidney failure patients who possess SNP
variants of the MT2A gene, specifically rs28366003, may be involved in kidney disease susceptibility.
Keywords: chronic kidney disease,; metallothionein gene polymorphism; lead exposure, zinc deficiency;
gene SNP rs28366003; hemodialysis

Introduction
Chronic kidney disease (CKD) is a serious threat to
global health as more than two million of us get CKD an-

pecially large burden in low- and middle-income countries
[3]. It is now recognized that even slight changes in kidney
structure and function are associated with increased risk

nually [1]. It is a primary source of illness and mortality
globally and is becoming more acknowledged as a global
public health concern, particularly in developing nation
[2]. There are five stages of chronic renal failure (CRF)
based on glomerular filtration rate (GFR), and stage 35, is
also called end-stage renal disease (ESRD). CKD is pre-
sent when damage to the kidney exists with persistence for
approximately three months or longer; it also poses an es-

of mortality and implications for other organ systems [4].
Dialysis therapies replace some functions of the healthy
kidney by removal of fluid and waste products [5]. Mainte-
nance hemodialysis is considered a life sustaining treatment
for patients with such disease. It also requires adherence
to recommended attendance for hemodialysis, guidelines
for dietary and fluid intake, and adherence to medication
regimens to perpetuate its benefits [6]. In the population
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of patients receiving maintenance hemodialysis, nutritional
therapy focuses on ensuring an appropriate intake of pro-
tein and calories [7]. Major causes of CKD are diabetes,
hypertension, chronic glomerulonephritis, chronic pyelo-
nephritis, chronic use of anti-inflammatory medications,
autoimmune diseases, polycystic kidney disease and long-
term acute renal disease [8]. Zinc (Zn) is a trace element
involved in multiple physiological functions in the body. It
is essential for cell viability, growth, and replication, and
the activation of 300 or more enzymes [9]. A deficiency
of trace elements, particularly Zn, can lead to cardiovas-
cular disease; lower serum Zn levels were associated with
increased premature death and diminished physical acti-
vity [10]. Zinc stimulates the production of metallothio-
nein, which are proteins that are effective in diminishing
hydroxyl radicals and sequestering any reactive oxygen spe-
cies (ROS) produced during stress conditions [11]. Lead
has a high affinity for low-molecular-weight proteins which
are easily filtered through the glomerulus then reabsorbed
in proximal tubules, establishing primary tubular toxicity.
This may culminate into albuminuria and progressive kid-
ney disease towards ESRD [12]. The first identified case of
Pb-related nephrotoxicity was reported in the 19™ century.
Since then, exposure to high concentrations of Pb has been
regarded as an environmental risk factor for hypertension
and kidney injury [13]. Metallothionein is a protein rich
in cysteine with large amounts of metals that can be found
in all organisms. Apart from heavy metal detoxification,
metallothionein is one of the most powerful antioxidants
where it is capable of regulating and mediating several cel-
lular processes [14]. Any mutation of this gene will affect
the function metallothionein proteins increasing the effects
of heavy metals. ROS, the SNP A-G (rs28366003) in pro-
motor of metallothionein gene, A to G allele conversion
appearance, thereby decrease transcription qualification
[15]. The location of the SNP A-G (rs28366003) in pro-
motor of a metallothionein gene, this polymorphism exists
away of five base pairs upstream of their initiation site; this
polymorphism includes changing an A nucleotide to G nu-
cleotide in promotor of MT gene, later caused a decreased
in production of metallothionein and a decrease in the
role of metallothioneins to protect the cell from dangerous
products of metabolism, exercise or cellular injury [16].

Materials and methods
Study design

From December 2020 to March 2021, blood samples
were collected from patients with CKD under hemodialysis
and a healthy control group. A total of 7 ml of blood was
taken from each patient, 5 ml in plain vacutainer tubes and
2 ml in EDTA. DNA was extracted from the Iraqi Dialysis
Center and the Medical City Center The study consisted of

120 blood samples from two groups as follows: group 1, 60
samples of Iraqi patients with chronic kidney disease, and
group 2, 60 samples from healthy controls which included
no history of kidney disease. We prepared a questionnaire
with information including age, chronic diseases, blood
pressure, and gender.

Ethical commission

The study was approved by Scientific Research Com-
mission, Research and Technology Center of Environment,
Water and Renewable Energy and Institute of Genetic Engi-
neering and Biotechnology, University of Baghdad (No. 335
in 22/1/2025).

Survey administration

Verbal consent was obtained from patients undergoing
hemodialysis sessions and they were asked whether they
agreed to participate in the current study. If they agreed, the
survey questions were explained to the patients as they com-
pleted the research questionnaire.

Exclusion criteria

Patients under 20 years old, patients who need immu-
nosuppressive treatment for kidney disease and patient with
polycystic kidney disease

Lead and zinc measurement

5 ml of blood collected in plain vacutainer tubes were
was used to determine the concentrations of zinc and the
blood lead with flame atomic absorption spectrophotometry
(FAAS), an analytical technique used to determine the
concentration of metal. It utilizes the principle of atomic
absorption, where excited atoms in a flame absorb light at
specific wavelengths, leading to a decrease in the intensity of
the transmitted light.

Molecular methods

DNA extraction. 2 ml in EDTA (Ethylene Diamine
Tetracetic Acid) blood samples from patients and controls
were kept at —20° C. ReliaPrep™ Blood gDNA Miniprep
System was utilized to extract genomic DNA. In the case
of DNA purity genotyping of polymorphism metalothio-
nein (rs28366003) by using high resolution melting (HRM).
Used master mixes were containing EVA-Green, HRM
Master Mix Synthetic SNP sequences. The DNA was ex-
tracted, using DNA extraction kit EasyPure® Genomic
(TransGen Biotech, EE101-01) (Fig. 1). Primer sequences
were designed according to their reference sequence (rs) in
the National Center for Biotechnology Information data-
base (NCBI) in Table 1 forward-primer CTTGGGATCTC-
CAACCTCAC and the reverse-primer ACTTCTCTGAT-
GCCCCTTTG the thermal cycle in Table 2.

Table 1. Specific primers for MT single nucleotide polymorphisms

Primer sequence (5’-3’)

Primer size, bp Product size, bp

F-rs28366003

CTTGGGATCTCCAACCTCAC 20

200

R-rs28366003

ACTTCTCTGATGCCCCTTTG 20

200
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Analysis of data

The Statistical Package for the Social Sciences (2019)
program was utilized to determine the effect of difference
groups on study variables [17]. For the normally distribu-
ted quantitative data of study groups, parametric (indepe-
ndent samples t-test, ANOVA, standard error) were used.
Qualitative data (categorical variables) were presented
as the frequency (percentage), and the significant diffe-
rences between their distributions in study groups were
evaluated by a chi-square test of independence (>-test)
or Fisher’s exact tests, where applicable. The allelic and
genotypic frequencies were calculated using direct gene
counting method. The differences were determined by
chi-square test of independence, odds ratios (ORs) and its
95% confidence interval (CI) were estimated to determine
the association MT2A SNPs with chronic kidney fail-
ure and treatment response using WINPEPI program for
epidemiologists (2002, 2020).

Ethics statement

This study was approved by the Ethics Committee of
the Institute of Genetic Engineering and Biotechnology for
postgraduate studies, all participants gave informed con-
sent, the study followed the Declaration of Helsinki prin-
ciples.

Results
Age and hypertension

Table 3 illustrates the chronic kidney patients aged 50 to
59 had the highest prevalence of 43.33 % when compared
with other groups while only 1.67 % of patients within age
group 20—29 and 6.67 % with in age group 30—39 and 15 %
of patients within age group 40—49 while in age group above
60 years, 33.33 %. There are highly significant differences
between the incidences of the different age groups among
chronic kidney disease patients (p < 0.01) (Table 2).

Another study found there was no difference between
the ages of patients compared to healthy people, and this
study does not agree with our study [18]. Also, Table 3

Figure 1. Genomic DNA gel electrophoresis for 9
samples on agarose gel with a concentration of 1 %
for 70 min and 70 V

Table 2. The cycling protocol

Step Temperature Time, sec Cycles
Enzyme activation 94 30 1
Denaturation 94 10
Annealing 60 15
. 40
Extension 72 20
HRM 55-95 0.5for1°

Table 3. Distribution of sample study according to age, gender and hypertension in different groups

. Patients (N = 60) Controls (N = 60)
Variables/factors
Abs. % Abs. %
20-29 1.67 9 15.00
30-39 6.67 13 21.67
40-49 9 15.00 22 36.67
Age (years) 50-59 26 43.33 15.00
<60 20 33.33 11.67
Total 60 100 60 100
p-value 0.0001** 0.0174*
Male 31 51.67 36 60.00
Sex Female 29 48.33 24 40.00
p-value 0.796 NS 0.121 NS
Positive 48 80.00 14 23.33
Hypertension Negative 12 20.00 46 76.67
p-value 0.0001** 0.0001**

Notes: * — p < 0.05; ** — p < 0.01; NS — non-significant.
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showed there was a very significant (p < 0.0001) difference
between the same group 96 % of patients in CKD group had
hypertension patently. and this result concurs with [19] who
recorded hypertension prevalence (80 %) in CKD.

Lead and zinc

Table 4 showed significant decrease between the level of
zinc in patients and control group the mean of the Zn in the
patients 63.86 = 1.06, while the control 99.41 + 2.01 and
this result agree with [20]. Also, the result shown the high
significant increase in lead in the CKD patients (p < 0.01)
the mean of the CKD patients 23.05 & 0.75 while the con-
trol group 16.50 £ 0.42 and this result agree with [21].

SNP polymorphism MT2A gene

A single nucleotide polymorphism of MT2A4 gene in
this study the genotypes and allele frequencies of SNP
rs28366003 A>G in Hardy-Weinberg equilibrium (HWE)
in patient with kidney disease groups 51.7 % (n = 31) wild
(AA), and 33.3 % (n = 20) heterozygous (AG) and 15 %

Table 4. Comparison between different groups

in Zn and Pb
Mean = SE
Group

Zn Pb
Patients 63.86 + 1.06 23.05 + 0.75
Controls 99.41 £ 2.01 16.50 £ 0.42
T-test 15.6 7.6
p-value 0.0001* 0.0001*

Note: * — p < 0.01.

(n = 9) homozygous (GG). The genotypes and allele fre-
quencies (HWE) in healthy control was 36 % (n = 60) wild
(AA), and 40 % (n = 24) heterozygous (AG) and 0 % (n = 0)
homozygous (GG). Allele frequencies for A and G were 68.3
and 31.7 %, respectively, as shown in Table 5.

DNA samples of all study groups were genotyped of
MT2A4 SNP (rs28366003), detection was achieved by using
HRM real-time PCR. The resulting output of thermocycler
of the HRM analysis process for SNP (rs28366003) three
genotypes is shown in Fig. 2.

The relationship between MT2A rs28366003
and blood lead and zinc

As shown in Table 6, there was no significant difference
in Zn in the group of patient, control and the rs28366003
while observed group of patients is a significant difference in
the value of lead.

Discussion
Age and hypertension

CKD is a primary source of illness it is slow, steady pro-
gression characterizes it and is irreversible [22]. Age, sex and
socioeconomic status are considered to be influential in the
development, progression and outcomes from CKD [23].
The prevalence of chronic kidney disease increases markedly
with old age. The reason for this because the patients with
advanced age may suffer from systemic and chronic diseases,
stress, and an increasing rate of catabolism. Moreover, elder-
ly patients suffer from a decrease in the glomerular filtration
rate (GFR) due to diseases that complicate aging, such as
atherosclerosis and high blood pressure. In addition, there is
an increase in catabolism rates and a decrease in metabolism
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Figure 2. The genotype result for SNP rs28366003: A, B — the HRM result, C — the wild, heterozygous and
mutant genotypes
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rates, which makes the elderly vulnerable to many chronic
diseases and health problems [24]. The encompassing factors
of male sex hormones, gender neutrality of occupation role,
stress expressed as performance, and chronic disease distri-
bution all contribute to the fact that males are at a higher risk
of CKD than female gender. In addition, differences in life-
style (e.g. smoking cigarettes; drinking alcohol) might also
help explain this gender gap [25]. Of the highest prevalence
of chronic kidney disease, the female gender was the greatest
risk factor for chronic kidney disease. This could be based on
biological differences between men and women in glomeru-
lar structure; glomerular hemodynamics; muscle mass; and
hormone metabolism [26]. Hemodialysis patients had high
blood pressure (hypertension) immediately after their first
time experiencing hemodialysis. Patients undergoing dialysis
often experience high blood pressure — difficult to treat and
causes a range of adverse effects including increased risk of
heart disease [27]. Hypertension is one of the leading fac-
tors for the development of CKD, given the adverse effects
of enhanced blood pressure on kidney vasculature. Over the
long-term, uncontrolled high blood pressure translates into
high intraglomerular pressures that lead to impairment in
glomerular filtration. Damage to the glomeruli lead to an in-
crease in protein filtration, resulting in abnormally increased
amounts of protein in the urine [28].

Lead and zinc
Zn, the second among the most critical trace elements
in the human body, is crucial in regulating cellular and

subcellular processes across various tissues. Zn deficiency
is linked to the advancement of CKD and related conse-
quences. As CKD progresses to ESRD [29]. Zinc deficiency
is a risk factor for ESRD and indicate association between
zinc deficiency and organ damage due to fibrosis. Thus, zinc
deficiency may affect kidney function via oxidative stress
and fibrosis. Zn concentrations are decreased in CKD [30].
Increased zinc excretion causes zinc deficiency in patients
with kidney diseases as well as in those on hemodialysis.
CKD patients have higher urinary zinc excretion, which
tends to increase as the CKD stage progresses [31]. Chronic
kidney disease is susceptible to zinc deficiency, which may
be caused by an inadequate dietary intake due to uremia-
related anorexia and dietary restriction, reduced gastroin-
testinal zinc absorption, adsorption of zinc by phosphate
binders, and removal of zinc by dialysis procedure [32] lead
(Pb) binding to low-molecular-weight proteins, probably
enters kidney proximal tubule cells through endocytosis.
It seems to inhibit kidney mitochondria’s respiratory func-
tion inside the cells, which causes the formation of oxidative
stress, reactive oxidative species, and intracellular depletion
of glutathione [33]. Exposure to Pb is linked to an elevated
CKD risk as assessed by proteinuria, and a greater risk of
decreased GFR [34].

SNP polymorphism MT2A gene

Single nucleotide polymorphisms (SNPs) are the most
common type of variation in the human genome. The vast
majority of SNPs identified in the human genome do not

Table 5. Comparison of the genotype and allele frequency of SNP (rs28366003)
between patients and controls, n (%)

Genotype Controls Patients 1> OR (95% CI) p-value

AA reference 36 (60) 31 (51.7) 0.03 1.00 (reference) 0.9NS

AG 24 (40) 20 (33.3) 0.47 0.9 (0.4471-2.065) 0.9NS
Genotype

GG 0 (0) 9 (15) 9.1 22.02 (1.2315-.59) 0.03*

Total 60 60

A reference 96 (80) 82 (68.3) 0.011 1.00 (reference) 0.92
Allele G 24 (20) 38 (31.7) 4.3 1.8 (1.044-3.273) 0.03*

Total 120 120

Notes: * — p < 0.05; NS — non-significant.

Table 6. Relationship between genotype of rs28366003 SNP with Zn and Pb in patients and control groups

Group Genotype Mean  SE, ppm
Zn Pb
AA 65.16 + 1.45 22.19 + 1.212
Patients AG 63.30 + 2.04 17.85 = 0.81°
GG 61.55 + 1.62 19.67 + 1.20%
L.S.D. (p-value) 5.839 NS (0.4549) 3.048 (0.0261)*
AA 96.94 + 2.17 18.05 + 0.55
Controls AG 99.62 + 3.23 17.67 + 0.61
L.S.D. (p-value) 7.491 NS (0.4767) 1.678 NS (0.6445)

Notes: means with the different letters in same column differed significantly; * — p < 0.05; NS — non-significant.
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have any effect on the phenotype; however, some can lead
to changes in the function of a gene or the level of its ex-
pression. Moreover, determination of associations of genetic
variants with a disease does not provide information about
the functionality of these variants, which is necessary to
elucidate the molecular mechanisms of the development of
pathology and to design effective methods for its treatment
and prevention. Further scrutiny into the functionality of
such SNPs will assist us in better understanding the associ-
ated differences between individuals and facilitate the deve-
lopment of alternative therapies targeting different groups of
individuals with different SNP profiles [35]. Chronic kidney
disease is a progressive disease that results from kidney da-
mage and results in loss of kidney function. Genetic factors,
such as allelic variants, can contribute to this disease. [36]. As
is known, this mutation in the promotor of the metallothio-
nein gene in the site A-G (rs28366003) lead to a defect in the
function of the main protein that coding by metallothionein
gene, this protein have able to combined the different type of
heavy metals together by thiol group, and then remove it’s
from the body by filtration in the kidney and secreted with
the urine, and because this mutation the heavy metals ac-
cumulate in the body of the patient and causes many health
problems [37]. The effect of MT2A A-5G polymorphism in
a general Japanese population, we observed significant asso-
ciations with CKD the GG genotype was identified as a risk
factor for CKD. The ORs for MT2A4 A-5G genotypes were
statistically significant independently of age, sex and other
potential confounders. This suggests that the vulnerability to
these diseases due to MT24 A-5G polymorphism is indepen-
dent of their major risk factors. M7T2A4 A-5G may be associ-
ated with CKD and this polymorphism is a promising target
for evaluations of CKD and with possible involvement of
low-dose chronic exposure to environmental pollutant [38].

The relationship between MT2A rs28366003
and blood lead and zinc

Environmental pollution causes an increase in levels of
heavy metals in the organism. Due to this mutation in the
promotor of the metallothionein gene, the protein cannot re-
move all the amount of heavy metals from the body and con-
sequently increase the toxicity of heavy metals [39]. Highly
statistically significant associations were detected between the
—5 A/G core promoter region SNP in the MT2A gene and Pb
Individuals with the GG genotype had statistically lower Zn
level and higher Pb levels in the blood samples than individu-
als with AA and AG genotypes. This study suggests that having
the GG genotype individuals may be more sensitive for the
metal toxicity and they should be more careful about protec-
ting their health against the toxic effects of the heavy metals no
detect changes in serum Zn level for the GA or GG genotype
in population consider that MT2A A-5G polymorphism likely
affects intracellular homeostasis rather than contributing to
excretion of related molecules outside the cells [40].

Conclusions

This study showed that decreased zinc levels in patients
with CKD are correlated with an elevated concentration of
lead as a result of kidney’s diminished ability to eliminate

lead because of the decreased activity of metallothionein
genes. In our study there was positive correlation between
the GG genotype and the kidneys disorders; this shows us
that male carried GG genotype have higher risk to suffer
kidney problems.
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PiBeHb CBUHLIIO 1 LIMHKY B KPOBI TA 3B’130K i3 NOAIMOP]iZMOM reHa MeTAAOTIOHETHY
MNP XPOHiYHI HUPKOBI HEAOCTATHOCTI

Pe3iome. AkryanbicTh. XpoHiuHa XBopo6a HMUPOK BU3HAya-
€ThCS MOIIKOKEHHSIM HUPOK a00 pO3paxyHKOBOIO IIBUIKICTIO
Ki1y60ukoBoOi (inbrpauii Mmenme 60 mi/xs/1,73 m2. CBuHELD €
MOBCIOAHUM (haKTOPOM HABKOJUIIHBOTO CEPEIOBHUIIA, 1110 MOXe
MPU3BOAUTHU 10 TPUBAIUX KIIHIYHUX YCKJIAJAHEHb Y JoAel i3
XPOHIYHOIO XBOpOOOIO HUPOK. BoHM MOXYTh 3a3HaBaTU 3MiH y
romeocTasi HuHKY. [eH MT2A TakoxX Ma€ IUPOKUI crieKTp ¢i-
3i0JTOTIYHMX Ta MarojorivHuX edekris. MaTepiaau Ta MeToAM.
VY mpoMy nocrmimkeHHi BUB4eHO 60 3pa3KiB KpoBi Bim ocib i3 3a-
XBOPIOBAaHHSIMM HUPOK, $SIKi TepeOyBaloTh Ha TreMofiaiisi, Ta
60 Bim MpakTUYHO 3J0POBUX OCIO (KOHTpOJbHA rpyra). Mera:
BU3HAYUTU MOJIEKYJISIpHUI Xapaktep reHoturny SNP (A>G)
(rs28366003) reHa MT2A y mamieHTiB i3 XpOHIYHOIO XBOPOOOIO
HUPOK Ta B KOHTPOJbHi rpymi. Pe3yabTaTu. PiBHi cBUHIIO B
KPpOBi Ta LIMHKY B CUPOBATIi KPOBi MOPiBHIOBAJIU B 000X Tpymax
3a JIOTIOMOTO0 TTOJIyM’sTHOI aTOMHO-a0CcopOIIiitHOI crieKTpodo-
TOMETpil. YMiCT CBUHIIIO B KPOBi OyB 3HAUHO BUILUM, i3 CYTTEBU-
MU BigmiHHOCTSIMH (p > 0,01) MiXXK KOropTolo TMalli€HTiB Ta 310~
POBUMU 0cobaMu, TOMi SIK piBEHb LIMHKY B CUPOBAaTIIi KPOBi OYyB
3HAYHO 3HWXEHUI. YOI0BIKM YacTille cTpaXIalTh HAa XPOHIYHY

XBOPOOY HMPOK, HiX XiHKH, a mauieHTu crapiue 40 pokiB Maiu
OIMBIIMI PU3UK YCKIATHEeHb. BUSBICHO 3HAYYIIMI TO3UTUBHUI
3B’SI30K TillepTeH3ii i3 XpOHIYHOI0 XBOPOOOIO HUPOK, TOMY ii BBa-
KAI0Th MOXJIMBUM (DaKTOPOM PU3KMKY PO3BUTKY OCTAaHHbOI. Ie-
Hotun 1528366003 A>G, noB’si3aHuUi i3 MiABUILIEHUM PU3UKOM
3aXBOPIOBAHHS HUPOK B ipaKChbKMX TAIIEHTIB, MPOAEMOHCTPY-
BaB 3HAYHY BapiabebHicTh. MeniaHHUI BiK 0ci0b i3 XBopobaMu
HUPOK CTaHOBMB Bin 20 1o 69 pokiB. [eHOTUIN Ta yacToTa aje-
7B 1528366003, A>G y momyJisIii i3 3aXBOPIOBaHHSIMM HUPOK:
51,7 % (n = 31) 6ynau gukoro tumy (AA), 33,3 % (n = 20) — re-
teposurotHumMu (AG) ta 15 % (n = 9) — romosurotiumu (GG).
Yacrora aneniB A ta G cranosuia 68,3 ta 31,7 %. BucHOBKH.
Takum yHOM, 3HUKEHHS PiBHS IIUHKY Ta IIKiUTMBE TTiIBUIICH-
HSI PiBHSI CBMHIIIO B KPOBi TMAIli€EHTIB i3 XpOHIYHOIO HUPKOBOIO
HEIOCTaTHICTIO, sIKi MaoTh BapiaHTu SNP rena MT2A, 3okpema
128366003, MOXyTh OyTH TIOB’sI3aHi 31 CXMJIBHICTIO 10 XBOPOO
HHUPOK.

Kir049oBi cioBa: xponiuna xsopo6a HUPOK; noxiMopdism reHa
METaJIOTIOHETHY; BIUIMB CBMHIIO; nedinut utmHKy; SNP reHa
1s28366003; remomiairis
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