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PREDICTING THE PROBABILITY OF DEVELOPING OBESITY DEPENDING
ON LEPTIN AND LEPTIN RECEPTOR POLYMORPHISMS

Introduction. Metabolic syndrome is a heterogeneous pathological condition that combines different stages of
obesity, impaired glucose tolerance, atherogenic dyslipidemia and arterial hypertension. Obesity itself is a key
element of this syndrome. Hormonal disorders, the central one of which is insulin resistance, trigger a cascade of
neuroendocrine changes that lead to the progression of MetS. Monogenic mutations are often detected in patients
with severe obesity, as well as with early (up to 10 years) its debut. In recent years, it has been increasingly investigated
for a genetically determined breakdown in the mechanism of leptin's influence on the development of obesity.

The aim of this study — to evaluate the probability of obesity development in patients with LEP and LEPR
polymorphisms in Ukrainian population.

Research Methods. 53 obesity and 43 non-obesity patients underwent genotyping of the LEP and LEPR genes
(K109R (rs1137100), Q223R (rs1137101), K656N (rs1805094), G2548A (rs7799039)) polymorphism was performed
using TagMan™ SNP Genotyping Human Assays (Thermo Fisher Scientific, USA).

Results and Discussion. Comparing rs1137101 Allele A, rs1137101 Allele G statistically significant differences
were revealed, while comparing rs1805094 Allele C, rs1805094 Allele G, rs7799039 Allele A, rs7799039 Allele G,
rs1137100 Allele A, rs1137100 Allele G depending on group indicated no statistically significant differences. SNP
(rs1137101) Allele A statistically significant differences depending on obesity degree (p < 0.001). Comparing the
rest of SNP’s Allele’s (rs1805094 Allele C, rs1805094 Allele G, rs7799039 Allele A, rs7799039 Allele G, rs1137101
Allele G, rs1137100Allele A, rs1137100 Allele G, rs696217 Allele G) no statistically significant differences was noted.
Prediction of the probability of developing obesity depending on the polymorphism of leptin and leptin receptors
revealed the dependence of only mutations in LEPR (Q223R (rs1137101)) in the Ukrainian population. According
to the results of the ROC analysis sensitivity and specificity of the method were 65.5 % and 67.8 %, respectively.

Conclusions. Our analysis showed that LEPR Q223R (rs1137101) polymorphism could be a potential genetic
risk factor for obesity in Ukrainian population regardless of the homozygous or heterozygous genotype (genotypes
AA, AG, GG). At the same time, allele A was found in 70.83 % of cases of patients with 2nd and 3rd degree obesity.
And homozygous AA and GG genotypes in 24.5 % and 28.3 %, respectively. The results obtained can be used in
the practice for early diagnosis of different types of obesity and for prognosing of results of bariatric surgery.
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INTRODUCTION. Metabolic syndrome (MetS)
is a heterogeneous pathological condition that
combines different stages of obesity, impaired
glucose tolerance, atherogenic dyslipidemia and
arterial hypertension [1]. Obesity itself is a key
element of this syndrome [2]. Hormonal disorders,
the central one of which is insulin resistance, trigger
a cascade of neuroendocrine changes that lead to
the progression of MetS [3]. Changes in the en-
vironment have undoubtedly led to the rapid
increase in the prevalence of MS, and obesity is
the result of an interaction between environmental
and innate biological factors.

Monogenic mutations are often detected in
patients with severe obesity, as well as with early
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(up to 10 years) its debut. It has also been proven
that monogenic obesity is mainly inherited in a
recessive type. And therefore blood kinship in
certain populations increases the probability of
detecting monogenic obesity due to greater chances
of detecting homozygous carriers.

Adipose tissue is an active, powerful endocrine
organ capable of releasing large amounts of
adipokines, which are the pathophysiological basis
of the link between obesity and associated metabolic
changes [4]. Leptin is normally produced in pro-
portion to the amount of adipose tissue, participates
in the regulation of energy homeostasis [5]. The
high level of circulating leptin in obese people is the
result of the formation of resistance and indicates
that its action is weakened by the anorectic reaction.
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Its resistance is the result of infections, autoimmune
diseases, malnutrition, inflammation. For now,
Anjum T. et al. suggests four factors that are
responsible for this condition: fewer leptin receptors
in the brain, incorrect leptin receptors work, less
leptin is crossing the brain-blood barrier, mutation
of leptin and leptin receptors genes [6].

In recent years, the works of Mazen I.H. et al.,
Nunziata A. et al. claimed that the last factor has
been increasingly investigated for a genetically
determined breakdown in the mechanism of leptin’s
influence on the development of obesity [7, 8].
Leptin is a protein consisting of 167 amino acids
and encoded by the LEP gene located on chro-
mosome 7g31.3. Kleinendorst L. et described
several LEPR mutations associated with obesity in
humans [9] They showed LEPR deficiency as an
autosomal-recessive endocrine disorder causing
early-onset severe obesity and wit more prevalence
in European population. Yupanqui-Lozno H. et al.
reports that genetic variants LEP, LEPR explain up
to 30 % of severe obesity from consanguineous
populations [10]. Saeed S. et al. indicates that
mutations in the genes encoding leptin, LEPR, and
MCA4R explain 30 % of cases of severe obesity, and
defects in a single gene more broadly account for
nearly 50 % [11].

However, with the monogenic theory of obesity
inheritance, the influence of mutations in the leptin
gene and its receptor is less noticeable. Although
single-nucleotide (SNP) mutations of these genes
can determine the prerequisites for some metabolic
disorders and, therefore, disease in the future.

The aim of this study was to asses LEP
(rs7799039), LEPR (rs 1137100, rs 1137101, rs
1805094) genes polymorphism in Ukrainian popu-
lation and their role in obesity genesis.

MATERIALS AND METHODS . The study was
conducted in January—November 2022 at the
Department of Surgery of Postgraduate Faculty at
the I. Horbachevsky Ternopil National Medical
University, Ministry of Health of Ukraine and
consisted of 96 subjects, which were devided into
two groups — 53 obesity and 43 non-obesity
(controls), as 42 males and 54 females, aged 24—
45 years. There were no significant age and sex
differences found between the individual in both
groups.

Heights, body weight, body mass index (BMI)
were analyzed and according to these patients with
<30 kg/m? were confirmed as inclusion criteria for
control group and with >30 kg/m? as obesity group.
All patients with obesity were subdivided into
categories: 1%t degree (BMI of 30 to <35), 2" degree
(BMI of 35 to <40), 3¢ degree (BMI of 40 or higher).
Class 3 obesity was categorized as “severe” obesity.

Genotyping of the LEP and LEPR genes
polymorphism (rs7799039, rs1137100,
rs1137101, rs1805094).

Venous blood from patients was collected in a
sterile Vacutainer and stabilized with K2EDTA. Total
DNA was isolated from peripheral blood using the
GeneJET Whole Blood Genomic DNA Purification
Mini Kit (KO781, Thermo Fisher Scientific, USA),
following the manufacturer’s instructions.

Pre-designed TagMan™ SNP Genotyping
Assays, Human, (Thermo Fisher Scientific, USA)
were used for next SNPs: K109R (rs1137100),
Q223R (rs1137101), K656N (rs1805094), G2548A
(rs7799039). All specimens were genotyped
applying TagMan probes and TagMan Genotyping
Master Mix (4371355) on CFX96™ Real-Time PCR
Detection System (Bio-Rad Laboratories, Inc.,
USA). Polymerase chain reaction (PCR) for
TagMan genotyping was conducted, adhering to
the requirements enclosed in the kit (Applied
Biosystems, USA). TagMan Genotyping Master
Mix contains DNA polymerase AmpliTaq Gold®,
dNTPs, reference dye ROX™, and the composition
of buffers. TagMan probes are target-specific
oligonucleotides with reporter dyes labeled at the
5" end of each probe: (VIC® dye at the 5’ end of
the Allele 1 probe and 6 FAM™ dye at the 5’ end
of the Allele 2 probe), and a non-fluorescent
quencher (NFQ) labeled at the 3’ end of the probe.
Genomic DNA was intensified in a 10 pL reaction
mix comprising genomic DNA, forward and reverse
primers, fluorescent probes, and TagMan Geno-
typing Master Mix. Genotyping of the specimens
was conducted on the CFX-Maestro™ software
applying the technique of allele discrimination
based on the magnitude of relative fluorescence
units (RFU).

Statistics. Open-source statistical package “R”
was used for for results processing. Comparison of
frequencies was performed using Pearson's chi-
square test. Nagelkerke Rz was used as a measure
of the model performance. In the linear regression
model, the coefficient of determination, R2, summa-
rizes the proportion of variance in the dependent
variable associated with the predictor (independent)
variables, with larger R? values indicating that more
of the variation is explained by the model, to a
maximum of 1.

Logistic regression was used for development
of a prognostic model for the probability of a binary
outcome. To assess the diagnostic performance of
guantitative variables in predicting a categorical
outcome ROC analysis was used. The optimal cut-
off value of the quantitative variable at was esti-
mated using the Youden’s J statistic. Statistical dif-
ferences between comparison groups were consi-
dered probable at p<0.05.
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Ethical details. Adherence to bioethical norms,
such as the Helsinki Declaration and the World
Medical Association’s “Ethical Principles for Medical
Research Involving Human Subjects”, was ensured
[12]. Every patient singed a consent form to enroll
in this study. Ethics Committee of |. Horbachevsky
Ternopil National Medical University approved this
study (protocol No. 82 from 04.10.2023).

RESULTS. According to analysis of the obesity
group, statistically significant differences were found
(p<0.001) (Fig. 1). Thus, 34 % of patients were
diagnosed with second-degree obesity, and 56 %
had third-degree obesity.

Allele conditioning analysis on group presented
in Table 1. According to that data comparing
rs1137101 Allele A, rs1137101 Allele G statistically
significant differences were found (p=0.009,
p=0.013 respectively). When comparing of

rs1805094 Allele C, rs1805094 Allele G, rs7799039
Allele A, rs7799039 Allele G, rs1137100 Allele A,
rs1137100 Allele G depending on group there were
no statistically significant differences (p=0.658,
p=0.727, p=0.257, p=0.322, p=0.460, p=0.290
respectively).

Genotypes analysis 0frs1137101 was performed
in two groups (Table 2). Statistically significant
differences were found depending on group
(p=0.008). Comparing genotypes rs 1805094,
rs7799039, rs1137100 depending on group no
statistically significant differences were found
(p=0.877, p=0.429, p=0.442 respectively).

According to the data obtained in Table 3 when
comparing of rs1137101 Allele A statistically
significant differences were found depending on
obesity degree (p<0.001). Comparing the rest of
SNP’s Allele’s (rs1805094 Allele C, rs1805094
Allele G, rs7799039 Allele A, rs7799039 Allele G,
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Figure 1. Analysis of obesity degree depending on group.

Source: compiled by the authors.

disease

Table 1 — Analysis of Allele in both groups

Categories, grou
SNPs Alleles yes/no control disease P
rs1805094 no 31 (72.1) 36 (67.9) 0658
Allele C yes 12 (27.9) 17 (32.1) :
rs1805094 no 3(7.0 5(9.4) 0727
Allele G yes 40 (93.0) 48 (90.6) '
rs7799039 no 16 (37.2) 14 (26.4) 0257
Allele A yes 27 (62.8) 39 (73.6) )
rs7799039 no 7 (16.3) 13 (24.5) 0322
Allele G yes 36 (83.7) 40 (75.5) )
rs1137101 no 3(7.0) 15 (28.3) 0.009*%
Allele A yes 40 (93.0) 38 (71.7) )
rs1137101 no 21 (48.8) 13 (24.5) 0.013*
Allele G yes 22 (51.2) 40 (75.5) )
rs1137100 no 5 (11.6) 3(5.7) 0.460
Allele A yes 38 (88.4) 50 (94.3) )
rs1137100 no 23 (53.5) 34 (64.2) 0.290
Allele G yes 20 (46.5) 19 (35.8) )

Notes: * — differences are statistically significant (p<0.05).
Source: compiled by the authors.
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Table 2 — Analysis of Genotype in both groups

Group
SNP Genotypes control disease P

CcC 3(7.0) 5(9.4)
rs1805094 CG 9(20.9) 12 (22.6) 0.877

GG 31 (72.1) 36 (67.9)

AA 7 (16.3) 13 (24.5)
rs7799039 AG 20 (46.5) 26 (49.1) 0.429

GG 16 (37.2) 14 (26.4)

AA 21 (48.8) 13 (24.5)
rs1137101 AG 19 (44.2) 25 (47.2) 0.008*

GG 3(7.0) 15 (28.3)

AA 23 (53.5) 34 (64.2)
rs1137100 AG 15 (34.9) 16 (30.2) 0.442

GG 5 (11.6) 3(5.7)

Notes : * — differences are statistically significant (p<0.05).
Source: compiled by the authors.
Table 3 — Allele’s analysis in both groups
Categories, Obesity degree
SNPs Alleles yes/no no 1stdegree | 2"d degree | 3¢degree P
rs1805094 no 31 (72.1) 3(60.0) 9 (50.0) 24 (80.0) 0.160
Allele C yes 12 (27.9) 2 (40.0) 9 (50.0) 6 (20.0) )
rs1805094 no 3(7.0 0 (0.0) 2(11.1) 3(10.0) 0.838
Allele G yes 40 (93.0) 5 (100.0) 16 (88.9) 27 (90.0) )
rs7799039 no 16 (37.2) 0(0.0) 6 (33.3) 8 (26.7) 0.346
Allele A yes 27 (62.8) 5 (100.0) 12 (66.7) 22 (73.3) )
rs7799039 no 7(16.3) 2 (40.0) 3(16.7) 8 (26.7) 0.482
Allele G yes 36 (83.7) 3(60.0) 15 (83.3) 22 (73.3) '
rs1137101 no 3(7.0) 1(20.0) 1(5.6) 13 (43.3) <0.001*
Allele A yes 40 (93.0) 4 (80.0) 17 (94.4) 17 (56.7) Pro - 34 degree =0-001
pan degree — 3d degree :0027

rs1137101 no 21 (48.8) 2 (40.0) 5(27.8) 6 (20.0) 0.072
Allele G yes 22 (51.2) 3(60.0) 13 (72.2) 24 (80.0) )
rs1137100 no 5(11.6) 1(20.0) 0(0.0) 2(6.7) 0.355
Allele A yes 38 (88.4) 4 (80.0) 18 (100.0) 28 (93.3) )
rs1137100 no 23 (53.5) 3(60.0) 14 (77.8) 17 (56.7) 0.357
Allele G yes 20 (46.5) 2 (40.0) 4(22.2) 13 (43.3) )

Notes: * — differences are statistically significant (p<0.05).
Source: compiled by the authors.

rs1137101 Allele G, rs1137100 Allele A, rs1137100
Allele G, rs696217 Allele G) no statistically signi-
ficant differences were found (p=0.160, p=0.838,
p=0.346, p=0.482, p=0.072, p=0.355, p=0.357,
p=0.742 respectively).

Based on the obtained data a predictive model
was built to estimate the probability of group
conditioning on rs1137101 Allele A, rs1137100
Allele G. The observed association can be descri-
bed by the following equation:

P=1/(1+e?) %100 %
2=2373—-2.108X s — 0.974X s

where P — probability of disease, X, —
rs1137101 Allele A(0—no, 1 —yes), X,.—rs1137100
Allele G (0 — no, 1 —yes)

The regression model was statistically significant
(p=0.002). And based on the value of Nagelkerke
R2, the model explains 15.8 % of the observed group

variance. Presence of yes was associated with
8.233 times decrease of disease Odds. Presence
of yes is associated with 2.650 times decrease of
disease odds (Fig. 2, Table 4).

yes

yes

0.03 0.1 03 1
OR; 95% CI
Figure 2. Odds ratios estimates with corresponding 95 %
Cl's for predictors included to the model group.
Source: compiled by the authors.

OPUTTHAJIBHI JOC/II>KEHHA

ISSN 2410-681X. MenuuHa Ta KiIiHigHa XimMisa. 2024. T. 26. Ne 1




OPUTITHAJIBHI AOCJIIJI>KEHHSA

Table 4 — Characteristics of the association of predictors with the probability

Predictors Unadjusted Adjusted
COR; 95 % ClI p AOR; 95 % ClI p
rs1137101 Allele A: yes 0.190; 0.051 — 0.709 0.013* 0.121; 0.029 — 0.504 0.004*
rs1137101 Allele G: yes 0.643; 0.283 — 1.461 0.291 0.377,0.147 — 0.972 0.044*

Notes: * — association of the outcome value with the predictor value is statistically significant (p<0.05), COR — correlation

coefficient, Cl — confidence interval.
Source: compiled by the authors.

Evaluation the dependence of the probability
of disease on the Value of logistic function P was
obtained in the following curve (Fig. 3).

The area under the curve comprised
(0.686+0.054) with 95 % CI: 0.581-0.791. So the
resulting model was statistically significant (p<0.001)
(Fig. 4).

Prediction of the probability of developing
obesity depending on the polymorphism of leptin
and leptin receptors revealed the dependence of
only mutations in LEPR (Q223R (rs1137101)) in the
Ukrainian population. According to the results of the
ROC analysis sensitivity and specificity of the
method were 65.5 % and 67.8 %, respectively.

DISCUSSION. Polygenic obesity and severe
monogenic obesity with early onset are often
considered as separate diseases. Studies of
candidate genes for both of these forms of obesity
show that they have common genetic and biological
bases.

The role of leptin in the regulation of energy
homeostasis has been demonstrated by observing
leptin-deficient patients who develop hyperphagia
and obesity. However, most obese people are not
deficient in the leptin gene, and blood leptin levels
are elevated compared to non-obese individuals.
Leptin receptors are coded by the gene (db gene),
its long and short isoforms have been identified and
are located in the arcuate nucleus and ventromedial
hypothalamus, where the centers of hunger, satiety
and thermoregulation are located. It is with a
violation of leptin transport through the blood-brain
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Figure 3. ROC-curve characterizing the dependence of the
probability group on Value of logistic function P.
Source: compiled by the authors.

barrier and a violation of the sensitivity of its
receptors on peripheral target organs as a result of
“genetic damage” that severe leptin resistance
occurs, which leads to severe obesity.

It is known that LEPR gene mutations, in
contrast to leptin gene polymorphisms, lead to more
pronounced leptin resistance with the phenomena
of constant hyperphagia, which causes severe
obesity. In addition, the anorexigenic effect of leptin
is impaired in patients with sporadic obesity [13].
However, low prevalence of monogenic obesity, as
aresult of LEPR mutation in the population, causes
difficulties in establishing criteria and threshold
values of leptin resistance [14].

Nevertheless, several studies have been con-
ducted to assess the impact of leptin and leptin
receptors genes polymorphisms on the likelihood
of developing obesity among different ethnic groups
of people [15-17].

In Indonesia population, was detected con-
nection of polymorphisms of rs1137100 (K109R)
and rs1137101 (Q223R) LEPR genes with severe
obesity. Foucan et al. [18] in recent genotypic
analysis of LEPR (K109R, Q223R, K656N) muta-
tions in Afro-Caribbean’s, has single out subjects
carrying four variants alleles of the all studied SNPs
with a higher risk of obesity comparing to subjects
without variant allele. In Maroccan population,
El Fessikh et al. identified LEPR (Lys656Asn) poly-
morphism association with obesity [19]. Ali E.M.
et al., among Egyptian subjects confirmed LEPR
rs1137101 (Q223R) mutation in obese patients
comparing with non-obese controls [20]. The same

100.0+
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50.0-

Value, %

25.01

0.0+
05 10 15
Value of logistic function P
Figure 4. Sensitivity and specificity of group depending on
Value of logistic function P.
Source: compiled by the authors.
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results reported in study of Ortega, F. L. et al. who
provided strong evidence of a significant association
of LEPR (Q223R) polymorphism in Indian patients
with increased risk of metabolic syndrome deve-
lopment [21].

On the other hand results of Constantin, A. et al.
showed no LEP G-2548A and LEPR Q223R SNPs
association with a genetic risk factors for obesity in
Romanian population. However, LEPR 223R allele’s
might predispose subjects without obesity to de-
velop some metabolic disturbances [22].

Of corse, conducted research work has several
limitations, such as a small sample compared to
larger studies in laboratories with routine genetic
testing. In addition, the genetic panel used in this
study is certainly not complete enough to cover all
common and rare genetic variants of obesity caused
by mutations in leptin or its receptor genes. The
mutations in the genes that has been evaluated in
this study maybe not sufficient to cause obesity, but
the established changes in the genotype Q223R
indicates its potential partial role in the pathogenesis
of obesity.
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A. M. MpopgaH

TEPHOIMI/ICLKNA HALIOHA/IbHU MEAVYHWA YHIBEPCUTET IMEHI I. . FTOPBEAYEBCHKOIO

MO3 YKPAIHW

TMMPOrHO3YBAHHS IMOBIPHOCTI PO3BUTKY O)XKVPIHHS 3AJIE;KHO
BIJ ITOJIIMOP®I3MY I'EHIB JIEIITUHY TA PELIEIITOPIB JIEIITUHY

Pe3lome

Bcmyn. Memab6osiyHuli cuHOpoM — 2emepo2eHHUl namosio2iyHuli cmaH, sikuli MoeoHye 8 cobi pi3Hi cmadii
OXUPIHHS, MOPYWEHHST Mmo/iepaHmH{ocmi 00 2/110KO3U, amepo2eHHy Ouc/linioemMito ma apmepiasbHy 2inepmeHsio.
Came OXXUPIHHS € K/II0YOBUM €/1eMEHMOM UYb020 CUHOPOMY. [OPpMOHa/IbHI MOPYWEHHS], UEHMPAasIbHUM 3 SIKUX € iH-
Cy/liIHOpe3uCmeHmMHICMb, 3armyckKarmsb Kackao HelipOeHOOKPUHHUX 3MiH, WO Mpu3B00simb 00 rpo2pecyBaHHs Me-
mabo/1iYHo20 CUHOPOMY. MOHO2EHHI Mymauyii Yacmo BUSIB/ISIFOMb Y XBOPUX 3 BUPXKEHUM OXUPIHHSIM, & MakKox 3
paHHim (0o 10 pokis) lioeo 0ebromom. B ocmaHHIi poku 8ce Yacmiwe 00C/ioXyHmMb 2eHeMUYHO 3yMos/ieHul 36il
Y MexaHi3mi 8r1/iusy /1efimuHy Ha PO3BUMOK OXUPIHHS.

Mema 0oc1idxeHHs — oyiHumu UMOBIPHICMb PO3BUMKY OXXUPIHHST Y XBOPUX 3 0/1IMOPhi3aMoM 2eHis LEP ma
LEPR 8 yKpaiHcbKili nonynsyii.

Memoou docnidxeHHs. [eHomunysaHHs 2eHis LEP i LEPR (K109R (rs1137100), Q223R (rs1137101), K656N
(rs1805094), G2548A (rs7799039)) 3a donomozoro TagMan™ SNP Genotyping Human Assays (Thermo Fisher
Scientific, CLLUA) npoliwsu 53 nayieHmu 3 OXXUPIHHAM i 43 nayieHmu 6e3 OXUpPIHHSI.

Pe3ynibmamu Ui 062080peHHs1. [pu nopisHsIHHI rs1137101 anenb A, rs1137101 anens G BUsiBZIEHO cmamuc-
MUYHO 3Hayywi BioMiHHOCcMI. Tpu nopisHsiHHI rs1805094 anenb C, rs1805094 anenb G, rs7799039 anesib A,
rs7799039 anesnib G, rs1137100 anesb A, rs1137100 asnesib G 3a/1eXHO BI0 2pyrnu cmamucmu4yHO 3Hadywux 8io-
MiHHocmel He criocmepieasu. [pu nopisHsiHHI rs1137101 anesib A BiO3Ha4eHO cmamucmu4HO 3Ha4vy Wi BiOMIHHOCMI
3a71eXKHO BIO cmyrneHsi OXXUPiHHS (p<0,001). lNpu rnopisHsIHHI pewmu anenig SNP (rs1805094 anesnb C, rs1805094
anesb G, rs7799039 anesnib A, rs7799039 anesnib G, rs1137101 anesnb G, rs1137100 aness A, rs1137100 anesns G,
rs696217 anenib G) cmamucmuyHO 3Hadywux sioMiHHocmeUl He BioMiueHo. [po2Ho3yBaHHS UMOBIPHOCMI PO3BUMKY
OXUPIHHSI 3a/1€XKHO BIO M0/1IMOPGhi3My IENMUHY ma IeMUHOBUX PEYENMOpIB BUSIBU/IO 3a/1E€XXKHICMb /Ule Mymayili
Y LEPR Q223R (rs1137101) 8 ykpaiHcbkili nomnyisayii. 3a pesysismamamu ROC-aHasi3y, Yym/usicme i crieyugbiyHicms
Memody cmaHosu/iu 65,5 ma 67,8 % 8i0rnosioHo.

BucHosku. Haw aHasni3 nokasas, wo nosimopghiam LEPR Q223R (rs1137101) moxe 6ymu nomeHyitiHum
2eHeMUYHUM thakmopoM PU3UKY PO3BUMKY OXUPIHHS B YKPAIHCLKIU Momnyasyii He3a1exHo 8i0 20MO3U20MHO20 YU
2emepo3u2omHo20 eeHomury (eeHomunu AA, AG, GG). lMpu ybomy asnesnb A susis/ieHo 8 70,83 % nayieHmis
3 OXKUPIHHAIM 2-20 | 3-20 cmyneHis, 2omMo3u2omHi e2eHomunu AA ma GG —y 24,5 | 28,3 % 8ionosioHo. OmpumaHi
pesysibmamu MOXHa sukopucmamu 8 rnpakmuyi 0/18 paHHbOI 0ia2HOCMUKU OXUPIHHS PiI3HUX murig ma rpo2Ho3y-
BaHHs pe3y/sibmamis 6apiampuyHoi Xipypaii.

KNKOYOBI C/TOBA: meTtaGoniuHuii cuHapom; redu LEP 1a LEPR; anenbHuii nonimopdiam.

OPUTTHAJIBHI JOC/II>KEHHA
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