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Bukovinian State Medical University, Chernivtsi, Ukraine

EFFECT OF PRO197LEU POLYMORPHISM OF THE GENE GPX1
ON CARBOHYDRATE METABOLISM AND ANTHROPOMETRIC
INDICES OF PATIENTS WITH ARTERIAL HYPERTENSION AGAINST

THE BACKGROUND OF ABDOMINAL OBESITY

Summary. The aim of our study was to investigate the dependence of carbohydrate metabolism in patients with
arterial hypertension and concomitant abdominal obesity depending on Pro197Leu polymorphism of the GPX1
gene. Pro197Leu polymorphism of the gene GPX1 in 102 patients with arterial hypertension and concomitant
abdominal obesity and 97 healthy individuals have been studied. Disorders of distribution of genotype frequencies
comparing with the control group on account of the reduction of Pro/Pro genotype frequency have been found
in the main group. Analyzing the data, the growth of risk of disorder in the GPX1 activity in patients with Pro/
Leu and Leu/Leu variants of polymorphism comparing with homozygotes for the wild allele at 4.7 and 6.9 times,
respectively had been revealed. Analyzing changes of carbohydrate metabolism depending on the Pro197Leu
polymorphism of the gene GPX1, it was established that in patients with Leu/Leu genotype the production of
immunoreactive insulin, leptin, C-peptide increased significantly, HOMA-IR and BMI was significantly higher
compared with the persons with Pro/Pro genotype. Thus, Pro-allele possesses protective properties as to the
reduction in the activity of glutathione peroxidase. Insulin and leptin resistance develop in the carriers of Leu-
allele, which causes disturbances in carbohydrate metabolism.

Key words: Pro197Leu polymorphism of the gene GPX1, carbohydrate metabolism, insulin resistance,

metabolic syndrome.

Introduction

Cytoplasmic glutathione peroxidase (GPX1) is one of
the selenoenzymes important for the organism functioning,
present in all tissues of the human body, which takes part
in detoxication of hydrogen peroxide and products of
lipid peroxidation, as catalyzes the interaction of reduced
glutathione with these substances [4, 6, 8, 10]. Itisknown that
numerous pathologic processes in the organism develop in
consequence of disorders in the mechanisms of antioxidant
protection. Specially, in patients with insulin resistance
accompanied by hyperglycemia and increased production of
cytokines, oxidative stress increases. The accumulation of
free radicals activates factors of transcription such as NFkB,
which initiate the process of proinflammatory cytokines
release [7]. The growth of free radicals results in lipid
peroxidation of cellular membranes, causes atherosclerosis
and endothelial dysfunction [11]. We studied single
nucleotide polymorphism of the gene GPX1 for going into
the question of the dependence of these processes upon the
disorders of redox homeostasis. The human gene GPX1 is
localized in 3p21 chromosome and consists of two exons.
Several single nucleotide polymorphism variants of this

gene have been known, but the Pro197Leu polymorphism
has been under our study, at which in the position 593
the amino acid cysteine (C) is replaced with thymine
(T) (C593T), resulting in substitution of the amino acid
proline for leucine in the 197 codon. This mutation refers
to missense — functional polymorphisms [1]. Pro-allele is
wild, while Leu- is a mutant allele. The presence of Leu-
allele causes depression of GPX1 sensibility to stimulating
factors [5].

Thus, Bastaki et al. discovered that GPX1 activity 6
times slows down in homozygous patients for the Leu-allele
[4]. TV. Zheykova et al. found out that the homozygous
for mutant allele more often suffered from coronary artery
disease and myocardial infarction at the age of up to until
50 years [12].

The aim of the study: to investigate the dependence
of carbohydrate metabolism in patients with arterial
hypertension and concomitant abdominal obesity depending
on Pro197Leu polymorphism of the GPX1 gene.

© Abramova N.O., Pashkovska N.V., 2013
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Material and Methods

Pro197Leu polymorphism of the gene GPX1 have been
studied in 102 patients and 97 healthy individuals by isolation
of genomic DNA from peripheral blood leukocytes, after
that amplification of the polymorphic area in the state of
polymerase chain reaction (PCR) was performed on the
programmed PCR thermal cyclers Amply-4L (Biocom,
Moscow) at individual temperature response. Reagents
DNA-sorb-B option 100 (Federal State Scientific Institution
«Central Research Institute of Epidemiology» (FSSI CRIE),
Russia) were used for DNA isolation from lymphocytes
according to instructions. PCR samples were prepared by
means of the set AmpliSens-200-1 (FSSI CRIE, Russia).
Products of PCR were separated using electrophoresis in 3%
agarose gel in the presence of tetraborate buffer, concentrated
with ethidium bromide. Fragments were visualized by
transilluminator in the presence of a marker of molecular
mass 100—1000 Bq (Fermentas, USA).

Pearson’s yx? criterion was used to estimate the
correspondence of the genotype frequencies under study
to theoretically expected distribution at Hardy-Weinberg’s
equation. Odds ratio (OR) with determination of 95%
confidence interval (CI) was calculated with the aim to
establish the association of polymorphic variant of the gene
with a pathological phenotype.

To evaluate the dependence of carbohydrate metabolism
depending of Pro/Leu polymorphism of the gene GPX1
we divided the patients into groups in the following way: 18
patients with Pro/Pro, 59 with Pro/Leu and 25 with Leu/
Leu genotypes, the control group consisted of 20 healthy
individuals. Disorders of carbohydrate metabolism were
diagnosed according to WHO criteria (1999). Fasting
immunoreactive insulin (IRI), C-peptide were determined
by immunoassay method, glucose content by glucose oxidase
method, the content of glycated hemoglobin (HbA1C) was
studied by the method of microcolumn chromatography to
evaluate the compensation of carbohydrate metabolism.

To assess the degree of insulin resistance there was
used small model of homeostasis (Homeostasis model
assessment — HOMA) (Matthew D.R., 1985).

Anthropometric indices such as body mass index (BMI)
were calculated according to Quetelet and waist to hip
(W/H) ratio was measured [2].

Statistical analysis of the data was carried out using the
Student’s t-test and Pearson’s rank correlation coefficient
using the software package Statistica 6.0 for Windows. The
difference was considered reliable at p < 0.05.

Results and Discussion

When assessing the distribution of genotype frequencies
of the gene GPXI1, it has been found that in the group of
patients with abdominal obesity against the background of
arterial hypertension there takes place a significant reduction
of the frequency of Pro/Pro genotype as compared with the
control group (yx* = 7.0, p < 0.05), while there hasn’t been
found out a reliable difference between the frequencies of
Pro/Leu and Leu/Leu genotypes in the main and control
groups (x>= 1.9, p > 0.05 and %> = 2.6, p > 0.05).

[t has been revealed that Pro/Leu and Leu/Leu
variants of polymorphism are associated with increased
risk of violation of redox system in patients with metabolic
syndrome compared with a group of healthy subjects
(Table 1). Thus, it has been found out that in patients with
Pro/Leu polymorphism the risk of disturbance of GPXI1
activity increases 5.2 times (p < 0.05, OR = 1.65, 95%
CI = 0.94-2.90; Table 1), and in patients with Leu/Leu
genotype the risk of such patology is 6.0 times higher than in
persons with Pro/Pro genotype (p < 0.05, OR = 1.92, 95%
CI=0.93-3.97; Table 1).

So, the risk of reduction of GPX1 activity in a dose-
dependent way is associated with the presence of mutant
Leu-allele, while homozygous for the wild Pro-allele had
significantly lower risk of this disturbance development. Pro-
allele has protective properties concerning the development
of redox system violation.

When studying the dependence of carbohydrate
metabolism on Prol97Leu polymorphism of GPX1 gene,
a significantly higher level of IRI in homozygous group
for mutant allele comparing with heterozygous group for
this allele and homozygous ones for wild allele has been
received, 62.8 and 37.8 % higher, respectively (p < 0.05)
(Table 2). A credible growth of [RI in patients with Pro/Pro,
Pro/Leu and Leu/Leu genotypes in relation to the group of
healthy individuals was found 2.6; 3.1 and 4.2 times higher.
The content of leptin was significantly 1,9 times higher in
the group with Leu/Leu genotype compared with the group
with Pro/Pro genotype and, respectively 3.4; 4.3 and 6.4
times higher in the groups with Pro/Pro, Pro/Leu and Leu/
Leu genotypes compared with the control group (p < 0.05).

The level of C-peptide in the groups with Pro/Leu and
Leu/Leu genotypes was significantly 28.9 and 43.8 % higher
than the value of this indicator in the group with Pro/Pro
genotype. The level of C-peptide in all groups of the main
group, namely in Pro/Pro, Pro/Leu and Leu/Leu patients
compared with the control group was 3.1; 3.9 and 4.5 times
higher, respectively.

A significant rise in glucose level in all patients of the
main group compared with the control one, namely in the
groups with Pro/Pro, Pro/Leu and Leu/Leu genotypes was
established to be 33.5; 58.4 and 73.5 % higher, respectively
without credible intergroup differences (p < 0.05).

A significantly higher value of HOMA-IR has been
obtained in the group of patients homozygous for the
mutant allele compared with groups with Pro/Leu and Leu/
Leu genotypes 2.1 and 2.2 times, respectively,. HOMA-IR
value was credibly 4.5; 4.3 and 9.3 times higher in patients
with Pro/Pro, Pro/Leu and Leu/Leu genotypes compared
with the control group, respectively.

The level of HbAlc was significantly (1.5; 1.8 and 1.9
times) higher in patients with Pro/Pro, Pro/Leu and Leu/
Leu genotypes in the main group in relation to the control
group, respectively (p < 0.05). There wasn’t any reliable
group difference depending on Pro/Leu polymorphism of
GPXI1.

These results coincide with the data by Hironori
Kobayashi and co-authors, who revealed GPXI in
adipocytes and described the reduction in activity of this

N¢ 6(54) « 2013
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Table 1. The distribution of genotype frequencies depending on GPX Pro197Leu polymorphism gene 1
in patients with hypertension and concomitant abdominal obesity and control group

Cases Controls
‘f"'r‘;’;‘l’]tgr"’g; o o7 e p OR 95% CI
Pro/Pro 0.176 0.402 0.32 0.17-0.61
Pro/Leu 0.578 0.454 12.91 0.002 1.65 0.94-2.90
Leu/Leu 0.245 0.144 1.92 0.93-3.97

Table 2. Peculiarities of indicators of carbohydrate metabolism and anthropometric features in hypertensive
patients with concomitant abdominal obesity according to Pro197Leu polymorphism of the gene GPX1

e Genotypes GPX1, n= 102 Contrcll group,
Pro/Pro Pro/Leu Leu/Leu n=20

Glucose, mmol/I 6.320+0.156* 7.490+0.112* 8.210+£0.168* 4.730+0.174
Immunoreactive insulin, IU/ml 15.790 £ 2.438*/*** 18.648 £ 2.362*/*** | 25.690 +2.108* 6.110+1.314
HOMA-IR 4.350 + 0.124*/*** 4.187 £0.183*/*** 8.970 £ 0.367* 0.970 +0.035
C-peptide, ng/ml 3.980 +£0.183*/**/*** 5.230 +£0.149* 5.720+£0.218* 1.286 +0.124
Leptin, ng/ml 16.220 £ 4.106*/*** 20.220 = 3.768* 30.280 +4.357* 4.720+0.1583
HbA1C, % 6.550 + 0.326* 7.690 +0.085* 8.230 +0.962* 4.420 +0.577
BMI, kg/m? 28.317 £4.140*/*** 31.62 +4.68* 33.69 +4.75* 24.88 £2.98
Waist to hip ratio 0.937+£0.017* 1.050 £ 0.048* 1.159+0.068* 0.680 +0.032

Notes: n — number of observations; * — the probability of changes in relation to control; ** — the probability

of changes in relation to the group with Pro/Leu genotype;

Leu/Leu genotype.

enzyme in hypertrophied adipocytes of patients with type 2
diabetes. The authors believe that against the background of
the free radical processes activation in adipocytes in patients
with diabetes mellitus type 2 and as a result of reduced
GPXI1 production, inhibition of phosphorylation of insulin
receptors with subsequent development of insulin resistance
develops [9].

A credible 33.1% rise of BMI in patients with Leu/Leu
genotype in relation to patients from the group with Pro/
Pro genotype has been revealed by analyzing anthropometric
indicators. At that, in all patients from the main group,
namely with Pro/Leu and Leu/Leu genotypes, BMI value
was credible 27.1 and 35.5 % higher compared with the
group of healthy people, respectively. That corresponds with
T.V. Zheykova results, she established a connection between
Pro/Pro polymorphism and with significantly lower BMI [1].
BMI growth is probably connected with insulin resistance.

A reliable growth of W/H ratio in all patients of the
main group, namely with Pro/Pro, Pro/Leu and Leu/Leu
genotypes has been obtained 37.8; 54.3 and 70.5 % higher,
respectively without any reliable intergroup difference.

Conclusions

1. In patients with arterial hypertension against the
background of abdominal obesity the risk of reduction of
glutathione peroxidase 1 activity is associated in a dose-
dependent manner with the presence of mutant Leu-allele,
while homozygous for the wild Pro-allele had a significantly
lower risk of this disorder.

2. The presence of Leu-allele in genotype of patients with
arterial hypertension against the background of abdominal

* %k Kk

— chance changes in relation to group with

obesity is connected with the disorder of carbohydrate
metabolism in a result of insulin and leptin resistance
development.

3. Patients with arterial hypertension against the
background of abdominal obesity, carriers of Leu-allele, are
characterized by a higher body mass index and waist to hip
ratio compared with homozygous for the Pro-allele.

Prospects for further research. The survey results
indicate the necessity of development of effective measures
for carbohydrate metabolism correction in hypertensive
patients against the background of abdominal obesity.
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BAUSIHUE PRO197LEU NOAUMOP®U3MA FEHA GPX1
HA NAPAMETPbl YTAEBOAHOIO OBMEHA
1 AHTPONOMETPUYECKWNE OCOBEHHOCTU
Y NALUMEHTOB C APTEPUAABHOM TMINEPTEH3UEN
HA ®OHE ABAOMUHAABHOTO OXWUPEHUS

Pe3tome. Llenbio Halllero uccaeaqoBaHusi ObUIO MU3YUeHUE 3aBHU-
CHMOCTH TIOKa3aTesiell YIJeBOAHOr0 OOMeHa y TMAlMeHTOB C ap-
TEPUATLHOM TUTEPTEH3MEN M COMYTCTBYIOIIMM a0IOMUHAIBHBIM
oxupeHuem ot Prol97Leu monumopcdusma rena GPXI1. [Monu-
MopbusMm Prol97Leu rena GPX1 usyuen y 102 6071bHBIX ¢ apTepu-
aJTbHOI TUTIEPTEH3MEN M COMYTCTBYIOIIUM a0IOMUHAIBHBIM OXU-
peHueM 1y 97 mpakTUuecKu 310POBBIX Jinll. B OcCHOBHOI Tpyrirne
BBISIBJICHBl HApYLIEHUSI PAcCIpeesieHns] 4aCcTOThl T€HOTUIIOB TIO
CPaBHEHUIO C IPYIINON KOHTPOJIS 32 CYET CHUXKEHUS YacToThl Pro/
Pro renoruna. [1pu aHanm3e MoJiy4eHHBIX TaHHBIX Mbl OOHAPYKU-
JIM pOCT prcKa HapyireHus aktuBHocT GPX1 y nuir ¢ Pro/Leu u
Leu/Leu BapuanTamu moamMopdu3Ma 1Mo CpaBHEHUIO ¢ TOMO3U-
rotTaMu ajjiesieid fukoro tumna B 4,7 u 6,9 pasa. Ilpu aHanuze us-
MEHEHWUI1 YIIIeBOAHOTO OOMeHa B 3aBUCUMOCTH OT MOJIMMOpPGhU3Ma
Pro197Leu rena GPX1 mbI yctaHoBwin, uto y jinii ¢ Leu/Leu reHo-
TUTIOM JIOCTOBEPHO IMOBBIIIAIACH TPOAYKLIS UMMYHOPEaKTUBHOTO
WHCYIUHa, JenTtuHa, C-6enka, nossimaics 1 HOMA-IR, a takke
BBISIBJICHBI JOCTOBEPHO 00Jiee BHICOKUE 3HAYCHUST MHIIEKCA MACCHI
TeJla 10 CpaBHEHUIO ¢ Juiiamu ¢ Pro/Pro renoturniom. Urtak, Pro-
ajuienib 06J1agaeT MPOTEKTOPHBIMU CBOMCTBAMU B OTHOIIEHUH CHU-
JKeHMSI aKTUBHOCTU TJYTaTMOHIEpPOKCUAa3bl. ¥ Hocutenein Leu-
aJUIeNd Pa3BUBAETCSl UHCYJIMHO- U JIENTUHOPE3UCTEHTHOCTbD, UTO
TIPUBOIUT K BOSHUKHOBEHUIO HAPYIIEHUH YTJIEBOJHOTO OOMEHa.
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BMAWB PRO197LEU MOAIMOP®i3MY FEHA GPX1
HA NOKA3HUKW BYTAEBOAHOTO OBMIHY
TA AHTPOMOMETPUYHI OCOBAMBOCTI NALEHTIB
3 APTEPIAABHOIO TMEPTEH3IEIO
HA TAi ABAOMIHAABHOIO OXWPIHHS

Pe3iome. MeToio HalIoro n0cCiifxkeHHst Oy10 BUBUSHHST 3aJ1eX-
HOCTi MOKa3HUKIB BYIJIEBOJHOTO OOMiHY B IMalli€EHTIB 3 apTepiaib-
HOIO TiMepTeH3i€l0 Ta CYIMYTHIM aOJOMiHAJIbHUM OXMPIHHSM
Bin Prol97Leu monimopdizmy rena GPX1. Hamu nocmimkeHo
Pro197Leu nonimopdizm rena GPX1 y 102 xBopux Ha apTepiajibHy
TiMepTeH3sito i3 CyMyTHIM abJoOMiHAIBHUM OXUPiHHAM Ta 97 mpa-
KTUYHO 3I0pOBHUX 0Ci6. B OCHOBHII Ipymi BUSBICHO MOPYIICHHS
PO3MOiTy YacTOT TEeHOTHIIIB MOPIBHSHO 3 TPYMOI0 KOHTPOJIO 3a
paxyHOK 3HUXeHHs yactotu Pro/Pro renorumny. [pu ananisi otpu-
MaHUX JaHUX MU BUSIBWIN 3POCTAHHSI PU3UKY IMOPYILIEHHS aKTUB-
Hocti GPX1 B oci6 i3 Pro/Leu ta Leu/Leu BapianHTamu mosimop-
(hizMy MOpiBHSIHO i3 TOMO3UTOTaMU ajiejieil TMKOro Ty B 4,7 Ta
6,9 pa3za. [ig yac aHaJtizy 3MiH BYIJIEBOMHOTO OOMiHY 3aJIeXKHO Bill
nostiMmopizmy Pro197Leu rena GPX1 mMu BctaHOBWIM, 11O B OCi0
i3 Leu/Leu reHOTHTIOM BipOTiTHO 3pocTalia TPOMYKILisl iMyHOpeaK-
TUBHOTO iHCYiHY, tenTtuny, C-6inka, migsuiryBascst i HOMA-IR,
a TaKOX BUSIBJIEHI BipOTiTHO BUIIi 3HAYEHHS iHIEKCY Macu Tija
MTOPiBHSIHO 3 0cobamu i3 Pro/Pro renotumnom. Otxe, Pro-anens mae
MTPOTEKTOPHI BIACTUBOCTI 11010 3HMXKEHHS aKTUBHOCTI TJTyTaTiOH-
nepokcunasu. Y HociiB Leu-anesni po3BUBa€ThCS iHCYIiHO- Ta JieTl-
TUHOPE3UCTEHTHICTb, 1110 TTPU3BOIUTh 10 BUHUKHEHHSI TTOPYIIEHb
BYIJIEBOJHOTO OOMIHY.

Kumouosi cioBa: Prol97Leu nonimMopdism rena GPXI, Byrie-
BONHUI OOMiH, iHCYJIIHOPE3UCTEHTHICTh, METAOOTIUHUI CUHIPOM.
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