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According to the WHO, the prevalence of metabolic syndrome (MS) is 20-40 %. Thyroid hormones are involved in the regu-
lation of almost all physiological processes in the body, including carbohydrate metabolism.

The aim of the research was to study the dependence of carbohydrate metabolism on C/T polymorphism in the DIO 1 gene
in patients with metabolic syndrome.

Material and methods. The C/T polymorphism in the DIO1 gene was studied in 102 patients and 97 healthy subjects. To
assess the dependence of carbohydrate metabolism on the C/T polymorphism in the DIO 1 gene, the following groups has
been formed: 19 patients with CC genotype, 69 individuals — with CT and 14 ones — with TT genotypes.

Results. Disorders of distribution of genotype frequencies contributed by the reduction of CC genotype frequency was revealed
in the group of enrolled patients comparing to the control group (x? = 6.8, P < 0.05), while there was no significant difference
between the frequencies of CT and TT genotypes in the main and control groups (x> = 2.4, P > 0.05 and x? = 1.2, P > 0.05).
Taking into account that the difference in genotypes frequencies occurs mainly due to a decrease in the number of patients
homozygous for C allele, it can be assumed that the C allele has protective properties against deiodinase 1 activity reduction,
that indicates the assotiation of C/T polymorphism in the DIO1 gene with the development of thyroid hormone disturbances in
the patients with metabolic syndrome as compared to the control group. Elevation of HOMA-IR index was established in patients
with TT genotype. Insulin resistance develops in the carriers of T allele, that causes disturbances in carbohydrate metabolism.

Conclusions. Presence of the T allele in genotype is associated with HOMA-IR index elevation as a consequence of
the triiodothyronine level reduction and further development of insulin resistance.

0co6AMBOCTI ByrAeBOAHOT0 06MiHY B Naui€HTiB i3 MeTaboAIYHMM CUHAPOMOM
3anexHo Bia C/T nonimopdisamy reHa DIO 1

H. 0. A6pamoga, H. B. MawwkoBcbka

3a aaHumm BOOS, nowwmpenictb MetaboniyHoro cungpomy (MC) ctaHoButb 20-40 %. TupeoiaHi ropmoHu 6epyTb yyacTb y
perynsuii Maiixe Bcix cisionoriyHux NpoLEeCiB B OpraHiami, 30kpema Ta ByrneBogHOro 06MiHy.

MeTta poGoTH — BUBYMTM 3aNEXHICTb MOKA3HWKIB ByrneBogHOro 06MiHy B nauieHTiB i3 meTaboniyHum cusgpomom Big C/T
nonimopdiamy reHa DIO 1.

Matepianu Ta meTogm. Y 102 ocib i3 meTaboniyHum cuHapomom i 97 npakTuyHo 3aopoBwx ocib gocnigunu C/T nonimopdiam
reHa DIO 1. [1ns owiHIOBaHHS 3anexHOCTi ByrnesoaHoro o6miy Big C/T nonimopdiamy reHa DIO 1 xBopux noginunu Ha rpynu:
19-i3 CC, 69 —i3 CT, 14 —i3 TT reHoTUnom.

Pesyniraru. [MopiHsHHS po3noginy YacTot reHoTunis reHa DIO1 nokasano, wo C/T nonimopdiam reHa DIO1 acouiioaHuii i
PO3BUTKOM MOPYLLUEHHS 0OMiIHY TUPEOIAHNX FOPMOHIB Y NALEHTIB, SIkUX 06CTEXMIM, MOPIBHSHO 3 rpynoto KOHTposko (p < 0,05).
Busasunw, Wwo Taki 3MiHun 3ymoBneHi 3MeHLeHHaM vyactot CC reHoTuny y rpyni ocib i3 MeTabonivyHnm CUHAPOMOM MOPIBHSHO
3 rpynoto koHTponto (%= 6,8, p < 0,05), iporigHoi piaHuLi Mix yactotamm CT i TT reHOTUNIB B OCHOBHIM | KOHTPOMBHIN rpynax
He Byno (x?= 2,4, p > 0,05; x*=1,2, p > 0,05). BpaxoBytou, LLO Pi3HMLA YACTOT reHOTUNIB BUHWKAE NEPEBAXHO BHACHILOK
3MEHLLEHHS KinbKOCTi 0Cif, roMo3uroTHUX 3a anenem C, MoxHa npunyctut: C-anenb XxapakTepusyeTbCsi MPOTEKTOPHUMM
BMacTMBOCTSIMM, a Lie cBiguuTb Npo ponb C/T nonimopcpiamy reHa DIO1 y po3BuTky TvpeoigHoro gucbanaHcy. AHanisyroum
[aHi NoKa3HWKiB BYrneBOAHOMO 0OMiHY 3aneXHO Bif reHoTuny, y rpyni ocib i3 TT reHoTMNOoM BCTaHOBWIW BipOTigHE 3pOCTaHHs
HOMA-IR nopieHsHO 3 rpynoto oci6 i3 CC reHotunom (p < 0,05).

BucHoBku. HocilictBo «myTaHTHOro» T-anens reHa DIO 1 acouitoBaHe 3 BiporigHum 3poctaHHamM HOMA-IR sk Hacnigok
3HVKEHHS PIBHSA CTUMYITIOBAIbHOTO TPUMOATUPOHIHY 3 PO3BUTKOM iHCYNIHOPE3NCTEHTHOCTI.

0co6eHHOCTH YTAeBOAHOTO 06MeHa y NauueHToB ¢ MeTaboAuYeCKUM CUHAPOMOM
B 3aBucumoctu ot C/T noaumopdusma resa DIO 1

H. A. AbpamoBa, H. B. MawikoBckas

Mo manHbIM BO3, pacnpocTpaHeHHocTb MeTabonmnyeckoro cuHapoma (MC) coctansier 20-40 %. TupeonaHble ropMOHbI
YYaCTBYIOT B PETYNSALIMN NMPAKTUYECKN BCEX (PU3MONOMMYECKIX NPOLIECCOB B OPraHU3Me, B TOM YiCHe U YrNeBOgHOMo obMeHa.
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Llenb pa6oThbl — M3y4nTb 3aBUCUMOCTb MoKasaTereii yrneBogHoro oomMeHa y naluMeHToB ¢ MeTabonyeckum CUHAPOMOM OT
C/T nonumopdwuama reHa DIO 1.

Matepuansi u metogbl. Y 102 nauneHToB ¢ METABONMYECKMM CUHAPOMOM U 97 NpaKTUYeCKu 300POBLIX MWL, UCCneLoBanm
C/T nonumopduam reqa DIO 1. [ins oueHku 3aBUcumMocTy yrneogHoro obmera ot C/T nonnmopduama reHa DIO 1 6onbHbIx
pasgenunu Ha rpynnbl: 19 — ¢ CC, 69 — ¢ CT, 14 — ¢ TT reHoTuMnom.

Pesynbratbl. CpaBHeHWE pacnpeaeneHus yactot reHoTunos reHa DIO1 nokasano, yto C/T nonumopdmam reqa DIO1 acco-
LMMPOBaH C Pa3BUTMEM HapyLLeHUsi 0BMeHa TUPEoUaHbIX TOPMOHOB Y ob6CrnesyeMblX NaLUYeHTOB N0 CPABHEHNIO C rpynnon
koHTpons (p < 0,05). OBHapyxeHo, 4TO Takue u3MeHeHus 0byCroBneHbl yMeHbLIeHeM YacToTbl CC reHoTunma B rpynne
naLWeHTOoB ¢ MeTabonnyeckUM CUHAPOMOM MO CPaABHEHMIO C rpynnoi koHTpons (X2 = 6,8, p < 0,05), Toraa kak [OCTOBEPHOM
pasHuLbl Mexxay Yactotamu CT v TT reHOTUNOB B OCHOBHOW M KOHTPOSbHOW rpynnax He 6bino (X2 = 2,4, p > 0,05; x2=1,2,
p > 0,05). YuntbiBas, YTO pasHML@ YacTOT reHOTUMNOB BO3HWKAET MPEVMYLLECTBEHHO 3a CHET CHIDKEHWS KONMYecTBa nuu,
rOMO3UrOTHbIX Mo C-annenu, MOXHO NpeanonoXuTb, 4To C-annens 06nagaeT NPOTEKTOPHLIMM CBOWCTBAMM, YTO CBUAETENb-
cTByeT 0 porn C/T nonumopdmama reHa DIO1 B pa3sutum TupeonaHoro ancbanaHca. AHanuanpyst AaHHble nokasartenein
yrneBofHOro obMeHa B 3aBMCMMOCTM OT FeHOTWNa, B rpynne nuu ¢ TT reHoTUNOM YCTaHOBMEHO [OCTOBEPHOE YBENMNYEHE
nokasarens HOMA-IR no cpasHeruio ¢ rpynnoi nnu, ¢ CC reHoTunom (p < 0,05).

BbiBoabl. Hocutenbcto «MyTanTHOW» T-annenu reHa DIO 1 accoummposaHo ¢ goctoBepHbiM yBennieHnem HOMA-IR B

pesynbTaTe CHUXEHWS YPOBHSI CTUMYIUPYIOLLEro TPUAOATUPOHWHA C PA3BUTUEM MHCYNMHOPE3NCTEHTHOCTH.

According to the WHO, the prevalence of metabolic
syndrome (MS) is 2040 % [11]. MS most often occurs
in people of middle and senior age (3040 %). Besides,
about 30 % (16.8 % of women and 14.9 % of men) of
the planet’s population are overweight [6].

The pathophysiological processes, that accompany
obesity, cause the development of arterial hypertension,
carbohydrate metabolism disorders, dyslipidemia, which
are components of MS [8].

Thyroid hormones bind to their nuclear receptors a
and (3, which are present in all tissues of the human body
and participate in the regulation of most physiological
processes, including carbohydrate metabolism [2,4,10].

Particularly important in the activation of nuclear re-
ceptors is triiodothyronine (T,), which partially regulates
gene transcription by modulation of post-translational
histone modifications [3,7,14].

The regulation of carbohydrate metabolism under
the influence of thyroid hormones is directly influenced
by the expression of genes that regulate the production
of insulin in liver and skeletal muscles, and stimulate
the expression of additional factors such as the complex
of ChREBP (carbohydrate response element-binding
protein), which subsequently affect the body’s ability to
secrete insulin in response to glucose intake [5,9].

Therefore, the enzymes deiodinase 1 (D1) and deiodi-
nase 2 (D2) that catalyze the conversion of prohormone T,
to T, are important for the functioning of this mechanism
of carbohydrate metabolism [17].

D1 is one of the deiodinases family, which is active
in liver, kidney, thyroid tissue. Transcripts of DIO1 are
also found in the pituitary gland, intestine, placenta and
gonads [12,13,20].

In our study we selected C/T polymorphism at position
785 in the DIO1 gene of complementary DNA[16].

R. Peeters et al. revealed that the presence of minor
T-allele in the genotype is associated with an increase
in the reverse T, (rT,) content, an increase in rT,/T, ratio
and a decrease in the T,/rT, ratio. Similar results were
obtained by Frank Jan de Jong et al [1].

However, the effect of the polymorphism in the genes
that regulates the metabolism of the thyroid hormones on
the carbohydrate metabolism needs further investigation.
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Aim
To investigate the dependence of carbohydrate meta-

bolism in patients with metabolic syndrome on C/T poly-
morphism in the DIO1 gene.

Materials and methods

102 patients with MS were examined. The average age
of patients was 52.5 + 8.8 years: 35 patients (34.3 %)
were women, 67 (65.7 %) patients — men. The control
group included 97 practically healthy persons at the age
0f48.90 + 7.96 years: 58 persons (59.8 %) were men and
39 —women (40.2 %).

In the following study the principles of bioethics were
respected: the main provisions of the European Conven-
tion on Human Rights and Biomedicine (from 04.04.1997),
GCP (1996), Helsinki Declaration of the World Medical As-
sociation on the Ethical Principles of Human Medical Sci-
entific Research (1964-2000) and the Ministry of Health
of Ukraine Order No. 281 dated back to 01.11.2000. The
study protocol and Informed Consent form for patient was
approved by the Ethics Committee of the Bukovinian State
Medical University, Ukraine.

Inclusion criteria: diagnosed arterial hypertension,
combined with abdominal obesity, a violation of carbo-
hydrate metabolism in the form of impaired tolerance to
glucose or type 2 diabetes mellitus, dyslipidemia, informed
consent of the patient to participate in the study.

Exclusion criteria: secondary arterial hypertension,
hypothyroidism, thyrotoxicosis, decompensated kidney
and liver damage, chronic heart failure above FC I, left
ventricular ejection fraction up to 45 %, acute cerebrovas-
cular accident and acute coronary syndrome less than 3
months before the study, mental disorders, pregnant wom-
en, lactating, any chronic diseases in the acute stage and
acute inflammatory processes, other comorbid diseases in
the stage of decompensation or acute conditions capable
to influence research results.

MS was determined according to the recommenda-
tions of the International Diabetic Federation (IDF), 2005.

The research was conducted on the basis of clinical
and diagnostic laboratories of the Department of Internal
Medicine, the Department of Medical Biology, Genetics
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and Pharmaceutical Botany of the Bukovinian State
Medical University, the Regional Endocrinologycal Center,
the Chernivtsi Regional Hospital of Veterans of War.

C/T polymorphism in the DIO1 gene was 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, RF) at individual temperature re-
sponse. Reagents «DNA sorb-V» option 100 (Federal
State Institution of Science «Central Research Institute
of Epidemiology» of the Federal Service for Supervi-
sion in the Sphere of Protection of Human Rights and
Human Welfare, RF) were used for DNA isolation from
lymphocytes according to instructions. PCR samples
were prepared by means of the set “AmpliSens-200-1"
(Federal State Institution of Science “Central Research
Institute of Epidemiology” of the Federal Service for
Supervision in the Sphere of Protection of Human Rights
and Human Welfare, RF).

The following primer set were used: to determine
the C/T polymorphism in the DIO1 gene — forward —
5-GAACTTGATGTGAAGGCTGGA-3" and reverse —
5-TAACCTCAGCTGGGAGTTGTTT-3'. Discrimination
of DIO1 gene alleles was performed using the specific
restriction enzyme Bcl | (“Fermentas®’, USA).

Products of PCR were separated using electrophore-
sisin 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 x?-criterion was used to estimate the cor-
respondence of the genotype frequencies in the study to
theoretically expected distribution at Hardy-Weinberg’s
equilibrium. Odds ratio (OR) with determination of 95 %
confidence interval (Cl) was calculated with the aim to es-
tablish the association of polymorphic variant of the gene
with a pathological phenotype.

To evaluate the dependence of carbohydrate me-
tabolism depending on C/T polymorphism in the DIO 1
gene we divided the patients into groups in the following
way: 19 patients with CC, 69 individuals with CT and 14
ones with TT genotypes. The control group included 20
healthy individuals.

Disorders of carbohydrate metabolism were diag-
nosed according to WHO criteria (1999). Fasting immu-
noreactive insulin (IRIl), C-peptide were determined by
immunoassay method on analyser of inmune-enzymatic
reactions “Uniplan” using DRG (Germany) reagents.

Glucose content was determined by glucose oxidase
method using standard set of reagents of the “Fylisyt
diagnosis” (Ukraine).

Content of glycated hemoglobin (HbA, ) was studied
by the method of ion-exchange high performance liquid
chromatography (HPLC) on Automatic analyzer of glyca-
ted hemoglobin D10 “Bio-Rad Laboratories Inc.”, using
the “Biomedinvest” reagents (Ukraine).

To study the proinflammatory activity of adipocytes,
the level of leptin was studied by immunoassay method
on analyser of immune-enzymatic reactions “Uniplan”
using DRG (Germany) reagents.
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To assess the degree of insulin resistance a small
model of homeostasis (Homeostasis model assessment—
HOMA) was used, calculated by means of the HOMA
Calculator Version 2.2 Diabetes Trials Unit at the Univer-
sity of Oxford (UK).

Anthropometric indices were calculated: such as
waist to hip (W/H) ratio and body mass index (BMI) by
Quetelet, 1832.

All statistical computations were performed by means
of the licensed software package Statistica for Windows
6.0, serial number 31415926535897 and Microsoft Excel
2016 table processor (Microsoft Corp., USA). For all
parameters, in the groups of patients with CC, CT and
TT genotypes and control group, the arithmetic mean
(M), its dispersion and mean error (m) were calculated.
All data corresponded to the normal distribution law. To
determine the significance of differences between the re-
sults of research in groups of patients with CC, CTand TT
genotypes and control group, the Student’s coefficient (t)
was calculated, after that the significance of the difference
between the samples (P) and the confidence interval of
the mean according to the Student distribution tables were
determined. Valid values for P < 0.05 were considered
statistically significant.

Results

When assessing the distribution of genotype frequencies
in the DIO 1 gene, it was revealed that C/T polymorphism
in the DIO1 gene is associated with the violation of thyroid
hormones metabolism in patients with MS (Table 1).

The frequency of CC genotype in patients with MS
was significantly lower, compared with the control group
(x?= 6.8, P < 0.05), while there was no significant diffe-
rence between the frequencies of CT and TT genotypes in
the group of patients and control group (x?= 2.4, P >0.05
and x2=1.2, P > 0.05).

In patients with CT polymorphism the risk of distur-
bance of D1 activity increases by 5.7 times (P < 0.05;
OR = 1.89, 0.95 % CI =1.06-3.35) than in those with
CC genotype.

So, the risk of reduction of D1 activity is associated
with the presence of minor T allele, while homozygous for
C allele had significantly lower risk of this disturbance de-
velopment. Considering that the difference of genotypes
frequency occurs mainly due to decrease in the number
of individuals homozygous for C allele, it can be assumed
that C allele has protective properties concerning the de-
velopment of thyroid hormones metabolism violation.

When studying the dependence of carbohydrate
metabolism on the C/T polymorphism in the DIO1 gene,
it was found that carriers of minor T allele had significantly
higher HOMA-IR index than homozygous for C allele
(P < 0.05) (Table 2). No significant changes in glucose,
HbA1C, leptin, C-peptide, IRI levels and anthropometric
parameters were revealed.

Discussion

According to our data, the risk of reduction of D1 activity
is associated with the presence of minor T allele, while
homozygous for C allele had significantly lower risk of this

ISSN 2306-8027  http://pat.zsmu.edu.ua

347



OpuriHaAbHI AOCAIAXKEHHS

Table 1. The distribution of genotype frequencies depending on CT polymorphism in the DIO1 gene in patients with metabolic syndrome and the control

group

GenOtypes _-_ o e
I

Genotype frequency CC
Genotype frequency CT
Genotype frequency TT

0.186 0.412
0.676 0.526 47
0.137 0.062 12

P <0.05 0.33 0.17-0.62
P <0.05 1.89 1.06-3.35
P >0.05 2.41 0.89-6.56

X% Pearson criterion, OR: odds ratio, CI: confidence interval.

Table 2. Peculitaries of carbohydrate metabolism indices and anthropometric parameters in patients with metabolic syndrome according to C/T
polymorphism in the DIO1 gene (M  m)

Index, units of measurement

Glucose, mmol/l

Immunoreactive insulin, 1U/ml

HOMA-IR
C-peptide, ng/ml
BMI, kg/m?
Leptin, ng/ml
HbA, ., %

W/H ratio

Genotypes of the GPX 1 gene, n = 102 Control group, n = 20

CC,n=19 CT,n=69 T,n=14

5.27 £0.28" 5.64 +0.26"
17.45 + 2.24* 19.79 + 2.32*
4.09 + 0.24%/** /> 4.96 +0.32"
4.85+ 017" 5.12+0.16*
30.88 + 1.46* 32.64 + 1.63*
2412 +£3.24* 27.93 +4.10*
5.96 +0.61* 6.14 £ 0.38"
0.97 £ 0.05" 1.01 £ 0.06*

6.18 £ 0.39% 4.73+0.17
20.89 £ 1.52* 6.11+£1.31
5.74 £0.23* 0.97 £0.04
5.62+0.15 1.29+0.12
34.62 +3.76* 24.88+2.28
30.38 + 4.58* 4.72+0.15
6.58 £ 0.47* 4.42 +0.58
1.13 £ 0.05* 0.68 £ 0.03

n: number of observations; *: the probability of changes in relation to control; **: the probability of changes in relation to the group with CT-genotype; ***: the probability of
changes in relation to group with TT genotype.

disturbance development. Considering that the difference
of genotypes frequency occurs mainly due to a decrease
in the number of individuals homozygous for C allele, it
can be assumed that C allele has protective properties
concerning the development of thyroid hormones me-
tabolism violation.

Our data coincide with the statement that thyroid
hormones participate in the regulation of carbohydrate
metabolism by stimulation of expression of genes that
regulate the production of insulin in liver and skeletal
muscles, and stimulate the expression of additional
factors such as the complex of ChREBP (carbohydrate
response element-binding protein), which subsequently
affect the body’s ability to secrete insulin in response to
glucose intake [5,15].

In our study HOMA-IR was higher in the group of pa-
tients with TT genotype (homozygous for “mutant” allele)
as compared to the group with CC genotype (homozygous
for “wild” allele) of the DIO1 gene (P < 0.05).

In the study of Sikandar Hayat Khan et al. carbohy-
drate metabolism in euthyroid and hypothyroid patients
was examined. It was revealed that patients with hypo-
thyroidism had significantly higher HOMA-IR index, com-
pared to control group, suggesting that reduced thyroid
hormones levels contribute to insulin resistance [18].

Vlyakaranam S. at al. also revealed that HOMA-IR
index values were higher in subjects with subclinical
hypothyroidism compared with euthyroid subjects. More-
over, TSH positively correlated with insulin and HOMA-IR
values, whereas fT, and fT, inversely correlated with
insulin and HOMA-IR [19].

Authors of both these studies suggested that these
changes develop as a reflection of alterations of tissue
thyroid hormones metabolism — deiodination impairment,
with further tissue hypothyroidism development in hepato-
cytes, which leads to insulin resistance thus leading to
decreased glucose metabolism

Ana C. Panveloski-Costa et al. found that T, treat-

348 ISSN 2306-8027  http://pat.zsmu.edu.ua

ment of obese rats leads to improvement of insulin
sensitivity (T,-treated rats presented higher constant rate
for the insulin tolerance test (kITT)) and negative modu-
lation of inflammatory cytokine expression in adipose
tissue. Furthermore, T, treatment reduced the serum
levels of triglycerides and cholesterol, body weight gain
was decreased in these animals [20]. The results of this
study suggests positive effect of thyroid hormones on
components of metabolic syndrome and necessity to keep
the levels of thyroid hormones in normal ranges not only
in serum but also in tissues, taking into account the fact of
impaired thyroid hormones metabolism in them as result
of deiodinases inhibition.

[t can be assumed, that elevation of HOMA-IR index in
our study is caused by decreased level of the most active
hormone of thyroid gland - T, due to the inhibition of D1
activity in patients with MS, with subsequent reduction
of insulin receptors sensitivity and development of IR.

Conclusions

1. Taking into account that the difference in genotypes
frequencies occurs mainly due to a decrease in the num-
ber of patients homozygous for C allele, it can be as-
sumed that the C allele has protective properties against
deiodinase 1 activity reduction, whilst T allele presence
is associated with the inhibition of peripheral conversion
of thyroid hormones.

2. The presence of T alleles in the genotype of patients
with metabolic syndrome is associated with a violation of
carbohydrate metabolism as a result of insulin resistance
development.

Prospects for further research. The survey results
indicate the necessity of effective measures for carbohy-
drate dysfunction correction development in patients with
metabolic syndrome.
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