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The aim: to study the contribution of single-nucleotide polymorphisms (SNP) of the leptin receptor (LEPR) gene and meta-inflam-
mation markers to the formation of metabolically unhealthy obesity (MUO) in children.

Materials and methods. A total of 109 obese children aged 6-18 years were examined. Based on the recommendations of
the National Heart, Lung, and Blood Institute (NHLBI), 2 observation groups were formed. The main group (n = 56) was repre-
sented by patients with MUO. The control group (n = 53) comprised children with metabolically healthy obesity (MHO). Serum
levels of interleukin-1B (IL-1B) were measured using a chemiluminescent immunoassay (CLIA) method, interleukin-6, leptin,
adiponectin — by enzyme-linked immunosorbent assay (ELISA) and the serum level of C-reactive protein were quantified by
latex turbidimetric method (Synevo, Ukraine). The method of next-generation sequencing (NGS) (CeXGat, Germany) was used to
identify LEPR SNP. Statistical methods were used: analysis of variance, Spearman'’s correlation analysis and multiple discriminant
analysis.

Results. In obese children aged 6 to 18 years, there was an increase in pro-inflammatory adipokines IL-6 and leptin and a decrease
in anti-inflammatory adiponectin. Statistically significant changes in these indicators were more expressed in the main group:
IL-6 —7.4 + 0.5pg/ml (p = 0.65; P < 0.001); adiponectin —3.9 + 0.8 ug/ml (p = -0.27; P = 0.007) among all the children
examined, leptin in girls —47.8 + 4.4 ng/ml (p = -0.28; P = 0.003) compared with the results of patients in the control group:
IL-6 —4.3 £ 0.3 pg/ml, adiponectin — 7.7 = 2.4 ug/ml, leptin in girls — 32.5 + 4.3 ng/ml, P < 0.05. The most important in
the development of MUO were the following SNP of the LEPR gene: rs3790435 (Ci,,, = 0.939), rs2186248 (Ci,,, = 0.862),
P < 0.05. Astrong correlation was found between MUO and serum IL-6 level (p = 0.7), LEPR SNP rs3790435 (p = 0.7), basal
hyperinsulinemia (p = 0.72); P < 0.001. The risk of IL-6-dependent meta-inflammation in the presence of SNP rs3790435 of
the LEPR gene: OR = 17.11; 95 % Cl 2.8-20.4.

Conclusions. Meta-inflammation in MUO is IL-6-dependent. Among the 10 SNPs of the LEPR gene that we identified, SNP
rs3790435 of the LEPR gene has a strong association with the formation of MUO. SNP rs2186248 LEPR was described by us
for the first time when it was found in 94.1 % of obese children, but it was characterized by the presence of a weak association
with MUO.

Acoujauis nonimop¢ismiB reHa AeNTUHOBOrO peLienTopa, MapKepiB MeTa3ananeHHA
B AiTe# i3 MeTaboAIYHO HE3A0POBUM OXKMPIHHAM

0. €. Abatypos, A. 0. HikyaiHa

Meta poboTi — BUB4NTM BHECOK OOHOHYKNEOTMAHNX NONIMOPI3MIB reHa NenTUHOBOTO peLienTopa Ta Mapkepis MeTasananexHs
B (hopMyBaHHS MeTaboNiYHO HE3A0POBOTO OXMPIHHS B AiTEN.

Marepianu Ta metoau. Obctexunm 109 giten Bikom 6—18 pokis 3 oxupiHHaM. 3rigHo 3 pekomeHzauismu National Heart, Lung,
and Blood Institute (NHLBI), cchopmyBanu 2 rpynu cnoctepexeHHs: 0CHOBHa (N = 56) — navieHTn 3 MeTaboniyHo He300pOBUM
OXKMPIHHAM; KOHTpOMbHA (N = 53) — AiTn 3 MeTaboniyHo 300pPOBUM OXMPIHHAM. PiBHi iHTepneiikiHa-1P (IL-1B) y cuposarLi BuMmi-
ptoBarnu 3a JOMOMOrot0 METOAY XeMirnioMiHeCLIeHTHOro iMyHoaHanisy (CLIA), IL-6, nentuH, agunoHeKTH AOCimKyBan METOAOM
imyHodbepmeHTHOro aHaniay (ELISA), a piBeHb C-peakTvBHOro Binka B CYpoBaTLLi BU3HAYanM KinbkiCHO 3@ JOMOMOTOK) TaTEKCHOMO
Typ6ionmeTpryHoro metody (Synevo, YkpaiHa). s BUsiBNEHHs OfHOHYKNEOTUAHUX NoniMopdiamis reHa nenTMHOBOro peLienTopa
3aCTOCOBYBanM METOA FeHOMHOTO CekBeHyBaHHs HOBOI reHepaLii, NGS (CeXGat, ®PH). BukopnctoByBanu CTaTUCTUYHI METOAN:
BapiaLiiHui aHanis, kopenswiinHui aHania CnipMeHa Ta MHOXWHHWUA LUCKPUMIHAHTHUIA aHania.

Pesynbratu. Y giteit BikoM 6-18 pokiB 3 OXVPIHHAM BU3HAYMIM NiABULLEHHS Npo3anarnbHUX aaunokiHie IL-6 i nenTuHy, a Takox
3HWKEHHS! NPOTM3anasnbHOM0 aanMnoHEKTUHY. CTaTMCTUYHO 3HAYYLL 3MIHU LIMX NOKa3HMKIB 3addikcyBanu OCHOBHIN rpyni: IL-6 —
74 + 05nr/mn (p = 0,65;p < 0,001); agunonektuH —3,9 = 0,8 mkr/mn (p = -0,27; p = 0,007) B ycix 06CTEXEHUX; NENTUH
y giByat —47,8 + 44 ur/mn (p = -0,28; p = 0,003). Pesynbrati nauieHTiB KOHTPONbHOI rpynu: IL-6 —4,3 + 0,3 nr/mn, aguno-
HEKTUH — 7,7 £ 2,4 mkr/Mn, nenTuH y gievat — 32,5 = 4,3 mkr/mn, p < 0,05. Haitbinblue 3Ha4eHHs B po3BUTKY METaboniyHo
HE30POBOIO OXMPIHHA MaOTb TaKi OAHOHYKMEOTUAHI noniMopdiamu reHa nenTuHosoro peuentopa: rs3790435 (Ciy, ,, = 0,939),
rs2186248 (Ci,,, = 0,862), p < 0,05. BusiBAIN CUMbHUA KOPENALIAHUIA 3B'A30K MK METabOMYHO HE3[OPOBUM OXUPIHHAM i
pieHeM IL-6 (p = 0,7), ogHOHykneoTaHUM noniMmopdiamom rs3790435 reHa nentuHosoro peuentopa (p = 0,7), 6asanbHoto
rinepiHcyniHemieto (p = 0,72),p < 0,001. Puank popmyBaHHs IL-6-3anexHoro metasananeHHs 3a HassBHOCTI OLHOHYKITEOTUAHOTO
nonimopdiamy rs3790435 reHa nentuHoBoro peuentopa — B = 17,11; 95 % [l 2,8-20,4.
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BucHoBku. MeTazananeHHs npu MeTaboniyHo He3OpOBOMY OXUPiHHI Mae IL-6-3anexHuin xapakTep. Cepen Busienennx 10 og-
HOHYKNeOoTUAHWX NoniMopdi3miB reHa NenTUHOBOTO peLienTopa CurbHY acouialiio 3 (opMyBaHHSM MeTabonivHO HE300POBOTO
OKMPIHHA Mae OAHOHYKNeoTMaHMI nonimopdiam rs3790435 reHa nentuHoBoro peuentopa. OgHOHYKNEoTUaAHWIA NoniMopdiam
rs2186248 reHa nenTMHOBOIO peLenTopa onucaHni ynepLue npy BusiBnerHi y 94,1 % Aiten 3 OXvpiHHAM, ane XapakTepuayeTbest
HasiBHICTIO cnabkoi acouiaLlii 3 MeTaboniyHO HE3OPOBIM OXMPIHHSAM.

KatoueBble cAoBa:
reH, AenTuHa

Accoumauusa noAMuMmopduU3MoB reHa A€NTUHOBOrO peLlenTopa,
MapkKepoB MeTaBOCMaA€HUA y AeTel ¢ MeTaboAMuecKH He3A0POBbIM OXXUpEeHUeM

peLenTopbl,
NoAUMOPOU3M

A. E. Abatypos, A. A. HukyauHa pfb .
WHTEPAENKUH-B,

Llenb paboTbl — 13y4nTb BKNIaZ OOHOHYKNEOTUAHBIX MONMMOPEU3MOB reHa NeNTUHOBOIO PELIenTopa U MapkepoB MeTaBocna- — MeTaBoCnaneHue,

nexus B hopMMPOBaHME METaBONNYECK HE3OOPOBOTO OXKUPEHIUS Y AETEA. OXMPEHKE, AETU.

Marepuansi u metoabl. O6cnegosanu 109 geteit B Bopacte 6-18 net ¢ oxupennem. CornacHo pekomegaumsam National Heart,
Lung, and Blood Institute (NHLBI), cchopmmpoBanu 2 rpynnbl HabniogeHus: ocHoBHas (n = 56) — nauueHTbl ¢ MeTabonnyeckut
HE300POBbIM OKMPEHWMEM; KOHTPOMNbHAA (N = 53) — aeTn ¢ MeTabonuyecky 30OPOBLIM OXMPEHWEM. YPOBHM UHTeprenknHa-13
(IL-1B) B CbIBOPOTKE M3MEPSNM C MOMOLLBIO METOAA XEMUMIOMUHECLIEHTHOTO MMMYyHOaHanu3a (CLIA), IL-6, nenTuH, agunoHekT1H
1IcCrenoBany MeToaoM ummyHoepmeHTHoro aHanmsa (ELISA), a ypoeHb C-peakTuHOro Genka B ChIBOPOTKE onpeaensinm
KONWYECTBEHHO C MOMOLLIbI0 NaTeKCHOro TypbruanmeTpuyeckoro metoaa (Synevo, YkpanHa). [ns BbiSBneHNst OGHOHYKNEOTUAHBIX
nonMMopc13MOB reHa NenTUHOBOTO PeLenTopa NPUMEHSNW METOA FEHOMHOTO CEkBEHMPOBaHMS HOBOTO nokoneHust, NGS (CeXGat,
®PT). Ucnonb3oBanu cTaTucTUYECKNE METOABI: BapUaLMOHHBIA aHanm3, KoppensLyoHHbI aHanua CnivpMmeHa u MHOXECTBEHHbIN
OVCKPUMUHAHTHBIA aHanms.

3anopoXxcKui
MeAULIMHCKUIA XXypHaA.
2021.T. 23, Ne 5(128).
C. 696-702

Pesynktathl. Y AeTeit B Bo3pacTe 6—18 neT ¢ oxmpeHnem 0TMEYEHO NoBbILLIEHWE MPOBOCNANUTENbHBIX aAMMOKMHOB IL-6, nenTuHa
11 CHUKEHME NPOTUBOBOCNANMTENBHOIO aAUNOHEKTUHA. CTaTUCTUYECKM 3HAUMMbIE M3MEHEHNS 3TVX NokasaTenei Gonee BbipaxeHb!
B 0CHOBHoW rpynne: IL-6 —7,4 + 0,5nr/mn (p = 0,65; p < 0,001); agunoHekTuH — 3,9 = 0,8 mkr/mn (p = -0,27; p = 0,007)
y Bcex 006CnenoBaHHbIX, NenTuH y aesovek —47,8 + 4,4 vr/mn (p = -0,28; p = 0,003). Pesynbrtatsl NaLMEHTOB KOHTPOILHOM
rpynnbl: IL-6 — 4,3 + 0,3 nr/mn, agunoHekTH — 7,7 + 2,4 Mkr/mn, nentuH y agesodek — 32,5 + 4,3 mkr/mn, p < 0,05. Han-
6onblLLee 3Ha4eHe B pa3BUTUM MeTabonmyeckn HE3A0POBOTO OXKMPEHNS UMEIOT TaKne OAHOHYKNEOTUAHbIE NONMMOPMU3MbI reHa
nenTuHoBoro peuentopa: rs3790435 (Ci,,,,=0,939), rs2186248 (Ci,, , = 0,862), p < 0,05. YcTaHoBneHa cunbHas Koppensy-
OHHasi CBA3b Mexay MeTabonmyecky He3A0POBbLIM OXVUPEHUEM 1 YPOBHEM CbIBOPOTOYHOTO IL-6 (p = 0,7), 0OAHOHYKNEOTUAHLIM
nonumopduamom rs3790435 reHa nentuHoBoro peuentopa (p = 0,7), 6azanbHoi rnepuHcynuHemveii (p = 0,72);p < 0,001.
Puck dhopmmupoBaHus IL-6-3aBMCMOro MeTaBoCnaneHus Npu HamMuMm OfHOHYKNeOoTUAHOro nonnMopdmama rs3790435 reHa
nentuHoBoro peuentopa — Ol = 17,11; 95 % [N 2,8-20,4.

BiiBoab1. MeTaBocnaneHue npu MeTabonnyecku He3nopPOBOM OXMPEHUN UMeeT IL-B-3aBrcumblii xapakTtep. Cpeam yCTaHOBMEHHBIX
10 0BHOHYKNEOTHAHBIX NONMMOPM3MOB reHa NEenTUHOBOTO PeLienTopa CUMbHYH0 accoLmaLmio ¢ popMUpoBaH1emM meTabonnyecku
HE30POBOI0 OXWPEHNS UMEET OAHOHYKINEOTUAHBIA NonnMopdnam rs3790435 reHa nentuHoBoro peventopa. OQHOHYKNEOTUAHBIA
nonumopcuam rs2186248 reHa nenTUHOBOrO peLienTopa onucaH Brepsble Npu 0bHapyxeHun y 94,1 % LeTeit C OKUpeHneM, HO
XapakTepu3oBarcs Hanuumem cnabon accoupanmm ¢ MeTabonnyeckn He3nopPOBbLIM OXUPEHNEM.

Obesity in children, adolescents, and subsequently in adults
is one of the most serious public health problems in the 21st
century. The spread of obesity is pandemic. The number of
children and adolescents (5-19 years) living with obesity,
predicted by the early 2025, will be 206 million [1]. Molecular
genetic features of obesity-induced meta-inflammation are
of particular practical interest in the context of an obesity
pandemic in the human population, due to the fact that it
is the obesity phenotype that determines the degree of
cardiovascular risk [2]. The phenotype of metabolically
healthy obesity (MHO) is defined by The American Academy
of Pediatrics [3] as a condition in which, despite the excess
of physiological body weight over the 95th percentile, there
are no risk factors such as insulin resistance, dyslipidemia
and arterial hypertension, in contrast with the phenotype of
metabolically unhealthy obesity (MUO) [4-6].

The development of meta-inflammation in MUO is
characterized by a change in the spectrum of products syn-
thesized by adipocytes due to excessive fat accumulation as
aresult of an increase in the synthesis of pro-inflammatory
cytokines and a decrease in the level of adiponectin se-
cretion. The previously presented data on the difference in
the pathophysiological processes of the meta-inflammation
formation in MHO and MUQ require further study on the role
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of candidate genes responsible for the formation of insulin
resistance [7,8]. One of the main genomic representatives
involved in the regulation of energy consumption is the leptin
receptor (LEPR) gene. It has been proven that SNPs of
the LEPR gene are foundin 21.9 % of patients with various
obesity phenotypes and lead to a decrease in the activity
of the anorexigenic cascade and deregulation of the LEP/
LEPR axis, increased food intake and fat deposition [9,10].

Analysis of the scientometric PubMed database showed
that the most studied association between obesity and
type 2 diabetes are the following SNPs of the LEPR gene:
rs3790435[11] and missense mutations rs1137100 [12,13],
rs1137101 [14,15], rs1805094 [16], rs8179183 [17], which
are located in gene regions encoding functionally significant
domains of the LEPR protein.

Genetic studies have demonstrated a high degree of as-
sociation of non-synonymous polymorphisms of the LEPR
gene with the development of monogenic obesity [18]. How-
ever, data on the role of intron mutations in the formation of
excess fat mass are presented in isolated works and only in
some variants [19,20]. In addition, to present, there are no
studies demonstrating the relationship between the LEPR
SNP and the development of meta-inflammation in various
obesity phenotypes.
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Using new generation of the complete genome se-
quencing method opens the potential for studying the role
of SNP variants of the LEPR gene and demonstrates
the different functional significance of these conformations
in the central regulation of energy balance in polygenic
obesity [21]. Isolation of the key pro-inflammatory factors
associated with obesity will allow the use of drug-induced
silencing in personalized prevention and treatment of
metabolic disorders that pose a threat to the health and
life of patients.

Aim
To study the contribution of SNP of the LEPR gene and me-
ta-inflammation markers to the formation of MUQ in children.

Material and methods

All the procedures performed in studies involving human
participants were in accordance with the ethical standards
of the Institutional and/or National Research Committee
and with the 2000 Helsinki declaration (52nd WMA General
Assembly, Edinburgh, Scotland) and its later amendments
or comparable ethical standards. The submissions were
reviewed by the Ethics Committee of Dnipro State Medical
University (meeting minutes No. 7 of December 11, 2019
and meeting minutes No. 5 of September 3, 2020).

Aninformed consent was obtained from each individual
participant enrolled in the study.

At the Children’s Endocrinology Department of
the Communal Non-profit Enterprise “Dnipro City Clinical
Hospital No. 9” of the Dnipro City Council, 109 children aged
6-18 years (mean age 12.24 + 0.14) with a diagnosis of
obesity were examined. To verify the diagnosis, the clas-
sification of obesity recommended in clinical practice was
used: Order of the Ministry of Health of Ukraine No. 254
of 27.04.2006 “Protocol for the provision of medical care
to obese children”.

Inclusion criteria: body mass index (BMI) exceeding
the 95th percentile or 2 SD [22].

Exclusion criteria: monogenic and secondary forms of
obesity; hereditary syndromes accompanied by obesity;
diseases, the treatment of which requires the use of medi-
cations that affect the metabolism of carbohydrates and
lipids; pregnancy.

The main group (n = 56) included patients with
the MUO phenotype, the control group (n = 53) comprised
children with the MHO phenotype. The recommendations
of the NHLBI expert group (USA) were used as the criteria
for MUO in children and adolescents [4].

For inclusion in the main study group, the presence of
abdominal obesity and two of the presented criteria were
taken into account: 1) fasting glycemia 25.6 mmol/L [23];
2) high-density lipoprotein (HDL) <1.03 mmol/L; 3) triacyl-
glyceride (TAG) 21.7 mmol/L; 4) systolic blood pressure
(SBP) above the 90th percentile for a given age, sex and
height [6]. The abdominal type of obesity was determined
according to the consensus of the International Diabetes
Federation (IDF), based on the waist circumference ex-
ceeding the 90" percentile for children aged 6-15 years or
more than 94 cm for boys aged 16—18 years and more than
80 cm for girls aged 1618 years [24-26].

To study the violation of carbohydrate metabolism,
the level of basal glycemia and insulinemia was determined
by immunochemical testing with electrochemiluminescence
detection (ECLIA), followed by calculation of the generally
accepted marker of insulin resistance (HOMA-IR). An
increase in insulin resistance was observed at HOMA-IR
>95" percentile according to the percentile curves recom-
mended by the IDEFICS consortium for the European popu-
lation in accordance with the age and sex of a child [27,28].

To study lipid metabolism disorders, the HDL and TAG
levels were determined by the enzymatic — colorimetric
method using kits from Roche Diagnostics (Switzerland) on
a Cobas 6000 analyzer. The measurements were carried
outin a certified Synevo Laboratory (Dnipro, Ukraine). The
study material was venous blood.

To study the role of pro-inflammatory markers in the de-
velopment of meta-inflammation in children with obesity,
the serum levels of interleukin-1p (IL-1B), interleukin-6
(IL-6), C-reactive protein (CRP), leptin, and adiponectin
were determined in the certified Synevo Laboratory (Dni-
pro, Ukraine).

IL-1B8 was detected by the immunochemical method
with chemiluminescence immunoassay (CLIA). Analyzer
and test-system: Immulite (Siemens AG), Germany. The
reference value of IL-1B level was 0-5 pg/ml. IL-6 was deter-
mined by an enzyme-linked immunosorbent assay (ELISA)
using a Cobas 6000/Cobas 8000 kit provided by Roche
Diagnostics (Switzerland). The reference value of IL-6
level was 1.5-7.0 pg/ml. The level of CRP was measured
using the turbidimetric immunoassay method. Analyzer
and test-system: Cobas 6000 (with 501 modules), Roche
Diagnostics (Switzerland). The CRP level of 05 mg/dl was
considered the reference value. Leptin was determined
using ELISA. Analyzer and test system: Tecan Sunrise, LDN
(Germany). The reference value of leptin level for boys was
2.0-5.6 ng/ml, for girls —3.7-11.1 ng/ml. Adiponectin was
tested using ELISA. Analyzer and test system: Mediagnost
GmbH (Germany). Interpretation of the results was carried
out as follows: low cardiovascular risk — more than 10
pg/ml; moderate cardiovascular risk — 7-10 pg/ml; high
cardiovascular risk — 4-7 ug/ml; very high cardiovascular
risk —less than 4 ug/ml.

To study the contribution of SNP variants of the LEPR
gene to the formation of MUO, a molecular genetic exa-
mination was conducted using new generation of the com-
plete genome sequencing (NGS) method according to
the American College of Medical Genetics and Genomics
(ACMG) recommendations [29]. We examined 35 patients
(18 children from the main group and 17 children from
the control group) aged 6-18 years with obesity via venous
blood sampling in a certified CeXGat Laboratory (Tubingen,
Germany) using the lllumina CSPro® Certified service
provider platform. The mean age of patients in the study
groups was 12.06 = 1.25 years. The proportion of boys
in the main group was 61.1 £ 5.5 % (11/18), while in
the control group, the proportion of boys among the study
population was 47.06 + 4.1 % (8/17), P 2 0.05. The
mean amount of DNA (ug) in samples was 0.875. Library
Preparation: Quantity used 50 ng. Library Preparation Kit:
Twist Human Core Exome plus Kit (Twist Bioscience).
Sequencing parameters: NovaSeq 6000; 2 x 100 bp. QC
values of sequencing, Q30 value: 96.07 %.
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Table 1. Mean concentration (M + m) and median (Me)* of serum inflammatory
markers values in children with different obesity phenotypes

Indicator, units Reference | Patients with MUO | Patients with MHO
values (n = 56) (n = 53)
Mim [Me [Mim [Me |
0-5

Bioinformatic analysis —demultiplexing of the sequen-
cing reads was performed with lllumina bcl2fastq (version
2.20). Adapters were trimmed with Skewer, version 0.2.2
[30]. DNA-Seq: trimmed raw reads were aligned to the hu-
man reference genome (hg19-cegat) using the Burrows—
Wheeler Aligner, BWA — mem version 0.7.17-cegat [31].

IL-1B, pg/ml 25+03 19 18+07 17 >0.05
ABRA, version 2.18 [32] was used for local restructuring IL-6, pg/ml 15-7.0 74 +05 68 43 +03 34 <0.05
of readings in target regions to improve more accurate Cereactive protein, mgl. 05 26407 23 21£04 2 >0.05
detection of indels in the genome during mutagenesis. Leptin, ng/mi

Proprietary readout tools, alignment with more than one Boys 2.0-5.6 293 + 89 25 260 + 64 244  >0.05
locus with the same alignment score, were used; duplicate Girls 3.7-11.1 478 + 44 452 325+ 43 285 <005
reads were discarded. Adiponectin, pg/ml >10 39+08 31 77 +24 65 <0.05

Variant calling: additional proprietary software was used
to detect variants of polymorphisms, including variants with
low frequencies (Observed frequency of the alternative
allele in the range, OFAupto 2 % of sequenced readings).
The mutation variants were annotated based on various
publicly available databases (Ensembl v100, RefSeq Cu-
rated (20200723), CCDS r22, dbSNP154, GnomAD 2.1
(exonic) and 3.0 (genomic), Gencode 34). All synonymous
SNP types were excluded from the study.

The quality of FASTQ files was analyzed using FastQC,
version 0.11.5-cegat [33]. The plots were created with
ggplot2 [34] in R version 3.6.1 [35]. When interpreting
the data of bioinformatic analysis, the combined annota-
ted —dependent depletion (CADD) was calculated for each
identified SNP of the LEPR gene [36], and the software
products FILTUS [37], SeqVISTA [38], Mutation assessor
[39] were used.

Statistical processing of the results using parametric
and nonparametric methods included: analysis of variance
with the calculation of the Student's test (t); Spearman
correlation analysis with calculation of Spearman’s rank
correlation coefficient (p), multiple discriminant analysis
with the calculation of the coefficients of the standardized
canonical discriminant function (Ci, ).

The critical value of the statistical significance level (P)
for all types of analysis was taken at the level of P < 0.05
(5 %). Statistical processing of the results was performed
using Microsoft Excel (Office Home Business 2KB4Y-
6HIDB-BM47K-749PV-PG3KT) and Statistica 6.1 software
(StatSoftinc, no. AGAR909E4 15822FA).

Results

The mean age of patients in the main and control groups
was 12.14 + 0.08 and 12.34 + 0.76, respectively. The
proportion of boys in the main group was 57.14 + 6.61 %,
while in the control group, the proportion of boys in the study
population was 47.17 + 6.86 %, P = 0.05.

As a result of molecular immunological studies, the se-
rum levels of pro-inflammatory and anti-inflammatory adi-
pokines and cytokine IL-6 was detected in obesity (Table 7).

In obese children, regardless of the sex and obesity
phenotype, there was a significant increase in serum leptin
levels (P < 0.05). At the same time, changes in the leptin
concentration moved towards being sex-dependent with
the development of metabolic disorders. In males of both
study groups, the level of leptin did not differ from each other,
and in females with MUO, the concentration of leptin was
1.5 times higher than that in the representatives with MHO
and amounted to 47.8 + 4.4 ng/ml.

Zaporozhye medical journal. Volume 23. No. 5, September — October 2021

*: Me with 95 % CI median

Children with the MUO phenotype differed from MHO
by a significantly lower serum level of adiponectin, which
was 3.9 £ 0.8 pg/mlversus 7.7 + 2.4 pg/ml (P < 0.05).

One of the most important differences in the cytokine
status of obesity phenotypes was the level of IL-6. In
the MUO phenotype, a significantly higher serum concen-
tration of IL-6 was observed reaching 7.4 + 0.5 pg/ml,
than in the MHO phenotype (4.3 = 0.3 pg/ml, P < 0.05).
At the same time, the serum levels of IL-18 and CRP in
the main and control groups corresponded to the reference
values and did not differ statistically from each other.

As aresult of NGS, 10 types of SNP in the LEPR gene
were identified among 35 obese children: rs3790435,
rs1137100, rs2186248, rs70940803, rs79639154,
rs1359482195, rs1137101, rs1805094, rs13306520,
rs13306522. Multiple discriminant analysis with the Ci,,
calculation showed the greatest contribution to the devel-
opment of MUO of the following two SNPs: rs3790435
(Ci,, o = 0.939), rs2186248 (Ci,,, = 0.862), P < 0.05.
In obese children, the incidence of SNP rs3790435 was
714 %, SNP rs2186248 —91.4 %.

The study on the role of the LEPR gene SNP in various
phenotypes of obesity formation demonstrated the following
results. The presence of the “wild” CC genotype rs3790435
was more common in children with MHO (52.9 %), and less
often —in children with MUO (16.7 %), P < 0.05.

Meanwhile, the “wild” CC genotype rs2186248 was
significantly more often identified in the group of children
withMUO (100 %), and less often —in the group of children
with MHO (88.2 %), P < 0.05.

23 factors of the clinical, immunological and genetic
parameters analyzed were found to be significantly asso-
ciated with MUO (P < 0.05). Among them, according to
the strength of relationship with the risk of MUO, 3 groups
were distinguished.

1) Highly significant factors (0.7 < |p| < 1): the level of
basal insulinemia (p = 0.72; P < 0.001); serum IL-6 level
(p = 0.7;P < 0.001) and the presence of the LEPR gene
SNP rs3790435 (p = 0.7; P < 0.001).

2) Moderately significant factors (0.3 < |p] < 0.7):
daily consumption of red meat, sausages, potatoes, rice,
margarine, sugary drinks (p = 0.52; P < 0.001); duration
of non-academic time spent at the computer/TV (p = 0.5;
P < 0.001); fastfood intake (p = 0.47;P < 0.001); family
history of metabolic syndrome (p = 0.45; P < 0.001);
early introduction of complementary foods (p = 0.38;
P < 0.001); serving size (in the child’s palms) (p = 0.37;
P < 0.001); age norms for puberty timing violation
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(p = 0.35; P = 0.001); child’s age at the time of exa-
mination (p = 0.33; P = 0.001); daily consumption of up
to 2-3 servings of fresh vegetables and fruits (p = -0.32;
P = 0.001); pneumonia in a past medical history in puberty
(p = 0.3;P = 0.001).

3) The least significant factors (0 < |p| < 0.3):
the presence of pyoderma (p = 0.29; P = 0.003);
acantosis nigricans (p = 0.29; P = 0.003); hyperlepti-
nemia (p = 0.28; P = 0.003); serum adiponectin levels
(p = -0.27; P = 0.007); frequency of physical activity
(p = -0.26; P = 0.006); level of physical development of
a child in percentiles (p = 0.26; P = 0.006); pathological
antenatal period (p = 0.26; P = 0.006); LEPR gene SNP
rs2186248 (p = 0.25;P = 0.006); being overweight atan
early age (p = 0.21; P = 0.031); prevalence of fast food
in diets (p = 0.21; P = 0.028).

The patients with the LEPR gene SNP rs3790435
was found to have a 17 times higher chance of developing
meta-inflammation associated with increased IL-6 serum
levels than those without this SNP of the LEPR gene
(OR = 17.11;95 % Cl 2.8-20.4), P < 0.05.

Discussion

The studied factors relating to the lifestyle (the level of physi-
cal development of a child in percentiles, the frequency of
physical activity, the duration of non-academic time spent
at the computer/TV) and inappropriate nutrition (duration
of food intake, period of introducing complementary foods,
lack of daily consumption of up to 2-3 serving of fresh
vegetables and fruits, serving size and daily consumption
of red meat, sausages, potatoes, rice, margarine, sugary
drinks, fast food) demonstrate a moderate association
with MUO and confirm the data of the previous studies on
the importance of physical activity and nutritional interven-
tion in the prevention of metabolic complications [4,40]. In
contrast to the previous works, the gradient presentation of
the results of rank correlation analysis in our study contains
data on the diagnostic significance of not only modifiable
environmental factors, but also immunological, molecular
genetic markers associated with the LEPR gene SNPs
and causing the formation of meta-inflammation in MUO.
Our data indicate a strong association between MUO
and the level of IL-6 and a weak association between MUO
and the level of leptinemia in girls (no significant changes
in boys) and the serum adiponectin concentration in both
sexes. This serum content of pro-inflammatory cytokines
indicates that meta-inflammation in obesity is IL-6-depen-
dent. This is probably due to the fact that about 35 % of
the circulating IL-6 pool is produced in adipose tissue and
is responsible for its macrophage infiltration [41-43]. Corina
Piercean et al. [44] also found an increase in the secreted
IL-6 and leptin in saliva during obesity in children, but unlike
our work, despite such an advantage as minimally invasive
selection of research material, they did not take into account
gender division into subgroups in the study of the level of
leptinemia, as well as data on the presence or absence of
inflammatory processes in the oral cavity in the examined
children. The increased concentration of IL-6 in children
with MUO, in our opinion, not only reflects the activity of
meta-inflammation, but also carries the risk of developing
insulin resistance, since IL-6, in addition to its pro-inflam-

matory effect, has an inhibitory effect on insulin-associated
signaling pathways, in particular, in hepatocytes [45]. In
addition, IL-6 in combination with TGF-$3 ensures the diffe-
rentiation of naive CD4* T-cells into Th, _-cells, and inhibits
TGF-B-stimulated differentiation of Treg-cells [46]. Namely,
IL-6-mediated imbalance in Th, /Treg-cells contributes to
the development of autoimmune and chronic inflammatory
diseases [47].

We present data on the relationship between two SNPs
(rs3790435, rs2186248) of the LEPR gene, which were
characterized by a high frequency of occurrence in the co-
hort of obese patients (71.4 % and 91.4 % of individuals,
respectively) and the risk of MUO formation. One of them,
the LEPR gene SNP rs3790435, was previously described
by Juan Li et al. [48] being associated with the development
of some features of the obesity course. As a study result,
Juan Li et al. found that the presence of the CC genotype
rs3790435 in obese individuals reduced the risk of obstruc-
tive sleep apnea syndrome compared to people with the TT/
CT genotype. At the same time, our results confirm the data
of Juan Li et al. about the higher frequency of the CC geno-
type rs3790435 of the LEPR gene in the cohort of children
with the MHO phenotype. In addition, we have demonstra-
ted for the first time a strong relationship between the LEPR
gene SNP rs3790435 and the risk of MUO formation, and
IL-6-dependent meta-inflammation. An important result of
our work is the discovery of the previously undescribed
LEPR gene SNP rs2186248, which was found in 91.4 %
of the examined obese children, being characterized by
the weak correlation with the formation of MUO.

Conclusions

1. The triggering factors for the risk of MUO in associa-
tion with a genetic predisposition require initial modification
in children through a reduction in the duration of non-aca-
demic time spent at a computer/TV and daily consumption
of red meat, sausages, potatoes, rice, margarine, and
sugary drinks.

2. Meta-inflammation in MUO is IL-6-dependent.
Pro-inflammatory IL-6 is one of the potential mediators
linking obesity-induced meta-inflammation with insulin and
leptin resistance.

3. Among the 10 SNPs of the LEPR gene that we iden-
tified, two of them are associated with the MUO phenotype
development. SNP rs3790435 of the LEPR gene, identified
in 71.4 % of obese children examined, is characterized by
the strong association with the MUO phenotype. The CT
genotype rs3790435 is the risk factor for the development
of MUO. Children with the CT SNP rs3790435 genotype
of the LEPR gene have the 17 times higher chance of de-
veloping IL-6-dependent meta-inflammation than children
with the CC genotype. The newly identified SNP rs2186248
of the LEPR gene is weakly associated with the MUO
phenotype. However, its TT genotype is significantly more
common in children with the MUO phenotype.

Prospects for further research. Our results require
further study and confirmation in broader patient popu-
lations, which will give us a better and more complete
understanding of the relationship between the LEPR gene
polymorphism and the MUO risk.
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