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So far, the possible influence of single nucleotide variants (SNV) of the cholecystokinin (CCK) gene on the likelihood of developing obesity
and metabolic disorders in children has not been demonstrated.

The aim of the study SNV associations of the CCK gene to predict the probability of obesity and personalize the development trajectory
of various metabolic disorders associated with obesity in children.

Materials and methods. 252 obese children aged 6-18 years were examined. The main group (n=152) was represented by children
with metabolically unhealthy obesity (MUO). The control group (n=100) consolidated of children with metabolically healthy obesity (MHO).
Whole genome sequencing (CeGat, Germany) was performed in 31 children of the main and 21 children of the control group. Serum levels
of interleukin-1p were measured using a chemiluminescent immunoassay (CLIA) method, interleukin-6 — by enzyme-linked immunosorbent
assay (ELISA), Synevo, Ukraine.

Results. The G allele of SNV rs754635 of the CCK gene was significantly more frequent among children with both MHO (t=10.93; p<0.05)
and MUO (t=12.96; p<0.05) compared to healthy individuals. The G allele of SNV rs754635 of the CCK gene was associated with basal
hyperglycemia (r=0.44) and impaired carbohydrate tolerance (r=0.33) in the MHO phenotype and with the atherogenicity index of the lipid
spectrum (r=0.40) and was inversely correlated with the level of high-density lipoproteins (HDL) (r=-0.58) in children with MUO phenotype,
p<0.05.

Conclusions. The G allele SNV rs754635 of the CCK gene is associated with obesity and the development of metabolic disorders.

The research was carried out in accordance with the principles of the Declaration of Helsinki. The research protocol was approved by the Local
Ethics Committee of the institution mentioned in the work. Informed consent of parents or their guardians was obtained for conducting research.
No conflict of interests was declared by the author.

Keywords: cholecystokinin, analysis of single nucleotide gene variants, children, metabolically unhealthy obesity, metabolically healthy
obesity.

3HadyeHHq BapiaHTa rs754635 reHa xoneuucTokiHiHy B PO3BUTKY OXKUMPIHHS B AiTen
A. Hikynina
[HINPOBCBKMI AepXaBHNIA MEANYHUI YHIBEPCUTET, YKpaiHa

Ha cborogHi He AoBeOEeHO BNVMBY OOHOHYKNEOTUAHMX BapiaHTiB (Single nucleotide variants — SNV) reHa xoneumncTokiHiHy (cholecystokinin —
CCK) Ha NMOBIPHICTb PO3BUTKY OXMPIHHA 3 METabONIYHMI PO3Nadamu B AiTeN.

Meta — BuB4UTI acoualii SNV reHa CCK st NpOrHo3y MMOBIPHOCTI OXMPIHHA Ta NepcoHani3aLyii TpaekTopii PO3BUTKY Pi3HKX MeTaboNiHHNX
p0O31a4aiB, NOB’'A3aHMX 3 OXUPIHHAM Y AITEN.

Martepianu Ta metogmu. O6cTEXEHO 252 ANTNHIK BiKOM 6—18 pokiB 3 oxmpiHHaM. OcHOBHY rpyny (n=152) cTaHOBMAM AT 3 METab0NIHHO
He3a0poBKM OXMPIHHAM (Metabolically unhealthy obesity — MUQ). KoHTponbHy rpyny (n=100) — AT 3 MeTaboiqHO 3A0POBUM OXMPIHHAM
(metabolically healthy obesity — MHO). NMposeaeHo NOBHOreHOMHe CekBeHyBaHHsA («CeGat», HimewunHa) y 31 AnTnHn OCHOBHOI Ta 21 auTUHK
KOHTPOSBHOI rpynu. PiBeHb iHTEPNEnKiHy- 1 y CMpoBaTLi KDOBi BU3HAYEHO METOAOM IMYHOXEMIMIIOMIHECLLEHTHOTO aHanidy, iHTEPNENKiHy-6 —
MEeTOAOM IMyHODEPMEHTHOIO aHaniay, «Synevo», YkpaiHa.

Pesynbratn. G-anens SNV rs754635 renHa CCK BiporigHO YacTilwe 3yctpidascs B aitert ak 3 MHO (t=10,93; p<0,05), Tak i 3 MUO
(t=12,96; p<0,05) nopisHsHO 3i 300poBKMK 0cobamu. G-anenb SNV rs754635 reHa CCK acoujioBaBcst 3 6a3anbHoio rinepmikemieio (r=0,44) i
nopyLIeHHAM TonepaHTHoCTI 40 Bymesoais (r=0,33) npu dpexotvni MHO Ta 3 iHOekcom ateporeHHocTi ninigHoro cnektpa (r=0,40) i 06epHeHO
NPOMNOPLINHO KOPENOBAB i3 PIBHEM NINONPOTEIHIB BUCOKOI LWinbHOCTI (r=-0,58) y aitert 3 deHotmnom MUO, p<0,05.

BucHoBku. Anenb G SNV rs754635 rena CCK acoujioeTbCs 3 OXMPIHHAM | DO3BUTKOM METab0MIHHMIX MOPYLLEHb.

JocnipxeHHa NnpoBefeHo BIANOBIAHO A0 NPUHLUMNIB eNbCIHCEKOI Aeknapalli. [MpoToKoN AOCHIAXEHHS 3aTBEPXEHO MICLEBNM KOMITETOM i3
nUTaHb €TVIKM 3a3Ha4eHoi B poO0TI yCTaHOBW. Ha MpoBeAeHH:A AOCNIAXEHHA OTPUMAHO iIHPOPMOBaHy 3roay 6aTbkiB ab0 0CiO, AKi iX 3aMiHIOTb.
ABTOP 3asBASE NPO BIACYTHICTb KOHMNIKTY IHTEPECIB.

Knio4oBi cnoBa: xoneuuCcToKiHiH, aHania BapiaHTiB OAHOHYKNEOTUAHOrO rexHa, aitv, MetaboniyHo He300POBE OXMPIHHA, MeTaboniyHO 300-
POBE OXMPIHHSA.

Introduction

besity in children is a disease, the
development of which depends on
a variety of exogenous and endogenous
factors. An increase in appetite, which leads to an
excess intake of calories in the human body, is due

tothe predominance of orexigenic overanorexigenic
factors [37]. Cholecystokinin (cholecystokinin —
CCK) is the first identified enteroendocrine satiety
signal molecule that suppresses appetite activity
[15]. CCKwasfirstidentifiedby A.C.Ivy, E. Oldberg
[19] in 1928 in extracts of the jejunum as «highly
purified secretin» (highly purified secretin — HPS),
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inducing gallbladder contraction. Cholecystokinin
is a member of a family of regulatory peptides
with a conserved C-terminal amino acid sequence
Trh-Met-Asp-Phe [40]. The CCK gene is located
on the short arm of chromosome 3 (3p22.1) [6].
The primary translation product of the CCK gene
is preprochocystokinin, the molecule of which
consists of 115 amino acid residues. After the signal
peptide is truncated from preprocholecystokinin,
procholecystokinin is formed. As a result
of protranslational transformations, CCK peptides
ofvariouslengthsareformed fromprochocystokinin:
in endocrine cells — CCK-58, CCK-33, CCK-22,
CCK-8 CCK-5; in neurons — CCK-8 and
CCK-5. Thus, cholecystokinin is represented
by several molecular forms, which are united by the
presence of a C-terminal heptapeptide sequence.
The predominant form of CCK in the human body
is CCK-33 [42]. CCK peptides are predominantly
secreted by type I neuroendocrine cells of the small
intestinal mucosa and brain neurons. Also, CCK
is expressed in the cells of some endocrine glands
(corticotrophs and melanotrophs of the pituitary
gland, C-cells of the thyroid gland, adrenal brain
cells, pancreatic cells), in peripheral nerves; cortical
and medullary cells of the kidneys, cardiomyocytes
and immunocytes [11,40].

The main stimulus for CCK production is food,
especially food rich in proteins (L-amino acids)
and fats. CCK peptides realize their biological
action through the activation of cholecystokinin
A/1 receptors (CCKAR, CCK1R) of afferent
neurons of the vagus nerve of the intestine; and B/2
(CCK B/2 receptor — CCKBR, CCK2R) neurons
of the central nervous system. CCK peptides, by
activating CCK1R afferent neurons of the vagus
nerve of the intestine, transmit satiety signals to the
hypothalamus, which leads to appetite suppression.
Thus, CCK, acting as a satiety signal, activates
the anorexigenic signaling pathway, preventing
the development of obesity [6,39].

Activation of CCK1Ralsostimulates gallbladder
contraction, pancreatic exocrine secretion,
and insulin secretion from pancreatic B-cells of
the islets of Langerhans; inhibits the secretion
of gastric juice and suppresses gastric emptying.
By activating CCK2R in the central nervous
system, CCK peptides modulate the activity
of the dopamine system, slow down the release
of gamma-aminobutyric acid, increase the rate
of neuronal excitation, predetermining various
behavioral functions, including satiety, anxiety
and phobia levels [30,33,35,42]. CCK peptides also
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stimulate the secretion of calcitonin, glucagon, and
in the kidneys can act as natriuretic peptides
[40]. CCK peptides have different potency:
the contractile effect induced by CCK-8 is
approximately 10 times greater than that induced
by CCK-33 [5].

Modifications of the C-terminal heptapeptide
sequence reduce the affinity of CCK peptides
for receptors, which impairs the efficiency of their
binding and, as a result, prevents the development
of biological effects. Reduced activity of
CCK-induced excitation contributes to the
development of obesity [5].

It has been established that single nucleotide
variants (single nucleotide variant — SNV) of the
CCKARreceptor gene are associated with the risk of
developing obesity [31]. However, a possible effect
of CCK gene SNV on the likelihood of developing
obesity and metabolic disorders in children has not
yet been demonstrated.

The aim of the research — to study SNV
associations of the CSK gene to predict
the probability of obesity and personalize
the development trajectory of various metabolic
disorders associated with obesity in children.

Materials and methods of the research

Study  design:  observational,
longitudinal, cohort study [27].

At the Children’s Endocrinology Department
of the Communal Non-profit Enterprise «Dnipro
City Clinical Hospital No. 9» of the Dnipro City
Council, 252 children of the Caucasian group
aged 6-18 years with a diagnosis of obesity were
examined. To verify the diagnosis, the classification
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» and
Order of the Ministry of Health of Ukraine
No. 1732 of 24.09.2022 About the approval
of Standards medical assistance «Obesity
in children».

The main group (n=152) was represented by
children with metabolically unhealthy obesity
(MUO), the control group (n=100) was formed
from patients with metabolically healthy obesity
(MHO).

Criteria for inclusion in the main group: the
presence of abdominal obesity [3] and two
of the following criteria (hyperglycemia and/or
hyperinsulinemia; dyslipidemia; systolic blood
pressure (SBP) and diastolic blood pressure

analytical,
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(DBP) above the 90th percentile for a given age,
gender and height [14].

Anthropometric data were measured by
a nurse in the admission department, the child was
in underwear and without shoes. Height (m) was
measured using Heightronic Digital Stadiometer®
to the nearest 0.01 m. Weight (kg) was measured
using Tefal Bodysignal body composition
analyzer (France). Waist circumference (WC),
hip circumference (HC) was measured using
a standardized anthropometric tape, measuring the
circumference at the midpoint between the top of
the iliac crest and the lower part of the lateral rib
cage to the nearest 0.01 m. Body Mass Index (BMI)
was converted to standardised BMI (BMI SDS) by
means of the current World Health Organization
(WHO) growth references [34].

SBP and DBP were measured using a digital
oscillimetric device, Dinamap ProCare (GE
Healthcare).

Inclusion criteria: children with polygenic
obesity (BMI >97th percentiles) 6—18 years old.

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

Immunochemical examination. The studies
were carried out in a certified Synevo laboratory
(Dnipro, Ukraine). The material for the study was
venous blood.

To study carbohydrate metabolism disorders,
the level of basal glycemia and insulinemia
was determined by immunochemical testing with
electrochemiluminescent  detection (ECLIA).
Obese children were included in the main group
with a glycemic level equal to or greater than
5.6 mmol/L and/or they had an increase in
insulinemia >90th percentile according to the
percentile curves recommended by the Identification
and prevention of Dietary — and lifestyle-induced
health EFfects In Children and infantS (IDEFICS)
consortium for the European population according
to age and gender of the child [12,36].

To study lipid metabolism disorders, the level
of high-density lipoproteins (HDL-C), low
density lipoproteins (LDL-C) and triglycerides
(TG) was determined by the enzymatic-
colorimetric =~ method  using  kits  from
Roche Diagnostics (Switzerland) on the analyzer
Cobas 6000. Obese children were included
in the main group with HDL-C<1.03 mmol/L
or less than 10th percentile of the age norm or
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an increase in >1.7 mmol/L or more than the
90th percentile of the age norm [13].

Molecular and immunological examination. To
study the role of pro-inflammatory markers in the
development of meta-inflammation in obesity in
children, the levels of TL-1B, IL-6 in blood serum
were determined in the certified Synevo laboratory
(Dnipro, Ukraine). Interleukin-1p was investigated
by immunochemical method with chemiluminescent
detection (CLIA). Analyzer and test system:
Immulite (Siemens AG), Germany. The reference
value was considered the level of IL-1B 0—5 pg/ml.
Interleukin-6 was determined by enzyme-linked
immunosorbent assay (ELISA) using a Cobas 6000/
Cobas 8000 kit provided by Roche Diagnostics
(Switzerland). The reference value was considered
the level of IL-6 1.5-7.0 pg/ml.

Molecular  genetic testing. To study the
contribution of CCK SNV variants to the formation
of MUO, a molecular genetic examination
was carried out using the method of new generation
whole genome sequencing (NGS) according
to the recommendations of The American College
of Medical Genetics and Genomics (ACMG) [9]
in 52 patients (31 children from the main group
and 21 controls) with venous blood sampling in a
certified CeGat laboratory (Tubingen, Germany)
using the Illumina CSPro® Certified service
provider platform.

Average amount of DNA (ug) in samples —
0.875. Library Preparation: Quantity used
50 ng. Library Preparation Kit: Twist Human Core
Exome plus Kit (Twist Bioscience). Sequencing
parameters: NovaSeq 6000; 2x100 bp. QC values of
sequencing, Q30 value: 96.07%.

Bioinformatics analysis. Bioinformatic analysis —
demultiplexing of the sequencing reads was
performed with Illumina bel2fastq (version 2.20).
Adapters were trimmed with Skewer, version 0.2.2
[18]. DNA-Seq: Trimmed raw reads were aligned
to the human reference genome (hg19-cegat)
using the Burrows—Wheeler Aligner, BWA —
mem version 0.7.17-cegat [17,25,26,28]. ABRA,
version 2.18 and GenotypeHarmonizer v.1.4.20
were used for local restructuring of readings in
target regions to improve more accurate detection
of indels in the genome during mutagenesis [8,32].

Reference sequence obtained from the National
Center for Biotechnology Information RefSeq
database [41].

Statistical ~ analysis. ~ Statistical ~ analysis
of the obtained results was carried out using
a package of application programs Statistica 6.1
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Table 1
Characteristics of SNV types of the CCK gene
Clinical
SNV - GnomAD Base P
D ’ Position _maxPOP Ref | Alt Consequence Change CADD | RawScore S|?é\||ifr|‘(‘:’z?)se
rs754635 | 42305131 NFE C | G | 5 prime_UTR intronic | ¢*.-9G>C | 3.98 0.08 No data
Notes: GnomAD _maxPOP — the frequency distribution of CCK mutations. NFE represent Non-Finnish European; Ref — reference allele; Alt — alternative

allele; Consequence — functional consequence of the variation in relation to the transcript. The nucleotide change and position relative to the coding sequence
of the affected transcript in HGVS nomenclature: ¢. CDS Position Reference Base &gt; Alternative Base. Example: ¢.223A>T (c.* — interpretation for DNA coding
sequence) [41]. This column is empty if the variant is intergenic; CADD — combined annotation dependent depletion

Table 2

The frequency of occurrence of major and minor variants of SNV rs754635
of the CCK gene in children with different obesity phenotypes

The frequency
of occurrence of
major and minor

The frequency of occurrence
of major and minor variants

The value of Student’s t-test
in Welch’s
modification

SNV options in healthy in patients with obesity (%)
individuals (%) [22]
Allelec | Allele MHO MUO | t | ts
G AlleleC | AlleleG | AlleleC | Allele G Allele G
15754635 |  76.9 23.1 10 90 16 84 1296~ | 1093 [ 127

Notes: * — Critical value of Student's t-test modified by Welch >1.97, at which the differences in the compared groups are significant, p<0.05; t1 — Student's test of
significance by allele G, modified by Welch in the comparison groups MHO and healthy individuals; to — Student's test of significance by allele G, modified by Welch
in the comparison groups MUO and healthy individuals; t3 — Student’s test of significance by allele G, modified by Welch in the MUO and MHO comparison groups.

(No AGAR909E415822FA) with help a personal
computer based on an Intel processor Pentium 4.
Depending on the test result, parametric and
nonparametric statistical methods were used.
Correlation analysis was used to analyze 100
indicators of clinical, laboratory-instrumental and
molecular genetic examinations in 252 children.
To assess the relationship between quantitative
traits, correlation analysis was used according to the
Pearson method, and between qualitative traits, a
non-parametric ranking method was used according
to Spearman’s analysis (r). Only essential ones were
taken into account connections (p<0.05).

Ethical approval. Participants provided written
informed consent, and research protocols and
procedures were approved according to the ethical
standards of the Helsinki Declaration 2013 and by
the Human Research Ethics Committee (ethical
approval DSMU/EC/19/1107). Time of data
collection: January 2020 — February 2023.

Informed consent: Informed consent was
obtained from all individual participants included
in the study.

Results of the research

As a result of complete genome sequencing in
children with obesity, we identified only one SNV
of the CCK gene, rs754635 (IVS1-7C>G). This
SNV is located at the intron 1/exon 2 border of
the CCK gene, which may lead to a change in the
splicing mechanism [22].

The molecular genetic characterization of SNV
rs754635 of the CCK gene is presented in Table 1.
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Associations of SNV rs754635 CCK gene with
obesity phenotypes in children. The frequency
of occurrence of SNV rs754635 of the CCK gene
in children with different obesity phenotypes is
presented in Table 2.

According to the data obtained, obese children
have a significantly higher frequency of the G allele
compared to individuals with physiological body
weight.

In children with the MHO phenotype,
the frequency of the mutated G allele for SNV
rs754635 of the CCK gene was significantly higher
(t=12.96; p<0.05), as in children with the MUO
phenotype (t=10.93; p<0.05), than the frequency
of this polymorphism among healthy persons.

According to the analysis, the frequency of
the G allele for SNV rs754635 of the CCK gene in
children with the studied obesity phenotypes was
not statistically significant (t=1.27, p<0.05).

Associations of CCK gene SNV rs754635
with inflammatory activity. According to
the results of correlation analysis, the level
of production of pro-inflammatory cytokines in
obese children did not depend on the SNV rs754635
genotype of the CCK gene.

Associations of SNV rs754635 of the CCK
gene with disorders of carbohydrate metabolism.
Correlation analysis showed the presence of a
relationship between SNV rs754635 of the CCK
gene and indicators of carbohydrate metabolism
in patients with the obesity MHO phenotype. It
was found that the presence of the G allele was
moderately associated with fasting hyperglycemia
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(r=0.44) and impaired carbohydrate tolerance
(r=0.33).

Associations of SNV rs754635 of the CCK gene
with lipid metabolism disorders. We have found
that the G SNV rs754635 allele of the CCK gene
in children with the MHO phenotype is inversely
related to the level of HDL-C in blood serum
(r=-0.58) and directly proportional to the
atherogenic index of the lipid spectrum (r=0.40) in
children with the MUO phenotype.

Discussion

According to the results of complete genome
sequencing, obese children, regardless of the obesity
phenotype, have a high frequency of occurrence
of SNV 15754635 of the CCK gene. Mariaelisa
Graft et al. [16] found an association of SNV
1s754635 of the CCK gene with BMI in adults.
According to the results of complete genome
sequencing, obese children, regardless of the obesity
phenotype, have a high frequency of occurrence of
SNV 1s754635 of the CCK gene. Mariaelisa Graff
et al. [16] found an association of SNV rs754635 of
the CCK gene with BMI in adults.

Of interest is the fact that patients with MHO
have higher serum levels of CCK and insulin
than those with the MUO phenotype [29].
In all likelihood, the lack of excitation of CCK-
associated signaling pathways is associated with
the development of metabolic disorders. We
have shown for the first time the association of
SNV 15754635 of the CCK gene with metabolic
disorders in obese children. Thus, carriers of the
G allele SNV 15754635 of the CCK gene with the
MHO phenotype are characterized by a moderate
tendency to fasting hyperglycemia and impaired
carbohydrate tolerance. It is known that an
increase in the production of the biologically active
form of CCK-8 in the duodenum reduces the level
of glucose secretion, regardless of the level of
insulin, the reduction of CCK-induced excitation
due to CCK deficiency or cholecystokinin
resistance may contribute to the occurrence
of hyperglycemia [4,7]. Introduction of CCK to
experimental animals reduces the level of glycemia,
stimulates proliferation and prevents apoptosis
of B-cells of the islets of Langerhans of the pancreas
[20,23,24].

Also, we have shown that in carriers of the
G allele SNV 15754635 of the CCK gene with the
MHO phenotype, a decrease in the concentration
of HDL-C is observed, and with the MUO
phenotype, a higher level of atherogenicity

of the blood serum lipid spectrum is characteristic.
Aditya ] Desai et al. [11] demonstrated that
a decrease in the activity of CCK-associated
signaling pathways correlates with elevated serum
triglyceride levels in individuals with normal
body weight and low concentrations of HDL-C
in patients with obesity and diabetes mellitus.
The authors suggest that these effects are due to a
decrease in CCK1R sensitivity due to an increase
in the level of cholesterol in the cell membrane in
obese patients. On the other hand, it has been shown
that CCK in experimental animals contributes
to hypercholesterolemia, hypertriglyceridemia as
a result of increased lipid reabsorption from the
intestinal lumen. The authors believe that CCK
stimulates the secretion of bile from the gallbladder
into the small intestine and the secretion of
lipases by the pancreas. Bile salts, by forming
amphipathic micelles, emulsify fats, allowing
pancreatic lipases to gain access to cholesterol
ester molecules. Hydrolysis of cholesterol esters
by lipases leads to the formation of free cholesterol
and fatty acids, which are absorbed by enterocytes
and transported to the peripheral bloodstream
[44,45]. Also, CCK stimulates the CD36 fatty
acid translocase, promoting fatty acid uptake by
duodenal enterocytes [10]. CCK gene knockout
(CCK-KO) mice show decreased activity of
Apo B48 chylomicron secretion, lipid transport to
the lymphatic system, and triglyceride uptake in
response tointraduodenal lipid administration [21].
The contradiction of the results of the study of the
effect of CCK on the lipid spectrum of peripheral
blood is probably due to the different strength of
the effect of CCK on the reabsorption of lipids from
the intestinal lumen and the process of absorption
of lipids by adipocytes of adipose tissue. It is known
that when entering the bloodstream, chylomicron
triglycerides are hydrolyzed to free fatty acids by
the action of lipoprotein lipase. Most of the released
fatty acids and all monoacylglycerols are directly
transported to the adipose tissue cells. Adrian
Plaza et al. [38] showed that CCK-8 reduces the
level of angiopoietin-like protein-4 (angiopoietin-
like protein-4 — ANGTPL-4), represses the
expression of ANGPTL-4 in white adipose tissue
and simultaneously increases the activity of
lipoprotein lipase, which promotes the release of
fatty acids and their absorption by target cells, in
particular adipocytes. In our opinion, carriers of
the G allele of SNV rs754635 probably have a lack
of biological activity of CCK peptides, which can
prevent both lipid reabsorption from the intestinal
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lumen and lipid accumulation in adipose tissue. It
is possible that CCK peptides in individuals with
the G allele of SNV rs754635 contribute more to
the reabsorption of lipids from the intestinal lumen
than to the absorption of lipids by adipocytes,
which leads to a violation of the lipid spectrum in
the blood serum.

Conclusions

The presence of the G allele SNV rs754635 of
the CCK gene in children is associated with the
development of obesity and metabolic disorders
induced by obesity.

The presence of the C allele SNV rs754635 of
the CCK gene prevents the formation of metabolic
disorders in children.

The rs754635 variants of the CCK gene are
associated with certain features of carbohydrate
and lipid metabolism in obese children. Children
with the CG/GG SNV r1s754635 genotype and
the MHO phenotype are characterized by a higher
level of basal hyperglycemia, fasting hyperglycemia
and impaired carbohydrate tolerance, and those
with the MUO phenotype have a high level of
atherogenicity.

Determination of the SNV rs754635 geno-
type of the CCK gene will make it possible
to predict the likelihood of obesity and to

REFERENCES /JIITEPATYPA

personalize the development trajectory of various
metabolic disorders associated with obesity in
children.

Acknowledgment. The author expresses his
sincere gratitude to the scientific consultant, head
of the Department of Pediatrics 1 and Medical
Genetics, Doctor of Medical Sciences, Honored
Worker of Science and Technology of Ukraine,
Professor Aleksandr Abaturov.

Funding. The work is a fragment of the research
work of the Department of Pediatrics 1 and
Medical Genetics of the Dnipro State Medical
University «Prediction of the development of
childhood diseases associated with civilization»
(No 0120U101324). The study was carried out
according to the budget program of the Code of
program classification of expenses and crediting
2301020 <«Scientific and scientific and technical
activities in the field of health care», funded by
the Ministry of Health of Ukraine from the state
budget. The funders had no role in study design,
data collection and analysis, decision to publish, or
preparation of the manuscript.

Data availability, The datasets used
and/or analyzed during the current study
are open from the corresponding author on
reasonable request.

No conflict of interests was declared by the author.

1. Abaturov A, Nikulina A. (2019). Genotype C/C 13910 of the
Lactase Gene as a Risk Factor for the Formation of Insulin-
Resistant Obesity in Children. Acta Medica (Hradec Kralove).
62 (4): 150-155. doi: 10.14712/18059694.2020.4.

2. Abaturov A, Nikulina A. (2021). Obesity in Children with
Leptin Receptor Gene Polymorphisms. Acta Medica (Hradec
Kralove). 64 (3): 158-164. doi: 10.14712/18059694.2021.27.

3. Alberti KG, Zimmet P, Kaufman F et al. (2007). The metabolic
syndrome in children and adolescents — an IDF consensus
report. Pediatr Diabetes. 8 (5): 299-306. doi:10.1111/j.1399-
5448.2007.00271.x.

4. Breen DM, Yue JT, Rasmussen BA et al. (2011, Dec). Duodenal
PKC-8 and cholecystokinin signaling axis regulates glucose
production. Diabetes. 60 (12): 3148-3153. doi: 10.2337/db11-
0852.

5. Cawthon CR, de La Serre CB. (2021, Apr). The critical role
of CCKintheregulation of foodintake and diet-induced obesity.
Peptides. 138: 170492. doi: 10.1016/j.peptides.2020.170492.

6. Chauhan W, Fatma R, Wahab A et al. (2022). Cataloging
the potential SNPs (single nucleotide polymorphisms)
associated with quantitative traits, viz. BMI (body mass index),
1Q (intelligence quotient) and BP (blood pressure): an updated
review. Egyptian JMed Hum Gen. 23: 57. doi: 10.1186/s43042-
022-00266-0.

7. Cheung GW, Kokorovic A, Lam CK et al. (2009, Aug). Intestinal
cholecystokinin controls glucose production through a
neuronal network. Cell Metab. 10 (2): 99-109. doi: 10.1016/j.
cmet.2009.07.005.

8. Deelen P, Bonder MJ, van der Velde KJ et al. (2014). Genotype
harmonizer: automatic strand alignmentandformatconversion
for genotype data integration. BMC Res Notes. 7: 901. doi:
10.1186/1756-0500-7-901

9. Deignan JL, Chung WK, Kearney HM et al. (2019). Points to
consider in the reevaluation and reanalysis of genomic test
results: a statement of the American College of Medical
Genetics and Genomics (ACMG). Genet Med. 21 (6): 1267
1270. doi: 10.1038/s541436-019-0478-1.

10. Demenis C, McLaughlin J, Smith CP. (2017, Sep 1). Sulfated
Cholecystokinin-8 Promotes CD36-Mediated Fatty Acid
Uptake into Primary Mouse Duodenal Enterocytes. Front
Physiol. 8: 660. doi: 10.3389/fphys.2017.00660.

11. Desai AJ, Dong M, Langlais BT et al. (2017, Aug).
Cholecystokinin responsiveness varies across the population
dependent on metabolic phenotype. Am J Clin Nutr. 106 (2):
447-456. doi: 10.3945/ajcn.117.156943.

12. Draznin B, Aroda VR, Bakris G etal. (2022). American Diabetes
Association Professional Practice Committee. 6. Glycemic
targets: Standards of Medical Care in Diabetes — 2022.
Diabetes Care. 45 (1): 83-96. doi: 10.2337/dc22-S006.

13. Elkins C, Fruh Sh, Jones L et al. (2019). Clinical Practice
Recommendations for Pediatric Dyslipidemia. Journal of
Pediatric Health Care. 33 (4): 494-504. doi: 10.1016/j.
pedhc.2019.02.009.

14. Flynn JT, Kaelber DC, Baker—-Smith CM et al. (2017, Sep).
Subcommittee on screening and management of high blood
pressure in children. Clinical Practice Guideline for Screening

22

ISSN 2663-7553 Modern pediatrics. Ukraine 5(133)/2023



Yntamrte Hac Ha cawuTi: http://medexpert.com.ua

OPUTTHAABHI AOCAIAKEHHSI

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

and Management of High Blood Pressure in Children
and Adolescents. Pediatrics. 140 (3): e20171904. doi: 10.1542/
peds.2017-1904.

Gibbs J, Young RC, Smith GP. (1973, Oct 12). Cholecystokinin
elicits satiety in rats with open gastric fistulas. Nature. 245
(5424): 323-325. doi: 10.1038/245323a0.

Graff M, Scott RA, Justice AE et al. (2017). Genome-wide
physical activity interactions in adiposity — A meta-analysis of
200,452 adults [published correction appears in PLoS Genet.
2017 Aug 23; 13 (8): €1006972]. PLoS Genet. 13 (4): €1006528.
Gunning AC, Fryer V, Fasham J et al. (2021, Aug). Assessing
performance of pathogenicity predictors using clinically
relevant variant datasets. J Med Genet. 58 (8): 547-555. doi:
10.1136/jmedgenet-2020-107003.

Hongshan J, Rong L, Shou-Wei D et al. (2014). Skewer: a fast
and accurate adapter trimmer for next-generation sequencing
paired-end reads. In BMC Bioinformatics. 15: 182. doi:
10.1186/1471-2105-15-182.

Ivy AC, Oldberg E. (1928). Hormone mechanism for gallbladder
contraction and evacuation. Am J Physiol. 86: 599-613. doi:
10.1152/ajplegacy. 1928.86.3.599.

Kim HT, Desouza AH, Umhoefer H et al. (2022, May).
Cholecystokinin attenuates B-cell apoptosis in both mouse
and human islets. Transl Res. 243: 1-13. doi: 10.1016/j.
trsl.2021.10.005.

King A, Yang Q, Huesman S et al. (2015, Nov 1). Lipid transport
in cholecystokinin knockout mice. Physiol Behav. 151:
198-206. doi: 10.1016/j.physbeh.2015.07.009.

Koefoed P, Woldbye DP, Hansen TO et al. (2010, Apr).
Gene variations in the cholecystokinin system in patients with
panic disorder. Psychiatr Genet. 20 (2): 59-64. doi: 10.1097/
YPG.0b013e32833511a8.

Kuntz E, Pinget M, Damgé P. (2004, Nov 10). Cholecystokinin
octapeptide: a potential growth factor for pancreatic beta cells
in diabetic rats. JOP. 5 (6): 464-475. PMID: 15536283.

Lavine JA, Kibbe CR, Baan M et al. (2015, Nov 15).
Cholecystokinin expression in the B-cell leads to increased
B-cell area in aged mice and protects from streptozotocin-
induced diabetes and apoptosis. Am J Physiol Endocrinol
Metab. 309 (10): E819-28. doi: 10.1152/ajpendo.00159.2015.
Li H, Durbin R. (2009). Fast and accurate short read alignment

with  Burrows-Wheeler transform. Bioinformatics. 25
(14): 1754-1760. doi: 10.1093/bioinformatics/btp324.
Little J, Higgins JP, loannidis JP et al. (2009, Nov).

STrengthening the REporting of Genetic Association Studies.
STrengthening the REporting of Genetic Association Studies
(STREGA): An Extension of the STROBE Statement. Genet
Epidemiol. 33 (7): 581-598. doi: 10.1002/gepi.20410.

Livesey BJ, Marsh JA. (2020, Jul). Using deep mutational
scanning to benchmark variant effect predictors and identify
disease mutations. Mol Syst Biol. 16 (7): €9380. doi: 10.15252/
msb.20199380.

Mahmood K, Jung CH, Philip G et al. (2017, May 16). Variant
effect prediction tools assessed using independent, functional
assay-based datasets: implications for discovery and
diagnostics. Hum Genomics. 11 (1): 10. doi: 10.1186/s40246-
017-0104-8.

Mesgari-Abbasi M, Abbasalizad Farhangi M. (2020, Jan-
Mar). Serum concentrations of cholecystokinin, peptide YY,
ghrelin and high sensitive C-reactive protein in association
with metabolic syndrome ingredients in obese individuals.
Acta Endocrinol (Buchar). 16 (1): 37-42. doi: 10.4183/
aeb.2020.37.

Miller LJ, Harikumar KG, Wootten D et al. (2021, Jun 2). Roles
of Cholecystokinin in the Nutritional Continuum. Physiology

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

M.

42.

43.

44,

45.

and Potential Therapeutics. Front Endocrinol (Lausanne). 12:
684656. doi: 10.3389/fendo.2021.684656.

Miyasaka K, Takiguchi S, FunakoshiA. (2007). Cholecystokinin
1A receptor polymorphisms. Curr Top Med Chem. 7 (12):
1205-1210. doi: 10.2174/156802607780960465.

Mose LE, Wilkerson MD, Hayes DN et al. (2014). ABRA:
improved coding indel detection via assembly-based
realignment. Bioinformatics. 30 (19): 2813-2815. doi: 10.1093/
bioinformatics/btu376.

Onis M, Onyango AW, Borghi E, Siyam A, Nishida C,
Siekmann J. (2007). The WHO reference for children aged
5-19 years is: de Onis M, Onyango A.W., Borghi E., Siyam A.,
NishidaC.,SiekmanndJ.DevelopmentofaWHOgrowthreference
for school-aged children and adolescents. Bulletin of the
World  Health  Organization. 85: 660-667. URL:
http://www.who.int/growthref/growthref_who_bull/en/index.
html. Accessed 18 May 2023.

Pathak V, Flatt PR, Irwin N. (2018, Feb). Cholecystokinin
(CCK) and related adjunct peptide therapies for the treatment
of obesity and type 2 diabetes. Peptides. 100: 229-235. doi:
10.1016/j.peptides.2017.09.007.

Peplies J, Bornhorst C, Gunther K et al. (2016, Sep 2).
IDEFICS consortium. Longitudinal associations of lifestyle
factors and weight status with insulin resistance (HOMA-IR)
in preadolescent children: the large prospective cohort study
IDEFICS. Int J Behav Nutr Phys Act. 13 (1): 97. doi: 10.1186/
512966-016-0424-4.

Phung HM, Jang D, Trinh TA et al. (2022, Jul). Regulation of
appetite-related neuropeptides by Panax ginseng: A novel
approach for obesity treatment. J Ginseng Res. 46 (4): 609-
619. doi: 10.1016/j.jgr.2022.03.007.

Plaza A, Merino B, Cano Vet al. (2018, Mar). Cholecystokinin is
involved in triglyceride fatty acid uptake by rat adipose tissue.
J Endocrinol. 236 (3): 137-150. doi: 10.1530/JOE-17-0580.
RefSeq. (2023). NCBI Reference Sequence Database. URL:
https://www.ncbi.nlm.nih.govrefseq. Accessed 18 May 2023.
Rehfeld JF. (2017, Apr 13). Cholecystokinin-From Local
Gut Hormone to Ubiquitous Messenger. Front Endocrinol
(Lausanne). 8: 47. doi: 10.3389/fendo.2017.00047.

Rehfeld JF. (2021, Mar). Cholecystokinin and the hormone
concept. Endocr Connect. 10 (3): R139-R150. doi: 10.1530/
EC-21-0025.

Rehfeld JF. (2021, Sep 17). Cholecystokinin and Panic
Disorder: Reflections on the History and Some Unsolved
Questions. Molecules. 26 (18): 5657. doi: 10.3390/
molecules26185657.

Richards S, Aziz N, Bale Setal. (2015, May). ACMG Laboratory
Quality Assurance Committee. Standards and guidelines for
the interpretation of sequence variants: a joint consensus
recommendation of the American College of Medical Genetics
and Genomics and the Association for Molecular Pathology.
Genet Med. 17 (5): 405-424. doi: 10.1038/gim.2015.30.
Steinert RE, Feinle-Bisset C, Asarian L et al. (2017, Jan).
Ghrelin, CCK, GLP-1, and PYY (3-36): Secretory Controls and
Physiological Roles in Eating and Glycemia in Health, Obesity,
and After RYGB. Physiol Rev. 97 (1): 411-463. doi: 10.1152/
physrev.00031.2014. Erratum in: Physiol Rev. 2017 Jul 1; 97
(3): 1229.

Zhou L, Yang H, Lin X et al. (2012). Cholecystokinin elevates
mouse plasma lipids. PLoS One. 7 (12): e51011. doi: 10.1371/
journal.pone.0051011.

Zhou L, Yang H, Okoro EU et al. (2014, May 9). Up-regulation
of cholesterol absorption is a mechanism for cholecystokinin-
induced hypercholesterolemia. J Biol Chem. 289 (19): 12989
12999. doi: 10.1074/jbc.M113.534388.

Binomocri npo aBropiB:
Hikynina AHHa OnekciiBHa — K.MeA.H., Aou. kad. neaiatpii 1 Ta MeanyHoi reHeTukn JHinposcbkoro MY, npeactasHuk BYJIT B EBponeiichbKili crinui MeauyHnx cneujanicTis
(U.E.M.S.) MynbTuamcumnaiHapHoro 06’eaHaHoro KOMITeTy 3 piAKiCHMX Ta HeAjarHOCTOBaHUX 3axBOpPIOBaHb, M. [IHiNpo, YkpaiHa. Agpeca: M. [iHinpo, Byn. B. BepHaacbkoro,
9. https://orcid.org/0000-0002-8617-9341.

CrarTs Hagjnwna oo pepakuii 06.06.2023 p., npuiinsaTa oo apyky 06.09.2023 p.

ISSN 2663-7553 Cyuacna nexiatpis. Ykpaina 5(133)/2023

23



