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Taste impairment in obese children:
genetic aspects of reception

Abstract. Background. Numerous single nucleotide variants (SNV) of the taste 2 receptor member 38 (TAS2R38)
gene determine the formation of individual characteristics of bitter taste perception. The aim: to study the asso-
ciation of SNV rs10246939, rs1726866, rs713598 of the TAS2R38 gene with the risk of metabolically unhealthy
obesity (MUQ) in children. Materials and methods. Four hundred children aged 6-18 years were examined, of
which 350 with obesity were treated. The control group was represented by 50 children without obesity. Among
obese children, two observation subgroups were formed: MUO (n = 204) and metabolically healthy obesity (MHO)
(n = 146). The level of taste preferences was determined by the FBPQ. The level of basal glycemia, insulinemia
was studied by immunochemical method with electro chemiluminescent detection, high-density lipoproteins and tri-
glycerides — by enzymatic-colorimetric method in the Synevo (Ukraine). SNVs of the TAS2R38 gene were identified
by whole-genome next-generation sequencing in 52 patients at the CeGat laboratory (Germany). Results. The mean
levels (M + m) of taste preferences in the comparison groups according to the FBPQ were significantly different for
sweet (in obese children — (3.36 + 0.08) points, while in the control group (3.74 + 0.07) points, p < 0.002) and bitter
tastes (in obese children it was (2.77 + 0.15) points, while in the control group (3.37 + 0.15) points, p < 0.00013).
The mean levels of taste preferences in children with MUO compared to those with MHO were significantly different
for bitter tastes — (2.75 + 0.12) points versus (3.24 + 0.05) points, respectively, p < 0.02. We identified four SNVs
in the TAS2R38 gene: rs713598, rs1726866, rs10246939, rs145970530. Conclusions. CG genotype of rs713598
in the TAS2R38 gene is associated with an increased risk of developing MUQ and cardiometabolic disorders.
Keywords: children; obesity; single nucleotide variants; taste 2 receptor member 38

Intfroduction The interaction of TASIR family proteins determines the

The recognition of the five basic tastes (salty, sour, sweet,
umami, and bitter) is carried out by special taste receptors
(taste receptors — TASR) located on the cytoplasmic mem-
branes of the taste papilla cells of the tongue. The reception
of sweet, umami, and bitter tastes is mediated by G pro-
tein-coupled receptors (GPCRs), while the recognition of
salty and sour tastes is mediated by specialized ion channels
[1, 2]. Taste buds contain three types of taste epithelial cells.
Type I is represented by glial-like cells, type II by receptor
cells, and type I11 by presynaptic epithelial cells. Type 11 and
111 taste epithelial cells mediate the transmission of speci-
fic tastes. Type 1l cells express receptors related to GPCRs,
while type 111 cells contain specialized ion channels [3].

TASR receptor genes, which are related to GPCRs, form
two families: taste receptor family 1 (TAS1R) and taste re-
ceptor family 2 (TAS2R). The TAS1R family consists of three
genetic representatives TAS1R1, TAS1R2 and TAS1R3 [4, 5].

recognition of L-amino acids. Thus, the TASIR1/TAS1R3
receptor complex recognizes the taste of umami; and the
TAS1R2/TAS1R3 complex recognizes the taste of sweet.
TAS2R receptors are responsible for the perception of bitter
taste. In humans, 25 genes and 8 pseudogenes of TAS2R have
been identified [5—7].

Bitter taste perception plays an extremely important role
in the eating behavior of humans and animals. It is believed
that bitter taste is a marker of food toxins, and its recognition
allows you to avoid the consumption of harmful foods. It has
been established that the perception of bitter taste is involved
in the formation of food preferences, affects metabolic pro-
cesses and the development of adipose tissue. Numerous
variants of the TAS2R genes determine the formation of
individual characteristics of the perception of bitter taste,
which can lead to the development of both obesity and its
various phenotypes, especially in children [6—11].
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Obesity is highly associated with the development of
low-level inflammation and metabolic disorders, such as insu-
lin resistance, diabetes, dyslipidemia, atherosclerosis, arterial
hypertension, vitamin D deficiency. Currently, two pheno-
types are distinguished among cases of polygenic obesity with
an increase in total body weight: the first is characterized by
the absence of metabolic disorders and is called metaboli-
cally healthy obesity (MHO), and the second, associated
with metabolic complications of obesity, is known as meta-
bolically unhealthy obesity (MUO). In contrast to the MHO
phenotype, which is mainly caused by changes in the activity
of genes expressed in the brain (“central” genes), the MUO
phenotype is caused by changes in genes, most of which are
expressed in peripheral tissues (“peripheral” genes) [12—14].

It has been established that eating behavior features, dy-
namic changes in total body weight and adipose tissue mass
are associated with single nucleotide variants (SNV) of bitter
taste receptor genes, in particular, the TAS2R3§ gene (taste 2
receptor member 38) along with other SNVs of the following
genes: 5-HT2C, ACSL5, ADIPOQ, APOA-1, APOE, BDNF,
CAMKK?2, CAT, CD36, CD40L, CG, CLOCK, CNRI, DIO2,
ESRI, FABP-2, FKBPS, FTO, GCHI, GHRL, GHSR, GLP-
IR, IL-6, LEP223, LEP656, LYPAL-1, MBOAT7, MC4R,
NPY, OBPIla, PGCla, PNPLA3, PTEN, TCF7L2, TM6SF2,
TRPVI, UCP2, UCP3[15—17].

To date, it has been demonstrated that the SNV of the
“peripheral” type of the TAS2R3§ gene is associated with
the level of body mass index (BMI) in obese patients. The
risk of developing MUO is highly associated with the SNV
rs1726866 (G>A) of the TAS2R38 gene, and BMI is inversely
related to the level of taste perception of bitter foods [18—20].

However, studies related to the study of the relationships
between SNVs of the TAS2R38 gene with taste preferences
and indicators of physical development demonstrate rather
contradictory results.

The aim. The aim was to study the association of SNV
1rs10246939, rs1726866, rs713598 of the taste 2 receptor mem-
ber 38 gene with the risk of developing metabolically un-
healthy obesity in children.

Materials and methods

Ethical approval. Participants provided written informed
consent, and research protocols and procedures were ap-
proved according to the ethical standards of the Declaration
of Helsinki 2013 and by the Human Research Ethics Com-
mittee (ethical approval DSMU/EC/19/1107). Time of data
collection: January 2020 — February 2024.

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

Study design. Observational, analytical, longitudinal, co-
hort study [21].

Inclusion criteria. Polygenic obesity (BMI > 95 percen-
tile), age 6—18 years.

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

Setting. To achieve the goal and solve the research tasks,
we examined 400 children aged 6—18 years, of which 350
children with obesity were treated. To verify the diagnosis,

the classification of obesity recommended in clinical prac-
tice was used: 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 control group
was represented by 50 children without obesity.

Among obese children, whose body mass index excee-
ded the 95 percentile according to the recommendations
of the Identification and prevention of Dietary and life-
style-induced health EFfects In Children and infantS Study
(IDEFICS) consortium with a gender distribution of 47.7 %
(167) boys and 52.3 % (183) girls, two observation groups
with MUO (n = 204) and MHO (n = 146) were separated.

Criteria for inclusion in the MUO group. The presence of
abdominal obesity [22] and two of the following criteria (hy-
perglycemia and/or hyperinsulinemia; dyslipidemia; systolic
blood pressure (SBP) and diastolic blood pressure (DBP)
above the 90 percentile for a given age, gender and height [23].
Anthropometric data were measured by a nurse in the ad-
mission 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 mea-
sured 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. BMI was converted to SDS by means of the current
WHO growth references [24]. Systolic and diastolic blood
pressure (SBP and DBP) were measured using a digital oscil-
lometer device, Dinamap ProCare (GE Healthcare).

Immunochemical examination

The studies were carried out in a certified Synevo la-
boratory (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 immu-
nochemical testing with electro chemiluminescent 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 > 90 percen-
tile according to the percentile curves recommended by the
IDEFICS consortium for the European population accor-
ding to age and gender of the child [25, 26].

To study lipid metabolism disorders, the level of high-den-
sity lipoproteins (HDL-C), low density lipoproteins (LDL-C)
and triglycerides (TG) was determined by the enzymatic-colo-
rimetric method using kits from Roche Diagnostics (Switzer-
land) on the analyzer Cobas 6000. Obese children were inclu-
ded in the main group with HDL-C < 1.03 mmol/L or less than
10 percentile of the age norm or an increase in > 1.7 mmol/L or
more than the 90 percentile of the age norm [27].

Psychological research methods

To highlight the predominant taste preferences for the
five most important categories (sweet, sour, umami, salty
and bitter), a questionnaire was conducted using an adapted
version of the IDEFICS Food and Beverage Preferences
Questionnaire (FBPQ) on a 5-point scale with the calcula-
tion of the average value of the taste preference level and the
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analysis of food diaries. The questionnaire consisted of 63
photographs of individual food products. Each subject rated
his/her own taste preferences for the corresponding food or
beverage on a 5-point Likert scale [28].

Molecular genetic testing

To study the contribution of SNV of the TAS2R38 gene
to the formation of MUQ, a molecular genetic study was
carried out using next generation whole genome sequencing
(NGS) according to the recommendations of the American
College of Medical Genetics and Genomics (ACMG) [29] 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 was 0.875. Li-
brary preparation: quantity used 50 ng. Library preparation
kit: Twist Human Core Exome plus Kit (Twist Bioscience).
Sequencing parameters: NovaSeq 6000; 2 X 100bp. QC va-
lues of sequencing, Q30 value: 96.07 %.

Bioinformatics analysis

Bioinformatic analysis — demultiplexing of the sequencing
reads was performed with Illumina bcl2fastq (version 2.20).
Adapters were trimmed with Skewer, version 0.2.2 [30];
DNA-Seq: trimmed raw reads were aligned to the human
reference genome (hgl9-cegat) using the Burrows-Wheeler
Aligner, BWA-mem version 0.7.17-cegat [31—34].

ABRA, version 2.18 and Genotype Harmonizer 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 [35, 36].

Reference sequence obtained from the National Center
for Biotechnology Information RefSeq database [37].

Statistical analysis

Statistical analysis of the obtained results was carried
out using a package of application programs Statistica 6.1
(No. AGAR909E415822FA) with help a personal computer
based on an Intel processor Pentium 4 and using the Python
v3.11.5 programming language (https://www.python.org/
downloads). The statistical hypothesis testing method was

performed in the Python software package version 3.8.10 in
the Visual Studio Code integrated development environment
version 1.81.1. The assessment of the significance of the dif-
ference in means in multiple comparisons for quantitative
traits with a normal distribution was carried out using one-
way analysis of variance (ANOVA) with posterior pairwise
comparisons using the Tukey test. Only essential ones were
taken into account connections (p < 0.05).

Results

The age distribution of patients with polygenic obesi-
ty who participated in the survey was characterized by the
following features: the proportion of children 6—10 years
old (prepubertal period) was 5.6 %, 11—14 years old (early
puberty) — 50 %, 15—18 years old (late puberty) — 44.4 %.
The MUO phenotype was recorded in 58.3 % of the obese
children we examined. In the MUO group, the average age
of children was (12.06 *+ 0.24) years, and the gender distri-
bution was 50.9 % boys and 49.1 % girls (p > 0.05). In the
MHO group, the average age of the children presented was
(10.71 £ 0.28) years, and the gender distribution was 45 %
boys and 55 % girls (p < 0.05).

Clinical and paraclinical characteristics of children with
different obesity phenotypes are presented in Table 1.

When studying the levels of taste preferences in the
comparison groups according to the FBPQ questionnaire,
the average level (M £ m) of taste preferences for sweet in
obese children was (3.36 + 0.08) points, while in the control
group — (3.74 = 0.07) points, p < 0.002. The average level
of taste preferences for salty taste in the main observation
group was (2.95 = 0.03) points, and in the control group —
(3.28 = 0.04) points, p < 0.029. The average level of taste
preferences for bitter in obese children was (2.77 £ 0.15)
points, while in the control group — (3.37 = 0.15) points,
p < 0.00013. The average level of taste preferences for sour
and umami among obese and normal weight children did not
have a significant difference (Fig. 1).

When studying the levels of taste preferences in different
obesity phenotypes according to the five main taste moda-
lities, significant differences were noted for salty and bitter
taste. The average level of taste preferences for sweet in chil-
dren with MUO was (3.40 + 0.07) points, while in the MHO

Table 1 — Clinical characteristics of patients with obesity phenotypes, M =+ m

. MUO MHO Probability,
Indicator (n = 204) (n = 126) P
BMI, percentile 99.54 + 0.21 98.74 + 0.29 0.12
Presence of extreme obesity stage 2
(120-139 % above the 95 percentile), % 19.00 £ 3.92 16.10 £ 3.68 0.06
Presence of extreme obesity stage 3
(140 % above the 95 percentile), % 32.30 + 4.66 0 0.00001
Waist circumference, percentile 96.65 + 0.42 93.38 £ 0.82 0.0004
Systolic blood pressure, percentile 83.77 = 3.05 71.38 = 3.96 0.014
Diastolic blood pressure, percentile 87.48 +2.75 66.33 + 4.09 0.0006
High-density lipoprotein cholesterol, percentile 30.83 + 4.04 32.81 +2.79 0.68
Triglycerides, percentile 87.70 + 2.28 80.33 + 3.63 0.04
Fasting blood glucose, mmol/L 4.15 +0.37 3.36 = 0.48 0.2
Basal insulin, yU/mL 29.47 £ 1.14 12.53 + 1.44 0.00001
Tom 59, N2 3, 2025 www.gastro.org.ua, https://gastro.zaslavsky.com.ua 51
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Figure 1 — Average level of taste preferences (points)
in children with obesity and physiological body
weight: 1 — sweet taste; 2 — sour taste; 3 — salty
taste; 4 — umami taste; 5 — bitter taste

group it was (3.28 £ 0.08) points, p > 0.05. The average level
of taste preferences for sour taste in the MUO phenotype
was (3.64 £ 0.06) points, and in the MHO phenotype it was
(3.50 £ 0.05) points, p > 0.05. The average level of taste pre-
ferences for salty taste in the MUO group was (3.08 £ 0.06)
points, and in the MHO group it was (3.28 * 0.04) points,
p = 0.05. The average level of taste preferences for uma-
mi in the MUO group was (3.75 £ 0.06) points, and in the
MHO group — (3.84 £ 0.05) points, p > 0.05. The average
level of taste preferences for bitter in children with MUO
was (2.75 + 0.13) points, while in the control group —
(3.24 £ 0.10) points. In children with MUQ, the level of
taste preferences for this taste modality was lower compared
to the group of children with MHO (t = 2.39; p = 0.022;
critical value t = 2.023), Fig. 2.

As a result of the study, in sick children with obesity,
we identified four SNVs of the TAS2R38 gene: rs1726866,
rs713598, rs145970530, rs10246939; the level of CADD
(GRCh37-v1.7) in which is 16.45, 14.97, 5.55, 5.38, respec-
tively (Fig. 3, Table 2).

Figure 2 — Average level of taste preferences (points)
in children with MUO and MHO: 1 — sweet taste;
2 — sour taste; 3 — salty taste; 4 — umami taste;
5 — bitter taste

rs145970530

rs713598  rs10246939 rs1726866

| mWHOMN ®WHET mHOMP |

Notes: HOM N — homozygous variant (absence of nu-
cleotide substitutions); HET — heterozygous variant
(single allelic single nucleotide substitution); HOM P —
homozygous variant (biallelic single nucleotide substi-
tution).

Figure 3 — The frequency of occurrence of SNV
TAS2R38 gene (%) in children with obesity

Table 2 — Characteristics of SNV types of the TAS2R38 gene

CADD Clinical
. GnomAD Conse- Base Raw- eyt
SNV, ID Position -~ | Ref | Alt (GRCh37- significance
maxPOP quence change v1.7) Score (ClinVar)
No data submitted
rs145970530 |141673074 EAS T | C | Missense |g.5500A>G 5.55 0.29 | for somatic clinical
impact
No data submitted
rs713598* 141673345 EAS C G | Missense | ¢.145G>C 14.97 1.55 | for somatic clinical
impact
No data submitted
rs10246939 141672604 EAS T C | Missense | c.886A>G 5.38 0.27 | for somatic clinical
impact
rs1726866 141672705 SAS G | A | Missense | c.785C>T 16.45 1.91 Benign

Notes: GnomAD_maxPOP — the frequency distribution of TAS2R38 mutations; EAS, SAS — East Asian, South
Asian population groups; Ref — reference allele; Alt — alternative allele; Consequence — functional conse-
quence of the variation in relation to the transcript. The nucleotide changes and position relative to the coding
sequence of the affected transcript in HGVS nomenclature: c. CDS Position Reference Base &gt; Alternative
Base. Example: ¢.223A>T (c. — interpretation for DNA coding sequence). This column is empty if the variant is
intergenic; CADD — combined annotation dependent depletion; * — SNV TAS2R38 are associated with MUO;
GRCh37-v1.7 — Genome Reference Consortium Human Build 37.
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The frequency of the CG rs713598 genotype of the
TAS2R38 gene in the MUO group (OR 1.75; 95% CI 1.1—
6.35) was 1.75 times significantly higher than in the MHO
group, p < 0.05.

Discussion

Numerous genes are involved in the perception of bitter
taste in humans (Table 3), but the TAS2R16 and TAS2R38
receptor genes play the greatest role [38].

The human TAS2R38 gene is located on the long arm
of chromosome 7, q34. The TAS2R38 gene is 1143 nucleo-
tide pairs long, contains one exon and has no introns. The

Table 3 — Characteristics of human genes
of the TAS2R family [6]

Gere GRGRTViY) | length | #Codons
TAS2R1 5:9629109-9630463 1355 300
TAS2R3 7:141463897-141464997 1101 317
TAS2R4 7:141478242-141479235 994 300
TAS2R5 7:141490017-141491166 1150 300
TAS2R7 12: 10954131-10955226 1096 319
TASZR8 12: 10958650-10959892 1243 310
TASZ2R9 12: 10961693-10962767 1075 313
TAS2R10 12: 10977916-10978957 1042 308
TAS2R13 12: 11060525-11062161 1637 304
TAS2R14 12:11090005-11091862 1858 318
TASZ2R16 | 7:122634759-122635754 996 292
TAS2R19 12: 11174218-11175219 1002 300
TAS2R20 12: 11149094-11150474 1381 310
TAS2R30 12:11285557-11287243 1687 320
TAS2R31 12: 11182986-11184006 1021 310
TAS2R38 | 7:141672431-141673573 1143 334
TAS2R39 | 7:142880512-142881528 1017 339
TASZ2R40 | 7:142919130-142920162 1033 324
TASZ2R41 | 7:143174966-143175889 924 308
TAS2R42 12: 11338599-11339543 945 315
TAS2R43 N/a N/a N/a
TAS2R45 N/a N/a N/a
TAS2R46 12: 11213964-11214893 930 310
TAS2R50 12: 11138512-11139511 1000 300
TAS2R60 | 7:143140546-143141502 957 319
TAS2R2P 7:12530721-12531630 910 ~303
TASZ2R12P | 12:11047542-11048481 940 ~313
TASZ2R15P | 12:11117024-11117951 928 ~309
TAS2R18P | 12:11311375-11312293 919 ~303
TAS2R62P | 7:143134127-143135066 940 ~313
TASZ2R63P | 12:11200931-11201855 925 ~308
TASZ2R64P | 12:11229915-11230841 927 ~309
TAS2R67P | 12:11332272-11333061 790 ~ 263

Note. N/a — not available.

TAS2R38 gene encodes a seven-membrane G-protein-cou-
pled receptor. The TAS2R38 protein consists of 333 ami-
no acid residues [9, 39]. The most common SNVs of the
TAS2R38 gene are rs713598 G>C (A49P), rs1726866 T>C
(V262A) and rs10246939 T>C (1296V) (Fig. 4), which de-
termine the diversity of taste sensitivity to phenylthiocar-
bamide (PTC), 6-n-propylthioutacyl (PROP) and chemi-
cally similar chemicals containing a thiourea fragment
(N-C =15) [40].

Alleles encoding the presence of proline, alanine, and
valine residues at positions 49 (Pro49), 262 (Ala262), and
295 (Val295), respectively, of the amino acid sequence of
the TAS2R38 bitter taste receptor molecule, are associated
with the presence of functional activity of the receptor; and
alleles encoding the presence of alanine, valine, and isoleu-
cine residues at positions 49 (Ala49), 262 (Val262), and 295
(Ile 296), respectively, of the amino acid sequence of the
TAS2R38 bitter taste receptor molecule, are associated with
the absence of functional activity of the receptor [41]. The
molecular model of the TAS2R38 bitter taste receptor protein
is shown in Fig. 5.

The functionally active dominant haplotype, designated
by the first letters of the associated amino acid residues in
the bitter taste receptor protein TAS2R38, is called PAV,
and the non-functional recessive haplotype is called AVI.
PAV/PAV homozygotes have a high sensitivity to the bitter
taste PTC/PROP and have a phenotype known as the su-
per-taster phenotype, while AVI/AVI homozygotes are the
least sensitive to bitter taste (non-taster) [43]. Interestingly,
the super-taster phenotype in adults is associated with hig-
her alcohol consumption (OR = 5.15; 95% CI [2.66, 9.98];
p < 0.001) and tobacco smoking (OR = 1.73; 95% CI [1.24,
2.42]; p=0.001) [41].

rs713598

.

rs1726866 rs10246939

A .

Figure 4 — Location of SNV of the TAS2R38 gene

Figure 5 — Molecular structure of the bitter taste
receptor protein TAS2R38 [42]
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Notes: ligand interaction with the bitter taste receptor TAS2R38 leads to the dissociation of heterotrimeric GTP-
coupled G-proteins, such as a-gustducin, B-, y-protein. G-proteins subsequently activate membrane-bound
phospholipase CB2 (PLCP2), which converts phosphatidylinositol 4,5-bisphosphate (PIP2) to diacylglyceride
(DAG) and inositol-1,4,5-triphosphate (IP3). In turn, IP3 binds to its cognate receptor, which is located in the
endoplasmic reticulum (ER) membrane, and induces the influx of calcium ions (Ca*) into the cytoplasm of the cell.
Ca* ions and DAG activate transient receptor potential melastatin channel subtype 5 (TRPM5), causing activation
of voltage-gated Na* channels (VGNC) and, subsequently, due to the influx of sodium ions (Na*) into the cell
from the extracellular space — calcium homeostasis modulators CALHM1/CALHMS3. Activation of the CALHM1/
CALHM3 modulators induces the release of ATP, which excites purinergic receptors on afferent nerve fibers and
causes the sensation of bitter taste [9].

Figure 6 — Intracellular signaling pathways associated with the bitter taste receptor TAS2R38 [7, modification]

Simone Perna et al. [44] demonstrated that in body-
positive people, the frequency of occurrence of the CC, GG
and CG genotypes of SNV rs713598 of the TAS2R3§ gene is
20.3, 29.7 and 50.0 %, respectively. At the same time, bio-
chemical parameters and body composition markers did not
differ between subjects with different genotypes. The shown
distribution of SNV rs713598 genotypes of the TAS2R3§ gene
practically coincides with the results of our study. Adult car-
riers of the minor allele C of SNV rs713598 of the TAS2R38
gene are characterized by a higher threshold for perception
of bitter taste and prefer high-energy foods, such as beer, oil
and dried meat [45].

According to our study results, the heterozygous genotype
of the CG pathogenic variant rs713598 of the TAS2R38 gene
was highly associated with the development of metabolically
unhealthy obesity [45]. Also, Hae Young Kim and Jeong-
Hwa Choi demonstrated that among the Korean popula-
tion, obesity is associated with the SNV genotypes rs713598,
rs1726866 and rs10246939 of the TAS2R38 gene, which are
associated with a decrease in the perception of bitter taste.
In contrast, there is evidence that obesity is accompanied by
a significant increase in the expression of TAS2R38 RNA in
gastric mucosal epithelial cells [46]. At the same time, Mo-
hammad K. Shushari et al. [20] showed that SNVs rs713598,
rs1726866, 1s10246939 of the TAS2R38 gene are not asso-
ciated with body fat mass. Currently, there is no data in the
literature regarding the somatic clinical impact of the SNV
rs145970530 of the TAS2R3S gene.

It is possible that the change in the structure of the
TAS2R38 protein, caused by the presence of an alanine resi-
due at position 49, differently affects the activity of intracel-
lular signaling pathways in different cell types. It is known
that activation of the TAS2R38 receptor leads to disruption
of intracellular signaling pathways that cause the sensation
of bitter taste and regulate numerous metabolic processes,
including lipid metabolism (Fig. 6).

It has been established that TAS2R is expressed not
only by taste bud cells, but also by other extraoral cells,
including adipocytes of adipose tissue, which allows us to
assume that TAS2R is involved in the regulation of adipo-
genic processes. It has been shown that bitter substances
induce adipogenesis, and mutations in bitter taste receptor
genes are accompanied by inhibition of the differentiation
activity of precursor cells into mature adipocytes. In obese
people, increased expression of the TAS2R3§ gene in adi-
pocytes is observed, which is associated with adipocyte
hypertrophy and the development of adipocyte pathology
[40, 46—50].

Raffaella Cancello et al. [51] studied the expression of
the TAS2R38 gene in subcutaneous adipose tissue (SAT)
and visceral adipose tissue (VAT) adipose tissue from 32
obese and 18 lean individuals, in whom the SNV rs713598
was identified. The authors demonstrated that the level of
TAS2R38 mRNA concentration was significantly higher in
both SAT and VAT adipocytes from obese individuals. The
level of TAS2R38 mRNA expression was not associated with
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Mutated protein
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Obesity and the development of metabolic disorders

Figure 7 — The influence of the CG rs713598
genotype of the TAS2R38 gene on the development
of metabolically unhealthy obesity

SNV rs713598. It was found that bitter agonists induce sig-
nificant delipidating and inhibit lipid accumulation activity
in differentiated adipocytes.

We believe that the disruption of the functional activity
of the TAS2R38 receptor, which is caused by a change in the
amino acid sequence due to the presence of SNV rs713598,
is accompanied by a deviation of intracellular signaling path-
ways in adipocytes, which leads to increased lipid accumu-
lation and the occurrence of metabolic disorders (Fig. 7).

Conclusions

Thus, a decrease in taste preferences for sweet, salty and
bitter foods is associated with the formation of obesity in
children, and de-escalation of preferences for bitter and salty
foods is characteristic of children with a metabolically un-
healthy phenotype.

A feature of the structure of obesity phenotypes among
the children we examined is the prevalence of the MUO
phenotype (58.3 %) by 1.4 times, which emphasizes the need
to introduce preventive measures in this target group aimed
at stratifying cardiometabolic risk.

The contribution of SN'Vs of the salt taste receptor gene
(transient receptor potential cation channel subfamily V
member 1) requires further study among children with dif-
ferent obesity phenotypes.

SNVs of the bitter taste receptor genes determine the
trajectory of body fat development. Four SNVs (rs713598,
rs1726866, rs10246939, rs145970530) of the bitter taste re-
ceptor gene TAS2R38 have been identified in obese children.
The single nucleotide variant rs713598 is associated with the
development of a metabolically unhealthy obesity phenotype.
The CG genotype rs713598 of the TAS2R3§ gene is associated
with an increased risk of developing cardiometabolic disorders.

It is likely that the synthesis of the mutated protein of
the bitter taste receptor TAS2R38 leads to impaired lipid
metabolism, contributing to excessive accumulation of lipids
in adipocytes.

References

1. Taruno A, Nomura K, Kusakizako T, et al. Taste transduction
and channel synapses in taste buds. Pflugers Arch. 2021 Jan;473(1):3-
13. doi: 10.1007/500424-020-02464-4.

2. Barlow LA. The sense of taste: Development, regeneration, and
dysfunction. WIREs Mech Dis. 2022 May; 14(3):e1547. doi: 10.1002/
wsbm. 1547.

3. Wilson CE, Lasher RS, Yang R, et al. Taste Bud Connectome:
Implications for Taste Information Processing. J Neurosci. 2022 Feb
2;42(5):804-816. doi: 10.1523/JNEUROSCI.0838-21.2021.

4. Ahmad R, Dalziel JEG. Protein-Coupled Receptors in
Taste Physiology and Pharmacology. Front Pharmacol. 2020 Nov
30;11:587664. doi: 10.3389/fphar.2020.587664.

5. Nishihara H, Toda Y, Kuramoto T, et al. A vertebrate-wide ca-
talogue of TIR receptors reveals diversity in taste perception. Nat Ecol
Evol. 2024 Jan;8(1):111-120. doi: 10.1038/s41559-023-02258-8.

6. Wooding SP, Ramirez VA, Behrens M. Bitter taste receptors:
Genes, evolution and health. Evol Med Public Health. 2021 Oct
13;9(1):431-447. doi: 10.1093/emph/eoab031.

7. Descamps-Sola M, Vilalta A, Jalsevac F, et al. Bitter taste receptors
along the gastrointestinal tract: comparison between humans and rodents.
Front Nutr. 2023 Aug 30;10:1215889. doi: 10.3389/fnut.2023.1215889.

8. Smail HO. The roles of genes in the bitter taste. AIMS Genet.
2019 Dec 24,6(4):88-97. doi: 10.3934/genet.2019.4.88.

9. Jeruzal-Swiqgtecka J, Fendler W, Pietruszewska W, Clinical
Role of Extraoral Bitter Taste Receptors. Int J Mol Sci. 2020 Jul
21;21(14):5156. doi: 10.3390/ijms21145156.

10. Itoigawa A, Toda Y, Kuraku S, et al. Evolutionary origins
of bitter taste receptors in jawed vertebrates. Curr Biol. 2024 Apr
8;34(7):R271-R272. doi: 10.1016/j.cub.2024.02.024.

11. Zhao J, Yin J, Wang Z, et al. Complicated gene network for
regulating feeding behavior: novel efficient target for pest management.
Pest Manag Sci. 2025 Jan;81(1):10-21. doi: 10.1002/ps.8459.

12. Abaturov A, Nikulina A. Taste preferences and obesity. Pe-
diatria Polska — Polish Journal of Paediatrics. 2022;97(1):1-6. doi:
10.5114/polp.2022.115139.

13. Chamoun E, Carroll NA, Duizer LM, et al. Guelph Family
Health Study. The Relationship between Single Nucleotide Polymor-
phisms in Taste Receptor Genes, Taste Function and Dietary Intake
in Preschool-Aged Children and Adults in the Guelph Family Health
Study. Nutrients. 2018 Jul 29;10(8):990. doi: 10.3390/nu 10080990.

14. Robino A, Rosso N, Guerra M, et al. Taste perception and expres-
sion in stomach of bitter taste receptor tas2r38 in obese and lean subjects.
Appetite. 2021 Nov 1;166:105595. doi: 10.1016/].appet.2021.105595.

15. Ramos-Lopez O, Martinez-Aceviz Y, Sobrevilla- Navarro AA,
et al. Genetic Influence on Capsaicin Tolerance: Precision Nutrition
Implications for Obesity Handling. Lifestyle Genom. 2024,17(1):57-63.
doi: 10.1159/000539293.

16. Itoigawa A, Nakagita T, Toda Y. The Remarkable Diversity
of Vertebrate Bitter Taste Receptors: Recent Advances in Genomic and
Functional Studies. Int J Mol Sci. 2024 Nov 25;25(23):12654. doi:
10.3390/ijms252312654.

17. Zafirovska M, Zafirovski A, Rezen T, et al. The Outcome of
Metabolic and Bariatric Surgery in Morbidly Obese Patients with Dif-
ferent Genetic Variants Associated with Obesity: A Systematic Review.
Nutrients. 2024 Aug 1;16(15):2510. doi: 10.3390/nu16152510.

18. Coltell O, Sorli JV, Asensio EM, et al. Association between
taste perception and adiposity in overweight or obese older subjects with
metabolic syndrome and identification of novel taste-related genes. Am
J Clin Nutr. 2019 Jun 1;109(6):1709-1723. doi: 10.1093/ajcn/nqz038.

Tom 59, N2 3, 2025

www.gastro.org.ua, https://gastro.zaslavsky.com.ua 55



MNaToAoris neyiHkwM i XxoB4oBuBiAHOT cuctemn / Pathology of Liver and Biliary Excretion System

19. Jo YS, Choi JH. Genetic variation in TAS2R38 bit-
terness receptor is associated with body composition in Kore-
an females. Int J Food Sci Nutr. 2024 Mar,;75(2):197-206. doi:
10.1080/09637486.2023.2294682.

20. Shushari MK, Wei T, Tapanee P, et al. The Influence of Taste
Genes on Body Fat and Alcohol Consumption. Nutrients. 2024 Jun
4;16(11):1756. doi: 10.3390/nul6111756.

21. Little J, Higgins JP, loannidis JP, et al. STrengthening the
REporting of Genetic Association Studies (STREGA): An Extension of
the STROBE Statement. Genet Epidemiol. 2009 Nov;33(7):581-98.
doi: 10.1002/gepi.20410.

22. Alberti KG, Zimmet P, Kaufman F, et al. The IDF consensus
definition of the metabolic syndrome in children and adolescents. In-
ternational Diabetes Federation. 2017:17-19. Available from: https.//
www.idf.org/e-library/consensus-statements/6 1-idf-consensus-defini-
tion-of-metabolic-syndrome-in-children-and-adolescents.

23. Flynn JT, Kaelber DC, Baker-Smith CM, et al. Subcom-
mittee on screening and management of high blood pressure in chil-
dren. Clinical Practice Guideline for Screening and Management of
High Blood Pressure in Children and Adolescents. Pediatrics. 2017
Sep; 140(3):e20171904. doi: 10.1542/peds.2017-1904.

24. De Onis M, Onyango AW, Borghi E, Siyam A, Nishida C,
Siekmann J. Development of a WHO growth reference for school-aged
children and adolescents. Bulletin of the World Health Organization.
2007;85:660-7. Available from: http.//www.who.int/growthref/grow-
thref who_bull/en/index.html.

25. Draznin B, Aroda VR, Bakris G, et al. American Diabe-
tes Association Professional Practice Committee. 6. Glycemic tar-
gets: Standards of Medical Care in Diabetes — 2022. Diabetes Care
2022;45(Suppl 1):83-96. doi: 10.2337/dc22-S006.

26. Peplies J, Bornhorst C, Giinther K, et al. IDEFICS consor-
tium. 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. 2016
Sep 2;13(1):97. doi: 10.1186/5s12966-016-0424-4.

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

28. Jilani HS, Intemann T, Bogl LH, et al. Familial aggregation
and socio-demographic correlates of taste preferences in European
children. BMC Nutr. 2017;3:87. doi: 10.1186/540795-017-0206-7.

29. Zhang J, Yao Y, He H, et al. Clinical Interpretation of Se-
quence Variants. Curr Protoc Hum Genet. 2020;106(1):e98. doi:
10.1002/cphg.98.

30. Liao X, Li M, Zou Y, et al. An Efficient Trimming Algo-
rithm based on Multi-Feature Fusion Scoring Model for NGS Data.
IEEE/ACM Trans Comput Biol Bioinform. 2020;17(3):728-738. doi:
10.1109/TCBB.2019.2897558.

31. Gunning AC, Fryer V, Fasham J, et al. Assessing performance
of pathogenicity predictors using clinically relevant variant data-
sets. J Med Genet. 2021 Aug;58(8):547-555. doi: 10.1136/jmedge-
net-2020-107003.

32. Li H, Durbin R. Fast and accurate short read alignment with
Burrows-Wheeler transform. Bioinformatics. 2009;25(14):1754-1760.
doi: 10.1093/bioinformatics/btp324.

33. Livesey BJ, Marsh JA. Using deep mutational scanning to
benchmark variant effect predictors and identify disease mutations.
Mol Syst Biol. 2020 Jul; 16(7):e9380. doi: 10.15252/msb.20199380.

34. Mahmood K, Jung CH, Philip G, et al. Variant effect predic-
tion tools assessed using independent, functional assay-based datasets:

implications for discovery and diagnostics. Hum Genomics. 2017 May
16;11(1):10. doi: 10.1186/540246-017-0104-8.

35. Deelen P, Bonder MJ, van der Velde KJ, et al. Genotype har-
monizer: automatic strand alignment and format conversion for geno-
type data integration. BMC Res Notes. 2014,;7:901. doi: 10.1186/1756-
0500-7-901.

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

37. RefSeq: NCBI Reference Sequence Database. Available from:
https.//www.ncbi.nlm.nih.gov/refSeq.

38. Khan AS, Murtaza B, Hichami A, et al. A cross-talk between
fat and bitter taste modalities. Biochimie. 2019 Apr;159:3-8. doi:
10.1016/].biochi.2018.06.013.

39. Wang X, Wang L, Xia M, et al. Variations in the TAS2R3§
gene among college students in Hubei. Hereditas. 2022 Dec
19;159(1):46. doi: 10.1186/541065-022-00260-x.

40. Tuzim K, Korolczuk A. An update on extra-oral bitter taste
receptors. J Transl Med. 2021 Oct 21;19(1):440. doi: 10.1186/512967-
021-03067-y.

41. Shivam V. A meta-analysis on polymorphic trait of taste per-
ception mediated by TAS2R3S genotype. Exp Clin Psychopharmacol.
2024 Oct;32(5):497-505. doi: 10.1037/pha0000728.

42. Miguet L, Zhang Z, Grigorov MG. Computational studies of li-
gand-receptor interactions in bitter taste receptors. J Recept Signal Trans-
duct Res. 2006,26(5—6):611-30. doi: 10.1080/10799890600928210.

43. Mao Z, Cheng W, Li Z, et al. Clinical Associations of Bitter
Taste Perception and Bitter Taste Receptor Variants and the Potential
for Personalized Healthcare. Pharmgenomics Pers Med. 2023 Feb
12;16:121-132. doi: 10.2147/PGPM.S5390201.

44. Perna S, Riva A, Nicosanti G, et al. Association of the
bitter taste receptor gene TAS2R38 (polymorphism RS713598)
with sensory responsiveness, food preferences, biochemical pa-
rameters and body-composition markers. A cross-sectional study
in Italy. Int J Food Sci Nutr. 2018 Mar;69(2):245-252. doi:
10.1080/09637486.2017.1353954.

45. Abaturov A, Nikulina A, Nikulin D. TAS2R38 taste receptor
gene and metabolically unhealthy obesity. Metabolism Clinical and
Experimental. 2022;28:155003. doi: 10.1016/j.metabol.2021.155003.

46. Kim HY, Choi JH. TAS2R3S bitterness receptor genetic varia-
tion is associated with diet quality in Koreans. Appetite. 2024 Sep
1;200:107561. doi: 10.1016/].appet.2024.10756 1.

47. Wang Q, Liszt KI, Depoortere 1. Extra-oral bitter taste recep-
tors: New targets against obesity? Peptides. 2020 Feb 21;127:170284.
doi: 10.1016/].peptides.2020.170284.

48. Behrens M, Lang T. Extra-Oral Taste Receptors-Function,
Disease, and Perspectives. Front Nutr. 2022 Apr 4,9:881177. doi:
10.3389/fnut.2022.881177.

49. Ki SY, Jeong YT. Taste Receptors beyond Taste Buds. Int J
Mol Sci. 2022 Aug 26,23(17):9677. doi: 10.3390/ijms23179677.

50. Harris JC, Lee RJ, Carey RM. Extragustatory bitter taste
receptors in head and neck health and disease. J Mol Med (Berl). 2024
Dec;102(12):1413-1424. doi: 10.1007/500109-024-02490-0.

51. Cancello R, Micheletto G, Meta D, et al. Expanding the
role of bitter taste receptor in extra oral tissues: TAS2R3S is ex-
pressed in human adipocytes. Adipocyte. 2020 Dec;9(1):7-15. doi:
10.1080/21623945.2019.1709253.

Received 01.08.2025

Revised 12.08.2025
Accepted 09.09.2025 W

56 [ACTPOEHTEPOAOTIS, ISSN 2308-2097 (print), ISSN 2518-7880 (online)

Tom 59, N2 3, 2025



MNaToAoris neyiHkwM i XxoB4oBUBIAHOT cuctemm / Pathology of Liver and Biliary Excretion System

Information about authors

Aleksandr Abaturov, MD, DSc, PhD, Professor, Honored Worker of Science and Technology of Ukraine, Head of the Department of Pediatrics 1 and Medical Genetics, Dnipro State Medical University,
Dnipro, Ukraine; e-mail: alexandrabaturov56@gmail.com; https://orcid.org/0000-0001-6291-5386

Anna 0. Nikulina, PhD in Medicine, Associate Professor, Department of Pediatrics 1and Medical Genetics, Dnipro State Medical University, Dnipro, Ukraine; e-mail: anna.nikulina.201381@gmail.com;
phone: +380 (99) 978-16-59; https://orcid.org/0000-0002-8617-9341

Conflicts of interests. Authors declare the absence of any conflicts of interests and own financial interest that might be construed to influence the results or interpretation of the manuscript.

Information about funding. The work is a fragment of the research work of the Department of Pediatrics 1and Medical Genetics of the Dnipro State Medical University “Prediction of the develop-
ment of childhood diseases associated with civilization” (No. 0120U101324), “Precision approaches to the diagnosis and treatment of somatic and endocrine diseases in children” (No. 0123U105100).

Authors’ contribution. A. Abaturov — conceptualization, methodology, software, validation, formal analysis, investigation, resources, original draft preparation, review and editing, visualization,
supervision, project administration, funding acquisition; A. Nikulina — conceptualization, validation, formal analysis, investigation, resources, data curation, original draft preparation, review and

editing, visualization, supervision, funding acquisition.

Abarypos O.€., HikyaiHa A.O.

AHIMPOBChKA ASPXXQABHM MEANYHM YHIBEPCUTET, M. AHIMNPO, YKpQiHa

MopyLeHHS CMAKY B AiTeN 3 OXXUPIHHAM:
reHeTU4Hi acnekTu peuenuii

Pe3siome. Axmyaavnicms. YucieHHi OMHOHYKJICOTUIHI BapiaH-
T (single nucleotide variants — SNV) rena wiena 38 peterniropa
cmaky 2 (taste 2 receptor member 38 — TAS2R38) 3ymMoBII0I0TH
(hbopMyBaHHSI iHAMBiTyaTbHUX OCOOJMBOCTEN CIIPUMHSITTS TipKOTO
cMmaky. Mema: nocninuti acomianii SNV rs10246939, rs1726866,
rs713598 rena TAS2R3§ i3 pu3sMkoMm po3BUTKY MeTaOOJIiYHO He-
310poBoro oxXupiHHs (metabolically unhealthy obesity — MUO)
y niteit. Mamepiaau ma memodu. O6¢crexerHo 400 miteit BikoM
6—18 pokiB, 3 IKMX MPOoJiIKoBaHO 350 MALi€HTIB 3 OKUPIHHIM.
Kontponbhy rpymy ctanoBuiu 50 miteit 6e3 oxxupinHs. Cepen na-
LIEHTIB 3 OXXUPIiHHIM 3a pekoMeHaauismu KoHcopuiymy IDEFICS
oynu cchopmoBani asi miarpynu: 3 MUO (n = 204) ta MeTaboIiYHO
310pOBUM OXMpiHHSIM (metabolically healthy obesity — MHO)
(n=146). PiBeHb CMaKOBUX yI0100aHb BU3HAYAIIM 32 OITUTYBAJIb-
HukoMm FBPQ. bazanpHy riikemilo, iHCyTiHeMil0 TOCTiIKYBaIn
iMYHOXiMiYHMM METO/IOM 3 €JIeKTPOXEMITIOMiHECLIEHTHOIO AeTeK-
1Ii€10, YMICT JIMOIPOTEiHiB BUCOKOI IIUIBHOCTI i TPUTITLIEPUIIB —
(depMEeHTAaTUBHO-KOJOPUMETPUYHUM METOIOM B JabopaTopii

Synevo ([Ininpo, Ykpaina). SNV rena TAS2R38 ineHTrdikyBamm
IMOBHOTEHOMHUM CEKBEHYBAHHSIM HAaCTYITHOTO MOKOJiHHS B 52
nmauieHTiB (31 — i3 MUO T1a 21 — i3 MHO) B na6opatopii CeGat
(Trwo6inreH, HimeyunHa). Pesyasmamu. Cepenni piBHi (M £ m)
CMaKOBHUX YIOA00aHb y rpyrax MOPiBHSHHS 32 OMUTYBaJIbHUKOM
FBPQ BiporigHo BiIpi3HsUIMCH 10 COJIOAKOTO (Y AiTeil 3 OXMPiH-
HsaM — (3,36 £ 0,08) Gana, y rpyri konTposo — (3,74 = 0,07) Gana,
p < 0,002) Ta ripkoro cmakiB (y AiTeil 3 OXXUPIiHHSIM CTAaHOBMIU
(2,77 £ 0,15) 6ana, y koHTpousbHilt rpyni — (3,37 £ 0,15) 6ana,
p <0,00013). Cepenni piBHI cMakoOBUX yroao6aHs y aiteii i3 MUO
nopiBHsIHO 3 AiTbMu 3 MHO BiporinHo BiApi3HSIUCH A0 TipKOTo
cMaky — BignoBinHo (2,75 + 0,12) 6ana npotu (3,24 £ 0,05) Gana,
p < 0,02. Inentudikoano yorupu SNV rena TAS2R38: 1713598,
rs1726866, rs10246939, rs145970530. Bucnosxu. I'enotun CG
rs713598 rena TAS2R38 noB’s13aHU i3 MiABUILIEHUM PU3UKOM
po3putky MUO Ta KapaioMeTabo1iyHUX ITOPYIIECHb.

Kiiro4oBi cjioBa: miti; 0XUpPiHHS; OMHOHYKJICOTUIHI BapiaHTH;
yjieH 38 pelienTopa cMaky 2
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