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The problem of etiopathogenesis and
treatment of sensorineural hearing loss remains
unresolved in Ukraine and worldwide. Percep-
tive disorders can be congenital or acquired.
Congenital cases are quite common, occurring
in 1 out of 1000 newborns, and are the most
common congenital defect in developed socie-
ties [1]. Prior to the implementation of early
detection strategies for hearing impairments in
children, deafness or significant hearing loss
was typically diagnosed around the age of 2-3
years, exceeding the age of active language and
speech development [2]. Hereditary hearing
loss accounts for approximately 50% of all
hearing impairments [3]. It can be classified
into nonsyndromic cases, which constitute
about 70% of all cases and are limited to the
inner ear, and syndromic cases, which are part
of overall body anomalies.

Among the nonsyndromic forms of hear-
ing loss, the autosomal recessive type of inher-
itance (DFNB) is the most common, account-
ing for 55% of cases, followed by autosomal
dominant (DFNA) in 37%, X-linked (DFN) in
4%, and the remaining 1% attributed to other
causes (including Y-linked). Numerous genes
that influence various aspects of the structure
and function of the inner ear have been studied
[1, 4]. Among the syndromic forms, the most
well-known are Alport syndrome [5], brachio-
oto-renal syndrome [6], CHARGE syndrome
[7], Jervell and Lange-Nielsen syndrome [8],
Norrie disease [9], and others.

In recent decades, there has been an in-
creasing number of scientific studies dedicated
to the role of gene polymorphism in the patho-
genesis of sensorineural hearing disorders.
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Several pathways can be identified in the path-
ogenesis, including microvascular [10-13],
inflammation, oxidative stress [14-18], and
changes in potassium channels [19-23]. One of
the areas of polymorphism research focuses on
studying the role of apoptosis in the pathogene-
sis of perceptive hearing impairment.

Under normal function of the body, tis-
sues, and cells, there is a balance between cell
generation and their destruction.

Apoptosis is a controlled cell death pro-
cess that is an integral part of its life cycle.
During apoptosis, the cell's genome is disrupt-
ed, and the cell undergoes fragmentation into
smaller parts, which are subsequently eliminat-
ed through phagocytosis [24].

Under the presence of mutations in genes
that affect various stages of the apoptotic cas-
cade, the regulation of this process can be dis-
rupted, accelerated or decelerated. The role of
apoptosis in the death of cochlear hair cells, as
a cause of sensorineural disorders, is still not
fully understood and has therefore been a sub-
ject of interest over the past two decades.
Apoptosis can be divided into three stages:
initiation or encountering signals, the stage of
perception, analysis, and transmission of signal
molecules, and the activation stage of caspases
[25, 26].

The initiation phase is triggered by ex-
ternal (extracellular) and internal (intracellular)
stress factors.

There are proteins that stimulate apopto-
sis (pro-apoptotic) and inhibit it (anti-
apoptotic). There needs to be a delicate balance
between these proteins within the cell. The
anti-apoptotic proteins include Bcl-2, Bel-xL,
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Bcel-W, Mcl-1, Al, and Bcl-B. The pro-
apoptotic groups include Bid, Bim, Bad, Noxa,
Puma, as well as the group with multiple do-
mains — Bax, Bak, and Bok [27, 28].

Studying the polymorphism of the Bcl-2,
Bax, and Bid genes and their impact on the
occurrence and development of perception
hearing disorders through apoptosis could
serve as a basis for genetic diagnostics and
gene therapy of sensorineural hearing loss in
the future.

To assess the effect of polymorphisms in
the Bcel-2 rs2279115, Bax rs4645878, and Bid
rs8190315 genes on the development of senso-
rineural hearing loss in patients working under
conditions of sound exposure.

Methods and Materials
A case-control study was conducted at
the Kyiv Clinical Hospital of Railway

Transport No. 2. The study included 41 pa-
tients with perception hearing disorders (with
and without noise) in the main group. The con-
trol group consisted of 48 individuals without
signs of hearing impairment. The inclusion
criteria for the study were age ranging from 18
to 50 years and a work experience of over 3
years in conditions of increased sound expo-
sure. The exclusion criteria were diabetes or
impaired glucose tolerance, disorders of the
endocrine and connective tissue systems,
dyslipidemia, arterial hypertension, cerebral
circulation disorders, and psychiatric illnesses,
neoplasms. Such restrictions made it possible
to rule out with high probability the presence
of an association between the polymorphism of
the studied genes and the pathology of connec-
tive and glandular tissues, and therefore to
compare the obtained results with the peculiari-
ties of the response of the nervous tissue to the
causative factor (production noise). Informed
consent was obtained from all patients, and the
study protocol was approved by the ethics
committee.

For a comprehensive assessment of the
patients' auditory function, a complete audio-
logical examination was performed, in a
soundproof chamber with a background noise
level not exceeding 30 dB.

The patients were distributed according to
age: Group 1 — patients up to 35 years old,
Group 2 — patients between 35 and 45 years old,
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Group 3 — patients between 45 and 50 years old.
They were also categorized based on work ex-
perience: Group 1 — up to 10 years, Group 2 —
between 10 and 20 years, Group 3 — over 20
years. Additionally, the degree of hearing loss
was classified as follows: Mild — hearing loss
ranging from 20 to 39 dB, Moderate — hearing
loss ranging from 40 to 69 dB, Severe — hearing
loss ranging from 70 to 89 dB, Profound or
deafness — hearing loss exceeding 90 dB.

The analysis of the impact of polymor-
phisms in the Bcl-2, Bax, and Bid genes on the
development of sensorineural hearing loss was
conducted using the PCR method on samples
of venous blood from the patients. Molecular
and genetic studies were performed in the la-
boratory of the Research Institute of Experi-
mental and Clinical Medicine of O.O. Bo-
gomolets National Medical University accord-
ing to standard methods. Peripheral blood sam-
ples were collected in sterile closed system
tubes with EDTA, with a volume of 2.5 ml.
The sterile tubes with the collected material
were stored at -20°C (for no longer than 1
month). Genomic DNA isolation from periph-
eral blood leukocytes of patients was per-
formed using a commercial kit for nucleic acid
(RNA/DNA) extraction from clinical material,
"Biocore® Nucleo-M" (Ukraine, based on
Thermo Scientific, USA), according to the
manufacturer's instructions. For the determina-
tion of the Bcl-2 gene polymorphism, PCR was
conducted using TagMan® Assays (USA) for
rs2279115, for the Bax gene — rs4645878, and
for the Bid gene — rs8190315, provided by
Thermo Scientific (USA).

The Bcl-2 gene (Apoptosis regulator Bcl-
2) encodes a 26266 d protein consisting of 239
amino acids. It is localized on the short arm of
chromosome 18. The primer used to detect the
BCL2 (rs: 2279115) polymorphism was
CTCCCCAGGAGAGAGACAGGGGAGA
[G/TIGGGACGATGAAGGAGCCGGGGAC
GG.

The Bid gene (BH3 interacting domain
death agonist) encodes a 21 995 d protein con-
sisting of 195 amino acids. It is localized on
the short arm of chromosome 22. The primer
used to detect the Bid (rs: 8190315) polymor-
phism was TTTGTGATGCAC-
TCATCCCTGAGGCIC/TIGGAACCGTTGT
TGACCTGAGGGGAA.
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The Bax gene (Bcl2 associated X, apop-
tosis regulator) encodes a 21 184 d protein
consisting of 192 amino acids. It is localized on
the short arm of chromosome 19. The primer
used to detect the Bax (rs: 4645878) polymor-
phism was AGGCATTAGAGCTGCATT-
GGACGGJA/GICGGCTGTTGGACGGCGCC
ACTGCTG.

The alleles present in the sample were
identified by measuring fluorescence on the
FAM and VIC channels of the study.

Statistical analysis of the data was per-
formed using IBM SPSS Statistics Base v.22
software. Non-parametric tests were used to
analyze the statistical differences between the
test and control values. A critical level of sig-
nificance was set at 0.05. Bonferroni correction

was applied to each p-value of any SNP. For an
additional assessment of the probability of the
obtained results, the odds ratio (OR) with a
95% confidence interval was calculated. An
online calculator (www.gigacalculator.com)
was used for this purpose.

Research Results

In this case-control study, 41 patients
with perception disorders and 48 control pa-
tients who worked under the same conditions
of increased sound exposure but without the
development of auditory pathology were in-
cluded. Detailed information on the distribu-
tion of patients in the control group and the
study group is presented in Table 1.

Table 1
The distribution of patients in the main and control groups
Groups
Indicators Significance, p
Study (n=41) Control (n=48)

Age (Me (Qr+Qm)) 47 (43+49) 45 (38+48) p>0.05
Work experience (Me (Q+Qry)) 14 (8+19) 14 (11+18) p>0.05
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Figure 1. Distribution of patients into age and experience subgroups, %.

Therefore, there were no statistically sig-
nificant differences in age and work experience
between patients in both research groups
(p>0.05). The distribution of patients into sub-
groups based on age and work experience is
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shown in Figure 1. As shown in Figures 1 and
2, there were no significant differences ob-
served in the age and experience subgroups
between patients in both groups. In the results
of the polymerase chain reaction (PCR) for
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SNP determination, all patients were classified
into heterozygous and homozygous genotypes
as follows:

* Bcl-2 - C/C, C/A, A/A.

* Bid - C/C, C/T, T/T.

* Bax — A/A, A/G, G/G.

The prevalence of genotypes and allele
frequencies of the Bcl-2, Bid, and Bax genes
between the groups are shown in Figure 2 and
presented in Table 2.

Based on the data in the table, a signifi-
cant association was found between the Bcl-2
gene polymorphism and the risk of developing
perception disorders in individuals working in
noise (p<0.05). The C allele was statistically

significantly more prevalent in patients in the
main research group compared to individuals
without sensorineural hearing loss. However,
no significant association was found between
the Bid and Bax gene polymorphisms
(p>0.05). The ratio of the A and G alleles in
the assessment of the Bax gene polymorphism
differed between the research groups: the A
allele was more common in the main group of
patients, while the G allele was more common
in the control group of patients. However, the
difference did not reach statistical significance
(p>0.05). The results were obtained with Bon-
ferroni correction for each p-value of any
SNP.

rs8190315

Control group 2

Study group 92,7
0 20 40 60 80 100 120
BC/T =T/T
rs2270115
Control group 54,2 35,4 10,4
Study group 14,6 65,9 19,5
0 20 40 60 80 100 120

EA/A mA/C mC/C

rs4645878
Control group 2,1 || 12,5 85,4
Study group 2.4 244 73,2
0 20 40 60 80 100 120

BA/A BA/G BG/G

Figure 2. The prevalence of genotypes and allele frequencies of the Bcl-2, Bid, and Bax genes between the

groups.
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Table 2

The prevalence of genotypes and allele frequencies between the groups

Groups
Genotype study group, (n=41), |control group, (n=48), Odds Ratio Significance, p
abs (%) abs (%)
C/C 8 (19.5) 5(10.4) 2.085 (0.624-6.963) p>0.05
Bcl-2, C/A *
(rs2279115) C/A 27 (65.9) 17 (35.4) 3.517 (1.465-8.441) p<0.05
A/A 6 (14.6) 26 (54.2) 0.145 (0.051-0.409) p<0.05*
C 43 (52.4) 27 (28.1) 2.818 (1.514-5.244) p<0.05*
Allele
A 39 (47.6) 69 (71.9) 0.355 (0.191-0.66) p<0.05*
C/C 0(0) 0(0) - p>0.05
Bid, C/T
(rs8190315) C/T 3(7.3) 1(2) 3.71(0.371-37.128) p>0.05
T/T 38(92.7) 47 (97.9) 0.27 (0.027-2.697) p>0.05
C 337 (1) 3.556 (0.363-34.845) p>0.05
Allele
T 79 (96.3) 95 (99) 0.277 (0.028-2.718) p>0.05
A/A 1(2.4) 1(2.1) 1.175(0.071-19.394) p>0.05
Bax. A/G
(rs4645878) A/G 10 (24.4) 6 (12.5) 2.258 (0.742-6.875) p>0.05
G/G 30(73.2) 41 (85.4) 0.466 (0.162-1.324) p>0.05
A 12 (14.6) 8(8.3) 1.886 (0.731-4.867) p >0.05
Allele
G 70 (85.4) 88 (91.2) 0,53 (0,205-1,369) p>0.05
Comment: *- statistically significantly result.
Table 3
The combined distribution of Bcl-2 and Bax genotypes in the study and control groups
Groups
Genotype . L
combinzgon study group control group (n=41), Odds Ratio Significance, p
(n=41), abs (%) abs (%)
GG/GT and AG/GG 34 (82.9%) 21 (43.7%) 6.245 (2.312-16.865) p<0.05%*
GG/GT and AA 1 (2.45%) 1 (2.1%) 1.175 (0.071-19.394) p>0.05
TT and AG/GG 6 (14.65%) 26 (54.2%) 0.145 (0.051-0.409) p<0.05
TT and AA 0 0 - -

Comment: * — statistically significantly result.

Based on the combination of C and A al-
leles in the Bcl-2 gene and A and G alleles in
the Bax gene, the research cohorts were further
divided into four subgroups. The data for these

subgroups are presented in Table 3.

Omopunonapuneonoeis, Ne3(6), 2023

It was found that the combination of the
GG/GT and AG/GG genotypes significantly
increases the risk of developing perception
disorders. Meanwhile, the combination of the

TT genotype and AG/GG is more common
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among workers without perception disorders
(p<0.05). In order to identify the factors asso-
ciated with the risk of developing perception
disorders in individuals working under condi-

tions of increased sound load, a method of con-
structing and analyzing logistic regression
models was used. The results of the multifacto-
rial analysis are shown in Table 4.

Table 4
Coefficients of the five-factor model for predicting the development of perception
hearing disorders in individuals working under conditions of increased sound load
The level of significance for
Risk factors Model coefficient value, b+m | the coefficient difference less HR (95% CI)
than 0, r.

Const -6.01+5.21 0.249 -
Age -0.06+0.04 0.121 0.94 (0.86-1.02)
Work experience 0.05+0.04 0.181 1.05 (0.98-1.14)
The polymorphism of the %
Bel-2 gene (rs2279115) 1.21£0.38 0.001 3.37 (1.60-7.09)
The polymorphism of the
Bid gene (rs8190315) 1.51£1.50 0.316 4.52 (0.24-86.1)
The polymorphism of the
Bax gene (rs4645878) 0.37+0.53 0.490 1.44 (0.51-4.10)

Sensitivity

T T T T T T
10 08 06 04 02 0.0
Specificity

Figure 3. ROC curve of the logistic regression
model, the relationship between the polymorphism of
the Bcl-2 gene (rs2279115), and the risk of developing
perception disorders in individuals working under
conditions of increased sound load.

The analysis was conducted based on the
examination results of 89 railway workers, 41
of whom were diagnosed with sensorineural
hearing loss. The Stepwise method (stepwise
variable selection) was used to select a minimal
set of predictor variables. As a result, the main
predictor variable identified was the polymor-
phism of the Bcl-2 gene (rs2279115). Based on
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the data, a logistic regression model was con-
structed with an AUC of 0.74 (95% CI 0.63-
0.84), which is statistically significant and ex-
ceeds 0.5 (p<0.05) — see Figure 3.

Conclusions

In this case-control study, we conduct-
ed an examination of 89 workers in railway
transportation under the age of 50 without
any established comorbidities that could in-
fluence the development of perception disor-
ders (such as diabetes, arterial hypertension,
dyslipidemia, etc.). The aim was to determine
the impact of apoptosis gene polymorphisms
on the occurrence of sensorineural hearing
loss. The investigation of the SNP of the Bcl-
2 gene (rs2279115) revealed that the C/A
genotype significantly increases the risk of
developing perception disorders compared to
the C/C and A/A genotypes (p<0.05). The
difference in the genotypes of the Bid gene
(rs8190315) and Bax gene (rs4645878) be-
tween patients in both groups did not reach
statistical significance (p>0.05). The con-
struction and analysis of a multifactorial lo-
gistic regression model (age, tenure, poly-
morphisms of the Bcl-2 (rs2279115), Bid
(rs8190315), and Bax (rs4645878) genes)
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confirmed the statistically significant influ-  pact of genetic variability in the Bid
ence of the Bcl-2 apoptosis gene polymor- (rs8190315) and Bax (rs4645878) genes on
phism (rs2279115). We did not find any im-  the risk of developing perception disorders.
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BIIVIMB IMTOJIIMOP®I3MY I'EHIB BCL2, BID I BAX
HA PO3BUTOK CEHCOHEBPAJIbHOI TIPUTTYXYBATOCTI
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Anomayisa

Bcemyn: B ocTaHHI IECATIIITTS OJHUM 13 HANIPSIMIB TOCTHKEHHS TOMIMOP(i3MY € BUBUCHHSI POJIi allONTO-
3y B MaToreHe3i NepUenTHBHUX MOPYIIEHb CIyXy. BuBueHHs moiiMop¢i3My aHTHAIONTOTUYHUX 1 TPOAIIONTOTH-
YHHX T'€HIB, X BIUINBY Ha BUHUKHECHHS Ta PO3BUTOK PO3JIA/IIB CIIyXy Yepe3 aloITo3 MOXKE CTATH OCHOBOIO TEHE-
THUYHOI 1IarHOCTHKY Ta TEHHOI Teparlii CeHCOHEBPAIbHOT ITPUTITYXyBaTOCTI B MailOyTHEOMY.

Mema: Ouinntu BB noniMop¢ismy reriB Bel-2, Bax i Bid Ha po3BUTOK CeHCOHEBpAIbHOT IPUTITyXyBa-
TOCTI.

Ju3zaiin 0ocnioxycenna: Bunagok-KOHTPOJIb.

Mamepianu ma memoou: ObcrexeHo 41 marfieHTa 3 NOPYLIIEHHSIM CIPUHHATTS CIyXy B OCHOBHIH IpyIIi,
KOHTpOJIbHY Tpymy ckianu 48 ocid 0e3 03HaK MopyIieHHs CiyXy. JJocHikeHo Taki reHeTUYHI BapiaHTH: TMOJIi-
Mopdizm Bel2 (1s2279115); I'enn Bid (rs8190315) i Bax (rs4645878).
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CraTHCTHYHUHN aHAJI3 JaHUX: IS aHATI3y CTATUCTUYHUX BiIMIHHOCTEH MK TECTOBUMH Ta KOHTPOJIbHUMH
3HaYEHHSMU BHKOPHCTOBYBAJIM HemapaMeTpu4Hi TecTd. KpuTHuHM piBeHb 3HauymocTi OyB BCTAHOBJIEHHH Ha
pieHi 0,05. ITonpaBka Bordepponi Oyna 3acTocoBaHa 10 KOXKHOTO p-3HadeHHs Oyab-sikoro SNP. Jlng mogaTtkoBoi
OLIHKH BIPOTIHOCTI OTPUMaHUX PE3YJbTaTiB, PO3pPaxoByBaBCs MOKAa3HUK cmiBBigHomeHHS manciB (OR — Odds
Ratio) 3 95% noBipuuM iHTepBanoM. 3 I[i€l0 METOK BHUKOPUCTOBYBABCS OHJIAWH-KaJIbKYJISTOD
(www.gigacalculator.com).

Pesynvmamu: BusiineHo cyTTeBHH 3B’130K Mk nosiiMopdizmom reHa Bel-2 1 pu3nkom po3BUTKY po3iaiB
CHpUHHATTA B 0Ci0, AKi mpamiooTe B ymMoBax mymy (p<0,05): romosurotauii rerotun C/C 1 reTepo3uroTHHA
reHotun C/A HiIBUIIYIOTh PU3HUK PO3BUTKY CEHCOHEBPAJIBHOTO CIyXy. BTpara. Ajeinb C Oyina cTaTUCTHYHO 3Ha-
yyIie OUThII MOIIHUPEHO0 y MAaIiEHTIB OCHOBHOI AOCHITHUIBEKO1 Tpynu. Mix momimMopdizmom reniB Bid i Bax me
BHSIBIICHO iCTOTHOTO 3B 513Ky (p>0,05). Becranosneno, mo noegnans reHotunie CC/CA (ren Bel2) i AG/GG (ren
Bax) 3HayHO MiIBUIIYE PU3UK PO3BUTKY PO3JIa/IiB CIIPUHHSITTSI.

Bucnoexu: Hame nocmimkeHHs BKa3ye Ha Te, mo anenb C rera Bel2 crarnctuaHo 3Hadyme moB’s3aHa 3
IIBUIIEHUM PU3UKOM PO3BHUTKY CEHCOHEBPaJbHOI BTpaTh ciayxy. Lli 3Haxinku cBigyarh mpo HEOOXiAHICTH MpO-
BEZICHHS HOBHX JOCTIPKEHB y Taly3i HOIIMOPQi3MIB Ta iX poti B PO3BUTKY 3aXBOPIOBaHb BHYTPIIIHBOTO ByXa.

Knrwouogi cnosa: ceHcoHEBpabHA NPUIITYXYBATICTh, MEPLENTHBHI NOPYIIEHHS, MOJIMOP(}I3MHU, TeHOTHII,
T'eHH, arlonTo3.

THE EFFECT OF POLYMORPHISMS IN THE BCL2, BID AND BAX GENES ON THE
DEVELOPMENT OF SENSORINEURAL HEARING LOSS

Amirkhanova M, Dieieva Y
Department of Otorhinolaryngology of the Bogomolets National Medical University (Kyiv, Ukraine)
E-mail: margaritaroma365@gmail.com

Abstract

Background: In recent decades, one of the areas of polymorphism research focuses on studying the role of
apoptosis in the pathogenesis of perceptive hearing impairment. Studying the polymorphism of the anti-apoptotic
and pro-apoptotic genes, and their impact on the occurrence and development of perception hearing disorders
through apoptosis could serve as a basis for genetic diagnostics and gene therapy of sensorineural hearing loss in
the future.

Objectives: To assess the effect of polymorphisms in the Bel-2, Bax, and Bid genes on the development of
sensorineural hearing loss.

Study Design: Case-control study.

Materials and Methods: The study included 41 patients with perception hearing disorders in the main
group and the control group consisted of 48 individuals without signs of hearing impairment. The following genet-
ic variants were investigated: the polymorphism Bcl2 (rs2279115); Bid (rs8190315) and Bax (rs4645878) genes.
Statistical analysis of the data: non-parametric tests were used to analyze the statistical differences between the
test and control values. A critical level of significance was set at 0.05. Bonferroni correction was applied to each
p-value of any SNP. For an additional assessment of the probability of the obtained results, the odds ratio (OR)
with a 95% confidence interval was calculated. An online calculator (www.gigacalculator.com) was used for this
purpose.

Results: A significant association was found between the Bcl-2 gene polymorphism and the risk of devel-
oping perception disorders in individuals working in noise (p<0.05): the homozygous genotype C/C and heterozy-
gous genotype C/A increase the risk of development of sensorineural hearing loss. C allele was statistically signif-
icantly more prevalent in patients in the main research group. No significant association was found between the
Bid and Bax gene polymorphisms (p>0.05). It was found that the combination of the CC/CA (Bcl2 gene) and
AG/GG (Bax gene) genotypes significantly increases the risk of developing perception disorders.

Conclusions: Our study indicates that the C allele of the Bcl2 gene was statistically significantly associated
with increased risk of developing sensorineural hearing loss. These findings suggest new research should be con-
ducted in the field of polymorphisms and their role in the development of diseases of the inner ear.

Keywords: perception disorders, polymorphisms, genotype, genes, apoptosis, sensorineural hearing loss.
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