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ABSTRACT

Carrier Frequency of The Connexin 26 Gene in Healthy Populations in
North Cyprus

Sedeu Jonas Laurent GUIEN, Assoc. Prof. Mahmut Cerkez ERGOREN
M.Sc., Department of Medical Genetics
June, 2024, 54 pages.

The GJB2 (connexin-26) gene mutations account for almost 50% of all instances of
prelingual recessive hereditary non-syndromic deafness in Europe. The goal of this study is
to determine the carrier frequency of congenital deafness causing GJB2 variation such as
these 10 mutations 35DelG, 167delT, M34T, L90P, R184P (G>C), V371, IVS 1+1 G>A,
W24X, 312Del and E47X in Turkish Cypriot population. To develop public awareness for
congenital deafness in the population. Hearing impairment is a common condition that
impacts around 1 in 1000 children, with roughly 50% of instances being genetically related.
Genetic deafness is categorized into syndromic (30%) and non-syndromic (70%) types.
Genetic mutations in the GJB2 gene, which codes for the connexin 26 protein, have been
identified as a significant cause of early-onset, sensorineural, and non-syndromic deafness.
An evolving natural population is likened to a large family tree, with genetic material passed
down through generations according to Mendelian inheritance. Population genetic studies
often use present-day genetic variation patterns or changes in allele frequencies to
understand the impact of genetic drift, natural selection, and gene flow on evolutionary
processes. Structural variation, such as copy number variants in single-copy loci, is
increasingly recognized in adaptation and speciation processes. So, it very important for us
to understand how mutations in the GJB2 gene affect the hearing function and what are the
different variants or change that are normally observed during the disorder with the aid of
the Hibrigen DNA isolation kit, genomic DNA was extracted from blood samples obtained
from 100 Turkish Cypriot individuals. To find the concentration of deoxyribonucleic acid
(DNA), a Nanodrop spectrophotometer is utilized. With the aid of the Connexin multiplex
real-time PCR kit (Cat. No.: 100R-20-10) ten mutations on the Connexin 26 gene (GJB2)
were found: W24X, 312Del, M34T, 35DelG, R184P (G>C), V37I, IVS 1+1 G>A, L90P, and
E47X. Unique fluorescent probes included in the Connexin multiplex Real-Time PCR Kit
were used to identify and quantify the amplification of the required DNA sequences. During
every cycle of amplification, fluorescence signals were monitored in order to provide real-
time PCR data. Data from real-time PCR were used to identify the genotypes of the GJB2
polymorphisms. The precise GJB2 allele combinations present in each sample were



Vil

identified via genotyping. Utilizing the chi-square test, the genotype distribution and allele
frequencies were examined. We looked at deviations from expected genotype frequencies
using the Hardy-Weinberg equilibrium and other computed factors. A sample of one hundred
healthy individuals with unequal gender distribution participated in this investigation.
Together, the average age of the participants is 35.14 years. The average age of the male
participants is 36 years old, while the average age of the female participants is 64 years old,
or 31.93 years. A statistically significant age gap exists between the genders. The allele
frequency varies considerably according to the variant expression. The frequency of alleles
equal to 1.000 for both deletions case 35DelG and 167DelT and for the others mutations
M34T, 312Del, R184P(G>C), IVS 1+1 (G>A), and W24X. Based on Table 2, these mutations
are statistically indistinguishable. This suggests that nearly all members of the population
under investigation carry the G and T alleles and the M, T, I, D, R, P, G, A, W, and X alleles,
respectively. The allele frequencies for V and I in V371 are 0.97 and 0.03, respectively, while
we have the allele frequencies for L and P which are 0.99 and 0.01 in L90P respectively.
There may be a considerable degree of genetic resemblance within this specific demographic
group because the genotype distribution and allele frequencies of the Turkish Cypriot
population closely match the expected genetic distribution. An analysis is conducted to
assess and compare the distributions of genotypes and allele frequencies with the anticipated
distribution. The observed and projected distributions are not significantly different. The
frequency of the Gand T alleleand M, T, I, D, R, P, G, A, W, X all the allele are expressed
respectively in M34T, 312Del, R184P(G>C), IVS 1+1 (G>A), and W24X, there is no
mutation compared to V and | in V371 and L and P in L90P. The connexin 26 gene or GJB2
in Turkish Cypriot individuals is normal or close to normal.

Keywords: alleles frequencies, connexin 26 gene, GJB2 gene, genes variants, Hardy-

Weinberg equilibrium.
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Chapter 1
Introduction

Human Genome Organization

The Human Genome Organization (HUGO), established in 1988, coordinates global
genomic research and facilitates knowledge dissemination. It promotes collaboration
among scientists and institutions, enabling data sharing and innovation in human genetics,
contributing to genomic advancements (Liu, 2009). Despite our deep understanding of human

gene function, the recent sequencing and assembly of the entire human genome has been more

difficult than we first thought (Amaral et al., 2023).

The Human Genome Project, a global initiative, successfully sequenced the human genome and
other organisms, using microscopy techniques to reveal subnuclear characteristics and
chromosome arrangement (Boninsegna et al., 2022). Since 2001, human genome research has
produced a reference sequence for transcription, evolution, genetics, and biological substances,
with quality being crucial for medicinal applications due to reduced sequencing costs (Zerbino et
al., 2020). Genomes' spatial arrangement and structure significantly influence gene transcription
and nuclear processes, with abnormal chromatin folding linked to diseases like cancer and

developmental abnormalities, often in noncoding regulatory areas (Mohanta et al., 2021).

The cell nucleus stores, transcribes, and replicates eukaryotic organisms' genetic material,
requiring intricate topological structure and compression to fit within its limited space. The
genome also ensures precise gene expression programs in specific tissues and cell types (Misteli,
2020). Gene editing technique modifies human DNA, raising concerns about heritable genome
editing, which modifies fetal DNA, potentially causing passed-down changes to subsequent

generations, a topic of global discussion since 2018 (Soni, 2024)

Human Variations and Populations

Previous human genome-sequencing studies have mainly focused on urban populations,
leaving much to be learned about genetic variation, historical population divisions,
interbreeding, adaptability, population size changes, and prehistoric gene introductions.
More genomic sequences from diverse populations is needed (Bergstrom et al., 2020).

Genome sequences from diverse human groups are crucial for understanding genetic



heterogeneity and historical aspects of different populations. This data can reveal how
genetic changes have spread over time, providing insights into ancient human migration
and genetic variation, ultimately enhancing our understanding of human evolution

(Bergstrom et al., 2020).

The genetic makeup of individuals is more similar than diverse, with an average of 99.6%
identical genomes and 0.4% different ones. Genomic variants, which include single-
nucleotide and multiple nucleotide variations, influence an individual's distinctiveness.
Factors like diet, environment, lifestyle, and social context also contribute to an
individual's uniqueness. Most genomic variants do not affect an individual's genome's
operation (Alberts et al., 2002). Genetic association studies primarily focus on Europeans,
causing bias in illness risk prediction. This lack of ethnic diversity in human genome
studies hinders understanding of disease genetics, amplifies health disparities, and risks
translating genetic research into clinical practice or public health policy (Sirugo et al.,

2019).

Mendelian disorders are caused by pathogenic mutations, causing disease development
in different populations due to allelic heterogeneity, which can complicate diagnosis and

treatment processes (Rahit & Tarailo-Graovac, 2020).

Importance of allele frequencies and genotype distribution among populations

The evolution of a natural population is similar to a family tree, with genetic material
passed down through generations using Mendelian inheritance principles. Population
genetic studies use present-day genetic variation patterns and allele frequencies to

understand genetic drift, natural selection, and gene flow (N. Chen et al., 2019).

Scientific research highlights the importance of structural variation in adaptation and
speciation processes, with copy number variants (CNVs) in single-copy loci altering
phenotypes and preventing allele recombination, but less information exists on their
prevalence and distribution in natural populations (Tigano, 2020). For example, over 170
million people are infected with the hepatitis C virus, causing chronic liver disease and

potentially cirrhosis liver and hepatocarcinoma. Geographical location affects genotype



distribution, with three patterns identified: high genetic diversity, risk groups, and single

subtypes.(Cantaloube et al., 2005)

The effect of human polymorphisms on diseases

Genomic surveys have identified over 80 million autosomal single nucleotide
polymorphisms (SNPs), including 8 million common variants, indicating significant
genetic variation. Genome-wide association studies (GWAS) have linked SNPs to disease
risk, but most are in non-coding regions, limiting understanding of specific genes, cell
types, and functional relationships. Epigenomic investigations show that disease risk

mutations are more prevalent in cis-regulatory DNA regions (Schmiedel et al., 2018).

Human health is influenced by factors like genetics, behavior, socioeconomic conditions,
environment, and healthcare access. However, the exact impact on community health
remains uncertain. Environmental and occupational elements, including dietary choices,
smoking, alcohol, and drug use, can lead to chronic illnesses, accelerated aging, and
reduced life expectancy (Chiarella et al., 2023). Genetic polymorphisms are being studied
for their impact on environmental and occupational exposures, with a statistical approach
proposed to predict ethnic-specific susceptibilities using public databases (Chiarella et
al., 2019).

Single nucleotide polymorphisms (SNPs) are DNA sequence differences caused by
changing a single nucleotide. They are crucial in studying the human genome, examining
genetic variations' impact on disease susceptibility, treatment sensitivity, and healthcare.

SNP databases aid in association studies (Sripichai & Fucharoen, 2007).

Another example of the impact of human polymorphism is, the impact of immune gene
polymorphisms on viral infection outcomes, particularly in areas critical for viral

clearance and immunopathogenesis, is a major concern (Hashemi et al., 2021).



Congenital Hearing Loss

Congenital hearing loss occurs from birth due to ear impairment in converting sound
vibrations into electrical energy for nerve impulses. Classified based on location, it affects
the outer or middle ear or inner ear (Capra et al., 2023). Hearing loss is a prevalent
neurosensory impairment, affecting children's academic performance, social
relationships, and speech and language development. Early detection and personalized
treatments can mitigate negative impacts, while untreated conditions can cause delays and
lower self-esteem. Prompt identification and treatment improve children's potential (Al-

Qahtani et al., 2021).

About 1 in 500 babies experience severe hearing loss by 80 years old, with genetic factors
accounting for 50% of cases. Pre-lingual causes account for even more deafness. Non-
genetic causes include infections, developmental abnormalities, hypoxia, trauma, and

drug use in neonates and early babies (Thorpe & Smith, 2020).

Hearing loss affects 34 million children and 432 million people globally, with one to three
per thousand healthy infants and two to four per thousand in high-risk categories having
bilateral moderate to severe hearing loss. Early identification and treatment can

significantly impact a newborn's development and quality of life (Al-Ani, 2023).

Epidemiology

The WHO reports 34 million children worldwide suffer from hearing loss, with
prevalence rates varying across nations and localities. This can be attributed to healthcare
systems and universal newborn hearing screening programs. Causes include genetics,

environmental influences, aging, inflammation, and a combination of factors. (Zhou et

al., 2022).

Hearing impairment affects over 500 million people globally, with normal hearing having
thresholds of <25 dB. Hearing loss, defined by the WHO, occurs when the average pure
tone exceeds 25 dB in the better-hearing ear. Disabling hearing loss is over 40 dB in adults

and 30 dB in children (Sheffield & Smith, 2019). Neonatal hearing screening programs



in North America, Europe, and developed countries show a gradual increase in permanent
bilateral hearing loss prevalence, likely due to progressive, acquired, or late-onset
hereditary factors (Korver et al., 2017a). The prevalence of hearing loss in countries
lacking universal neonatal screening programs varies significantly, with high-income
countries having higher rates due to different diagnostic methods and risk factors

(Neumann et al., 2022).

Hearing impairment is a common sensory issue in Mexican babies, with over 50% of
cases linked to genetics and 30% to syndromic entities. Research shows that pathogenic
variations are most frequently associated with the GJB2 gene, with additional mutations
found in GJB6, SLC26A44, and CHDZ23. Initial screening of these genes could be a
potential diagnostic approach (Torre-Gonzalez et al., 2022).

Risk Factors

A study in China found that risk factors like craniofacial deformities, NICU admission,
family history, and advanced maternal age may be linked to congenital hearing loss,
sensorineural hearing loss (SNHL), and congenital conductive hearing loss (CHL),
potentially contributing to its development (Zhou et al., 2022). Permanent childhood
hearing problems are conditions where both ears experience over 40 dBHL on average in
the frequency range of 0.5, 1, 2, and 4 kHz. Caused by genetic and environmental factors,

they affect 7% of the global population.

Newborns admitted to the NICU are 10-20 times more likely to have permanent
congenital hearing loss, affecting cognitive and language growth during the first 36
months (Alhazmi, 2023). Universal hearing neonatal screening (UHNS) effectively
identifies and treats hearing loss in newborns. Risk factors include a family history of
deafness (47%), syndromic deafness (41%), intrauterine growth retardation or preterm
(19.7%), and prolonged NICU stay (18%). These factors account for 74% of cases, with
probable hereditary deafness accounting for most congenital hearing loss cases (Paul et

al., 2024).



The Joint Committee on Infant Hearing revised its position statement in 2007 to identify
risk factors for delayed hearing loss in newborns, including hearing loss-associated
syndrome, caregiver concerns, family history, neonatal intensive care, infections,
craniofacial anomalies, neurodegenerative disorders, postnatal infections, head trauma,
and chemotherapy (Appelbaum et al., 2018).

Pathophysiology

Congenital hearing loss can be inherited or acquired, with genetic variants often caused
by gene mutations. Acquired hearing loss can occur later in life due to exposure to loud
noise, infections, or ototoxic drugs. Understanding these types is crucial for effective

therapy (Renauld & Basch, 2021).

Genetic alterations can affect the auditory pathway, with syndromic hearing loss often
associated with a specific syndrome. Non-syndromic hearing loss is identified using
prefixes like DFNA, DFNB, and DFNX. For instance, DFNBI1 is associated with
autosomal recessive non-syndromic hearing loss, while DFNB4 is associated with
auditory impairment in Pendred syndrome. Understanding the genetic basis of hearing
loss can aid in diagnosis and treatment (Korver et al., 2017). The inner ear, responsible
for balance and hearing, has a complex structure for auditory processing. Hearing relies
on peripheral and central pathways, and understanding the auditory system's structure is

crucial for understanding hearing loss diseases (Capra et al., 2023).

The human cochlea, a hard shell, converts sound into electrical impulses. Pregnancy alters
the immune system, making pregnant women more susceptible to infections. Viral
infections can cause sensorineural hearing loss through direct cytotoxic effects or indirect
tissue damage (Casale et al., 2024). The cochlea is a hearing organ that converts sound
energy into electrical signals for the brain. It is a spiral-shaped tube filled with fluid,
consisting of three chambers: vestibular ramp, tympanic ramp, and cochlear duct. The
scala media houses the endolymph, a liquid with high K+ levels, and the perilymph, which
has elevated Na+ levels (Rask-Andersen et al., 2012).



Hair cells, found in the Corti organ, are specialized mechano-sensors in the cochlea. There
are two categories: inner hair cells (IHC) and outer hair cells (OHC). IHCs transmit
signals through the auditory nerve, with variations in nerve terminals and synapses
(Driver & Kelley, 2020). Synapses between nerve fibers and inner hair cells remain intact
across species. Efferent terminals terminate at dendritic terminals, while outer hair cells
(OHCs) act as mechanical amplifiers, increasing cochlea noise volume. Efferent inputs

regulate these functions (Caprara & Peng, 2022).

The Organ of Corti converts mechanical vibrations into electrical signals, affecting the
cochlear frequency. Its central pillar is the bone-like modiolus, with a spiral lamina
protruding into the bony canal. The spiral ganglion, a group of nerve cell bodies, transmits
information from the cochlea to the brain (White et al., 2024). The GJB2 gene, encoding
the connexin26 protein, is responsible for 50% of non-syndromic hearing loss. With 340
mutations, most result in recessive non-syndromic deafness, specifically DFNB1A.
Mutations affect protein expression, channel features, and gap junction plaque formation

(P. Chen et al., 2022).

Genetic congenital hearing loss

The genetic cause of congenital hearing loss is determined by determining if it is a
syndromic presentation or an isolated characteristic. Examples include Usher, Pendred,
Waardenburg, and Norrie syndromes. Most children's hearing loss is caused by hereditary
factors, most of which are single gene defects. It is classed as either syndromic or non-
syndromic, with autosomal recessive nonsyndromic accounting for 80% of instances and

autosomal dominant nonsyndromic accounting for 20% (Korver et al., 2017).

Hearing loss is a manifestation of a pathological alteration in the auditory system, with
genetic factors responsible for 80% of cases before language development. Identifying
the genetic origin provides insights into prognosis, non-syndromic and syndromic hearing
loss, habilitation options, therapies, and genetic counseling to predict recurrence (Sanjuan
& Domingo-Calap, 2021). Hearing loss affects 0.1-0.2% of neonates and is primarily

caused by genetic alterations in the GJB2 gene. Over 100 harmful mutations have been



discovered, leading to hearing loss. The most prevalent mutation among Caucasians is
.35 delG, while other prevalent mutations, such as ¢.235delC in Japan and ¢.167delT in

Ashkenazi Jews, are more widespread in other ethnic populations (Koohiyan, 2019).

Acquired congenital hearing loss

Acquired hearing loss is a common form of auditory impairment caused by damage to the
inner ear, which converts sound waves into electrical signals. The cochlea contains hair
cells that cannot regenerate, resulting in irreversible damage and the development of
hearing impairment (Podury et al., 2023). Hearing loss in children is primarily caused by
acquired factors like infections, postnatal delivery issues, ototoxic drugs, and autoimmune

illnesses.

The World Health Organization attributes 31% of hearing loss to these, while preventable
causes include trauma, infection, and ototoxic drugs. (Lieu et al., 2020). Identifying the
cause of deafness can provide predictive insights, aid in rehabilitation, and improve
patient prognosis. Hearing loss can be prelingual, occurring before speech development,

or post lingual, occurring gradually after normal speech development.

Hearing loss is caused by infections, illnesses, trauma, and aging. Post lingual deafness

may not impair communicative abilities (Bozani¢ Urbancic et al., 2020).

Diagnosis, screening, and prevention

Clinical phenotyping and family history are crucial for identifying potential genes in
hearing loss illnesses. However, the correlation between genotype and phenotype is not
uniform, and multiple genes can contribute to disorders. Gene panels are used to evaluate
multiple genes or variations in a single analysis due to diverse physical and genetic
characteristics (McDermott et al., 2019). The physiological newborn hearing screening
(NBHS) method uses a portable automated auditory brainstem response (AABR) or

otoacoustic emissions (OAEs) for initial screening.

If abnormal, a formal ABR test is conducted. The International Pediatric Otolaryngology

Group recommends both tests for children with hearing loss risk factors. In 2017, over



98% of US babies had screening, and the median age for severe-to-profound hearing loss
diagnosis decreased from 2 years to 2 months (Thorpe & Smith, 2020). The International
Pediatric Otolaryngology Group (IPOG) released guidelines in 2016 for evaluating
pediatric hearing loss, including sensorineural, conductive, mixed, and auditory
neuropathy spectrum disorders. For sensorineural hearing loss, CMV testing is
recommended, while genetic testing is recommended for both ears. Temporal bone

imaging is recommended for one ear (Qian et al., 2021).

The Connexin 26 gene (GJB2)

The GJB2 gene encodes connexin 26, also known as gap junction beta 2, which forms
channels for nutrient, ion, and signaling movement between cells. The specific connexin
proteins determine the channel dimensions and particles. (Zappala et al., 2023). Connexin
26, a protein found in the inner ear, plays a crucial role in hearing by regulating the
concentration of potassium ions within the cochlea. This protein is essential for the
development of certain cells in the cochlea, which is a snail-shaped structure in the inner
ear (Mammano, 2019). Hearing loss is a common and genetically diverse sensory
impairment, affecting millions globally. In infants, it occurs 1 in 1000, with 50% caused

by genetic abnormalities.

It can be categorized into syndromic and non-syndromic forms, with syndromic disorders
affecting organ systems and non-syndromic disorders affecting the inner ear. Autosomal
recessive non-syndromic hearing loss (ARNSHL) is the most prevalent type (Mishra et
al., 2018). Over 200 genes, including Connexin 26, are linked to hearing loss in humans,
with over 90 identified. GJB2, the gene responsible for Autosomal Recessive Non-
Syndromic Hearing Loss, is responsible for up to 50% of pre-lingual hearing loss cases.
Over 70 distinct mutations have been reported, with the c.35delG mutation being the most

prevalent globally (Hegde et al., 2021).

Gap junctions (GJs) are crucial for the movement of ions, metabolites, and signaling
molecules across cells' cytoplasm. Connexin 26, produced by the GJB2 gene, plays a

crucial role in GJ formation in epithelial organs like the inner ear and palmoplantar
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epidermis. Its transmembrane structure consists of four domains (DeMille et al., 2018).
Non-syndromic hearing loss (NSHL) is primarily autosomal recessive, affecting 75% to
85% of cases. Over 100 genes are associated with NSHL, with the gap junction protein
connexin 26 (GJB2) having the highest mutation frequency. GJB2 creates gap junctions
near cells, affecting up to 50% of individuals from different populations (Al-janabi et al.,
2021). Non-syndromic hearing loss (NSHL) is a genetic disorder affecting two-thirds of
congenital hearing loss cases. It is caused by a single gene mutation and has a high degree

of genetic diversity.

The GJB2 gene has over 200 variants, with the 35delG mutation responsible for 60% to
70% of all mutations in Northern and Southern European and American Caucasian
populations. The 35delG mutation is most prevalent in Mediterranean, European, and

Turkish populations (Geden & Seneldir, 2023).

Structure

Human connexin 26, a protein with a molecular weight of 23 to 62 kDa, is one of 21
members with 226 amino acids. It is divided into five subgroups and shares structural
features with other connexins. It forms intercellular channels and plasma membrane gap
junctional plaques (Posukh et al., 2023). The GJB2 gene, located on chromosome 13q12,
encodes the Cx26 protein, which consists of four transmembrane domains, two
extracellular loops, an amino-terminal domain, a cytoplasmic loop, and a carboxy-

terminal domain.

The protein's cytoplasmic loop and N-terminus control voltage and ions flow, regulating
channel selectivity. The gene's structure is straightforward, with exon 1 located 3179 base
pairs away from exon 2 (lossa et al., 2011). The GJB2 gene, located on chromosome
13q12, produces Connexin 26 (Cx26), a protein with 226 amino acids. Cx26 has four
transmembrane domains, two extracellular domains, and three intracellular domains.
Connexons, also known as hemichannels, can be homomeric or heteromeric and are
transported to the cell surface for connection (Mao et al., 2023). The human Cx26 gene,

which is conserved and essential for maintaining hemostasis, is involved in cell
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proliferation, differentiation, and development, as its elimination during embryonic
development results in death in mice. (Mao et al., 2023). Hereditary hearing loss is
primarily caused by mutations in the Gap Junction Beta 2 (GJB2) gene, which produces
gap junction proteins like connexin 26, which maintain potassium ion balance in the inner
ear. Non-syndromic deafness accounts for 75% of cases. Mutations 35delG and
Cys169Tyr disrupt the protein structure, causing truncated Cx26 and disrupting the

protein structure (Missoum, 2018).

Function

The GJB2 gene, involved in the etiology of hearing impairment is responsible from
connexin 26 coding. Mutations in this gap junction protein cause most deafness. The gene
has two exons, but only exon 2 codes for Cx26. Sound waves from the outer ear contact
the cochlea, were hair cells sense vibrations. Connexin 26 gap junctions allow potassium
ions to enter hair cells, sending an electrical impulse to the auditory nerve (Maslova et
al., 2021). Gap junctions are areas of the cell membrane with intercellular communication
channels, facilitating the transfer of molecules like ions, metabolites, nucleotides, and
peptides. These channels are created when connexons dock end-to-end, playing a crucial
role in biological processes like development, differentiation, and immunological

responses. Connexin mutations can cause disorders (Maeda et al., 2009).

Connexins, the building blocks of gap junctions, mediate potassium circulation in the
cochlea, ensuring high potassium levels for auditory physiology. GJB2 and GJB6 genes
produce most connexins in cochlear supporting cells, responsible for human connexin 26
and 30 proteins. Autosomal recessive changes in CX26 are found in NSHL populations
(Su et al., 2020). Connexin, found in the stria vascularis and supporting cells of the organ
of Corti, acts as undocked hemichannels and GJ channels for cell signal transmission. It
produces endo-cochlear potential and endolymph, and its expression patterns suggest vast
interconnected networks. Cx26 is expressed on supporting cells' surfaces in areas lacking
cell-cell connections (Verselis, 2019). Connexins, the molecules that form gap junctions,
consist of four transmembrane segments, unstructured C and N terminals, one

cytoplasmic loop, and two extracellular loops. Humans have 21 connexins, with 19
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shared. Their molecular weight determines their nomenclature, and they are expressed in
almost every cell in the human body. Subtypes are expressed limitedly and determined by
anatomical site (Yamasaki, 2018). Connexins act as gap junction channels, allowing ions
and molecules to flow between cells in multicellular animals. They are expressed in
tissue- or cell-type-specific patterns, with specific protein domain sequences affecting

oligomerization (Posukh et al., 2023).

Pathogenic variations in the GJB2 gene

Genetic deafness is often caused by harmful mutations in the GJB2 gene, causing various
clinical effects like type 1A, type 3A, and syndromic forms that combine hearing loss
with skin disorders (Posukh et al., 2023). GJB2 gene mutations cause severe to profound
hereditary hearing loss in various populations. In several studies, GJB2 gene mutations
have been linked to hearing loss (Bouzaher et al., 2020). Genetic variations in GJB2
contribute to genetically inherited hearing loss in various regions, including Europe, the
Middle East, East Asia, Southeast Asia, India, Ashkenazi Jews, and Ghana, but their exact
extent remains unclear (Bouzaher et al., 2020). GJB2 pathogenic variants cause various
phenotypes, including autosomal recessive non-syndromic hearing loss (DFNB1A), a

common form due to a mutant Cx26 form.

Gain-of-function variations often display hyperactive connexons, leaky hemi-channels,
and gap junctions. Other variants may result in syndromic skin conditions or autosomal
dominant diseases (Xiang et al., 2023). Biallelic missense mutations in the GJB2 gene
cause varying auditory thresholds in individuals. Despite ongoing controversy due to
technical discrepancies, the pathogenicity of R143W variants has been established,
leading to non-syndromic hearing impairment in Ghana. Hearing loss is linked to N206S

and N206T variants (Namba et al., 2024).

Treatment strategies and GJB2
Gene therapy is a promising treatment for genetic abnormalities, particularly hereditary hearing
loss (HHL), a prevalent form of deafness. Research is increasing to explore the potential of gene

therapy in treating HHL, with clinical trials and CRISPR-Cas tools being explored (Jiang et al.,
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2023). Advancements in understanding the genetic basis of deafness have identified
around 150 genes. However, there is still a lack of clinical procedures to restore normal
hearing. Genetic treatment aims to alter, replace, or restore genetic elements responsible
for disorders. Improvements in technology have facilitated the rapid growth of gene

therapy for hereditary hearing loss (Hahn & Avraham, 2023).
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Chapter 11

Methodology

Research Design
This research is a retrospective descriptive cohort study.
Data collection tool

This study is conducted to obtain comprehensive data on connexin 26 gene in the healthy

population north Cyprus.
Study Group

This study includes 64 females and 36 males from the Healthy Population in Northern

Cyprus, the study group consisted of 100 participants for the research.

Reagents and Instrument

SNP Biotechnology R&D Ltd., Ankara, Turkey; Hibrigen Biotechnology, Gebze/Kocaeli,
Turkey); Warfarin Real-Time PCR Kit (Cat. No: 13r-10-03); Real-time PCR equipment
(HiMedia, Mumbai, India).

Collection of Samples:

The approval for the study's protocol had been given by the Near East University Ethics
Committee. Before any samples were taken, the participants' informed consent was
acquired. Clear information on the protocol, purpose, and potential benefits and dangers of
the study was received by participants. An opportunity was given to the attendees to clarify

any concerns they might have and ask questions.

Venous blood samples were taken from 100 Turkish Cypriots between April and June using
a sterile venipuncture procedure. Appropriate blood collection tubes containing

anticoagulants like EDTA were used to avoid blood clotting. Each sample was labeled with
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the initials of the participant. In order to prevent contamination, blood samples were

carefully handled. Blood samples were kept at +4°C and -20°C.
Method

Isolation of DNA

Hibrigen DNA Isolation Kit was used to isolated the DNA from white blood cells.

This involved cell lysis with a lysis buffer, followed by protein precipitation and removal.

Wash buffers were used to eliminate contaminants after genomic DNA was bound with a
binding buffer to a silica-based membrane on a spin column. After being stored at either -
20°C or -80°C, the final pure genomic DNA was examined with a spectrophotometer to
determine its concentration and purity.

Measuring DNA Concentration

Nanodrop spectrophotometer was used to measure DNA concentration. The absorbance

levels were measured at 260 and 280 nm wavelengths.
Preparation of PCR Reaction Mixes

Connexin multiplex real time PCR kit (Cat. No: 100R-20-10) was used to detect ten
mutations on the Connexin 26 gene (GJB2), 35DelG, 167delT, M34T, L90P, R184P (G>C),
V371 IVS 1+1 G>A, W24X, 312Del and E47X.

Wild type and mutant Real-Time Master mixes were used to test each extracted DNA
sample. The system offers reagents in a master-mix format that is ready for use and has
been specially designed for 5' nuclease PCR utilizing proprietary SNP analysis. Sequence-
specific primers and probes are intended for use with the test system.

For mutation analysis, FAM was used as the fluorescence, and HEX/JOE dye was also
used to tag the internal control present in every master mix. A different set of tubes was
ready for each combination. The master mixtures were carefully pipetted together before
the work was started.. Using micropipettes fitted with sterile filter tips, 10 pul of the master

mix was meticulously dispensed into each optical white strip or tube in each sample. 2. 5
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ul of DNA was then added to each tube, and the experiment was carried out according to

the prescribed protocol.

PCR Amplification and Genotyping

Following the guidelines that came with the Connexin multiplex real-time PCR Kkit, the
polymerase chain reaction mix was prepared. Primers were designed according to the
desired region of the GJB2 gene. A real-time PCR device and the recommended cycling
conditions from the manufacturer were used for the PCR amplification. The amplification
of the GJB2 gene region was observed on the screen while the PCR continued. Special
fluorescent probes included in the Connexin multiplex Real-Time PCR Kit were used to
identify and quantify the amplification of the required DNA sequences. Fluorescence
signals were monitored throughout each amplification cycle in order to produce real-time
PCR data. Real-time PCR data was used to establish the genotypes of the GJB2
polymorphisms. The genotyping of each sample was noted and provides information on

the specific GJB2 allele combinations.

Statistical Analysis

Utilizing the chi-square test, the genotype distribution and allele frequencies were
examined. Deviations from expected genotype frequencies were looked at using the Hardy-
Weinberg equilibrium and other computed factors. The genotype distribution and allele

frequencies were compared to information from other databases and communities.

In the Turkish Cypriot population, the response to medication, the risk assessment for

diseases and the conditions for individualized medication were investigated.
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In this study, 100 individuals from a healthy population of Turkish Cypriot in Northern

Cyprus whose blood samples were collected at the Near East University Genetics

Laboratory were evaluated retrospectively.

Table 1.

General Characteristic for the studied group

N (%) Age
Female 64 (64) 31.93 + 12.249
Male 36 (36) 40.84 F 18.000
Total 100 (100) | 35.14 F 15.197

GJB2 35DelG, 167DelT:

Particularly, 35DelG and 167DelT genetic mutations were investigated in the GJB2 gene.

35DelG Mutation

GG: The patient is homozygous to the G allele. G-: The patient is heterozygous for the G

allele, with one copy of the G allele and one copy of the deleted G allele. -: The patient

exhibits a homozygous deletion of the GG allele. The patient has a genetic variation where

the G allele is absent at position 35. The genotype distribution of the GJB2 35DelG

mutation in the Turkish Cypriot population is represented as GG in the chart. The number

of individuals with the GG genotype is 100, as is the predicted number. The letter G
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represents allele frequencies; the G variation has an allele frequency of 1.000. This means

that the G allele is present in nearly 100% of the population under study.

There was no mutation, so there is no heterozygous genotype (refer to NaN in tab2).

GJB2 167DelT Mutation

TT: The patient is homozygous to the T allele. T-: The patient is heterozygous for the T
allele and has a T allele deletion. -: The patient has a twofold deletion of the TT allele. The
patient carries a deletion T allele at location 167. The genotype distribution of the GJB2
167DelT variant in the Turkish Cypriot population is represented by a chart. The observed
of individuals with the TT genotype is 100, while the expected number is also 100. The
representation of allele frequencies is denoted as T: The T variant has a frequency of 1.000
for the allele. This indicates that almost 100% of the population being examined possesses

the T allele.
There was no mutation, so there is no heterozygous genotype (refer to NaN in tab2).

For both deletions case 35DelG and 167DelT, the Chi-squared value and p-value were not
calculated (refer to NaN in tab2). The Chi-squared test is a statistical method that is
employed to analyze the significant correlation between the observed and anticipated
frequencies. Given the absence of mutations, it is not possible to compute the Chi-squared

value and the p-value in this scenario.
GJB2 M34T, 312Del, exce R184P(G>C), IVS 1+1 (G>A), W24X Mutations

M34T, 312Del, RI184P(G>C), IVS 1+1 (G>A), and W24X. Based on Table 2, these

mutations are statistically identic.

GJB2 M34T Mutation
The GJB2 gene involves M34T genetic variations.

MM: The patient is homozygous for the M allele. MT: The patient possesses one copy of
the M allele and one copy of the T allele.
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TT: The patient is homozygous for the T allele. The genotype distribution of the GJB2
M34T variant in the Turkish Cypriot population is depicted as MM in a chart. The actual
count of individuals having the MM genotype is 100, whereas the projected number is also

100.

The MT genotype was not found in any individuals, which is consistent with the expected
number of 0. The number of individuals observed with the TT genotype is zero, whereas

the expected count was also zero.

Allele frequencies are denoted by the symbol M: The M variant has an allele frequency of
1.000. This indicates that almost 100% of the population being examined possesses the M
allele. The T variation has a frequency of 0.000 for its allele. This indicates that
approximately 0% of the population being examined possesses the T allele. The Chi-

squared value and p-value were not calculated, because there was no mutation.
Table 2.

Allele Frequency and genotype Distribution of GJB2 variant in studied population

GJB2 Gene Genotype Distribution Allele
Variations Frequency
Genotypes GG G- -- G -
35delG Observed 100 0 0 P- NaN
value
1.000 | 0.000
Expected 100 |0 0 X? NaN
TT T- - T )
167delT Observed 100 0 0 P- NaN
value
1.000 | 0.000
Expected 100 |0 0 X? NaN
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MM MT | TT M T
M34T Observed 100 0 0 P- NaN
value
1.000 | 0.000
Expected 100 |0 0 X? NaN
LL LP PP L P
L9orP Observed 98 2 0 P- 0.102
value
0.99 0.01
Expected 98 2 0 X2 0.010
RR RP PP R P
RI184P (G>C) Observed 100 0 0 P- NaN
value
1.000 | 0.000
Expected 100 |0 0 X? NaN
\AY VI 11 \% |
V371 Observed 94 6 0 P- 0.757
value
0.97 0.03
Expected 94 5 1 X? 0.095
GG GA AA | C T
VS 1+1 G>A Observed 100 0 0 P- NaN
value
1.000 | 0.000
Expected 100 |0 0 X? NaN
WW | WX | XX |W W
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W24X Observed 100 0 0 P- NaN
value
1.000 | 0.000
Expected 100 |0 0 X2 NaN
I 1D DD |1 D
312del Observed 100 0 0 P- NaN
value
1.000 | 0.000
Expected 100 |0 0 X? NaN
EE EX XX | E X
E47X Observed 98 2 0 P- 0.102
value
0.99 0.01
Expected 98 2 0 X2 0.010

The Chi-squared test is the statistical method that was employed to analyze the significant

correlation between the observed and anticipated frequencies. Given the absence of

mutations, it is not possible to compute the Chi-squared value and the p-value in this

scenario.

GBJ2 (V371, L90P, E47X) Mutations

The various allele combinations (also known as gene variants) that might arise at the GJB2
gene's position "V371, L90P, E47X" are shown in the column below. This column displayed
each genotype's expected frequency in the population under investigation based on
different theoretical. Known genetic distributions or presumptions about the population

under study were usually the basis for these computations. The observed frequency of each

genotype in the studied population is shown in table 2.
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GJB2 V371 Mutation

This genotype had two copies of the "VV" allele at location 37. 94 was the measured
frequency even though it was the predicted frequency. This genotype had one "V" and one
"I" allele at position 37. Whereas the anticipated frequency was 5, the measured frequency

was 6. This genotype had two copies of the "I" allele at location 37. The observed frequency
was zero, even though the expected frequency was one. The frequency of the two distinct
alleles ("C" and "T") at position 37 in the group under investigation were shown in these

two rows.

In other words, around 97% of people will carry the V" allele, according to the predicted
frequency of 0.97. Around 3% of people are expected to carry the "I" allele, according to
its predicted frequency of 0.03. A statistical metric called the chi-squared value is
employed to ascertain if the difference between the observed and expected frequencies is
statistically significant. This instance has an estimated chi-squared value of 0.095. When
the discrepancy between the actual and predicted values is larger, the chi-squared value
increases. Under these circumstances, the p-value was 0.757.

This p-value demonstrated the probability of seeing the genotype distribution (VV, VI, 1)
due to the independence between the actual and expected numbers. The hypothesis
regarding the substantial difference between the anticipated and observed distributions was
not strongly supported (p-value = 0.757) according to the Chi-squared test. The results of
the study show that no significant difference was found when the expected value for the
genotype distribution of the GJB2 V371 variant and the observed value in the group were
compared.

GJB2 L90P Mutation.

This genotype had one "L" and one "P" allele at position 90. The LL genotype means that
the patient carries the G allele in two copies. The LP genotype means that the patient carries
one L allele copy and one P allele copy. PP genotype indicates, the patient carries the P
allele in two copies. The genotype distribution of the GIJB2 L90P variant in Turkish Cypriot
population is represented in a chart as LL: The observed number of people with the LL
genotype is 98, whereas the predicted number is 98. LP: The observed number of
individuals genotype is 2. While the predicted number is also 2. PP: The observed number
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of individuals genotype is 0, when the predicted number is 0. The alleles frequencies are
represented as L: The L variation has an allele frequency of 0.99. This suggests that roughly
98% of the population under study carries the L allele. P: The P variant’s allele frequency
is 0.1. This shows that roughly 1% of the population under study carry the P allele. 0,102
is the Chi-squared value.

This p-value demonstrated the probability of seeing the genotype distribution (LL, LP) due
to the independence between the observed and expected numbers. The hypothesis
regarding the substantial difference between the anticipated and observed distributions was
not strongly supported (p-value = 0.102) according to the Chi-squared test. The results of
the study show that no significant difference was found when the expected value for the
genotype distribution of the GJB2 V371 variant and the observed value in the group were
compared.

The genotype PP is null (refer to tab2).

GJB2-E47X Mutation

This mutation has statistically the same characteristics as L90P above.
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Chapter IV

Discussion, Conclusion and Recommendations
This study investigated the carrier frequency of the connexin 26 (GJB2) gene amongst

healthy populations in North Cyprus retrospectively.
Discussion

The research observed that the carrier frequency of mutation in the connexin 26 (GJB2) gene
among healthy individuals in North Cyprus to be zero. Mutations in GJBZ2 are a leading cause
of autosomal recessive non-syndromic hearing loss (ARNSHL) worldwide. However, no
mutation was observed in any of the participants in the study. The majority of prelingual
non-syndromic recessive deafness cases in Caucasians are attributed to alterations in the
Connexin 26 gene (GJB2/Cx26). Various GJB2 mutations were observed in Moroccan
patients with autosomal recessive non-syndromic hearing loss, according to reports.
Nevertheless, only a limited number of studies have investigated the prevalence of these
mutations in healthy populations. This study aimed to determine the carrier frequencies of
the GJB2 mutations in the Moroccan population. A genetic analysis was conducted on 386
healthy, unrelated Moroccan adults without any documented hearing loss to examine the
35delG mutation and other variants in the GJB2 sequence (Abidi et al., 2008). Indeed, the
35delG mutation is the primary cause of deafness in Caucasians. The prevalence of GJB2-
associated deafness ranges from 61% in Switzerland to 93% in Slovakia (Minarik et al.,
2012). For example, Connexin 26 (GJB2) gene mutations account for 19.4% of non-
syndromic hearing loss (NSHL) cases in the Indian population. The ¢.71G>A4 (W24X) and
c.35delG were the most common GJB2 mutations, representing 72.2% (234 out of 324 total
mutant alleles from 7 studies) and 15.4% (50 out of 324 total mutated alleles from 7 studies),
respectively.(Mishra et al., 2018b). and the distribution of carrier frequency c.35 delG
mutation in Russia exhibits distinct ethno-geographic distinctiveness. The prevalence of the
¢.35 delG mutation is commonly observed in Caucasian groups residing in the northwestern
region of Russia, with rates reaching up to 7.5% in the Kaliningrad Oblast' and 5.9% in the
Leningrad Oblast. The current population of the Kaliningrad Oblast is predominantly
composed of Russians, accounting for approximately 80%, as a result of significant

migration from European parts of the former USSR during the war. The indigenous Finno-
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Ugric Vepsians residing in rural regions of the Leningrad Oblast' are expected to have a
relatively high carrier frequency of c¢.35delG, which is consistent with the elevated rates
observed in other Finno-Ugric populations. Specifically, Estonians have reported rates of
4.4-4.5%, while Mordvins have reported rates of 5.7-6.2%. The carrier frequencies of c. ¢35
delG in the Caucc.35 delG or its absence were observed among various ethnic groups. The
highest carrier frequencies were found among Abkhazians (3.8%) and Armenians (3.7%).
This genetic variation was also present in Turkic-speaking peoples of the Volga-Ural region
(Tatars, Bashkirs, Chuvashes), Siberia (Altaians, Tuvinians, Yakuts), Central Asia (Kazakhs,
Uighurs, Uzbeks), and Mongolic-speaking Buryats (Siberia). The frequency of the ¢.35 delG
carrier in Russians in Siberia ranges from 4.1% in Western Siberia (as reported in this study)
to 2.5% in Yakutia (Eastern Siberia). The study examined chromosome 13 in individuals
from Siberia who were homozygous for the ¢.35delG mutation and had hearing loss (Zytsar
et al., 2018). By comparison, out of the 19 children with hearing impairment, only 3 (16%)
had both copies of the 35 de/G and/or 167 delT genetic mutations. The findings indicate that
the characteristics of hearing loss differed depending on the genetic makeup, with certain
genotypes having a higher likelihood of exhibiting a severe form of hearing loss compared
to others. Additionally, the study revealed that the development of hearing loss was more
prevalent than initially anticipated (Kenna et al., 2010). GG (homozygous) the G allele was
present in two copies at location 35 in this genotype. G- (heterozygous) the G allele, with
one copy of the G allele and one copy of the deleted allele. The genotype distribution of the
GJB2 35DelG mutation in the Turkish Cypriot population is represented in the table2. The
actual count of individuals with the GG genotype is 100, while the expected count is also

100.

The additional common genetic variations of GJB2 identified in Iran include R/27H,
delE120, W24X, RI184P, 3170G>A (IVSI-1G>A), and 235delC (2931). In our present study
there was no mutation for these specifics’ variants M347, 312Del, R184P (G<C), IVS 1+1
(G>A4) and W24X. The column then displayed the actual number of instances of each

genotype found in the population under study using genetic analysis.

According to some studies conducted in Indian population. Several genetic investigations on

HL have also demonstrated that the c.71G>A (W24X) mutation is the predominant
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pathogenic alteration responsible with non-syndromic hearing loss (NSHL). In this study, 8
out of 35 probands exhibited the ¢.7/G > 4 (W24X) mutation. This mutation is located on
transmembrane domain 1 (TM1) of the connexin 26 protein. Consequently, the protein was
shortened to only one-tenth of the sequence of the wild-type protein. The presence ofa G> A
transition at position c.71 causes a stop codon to form at position p.24 (W24X) of connexin

26 (Hegde et al., 2022)

In our study population, A significant prevalence of the W24X mutation was observed by us,
while the absence of the ¢.35 delG, ¢.235 delC, and 167 delT mutations may be distinctive
to this particular community. And 40% (6/15) of individuals with non-syndromic hearing
loss (NSHL) were discovered to have GJB2 mutations, with 33.3% (2/6) of these variants
being monoallelic. Four out of six patients were found to have bi-allelic GJB2 mutations.
The most prevalent GJB2 mutation discovered was ¢.71G > A (p. W24X), accounting for 30%
of all GJB2 mutant alleles. A total of six investigations, encompassing 1119 patients with
non-syndromic hearing loss (NSHL), were examined. Among these studies, four reported
that the most prevalent mutation was ¢.7/G > 4 (p. W24X), whereas two studies identified
¢.35delG as the most common mutation. GJB2 mutations accounted for 10.9%—-36% of cases
of non-syndromic hearing loss (NSHL). In the present investigation, a total of sixteen
mutations in the GJB2 gene were found in Indian patients. Among these variants, six were
different from the ¢.7/G > A (p.W24X) mutation. These six mutations were specifically
identified as ¢.35delG, c.14 > G (p.M1V), c.127G > A (p.V43 M), ¢.204C > G (p.Y86X),
c.231G> A (p.W77X), and ¢.439G > A (p.E147K) (Mishra et al., 2018)

Based on the findings of another study, 24.57% of patients were found to have a causal
mutation on both chromosomes, whereas an additional 9.9% had a cause mutation on only
one chromosome. A total of seven polymorphisms were identified: V271, M34T, F83L, 354
C—T RI27H, V1531, 684 C—A. Additionally, eleven causative mutations were detected:
IVSI1+1 G—A, 35delG, W24X, V371, E47X, 167delT, L90P (Minarik et al., 2012). MM
(homozygous) the M allele was present in two copies at location 34 in the GJB2 M34T
Mutation. While 100 was the predicted frequency, the 100 frequencies were seen during the
analysis. MT (heterozygote) at location, this genotype had both a “M” and an “T” allele. The

observed frequency was 0, compared to the expected frequency of 0. TT (mutant
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homozygote) The "T" allele was present in the GJB2 M34T Mutation. The observed
frequency was 0, compared to the predicted frequency of 0. The table above provided
information about the distribution of the GJB2 "M34T" genetic variant in the studied
population, along with statistical values used to assess the significance of observed

deviations from the expected distribution.

Various GJB2 mutations were observed in Moroccan patients with autosomal recessive non-
syndromic hearing loss, according to reports. Nevertheless, only a limited number of studies
have investigated the prevalence of these mutations in healthy populations. This study aimed
to determine the carrier frequencies of the GJB2 mutations in the Moroccan population. A
genetic analysis was conducted on 386 healthy, unrelated Moroccan adults without any
documented hearing loss to examine the 35de/G mutation and other variants in the GJB2

sequence (Abidi et al., 2008).

While most research on GJB2 mutations has focused on individuals with hearing
impairment, there is limited information available regarding the prevalence of these variants
in the general population. A study aimed to assess the frequency of GJB2 mutations that
result in hereditary deafness in the whole Korean population was conducted wherein 2,072
blood samples were collected from babies who had normal hearing. After performing direct
DNA sequencing, the dried blood samples were subjected to PCR to amplify the whole
coding region of the GJB2 gene. A total of 24 distinct sequence variants were found in the
coding region of GJB2. These include eight pathogenic mutations (p.V37l, p.G45E,
p-RI43W, c.176 _191dell6, c.235delC, c.292 298dup7, c.299 300delAT, and c.605ins46),
four polymorphisms (p. V271, p.E114G, p.G160S, and p.1203T), and six new variants (p. W37,
pA20L, p.K41E, c.147C > T, ¢.186C > T, and c.5764 > G) (Han et al., 2008).

Conclusion
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In conclusion, the carrier frequency of connexin 26 gene in healthy populations in north
Cyprus variation in this study provides insight into the genetic makeup of the Turkish Cypriot
society in relation to warfarin metabolism. The alleles frequencies of GJB2 variants were
statistically identic, there was no mutation. According to this study, the prevalence to have
the GJB2 (35DelG, 167delT, M34T, L9OP, R184P (G>C), V371, IVS 1+1 G>A, W24X,
312Del and E47X) Mutations responsible from hearing loss in the Northern Cypriots

population it is lower.
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Recommendations
This study recommends the following:

1. Ethical considerations in genetic testing and carrier screening programs.
2. The importance of genetic counseling and providing support to individuals

identified as carriers.

3. The ongoing development of gene therapies and potential future treatments for

GJB2-associated hearing loss.
Future Directions:
Building on this study, future research could:

o Investigate the carrier frequency within specific ethnic subgroups within North

Cyprus.

e Analyze genotype-phenotype correlations to understand the association between

specific GJB2 mutations and the severity of hearing loss.

o Explore the potential benefits of implementing a GJB2 mutation screening

program in North Cyprus.
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