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Objective: Our aim is to detect the amount of miRNA and free DNA in the periph-
eral blood of young people with congenital hearing loss and compare this with con-
trol group.

Materials and Methods: In our study, 16 patients who have congenital hearing loss
and go to the private school for deaf children and 16 healthy individuals were select-
ed in the same age group. 5 cc blood was taken from peripheral vessels of each indi-
vidual. We compared the circulating cell-free DNA and miRNA amount with the re-
sults of the control group.

Results: The ccfDNA amount of the patients with hearing loss was lower than the
control group and It was statistically significant. On the contrary, we found the high-
er amount of ccfmiRNA in plasma samples of the patients with hearing loss. The sta-
tistical analysis showed that ccfmiRNA amount in congenital loss is consistently sig-
nificantly higher than the control group.

Conclusion: The miRNA and freeDNA can be used early in the diagnosis of congen-
ital hearing loss.
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the inner ear to regenerate potassium through the

Sensorineural hearing loss is the most common
disease of the sensory system. It is estimated that
1-3 per 1000 births can lead to severe hearing loss.
Approximately 50% of prelingual hearing loss cases
have a genetic background [1]. The etiology of hear-
ing loss in children is almost equal to genetic and
environmental factors [2]. Percent of them are spec-
ified as nonsendromal [3].

Mutation in the GJB2 (gap junction beta-2 pro-
tein) gene is the most common cause of genetic
deafness [4]. The GJB2 gene encodes connexin 26
(Cx26), a transmembrane protein that functions in

formation of gap junctions [5]. The connexins are lo-
cated in the cell junctions of the epithelial cells and
in the connective tissue of the cochlear nucleus and
are responsible for maintaining an electric potential
in the cochlea.

A mutation in the SLC26A4 gene leads to Pendred
Syndrome (PS), which is the second most prevalent
mutation and occurs with enlarged vestibular aqua-
duct syndrome (EVAS) [6].

SLC26A4 is an anion (chloride / iodide / bicarbonate)
carrier coding for the kidneys, inner ear and thyroid,
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called pendrin. SLC26A4 mutations are responsible
for about 5-7% of genetic deafness cases.

MT-RNR1 mutations encoding mitochondrial 125 ri-
bosomal RNA (12s rRNA) may increase susceptibility
to aminoglycoside toxicity and have no maternal ef-
fect. MtDNA1494C> G mutation is common in 0.45%
of hearing-impaired children [7].

The most common nongenetic cause of SNHL is
seen in congenital cytomegalovirus (CMV) infec-
tion. Nance et al. [4] reported that CMV infections
constituted approximately 21% of congenital SNHL
cases and 25% of SNHL cases.

A comprehensive diagnostic method for the patient
with sensorineural hearing loss (SNHL) is vital to
guide treatment and intervention options. Central
Nervous System Magnetic Resonance Imaging (MRI)
provides a useful tool for the identification of intra-
cranial and inner ear abnormalities in addition to
laboratory studies to detect inherited and conta-
gious causes of SNHL [5].

Abnormal levels of free DNA in serum and plas-
ma in cancer patients were first shown in 1977 [8].
However, the use of prognosis and diagnosis as a
marker has recently been discussed. In a cancer
group, for example, colorectal, pancreas, lung, blad-
der, bass-neck, liver, free DNA mutations were de-
tected [9-12].

CcfDNA circulation can be found in healthy individ-
uals and in patients with non-malignant diseases,
including systemic lupus erythematosus, rheuma-
toid arthritis, pulmonary embolism or myocardial
infarction [13-15]. In addition, trauma [16] and ther-
apeutic procedures [17] can also lead to the release
of free DNA into the circulation

Although the source of CcfDNA is not clear, there are
various mechanisms that contribute to the amount
of DNA in circulation. Mechanisms that contribute
to the CcfDNA may vary depending on the type of
disease and its condition. It is accepted that dead or
dying cells are the main source of ccfDNA. However,
it has also been proven that live cells can release the
ccfDNA. Also, the amount in circulation may vary
depending on the disease stage [18].

MicroRNAs (miRNAs) are small, endogenously un-
coded RNA molecules [19]. It acts as a negative reg-
ulator in gene expression. These molecules are criti-
cal post-transcription regulators of gene expression.
For this reason, it is not surprising that miRNAs have
been tightly regulated in a manner that allows them
to be appropriately shaped in a temporarily restrict-
ed and tissue-specific manner for structured organ-
ism development and growth [20]. Studies have
shown that miRNA plays an important role in cellu-
lar functions, such as proliferation, apoptosis, me-
tastasis, and cellular changes [21-22].

In this research, we planned to look at these two
molecules, which can be detected in plasma, in pa-
tients with congenital hearing loss.

MATERIALS AND METHODS

Participants

In the present study, we included 16 individuals who
has congenital hearing loss. All are students in the
private school for deaf children and all have medical
record regarding their hearing loss. Before taking
peripheral blood samples, the patients and controls
were informed about the study and its aims and
then each gave their consent by signing the appro-
priate form. The characteristics of the patients and
the controls were collected by means of a question-
naire. Ethical permission was granted by the Faculty
of Medicine Ethics Committee.

Collecting and storage samples

For the ccfDNA and ccfmiRNA, 5 mL blood was col-
lected in sterilized tubes containing K3-EDTA con-
taining tube. After taking, the blood samples were
immediately centrifuged at 3000 g for 10 min. The
plasma samples were transferred to another ster-
ile, DNAse free tube (RNAser free tube for miRNA)
and the samples were centrifuged at 16000 g for 10
min. Then, the plasma samples were separated and
stored at -80°C for further study. The DNA content
of the plasma samples was measured directly with
a fluorescence-based Quant-iT™ high-sensitivity
DNA assay kit and a Qubit® fluorometer (Invitrogen,
Carlsbad, CA, USA). The Qubit® 2.0 Fluorometer is
used for quantitation of DNA, RNA, and protein. It
uses specific dyes for each type of molecule which
have extremely low fluorescence until they bind to
their targets. After binding, they give off an intense-
ly fluorescent signal which is directly proportion-
al to the DNA concentration of any solution. In the
present study, the ccfDNA amount of each individu-
al was measured using a DNA curve obtained from
the DNA standard of known concentrations. Plasma
samples were analyzed in duplicate and the mean
of the two values was used as the final DNA amount.
The between-measurements and coefficients of
variation of this assay were less than 1.00%.

Statistical analysis
We used Man Whitney U test.
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RESULTS

All the congenital loss patients are male. Their age
range was 15-21 and the mean age of the popula-
tion was 18.11 and the median was 18.0. Except one,
other did not smoke and had no any alcohol hab-
it. In addition to hearing loss, they had no any ad-
ditional diseases. Five participants have also hear-
ing loss from their family member who were their
first relatives. Among 17 participants, the parents
of the 11 participants were farmer. We included 17
healthy individuals as the control. All the control are

Table 1. Patient and control group characteristics

again male. The mean age of the control is 19.1, and
the median is 19. In the control only 5 of the 16 was
smokers. Additionally, 14 out of the control had al-
cohol habit. The controls have no additional diseas-
es. When the patients’ BERA tests were examined, it
was seen that the hearing averages of the patients
were (85-100Hz) 90 Hz (Table 1). Because the hear-
ing loss could not be diagnose in the early time,
they can only contact with the sign language with
other people.

No statistically significant difference was found be-
tween patients and control group’s age and gender.

Patients Control
Gender 17 (male) 17 (male)
Age 15-21(18.1) 17-21(19.1)
Smoking 1 5
BERA 90 Hz -
Farming (family) N =
Siblings (hearing loss) 5 -

The ccfDNA amount of the congenital loss was 1.43
times lower than the control. The Mann-Whitney U
test showed that the amount is significantly high-
er than the control (P<0.0001). On the contrary, we
found the higher amount of ccfmiRNA in plasma
samples of congenital loss patients. The statistical
analysis showed that ccfmiRNA amount in congen-
ital loss is consistently significantly higher than the

control (P<0.0001). We investigated the any relation-
ship using Spearman's rho correlation. We found
that there is a negative correlation between ccfD-
NA and ccfmiRNA (r= -0.56, P=0.001). We investi-
gated that the three are significant correlation be-
tween age and ccfDNA (r=0.48, P=0.005), and age
and ccfmiRNA (r=0.67, P=0.0001) (Table 2).

Table 2. ccfDNA and ccfmiRNA amount in different groups

Control Hearing Loss Control Hearing Loss
ccfDNA ccfDNA ccfmiRNA ccfmiRNA
Total Mean 604.58+87.00 423.18+78.05 1532.47+£318 2543.52+235.6
Minimum 390 286 882 2200
Maximum 732 580 2120 3080
DISCUSSION

Congenital hearing loss caused by genetic reasons
is highly heterogeneous. More than 150 loci respon-
sible for this type of hearing loss and more than
100 genes are known. Genetic condition prelingual
deafness is usually associated with a mutation in the
connexin 26 gene. The majority of such hearing loss
cases are detected during screening tests in new-
borns; However, there are rare cases of rare or pro-
gressive sensorineural hearing loss [23].

Norris et al. [24] reported a case in which a muta-
tion in the GJB2 gene was deferred in neonates with

normal hearing results that were detected in the
future.

The European Network of Molecular Genetics main-
tains diagnostic tests for genetically-induced hear-
ing loss [25]. However, this report does not suggest
tests for single point mutations such as 35delG. The
authors suggest that screening tests of the most
common genetic abnormalities should be per-
formed and, if there are adverse consequences,
the sequence of exon 2, the analysis of the 5 'and 3'
ends of intron 1, and the deletion of GJB6 deletions.

© 2018 Acta Medica. All rights reserved.
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In addition, if at least one point mutation is detect-
ed in the GJB2 gene, it is advisable to detect dele-
tions in GJB6.

Burke et al. and Kim et al. a heterozygote ratio in-
creases with normal hearing in a group with sensory
hearing loss compared to the control group [26,271.
In rats, reduced expression of connexin 26 after
18 days of birth has increased the susceptibility of
Corti's normal organ to acoustic trauma and degen-
erative lesions [28]. Van Eyken and his friends work.
In humans, GJB2 mutations have been associated
with lack of correlation with increased susceptibili-
ty to acoustic trauma or aging in the hearing system
[29]. However, A1555G mutations in the mitochon-
drial subunit of the 12s rRNA have shown increased
susceptibility to ototoxic injury caused by aminogly-
cosides [6].

When we took a look at literature, mit DNA muta-
tion has been found to be high in children with con-
genital hearing loss [30-31], but we didn't find any
research about miRNA, free DNA and hearing loss,
therefore, our research is important.

As it is seen in literature, the most important reason
of congenital hearing loss is genetic . When we were
researching, we found that 5 patients had siblings
that have hearing loss and they were diagnosed
very late. The above-mentioned genetic studies
may not be give conclusion in a short time, accu-
rate results may not be obtained in hearing screen-
ings (OAE, ABR). Therefore, new methods are need-
ed which can be done easily and diagnosed. This is
the greatest aim of this research;

Approximately 65% of patients's family are interest-
ed in farming, and no research has been found in
the literature. It is also thought that this issue is to
be emphasized and to be studied extensively.
Organ development requires well established
non-cellular communication to coordinate cell pro-
liferation and differentiation. MicroRNAs (miRNAs)
are small, non-coding RNAs that regulate gene ex-
pression to a large extent and play a critical role in
organ development. In a study in the literature, they

found that miRNAs could pass through gap junc-
tions between the natural cochlear support cells to
play arolein cochlear development[32]. Connexin26
(Cx26) and Cx30 are dominant isoforms. Cx26 defi-
ciency, Cx30 deficiency, cochlear developmental
disorders. This data suggests that Cx26 mediated
extracellular communication is required for cochle-
ar development, and Cx26 deficiency may disrupt
miRNA mediated intracellular genetic communica-
tion in the cochlea, which may lead to cochlear de-
velopmental disorders and congenital deafness, as
previously reported.

In one research, venous blood, amniotic fluid, or
chorionic villus of proband and couples were ana-
lyzed and free DNAs in maternal plasma were exam-
ined to determine whether they carry GJB2 235delC
mutations, therefore; It may be a potential way to
screen for congenital deafness based on maternal
free DNA [33].

As we have seen in our study, ccFDNA and miR-
NA were obtained by simple blood collection tech-
nique, and miRNA was found to be higher in the pa-
tient group and CCFDNA was less, and statistical
significiant was found . This research shows us that
these molecules can be used for early diagnosis in
patients with congenital hearing loss. The limitation
in work is the small number of young people who
are trained in a particular school because the group
of our patients has hearing loss. But even though
we have fewer patients, it is also important that we
find meaningful differences.

CONCLUSION

The miRNA and freeDNA, which can be detected by
blood from the peripheral vessel, can be used early
in the diagnosis of congenital hearing loss.
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