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Case Report

A Case Report of Auditory Neuropathy Due to TWNK
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Mutations in the TWNK gene were described in patients with Perrault syndrome—an autosomal-recessive disease that includes hearing loss, cen-
tral auditory and speech disorders, cerebellar ataxia, motor and sensory neuropathy, and ovarian dysfunction. Only around 100 cases of Perrault
syndrome have been described to date. Genetically, it caused by biallelic pathologic variants in 1 of 6 genes. A literature review and a case study
of Perrault syndrome are given in the article. Two mutations in the TWNK gene were detected in a 13-year-old girl with the phenotype of auditory
neuropathy spectrum disorder (ANSD). The nucleotide variant c.1523A>G (p.(Tyr508Cys), NM_021830.5) was previously described; another vari-
ant c.1199G>T (p.(Arg400Leu) NM_021830.5) is a new one with an unknown population frequency. The main value of this case is the combination
of mutations in the TWNK gene with the phenotype of ANSD, as well as the manifestation of the disease with hearing impairment but without
neurological symptoms, unlike what was described in the literature. Specifically, in this case, progression of hearing disorders, ineffective ampli-
fication, and limited Cl effect were noted. Genetic testing results suggested endocrine system testing, which revealed ovarian dysfunction at a
preclinical stage; cerebellar ataxia was also diagnosed. The patient requires further monitoring by a multidisciplinary team.
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INTRODUCTION

Perrault syndrome was first described in 1951. The main symptoms include sensorineural hearing loss, central auditory and speech
disorders, cerebellar ataxia, motor and sensory neuropathy in both men and women, and ovarian dysfunction in women. This is an
extremely rare disease with limited literature data, making it difficult to systematize gene-phenotype interactions in patients with
Perrault syndrome.>® To date, only around 100 cases of this disease have been reported in the literature. Its prevalence is less than
1:1 000 000, with females being affected more frequently.6

The autosomal-recessive type of inheritance with a normal karyotype is typical for Perrault syndrome. Perrault syndrome is geneti-
cally heterogeneous and is defined by biallelic pathologic variants in 1 of 6 genes (CLPP, ERAL1, HARS2, HSD17B4, LARS2, or TWNK),
which explains the clinical diversity of this disease. Significant inter- and intra-familial phenotypic variability has been observed.”

The spectrum of ovarian dysfunction extends across a continuum from primary ovarian insufficiency to ovarian dysgenesis with
increased gonadotropin levels and decreased estrogen levels. Most females with Perrault syndrome are infertile. Fertility in affected
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males is usually reported as normal. Other endocrine disorders
described in Perrault syndrome cases include Hashimoto's thyroiditis
and autoimmune hypothyroidism.®

Neurological symptoms that are typically observed in patients with
Perrault syndrome include cerebellar ataxia, nystagmus, ophthal-
moplegia, hypotension, motor and sensory peripheral neuropathy,
and sometimes learning difficulties and developmental delay. MRI
findings can reveal demyelination and atrophic processes in the
white matter of the cerebellum, medulla, cervical part of the spinal
cord, and ventricular enlargement. According to the clinical features,
Perrault syndrome has been classified as type |, which is static and
without neurological disease, and type Il, with progressive neurologi-
cal disease. Meanwhile, it has been noted that symptoms manifest in
different periods of life: hearing loss in childhood, later neurologic
symptoms, and endocrine disorders in puberty.*’

Bilateral sensorineural hearing loss is typical for patients with Perrault
syndrome. Hearing loss is congenital in most cases or can manifest in
early childhood. Hearing impairments range from profound with pre-
lingual (congenital) onset to moderate with early-childhood onset.
When onset is in early childhood, hearing loss can be progressive.5’
Cases of auditory neuropathy spectrum disorders (ANSDs) have also
been reported. Italian authors described the case of ANSD in a girl
with the homozygote variant ¢.425C>T/(p.Pro142Leu) in the CLPP
gene. At the age of 3 years, after unsuccessful amplification, the
child underwent cochlear implantation (Cl). After a year of Cl usage,
the child detected low-intensity tones and phonemes, but speech-
language abilities lagged beyond those expected despite consistent
implant use.’

All reported cases of Perrault syndrome due to the TWNK gene muta-
tion have included neurologic features such as nystagmus, a positive
Romberg test, an ataxic gait, reduced deep tendon reflexes in the
lower limbs, pes cavus, and axonal sensorimotor neuropathy. In most
cases, the first signs of Perrault syndrome associated with the TWNK
gene mutation are severe and progressive involvement of the ner-
vous system. The onset of such symptoms may range from the first
years of life (less than 3) through 48 years.5®

Currently, there are only a few published cases of ANSD in patients
with Perrault syndrome associated with mutations in the TWNK
gene." Oldak et al'® described 2 sisters who had normal psycho-
motor development during the first years of life. Initial neurologi-
cal symptoms were observed at the age of 3 years for the older
sister and at the age of 11 years for the younger sister. Neurological
symptoms in the older sister included progressively deteriorating
motor performance, horizontal nystagmus, imbalance, and gradu-
ally deteriorating walking. Sensorimotor polyneuropathy was noted
in the younger sister. Binaural ANSD was identified at the ages of 5
and 12 years for the older and younger sisters, respectively. Hearing
aids fitting for the older sister had limited benefits. Comprehensive
audiological and vestibular evaluation revealed auditory neuropathy
with a certain degree of cochlear dysfunction and partial atrophy of
the vestibulocochlear nerves. Neuroimaging studies of both sisters
showed diminished cervical enlargement of the spinal cord, partial
atrophy of the vestibulocochlear nerves, and decreased gray and
increased white matter volumes of the cerebellum. Genetic inves-
tigation revealed the compound heterozygous TWNK mutations:

c.1196A>G (p.Asn399Ser) and c.1802G>A (p.Arg601GIn) in both
patients.’”” Munson et al'" reported a girl with normal psychomotor
development during her first year of life, followed by early-onset
ataxia and axonal polyneuropathy. The first neurological features of
ataxia were demonstrated at 16 months of age. Bilateral ANSD with
profound hearing thresholds was identified. She received bilateral Cl
and intensive auditory and spoken language rehabilitation. Sound
detection thresholds improved to the normal range, but speech rec-
ognition and spoken language had limited development. Genetic
testing identified a compound heterozygous state with 2 variants in
the TWNK gene (NM_021830.4): c.561_563dupTGA, p.Asp188dup in
exon Tand c.1909C>T, p.Arg637Trp in exon 5. Wu J et al. analyzed CI
outcomes in 75 patients with ANSD in China, including 2 cases with
TWNK-related Perrault syndrome. In the first case (with TWNK muta-
tions: ¢.1172G>A and ¢.1844G>C), Perrault syndrome manifested
with a neurological deficit, and was later followed by progressive
hearing loss with high speech recognition after Cl. That child also
had a sibling with the same clinical and audiological phenotype. In
the second case (with TWNK mutations c.1172G>A and c.1217G>A),
hearing loss was congenital, and later ovarian dysfunction was
diagnosed.

The diversity of the clinical picture of Perrault syndrome requires the
accumulation of clinical cases for earlier diagnosis and appropriate
intervention. The goal of this article is to describe the clinical case of
Perrault syndrome associated with ANSD and caused by mutations
in the TWNK gene, which has been proved by clinical and genetic
investigations.

METHODS

Patient

The girl was born in a non-consanguineous marriage without preg-
nancy or delivery complications. There was no family history of hear-
ing impairment. She passed the newborn hearing screening. During
the first year of life, she had age-appropriate physical and pre-lan-
guage development. At the age of 3 years, the girl demonstrated
speech and language delay and attended speech therapy sessions.
By the age of 8 years, her speech recognition deteriorated and was
based mostly on lip reading. At that time, her speech and language
development generally met age-appropriate norms. Audiological
assessment identified ANSD. CT, MRI of the temporal bones, exami-
nations by a neurologist and ophthalmologist did not reveal any
pathology.

The study was conducted in accordance with the Declaration of
Helsinki, and approved by the Ethics Committee of St. Petersburg
Saint Petersburg State Pediatric Medical University (approval num-
ber: 177, date: 24 October 2022). Informed consent was obtained
from the subjects’ parents.

Audiological Evaluation

Audiological assessment consisted of pure-tone, speech, and
impedance audiometry, otoacoustic emissions (OAEs), click-evoked
auditory brainstem responses (ABR), electrocochleography, and
electrically evoked ABR, cortical auditory evoked potentials (CAEPs)
after Cl. To evaluate auditory temporal resolution ability, the Random
Gap Detection Test (RGDT) and the Duration Pattern Sequence test
(DPST) were used.'”® Electrocochleography was carried out using an



extratympanic electrode (TipTrode) with a click stimulus of 95 dB nHL.
Electrically evoked ABR was performed through the trigger between
the MedEl MAX interface (direct electrical stimulation) and the ABR
recording system. Electrical currents were presented at the second,
sixth, and tenth electrodes sequentially with 8-40 qu amplitude.
Cortical auditory evoked potentials were recorded through free-field
acoustic stimulation with a 2000 Hz tone at an intensity 70 dB HL.

Genetic Investigation

Clinical exome sequencing was performed on the proband’s DNA
using a paired-end (2x75 bp) sequencing method on an Illumina
NextSeq 500 sequencer. Target enrichment was performed using
a SeqCap EZ HyperCap Workflow solution capture array, which
included the coding regions of 6010 genes.

Automated Sanger sequencing was carried out for the proband,
parents, and the proband’s sister to validate the TWNK candidate
variants.

The analyzed DNA samples were extracted from peripheral venous
blood samples of the affected proband, her siblings, and healthy
parents using standard methods. Clinical exome sequencing was
performed on the proband’s DNA using a paired-end (2 x 75 bp)
reading method on an lllumina NextSeq 500 sequencer (lllumina,
San Diego, CA, USA). Target enrichment was performed with a
SeqCap EZ HyperCap Workflow solution capture array, including
the coding regions of 6010 genes at that time described as clini-
cally significant in The Human Gene Mutation Database (HGMD
Professional, version 2018.1© 2013-2018 QIAGEN, Venlo, The
Netherlands).

Sequencing data were processed using a standard computer-based
algorithm from lllumina software, presented on the https://basespace.
illumina.com website. Average coverage for this sample was 75.2x,
coverage width (10x) was 99.25%.

Sequenced fragments were visualized with Integrative Genomics
Viewer (IGV) software (©Broad Institute, and the Regents of the
University of California, CA, USA). Filtering of the variants was based
on their frequency of less than 1% in gnomAD and coding region
sequence effects such as missense, nonsense, coding indels, and
splice sites. The clinical significance of variants was evaluated accord-
ing to the guidelines for massive parallel sequencing (MPS) data inter-
pretation. Amplification and Sanger sequencing were performed to
validate the exome variants in the TWNK gene in the proband and
their presence in the patient’s parents.
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Automatic Sanger sequencing was carried out using an ABI Prism
3100x! Genetic Analyzer (Applied Biosystems, Foster City, CA, USA)
according to the manufacturer’s protocol, and the results were
analyzed using Chromas (Technelysium Pty Ltd. South Brisbane,
Australia). To amplify the fragment encompassing the candidate vari-
ants, custom primers were used (according to the NM_021830.5 ref-
erence sequence): TWNK_1F: GCTCGCAGTCTTGTCTTCCCT

TWNK_1R: TTGTCACCTGATCTTCTGCCCC
TWNK_3F: GTTCTTCTGCCTGGGGTGGT
TWNK_3R: ACACATGGGGGTGGTACGTG

RESULTS

At the age of 8 years, audiological assessment revealed ANSD with
pure tone thresholds of 15-25 dB nHL (Figure 1).In contrast to hearing
level, the child’s speech discrimination was disproportionately poor:
10% for polysyllabic words in open-set format in quiet and 60% for
close-set format. Both RGDT and DPST were failed. Amplification was
not effective. Additional examination (neurologist, ophthalmologist,
temporal bone imaging—computerized tomography, and magnetic
resonance imaging) did not reveal pathological signs.

Over the next few months, hearing thresholds were unstable, fluc-
tuating from 20 to 80 dB HL with a tendency to worsen. By the age
of 9 years, the child’s speech understanding became possible only
through lip reading. A second attempt at amplification turned
out to be ineffective. Cochlear implantation was recommended.
Mild signs of motor awkwardness and increased fatigue appeared.
Electrocochleography showed cochlear microphonics without com-
pound action potential (Figure 2).

Cochlear implantation was performed at 11.5 years old, using a
Concerto Mi1000 Pin+STANDARD implant and a Sonnet-2 sound
processor from MedEl. One month later, the patient started to react
to her name and to recognize sounds. Six months later, she could
differentiate the main characteristics of sounds, and words and
phrases by duration. Aided recognition of polysyllabic words was
50%. Electrically evoked ABRs have not been detected (Figure 3).
Morphologically changed low-amplitude CAEPs were recorded at
18 months after Cl. Further speech understanding gradually deterio-
rated. Reactions to sounds with Cl became unstable. However, the
child continued to use the sound processor. Due to the low benefit
from the Cl, sign language was implemented in the communication
strategy.
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Figure 1. Initial audiological data (a) Distortion product otoacoustic emissions (DPOAEs), (b) click-auditory brainstem response on stimulus at the level of 100

dB nHL, and (c) pure tone audiogram at the age of 8 years old.
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Figure 2. Electrocochleography results: upper curves—rarefaction and
condensation polarities, clear response (cochlear microphonics); lower
curves—clamped tube (no response).

At this time, exome sequencing was performed. Two mutations in
the TWNK gene were detected. The nucleotide variant c.1523A>G
(p.(Tyr508Cys), NM_021830.5) was previously described with a popu-
lation frequency of 0.0002687 (The Genome Aggregation Database
(v.2.1.1)). Another variant, c.1199G>T (p.(Arg400Leu), NM_021830.5)
is a new one with an unknown population frequency. The presence
of these variants was confirmed in parents whose hearing was nor-
mal (Figure 4).

Absence of electrically evoked ABRs with poor speech perception
after Cl reflects a neuropathy type of ANSD. Based on the results
of the genetic testing and clinical symptoms, it was assumed that
the child might have Perrault syndrome type Il due to TWNK gene
mutations.
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Figure 3. Electrically evoked auditory brainstem response results.

The endocrinologist concluded that the puberty development of the
child corresponds to Tanner stage 2. However, profound hormonal
testing revealed that luteinizing hormone was 4 times higher than
the normal value, follicle-stimulating hormone was 10 times higher
than the normal value, estradiol level was decreased, which could
suggest ovarian hypofunction. Neurological evaluation revealed mild
signs of possible cerebellar ataxia debut. The psychiatric evaluation
concluded that the child had an organic emotional-labile disorder.

DISCUSSION

TWNK gene codes for the twinkle protein (NP_068602), which is a
helicase necessary for mitochondrial DNA replication. Mutations in
this gene reduce the activity of the enzyme, which leads to the slow
accumulation of large mitochondrial DNA deletions.”' This may
explain the slow progression of the disease and the involvement of
the neural and endocrine systems in our patient.

The uniqueness of the present clinical case is the type and the time
of manifestation of hearing loss—ANSD was the first sign of TWNK-
associated Perrault syndrome. Previously, mostly peripheral sensori-
neural hearing loss due to mutations in the TWNK gene was described
in the literature."*>” Perrault syndrome could not be suspected in the
present case until genetic testing was conducted, as the only symp-
tom initially observed was hearing impairment, with no neurological
signs or ovarian dysfunction present. This underscores the diverse
manifestations of Perrault syndrome; literature has documented cases
where ANSD was identified only after significant neurological symp-
toms emerged.'®'" In our case, the child began to exhibit a combina-
tion of signs typical of Perrault syndrome—ovarian, neurological, and
hearing disorders—only after the age of 10. Due to genetic testing
and early revealed TWNK gene mutations, ovarian hypofunction was
identified at a preclinical stage at the age of 11 years; otherwise, ovar-
ian dysfunction would have been diagnosed only after a menarche
delay. Early ovarian hypofunction identification provides timely hor-
monal correction, which might secure fertility in this girl, unlike it was
in previously described late-diagnosed Perrault syndrome cases with
infertility.

The differential diagnosis of TWNK-related ANSD should be based
on symptoms, audiological, radiological, and genetic investigations.
Many cases of ANSD (both of genetic and non-genetic origin) mani-
fest at birth. Children with ANSD who are not identified through new-
born hearing screening may exhibit delayed speech and language
development and poor reactions to sounds. In this case, the first
symptoms emerged at age 8 years with normal speech, language,
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Figure 4. Sanger sequencing results demonstrating TWNK variants in the compound-heterozygous state in the proband and in the heterozygous state in

parents and siblings (marked with arrows).

and hearing development prior to that point. This suggests a late
onset or progressive development of ANSD.

Specific electrophysiological findings—such as a cochlear micro-
phonic potential without a compound action potential and absent
CAEP peaks—indicate a postsynaptic type of disorder (neuropathy
rather than synaptopathy). This is confirmed by the lack of amplifica-
tion effects and very limited benefits from Cl. Cochlear implantation
and MRI data ruled out an organic origin for ANSD. Therefore, genetic
testing is a main method for differential diagnosis in such cases.
Targeted gene testing or gene panel testing for ANSD may be inef-
fective; thus, exome of genome sequencing increases the likelihood
of identifying the underlying etiology.

Diagnosing the exact genetic cause and pathophysiology of a hear-
ing deficit allows for identifying optimal auditory rehabilitation
approaches. Timely intervention using hormone therapy and assis-
tive reproductive technologies might help to increase fertility in
women with Perrault syndrome. A multidisciplinary team should
provide observation, treatment, and rehabilitation for patients with
Perrault syndrome.

CONCLUSION

Literature review and case study of Perrault syndrome are given in
the article. The main value of this case is the combination of muta-
tions in the TWNK gene with a phenotype of ANSD, and that hearing

impairment was the first symptom of Perrault syndrome. A specific
clinical and electrophysiological picture and low Cl efficiency sug-
gest a neuropathy type of TWNK-related ANSD.

Genetic testing carried out to verify the etiology indicated that
additional investigation of the nervous and endocrine systems was
warranted. Further tests revealed ovarian dysfunction at a preclini-
cal stage and the debut of cerebellar ataxia in the child. The patient
needs future monitoring by a multidisciplinary team.

Limitations of the Study

The only case of TWNK-related ANSD was described in the article,
making it impossible to identify any patterns based on this data.
More cases of ANSD in patients with mutations in the TWNK gene
should be analyzed. Further investigations and literature reviews on
this topic will help to systematize information regarding the symp-
toms and potential management options.
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