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Abstract

Mitochondrial diseases disrupt the process of energy generation by the mitochondria, leading to
manifestations that can affect almost any organ in the body. Although various possible clinical phenotypes
can result, neurological and neuromuscular affection is most frequently encountered. NARS2 encodes an
enzyme responsible for the conjugation of asparagine to its cognate mitochondrial transfer ribonucleic acid
(tRNA) molecule, representing an essential step necessary for effective mitochondrial protein synthesis. As
such, mutations in this gene can lead to poor mitochondrial gene expression and, consequently, poor energy
output resulting in disease. Pathogenic variants in NARS2 have been known to cause neurodegenerative and
myopathic syndromes in combined oxidative phosphorylation deficiency 24 (COXPD24). However,
nonsyndromic autosomal recessive deafness 94 (DFNB94), with which only one family is known to be
affected, has also been reported concerning NARS2. Our report demonstrates the association of a new
pathogenic variant in mitochondrial asparaginyl-tRNA synthetase (NARS2) with nonsyndromic
sensorineural hearing loss, thus confirming biallelic mutations in NARS2 as a cause of nonsyndromic
deafness.
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Introduction

Mitochondrial diseases are a large and diverse group of disorders that affect the ability of mitochondria to
generate energy, typically by oxidative phosphorylation. This process relies on a host of different
mitochondrial and nuclear-encoded proteins responsible for the assembly and functioning of the electron
transport chain. Genetic variants in any of these proteins can lead to mitochondrial dysfunction and disease
[1]. Variants that encode mitochondrial aminoacyl-transfer ribonucleic acid (tRNA) synthetases (mt-aaRSs)
have recently been linked to human disease. These mt-aaRSs are responsible for charging mitochondrial
tRNA with their respective amino acids and thus play a key role in mitochondrial protein synthesis [2]. In
2007, Scheper et al. uncovered DARS2 mutations in patients with leukoencephalopathy with brain stem and
spinal cord involvement and lactate elevation, marking the first known cases linking mt-aaRS mutations to
disease in humans [3]. Since then, mutations in other mt-aaRS genes, including NARS2, have also been
associated with mitochondrial disease.

The NARS2 gene (MIM: 612803), located on 11q14.1, codes for mitochondrial asparaginyl-tRNA synthetase
2. Like all mt-aaRSs, the enzyme is nuclear encoded and transported to the mitochondria. Its main function
is to catalyze the aminoacylation of asparagine to tRNA molecules [4]. While NARS2 is widely expressed in
human tissues, variants in the gene seem to preferentially affect tissues with high energy demand, such as
the brain, cochlea, and muscle, similar to other mt-aaRS disorders [2]. Homozygous mutations in NARS2
have been associated with combined oxidative phosphorylation deficiency 24 (COXPD24; MIM: 616239) and
autosomal recessive deafness 94 (DFNB94; MIM: 618434).

COXPD24 is an autosomal recessive mitochondrial disorder that often manifests early in life with seizures,
hypotonia, myopathy, hearing impairment, and overall delay and/or regression of cognitive and motor
development [5-7]. Computed tomography (CT) and magnetic resonance imaging (MRI), if performed, may
reveal bilateral brain lesions or diffuse progressive cerebral atrophy indicative of Alpers or Leigh syndrome
[8,9]. Autosomal recessive deafness 94 (DFNB94) is characterized by bilateral nonsyndromic sensorineural
hearing loss [9]. Due to the limited number of cases involving NARS2 mutations, a correlation between
genotype and phenotype has not yet been established, and the mechanisms behind NARS2-associated
disease have not been extensively studied. We describe a patient with homozygous mutations in NARS2 who
presented with a rarely seen phenotype of sensorineural hearing loss without other significant findings.

Case Presentation

A three-year-old Saudi boy presented to the clinic at age 14 months with a lack of response to sound, even
loud noises, for several months. A pediatric evaluation revealed that language development was delayed
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compared to that expected for his age, likely due to hearing loss, but motor and cognitive developmental
milestones were within the reference range. The patient was born at term by uncomplicated cesarean
section to consanguineous healthy parents and was considered normal at birth. However, newborn hearing
screening was not performed. He also had a positive family history of sensorineural hearing loss. Physical
examination did not reveal abnormalities or deformities. The patient was seen and examined by an
otolaryngologist and an audiologist. A normal tympanogram ruled out middle ear pathology. We tested
otoacoustic emissions and cochlear microphonics, which were preserved, and auditory brainstem response
testing revealed bilateral profound sensorineural hearing loss characteristic of auditory neuropathy. The
patient was started on two behind-the-ear hearing aids with a low gain due to an initially mild type of
hearing loss; his aided response was satisfactory.

After six months, the parents returned due to a lack of benefits from the patient's hearing aids. The results of
his laboratory evaluation, including complete blood count and coagulation and biochemical tests, were
within reference ranges. A head CT scan and MRI revealed no abnormalities in the middle ear, inner ear,
skull, brain, or cerebellopontine angle bilaterally. One month later, he underwent cochlear implant surgery
on his right ear and uses MED-EL SONNET 2 (MED-EL Medical Electronics, Innsbruck, Austria).

We suspected autosomal recessive disease and performed whole exome sequencing (WES) for the patient
and his parents (Table 7). WES revealed a missense variant in the NARS2 gene (NARS2 c.506T>A;
p.Phe169Tyr), with the patient being homozygous for the variant while his parents are heterozygous carriers.
No other variants relevant to the patient's condition were found.

cDNA Amino acid Zygosity ACMG Classification (CADD
Gene (transcript) Impact MAF2 x

CHanoe Chebus Patient Mother Father Score®)
NARS2 _

c.506T>A p.Phe169Tyr Missense HMZ HTZ HTZ 0.0004% VUS (21.6)

(NM_024678.6)

TABLE 1: Results of whole exome sequencing
Abbreviations: HMZ, homozygous; HTZ, heterozygous; MAF, minor allele frequency; ACMG, American College of Medical Genetics and Genomics; CADD,
Combined Annotation-Dependent Depletion; VUS, variant of uncertain significance.

@Based on gnomAD data

bCADD score predictions: (Deleterious: 220, Likely deleterious: 10-19, Unlikely deleterious: <10)

Discussion

In this case, we identified a homozygous NARS2 missense mutation: NARS2 ¢.506T>A; p.Phe169Tyr. This
mutation is found in databases with extremely low frequency and has no previous record of any
homozygote; it is located in the catalytic domain and affects a moderately conserved amino acid residue. In
silico algorithms developed to predict the effect of missense variants show mixed findings. Some, including
SIFT [10] and PolyPhen-2 [11], suggest the variant is tolerated or benign, while others, such as CADD [12]
and MutationTaster [13], predict that the variant is damaging or disease-causing. This discrepancy could
partially explain the less severe phenotype in this patient compared to other NARS2-associated diseases
caused by unanimously "damaging" variants. According to the American College of Medical Genetics and
Genomics classification [14], this mutation is considered a variant of uncertain significance at the time of
writing.

Mitochondrial diseases are a large group of clinically heterogeneous disorders and can involve various organ
systems [1]. Diseases specifically caused by mt-aaRS mutations, including most NARS2 variants, typically
involve the central nervous system in the form of specific syndromes [2]. The first NARS2-associated disease
was reported in 2015, describing a young boy with diffuse degeneration of cerebral gray matter diagnosed as
Alpers syndrome [8]. Since then, more cases have emerged, adding to clinical variability and the list of
pathogenic variants in NARS2-associated disease. It is now known that, in addition to Alpers syndrome,
NARS2 mutations can present as Leigh syndrome, mitochondrial myopathy, hemiconvulsion-hemiplegia-
epilepsy syndrome, developmental delay, epilepsy, and neonatal diabetes syndrome, and nonsyndromic
hearing loss [5,6,9,15]. In the context of a pathogenic variant of NARS2, these presentations fall under the
diagnosis of combined oxidative phosphorylation deficiency 24 (COXPD24); the exception is nonsyndromic
hearing loss, which is its own entity.

Our patient presented with only bilateral prelingual sensorineural hearing loss without any other signs or
symptoms of the central nervous system or muscle involvement (e.g., seizures, dementia, hypotonia,
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paralysis) that would typically be found in COXPD24. Furthermore, head and neck CT and MRI scans
revealed no abnormal findings indicative of NARS2-associated syndromes such as Alpers or Leigh syndrome.
Laboratory tests did not show significant findings and, apart from delayed language development, cognitive
and motor development milestones were otherwise within reference ranges. This presentation resembles the
only known report of nonsyndromic hearing loss occurring due to a NARS2 mutation, labeled autosomal
recessive deafness 94 (DFNB94). In 2015, Simon et al. described a consanguineous family in which five adult
members possessed a homozygous missense mutation and had nonsyndromic hearing loss without any
other clinical characteristics, apart from possible premature menopause in two family members; thus, the
designation of DFNB94 was given [9]. Other mt-aaRS mutations may also cause hearing loss, whether
nonsyndromic or associated with specific syndromes. For example, mutations in the KARS gene can cause
nonsyndromic autosomal recessive deafness 89 (DFNB89), while mutations in the LARS2 or HARS2 genes
can cause Perrault syndrome, a disorder of sensorineural hearing loss and ovarian dysfunction [16-18].

An aspect to consider is the patient's age. At age three, it is difficult to predict whether more signs and
symptoms will appear as the patient ages. Although sensorineural deafness can be the first sign of COXPD24,
neurological and motor manifestations typically appear soon afterward [7,9]. However, due to the variable
clinical presentation of NARS2-associated disease, early sensorineural deafness can be followed by further
manifestations years later into childhood. Vafaee-Shahi et al. reported the cases of two siblings affected by
the same missense mutation in NARS2 [19]. Both siblings were diagnosed with bilateral sensorineural
hearing loss within the first 12 months of life, but one subsequently developed generalized seizures at age

14 months while the other developed the same at age seven years. Both were eventually diagnosed with
COXPD24.

As such, in our case, a diagnosis of COXPD24 cannot be definitively ruled out. Although the patient's family
history is positive for isolated sensorineural hearing loss that occurs in the absence of other symptoms,
suggesting a diagnosis of DFNB94, follow-up of the patient is necessary to exclude other diagnoses
reasonably.

Conclusions

This report identifies a newly disease-causing variant in the NARS2 gene and validates NARS2 as a cause of
early-onset nonsyndromic sensorineural hearing loss (DFNB94), adding to the genotypic and phenotypic
variability of NARS2-associated disease. We suggest that using whole exome sequencing (including mt-aaRS
genes) is beneficial in evaluating the patient with isolated sensorineural hearing loss by informing further
management decisions and counseling for this condition. More studies are necessary to analyze the exact
effects of NARS2 variants on mitochondrial protein synthesis, allowing the development of a more targeted
approach to managing the condition.
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