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Abstract

Chromosome 9 open reading frame 72 (C9orf72) gene pathogenic variants have been typically
associated with frontotemporal dementia (FTD) and amyotrophic lateral sclerosis (ALS),
but recent studies suggest their involvement in other disorders. This report describes a family
with an autosomal dominant pattern of inheritance of progressive verbal auditory agnosia
due to GGGGCC repeat expansion in C9orf72. A 60-year-old right-handed male truck driver
presented with slowly progressive poor speech perception for 8 years, which became most
troublesome when receiving verbal orders over the phone. He had difficulty recognizing single-
syllable spoken words beyond his hearing loss but had no problem understanding complex
written language. He had a heterozygous pathogenic variant carrying 160 hexanucleotide
repeats in the C9orf72 gene. His family history included his deceased mother with similar
symptoms that had progressed over 30 years, as well as his older brother and youngest sister
who experienced speech perception difficulty beginning in their early fifties. His asymptomatic
younger brother had a heterozygous 2 repeat in the C9orf72 gene, while his symptomatic
youngest sister had a heterozygous 159 repeat. The patient and his sister exhibited more
pronounced cortical thinning in the frontotemporoparietal areas. The discrepancy observed
between the distribution of atrophy and the presentation of symptoms in patients with C9orf72
pathogenic repeat expansion may be attributable to the slow progression of their clinical course
over time. The variable symptom presentation of C9orf72 pathogenic repeat expansion
highlights the importance of considering this pathogenic variant as a potential cause of auto-
somal dominant degenerative brain diseases beyond FTD and ALS.

Pearls
o Verbal auditory agnosia, a type of agnosia specific to speech sounds, is typically
apperceptive and caused by bilateral lesions in the superior temporal cortex.
o Consider apperceptive verbal auditory agnosia when patients show difficulty
recognizing single-syllable words beyond their degree of hearing loss (HL).
o Autosomal dominant progressive verbal auditory agnosia can be caused by a GGGGCC
repeat expansion in chromosome 9 open reading frame 72 (C901f72).

Oy-sters
. It is important to consider factors other than hearing as the cause of poor speech
perception which may require a more comprehensive evaluation.
o C9orf72 pathogenic repeat expansion should be considered in autosomal dominant
degenerative brain diseases, other than frontotemporal dementia (FTD) and
amyotrophic lateral sclerosis (ALS), because of its variable symptom presentation.
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Case Report

A 60-year-old right-handed male truck driver presented with 8
years of slowly progressive poor speech perception which
became most troublesome when receiving verbal orders over
the phone. He also reported slightly reduced ability to cope
with problems while driving, and his family noted declining
performance in home repairs and a less stubborn demeanor.
Despite only receiving a middle school education as a result
of his family’s economic circumstances, there were no early
developmental concerns for behavioral or cognitive problems
or learning disabilities in the patient. His medical history was
significant for hypertension and diabetes mellitus, but he
denied any ear-related illness. The patient’s mother exhibited
a gradual and progressive decline in speech perception over a
span of 30 years. Despite this, she maintained independence
in performing daily activities until her demise at the age of
8S years from pneumonia. In addition, his older brother and
younger sister also experienced speech perception difficulty
since their early fifties. The patient was very cooperative; he
showed no problems in following instructions during neuro-
logic examination and was fluent without dysarthria. His
naming, reading, and writing were normal. Motor function
and sensory function, as well as reflexes, were intact.

The patient’s pure tone audiometry (PTA) showed moderate
high-frequency sensorineural HL. Right ear bone and air con-
duction thresholds were 5SS dB HL, and left ear air and bone
conduction thresholds were S0 dB HL and 45 dB HL, re-
spectively. Tympanometry was normal, but no response was
detected in distortion product otoacoustic emissions. The HL
was attributed to occupational noise trauma affecting the outer
hair cells of the cochlea. Speech audiometry (SA) revealed
speech recognition thresholds of 40 dB HL (right ear) and 35 dB
HL (left ear) for 2-syllable words. However, single-syllable word
recognition was severely impaired, scoring below 50% in both
ears. Auditory brainstem response at 60 dB HL was normal. The
patient displayed normal perception of man-made, natural, and
music sounds.”” Although hearing aids improved thresholds to
30 dB HL, single-syllable word recognition remained poor. The
patient discontinued their use, suggesting difficulties in dis-
crimination beyond the degree of HL.

He scored 28 of 30 on the Mini-Mental State Examination.
However, a comprehensive neuropsychological test battery
revealed significant deficits in verbal comprehension, specifi-
cally in discerning subtle syllable differences. Therefore, all
instructions were given both verbally and in writing to ac-
commodate his difficulties in verbal comprehension. On the
Boston Naming Test, the patient scored 51 of 60 (61.40th
percentile), reflecting normal word retrieval ability considering
age and education. While the patient’s visual memory recall was
preserved, he exhibited deficiencies in verbal memory, placing
him at the 1.85th percentile for delayed recall in the verbal
learning test. In addition, the patient showed impairments in
phonemic word fluency (6.05th percentile) and color reading
on the Korean-Color Word Stroop test (0.34th percentile),
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indicating difficulties inhibiting cognitive interference. His
global Clinical Dementia Rating (CDR) was 0.5, signifying
mild cognitive impairment, with a CDR-Sum of Boxes score of
1.5. Notably, the NeuroPsychiatric Inventory reported no
neuropsychiatric symptoms based on informant interviews
conducted over the past month.

Two sequential brain MRI scans were taken, the first one 2 years
before the patient’s visit (Figure 1, A and B) and the second one
during his visit to the clinic (Figure 1, C and D). Visual in-
spection revealed slight progression of frontotemporal atrophy
between the 2 scans. Additional tests, including an amyloid PET
scan and CSF analysis, revealed no evidence of amyloid de-
position or Alzheimer disease pathology. Given the patient’s
family history and clinical course, genetic evaluation was rec-
ommended. Testing of the C9orf72 gene and whole-exome
sequencing identified a heterozygous pathogenic repeat ex-
pansion of 160 (normal, <25) in the C9orf72 gene, likely
explaining the patient’s symptoms. No other pathogenic variants
related to HL or neurodegenerative disorders were detected.

After receiving the patient’s C9orf72 genetic test results, his
asymptomatic 58-year-old younger brother and 52-year-old
symptomatic younger sister were also evaluated. However, the
evaluation of his older brother could not be conducted because
of the loss of contact with his siblings. The younger brother had
severe conduction HL in his right ear and moderately severe
high-frequency sensorineural HL in his left ear, but his word
recognition score on his left ear was 80%. He had a heterozy-
gous 2 GGGGCC repeat in the C9orf72 gene. The younger
sister had normal PTA and SA, but she had a heterozygous
159 GGGGCC repeat. Cortical thickness analysis showed the
patient had cortical thinning in the frontotemporoparietal
areas compared with a standard population (Figure 2A). The
patient had greater cortical thinning than the younger sister
(Figure 2B), particularly in the superior temporal gyrus, while
the younger brother (Figure 2C) showed relatively preserved
thickness.

Discussion

The patient and his family members exhibited progressive
verbal auditory agnosia in which they had difficulty recognizing
single-syllable words beyond his HL but had no problem un-
derstanding complex written language likely due to inherited
C901f72 gene pathogenic variant. This is the same GGGGCC
repeat expansion that is the most common genetic cause of
FTD and ALS. The siblings’ symptoms and cortical thickness
corresponded with the presence of the C9orf72 pathogenic
variant rather than their HL.

While C90rf72 gene pathogenic variants are commonly as-
sociated with FTD and ALS,>* recent research has suggested
that they may also be linked to a wider range of disorders,
including psychiatric and movement disorders.”” In the case
of our patient, the presence of the C9orf72 pathogenic variant
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Figure 1 Two Sequential Brain MRI Scans With an Interval of 2 Years

Axial T2-weighted (A) and coronal T1-weighted (B) MRI scans from 2 years before presentation showing no indication of space-occupying lesions within the
auditory processing system, encompassing the auditory nerve, brainstem, or auditory cortex. Axial T2-weighted (C) and coronal T1-weighted (D) MRI from his
visit to the clinic showing marginal advancement of frontal atrophy between the 2 scans (yellow arrowheads).

may have contributed to poor performance on frontal/executive ~ symptoms and disorders associated with C90rf72 gene patho-

tests and reports of changes in his daily executive function and
personality by his family,® but he did not meet the diagnostic
criteria for the behavioral variant of FTD.” Despite having had
progressive verbal auditory agnosia for 30 years, our patient’s
mother did not have any symptoms of FTD-ALS spectrum,
suggesting that many benign cases of Corf72-related disorders
may be missed because of very slow progression.'"? Further
research is needed to better understand the full range of

genic variants.

Auditory agnosia refers to impaired auditory perception and
recognition that cannot be attributed to hearing or cognitive
deficits.">** It can manifest as a general deficit affecting all
aspects of auditory perception or as a relatively specific im-
pairment in recognizing and understanding a particular type
of sound, such as speech, music, or environmental sounds. In

Figure 2 Cortical Thickness Analyses Comparing the Patient and His Siblings With a Standard Population

A B C

—
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The patient (A) and his younger sister (B) exhibited greater cortical thinning in the frontotemporoparietal areas compared with the standard population,
although less remarkable in his younger sister (B). Specifically, her superior temporal gyrus was affected with an age-adjusted z-score of -0.89 on the rightand
-0.81 onthe left. In comparison, the patient had z-scores of —=1.45 on the right and —1.32 on the left. Their younger brother (C) had z-scores of =0.02 on the right
and -0.12 on the left, indicating relatively preserved cortical thickness in this region. The standard population consisted of 77 individuals (34 [44%] female
patients; mean age + SD 62.6 + 15.5, range 21-92).
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the case of speech-specific impairment, it is referred to as
verbal auditory agnosia. Verbal auditory agnosia can be further
categorized as either apperceptive or associative. In apperceptive
verbal auditory agnosia, there are difficulties with speech sound
perception, while in the associative form, basic perceptual pro-
cessing is intact, but there is an inability to link perceived pat-
terns to their corresponding auditory objects or meanings. For
instance, individuals with apperceptive verbal auditory agnosia
may struggle to discriminate between similar speech sounds
such as “bat” and “pat” and experience challenges in compre-
hending verbal instructions. Consequently, our patient experi-
enced difficulty understanding verbal instructions over the
phone, especially when encountering unfamiliar combinations
of single-syllable words that lacked meaning. However, his
speech perception improved during face-to-face conversations,
indicating reliance on visual cues such as lip reading, gestures,
and contextual information alongside auditory input. Our pa-
tient’s motivation to seek medical attention may have been
driven by work-related challenges. By contrast, his sister and
mother may have developed compensatory strategies and did
not feel the necessity for medical intervention.

Apperceptive verbal auditory agnosia is caused by bilateral
lesions in the superior temporal cortex.">'*
2-3 years of progressive verbal auditory agnosia due to AD
revealed focal atrophy and tau accumulation in the primary
auditory cortex,"® while our patient showed more widespread
atrophy including the superior temporal gyrus. This discrep-
ancy between our patient’s symptom and atrophy pattern may
be due to very slow progression of his clinical course over 8
years and his occupation-related complaints. More research is
needed to understand the relationship between clinical pre-
sentation and pathology in slowly progressive TAR DNA-
binding protein 43 pathology.

A recent case of

The case highlights the importance of considering apper-
ceptive verbal auditory agnosia as a possible diagnosis in
patients who have difficulty recognizing single-syllable
words beyond their degree of HL. It also highlights the
need to consider C90rf72 pathogenic repeat expansion as a
possible cause of autosomal dominant degenerative brain
diseases, given its variable symptom presentation.
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