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Abstract

Objective—To report the auditory and vestibular phenotypes of patients with GATA3 mutation.

Study design—Case series of 6 patients

Setting—Tertiary referral center

Patients—All patients had the classic triad of GATA3 deficiency: hypoparathyroidism, hearing

loss, and renal dysplasia. Patients (29-60 years old, mean age 42.5 years, 3M/3F) were confirmed

to have heterozygous mutations involving GATA3 by Sanger sequencing.

Interventions—Behavioral audiometry, distortion product otoacoustic emissions (DPOAEs) and

auditory brainstem responses (ABRs) were used to assess hearing. Rotational vestibular testing

was used to assess vestibular function.

Results—All patients with GATA3 mutation presented with hearing loss during childhood. The

mean three frequency (.5/1/2/ kHz) pure tone average was 67 dB HL (range 50-83 dB HL, SD

9.3). The average speech discrimination score was 73% (range 36-100%, SD 15.9). DPOAEs were

absent in all patients. ABRs were remarkably robust and provided no evidence of retrocochlear

dysfunction. Some patients complained of dizziness, but rotary chair testing was normal across

participants for whom testing occurred.

Conclusions—Patients with GATA3 mutation present with early onset sensorineural hearing

loss (SNHL). DPOAEs were absent, supporting outer hair cell dysfunction, while ABRs were

present and robust. Rotational vestibular testing revealed no evidence of abnormal horizontal

semicircular canal function.

Introduction

Genetic hearing loss is one of the most common inherited sensory disorders, affecting 1 in

every 1000 births. Non-syndromic hearing loss accounts for ~70% of hereditary congenital

deafness, whereas syndromic hearing loss accounts for the other 30%. Currently, more than

150 genetic loci have been linked to genetic hearing loss, and more than 70 genes have been
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identified [1]. GATA3 belongs to the GATA family of zinc finger transcription factors, which

are named according to their DNA binding sequence (GATA). GATA3 plays an important

role in inner ear development [2-4], and mutations affecting GATA3 are associated with

HDR syndrome, which stands for hypoparathyroidism, deafness, and renal dysplasia [5-22].

It has been reported that patients with GATA3 mutations present with early-onset

sensorineural hearing loss. However, the vestibular phenotype has never been reported in

these patients. In this study, we describe auditory and vestibular findings in 6 patients with

GATA3 mutations.

Materials and Methods

Six patients with heterozygous GATA3 mutations were included in this case series. The

study was approved by the National Institutes of Health Institutional Review Board

(NCT00404560, NCT01222741). Clinical examination was performed in all patients.

Conventional behavioral audiometry and distortion product otoacoustic emissions

(DPOAEs) were used to assess peripheral auditory status. Auditory brainstem responses

(ABRs) were conducted in 4/6 patients. Rotational testing using sinusoidal harmonic

acceleration (SHA) was used to assess vestibular function in 4/6 patients.

Case series (Table 1)

Case #1—31 year-old man was diagnosed with sensorineural hearing loss (SNHL) at the

age of 18 months, and was fit with bilateral hearing aids at 22 months of age. The patient

reported that his hearing has been stable. He denied any vertigo and disequilibrium. His

otoscopic examination was normal bilaterally. His audiogram showed bilateral downsloping

moderate to severe/profound (right/left, respectively) SNHL (Figure 1), with word

recognition scores of 82% and 74% for the right and left ears, respectively. DPOAEs were

absent bilaterally, and ABRs showed morphologically normal waveforms with normal

absolute and interpeak latencies. Vestibulo-ocular reflex (VOR) gain, phase and symmetry

were normal on SHA testing.

Case #2—43 year-old man was diagnosed with SNHL in early childhood and was fit with

bilateral hearing aids at 5 years of age. The patient reported that his hearing has been stable.

He denied any vertigo and disequilibrium. His otoscopic examination was normal

bilaterally. His audiogram showed downsloping moderately-severe to severe SNHL for the

left ear and moderately-severe to profound predominantly SNHL for the right ear (Figure 1),

with word recognition scores of 62% and 68% for the right and left ears respectively.

DPOAEs were absent and the ABRs (Figure 2) were within normal limits for absolute and

interpeak latencies bilaterally.

Case #3—60 year-old woman was seen for otologic and audiologic evaluation. This patient

is the mother of Case #2. The patient reported that she was diagnosed with SNHL at the age

of 5 years, and was fit with bilateral hearing aids at 12 years of age. The patient reported that

her hearing has been stable. She complained of occasional tinnitus, but denied any vertigo

and disequilibrium. Her otoscopic examination was normal bilaterally. Her audiogram

showed downsloping moderately-severe to severe SNHL in the right ear and moderately-
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severe to profound SNHL in the left ear (Figure 1), with word recognition scores of 72% for

the right and 70% for the left ear. DPOAEs were absent bilaterally, and ABR testing was

inconclusive due to patient restlessness. A VOR was observed on SHA testing, but excessive

blink artifact precluded reliable interpretation.

Case #4—34 year-old woman reported longstanding SNHL and she was fit with bilateral

hearing aids since childhood. The patient reported that her hearing has been stable.

Otoscopic examination was normal bilaterally. Her audiogram showed a mild-to-

moderately-severe downsloping SNHL in the right ear and a moderate-to-severe SNHL in

the left ear (Figure 1), with word recognition scores of 100% and 90% for the right and left

ears, respectively. DPOAEs were absent bilaterally. ABRs and vestibular testing were not

performed.

Case #5—58 year-old woman was seen for otologic and audiologic evaluation. This patient

is the mother of Case #4. The patient reported that she was diagnosed with left ear hearing

loss in 2nd grade, and right ear hearing loss in 7th grade and that her hearing had gradually

worsened over time. She was fit with bilateral hearing aids. She complained of occasional

dizziness but no vertigo. Her otoscopic examination was normal bilaterally. Her audiogram

showed a downsloping moderately-severe to profound SNHL in the right ear and a

moderately-severe to severe SNHL in the left ear (Figure 1), with word recognition scores of

36% and 68% for the right and left ears, respectively. DPOAEs were absent bilaterally.

ABRs and vestibular testing were not performed.

Case #6—29 year-old man reported that he was diagnosed with SNHL during childhood,

and was fit with bilateral hearing aids at 15 years of age. He reported that his hearing has

been stable and denied any vertigo and disequilibrium. His audiogram showed a

downsloping moderate to moderately-severe SNHL in the left ear and a moderate-to-severe

SNHL in the right ear (Figure 1), with word recognition scores of 84% and 70% for the right

and left ears, respectively. DPOAEs were absent bilaterally, and ABRs showed normal

absolute and interpeak latencies for waves III and V bilaterally. The VOR gain, phase and

symmetry were normal on SHA testing.

Discussion

In this study, we report the auditory and vestibular phenotypes in 6 patients with GATA3

mutations. GATA3 is a zinc finger transcription factor located on chromosome 10p15. It is

critical for the development of multiple organ systems, including the parathyroid glands,

kidneys, inner ear, thymus, and the central nervous system. Haploinsufficieny of the GATA3

gene is associated with the triad of hypoparathyroidism, hearing loss, and renal dysplasia, or

HDR syndrome, which was first described by Bilous et al. in 1992 [23]. HDR syndrome is a

rare congenital disorder, with no reported incidence in the literature. Several studies have

reported on the auditory phenotype of patients with HDR syndrome and GATA3 mutation.

Fukami and colleagues reported on a series of 6 patients with HDR syndrome [8], and found

that 5 out of 6 patients presented with SNHL. However, details of auditory phenotype were

not described. Nakamura and colleagues reported on 5 patients with HDR syndrome and

found that all patients had SNHL [9]. They reported that the auditory thresholds were
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between 40-100 dB HL, but no additional details were provided. van Looij and colleagues

reported on the auditory phenotype in two patients with HDR syndrome [24]. They found

that these patients had moderate to severe SNHL with absent DPOAEs and normal ABR

interpeak intervals.

In our cohort, all patients had confirmed heterozygous GATA3 mutations and presented with

downsloping SNHL, each with a reported early onset during childhood. The mean pure-tone

average was 67 dBHL (.5/1/2 kHz; range 50-83 dBHL, SD 9.3), and the average word

recognition score was 73% (range 36-100%, SD 15.9). DPOAEs were consistently absent,

supporting cochlear outer hair cell dysfunction as one possible site of lesion. ABRs were

normal in patients who underwent testing and were surprisingly robust given the degree of

peripheral hearing loss, which further implicates cochlear dysfunction that may be confined

to the outer hair cells as the primary mechanism for hearing loss. The hypothesis that

GATA3 mutations affect proper outer hair cell function is supported by an animal study by

Van Looij et al. [17], where heterozygouse Gata3 knockout mice had significantly lower

DPOAEs and a more rapid degeneration of outer hair cells in the apex and base of the

cochlea compared to wild type animals. Cochlear histology confirmed increased vacuoles in

the cytoplasm of the outer hair cells, which supports dysfunction specific to these cells.

All patients in this study were fit with bilateral hearing aids and subjectively reported benefit

from the devices. Our data are consistent with the study by van Looij et al. [20] and expand

on prior reports [7,8] of auditory function in patients with HDR syndrome and GATA3

mutation. Some patients complained of dizziness, but rotary chair testing showed no

evidence of horizontal semicircular canal dysfunction. To our knowledge, these are the first

case reports of vestibular function in patients with GATA3 mutation.

Conclusions

In this study, we report the auditory and vestibular phenotypes for a series of 6 patients with

GATA3 mutation. All patients in our cohort present with early-onset SNHL. DPOAEs were

absent in all ears whereas ABRs were normal, supporting a cochlear site of lesion. We

observed no evidence of vestibular dysfunction in these patients. To our knowledge, this is

the only case series of patients with GATA3 mutation that focuses on the auditory and

vestibular phenotypes of this disorder.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Pure tone audiograms in patients with GATA3 mutation. The right ear thresholds are shown

in red (circles), and the left ear thresholds are shown in blue (crosses). There were no

clinically significant air-bone gaps (bone conduction thresholds not shown).
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Figure 2.
ABR recordings from the left ear of patient 2 at 95dB and 0dBnHL. The 95dBnHL ABR

was tested twice for confirmation. ABR was stimulated using broadband clicks.
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