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children with hearing loss

Disabling hearing loss  population 

The overall global cost of unaddressed hearing loss is 

greater than $ 980 billion annually

The impact of unaddressed hearing loss
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Background
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2.5 billion
Population with hearing 

loss by 2050

Hearing loss is the largest modifiable contributing factor (9%) to dementia and Alzheimer’s disease (The 

Lancet International Commission).



Genetic Hearing LossBackground

One in ~500 newborns, ~26 millions worldwide

150 deafness genes identified

Genetic mode 

Syndromic

30%70%

Non-syndromic

Autosomal Dominant: DFNA1-78

Autosomal Recessive: DFNB1A-108

X-linked

Mitochondrial

22%

77%



Background No clinic drugs for genetic deafness

Current Treatment Future Treatment

Gene therapy Gene editing

Drug therapyRegeneration
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OTOF Gene Therapy in Humans



Physiological Reviews,2019

◼ DFNB9 is a congenital or prelingual, severe-to-complete, autosomal recessive deafness

◼ OTOF gene, influencing 2-8% of patients suffering from genetic hearing loss

◼ Otoferlin protein in the inner hair cells (IHCs) 

◼ Exocytosis and vesicle replenishment of IHCs
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Auditory neuropathy
Exocytosis,

vesicle replenishment
Otoferlin protein expressed in IHCs

OTOF pathogenic mutation    DFNB9Background

MIM 601071

The mechanism of 

DFNB9 is clear



AAV-gene replacement treatment for DFNB9Background

Adeno-Associated Virus (AAV) has been widely used for gene therapy to treat genetic diseases

Ling et al., Nat Rev Drug Discov 2023

AAV



Dual-AAV mediated gene therapy restored hearing in Otof-/- mice 
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Background

EMBO Mol Med, 2019Proc Natl Acad Sci, 2019

◼ AAV is the most common vector for gene therapy in the inner ear

◼ OTOF size (~6kb) exceeds single AAV load (~4.7kb)

AAV-gene replacement treatment for DFNB9



Preclinical studies Research strategy 

Drug component 

Drug delivery system

Promoter screening

Recombination strategy 

AAV vector production
Optimization of manufacturing procession

Small scale, medium scale, GMP

Safety and efficacy in mice

Safety in non-human primates

Safety: vector biodistribution, behavior, pathology, 

routine blood test, serum biochemistry

Efficacy: auditory function, immunohistochemistry

Transfection, vector biodistribution, immunohistochemistry, 

routine blood test, serum biochemistry (hepatorenal function)
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AAV1

In vivo screen of delivery route and AAV vectors

Efficient transduction in IHCs (>90%)
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Results

Injection route
Small 

animal

Large 

animals

Does not 

affect hearing

C LW RWM Neonatal mice

Adult mice

C

Guinea pig

Monkey
PSCC

Optimization of the inner ear delivery route

AAV



Recombination strategy for dual-AAV delivery

Zhang et al., Mol Ther Meth Clin Dev, 2023

Dual-AAV1

Results

Hybrid：AK or AP TS

Western blot

Dual-AAV-AK was selected.



Efficacy of AAV1-hOTOF
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Preclinical studies

➢ AAV1-hOTOF was produced under GMP conditions 

➢ Dose-dependent efficacy

➢ Improved auditory function in both neonatal and adult Otof-/- mice

Zhang et al., Mol Ther Meth Clin Dev, 2023
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AAV1-hOTOF Clinical Trial
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Number：2022085

Ethical approval Recruitment

Clinical study The first-in-human trial of gene therapy for deafness

GMP drug
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◼ Age:1–18 years old

◼ General principal: from older to 

younger children 

◼ Dose: 1 in 9×1011 vg (Low)

5 in 1.5×1012 vg (High)

◼ Ethical approval: June 2022

◼ First recruit: Oct 2022



425 Patients were registered and six were enrolled

The Lancet, 2024
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Safety evaluation on unilateral gene therapy

Drug administration

Clinical study

◼ No dose-limiting toxicity (DLT) and serious

adverse event

◼ Increased of neutralizing antibodies to AAV

◼ No T cells response to AAV

(Trans-External auditory canal)

Endoscopic
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Clinical study Hearing restoration by AAV-hOTOF

◼ Define efficacy: 10 dB reduction in the average ABR 

threshold (0.5–4 kHz) 
◼ Baseline before treatment：ABR from >95 dB in all 

patients

◼ After treatment: Hearing was restored to 38 dB-55 dB
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Clinical trial Hearing recovery in a time-dependent manner

◼ 52 weeks, n=4, 

patients #1, 3, 4 & 5

◼ 4-26 weeks, n=5, 

patients #1, 3, 4, 5, & 6
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Speech test

Before gene therapy:

No response to sound

After gene therapy: improve speech perception and 

communicate with parents.

Clinical study Improvement of hearing and speech perception in 5 patients

Lv et al., Lancet 2024
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Clinical trial

Bilateral AAV1-hOTOF gene therapy for 

participants with DFNB9



Clinical study Hearing recovery after bilateral gene therapy

Wang et al., Nat Med, 2024

Beyond hearing restoration, bilaterial 

injection recovered the capacity of sound 

source localization and improved speech 

perception in noisy environments.  



Clinical trial Sound source localization ability and speech perception were improved

2424

Before gene therapy:  no response to sound.

⚫ 2.6 years old, born deaf. 

⚫ Response to sound from at 3 weeks.

⚫ Dance to music at 13 weeks.

⚫ Say some simple words at 26 weeks, such as Baba (Father).

Wang et al., Nat Med, 2024
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Editing Therapy for Genetic Hearing Loss
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Human Fetal Hearing Begins at the 2nd Trimester

Iowan State Univ Press; Lahlou et al., JCI Insight 2024



Editing Rescues Hearing in Adult Mouse Model of 
Mir96 Dominant Hearing Loss DFNA50



Victor Ambros and Gary Ruvkun

2024 Nobel Prize in Physiology or Medicine: Discovery of MicroRNA



MicroRNA 96 Mutations Cause Delayed Onset 
Progressive Hearing Loss in Humans

Mencia et al., Nat Genet 2009; Lewis et al., Nat Genet, 2009; Kuhn et al., PNAS 2010



Screening of Editors for Efficient Editing



6x109 vg, AAV2-SaCas9-KKH-sgRNA4 Injection: 6 weeks of ageTime of injection: 1.5 mon by AAV-KKH-saCas9-gRNA
Mir96

s1334/+
; AAV-KKH-saCas9-gRNA(mir96)

Mir96
s1334/+

; uninjected)

1.5 mon 2.5 monPost injection 3.5 mon 5 mon

11.32 kHz 11.32 kHz 11.32 kHz11.32 kHz

uninjected

injected

10 weeks 14 weeks 20 weeks

Sustained Hearing Rescue by Editing in Adult Mice
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injected uninjected

injected uninjected

Editing Treatment Rescues Hair Cells



Schambach et al., Lancet 2024

One product for one disease (OTOF) 30-200 products for one disease (USH2A)

Gene Addition Targeted Genome Editing
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Streamline Regulatory Path for Somatic Gene Editing Therapy

DFNA41 DFNA2

Delivery Vehicle

Editors

Cell targets

Delivery route

gRNA1 gRNA2+

Similar preclinical profiles

Shown to be safe in clinical trials

Regulatory path for other gRNAs-mediated treatment
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