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Background Over 1.5 billion now
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« The overall global cost of unaddressed hearing loss is )
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greater than $ 980 billion annually
Hearing loss is the largest modifiable contributing factor (9%) to dementia and Alzheimer’s disease (The
Lancet International Commission). 4
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Background Genetic Hearing Loss

One Iin ~500 newborns, ~26 millions worldwide

150 deafness genes identified
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Background No clinic drugs for genetic deafness

Current Treatment Future Treatment

Gene therapy Gene editing

Regeneration Drug therapy



OTOF Gene Therapy in Humans




Background OTOF pathogenic mutation » DFNB9

B DFNB9 is a congenital or prelingual, severe-to-complete, autosomal recessive deafness
B OTOF gene, influencing 2-8% of patients suffering from genetic hearing loss

B Otoferlin protein in the inner hair cells (IHCs) The mechanism of

B Exocytosis and vesicle replenishment of IHCs DFNBO9 is clear
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MIM 601071
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Auditory neuropathy Otoferlin protein expressed in IHCs



Background AAV-gene replacement treatment for DFNB9

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

AAV

Ling et al., Nat Rev Drug Discov 2023



Background AAV-gene replacement treatment for DFNB9

B AAV is the most common vector for gene therapy in the inner ear
B OTOF size (~6kb) exceeds single AAV load (~4.7kb)

Dual-AAV mediated gene therapy restored hearing in Otof”-mice

____________________________________________________________________________________________________
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Proc Natl Acad Sci, 2019 EMBO Mol Med, 2019
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Preclinical studies Research strategy

Drug delivery system
Drug component Promoter screening

Recombination strategy

Optimization of manufacturing procession

AAV vector production _
Small scale, medium scale, GMP

Safety and efficacy in mice routine blood test, serum biochemistry

Efficacy: auditory function, immunohistochemistry

{ Safety: vector biodistribution, behavior, pathology,
{ Transfection, vector biodistribution, immunohistochemistry,

Safety in non-human primates
routine blood test, serum biochemistry (hepatorenal function)
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Results In vivo screen of delivery route and AAV vectors

AAV1

Optimization of the inner ear delivery route o o
Efficient transduction in IHCs (>90%)

SINE Large Does not e
Injection route } animal anlmals affect hearing i
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Results Recombination strategy for dual-AAV delivery

Dual-AAV-AK was selected.

Hybrid: AK or AP TS

Western blot

Dual-AAV1

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



Preclinical studies Efficacy of AAV1-hOTOF

» AAV1-hOTOF was produced under GMP conditions
» Dose-dependent efficacy
> Improved auditory function in both neonatal and adult Otof’- mice

14
Zhang et al., Mol Ther Meth Clin Dev, 2023



AAV1-hOTOF Clinical Trial



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

_GVIP drug Jllethical approval Jlll Recruitment [N

B General principal: from older to
Number: 2022085 !
younger children
B Dose: 1in 9x101 vg (Low)
5in 1.5x10'? vg (High)
B Ethical approval: June 2022
B First recruit: Oct 2022
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425 Patients were registered and six were enrolled

Participant1  Participant 2 Participant3  Participant4 Participant5 Participant 6
Sex Female Male Female Male Female Male
Age, years 4.8 5.0 6-2 21 33 1.0
Ethnicity Han Han Han Han Han Han
OTOF (HGNC:8515) mutations
Mutation in allele 1 ¢.2985C>A €.2215-1G>C €.4961-2A>C €.2215-1G>C  ¢.3409-11A>G ¢.5647CT
(p-Cys995%) (p.GIn1883™)
Mutation in allele 2 €.5203CGT €.5108delinsTCTT c.5567G>A C.4225A>T c.5647CT ¢.5728G>A
(p-Arg1735Trp)  (p.Argl703delinsLeuPhe) (p.Arg1856GIn) (p.Lys1409*) (p.GIn1883*)  (p.Glu1910Lys)
Hearing threshold+t
Auditory brainstem response, dB >95% >95 >95 >95 >95 >95
Auditory steady-state response, dB 80 111 98 100 >98 100
Pure-tone audiometry, dB >115 100 106 NAS NAS§ NAS
Cochlear implant Right ear Left ear Right ear None Right ear None
Vector dose administered, vg 9x10* 1.5x10* 1.5x 10" 1.5x 10" 1.5x 10" 1.5x 10"

NA=not available. vg=vector genomes. “Nonsense mutation. TAverage hearing threshold at 0-5-4-0 kHz; the symbol
maximum sound intensity level. $Only click-evoked auditory brainstem response was tested at baseline in participant 1; at baseline, auditory brainstem response was
measured at 0-25, 0-50, 1-00, 2-00, and 4-00 kHz in the other five participants. SParticipants 4, 5, and 6 could not complete pure-tone audiometry due to their young age.

u_n

>

in hearing threshold means no response at

Table 1: Baseline characteristics, genotype, and vector dose for each participant

The Lancet, 2024



Clinical study

Safety evaluation on unilateral gene therapy

___________________________________________________________________

(Trans-External auditory canal)

Endoscopic

Participant 1 Participant 2 Participant 3 Participant 4 Participant5 Participant 6
AAV1-neutralising antibodies
Baseline <15 1:35 <1:5 <1:5 <1:5 <15
b weeks 1:405 1:3645 1:405 1:135 1:1215 1:405
13 weeks 11215 1:3645 1:1215 1:135 11215 1:1215
Interferon gamma
Baseline Negative Negative Negative Negative Negative Negative
6 weeks Negative Negative Negative Negative Negative Negative
13 weeks Negative Negative Negative Negative Negative Negative
Vector DNA
Baseline Negative MNegative Negative Negative Negative Negative
lweek Negative Negative Negative Negative Negative Negative

Megative indicates that the T cell responses to the AAV1 capsid or vector DNA were below the lower limit of detection. AAV1s=adenc-associated virus serotype 1.

Table 3: Immunity response and vector shedding

B No dose-limiting toxicity (DLT) and serious
adverse event
B Increased of neutralizing antibodies to AAV

B No T cells response to AAV



Clinical study Hearing restoration by AAV-hOTOF

B Define efficacy: 10 dB reduction in the average ABR

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

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

m 52 weeks, n=4,
patients #1, 3,4 & 5

m 4-26 weeks, n=5,
patients #1, 3,4, 5, &6
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Improvement of hearing and speech perception in 5 patients

inical study
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Clinical trial

Bilateral AAV1-nOTOF gene therapy for

participants with DFNB9




Clinical study Hearing recovery after bilateral gene therapy

Beyond hearing restoration, bilaterial
Injection recovered the capacity of sound
source localization and improved speech
perception in noisy environments.

Wang et al., Nat Med, 2024



Clinical trial Sound source localization ability and speech perception were improved

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).
24 Wang et al., Nat'Med, 2024






Editing Therapy for Genetic Hearing Loss
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dol:10.1038/nature25164
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Human Fetal Hearing Begins at the 2" Trimester

O

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



Editing Rescues Hearing in Adult Mouse Model of

Mir96 Dominant Hearing Loss DFNASO




2024 Nobel Prize in Physiology or Medicine: Discovery of MicroRNA

Victor Ambros and Gary Ruvkun



MicroRNA 96 Mutations Cause Delayed Onset
Progressive Hearing Loss in Humans

An ENU-induced mutation of miR-96 associated with
progressive hearing loss in mice

Morag A Lewis!, Elizabeth Quint?, Anne M Glazier!, Helmut Fuchs?, Martin Hrabé De Angelis3,
Cordelia Langford!, Stijn van Dongen!, Cei Abreu-Goodger!, Matias Piipari', Nick Redshaw?,
Tamas Dalmay*, Miguel Angel Moreno-Pelayo™®, Anton J Enright! & Karen P Steel'-?

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



Screening of Editors for Efficient Editing
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Sustained Hearing Rescue by Editing in Adult Mice

10 weeks 14 weeks 20 weeks

& \irgeS1334+. uninjected

- Mir9631334/+.

6x10° vg, AAV2-SaCas9-KKH-sgRNA4 Injection: 6 weeks of age o
, injected



Editing Treatment Rescues Hair Cells
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Gene Addition Targeted Genome Editing

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

Schambach et al., Lancet 2024



Streamline Regulatory Path for Somatic Gene Editing Therapy

DFNA41 DFNAZ2
A
Delivery Vehicle\\

— Delivery route

Editors ——
\\Cell targets
Y
gRNA1 + gRNA2
)

|
Similar preclinical profiles

Shown to be safe in clinical trials

\ )
1

Regulatory path for other gRNAs-mediated treatment

37









Acknowledgments

Mass Eye & Ear Fudan Eye & ENT Broad Institute Univ Miami
Harvard Medical School Hospital

| - Xuezhong Liu
Wenllgng Zhu Yilai Shu David Liu Denise Yang
Yoar% Tgo Daqgi Wang, Yuxin Xue Ga(_)
Yilai Shu Chen, Jun Lv, Hui John Zuris
Veronica Lamas Wang and Xiaoting David Thompson

- Cheng, Longlong
Qin Liu Zhang, Chong Cui, Qi
Rossano Butcher Cao, Mengzhao
Xun,Luoying Jiang U College London
Karen Steel

Morag Lewis

Support:
NIH: RO1DC016875; R01DC019404; UH3TR002636

Ines & Fred Yeatts Inner Ear Research Fund



Vielen Dank !



