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• This document has been prepared by Sensorion (the «Company») and is provided for information purposes

only. This document does not purport to contain comprehensive or complete information about the

Company and is qualified in its entirety by the business, financial and other information that the Company

is required to publish in accordance with the rules, regulations and practices applicable to companies

listed on Euronext Paris. No reliance may be placed for any purposes whatsoever on the information or

opinions contained in this documentor on its accuracyor completeness.

This presentation does not constitute an offer to sell, a solicitation of, or an invitation to subscribe for or to

buy, securities of Sensorion in any jurisdiction
•

•

The information and opinions contained in this document are provided as of the date of this document only

and may be updated, supplemented, revised, verified or amended, and thus such information may be

subject to significant changes. The Company is not under any obligation to update the information or

opinions contained herein which are subject to change without prior notice.

The information contained in this document has not been subject to independent verification. No

representation, warranty or undertaking, express or implied, is made as to the accuracy, completeness or

appropriateness of the information and opinions contained in this document. The Company, its

subsidiaries, its advisors and representatives accept no responsibility for and shall not, under any

circumstance, be held liable for any loss or damage that may arise from the use of this document or the

information or opinions contained herein.

• This document contains information on the Company’s markets and competitive position, and more

specifically, on the size of its markets. This information has been drawn from various sources or from the

Company’s own estimates which may not be accurate and thus no reliance should be placed on such

information.

•

•

• All persons accessing this document must agree to the restrictions and limitations  set out above

DISCLAIMER

This document contains certain forward-looking statements. These statements are not guarantees of the

Company’s future performance. These forward-looking statements relate to the Company’s future

prospects, developments and marketing strategy and are based on analyses of earnings forecasts and

estimates of amounts not yet determinable. Forward-looking statements are subject to a variety of risks and

uncertainties as they relate to future events and are dependent on circumstances that may or may not

materialize in the future. Forward-looking statements cannot, under any circumstance, be construed as a

guarantee of the Company’s future performance and the Company’s actual financial position, results and

cash flow, as well as the trends in the sector in which the Company operates, may differ materially from

those proposed or reflected in the forward-looking statements contained in this document. Important

factors that could cause actual results to differ materially from the results anticipated in the forward-looking

statements include those discussed or identified in the “Risk Factors” section of our “Document de

référence” registration document filed with the Autorité des marchés financiers on Sept 6th, 2017 under

n°R.17-062 (a copy of which is available on www.sensorion-pharma.com). Even if the Company’s financial

position, results, cash-flows and developments in the sector in which the Company operates were to

conform to the forward-looking statements contained in this document, such results or developments

cannot be construed as a reliable indication of the Company’s future results or developments. The

Company does not undertake any obligation to update or to confirm projections or estimates made by

analysts or to make public any correction to any prospective information in order to reflect an event or

circumstance that may occur after the date of this document.

Certain figures and numbers appearing in this document have been rounded. Consequently, the total

amounts and percentages appearing in the tables may not necessarily equal the sum of the individually

rounded figures,amountsorpercentages.

•
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Presentation outline

• Sensorion overview

• Gene Therapy Otoferlin program : Dual AAV vectors 

• Key considerations in CMC for dual AAV vectors

• Evaluation of full-length human otoferlin protein expression 

• Determination of the optimal ratio of dual AAV vectors
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Overview - Sensorion

• Clinical stage biopharmaceutical French company

• ≈ 45 employees, offices in Montpellier and Paris

• Unique R&D technology platform to expand understanding of physiopathology and etiology of inner ear 
related diseases, and to select the best targets and modalities for drug candidates

• CMC Capabilities to develop at scale high quality clinical candidates

• One small molecule in Phase II

• Gene Therapy program in collaboration with Institut Pasteur, Hôpital Necker-Enfants malades and Fondation
pour l’audition – Powerful consortium to advance the development of GTx program* 

* Audinnove project, partially funded by ANR as part of the Investment Avenir Program (ANR 18 RHUS 0007) 
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The Inner Ear is one of the most delicate organ in the human body

Limited number of hair cells:

• 3,500 Inner Hair Cells

• 12,000 Outer Hair Cells
Hair cells do not naturally regenerate

According to the WHO*:

~ 466m people affected by disabling hearing loss worldwide

~ 700m people projected to be affected by 2050

Inner Ear Biology

*World Health Organization,  2021 World report on Hearing

KEY FACTS
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Otoferlin Gene Therapy program

OTOF-GT

DFNB9:
• Profound  sensorineural prelingual non-

syndromic hearing loss
• up to 8% of all  cases of congenital hearing loss
• Prevalence ~20,000 in the USA + EU
• Incidence ~1100 per year in USA + EU

Dual AAV strategy

Restore Otof function: Ca2+ sensor for 
vesicle fusion and vesicle pool replenishment
at auditory hair cell ribbon synapses

Audinnove consortium - Treating congenital 
hearing impairment
• understand the epidemiology  
• build awareness of the emerging gene therapies

OTOF-GT

Target: Reversing the severity of the disease
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Dual hybrid AAV otoferlin vectors 

OTOF cDNA (5.994 Kb) polyA

> 5Kb

ITR

IT
R Promoter

Dual Hybrid strategy: 

5’ OTOF 3’ OTOF polyA

ITRPromoterIT
R

IT
R

ITRSD HR SAHR
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Proof of Concept of dual otoferlin AAV vectors

Prom

smCBA

Akil et al, PNAS, 2019

Expression of 
Otoferlin in HEK293

RT-PCR analysis of 
Otoferlin in mice

Schematic dual AAV vectors for 
Otoferlin delivery 



9Copyright by Sensorion - 2022 - All RightsReserved CASSS Bioassays – 19-21 July 2022

Proof of concept of dual otoferlin AAV in mouse model

Restoration of auditory function in Otof -/- using Dual AAV2-OTOF

Normal mice Otof-/-mice Treated Otof -/-mice

Cochlear stereocilia in wild type, Otof -/- and Otof -/- injected with AAV2-OTOF vector  
Expression of Otof protein in cochlear receptors

Akil et al, PNAS, 2019
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Overview of 1st Generation Large Scale Manufacturing Platform

Cells thawing & expansion

Transfection (bioreactor)

Cell lysis & harvest

Clarification

Chromatography

Polishing step

TFF & filtration 

Drug Substance (≤ -70°C)

Process steps Control of critical steps 

Performance of the process
QC testing

(Identity, Potency,

Purity, Safety)

Adventitious virus testing

(in vitro) + Bioburden

• VG titer, IG titer

• Plasmid and Host Cell DNA, 

proteins, chemical reagents

• Bioburden, endotoxins

Starting & raw materials

Total recovery: 20-30%
Two bulk DS for GT-OTOF

Vector Genome

Plasmid DNA

Host Cell DNA

Empty/Full AAV

Immune

affinity

Benzonase

Detergent

Plasmids + 

transfecting 

agent 

HEK293 

(MCB/WCB) Cell density & 

viability, 

Metabolic data

pH, T°, pO2, 

Stirrer speed
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Manufacturing of dual AAV drug Product: Optimized process & controls

DP (mix of vectors 1 & 2 at defined ratio)

DS vector 1 (stored at ≤ -70°C)

DS vector 1 thawing

Pooling of DSs

Pooling of DSs

Sterile filtration

Distribution into vials

Storage at ≤ -70°C

DS vector 2 (stored at ≤ -70°C)

DS vector 2 thawing
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Analytics Capabilities: AAV specific testing

AAV 

Quantitation

Dose Infectivity

PotencyPurity

Vector Genome titer
(qPCR)

Used to determine

the therapeutic dose

TCID50
DNA quantification after 

cell transduction

Transgene 

expression
Early-stage development

Biological activity
Late stage & commercial

Empty to full ratio
(AUC, CryoTEM, IEX-HPLC)

Potential residual 

truncated form of proteins

Accurate 

& precise

Characterization 

prior to clinical

Specific to 

each vector

Co-transduction 

of dual vectors
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AAV quantitation assay

• Vector Genome titer assay

‒ Release testing of DS & DP and a stability-indicating testing
‒ Use for calibrating DP concentration at a ratio 1:1 of each vector
‒ Need to be accurate and precise (CV ≤ 15%, FDA requirement)
‒ Specific: Targeting OTOF DNA sequence for each vector 
‒ One DNA standard curve for both vector (qPCR)

5’ OTOF Promoter SD HR

ITR ITR

3’ OTOF polyASAHR

ITR ITR

CMV hOTOF polyA

KanR

ITR

IT
R

qPCR primer-probe set specific of each vector Plasmid with OTOF cDNA full length
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VG titration assay: method qualification

Characteristics Parameters Evaluated Acceptance Criteria Results Obtained

Specificity

• In silico alignment

• Negative Controls : water, PBS, HEK293 DNA, 
cross reaction of dual OTOF vector

• Positive control: specific for the 5’ or 3’ part 
of hOTOF DNA sequence

• No amplification of other human mRNA

• Ct ≥ 35 for negative controls

• Ct < 35 for positive control

• Blast 

• Ct ≥ 35

• Ct < 35

Linearity
• Coefficient of determination of the standards
• Efficiency

• R² ≥ 0.98
• 90 % ≤ efficiency ≤ 105%

• 5’ OTOF method: R²=0.999, eff= 100%
• 3’ OTOF method: R²=0.999, eff=102%

Range
• 3 assays with standards from 1E+07 to 1E+01 

copies/µL
• CV ≤ 30%

• R²: CV< 0.15%
• Standard curve: CV < 7%

Intra-assay precision
• Quantification of 1E+07, 1E+04 and 1E+01 

copies in 10 replicates in one assay
• CV of quantities ≤ 30%

• 5’ OTOF method: CV ≤ 14.0%
• 3’ OTOF method: CV ≤ 20.0%

Repeatability (Inter-assay 
precision)

• 3 independent assays • CV  of quantities ≤ 30%
• 5’ OTOF method: CV ≤ 16.4%
• 3’ OTOF method: CV ≤ 11.8%

Accuracy • 20 independent VG titrations • Titer within +/- 3 SD and +/- 0.5 log10 • Titer within +/- 2 SD and +/- 0.3 log10

ICH Q2R1 – validation of analytical procedures

All acceptance criteria are met : transfer & GMP readiness
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AAV quantitation assays

• Gene expression assay based on the quantification of mRNA 

‒ Primers/probe targeting the recombination region
‒ Use to ensure the recombination processing efficiency
‒ Product characterization

• Gene expression assay based on the detection of otoferlin protein 

‒ Release testing for DP (mix of vectors)
‒ A stability-indicating testing
‒ Qualitative or semi-quantitative assay
‒ Antibodies recognized Nter and Cter region

• Use for extensive characterization to demonstrate  

- Production of the correct full-length mRNA and protein
- No truncated protein produced by the mix vectors (after recombination)
- No truncated protein produced by individual vector

3’ OTOF polyA5’ OTOFmRNA

protein
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Full-length Otoferlin protein expression in vitro assay

HEK293

3 days Cell lysate
Protein extraction

Ratio 1:1
MOI 3E4 to 1E6

protein

Immunodetection of otoferlin protein
Anti-otoferlin Ab against Cter domain

KDa

250

150

100

75

50

37
25

+          - MOI

hOTOF
~230 KDa

Dual transduction WB analysis - Anti-Otof Ab against Cter domain

Dose response – expression is function of the MOIs
Dual AAV results in full length Otoferlin protein expression

*

5’ OTOF 3’ OTOF

MK          CTL         CTL          3.1E4     6.3E4     1.3E5   2.5E5     5.0E5    1.0E6

* Non-specific Ab
detection. Bands also
observed in non-
transduced cells

Positive control is cells
transfected with the
plasmid encoding the
hOTOF full length

GAPDH
37 KDa

*
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In vitro expression assay with single vector

3 days
Cell lysate
Protein extraction

OR

5’ OTOF 3’ OTOF

HEK293

Immunodetection of otoferlin protein

protein

protein

MOI 5E5

Anti-Otof Ab against Cter domain

No detectable proteins were observed by Western Blot analysis when
cells are transduced with individual vector

hOTOF
~230 KDa

*

GAPDH
37 KDa

MK         CTL           5E5       5’ OTOF    3’ OTOF    

- Dual                  Single 

KDa

250

150

100

75

50

37
25
20
15
10

* Non-specific Ab detection

*

7th Cell and Gene Therapy Summit, 19-21 July, 2022

MK       CTL      5E5     5’ OTOF  3’ OTOF    

- Dual           Single 

GAPDH
37 KDa

*

*

Anti-Otof Ab against Nter domain

* Non-specific Ab detection

KDa

250

150

100

75

50

37

25

hOTOF
~230 KDa
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Determination of optimal dual vector ratio

HEK293

3 days Cell lysate
Protein extraction

protein

Immunodetection of otoferlin protein
Anti-otoferlin Ab against Cter domain

NEG

2.5E5 5’ OTOF
2.5E5      1.2E5          8.3E4         6.2E4       2.5E4 3’ OTOF

MOI

2.5E5       1.2E5        8.3E4         6.2E4       2.5E4 5’ OTOF
2.5E5 3’ OTOF

NEG

MOI

hOTOF

hOTOF

5’ OTOF vector at fixed MOI

3’ OTOF vector at fixed MOI

Dual transduction

Ratio 1:1 to 1: 0.1
1 vector at fixed MOI

Full length otoferlin protein expression is function of the limiting vector

5’ OTOF : 3’ OTOF
1 : 1.0
1 : 0.5
1 : 0.3
1 : 0.2
1 : 0.1

5’ OTOF : 3’ OTOF
1.0 : 1
0.5 : 1
0.3 : 1
0.2 : 1
0.1 : 1
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Determination of optimal dual vector ratio

HEK293

3 days
Cell lysate
Protein extraction

protein

Immunodetection of otoferlin protein
Anti-otoferlin Ab against Cter domain

1:1 3.3:1 1:3.3 10:1 1:10

NEG             10 : 1        3.3 : 1           1 : 1         1 : 3.3        1 : 10

hOTOF

5’ OTOF : 3’ OTOF

Dual transduction

WB analysis - Anti-Otof Ab against Cter domain

Total MOI 500K

5’ OTOF : 3’ OTOF
10 : 1
3.3 : 1
1 : 1

1 : 3.3
1 : 10

A 1:1 ratio showed the highest level of full-length otoferlin
protein expression
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Conclusions

• A thorough control strategy (VG, IG, RT-PCR…) must be implemented very early in development

• Transduction with dual OTOF vectors results in an efficient recombination and a full-length 

otoferlin expression

• No undesired truncated otoferlin proteins were detected after in vitro transduction with dual 

vector or each individual vector

• A 1:1 ratio of dual vector shows to be optimal for efficient expression of full length otoferlin protein

• Hearing restoration demonstrated in Otof -/- mouse model when using dual AAV vector
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