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Forward-Looking Statements

This presentation is for informational purposes only and is not an offer to sell or a solicitation of an offer to buy any securities of Lineage Cell Therapeutics, 
Inc. (“Lineage”). This presentation includes certain information obtained from trade and statistical services, third-party publications, and other sources. 
Lineage has not independently verified such information and there can be no assurance as to its accuracy.

All statements in this presentation, other than statements of historical fact, are forward-looking statements within the meaning of federal securities laws. In 
some cases, you can identify forward-looking statements by terms such as “may,” “will,” “would,” “expect,” “plan,” “anticipate,” “strategy,” “designed,” 
“could,” “can,” “intend,” “believe,” “estimate,” “target,” “potential,” “aim,” “seek,” “continue,” “next steps,” “upcoming,” or the negative of these terms and 
other similar expressions. Such statements include, but are not limited to, statements relating to the broad potential for Lineage’s regenerative medicine 
platform and Lineage’s ability to advance and expand the same; differentiated data and Lineage’s ability to reproduce the same or similar results in future 
preclinical research or clinical trials; the potential opportunities for the establishment or expansion of strategic partnerships and collaborations and the 
timing thereof; the projected timing of milestones of future studies, including their initiation and completion; and the potential for Lineage’s investigational 
allogeneic cell therapies to generate clinical outcomes beyond the reach of traditional methods and provide safe and effective treatment for multiple, diverse 
serious or life threatening conditions. Forward-looking statements involve risks, uncertainties and assumptions that may cause Lineage’s actual results, 
performance, or achievements to be materially different from those expressed or implied by the forward-looking statements in this presentation, including, 
but not limited to, the following risks: that positive findings in early clinical and/or nonclinical studies of a product candidate may not be predictive of success 
in subsequent clinical and/or nonclinical studies of that candidate; that planned research, development or clinical activities may be ceased or delayed for 
various reasons; that Lineage may not be able to manufacture sufficient clinical quantities of its product candidates in accordance with current good 
manufacturing practice; that competing alternative therapies may adversely impact the commercial potential success of any product candidate, and other 
risks and uncertainties inherent in Lineage’s business and other risks described in Lineage’s filings with the Securities and Exchange Commission (SEC). 
Lineage’s forward-looking statements are based upon its current expectations and involve assumptions that may never materialize or may prove to be 
incorrect. All forward-looking statements are expressly qualified in their entirety by these cautionary statements. Further information regarding these and 
other risks is included under the heading “Risk Factors” in Lineage’s periodic reports filed with the SEC, including Lineage’s most recent Annual Report on 
Form 10-K, Quarterly Report on Form 10-Q and its other reports, which are available from the SEC’s website at www.sec.gov. You are cautioned not to place 
undue reliance on forward-looking statements, which speak only as of the date on the cover of this presentation. Lineage undertakes no obligation to update 
any forward-looking statement to reflect events that occur or circumstances that exist after that date, except as required by law.



• An Israel-based subsidiary of Lineage Cell Therapeutics (LCTX), responsible for research, process 
development, and GMP production 

• Development and production of unique allogeneic cell therapies from pluripotent stem cells

̶ Versatile expansion and culturing systems of pluripotent stem cells

̶ Process development, 2D, and 3D differentiation, for multiple lineages
̶ Product release and qualification for clinical use (ready to inject) 

• Infrastructure includes R&D, Analytical Labs 
and GMP production facilities 

• Highly trained and skilled personnel (55)

• Validation 

̶ 2 clinical stage products, 3 pipeline products 

̶ $670M global alliance with Roche/Genentech for lead program 
 (“OpRegen”; an RPE cell transplant) 

 

Cell Cure Neurosciences  
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Lineage’s Internal   
cGMP Facility

Multiple Clean Rooms 
for Parallel cGMP 
Production Runs;

Staff of >50

4

Requirements for a Successful Cell Therapy

Control (Safety) & Reproducibility
• Source line characterization, cell banking, versatile expansion systems
• Differentiation process development; culture conditions, optimization
• Analytical methods, in-process controls, release criteria

Purity / Identity
• Clinically compatible post-production processing
• Analytical method development for process control and 

product release

Potency
• Functionality and performance testing, reflecting MOA
• Enhancements; genetic modification (optional), various 

expression systems

Scalability
• Scale-up modalities, substrates, harvesting protocols
• Clinical and commercial throughputs for drug process and product
• Commercially-attractive cost of goods 



Why Target Sensory Neuron Replacement?
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Adapted from: The Hearing Journal 73(6):p 32,33,34, June 2020.

Input mechanical Signal 

Output Electric Signals

Sensory Partition:
Organ of Corti/
Inner Hair Cells

Ribbon Synapse:
Pre-synaptic site
Post Synaptic site

Synapse

Neural Partition:
Spiral Ganglion/
Auditory Nerves

— Auditory Neuropathy Spectrum 
Disorder (ANSD) is a variety of 
diseases linked by the common trait of 
dysfunctional auditory nerve function

— ANSD could be treated by a single cell 
therapy by replacing damaged cells 
with healthy neuronal cells irrelevant of 
the pathology.

— Cell therapy may solve conditions 
where cochlear implants are non-
functional due to neural deficiency 

Ear

Brain



ANP1 Cell Therapy Product
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• ANP1 - Transplantable otic neural progenitors (ONP) derived from human pluripotent stem cells 
̶ Manufactured via a directed differentiation process that generates pure population of cells
̶ Proprietary and protected manufacturing process based on in-house expertise, accompanied by in-

process controls and batch release criteria using internally-developed analytical assays 

• Transplanted ANP1 cells are permissible to further maturation into auditory neurons (AN)

• ANP1 is cryopreserved allogeneic off-the-shelf product, at clinical doses, ready to be thawed at clinical 
sites and injected into a patient's cochlea

• Potential ANP1 indications:        
 Auditory Neuropathy Spectrum Disorders       
 and/or in combination with cochlear implants.



Single Pluripotent Stem Cell Line

Ectoderm/Non Neural Ectoderm

Pre-Placodal Ectoderm (PPE)

Early Otic Neural Progenitors (ONP)

Mid-Late ONP

Late ONP/Early Auditory neurons

ANP1 Directed Differentiation Manufacturing Process 

ANP1

hPSCs

ANP1 differentiation follows natural otic development



Monitoring of ANP1 Differentiation Using In-Process Controls 

Induction of otic neural progenitor markers and Elimination of Pluripotency markers 
along differentiation timeline 
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Product Characterization To Assess Clinical  Applicability

ANP1

Synapse formation

Functional Assessments 

Neural marker/ 
Synapse

Marker/DAPI

Bio-Analytical Assessments 

Wright A and Vissel B 2012
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scRNA seq. 
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Fluorescence

Bioinformatics Calcium Influx

85.0%

Snapshot of in-vitro analytical method development, designed to monitor the differentiation process 
and the final cell therapy product



Advanced Characterization: ANP1 Expresses Otic Neural 
Progenitors and Neural Markers 

DAPI / Neural Marker#1DAPI

Synapse markerDAPI

DAPI / Neural marker#2

DAPI / Synapse marker 
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ANP1 Bioinformatics: Auditory Neuron-Related Gene Expression

• Bioinformatics is a computational approach that 
facilitates a deeper understanding of ANP1 cell function 
and differentiation
– scRNA seq analysis was performed on the ready to 

inject ANP1 drug product 
– Bioinformatics using UMAP was created based on 

principle component analysis (PCA) 
– Generation of AN related Gene sets was based on 

available worldwide databases (such as MSigDB, 
Panglao and Cell Marker) and recently published 
scientific data.

• As a part of safety measures, an orthogonal analysis 
using a specific gene set did not detect any residual 
hPSC cells within the final product. 
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Color representation of cells expressing 
auditory neuron-defined gene set, 

based on literature review  



ANP1 Bioinformatics: Auditory Neuron Genes Distribution 

ANP1: Mapping of Selected Normalized Gene 
Expression (NGE) 

Bioinformatics reveals expression of key auditory neuron related genes distributed 
among ANP1 final product  
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Developing Functional Assays for Auditory Neurons

Hair cells release Glutamate 
(neurotransmitter) to stimulate 

auditory neurons

Auditory 
neurons and 

hair cells form 
Synapse

Neuronal Activity - Action 
potential generated and 

propagated towards cochlear 
nucleolus

Hair cell 

Auditory neuron cell

Adapted from  Moser & Starr, Nat Rev Neurology, 2016 



ANP1: Initial Assessment of Connectivity In-Vitro using a Synapse Marker

ANP1 morphological characterization is based on a combination of neural and synapse-related 
markers, showing a significant increase in expression with culture time 

DAPI / Neural DAPI / Synapse Neural / Synapse /DAPI

3 days maturation

3 weeks maturation



Auditory Neuronal Activity on Multi Electrode Array

ANP1 induced activity using Glutamate Receptor Agonist

ANP1 Basal Neuronal activity without stimulant

ANP1 showed auditory-specific glutamatergic neural response

Neuronal activity from multiple ANP1 cells was recoded simultaneously in the absence (basal activity) 
and presence (induced activity) of glutamate receptor agonist, using multi electrode array

1 sec

1 
m

V

1 sec

1 
m

V

―Multi Electrode Array (MEA)
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ANP1 7-Day Preclinical Study Demonstrating Survival 

• Delivery and survival of ANP1 in preclinical 
models through collaboration with Prof. Yehoash 
Raphael and University of Michigan

• Comparison of multiple models of chemical 
deafness and routes of administration
— Neomycin vs ouabain induced deafness
— Modiolus vs scala tympani administration

• Conclusions 
— ANP1 cells observed 7 days post-administration
— Ouabain model exhibited fewer side effects, 

improved depletion of endogenous neurons
— Both routes of administration appeared effective ANP1 cells (labeled red) observed 7 

days after administration



ANP1 Preclinical Study- Indication of Cell Engraftment 

ANP1 cells were identified by red label or IF using 
human nucleoli-specific antibody (green)

Host 
cells

ANP1 
cells

• Conclusions 

— ANP1 cells were observed 7 days post-administration.

— ANP1 cells were able to spread beyond the injection 

site.

— ANP1 cells were able to engraft and populate the 

cochlea.

Base

1st turn

2nd turn



ANP1 (“ReSonance”) Summary and Future Path
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• ANP1 is a novel cell-based product candidate composed of auditory neuron 
progenitors derived from clinical grade pluripotent stem cells 

• ANP1 cells were successfully manufactured at scale, met pre-set release criteria, 
and demonstrated relevant in-vitro functional activity

• ANP1 cells were cryopreserved in a clinical dose, ready-to-administer format, and 
were successfully thawed and transplanted into a guinea pig hearing loss model 

• ANP1 survived and engrafted in a 7-day in-vivo study

• ANP1 cells are currently being evaluated in long term efficacy study

• ANP1 holds promise as new therapeutic modality for hearing loss 
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Thank You. 

University of Michigan Team
Prof. Yehoash Raphael  
Lisa A. Beyer 
Diane M. Prieskorn 

CCN, Lineage Cell Therapeutics, Inc. 
Teams
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