CS

CEDARS-SINAL =« % X

BOARD OF GOVERNORS
REGENERATIVE MEDICINE INSTITUTE




SOURCES OF VARIABILITY IN
PRECLINICAL AND CLINICAL
RESEARCH ON STEM CELL
THERAPIES FOR ALS

Exploring sources of variability related to clinical
translation of regenerative engineering products - A
workshop

Cedars-Sinai Regenerative Medicine Institute
Clive Svendsen, PhD
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Sources of variability in preclinical and clinical research on
stem cell therapies for ALS
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Manufacturing human neural progenitors

Case study : Neural progenitor-derived astrocytes for ALS

Transitioning to iPSC-derived product
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Sources of variability in preclinical and clinical research on
stem cell therapies for ALS
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Stem cells for neurological disorders
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Astrocytes are essential for normal brain function
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hNPC migration and maturation into astrocytes following transplantation into a rat
model of Parkinson’s Disease
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Stem cells for neurological disorders

Limitless supply and make any type of neural tissue
% IPSCs have no ethical issues and autologous use
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Sources of variability in preclinical and clinical research on
stem cell therapies for ALS

e [ntroduction

« Manufacturing human neural progenitors
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Manufacturing cortical neural progenitor cells for generating
neurons and astrocytes — a unigue "chopping” method
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Use development rather than fight it in the
manufacturing process!

Developmental time for human cortex (approx 50 wks)
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Process transfer of "chopping method” to cGMP manufacturing

Derek Hel
Larry Couture
Joe Gold
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Global manufacturing process

Thaw 6 vials of
MCB for each
lot
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Challenges with manufacturing process

* Major issues with karyotyping — trisomy 7 and translocation on
chromosome 1. Fresh EGF crucial

» First GMP batch grew poorly due to wrong sourcing of EGF

« Second GMP production batch grew well. Major freeze down at scale
to 1,200 vials.

* But... showed low post-thaw viability (~40%) compared to >70%
historic values.

» Laboratory studies identified process-critical items at scale for
successful freeze down and recovery

* Athird GMP batch with serial freeze down for 4 sub-lots was
successfully run to completion

e 8vials of MCB expanded to 1,200 vials of product in 10 weeks

CEDARS-SINAL




Final Product

« Patient dose preparation

= Cells thawed and counted at cGMP facility
= Shipped to Cedars-Sinai Pharmacy day before surgery

= Stable for up to 9 days at 4 degrees C in final Cedars-
Sinai transplantation media
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Sources of variability in preclinical and clinical research on
stem cell therapies for ALS

 Introduction
« Manufacturing human neural progenitors

o Case study : Neural progenitor-derived astrocytes for ALS
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Twitching, death of motor neurons and
paralysis
Cause unknown, no drugs, no cure

Death normally within 3 years

Majority of cases “sporadic” with about 10% of
cases showing “familial” inheritance patterns
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Neuron Disease or ALS
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A New Combined Gene and Stem Cell Therapy for ALS
at Cedars-Sinai

18 patient trial

e We have developed a clinical-grade line of human
stem cells that are engineered to release a
powerful growth factor GDNF

« These cells protect motor neurons from dying in
animal models of ALS by acting as a “Trojan Horse”
- releasing GDNF right where the motor neurons
die...

e We have developed an innovative surgical device
to deliver these cells to the spinal cord of
patients with ALS

e On March 17th we filed an Investigational New
Drug (IND) application to the FDA to conduct a
first in man clinical study for ALS patients at
Cedars-Sinai Medical Center

e Unique unilateral trial design for high efficacy
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Pre-clinical non-enabling studies
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First patient dosed on May 39 2017



Enrolled —

Timeline

Overview
Subject 1
Subject 2

Subject 3

Subject 4

Subject 5

Subject 6

Subject 7

Subject 8

Subject 9

Subject 10

Subject 11

Subject 12

Subject 13

Subject 14

Subject 15

Subject 16

Subject 17

Subject 18

So far safe and no SAE’s associated with the cells

This approach will not affect patient outcome — disease will
progress in upper spinal cord and brain

But we may see a difference in progression in treated leg

And we will see if the cells survive (by GDNF expression) and

regionally protect motor neurons in transplant areas at post
mortem

May also find out if immune suppression is important

Vital information for stem cell field — can cells survive in
human disease!

Ju

Dose 1
2x10° cells

Dose 2
5x10° cells



One fetal brain neural progenitor product that makes astrocytes - many disease targets
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Sources of variability in preclinical and clinical research on
stem cell therapies for ALS

Introduction

Manufacturing human neural progenitors

Case study : Neural progenitor-derived astrocytes for ALS

Transitioning to iPSC-derived product
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Stem cells for neurological disorders

Limitless supply and make any type of neural tissue
% IPSCs have no ethical issues and autologous use
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The Cedars-Sinai IPSC core facility
Type “Cedars-Sinai iPSC core” into google.....

CEDARS-SINAL Dhruv Sareen, Loren Orlenas




Clinical—grade IPSC production and differentiation

Whole blood - PBMCs - iPSCs - Differentiated cell product

Patient iPSC clones | Screen best
Plasma PBMCs iPSCs iPSC clone \oyral progenitor
Centrifuge E E R ‘ s . Diff o
eprogram to uspension ifferentiation
PBMIC layer Centrifuge hrLaminin (XF) Multiple cl.or?es
Gel Layer (Buffy Coat) on hrLaminin
—
RBCs Cryopreserve PBMCs in .
plasma and cryoprotectant ‘ Intermediate Final product
suspension GMP iNPC
. iPSCs bank
Intermediate +p6-8 (1 clone) +~45-50 days
planar iPSC bank
p10-15 (2-3 clones)

Cell type Whole blood Isolated PBMCs | iPSCs (planar) iPSCs (suspension) i-differentiated cell product (suspension)
Clinical screening | Cell viability Normal karyotype >85% Oct4 (pluripotent stage) | >XX% of AA marker (early stage-specific)
Serology tests Number of vials | Clearance of episomal plasmids Normal karyotype >YY% of BB marker (mid-stage specific)
OncoPanel Pluripotency (Oct4) >Z272% of CC marker (late stage-specific)

Criteria Sterility, endotoxin, & mycoplasma tests < 0.1% Oct4 (by PCR at final stage)

Adventitious agent testing (murine, bovine, porcine) Functional Assay (final stage)
Interspecies contamination Viability

Cell identity (16 human STR loci) Sterility, endotoxin and mycoplasma tests



Cytogenetic normality key to stability - G-band karyotype

Cytogenetic stability of iPSC lines derived from non-

expanded (PBMC) vs. expanded source tissue
G-band karyotype

Non-expanded source Expanded source
tissue (PBMC)-iPSCs tissue-iPSCs
Description Numbers % abnormal Description Numbers |% abnormal
Total iPSC lines 884 Total iPSC lines 423
5.2% 21.8%
46 92
Total abnormal Total abnormal
First karyotype| 40/518 7.7% First karyotype| 76/353| 21.5%
Repeat karyotype| 6/366 1.6% Repeat karyotype,  17/70, 24.39%
Excluding

0
monosomy X 12/884  3.7%

CEDARS-SINAI. Dhruv Sareen, Loren Orlenas  Last update: 6/3/2018




Expanded source tissue iPSC lines

Expanded Lines
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Non-expanded source tissue (PBMC) iPSC lines
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Generation of EZ-spheres and INPCs from IPSC lines
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Transition to IPSC from neural progenitors

Challenges for iPSC derived neural cell product:

1. Stability of IPSC lines (karyotype, maintain pluripotent state)
2. Manufacturing at scale and at cGMP
3. Constancy of differentiation

4. Equivalency with other neural products in clinic (neural progenitors)

CEDARS-SINAL




Cells in space to reduce variation? Effects of zero-G on stem cell
growth and differentiation Collaboration with space tango and NASA
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Conclusions

* Developing a cell product from human fetal brain tissue requires
strict SOP’s and attention to every detail of the process

* Once cells proliferate in culture they are always changing in some
small way. This needs constant attention

« Transition to iIPSC technology is underway — challenges include
stability of IPSC lines, variability between patients and clones and
reliable differentiation protocols
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