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= The information provided by speakers in any
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SOME FACIIS:
WHAT IS A STEM CELL®?

Undifferentiated cell from a multicellular organism that
can give rise, indefinitely, to more cells of the same type,
and from which certain other kinds of cells arise by
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"TOTIPOTENT ¢
"PLURIPOTENT" ¢
"MULTIPOTENT"¢

* Stem cells can differentiate info many different
types of cells

* |f they can produce all types of cells (and even
generate a full organism), they are totipotent.

* If they can produce many, but not all, types of
cells, they are pluripotent or multipotent




WHAT ARE SOURCES OF STEM
CELLS?

 Adult mesenchymal stem cells

* Found in many fissues (e.g. bone marrow, umbilical cord,
adipose tissue, placenta, muscle)

* Multipotent cells (i.e. can differentfiate info many but not all
cell types, and cannot reconstitute an entire organ)

* Likely play role in normal tissue repair

* Induced pluripotent stem cells

* Derived from skin cells or blood cells by providing them with
special de-differentiating “factors” (certain gene products)

* Embryonic stem cells
« Come from early embryos, and are true totipotent cells
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EMBRYONIC STEM CELLS

Benefits:

* Totipotent

« Differentiate readily into
numerous cell types

Limitations:

* Ethical considerations

* Limited number of disease-
specific embryonic stem cell
lines available

« Can be used inresearch in
U.S., but not in many other
countries

http://learn.genetics.utah.edu/content/stemcells/quickref/



1 Isolate cells from patient
(skin or fibroblasts);
grow in a dish

2 Treat cells with
“reprogramming” factors

4 Pluripotent

stem cells N

Blood cells

3 Wait a few weeks

INDUCED PLURIPOTENT STEM CELLS

Benefits:

 Can be generated easily
from skin biopsy or simple
blood draw -- from any
person of any age

* Widely used already, and
have accelerated “disease

: e 5 Change culture conditions to in a dish” studies

- stimulate cells to differentiate into

a variety of cell types

? Gut cells

Limitations:
* Not totipotent cells
| * Considerable heterogeneity
Cardiac T . .
cisclsEsis in lines derived for a given
disease

http://learn.genetics.utah.edu/content/stemcells/quickref/



MESENCHYMAL STEM CELLS

Locations of Somatic Stem Cells
N the body
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WHAT DO STEM CELLS HAVE
TO DO WITH ATAXIA?

1. Stem cells are being investigated as a potential
therapy for some neurological disorders.

1. Stem cells can provide new insights info the disease
process (“disease in a dish”) that could lead to new
approaches to therapy.

1. Stem cells are a good model system to test novel
therapeutic strategies before moving to human
clinical frials.
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Can stem cells be used as a
therapy for ataxia?

Putting stem cells into the brain to restore lost neurons is an
unrealized dream... and a very tall order!

To date, no well-controlled trial has shown benefit from stem
cell injections in any form of ataxia

Cell tfransplantation studies in Parkinson disease (PD) — which
have been going on for over 30 years - offer some hope, but
also provide a cautionary tale
» Early claims for success in PD were not matched in placebo
conftrolled clinical trials
* Increasing evidence that the number of and type of nheurons
injected is crifical
« Some patients who received cell transplantation therapy still
seem to have real benefit more than a decade later
* PD, which is not ataxiq, is arguably a more compelling target for
stem cell therapy
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_ACEMENT IN ATAXIA:
NOT AS "EASY"™ AS PD
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NEUROLOGICAL STUDIES WITH
MESENCHYMAL STEM CELLS

Over 35 clinical frial reports in past 7 years (fraumatic
brain injury, spinal cord injury, ALS, stroke, multiple
sclerosis... and spinocerebellar ataxia, multiple system
atrophy)

Intfravenous, intrathecal, or, rarely, infraparenchymal

Most often use autologous cells (from the participant’s
own tissue)

Nearly all are open label trials without placebo conftrol

Stem cell injections usually have been well tolerated,
and some open label studies have shown positive
responses
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EXAMPLE FROM LITERATURE

Dongmei H, et al. Clinical analysis of the treatment of spinocerebellar
ataxia and multiple system atrophy-cerebellar type with umbilical
cord mesenchymal stromal cells. Cytotherapy (2011)

- Umbilical cord mesenchymal stromal cells (UC-MSC)
- 14 cases of SCA, 10 cases of MSA-C
- Weekly intrathecal injection, four times

- International Cooperative Ataxia Rating Scale (ICARS) and
Activity of Daily Living Scale (ADL)

- Follow-up for 6-15 months

- 10 cases remained stable for > half a year, and 14 cases
regressed to pretreatment status (on average by 3 months)

Important qualifiers: Open label trial, no placebo control, no carefully
defined outcome measures, and a rather heterogeneous group of

research parficipants
Cytotherapy. 2011 13:913-7.
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NAF STATEMENT ON STEM CELL
RESEARCH AND THERAPY

Selected excerpts:

“...deeply concerned that some clinics ... are promising stem cell-
based freatments for ataxia without oversight and other standard
patient protections. They boast stunning rates of cures without
scienftific evidence to back those claims. In essence the only thing they
do provide is cruel health fraud, at an exorbitant price, preying on the
desperation that patients and families feel in the face of this
unfreatable neurological disease.”

“... There is promise for stem cell therapies in some neurologic disease,
but for now patients need to know that currently there are no stem
cells that can fix the brain, improve ataxia, or prevent the worsening of
ataxia.”

Stem cells have great potential ... but there are no shortcuts. We
mus’r use scientific principles that have been proven in the laboratory
before we begin putting stem cells into people who are affected with
ataxia. We must safeguard patients from unproven treatments that
may cause serious harm.”

hitps://www.ataxia.org/links/ataxia-general-stem-cells.aspx
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Should the field of ataxia pursue stem cells as
potential therapye

Yes, but...

... In carefully controlled clinical trials with
sound scientific basis, based on compelling
preclinical dato

16



N

WHAT ABOUT THE
FUTURE?

* |In asense, the future is now

* Updates from this week’s Ataxia Investigators
Meeting:
« “Transplantation of Neural Stem Cells as a therapeutic
stfrategy in Machado-Joseph Disease.”

* Rapid advances in stem cell technology have
revolutionized “disease in a dish” experiments,
leading to new disease insights

* New gene editing techniqgues (e.g. CRISPR/Cas) allow
sclentists fo create models for any genetically based
ataxia
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Traditional models of ataxia

 Decades of research has primarily used mouse models
and non-brain cells to study neurological diseases.

e Limitations of these traditional disease models:

* Mice are not humans!
* Lifespan, brain structure, lack of genetic variation

* Potential therapies that appear promising in mice have had
little to no success in human clinical trials for neurological
disorders.

* In many brain disorders, only brain cells are
vulnerable to disease, but many current cell models
are more similar to skin cells than rain cells.

* |.e. frying to figure out what's wrong with a car engine by
checking the tires.

The use of stem cells enable scientists to study ataxia in
the types of human cells affected by disease.
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My Research Focus

Investigating causes of cell death and ftesting new

therapies for SCA3 using arguably the best
available cell model system to study this genetic
disease - the first SCA3 human embryonic stem

cell line.
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Can stem cells really

replicate human disease<

Ataxin-3 + Cell Nucleus

SCAS stem cells closely
replicate important
characteristics of human
disease.

Unaffected
stem cells

The disease-causing protein in
SCAS, Ataxin-3:

1. Is dislocated to the nucleus
of SCA3 stem cells.

SCA3
stem cells

2. Accumulates into protein
aggregates (“tfrash dumps”)
within the cell.
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Unaffected
stem cells

SCA3
stem cells

Ataxin-3 + Cell Nucleus
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Can stem cells really
replicate human disease<

SCAS stem cells closely
replicate important
characteristics of human
disease.

The disease-causing protein in
SCAS, Ataxin-3:

1. Is dislocated to the nucleus
of SCA3 stem cells.

2. Accumulates into protein
aggregates (“tfrash dumps”)
within the cell.



DERIVING SCA3 NEURONS

. Mature SCA3
Stem Cells (brain cells)

Differentiation

factors
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Why do we caree

* [denftifying novel differences in these cell lines
could lead to new therapeutic targets for
ataxiq.

Unaffected Brain Cells SCAS3 Brain Cells

Vimentin/Nucleus

23



=" Moving closer to a cure

» Antisense oligonucleotides (ASOs) - a new therapeutic
stfrategy that can stop genetic diseases at their source by
preventing production of the disease-causing toxic protein
(“gene silencing”).

* ASO therapy for SMA, a fatal genetic motor neuron disorder
that mostly affects infants, has advanced to Phase 3 human
clinical trials with promising preliminary results.

* Therapy is safe and infants that received ASO freatment
are demonstrating significant increases in survival and
motor abilities.

* ASOs are currently in human clinical trials for other
neurological diseases including Huntington's disease, ALS, and
genetic forms of Alzheimer's disease.
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s NMoving closer to a cure

Amo‘fnt of SCA3 fox'? * ASOs greatly reduce amount of the toxic
protein in mouse brain SCAS3 protein in all brain regions of
after ASO Treatment freated SCA3 mice.

] * Next step — test ASO therapy in human
= 100 neurons derived from the SCA3 stem cell
..g line.

a 151 - Demonstrating that ASOs can reduce
. foxic protein levels and reverse disease-
Z relevant abnormalities will:
X 504
< * Provide support for moving ASO
k= 25.] therapy info a human clinical trial for
S SCA3
>
E° 0- + Potentially speed up the “bench-to-
S~ bedside” process
° Vehicle ASO "

_ * Success in stem cells is likely more
3 Forebrain 3 Cerebellum predictive of success in patients.
3 Brainstem (3 Spinal Cord

Lauren Moore, Hayley McLoughlin, Gautam Rajpal (unpublished)
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USING INDUCED PLURIPOTENT STEM
CELLS TO TEST NOVEL THERAPIES

Reprogramming leferentlatlon
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By using IPSCs from patients, in

Patient-specific
therapy

the future we may tailor therapies
to individual patients

Nature Reviews | Molecular Cell Biology

26



Insights from an ataxia researcher &
proud daughter of an ataxia patient.

* There is no disease too rare.
* The ataxia research community is HUGE.

YOU have advocates in the scientific
community.

New discoveries are happening everyday!
* Cures are not only possible, but inevitable.
There is a thin line between science and magic!
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