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Neurodegenerative Diseases

> A wide range of acute and chronic conditions in which

neurons and glial cells in the brain and spinal cord are
lost.

> Acute: ischemic stroke or spina[ cord njury

» Chronic: Parkinson disease (PD), amyotrophic lateral
sclerosis (ALS), or Alzheimer disease (AD).



Main considerations when we use stem cells
to treat neurodegenerative diseases

» What s Vequired for the stem cell-based approach to be ciinicaiiy
competitive?

> Risks to the patient that are acceptable, oiepending on disease severity. Animal
models may not ﬁtiiy predict their toxicity, occurrence of immune and other
bioiogic responses, and risk for tumor formation aﬁer mp lantation in

patients.

> The Varia.biiit_y between neurodegenerative diseases in the degree Qf disability that

they cause and in the therapeutic options that are available.
e.g PD- symptomatic treatment

* The easiness to diﬁferentia’ce stem cells to neurons. For exampie, the diﬁ%renﬁation of

1PSCs into mature neurons is more compiicateoi than for ESCs



Main considerations when we use stem cells
to treat neurodegenerative diseases

» The cell type to be regenerated and transplanted.
PD- dopamine neurons

ALS — motor neurons

Stroke and Alzheimer's disease-several cell types

» The stem cell-based approach should show substantial improvement of

ﬁmcﬁona[ deﬁcits in animal models Iaefore their use in clinical application.

> To determine the bio[ogica[ mechanism undeﬂying the observed eﬁec’cs
of a stem cell[-based treatment in an animal model. e.g. reconstruction of

neuronal civcuitry



Common considerations when translating stem

cell therapies to neurodegenerative disease patien

Inclusion'exwchosion criteria  Enrolling late-stage patients may prevent loss of guality of life
Late-stage patients may mask any positive effects due to the
intervention oCowrTing too lats in the disease courzs

F.ealistic expectation Informed comzent fonms nmst clearly lbammate the zgoals of the study
Safety trials vs. efficacy trials
Expectations of therapeutic affects based on dizeasze state at
intervention

Controllad stady Tdeal stwdy is a doable-blind placeba stady
Late-stage patients may mask any positive effects not obzerved due
to the intervention oCowTing too late in dizease
Cirigmal PD stodies offerad control anms freafmnent afier 3 1-year
follow-up which confises mberpretation of efficacy

[N osIpprassian While the brain remaing an imroumolosically privileged zite due to the
bload-brain-barriar, there iz evidence that this barrier can he
compramized in dizegze
Stadies into cell graft nurvival demonstrate that immnmosuppression
increases that survival of graft tizzus

Potantial side effects Preventminimize potentiz]l side affecis (1.e. meningiiiz, fevar)
Avoid exacerbation of dizease and tumor formartion
Fuick vz guality of lifs

Safety of callular therapy Consider C1NE acosssibility and safety of delivery methods
gdministration Pros/cons of systemic dalivery, honbar punchirs or stereotactic
injection are imyportant

Abbreviztions: PO, Parkinson's dissase; CHE, central nervous system.
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Examples on Neurodegenerative Diseases
Targeted by Stem Cell therapy



Parkinson’s disease (PD)

4 | Degeneration of nigrostriatai DA
~s = N~ e neurons is the main pathology
D) S
‘ \ Tx: -DOPA, DA agonists, enzyme
inhibitors, and oieep brain
stimulation
No Tx for dementia
)
(PSCs for modelling the
Characteristic symptoms are rigidity, hypokinesia, geneﬁcauy comp lex PD

tremor, and posturai instability
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Stem cell—based therapies for PD

Normal brain Stem cell therapy
./ § Preexisting DA neurons ANaMy derived DA neurans
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Stem cell—based therapies for PD
P fes

-The DA newrons that form from the -A small fraction of graft-derived DA
transplan’ced tissue reinnervate the denervated neurons contain Lewy bodies (the
striatum and become functionally integrated, hallmark of PD).

restoring striatal DA release and giving rise to| - Availability of human embryonic
clear symptomatic Ve[ief n some patients. mesencepha[ic tissue is limited.

1—16 years aﬂer ’cvansplan’caﬁon, cell Varialoi[i‘ty of ﬁmcﬁona[ outcome aycter
Vep[acemen’c remains a viable therapy. transp[antaﬂon is high.

The progression of pathology in gvaﬁ-derived Poor standardization of the transplanted
neurons is slow, and ’chey are still ﬁmcﬁonal cell material contributes to the high

aﬁer a decade. variabih‘cy
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Stem cell—based therapies for PD

Other sources of DA neurons:

v  ES cells

v" Cloned ES cells

v' NSCs and progenitors of embryonic ventral mesencephalon
v Adult NSCs from the subventricular zone (SVZ)

v" Bone marrow stem cells

V' Fibroblast-derived iPS cells

Human stem cell-derived DA mneuron precursors/neuroblasts can
survive in animal models of PD and can be ﬁmctional aﬁer

maturation.



Stem cell—based therapies for PD

Hurdles that prevent stem cell thevapy for PD ﬁfom bench to clinic:

v PDisa multisystem disorder, if nondopaminergic systems are
aﬂ?ected, they will not improve on intrastriatal DA graﬁs.

v’ Substantial re-innervation of striatum has not been demonstrated.

v’ Restoration of DA release in vivo hasnot been demonstrated.

v’ Marked improvement (50-70%) in the deﬁcits and symptoms
expevienced on PD patients has not been demonstrated.

v’ Risk of tumor formaﬁon—even 90 minor, it s not accep’ca]o le.

v’ The need to inject cells at all sites Qf tnjury.



Clinical trials-PD

* By International Stem Cell Corporation (ISCO)

 Parthemogenetic cells derived of unfertilized oocytes after suppression of
the second meiotic division

e Drawbacks:

Used cells are PAX6-positive suggesting that they are of a dorsal neural fate. In
contrast authentic midbrain dopaminergic neurons are derived from a PAX6-
negative ventral midbrain neural precursor.

e Schwarz et al. used human-fetus-derived dopaminergic neurons and
transplanted them into PD patients’ depleted striata.

* Takagi et al. demonstrated functional recovery after successfully
transplanting dopaminergic neurons from monkey ESCs into PD patients’
brains



Clinical trials-PD

* Another study also confirmed the influential role of undifferentiated ESCs in
functional recovery by differentiating dopaminergic neurons in a PD rat
model

* Two other clinical studies using human ESCs are ongoing in Australia and
China, where their preclinical studies’ results were reported

* Garitaonandia et al. described the preclinical tumorigenicity and
biodistribution safety in vitro before conducting a phase I clinical trial to
evaluate the safety and tolerability of stem cells for the treatment of PD



Alzheimer’s disease (AD)

Healthy Brain Severe Alzheimer's Disease

Mormal brain Alrheimar disaasa

Severe Cortical

Cerebral Shrinkage Ty

Cortex

Severely Enlarged
Wentricles

Hippocampus O '
\ Severe Shrinking

of Hippocampus

Neuronal and synaptic loss,
neuroﬁbriﬂary ’cangles, and
deposits of B-amyloid protein

Memory impairment, cognitive decline, volve the basal ﬁ,yebmm
and dementia due to widespread and cholinergic system, amygdala,
progressive pathological changes hippocampus, and cortical areas.
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Stem cell—based therapies for AD

Normal brain

Alzheimer disease
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1. Cholinergic neurons: ace’cy[cholinesterase
inhibitors, which enhance cholinevgic
ﬁmcﬁon, induce some temporary

timprovement in AD patients

2 Newfogenesis or maturation of hippocampa[
neurons as the formation of immature

hippocampa[ neurons was Veported in AD.

Stem cell therapy
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3. Nerve growth factor (NGF)

w releas ing stem cells.

e , R
— Compounds or antibodies to
1—1}0 - resiore endogenous NoUrogenasis

4. Anti-B-amyloid antibodies
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Stem cell—based therapies for AD

Hurdles that prevent stem cell therapy fov AD ﬁrom bench to clinic:

v Stem cells have to be pve—d'gﬁferen’ciated m vitro to many
d'gﬂ'eren’c types of neuroblasts for subsequent mp lantation in

many brain areas.

V' Toralong-lasting symptomatic benefit, cholinergic cell
replacement requires intact target cells (host newrons that the

new cholinergic newrons can act on) that are damaged in AD.

v’ Stem cell—based cell Veplacement strategies are very fav ﬁfom

clinical app[icaﬁon m AD



Clinical trials-AD

By stemedica cell technologies
Stem cells from healthy people to mild to moderate AD patients
To test if stem cells work for AD

The clinical trials for AD treatment are still in their infancy, where
the FDA approved the first clinical trial of MSCs for AD treatment
in 2015.

Similar trials are currently underway or under development in
Europe and Asia to assess the safety, tolerability, and preliminary
efficacy of human MSCs in patients with mild-to-moderate AD

Recently, combining stem cells with NGF was recognized as a
useful strategy for preventing cell death, stimulating the growth
of cholinergic neurons, and facilitating the generation of specific
neural populations in AD treatment.



Ischemic stroke, caused by occlusion
of a cerebral artery, leads to
focal death of mulﬁple neuron
types, as well as oligodendrocytes,
astrocytes, and endothelial cells.

Hemorrhagic Stroke Ischemic Stroke

Neuronal p[asﬁcity and reorganization of neural circuitries contribute to
spontaneous recovery to varying degrees, but most patients exhibit persistent

motor, sensory, or cognitive impairments

Dr. Diala Abu-Hassan <
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Stem cell—based therapies for stroke

Human ES cell-derived NSCsand MSCs, grafted into rat stroke site, migrated

toward the lesion and improve forelimb performance.
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1V injection of human
NSCs  induced
improvements aﬁer
hemowhagic stroke in
rats, proba’o[y through
an’ciinﬂammatory

actions



Stem cell—based therapies for stroke

v" No substantial clinical Improvements were detected aﬁer A%
injection of autologous MSCs in patients with an ischemic
lesion in the regions supp[ied ’oy the middle cerebral artery
(MCA).

v' Several clinical studies using mtravenous or intraarterial
(into damaged tewi’cory) inﬁAs lon of auto[ogous bone
marrow—derived stem cells in stroke patients are ongoing.

v A clinical trial in stroke patients mvo [v'mg transp(an’cation
of clonal, conditiona“y immortalized NSCs isolated ﬁrom
human fe’cal cortex (s Ioeing tested.

v 80% of neuroblasts and neurons die dwing the ﬁrst two weeks

after forma’cion at stroke site in rats.



Clinical trials

* Transplanted ESCs, iPSCs, and NSCs can replace the
missing brain cells in the infarcted area

* Non-neuronal adult stem cells, such as MSCs provide

trophic support to enhance self-repair systems such as
endogenous neurogenesis



Spinal cord injuries

Pathological changes aﬁer sp'ma[ cord njury are comp[ex
and include:

1. ln‘cermpﬂon of ascending and descending pathways

)

Loss of neurons and g[ial cells
lnﬂammation

Scar fovmaﬁon

SIS

Demyelinaﬁon

v’ Patients experience loss of movement, sensation, and
autonomic control below the level of the 'mjwred spinal
segment.

Available treatments are ineﬁecﬁve.

Diﬁerent types of stem cells were tested and 'meroved

ﬁmcﬁonal outcome in animal models through secretion

ENERN

of neurotrophic factors, remyelination of spared axons,
or modulation of inflammation

/Spinal Cord

Injury

Fractured — <%
Vertebral Body(
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Stem cell—based therapies for spinal cord
tnjuries

Formation of neurons, oligodendrocytes, & astrocytes.

Formation of synapses and axons Stem cell therapy

. o - { i Spnal neuron precursors Stam calls fo Oligodendrocyte
Remylenation : high-purity oligodendrocyte i b s st s e s IR Lo B
o fro 2m o8 lammation from st cells
progenitor cells (OPCs) generated from human gadenvokagy fomareinn shanere
. . . . . » > » - > -
ES cells in vitro can dﬁerenﬂate into T %" »>"
oligodendrocytes (clinical trial) S W\J
Ascending
axons -j
Astrocyte
' Preexistng Jamaged my Degenerated Rernyehknated
nNauUron sheat Axon

Spina cord
ason

Myeiin sheath
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Desconding
axons

Dr. Diala Abu-Hassan 23



Stem cell—based therapies for spinal cord
injuries
Before moving to clinic:

Determine how to control the pvo[ifevation of tvansp[anted stem cells and their

progeny

Determine how to enhance the dﬁerenﬂaﬁon of these cells to the speciﬁc
types of neurons that have been lost

Determine how the Vesu[ﬁng neurons can be directed to format appropriate

synaptic contacts



Stem cell—based therapies for spinal cord
injuries

Other stem cell types
Umbilical cord blood, bone wmarrow—derived HSCs, and MSCs have
ahfeady been app[ied n  patients with sp'ma[ cord mjury, with claims

of partia[ recovery.

Problems in these trials:

1. The implanted cells were oﬁen poorly characterized.

2. The pVeclinica[ evidence of e)f%cacy for several of these approaches
was insuﬁcient

3. The therapeuﬁc beneﬁt was Veported ﬁrom open—[ahe[ trials where
patients had  been su’ojected to physiotherapy.

4. The mechanisms undevlying ObSGVVBd impvovements were unclear.



Hindrances in stem cell therapies’ progression

Leaming how stem cells work in the Ioody and how they integrate with the ’carge’ced

tissue/ organ.

The sag“e and cos’c—eﬁ‘ecﬂve generation of these cells in adequate quantities. For examp le,
ESCs and iPSCs can be grown indqqnite[y in the lab, but the procedures are very complex

and demanding, [imiting these cells’ overall avai[abili’cy.

Risk of post-imp lant rejection, which adds the burden of needing a close compaﬂb le donor
fov the cells’ recipient.

]dent'gﬁ/ing the proper conditions to culture these cells, the most suitable route of

administration, delivery, and the target site

Most of the data available to researchers were derived ﬁom animal studies, hence, direct
extrapolation of the results ﬁrom these in vivo studies into human patients is not feasi’o le at

this stage.

The cost, time, and labor-intensive nature of stem cell ’chevapy [imit its use, especia“y n
deve[op ing countries. Addiﬁonaﬂy, safety considerations, such as the po‘cenﬁal for malignant
tvansformaﬁon and side eﬂ%c‘cs, such as epilepsy, immune a“ergic reactions, and injection

site njuries, remain signiﬁcant concerns.



Neurodegenerative Diseases & Stem Cell

Therapy

» Clinical trials using stem cells have ahfeady been pevformed or initiated
(e.g., fov the rare, fatal, autosomal recessive neurodegeneraﬁve disorder

Batten disease)

> No stem cell-based thempy has yet been proven beneﬁcial for any

newodegeneraﬁve condition.

> Despite this fact, unproven treatments for several newodegeneraﬁve
diseases are oﬁered at “clinics” around the world without rationale and

with poor scienﬁﬁc and clinical basis.

> Ethical, Vegulatovy, societal, and economical issues need to be addressed.



Translating a stem
cell-based treatment
from the bench to bed

Road map to a FDA-approved Phase | human safety trial

for stem cell therapy for ALS

(n vitro characterization
Small animal model validation
Turmewigene vy Collincorporation Anevwal
studly LTI T wrvival
Large animad validation
Human tral appication
FOA sppdicmon FUhvs towiew
IRE o
Patient envoliment
Inclusion Exchsion
charactensticy Informed corent charactenisticy

Pre-opesatoee

Pee-nperatve sxam "
counseling

Operation

Follow up assessment

Post study assessment
Data Safety Monnoring Bosed revies

Satety data s reviewed for each group before traredtioning to next group
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