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Neurodegenerative Diseases

> A wide range of acute and chronic conditions in which

neurons and glial cells in the brain and sp'mal cord are
lost.

> Acute: ischemic stroke or spinal cord njury

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



Main considerations when we use stem cells
e wnto treat neurodegenerative diseases
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Main considerations when we use stem cells

to treat neurodegenerative diseases

> The cell type to be Vegenevated and transp lanted.

2y s sty Ak
PD- O]oamme neurons

ALS — motor neurons
TNy

Stroke and Alzheimer's disease-several cell types
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» The stem cell-based approach should show substantial improvement of

fimctiona[ deﬁcds in animal models before their use in clinical a]o]o[ication
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» To determine the blo[oglcal mechanism underlying the observed effects

//of a stem cell— based treatment in an animal model. e.g. reconstruction of

neuronal clreultry
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Common considerations when translating stem

=>
[l therapies to neurodegenerative disease patient
cell t les to neurodeg tive disease patients
| |
Inclusion/exclusion criteria Emolling late-.stage patients may prevent lozs of qgaﬁlit}' %t; lifa . bo NE N o (W -
ate-stage patients may mask any pozitive effects due to the 4 N\
intervention oCCwTing too late in the disease course iw\vv\( CUDIN \%\\‘5&

Realistic expectation Informed consent forms must clearly illuminate the goals of the study ‘(\’\@ \\,\QUQ’\E\B ‘

Safety trials vs. efficacy trials \h e \m QM\HQS\
Expectations of therapeutic effects based on dizease state at — Wioe ave w
miervention U usSomore ) WM

Controllad stdy Ideal study is a double-blind placebo study
Late-stage patients may mask any positive effects not obzerved due Q € }l/]ﬂ SOAD Yo b(
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to the intervention occwring too late in dizeaze \ ,
Original PD studies offered control arms treatment after a 1-year @\QbN\j I \D’:} 2 l(\\l\)>
follow-up which confuses mtarpretation of efficacy ?QI\\‘QW\\\

Inmmunosuppression While the brain remains an invnunologically privilezad zite due to the ﬂ ]\ﬂ .
blood-brain-barrier, there iz evidence that this barrier can be —H\e \’g QQQ\ "o (om¢
compromized in dizeaze
Studies into cell graft survival demonstrate that invmunosuppression D \fQ\D }\‘{[\N\E O OWy.
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Potantial side effects Preventminimize potentizl side effacts (1.e. meningitis, fever)

Avoid exacerbation of dizease and tumor formation QJ‘ _ MN\S. \\NU\V\ X\’\Q
Risk vs. quality of life 0\;\ Cale SR

Safety of cellular therapy Consider CNS accessibility and safety of delivery methods '\U\\J\ O b e O _g],U\Q)\(fS

administration Proz/cons of systemic delivery, hunbar punctare or stereotactic —
injection are important QXQ e 1 QQ)\ (. Co\/\%\%
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Examples on Neurodegenerative Diseases
Targeted by Stem Cell therapy



Parkinson’s disease (PD)

f - _ Degeneration of nigrostriatal DA

neurons is the main pathology

‘ \'(_)
Tx: -DOPA, DA agonists, enzyme
inhibitors, and deep brain
stimulation [ 1= wc@\mﬁ e \oe iidyw%
No Tx for dementia

iPSCs for modelling the
Characteristic symptoms are rigidity, hypokinesia, geneﬁca”y comp lex PD
tremor, and posturai instability
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Stem cell—based therapies for PD

Proof of principle: clinical trials with intrastriatal transplantation of human embryonic

mesencephahc tissue (nch in postmitotic DA neuroblasts)

(opomamany

» >
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Stom celly DA neuron precursors or
modifled for neuroblasts generated
neuroprotection from stem cells

Nommal brain 7 Parkinson disease ' Stem cell therapy
m Preexisting DA neurons Newty derived DA neurons
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Stem cell—based therapies for PD
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-The DA neurons that form from the

transplanted tissue reinnervate the denervated

striatum and become ﬁnctiona“y integrated,

restoring striatal DA release and giving rise to

clear symptomatic reﬁef n some patients.

A small ﬁfacﬁon of graﬁ—derived DA

neurons contain Lewy bodies (the

hallmark of P[))_\f&g}“gtmg 'S
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ailability of human embryonic o

mesencephalic tissue is limited.
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1—16 years aﬁer transp[an’ca’cion, cell

rep[acemen’c remains a viable thevapy.

Varia]oi[ity of ﬁmc’ciona[ outcome aﬁer

transplantation is high. (%owm ARV
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The progression of pathology n graﬁ-devived

neurons is slow, and they are still ﬁmctiona[

aﬁer a decade.

Poor standardization of the transp[anted

cell material contributes to the high
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Stem cell—based therapies for PD

Other sources of DA neurons:
TSQW\\‘L_«‘BDWQ RS
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 mnewron precursors/neuroblasts can

survive in animal models of PD and can be ﬁmcﬁonal aﬁer

maturation.
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Stem cell—based therapies for PD

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

v PDisa multisystem disorder, if nondopaminergic systems are

aﬁec‘ced, they will

not

Improve on intrastriatal DA gvaﬁs.

v’ Substantial re-innervation of striatum has not been demonstrated.
v’ Restoration of DA release in vivo has not been demonstrated.

v Marked improvement (50-70%) in the deficits and symptoms

experienced by PD patients has not been demonstrated.

v’ Risk of tumor formtion—even Lf minor, it is not acceptalo le.

v’ The need to inject cells at all sites of injury. awd) B gﬁ;&»\& \I\QWN =N
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Clinical trials

C} Pmy International Stem Cell Corporation (ISCO)
e Q

. Parthemogenetlc cells derived of unfertilized

oocytes after suppression of the second meiotic
division

% Hpic

* Drawbacks: o

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. =>=-1 '
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Alzheimer’s disease (AD)

Healthy Brain Severe Alzheimer's Disease

Normal brain Alzheimer disease

Severe Cortical

Cerebral Shrinkage

Cortex

Severely Enlarged
Ventricles

Hippocampus O
Severe Shrinking

of Hippocampus

Neuwronal and synaptic loss,

neuroﬁ’ori“ary tangles, and

deposi’cs of B-amyloid protein

Memory impairment, cognitive decline,

involve the basal forebrain
and dementia due to widespread and cholinergic system, amygdala,

progressive pa’cho[ogica[ C’rlanges h'qopocampus, and cortical areas.

Dr. Diala Abu-Hassan www.positivehealth.eQn\
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Stem cell—based ther
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Normal brain

Alzheimer disease

agtes for AD

1. C,/lO lYICVgLC neurons: ace’tylcho[mesterase

U/l,(ll’oltOYS, W,’llCh enhance C’/IO[U’lCYgLC

Neurons

function, induce some temporary /\\Dc\j\

improvement in AD patients

2. Neurogenesis or maturation of hippocampal

neurons as the formaﬂon of immature

hippocampal neurons was Veported in AD.

Stem cell therapy

modihed i«

1_ﬂ0 _— :;. :i:':.‘ilc:;i;;“u\1v' factors
3. Nerve growth factor (NGF)

re[easing stem cells.
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4. Anti-B-amyloid antibodies
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Stem cell—based therapies for AD

Hurdles that prevent stem cell therapy for AD ﬁfom bench to clinic:
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v Stem cells have to be pre—d'gﬁferenﬁa ed n vitro to many

d@ﬂ:erent types of neuroblasts for sulosequen‘c imp lantation in
brain areas. ®d) o 'S )N VARSI 1 Qo
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V' TForalong-lasting symptomatic benefit, cholinergic cell
f replacement requires intact target cells (host neurons that the

new cho[inergic neurons can act on) that are damaged in AD.
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v’ Stem cell—based cell Veplacement strategies are very far ﬁrom

clinical app[icaﬁon i AD
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Clinical trials

* By stemedica cell technologies )
e Stem cells from healthy people to mild to

moderate AD patients
e To test if stem cells work for AD




Ischemic stroke, caused by occlusion

of a cerebral artery, leads to

foca[ death of mu[ﬁp[e neuron

types, as well as oligodendrocytes,
astrocytes, and endothelial cells.

Hemorrhagic Stroke Ischemic Stroke

Neuronal plasticity and reorganization of neural circuitries contribute to
spontaneous rvecovery to varying deg"rees, but most patients exhibit persistent

motor, sensory, or cognitive impairments

Dr. Diala Abu-Hassan
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Stem cell—based t

newonal  wese

erapies for stroke

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

toward the lesion and timprove forel'vm’o pelformance.

Stroke-induced

oot
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Stem cell therapy

Neuron precursors or
neurobiasts generated
from stem cells

Compounds to
promote endogenous
NeWogeneasis

'-- -

o

Stemn celis for
neuroprotection and
modulation of inflammation
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1V injection of human

NSCs induced

M reulation

8 Preexisting neurcbiasts
Subventricular zone

Amemﬁmogema cells

Preexisting neurons

Newly derved Nowly derved
neurons/neurotiasts )
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improvements aﬁer

hemowhagic stroke in

rats, pro’oa’o[y through

anﬁinﬂammatory

actions
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Stem cell—based therapies for stroke

v No substantial clinical Improvements were detected after 1A%
injection of au’cologous MSCs in patients with an ischemic

lesion in the regions supplied b};w‘c&he middle cerebral artery
(MCA). ? ®§i YA\ w\m&% \\D \\N\\ﬁ WA Ao Q\‘W\g AS

RV TN
v Several clinical studies us'mg intravenous or intraarterial

(into damaged territory) infusion of autologous bone
marrow—derived stem cells in stroke patients are ongoing.

v A clinical trial in stroke patients involving transp lantation
of clonal, conditiona“y immortalized NSCs isolated ﬁrom
human fetal cortex is being tested. ™. W D & o

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

aﬁev formaﬁon at stroke site in rats.
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Clinical trials
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* 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
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Pathological changes aﬁer sp'mal cord jury are comp[ex

and include:

1. Interruption of ascending and descend'mg pathways

2. Loss of neurons and g[ia[ cells

3. Inflammation

4. Scar formation

5. Demyelination Fractured — =<3

Vertebral Body (

v’ Patients experience loss of movement, sensation, and
autonomic control below the level of the 'mjured spina[
segment.

Available treatments are 'meﬁecﬁve.

Diﬁferent 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
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Stem cell—based therapies for spinal cord
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Formation of neurons, oligodendrocytes, & astrocytes.

Formation of synapses and axons Stem ced therapy
H B ! { Spmal 0N precursors Stam cells fo Oligodendrocyte
Remylenation : high-purity oligodendrocyte o neurcbiasts goneraled.  mockiaionof  Progenkors genarated
o from stem cali ammation from st cells
progenitor cells (OPCs) generated from human gabenvokagy fpmanecney jpihenciagg
. . . . . > > » » > -
ES cells in vitro can dgﬁferentta’ce into v %" %"
oligodendrocytes (clinical trial) ) W\J
Ascending
axons -j
Astrocyte
) Preexistng ’ Damaged mys Degenerated Rernyelnated
nNauUron 1al N || Axon axon

Spina! cord
leson

Myeiin sheath

croglial cell

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

Determine how to control t!ae \proliferaﬁon of ’cvansplan’ced stem cells memd their
ogeny DS ecomse we W@c)/ e o i% O COIMAN QWMASWNT ol e a, Dle
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Determine how to enhance the diﬁcerenﬁaﬁon of these cells to the speciﬁc
types of neurons that have been lost

Determine how the Vesu[ﬁng neurons can be directed to forma’c appropriate

synapﬁc contacts

Dr. Diala Abu-Hassan



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 spina[ cord ri\vy'ury, with claims

of partial recovery. L SNV ¥ G\Q \\J\QW\ \N\Q\IQQ\ LN QN\NQ
QS @ Wl WA

Problems in these trials:

1. The implanted cells were often poorly characterized.

2. The }OVGCI'U’I'lC&ll evidence Of e)f%cacy fOV seveva[ Of t’aese appvoaches

was  insufficient.

3. The therapeutic benefit was reported from open-label trials where

patients had been su]ojected to physiotherapy.

4. The mechanisms underlying observed improvements were unclear.




Neurodegenerative Diseases & Stem Cell

Therapy

» Clinical trials using stem cells have ahfeady been pevformed or initiated
(e.g., for the vare, fata[, autosomal recessive newodegenevaﬂve disorder

Batten disease)

> No stem cell-based therapy has yet been proven beneﬁcial fov any

newfodegenemﬁve condition.

> Despite this fact, unproven treatments for several neurodegenerative

diseases are oﬁered at “clinics” around the world without rationale and

with poor scientiﬁc and clinical basis.

> Ethical, Vegulatovy, societal, and economical issues need to be addressed.
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Road map to a FDA-approved Phase | human safety trial

for stem cell therapy for ALS

In vitra characterization
, Small animal model validation
Trans lafmg astem v ctmmnn g

cell-based treatment N——
fromthe benchto bed = ™ 77 e

Patient envoliment
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Pre-operatoee

Pee-operative sxam .
counseling

Operation

' @5’5> &\‘R\b K)E/NE Follow up assessment

Post study assessment
Data Safety Monnoring Boaed revies

Salety data s reviewed for each group before tranedtioning to next group

Dr. Ijiala Abu-Hassan
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