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Neurodegenerative Diseases

>A wide range of acute and chronic conditions in which

neurons and gﬁa[ cells in the brain and sp'ma[ cord are

lost.
>Acute :  ischemic stroke or sp nal cord njury

»Chronic: Parkinson disease (PD), amyotrophic lateral sclerosis
(ALS), or Alzheimer disease (AD).
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_ Neufbdegenerative Diseases & Stem Cell

Therapy =~

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

Batten disease)

> No stem cell-based therapy has yet been proven Ioeneﬁcial for any

newrodegenevaﬁve condition.

>Despi’te this fact, unproven treatments fov several newodegeneraﬁve diseases
are oﬁered at “clinics” around the world without rationale and with poor

scien’ciﬁc and clinical basis.
-/

>Ethical, Vegu[atory, societal, and economical issues need to be addressed.
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Main considerations when we use stem cells

~ totreat neurodegenerative diseases
>»What s Vequ'ured for the stem cell-based appvoach to be clinica”y competitive

>Risks to the patient that are accepta’o[e, depend'mg on disease severity.

»Animal models may not fu“y predic‘c their toxicity, occurrence of immune and
other bio [ogic responses, and risk for tumor fownation after imp lantation in

patients.

>The variabiﬁty between newrodegenemtive diseases in the degree of disabi[it_y that

they cause and in the therapeuﬁc options that are available.
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Main considerations when we use stem cells
to treat neurodegenerative diseases

-

—

> The cell type to be Vegenera’ced and transp lanted.
PD- dopamine neurons
ALS — motor neurons

Stroke and Alzheimer's disease-several cell types

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

ﬁmctional deﬁcits in animal models Ioefore their use in clinical appﬁcaﬁon.

> To determine the biological mechanism underlying the observed eﬁfec‘cs pf

a stem cell-based treatment in an animal model. E.g. reconstruction of

neuronal circuitry 5
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Translating a stem
cell-based treatment
om the bench to bed
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Road map to a FDA-approved Phase | human safety trial
for stem cell therapy for ALS

[ vitra characterization
Small animal model validation
Tumew igenevy Collincorporation Aneral
studly A InTeg s on wrvival
Large animad validation
Human tral appbcation
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Data Safety Monnoring Bosed review

Salety data s seviewed for each group before trarsdtioning to next group
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- —
ommon considerations when translating stem
 cell therapies to neurodegenerative disease patients

Inclusion’ewchizion criteria  Enrolling late-stage patients may prevent loss of guality of lifs
Late-stage patients maey mask any positive effects due to the
intervention ooowrTing too lats in the disease conrzs

N/

-

™

F.ealistic axpectation Informed consant fonms nmst clearly ilbaminate the goals of the study
Safety trials ve. efficacy trials
Expectations of therapeutic affects bazsed on dizease state at
intervention

Controllad stady Ideal study is a doable-blind placeba stady
Late-stage patients may mask any positive effects not obzerved due
1o the intervention oCowTing too late in dizease
Criginal PD studies offerad control anms treatment afier & 1-yaar
follow-up which confizes mtarpreiation of efficacy

ImmInasIppressian While the brain rerpaing an irmrmmolosically privilesed site due to the
bload-brain-barriar, there iz evidence that this barrier can he
carpramized in dizeszs
Smadies into cell graft survival demonsirate that invmmosuppression
increases that survival of gratt tizzus

Potantial side effects Preventminimize potentizl side affecis (1.e. meningiiiz, fevar)
Arvoid exacerbation of dizease and tumor formartion
Fuick vwa. gualiny of lifs

Safety of callular therapy Consider CME accessibility and safety of delivery methods L/
gdminiziration Pros/cons of systemic dalivery, honbar punchirs or stereotactic
injection sre important

Abbreviations: PO, Parkinson's disease; CHE, central nervons system. \ ’
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\/ . ‘Parkinson’s disease (PD)

S @
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Characteristic symptoms are rigioiity, hypokinesia,

tremor, and postwfai instability
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Degeneration of nigros’criatai DA

newrons is the main pathoiogy

Tx: -DOPA, DA agonists, enzyme
inhibitors, and oieep brain

stimulation

No Tx for dementia

(PSCs fov modeiiing the
geneticaiiy comp lex PD


http://www.carelinx.com/

\_/ Stem cell—based therapies for PD

Proof of prmcqo[e clinical trials with intrastriatal transplantatlon of human embryomc
N mesencephahc tissue (rich in postmitotic DA neuroblasts).

225 2%
» L » o
Stom cells DA neuron precursors or

moadied for neuroblasts generated

neuroprotection from stem cells

e Normmal brain ' Parkmson disease Stem cell therapy
U& Preexisting DA neurons ANewty derived DA neurons
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- Stem cell—based therapies for PD

Pros
“The DA neurons that form ﬁfom the

transplanted tissue reinnervate the denervated
striatum and become ﬁmctionaiiy integrated,
restoring striatal DA release and giving rise to

clear symptomatic Veiief n some patients.

1—16 years aﬁer tvanspiantation, cell

Vepiacement remains a viable therapy.

The progression of pathoiogy n gragct—oieviveoi
newrons is slow, and tiriey are still ﬁmctionai

aﬁer a oiecaoie.

Dr. Diala Abu-Hassan

Cons
A small ﬁfac’cion of graﬁ~0ierived DA

neurons contain Lewy bodies (the
hallmark of PD).
- Availability of human emioryonic

mesencephaiic tissue is limited.

Vaviabiii‘ty of ﬁmc’cionai outcome aﬁer
transpiantation (s i/ligi/l.

Poor standardization of the ’cranspian’ceai
cell material contributes to the i/ligi/I
Variabiii’ty



- 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)

‘/ Bone marrow stem CQHS

v’ Fibvoblast-derived iPS cells

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

maturation.
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- Stem cell—based therapies for PD

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

v PDisa multisystem disorder, if nondopaminergic systems are
ayffected, ‘chey will not improve on intrastriatal DA gmﬁs.

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
experienced on PD patients has not been demonstrated.

v’ Risk of tumor formaﬁon—even g? minor, it s not aeceptalo le.

V" The need to inject cells at all sites of injury. 2
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CLINICAL TRIALS

* By ISCO

* Parthemogenetic cells derived of unfertilized oocytes after suppression

of the second meiotic division

* Drawbacks:

PAX6 positive
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J \/ "~ Alzheimer’s disease (AD) @
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Alrheimar disaasa

Healthy Brain Severe Alzheimer's Disease Normal brain

Severe Cortical
Cerebral Shrinkage
Cortex
Severely Enlarged 3
everely Enlarg
WVentricles '4"
L
Hippocampus O‘ -
g Severe Shrinking
of Hippocampus

Newronal and synaptic loss,
neurqﬁbnﬂmy tay\g[es, and

Memory impairment, cognitive decline, deposits qf B-amyloid protein
and dementia due to widespread and involve the basal forelorain
progressive pa‘cho[ogica[ changes cho[inergic system, amygda[a,

hippocampus, and cortical

areas.
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http://www.positivehealth.com/article/alzheimer-s/inflammatory-process-in-alzheimer-s-disease

\/ - Stem cell—based therapies for AD

./
1. Cho[inergic neurons: acety[cho[ines’cerase
Normal brain Alzheimer disease inhibitors, which enhance cholinevgic
R function, induce some temporary
g improvement in AD paﬁents
b |
ras Vi
o\ s »f 2. Newfogenesis or maturation of hippocampal
h neurons as the formation of immature
ippocampal neurons was reportea in AD.
hpp p [ eport d in AD
0.~
2 Stem cell therapy
‘ -
- o creigodin e
Basal forebrain » 3. Nerve growth factor (NGF)
i ) Sy | Ve[easing stem cells.
?‘ ’ ﬂ | Compounds or antibodies to | J
. resiore l“\'l:,-(_}-, NOUS NRUNOgenes!s
nce ‘0 (’)
= 4. Anti-B-amyloid antibodies
Impaired
hippocampal or B-amyloid—degrading —

protease neprilys n. )
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- Stem cell—based therapies for AD

. Hurdles that prevent stem cell ‘cherapy fov AD ﬁfom bench to clinic:

v Stem cells have to be pre—d'gﬁferen‘cia‘ced m vitro to many
d'gﬂ'eren’c types of neuroblasts fov subsequent Imp lantation in

many brain areas.

v' TFora long-lasting symptomatic Ioeneﬁt, cho[inergic cell
replacement requires intact target cells (host newrons that the
new chol'mevgic neurons can act on) that are damaged in AD.

=

v  Stem cell-based cell Veplacement strategies are very far ﬁrom

clinical applicaﬁon m AD 7
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CLINICAL TRIALS

* By stemedica cell technologies
* Stem cells from healthy people to mild to moderate AD patients

* To test if stem cells work for AD
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St

Ischemic stroke, caused on occlusion
of a cerebral artery, leads to
focal death of multiple neuron
types, as well as oligodendrocy’ces,
astrocytes, and endothelial cells.

Hemorrhagic Stroke Ischemic Stroke

Neuronal plasﬂcity and reorganization of neural circuitries contribute to

spontaneous recovery to varying degrees, but most patients exhibit persistent

motor, sensory, or cognitive impairments =
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http://fescenter.org/clinical-programs/current-clinical-trials/stroke-programs/
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) Stem cell—based therapies for stroke

Human ES cell-derived NSCs and MSCs, graﬂed into rat stroke site, migra’ced

'

toward the lesion and timprove fore[im’o perfovmance.

Stroke-induced

lesion
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Stem cell therapy

Neuron precursors or
neurobiasts generated
from stem cells

.'+‘
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Compounds to
promote endogenous
nNewogenasis

Stemn celis for
neuroprotection and
modulation of inflammation
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W roulation
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8 Preexisting neurcbiasts
Subventricular zone
3 stem/progenitor cells
APwens!-n; NeUrons
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1V injection of human
NSCs  induced
improvements aﬁer
hemowhagic stroke in
rats, proba’o[y waough
anti—inﬂamma’covy

actions
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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 supplied ’oy the middle cerebral artery
(MCA).

v’ Several clinical studies using ntravenous or intraarterial
(into damaged tewi’cory) 'mﬁ,ts lon of auto logous bone
marrow—derived stem cells in stroke patients are ongoing.

v A clinical trial in stroke patients involving ’cransplanta’cion

of clonal, conditionally immortalized NSCs isolated from

human fe’ca[ cortex.
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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 ne
* Several types of mscs

* It is too early to conclude whether MSC therapy can improve functional

outcomes in patients with stroke.
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=" Spinal cord injuries

Pa’chological changes aﬁer sp'ma[ cord jury are comp[ex

and  include:

1. Interruption of ascending and descending pathways
2. Loss of neurons and g[ia[ cells

3. Inflammation

4. Scar formation

5. Demyelination

v’ Patients experience loss of movement, sensation, and
autonomic control below the level of the 'mjuved sp'ma[
segment.

Available treatments are ineﬂecﬁve.

Diﬁeren‘c types of stem cells were tested and impvoved

ﬁmctiona[ outcome in animal models thvough secretion

ENERN

of newrotrophic factors, Vemye[inaﬁon of spaved axons,

or modulation of inﬂamma‘cion
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http://medical.miragesearch.com/treatment/spine-surgery/spinal-cord-injury/

\/ Stem eell—based therapies for spinal cord

injuries

N’
Formation of neurons, oligodendrocy’ces, & astrocytes.

Stem cell therapy

Formation of synapses and axons

Remylenation : high-purity oligodendrocyte s il s s ol P i B
. O am Cd lammation from st cells

progenitor cells (OPCs) generated from human ety oo gihanar

ES cells in vitro can dﬁerenﬁate into o >

oligodendrocytes (clinical trial) e W\/
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Ascending
axons

Astrocyte
Preexistng Jamaged my Degenerated Rernyehinated
1alin | Axon

nayuron

Spina cord
lesion '
Myeiin sheath
[)‘.NJL;U”"M“‘J ‘ l.""(]l"“ call

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

Determine how to control the pro[#‘eraﬂon of transp lanted stem cells and their
progeny

Determine how to enhancethe differentiation of these cells to the specific
types of neurons that have been lost

Determine how the resulting neurons can be directed to format appropriate
synaptic contacts
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Stem cell—based therapies for spinal cord
tnjurtes

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

of partia[ recovery.

Problems in these trials:

R implanted cells were oﬁen poor[y characterized.

2. The preclinica[ evidence of e)f%cacy for several of these approaches
was insu_ﬁ‘lcient

3. The therapeu’cic beneﬁt was Veported ﬁrom open—labe[ trials where
patients had  been su’oj ected to phys 'Lo’cherapy.

4. The mechanisms undevlying observed improvemen‘ts were ULVLC[G&V.
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