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Stem cell biology is a rapidly expanding field.

In vitro as research tools for modeling human neurological
diseases and drug screening.

In vivo in regenerative medicine has a complex pathophysiology
that is by no means fully understood and involves multiple brain
structures and signaling pathways.

There are three broad approaches to selection of a therapeutic
target

= 1. Restoration of DA synthesis in the dorsal striatum;
= 2. Modulation of activity in the basal ganglia downstream of the
= striatum; and

= 3. Modification of disease progression by neuroprotection.

Discovered ways to derive embryonic stem cells from early mouse
embryos nearly 30 years ago, in 1981.

The detailed study of the biology of mouse stem cells led to the
discovery, in 1998, of a method to derive stem cells from human
embryos and grow the cells in the laboratory. These cells are called
human embryonic stem cells.

The embryos used in these studies were created for reproductive
purposes through in vitro fertilization procedures. When they were no
longer needed for that purpose, they were donated for research with
the informed consent of the donor.

In 2006, researchers made another breakthrough by identifying
conditions that would allow some specialized adult cells to be
"reprogrammed" genetically to assume a stem cell-like state. This new
type of stem cell is now known as induced pluripotent stem cells (iPSCs).
iPSCs has initially produced by Shinya Yamanaka at Kyoto
University in 2006 .
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= Stem cells have two
essential properties:

= Self-renewal

= Multipotentiality/pluripotenc
y.

TYPES

=  Totipotent cells- can form an entire organism
autonomously. (e.g., zygote.)

=  Pluripotent cells- can form almost all of the
body’s cell lineages (endoderm, mesoderm, and
ectoderm), including germ cells(e.g., ESCs) .

= Multipotent cells- can form multiple cell
lineages(e.g., HSCs)

ESSENTIAL PROPERTIES OF STEM CELLS
FOR USE IN CLINICAL TRANSPLANTATION
. Capable of clonal propagation in vitro

= Genetic stability at high passage

. Integration within the host brain following

= transplantation

= Migration and engraftment at sites of damage

= Correct differentiation into appropriate neural cell
= types

. Functional benefits

= Lack of side effects

Oligopotent cells- can form more than one cell
lineage but are more restricted than multipotent

cells(e.g.,NS cells)

Unipotent cells or monopotent cells- can form
a single differentiated cell (e.g. spermatogonial
stem [SS] cells)



SOURCES OF
STEM CELLS

Foetal neural Adult neural
stem cells stem cells (NSC)

SOURCE OF STEM CELLS

PARKINSON'’S
DISEASE

Human umbilical
cord blood cells
(UCB)

Induced

pluripotent cells
(iPS)
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Possible SC sources for cell therapy in PD
Blastocyst Embryo  Newborn child Adult

ES cells Amniotic SC Cord blood iPS
Tissue specific SC
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Outcomes:

¥ in early disease stages neuroprotection or
of neurons

upon request '

¥ in late disease stages

of neuronal circuits

v Synergistic effects between host and grafted SCs

Embryonic stem cells (ESCs) are derived from the inner cell
mass of blastocysts, can differentiate into three germ layers,and
can develop into several cell types (Fuet al., 2015). Issues that
arise with this cell type include ethical concerns, immune system
complications, and potential tumor formation.

Induced pluripotent stem cells (iPSCs) are unique because we
can obtain their embryonic state by reprogramming adult cells
with the addition of transcription factors. Fibroblasts are most
used)because they are easy to obtain (Duncan & Valenzuela,
2017).

Mesenchymal stem cells (MSCs) are multipotent cells that can
be harvested from various tissues such as umbilical cord blood
or Wharton'’s jelly (gelatinous substance within the umbilical
cord), bone marrow (BM-MSCs), and adipose tissue (Duncan &
Valenzuela, 2017). MSCs cannot differentiate into neural cells
but rather induce neural recovery by producing trophic factors
that in turn stimulate repair, endogenous neurogenesis, and
modulation of inflammation (Liang et al.,2014).

ESSENTIAL :

FUNCTION

For a stem cell therapy to be successful, it must restore
DA in lacking neurons of the SN and consequently
alleviate the motor symptoms associated with PD.

The therapy should enable 100,000 or more DA
neurons to survive long term, and the grafted cells
should re-establish a dense terminal network
throughout the striatum to functionally integrate into the
host’s neural circuits (Fu et al., 2015).
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Table 1 | Functional outcome after bilateral intrastriatal nigral grafts in clinical trials*

Surgical Trial No. ot No. of ventral Graft ['*F]-DOPA uptake UPDRS Time -DOPA References
centre  design cases mesencephalon placement (%increase/ motor score  inoff’ doses
per putamen Y%normal) (% change) (% change®)(% change®)
Lund? oL 4 4.9 Put 60/52 -30 -59 -37 33
oL 2 2.5 C + Put 87/68 -50 (total) -50, NR 0,-70 35
oL 9 2.8(+L) C + Put 55/48 -40 -43 -45 34,48
Tampa oL 6 3.0-4.0 P Put 61/55 -30 -43 -16 49
Creteil oL 3 1.0-1.5 Put NRS -6 15 NR 50
6 3.0 -33 —66
Halifax ~ OL 2 3.25 (+G) P Put 107/62 -32 (total) -50 NR 51
Denver DBPC 19 2.0 Put 40/NR -18 NR No change 1

INITIAL STEM CELL TRIALS

Th i d fell i h
DIFFICULTIES WITH " former eategory, Both men now have a better

UPDRS motor score than their original baseline.

TH E EARLY STE M Itthggagt\llzlllgdin;?f{-oved after transplantation and
CELL TRIALS " andneher has developed dementin T
= Some graft-induced dyskinesias did occur after

surgery, but the benefits outweigh that side
effect, wrote the authors.

= Postmortem data from other graft recipients
showed Lewy bodies in some transplanted cells

= MIXED RESULTS'!
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2 KEY TRIALS

In (July 30), researchers at Kyoto University in Japan
announced that they were launching a clinical trial to treat
Parkinson’s disease using reprogrammed adult stem cells.

TRANSNEURO ( European consortium ) :a European
Union—funded multicenter clinical trial of fetal nigral cell
transplantation.

a Fetal tissue transplantation

First open-label clinical [ First reports of long-term First TRANSEURO patient : Completion of
trials transplanting fetal (>10 years) graft survival to undergo transplantation TRANSEURO
ventral mesencephalon cells in post-mortem analysis in Cambridge, UK transplants

1980 1990 2003 2008 2011 2014 2015 2018 2019 2021

Publication of double-blind, Start of the First TRANSEURO patient Primary ;nd point
sham surgery-controlled TRANSEURO to undergo transplantation of TRANSEURO
NIH-funded trials clinical trial in Lund, Sweden

b hESC and hiPSC transplantation Preclinical proof

B e e Generation of functional of concept for
. Generation of DA midbrain DA neurons Formation of ‘ hiPSC-derived
Derivation of hESCs neurons from hESCs from hESCs and hiPSCs GForce-PD | | DA neurons

1998 2000 20 007 2010 2012 2014 2017 2018
[ \

| Neuronal differentiation Generation ’ Preclinical proof of First patient to receive a
from hESCs via embryoid of hiPSCs concept for hESC-derived graft using hiPSC-derived
body formation | T ! DA neurons cells in Kyoto, Japan
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7 o longer avaiable

8 Completed

arkinson's Disease

A Study To Evaluate the Safety and Efficacy of Human Neural Stem
Cells for Parkinson's Disease Patient

Ul Cord Derived M
in Parkinson's Disease

hymal Stem Cells Therapy

of Mesenchymal Stem Cells Differentiated Into
Neural Stem Cells (NSCs) in People With Parkinson's (PD).

Mesenchymal Stem Cells Transplantation to Patients
With Parkinson's Disease

Perkinsonian Brain Repei Using Humn Stem Cells

ndividual Patient Expanded A IND of Hope Biose
Autologous Adipose-derived Mesenchymal Stem

Cells for Parkinsan's Disease

Alogeneic Bone Marrow -Derived Mesenchymal Stem Cell Therapy
for Idiopathic Parkinson's Disease

*Procedure: Autologous Bone marrow

derived stem cellstransplant

“Parkinson Disease

“Parkinson's Disease

“Parkinson Disease

“Parkinson's Disease

Idopthic Parkinson Disease

“Parkinson Disease

“Parkinson's Disease

«Jaslok Hospital And Research Centre
Mumbai, Maharashtra, India

«Bilogcal: human neural stem cell

“inogicat mesenchymal stem cell

Bioogcat: nection of Unbicl cord derived MSCs
“ioogicat bone marow derived mesenchymal stem cells

Drug;Human Stem Cells

“Biologicak: HB-adMSCs

<Bialogicat: Alogeneic bone marrow-derived MSCs (1 x 10 6 MSC/kg)
<Bialogicat: Alogeneic bone marrow-derived MSCs (3 x 10 6 MSC/kg)
<Bialogicat: Alogeneic bone marrow-derived MSCs (6 x 10 6 MSC/kg)
<Bialogicat: Alogeneic bone marrow-derived MSCs (10 x 10 6 MSC/kg)

CURRENT TRIALS VIA CLINICAL TRIALS .GOV

<Department of Neurology. Second Affiated Hospital of Soochow
Uriversity

Suzhou, Jiangsu. China

“Hebei Newtherapy Blo-Pharma Technolagy Co, Ltd
Shijazhuang, Hebei, China

«Call Therapy Center, Unversty of Jordan
hmman, Jordan

~Guangzhou Generel Hositlof Guangzhay Mitary Command
Guangzhou, Guengdong, China

“Hospitel Angeles del Pedregel
Mexica City, Mexica

<Hope Biosciences Stem Cell Research Foundation
Sugar Land, Texas. United States

«The University of Texes Health Science Center st Houston
Hauston, Texas, United States

GENETIC AND GENE

RELATED THERAPIES

Causal for PD

Mediumrak  Hghrisk

Risk of PD

Lowrisk

Very e

Frequency In popubition

GENE
THERAPIES

SNCA AP, LARAD,

GEA GAR BST7, LAWPS,

LA DRSS STR3S.
i

Vary comencn



https://clinicaltrials.gov/ct2/show/NCT00976430?term=stem+cell&cond=Parkinson+Disease&draw=2&rank=1
https://clinicaltrials.gov/ct2/show/NCT03128450?term=stem+cell&cond=Parkinson+Disease&draw=2&rank=2
https://clinicaltrials.gov/ct2/show/NCT03128450?term=stem+cell&cond=Parkinson+Disease&draw=2&rank=2
https://clinicaltrials.gov/ct2/show/NCT03128450?term=stem+cell&cond=Parkinson+Disease&draw=2&rank=2
https://clinicaltrials.gov/ct2/show/NCT03128450?term=stem+cell&cond=Parkinson+Disease&draw=2&rank=2
https://clinicaltrials.gov/ct2/show/NCT03128450?term=stem+cell&cond=Parkinson+Disease&draw=2&rank=2
https://clinicaltrials.gov/ct2/show/NCT03550183?term=stem+cell&cond=Parkinson+Disease&draw=2&rank=3
https://clinicaltrials.gov/ct2/show/NCT03550183?term=stem+cell&cond=Parkinson+Disease&draw=2&rank=3
https://clinicaltrials.gov/ct2/show/NCT03550183?term=stem+cell&cond=Parkinson+Disease&draw=2&rank=3
https://clinicaltrials.gov/ct2/show/NCT03550183?term=stem+cell&cond=Parkinson+Disease&draw=2&rank=3
https://clinicaltrials.gov/ct2/show/NCT03684122?term=stem+cell&cond=Parkinson+Disease&draw=2&rank=4
https://clinicaltrials.gov/ct2/show/NCT03684122?term=stem+cell&cond=Parkinson+Disease&draw=2&rank=4
https://clinicaltrials.gov/ct2/show/NCT03684122?term=stem+cell&cond=Parkinson+Disease&draw=2&rank=4
https://clinicaltrials.gov/ct2/show/NCT03684122?term=stem+cell&cond=Parkinson+Disease&draw=2&rank=4
https://clinicaltrials.gov/ct2/show/NCT03684122?term=stem+cell&cond=Parkinson+Disease&draw=2&rank=4
https://clinicaltrials.gov/ct2/show/NCT03684122?term=stem+cell&cond=Parkinson+Disease&draw=2&rank=4
https://clinicaltrials.gov/ct2/show/NCT03684122?term=stem+cell&cond=Parkinson+Disease&draw=2&rank=4
https://clinicaltrials.gov/ct2/show/NCT01446614?term=stem+cell&cond=Parkinson+Disease&draw=2&rank=5
https://clinicaltrials.gov/ct2/show/NCT01446614?term=stem+cell&cond=Parkinson+Disease&draw=2&rank=5
https://clinicaltrials.gov/ct2/show/NCT01446614?term=stem+cell&cond=Parkinson+Disease&draw=2&rank=5
https://clinicaltrials.gov/ct2/show/NCT01446614?term=stem+cell&cond=Parkinson+Disease&draw=2&rank=5
https://clinicaltrials.gov/ct2/show/NCT02780895?term=stem+cell&cond=Parkinson+Disease&draw=2&rank=6
https://clinicaltrials.gov/ct2/show/NCT02780895?term=stem+cell&cond=Parkinson+Disease&draw=2&rank=6
https://clinicaltrials.gov/ct2/show/NCT04064983?term=stem+cell&cond=Parkinson+Disease&draw=2&rank=7
https://clinicaltrials.gov/ct2/show/NCT04064983?term=stem+cell&cond=Parkinson+Disease&draw=2&rank=7
https://clinicaltrials.gov/ct2/show/NCT04064983?term=stem+cell&cond=Parkinson+Disease&draw=2&rank=7
https://clinicaltrials.gov/ct2/show/NCT04064983?term=stem+cell&cond=Parkinson+Disease&draw=2&rank=7
https://clinicaltrials.gov/ct2/show/NCT02611167?term=stem+cell&cond=Parkinson+Disease&draw=2&rank=8
https://clinicaltrials.gov/ct2/show/NCT02611167?term=stem+cell&cond=Parkinson+Disease&draw=2&rank=8
https://clinicaltrials.gov/ct2/show/NCT02611167?term=stem+cell&cond=Parkinson+Disease&draw=2&rank=8
https://clinicaltrials.gov/ct2/show/NCT02611167?term=stem+cell&cond=Parkinson+Disease&draw=2&rank=8
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" A GENE THERAPY that makes an enzyme
: ' ¢ allowing better communication between cells in
v : the nervous system, was found in early stage clinical
i) S trials to REDUCE THE AMOUNT OF LEVODOPA
n protio e the subject needed to take —
—\\%’: .M in the

highest dose group (christine et al. 2019)

GENE THERAPY
A GENE THERAPY that encodes for

the three critical enzymes required for
dopamine production, was found in

early stage clinical trials to produce ¢

in UPDRS OFF scores
and improvements in activities of daily living,
3 months after treatment (Lopes 2019)

= -
| a-Synuclein Production Pesyhucinn } A
Cellular Uptake P \
é /#  Translation ) ‘ )
Y W
?"\}"\ 2. . 1 a-Synuclein Degradation 0TSy °
DNA RNA = /(, et ) \ 7@ /' | GBA-related
Transcription < 3 N R Glycosphingolipids
a-syn
A 4 (+)] ) UDP-9
o ~
©)_GicCer
Lysosome 4
VU
\
| | a-Synuclein Aggregation | olgi )
4 )
| Extracellular a-Synuclein o\%
- - )/
‘ o = £ | LRRK2 Activity
| Monomer Misfolded Aggregated mQ 4
seed .
R ak\(i >4 O
3 ; - I
\ O
” i > \_ ’@ — t\.,
) LRRK2 dimer
; -~ AR — .
(.. 4 — ]




TABLE 1. Genetic-based targeted therapies currently being tested in PD patients?
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Gene Targeting mechanism Drug Therapeutic modality Mechanism of action Target population (n) Status
SNCA Decrease «-synuclein NPT200-11 Small molecule Inhibition of a-synuclein HV (55) Phase |
aggregation misfolding
NPT088 Biologic Reduction of a-synuclein AD [ﬁﬁ)" Phase |
aggregation
Increase a-synuclein Nilotinib Small molecule Inhibition of c-Abl Mild PD(75) Phase Il
degradation Early and mild Phase Il
PD (135)
Decrease extracellular R0O7046015 Biologic Passive immunization Early PD (300) Phase Il
a-synuclein BIIB054 Biologic Passive immunization Early PD (311) Phase Il
MEDI1341 Biologic Passive immunization HV (40) Phase |
PDO1A, PDO3A Biologic Active immunization Early PD (36) Phase |
GBA GCase activation Ambroxol Small molecule GCase activation GBA-PD (10) Phase Il
PD (10)
PDD (75) Phase Il
Reduction of GBA-related Venglustat Small molecule Glucosylceramide synthase GBA-PD (243) Phase Il
GSLs inhibitor
LRRKZ LRRK2 kinase inhibition DNL201 Small molecule Kinase inhibitor N/A Phase |

Reduce Motor
Complications

» Early dopamine agonist
therapy

» Continuous dopamine
stimulation

» Deep brain stimulation

* Antidyskinesia drugs,
amantadine, dopamine
transport inhibitors,
glutamatergic drugs,
and GABA*

Reduce Motor Symptoms
(see algorithm

Slow Disease
Progression

Block Neurodegenerative

Process

* Improved mitochondrial
function

+ Oxidative stress

* Protein aggregation

» Apoptosis, necrosis

Restorative Therapies
» Cells, genes,
trophic factors

Limit Neuropsychiatric and
Non-Dopaminergic
Symptoms

* Dementia

+ Depression

+ Postural instability
* Freezing

+ Autonomic failure

* Gamma-aminobutyric acid

SchapiraAH, Olanow CW. JAMA
2004;291:358-64

Olanow CW, Jankovic J. Mov Disord
2005;20(511):53-10.
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