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Neurogenezis a feln6tt agyban

enekesmadarak:

high vocal center (striatum)

s nerve o
trachea & ayrinx

Figare §. ind =xion of cecine songhind's brain with schemanic
drawing of Emﬂn {Hotiebohm, 199594, including some of the majar
niclei and conneting pabways. The movor pathway nacessary for pro-
duction of leamed song is shown by Skck @wres. The anterior forebmin
pattway necessary fior aoquisivion of learned song, bur not for preducion,
15 shown by sijspitd @roes. Motios thar the HYC is the source of bath
patways. HVC neurons thar progject o the Ba are replaceable; thoss
that project oo area X (X are na replaceable All the connections shawn
are ipsiateral. (A K, Lareral magnecellubr nucleus of anterior neosiri
wum; VA, dormlgerd thalimic nudzus o, dorsomedial nudews of
the intereallioular complex; wX M, rrachsosy ingsal pomion of the kypo-
ghmsa nuckeus.

Nottebohm
J. Neurosci., 2002, 22(3):624-628
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Alvarez-Buylla and Garci’a-Verdugo
J. Neurosci., 2002, 22(3):629-634
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A neurdlis 6ssejtek leszarmazdsi sora

MZ

- Direct transformation
== Asymmetric division F
== Symmetric division

—— v
Neuroepithelial Radial glial cells
cells Anou. Rev. Mewrosci. 2009, 3214954
Neuroepithelium Embryonic Birth Aduit

Solid arrows are supported by experimental evidence; dashed arrows are hypothetical. Colors depict symmetric,
asymmetric, or direct transformation. IPC, intermediate progenitor cell; MA, mantle; MZ, marginal zone; NE,
neuroepithelium; nIPC, neurogenic progenitor cell; olPC, oligodendrocytic progenitor cell; RG, radial glia; SVZ,
subventricular zone; VZ, ventricular zone.



Neurodegenerativ betegségek kezelése

Exogenous approach l Endogenous approach ‘

Call ransplantation

l l Call harvest
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adult stem cells in vitro
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Potencidlis 6ssejt-terdpidk a neurodegenerativ
betegségek kezelésére
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Nesron Astrocyte Oligodendrocyte o . ial Cell (RPE)

% W
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Nerve function
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Remyelination
Spinal Cord Injury
Pelizacus-Merzbacher Discase

Chemw therapeutic
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»

Tumor-Localized Chemotherapy Production
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Promotion of Host Tissue Regeneration Protection
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reduction, and immunomodulation) SRS % *
Parkinaon’s Discass Neuroprotection
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Stroke, Spinal Cord Injury

Prodrug

Translating Stem Cell Studies to the Clinic
for CNS Repair: Current State of the Art
and the Need for a Rosetta Stone

Meuron 70, May 26, 2011 ©2011 Elsevier Inc. 597  karen Aboody, Alexandra Capela,2 Nilofar Niazi.? Jefirey H. Stemn,® and Sally Temple®*



Potencidlis 6ssejt-terdpidk a neurodegenerativ
betegségek kezelésére

induced pluripotent stem cell

neuronal differentiation
by defined factors
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Table 1. A Summary of Human iPSC Differentiation Protocols toward Mature Neuronal Fates

Neuronal
Subtypes

Key Components for
Differentiation or
Reprogramming

Efficiency

Duration

Reference

GABAergic neurons

Cholinergic neurons

Motoneurons

NCSCs/Peripheral
neurons

Glutamatergic neurons

Dopaminergic neurons

Seroteoninergic neurons

hiPSC-derived EB
formation followed by
dissociated cultures in
the absence of
exogenous growth
factors and serum
Low levels of SHH and
Wnts

High level of SHH and low
level of Wnts®, BMP9,
and NGF promote the
yield

Noggin and SB431542
followed by SHH and
FGFB8, then exposure
to BDNF, AA, GDNF,
TGFp3, and cAMP
Noggin and SB431542
followed by BDNF, AA,
SHH, and RA

Matrigel and noggin
without EB formation or
additional factors.
GSK-3p inhibitor and
SB431542 /BDNF,
GDNF, NT3, AA, cAMP

~85% from hiPSC to
NPs; >60% from NP to
neurons

~87%

14%-38%

82% neural stem/
precursor induction

82% neural stem/
precursor induction

~80%

>90% from iPSCs to

NCSCs; 70%—-85% from
NCSCs to neurons

~25 days to NPs with
additional 5 weeks to the
neuronal phenctype

5-6 weeks

N/A

~19 days

~19 days

14 days

~15 days from hiPSC to
NCSCs; 12-14 days from
NCSCs to peripheral
neurons

Zengetal., 2010

Liu and Zhang, 2011
Liu and Zhang, 2011;

Schnitzler et al., 2010

Kriks et al., 2011

Chambers et al., 2009

Shimada et al., 2012

Greber et al., 2011;
Menendez et al., 2013

Abbreviations: EB, embryonic body; NPs, neural progenitors; SHH, sonic hedgehog; Wnt, wingless-int; BMP, bone morphogenetic protein; NGF, nerve
growth factor; FGF8, fibroblast growth factor 8; BDNF, brain-derived neurotrophic factor; GDNF, glial-derived neurotrophic factor; TGFB, transforming
growth factor B; cAMP, cyclic AMP; AA, ascorbic acid; RA, retinoic acid, GSK-3B, glycogen synthase kinase-3 B; NCSCs, neural crest stem cell.

“The yield of cholinergic neurons is still very limited.

Table 2. A Summary of Directed Reprogramming Methods for the Generation of Human CNS Cell Phenotypes

Original Key Components for Differentiation or
Cells Target Gells Reprogramming Efficiency  Duration Reference
Human Glutamatergic/ GABAergic  Ascl1, Bm2, Myt1l, Oligo2, Zic1 9% 2-3weeks Qiang et al., 2011
fibroblasts  neurons miR-9/9", miR-124, Ascl1, Myt1l, NeuroD2  N/A 6 weeks Yoo et al., 2011
Ascl1, Bm2, Myt1l, NeuroD1 4% 2-5 weeks Pang et al., 2011
Ascl1, Bm2, Myt1l 4% 2 weeks Pfisterer et al., 2011
. . Brn2, Myt1l, miR-124 4%-11%  2-3 weeks Ambasudhan et al., 2011
RemOdellng NeurOdegeneratlon: Dopaminergic neurons Ascl1, LmX1a, Numrl 3%6% 2-3 weeks Caiazzo et al., 2011
Somatic Cell Reprogramming-Based Ascl1, Bm2, Myt1l, Lmx1a, FoxA2 5%-10%  3-4weeks Pfisterer et al, 2011
Models of Adult Neurological Disorders Motoneurons Ascl1, Bm2, Myt1l, NeuroD1, Lhx3, HbS, 0.05% 4-5weeks  Chatrchyan et al., 2011
Isl1, Ngn2
Neural stem cells Sox2 N/A 1-2 weeks Ring et al., 2012

Neuron 78, June 19, 2013 ©2013 Elsevier Inc.




Az alapkutatdstdl az ipari alkalmazaig.....

E Translation >

Human Trials
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> Basic Research

Human Trials
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# Mew findings related to newral stem *+ Toxicity and efficacy on more lab - + 2080 subjects {fewer for rare = 100z to 1000s of subjects
cells and neural diseases and disorders animals 5 dizseases) ¥ Test efficacy
Description = Discoveries of new compounds # IND preparation process - » The effect of treatment on the = Avp. time 10 years and cost
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Translating Stem Cell Studies to the Clinic
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A klinikai tesztek

Identify Target Disease Indication

¥

Translating Stem Cell Studies to the Clinic

for CNS Repair: Current State of the Art
and the Need for a Rosetta Stone

Karen Aboody, Alexandra Capela,? Nilofar Niazi,? Jeffrey H. Stem,* and Sally Temple**

Identify and Characterize Stem Cell Source

Isolate stem cells, processfexpand to establish laboratory Resource Cell Bank for preclinical studies
Characterize and test genetic and functional stability, biodistribution, cell fate, nontumorigenicity.
immunogenicity, and therapeutic efficacy in vitro and in vivo

¥

Produce ¢cGMP Master (MCB) and Working Cell Banks (WCB) for Clinical Use

Establish cGMP Master and Working Cell Banks
Expand, characterize, and test for genetic and functional stability, adventitious agents
Finalize SOPs for product manufacture, release testing, viability, identity, and sterility testing
“IND-enabling” in vivo safety/toxicology studies using clinical cell lot

¥

Generate Clinical Protocol and Consent Form

Define study objectives, patient population, eligibility criteria. treatment plan, correlative studies,
endpoints, data safety and monitoring plan

IND Application Definition

A formal document composed of well-defined sections outlined
in the Code of Federal Regulations Title 21 (21 CFR 312)—and
includes:

1. Form FDA 1571

2. Table of contents

3. Introductory statement

4. General investigational plan

5. Investigator’s brochure: describes the product broadly
and summarizes data from all animal and human studies

6. Protocols: clinical study, investigator, facilities, and IRB
information

7. Product/chemistry, manufacturing, control (CMC):
details product manufacturing and safety, quality, stability,
and product release testing, etc.

8. Pharmacology/toxicology: study reports from all proof-of-
concept efficacy and safety/toxicology studies

9. Previous Human Experience; Other Relevant Information:
all requisite source documents

Detailed information on each part of the IND is available at
http:/fwww.accessdata.fda.gov/scripts/cdrh/cfdocs/cfCFR/CFR Se
arch.cfm?CFRPant=312.

¥

Regulatory Submissions (for U.S.)

Pre-Investigational New Drug (IND) meeting with Food and Drug Administration (FDA) recommended
Cellular therapies regulated by Center for Biologics Evaluation and Research (CBER) within FDA)
Genetically modified cells require NIH Recombinant DNA Advisory Committee (RAC submission of
Appendix M: “Points to consider in the design and submission of protocols for the transfer of recombinant
DNA molecules into one or more human research participants™)

Institutional Review Board (IRB), Institutional Biosafety Committee (IBC),

Stem Cell Research Oversight Committee (SCRO)

Formal IND Submission to FDA for acceptance to initiate clinical trial (30 days for FDA response)

Clinical Trial Definitions

Phase 0: exploratory designation for first-in-human single
subtherapeutic dose to gather preliminary data to speed up
development (<20 patients)

Phase I: assessment of safety and dose finding in small patient
cohorts

Phase I1: assessment of therapeutic efficacy

Phase I1I: randomized, controlled multicenter trials of large
numbers of patients for definitive assessment of therapeutic
efficacy compared to standard of care

Phase I'V: commercialization, postmarketing surveillance trial




Engedélyeztetés

FDA Home? Medical Devices* Databases®

CFR - Code of Federal Regulations Title 21

New Search Help? | More About 21CFR 7

TITLE 21-FOOD AND DRUGS
CHAPTER |-FOOD AND DRUG ADMINISTRATION
DEPARTMENT OF HEALTH AND HUMAN SERVICES
SUBCHAPTER D--DRUGS FOR HUMAN USE
PART 312INVESTIGATIONAL NEW DRUG APPLICATION?®

Subpart A--General Provisions
§312.1 - Scope.
§ 312 2 - Applicability.
§ 312.3 - Definitions and interpretations.
§ 3126 - Labeling of an investigational new drug.
§ 312.7 - Promotion of investigational drugs.
§ 312.8 - Charging for investigational drugs under an IND.
§312.10 - Waivers.

Subpart B--Investigational New Drug Application (IND!
§ 312.20 - Requirement for an IND.
§ 312.21 - Phases of an investigation.
§ 31229 - General principles of the IND submission.
§ 312.23 - IND content and format.
§ 312.30 - Protocol amendments.
§ 312.31 - Information amendments.
§ 312.32 - IND safety reporting.
§ 312.33 - Annual reports.
§ 312.38 - Withdrawal of an IND.

Subpart C--Administrative Actions

§ 312.40 - General requirements for use of an investigational new drug in a clinical investigation.

§312.41 - Comment and advice on an IND.

§ 312.42 - Clinical holds and requests for modification.
§ 312.44 - Termination.

§ 312.45 - Inactive status.

§312.47 - Meetings.
§ 312.48 - Dispute resolution.

Subpart D--Responsibilities of Sponsors and Investigators
- General responsibilities of sponsors.
§ 312.52 - Transfer of obligations to a contract research organization.
§ 312,53 - Selecting investigators and monitors.
§ 312.54 - Emergency research under 50.24 of this chapter.
§ 312.55 - Informing investigators.
§ 312.56 - Review of ongoing investigations.
- Recordkeeping and record retention.
§ 312.58 - Inspection of sponsor's records and reports.
- Disposition of unused supply of investigational drug.
§ 312.60 - General responsibilities of investigators.
- Control of the investigational drug.
§ 31262 - Investigator recordkeeping and record retention.
§ 312 64 - Investigator reports.
§ 312,66 - Assurance of IRB review.
- Inspection of investigator's records and reports.
§ 312.69 - Handling of controlled substances.
§ 312 70 - Disqualification of a clinical investigator.

Subpart E--Drugs Intended to Treat Life-threatening and Severely-debilitating llinesses

§312.80 - Purpose.

§312.81 - Scope.

§ 312.82 - Early consultation.

§ 312.83 - Treatment protocols.

§ 312.84 - Risk-benefit analysis in review of marketing applications for drugs to treat life-threatening
and severely-debilitating llinesses.

§312.85 - Phase 4 studies.

§ 312.86 - Focused FDA regulatory research.

§ 312.87 - Active monitoring of conduct and evaluation of clinical trials.

§ 312 .88 - Safeguards for patient safety.

Subpart F--Miscellaneous

§ 312 110 - Import and export requirements.

§ 312.120 - Foreign clinical studies not conducted under an IND.

§ 312.130 - Availability for public disclosure of data and information in an IND.
§ 312,140 - Address for correspondence.

§ 312,145 - Guidance documents.

Subpart G--Drugs for Investigational Use in Laboratory Research Animals or In Vitro Tests

§ 312 160 - Drugs for investigational use in laboratory research animals or in vitro tests.
Subpart H [Reserved]
Subpart I--Expanded Access to Investigational Drugs for Treatment Use

§ 312.300 - General.

§ 312.305 - Requirements for all expanded access uses.

§ 312.310 - Individual patients, including for emergency use.
§ 312 315 - Intermediate-size patient populations.

§ 312.320 - Treatment IND or treatment protocol.

Authority: 21 U.S.C. 321, 331, 351, 352, 353, 355, 360bbb, 371; 42 U.5.C. 262
Source: 52 FR 8831, Mar. 19, 1987, unless otherwise noted.




Engedélyeztetés

ClinicalTrials.gov

A service of the U.S. National Institutes of Health
Now Available for Public Comment: Notice of Proposed Rulemaking (NPRM) for FDAAA 801 and NIH Draft Reporting Policy fo:

Trial record 1 of 1 for: Parkinson, iPS

Previous Study | Returnto List | Next Study

Development of iPS From Donated Somatic Cells of Patients With Neurological Disease:

This study is ongoing, but not recruiting participants. ClinicalTrials.gov Identifier:
NCT00874783

Sponsor:

Hadassah Medical Organization First received: April 2, 2009

Last updated: September 7, 2014
Last verified: September 2014
History of Changes

Information provided by (Responsible Party):
Hadassah Medical Organization

Full Text View Tabular View No Study Results Posted Disclaimer How to Read a Study Rec

[ Purpose

Human fibroblasts and possibly other human somatic cells may be reprogrammed into induced pluripotent stem (iPS) cell
of transcription factors (1-8). The iPS cells seem to share many properties with human embryonic stem cells.

Induced pluripotent stem cells potentially may be useful in the future as an unlimited source of cells for transplantation.

The major goal of the project is to develop human iPS cells from cell cultures from skin biopsies or the patient's hair. The
primarily for modeling diseases and drug discovery as well as basic research, and for developing the technology that may
of iPS cells for future transplantation therapy. The iPS cells developed in the course of this application are not intended fc
therapy. Future development of iPS cells for clinical transplantation therapies will be subjected to the appropriate authoriz
regulatory committees.

Condition
Neurodegenerative Disorders
Study Type: Observational

Study Design: Observational Model: Case Control
Time Perspective: Prospective

Official Title: Derivation of Induced Pluripotent Stem Cells From Somatic Cells Donated by Patients With Neurological
the Pathogenesis of the Disorders and Development of Novel Therapies



Endogén neurogenezis / repair fokozdsa

» sériilés hatasdra endogén neurogenezis -> célzott sejtvdandorlds,
sejtpotlas (?)

- epilepszia . . $niilé
priep } neurogenezis {f, Uj neuronok beépiilése

- stroke

- Parkinson kor , . L
, , neurogenezis ¥, Uj neuronok tulélese &
- Huntington kor

proliferdciora és tulélére kiilonboz6 hatds

- Alzheimer kér . .
ervényesiil

+ SVZ progenitorok alt. ..plasztikusabbak”, mint az SGZ-ben: sériilés
hatdsdra neurogenezis -> célzott sejtvandorlds



Tissue engineering: hordozo felszinek + sejtek

beiiltetett sejtek tilélésének fokozdsa:
- 3D kérnyezet
- mechanikai tdmogatas

* tdlélést/differencidciot eldsegitd faktorok

milyen a jo hordozd/vdz felszin?
- kis méret: sztereotaxikus, lokalizalt beadds, akar tobbszor is

* bioldgiailag lebomlé:
- hidrogél (PEG, hialuronsav) vs in situ gélesedés
* biokompatibilis:
- beliltetés utani reaktiv gliozis kivédése (PLGA - poli(laktdt-ko-
glikolat)
- makrofdg/mikroglia és T-limfocita aktivdcié - tdl kis méret (1-30
um) fokozhatja, >30 um felett OK
- gomb alak sokkal jobb, mint a hegyes / t(iszerd
- bomldsi temékek se legyenek mérgezéek

- + felszin toltés, megfelelé hidrofil/hidrofobicitds



Tissue engineering: hordozé felszinek + sejtek
milyen a jo hordozd/vaz felszin?
» kiilsé / belsé topogrdfia:

- pérusok: gliasejtek bevandorldsa, tdpanyagellatds, vaszkularizacio

- felszini mintdzat: sejtméret( a sejtek tulélését gatolja, a
mikromintdzat dlt. segit

* matrix elaszticitds:
- ldgy: neurondlis

- kozepes: izom } differencidcio MSC sejtekbdl
- kemény: csont

stratégidk:

- sejtek beliil (.encapsulation”) <-> sejtek a hordozdék felszinén
- ECM bevonat

Growth factor Differentiated cells
Biomimetic surface release e.g. NT3 J
7 e . , .g lamini
- farmakoldgiailag aktiv. 7L < . N4
hordozdk ) O
ordaozo . B - A ‘.
Cells .~ S

e.g. MIAMI cells
Growth factor

encapsulated
in PLGA



Human Bone marrow

Rat lateral ventricle CP: ¢ h oro | d p I exus

Expansion
of CP cells

Alginate microcapsules
(600 um)

Collagen type |
cylinder

Lu et al. 2007
Xiong et al. 2009

Qu et al. 2009 Borlongan et al. 2008

ENCAPSULATION STRATEGIES

traumas "? Huntington - kor

: ‘ agyserulés
Adult cell therapy for brain neuronal damages and the role of tissue engineering /\,\
a.b.+ PAM :

Gadtan L-R. Deleroix #P_ Paul € Schiller ©4. lean-Pierre Benoit*P, Claudia N. Montero-Menei

Biomaterials 31 (2010) 2105-2120 pharmacologically

PD active microcarriers
SURFACE ADHESION STRATEGIES

Parkinson - kor

NT3
Gelatin microcarriers ~ Cytodex ®/glass encapsulated
microcarriers (100[//5“1) Laminin biomimetic ~ INPLGA |
Spheramine ® 4 > surface
p(wo e \ > AN (60 pm)
MIAMI: marrow LS » -
isolated adult Eiioneonetsl tion
ili Expansion Expansion
WUItII!neage of hRPE cells of
i nd uci b I e (GMP) Dissociation MIAMI cells
of
AC cells
hRPE: human Q
retinal pigment
Doudet et al. 2004 Human eye )
Delcroix et al.

epithelium

Bakay et al. 2004

Cepeda et al. 2007 (post-mortem)

Rat adrenal medulla

Human bone marrow  ynderway



beiiltetett sejtek azonositasa

post mortem nem eléqg...

transzgén jeldlések, reporter gének nem megengedettek humadn
kezelésnél

SPIOs: superparamagnetic iron oxide particles - MRIvel in vivo is
azonosithato jelolés

nem csak a rovid, hanem a hosszu tavu toxicitds is szamit!



Parkinson kor
dopaminerg (DA) neuronok fejlédése:
- egér E10 - E11,5; FGF-8 és Shh gradiens mentén (isthmus)
* E9: Nkx6.1+ sejtekben Shh indukdlja a Lmxla-t

- £9.5: Lmxla -> upreguldcio -> Nkx6.1 expresszié a floor plate-ben
lecsokken -> Ngn2 upreguldcié: glia -> neuron sorsvaltds

» E10: pidlis felszinre vandorlds; termelés, posztmitotikussa vdlds
* DA neuronok: Enl, Lmx1b, Pitx3, TH expresszié

+ E13: végs6 helyre vdandorlas (subst. nigra, ventrdlis tegmentadlis area,
retrorubral field, n. interfascicularis)

nigrostriatdlis dopaminerg neuronok pusztuldsa: tremor, mozgds-
koordindcids zavar, dyskinézia...

cél:

+ dopamin termelés, dopaminerg fenotipus kialakitdsa
+ beilleszkedés

* reinnervdcio

+ tinetek csillapitasa/megsziintetése

* hosszu tavd tulélés



Parkinson kér - potencidlis kezelési lehetdségek

Intrastriatal delivery of growth factor Cell transplantation

into the striatum

Ex vivo delivery '\ \ \ Stem cells, differentiated Primary brain tissue
of growth factor \ ~.; | to dopamine neurons, from: Jll with dopaminergic
by transplantation { > ‘ <+ Embryonic stem calls neurons from aborted
in the striatum W e |+ Neural stem cells embryos and fetuses
of genetically medified cells . _ , + Non-neural stem cells?

that are naked or encapsulated R

In vivo delivery

of growth factor

by introducing

the gene into striatal cells

Adult neurogenesis ("
' ! &

Stimulated neurogenesis, r
by pharmacological agent _

to compensate for the loss 0 ‘@
of dopaminergic neurons

in the substantia nigra?

Emerging restorative treatments for Parkinson’s disease

Tomas Deierborg *, Denis Soulet, Laurent Roybon, Vanessa Hall, Patrik Brundin ~ FTOgress in Neuro biolo



Parkinson kor

1. embriondlis mezencephalikus / felngtt kromaffin / postmortem retina
pigment epitelium dopaminerg sejtek beiiltetése (nem stem sejt!;
posztmitotikus neuronok) - probléma:

+ sejtforrds,

+ sejtszdm,

- tdlélés (>100000),

- tisztitas (5-10%),

* beiiltetés helye,

* immunszupresszio,

* betegség eldérehaladottsdga,
» placebo,

- stb



2. ES sejtek beiiltetése Parkinson kor

A) ES sejtek kozvetlen striatdlis beiiltetése
Bjorklund 2002 PNAS 99:2344-2349

B) ES elézetes differencialtatds: Nurrl tiltermeltetés
Kim 2002 Nature 418: 50-56

C) ES-sztromadlis sejt kokultdra
Kawasaki 2000 Neuron 28:31-40
.parakrin” diff. hatds

Embryoni Mumr-1 or Bol-XL Selection Dopaminergic

stem c=lls O ErSxpression Neurons
and expansion /
_.r.'.-_--"-t“ - 0

Meuronal induction  Dopaminergic
and differentiation  neurons

iin stromal cell

line coculturs)
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Fig. 4. (A) By using PET and the specific DAT ligand [''CICFT, we identified
specific binding in the right grafted striatum, asshown inthisbrain slice (4, Left)
acquired 26 min after injection of the ligand into the tail vein (acquisition time
was 15sec). Color-coded (activity) PET images were overlaid with MRl images for
anatomical localization. The increasein [M'CICFT binding in the right striatumwas
correlated with the postmortem presence of TH-immunoreactive (IR) neurons in
the graft (4, Right). (8) Neuronal activation mediated by DA release in response
to amphetamine (2 mg/kg) was restored in animals receiving ES grafts. Color-
coded maps of the percentage of change in rCBV are shawn at two striatal levels
for control (Upper) and an ES cell-derived DA graft (Lower). A 6-OHDA lesion
results in a complete absence of CBV response to amphetamine on striatum and
cortex ipsilateral to the lesion (Upper). Recovery of signal change in motor and
somatosersory cortex (amows) and to a minor extent in the striatum was ob-
served only in ES-grafted animals. (C) Graphic representation of signal changes
over time in the same animal shown in B. The response on the grafted (red line)
andnormal (blue line) striatawas similarin magnitude and time course, whereas
no changes were cbserved in sham-grafted animals (green line). Baseline was
collected for 10 min before and 10 min after monoarystalline iron oxide nano-
colloid injection, and amphetamine was injected at time 0. cc, corpus callosum.

A

TH/Calretinin/Calbindin

Embryonic stem cells develop into functional dopaminergic neurons
after transplantation in a Parkinson rat model

Lars M. Bjorklund, Rosario Sanchez-Pernaute, Sangmi Chung,
Therese Andersson, Iris Yin Ching Chen, Kevin St. P. McNaught,
Anna-Liisa Brownell, Bruce G. Jenkins, Claes Wahlestedt, Kwang-

Soo Kim, and Ole Isacson

2002 PNAS 99:2344

THIAHD2

SHT/AADC

(.'l
A"

TH/Hoechst] NeuN/GFAP/Hoechst

TH/MNS

Fig.2. Photomicrograph showing TH-positive neurons (4 and D) coexpressing
(D) typicalmidbrain DA neuron markers such as calretinin (8 and D) and calbindin
(C and D). TH-positive neurons (E, green) also coexpressed the A9 marker alde-
hyde dehydrogenase 2 (E, yellow coexpression). Numerous SHT neurons were
found in grafts (F, green), and SHT neurors also coexpressed AADC (G, green,
yellow coexpression with SHT). Grafted mouwse ES cell-derived DA neurons (H,
yellaw, and /, red) were identified by colabeling with mouse-specific antibodies,
M6 (H, yellow coexpression with TH), or by mouse-specific intranuclear fluores-
cent inclusions after Hoechst staining (/, blue). Astrocytes (glial fibrillary acidic
protein-positive, J, green) and neurons (NeuN-positive, J, red) shaw mouse in-
tranuclear fluorescent indusions (Hoechst, J, blue). (Scalebars: A-C, 100 um; D, 67
um; E=J, 20 um.)



Dopamine neurons derived from embryonic stem cells function in an animal model of
Parkinson's disease

Jong-Hoon Kim, Jonathan M. Auerbach, Jose A. Rodriguez-Gomez, Ivan Velasco, Denise Gavin,
Nadya Lumelsky, Sang-Hun Leet, John Nguyen, Rosario Sanchez-Pernaute, Krys Bankiewicz &
Ron McKay Nature 2002 418:50-56.
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Figure 1 Properties of neural precursors derived from Nurr1 ES cells. a, Immunoblot o [ 100 5 . 180 B
analysis fortranstected Nurr1 (HA), total Num1 and TH atthe end of stage 4 and atday 8 of 600  —400  —200 > * J600  -400  -200 0 .
stage 5. b, Differentiation of Num1-transfected ES cells into TH™ (red) and seratonin™ Current (pA) Current {pA) e
{green) neurons at day 100of stage 5. The propartion of TH™ cells was greater than thatin
wild-type ES cells. ¢, Numr1 overexpression was evaluated using anti-HA immunostaining b ( d
(red) at stage 1. DAP! (4,6-diamidino-2-phenylindole), biue; TH, green. Inset, ‘ [ u ‘,f\\
co-localization of Nurr1 with DAPI at higher magnification. d, Stage 4 cells were cultured A/,v!, A ,L\ ‘ —T e
inthepresence of Sth (500ng ml~") and FGF8 (100ng ml™ ") with 20ng m!~" of FGF2 or / P nliliad o Host strstel. nevon .
FGF4 (5,10 and 50 ng ml~ ") and immunostained with TH and serotonin atday 10 of stage B \\
5. e, The yield of TH* and serotonin™ neurons/ low power field (SEM from 40 different o '“'I_ _— -~ iy
fields of view). f, Nurr-expressing stage 4 cells show markers of midbrain precursors. ' [ = VSLN Grafi-derived TH' neuran
En-1* immunoreactivity co-localizes with Pax2 and Otx2. In contrast, few Bf1 ™ cells were JONOTLN |
pasitive for En-1. After differentiation at stage 5, most TH* neurons expressad the Graft-derived TH' neuron

midbrain-specific marker En-1.



3. embriondlis NSCs beiiltetése Parkinson kor

A) embriondlis NSCs, elkotelezetlen progenitor izoldlds

immortalizdlas, Nurrl tdltermeltetés, asztroglia kokultdra
Wagner 1999 Nat Biotechnol 17:653-659.

B) regiondlis izoldlds, mezencefalikus progenitorok, nov-i faktorok, diff.
hatds
Studer 1998 Nat Neurosci 1: 290-295

,-r""-___"""h.
_,,.-""’ x“-?._.--"""
Immortalization Meurconal
Uncommitted induction in glial coculture neurons
precursors (Mumr-13
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4. felnott NSCs beliltetése Parkinson kor

A) felnétt NSCs -»>

B) endogén NSC diff-ra késztetése ??
dopaminerg |I€zié utan fokozott neurogenezis, de ezt mdsok kétlik

Zhao PNAS 2003 100:7925-7930

Isolation Induction Dopaminergic
(FGF-2, glial cell NeLUrons

Subventricular zone conditioned mediaj

g

Meurogenesis from endogenous precursors?

Substantia nigra



Parkinson kor

Therapeutic Microinjection of Autologous Adult Human Neural Stem
Cells and Differentiated Neurons for Parkinson's Disease: Five-Year

Post-Operative Outcome

123.#

Michel F. Lévesque . Toomas Neuman® and Michael Rezak™*

sajdt NSCs izoldlds prefrontdlis/szubkortikdlis
régiobdl (talamikus agytorzsi stimulacio); >
6 hénap neurosphere tenyésztés; 3 nap elé-
differencidltatds; 3 évig motoros javulds

The Open Stem Cell Journal, 2009, 1, 20-29

Table 2. Characterization of Differentiated Neural Stem Cells
Derived from AC2 Cell Line Prior to Implantation.
Dopaminergic Cells, Dopamine Secretion at Baseline
and After Stimulation Demonstrates Functionality
In Vitre. A Large Proportion of GABAergic Cells is
Represented with other Neuronal Phenotypes within
the Injected Suspension

Differentiated Neurons from AC2 Cell Line 3546(%)
Tyrosine Hydroxylase(+) neurons 15+3(%)
DopaDecarboxylase (+)neurons 12+3(%0)
Dopamine baselme secretion(pg/ml) 10040
Dopamine secretion after stiimulation (pg/ml) 350+£82
GABA neurons 60+8(%0)

Glutamate neurons 20£3(%)

Cholinergic neurons 2=1(%)

Glycine neurons 3=1(%)

UPDRS Motor Scale

O "ON" Meds
W "OFF" Meds




4. elédifferencidltatott iPS beiiltetése Parkinson kdr

Neurons derived from reprogrammed fibroblasts
functionally integrate into the fetal brain and
improve symptoms of rats with Parkinson's disease

Marius Wernig*, Jian-Ping Zhao?, Jan Pruszak®, Eva Hedlund?, Dongdong Fu*, Frank Soldner*, Vania Broccolis,
Martha Constantine-Patont, Ole Isacson*, and Rudolf Jaenisch*7l

5856-5861 | PNAS | Aprl 15,2008 | vol. 105 | no. 15

hypothalamus

midbrain

1-10 cells
¥ 11-50 celis
B >50cells

’
~hagyomdnyos" iPS gyartds, GFP Jeloles, FGF2 elokezelés
+ Shh, FGF8 indukcid

embriondlisan funkciondlis beilleszkedés
felnétt agyszovetben lokalizdlt tdlélés, fenotipus javul



Parkinson’s Disease Patient-Derived
Induced Pluripotent Stem Cells
Free of Viral Reprogramming Factors

Frank Soldner,'4 Dirk Hockemeyer,'* Caroline Beard,’ Qing Gao,' George W. Bell,? Elizabeth G. Cook,' Gunnar Hargus,®
Alexandra Blak,® Oliver Cooper,® Maisam Mitalipova,! Ole Isacson,® and Rudolf Jagnisch2"*

Table 1. Summary of hiPSCs Derived from Primary Fibroblasts

Age at Number of iPSC
Onset Age at Reprogramming Clones
Parental Cell Line  Donor® aof PD Biopsy Factors Characterized iPSC Clone 1D
AG20443 (PDA) Parkinson's disease NA 71 FUW-tetO 3 factors 2 PDAY-1, -5
patient, idopathic, male (OCT4, SOX2, KLF4)
AGZ20442 (PDE) Parkinson's disease 51 53 FUW-tetO 3 factors ba PDE*-1, -5, -B, -8,
patient, idopathic, male (OCT4, SOX2, KLF4) PDB*d12
AG20442 (PDB) Parkinson's disease 51 53 FUW-tatO 4 factors 5° PDBY-1,-2,-3,-4, 5
patient, idopathic, male (OCT4, SOX2, KLF4, c-MYG)
AG20446 (PDC) Parkinson's disease 50 57 FUW-tetO 3 factors 1 PDC*-1
patient, idopathic, male (OCT4, SOX2, KLF4)
AG20445 (PDD) Parkinson's disease 44 &0 FUW-tetO 3 factors 3 PDD*-1,-4, -7
patient, idopathic, male (OCT4, SOX2, KLF4)
AG20445 (PDD) Parkinson's disease 44 60 FUW-tatO 4 factors 5 PDO*-1,-4,-5 -8, 9
patient, idopathic, male (OCT4, SOX2, KLF4, c-MYG)
AGOB325 (PDE) Parkinson's disease 83 BS FUW-tetO 3 factors 2 PDE¥-3, -4
patient, idopathic, (OCT4, SOX2, KLF4)
female
GMO1786 Dyskeratosis congenital  — 30 FUW-tetO 3 factors 2 M¥F1, 2
carrier, female (OCT4, SOX2, KLF4)
GMO 1660 Lesh-Nyhan carrier, — 1 FUW-tetO 3 factors oL Al AB
female (OCT4, SOX2, KLF4)
MRC-5 male, embryonic FUW-tetO 4 factors od D1, D4
fibroblasts (OCT4, SOX2, KLF4, c-MYC)
FUW-tetO-loxP:
backbong - ckbong
| N7 mn GV Joegeag facor | \wwr | L
i
Miel EcoRl  EcoRl  loxP
after genomic integration of provirus:
2lox: —dt0ems = I al
loxP loxP
after Cre-mediated deletion of transgenes:
flox: 2800 DNA TR Qe00mic DAVA

Parkinson kor

Cell 136, 964977, March 6, 2009

* in vitro dopaminerg neuronok
* retrovirdlis komponensek
kivagdsa, szelekcio

1. Generation of PDB** iPSCs (n=24; efficiency
~ 0.005% of infected PDB fibroblasts):

2. Electroporation of 1“107iPS cells of two iPS
clones (PDB-17”: and PDB-21%%):

o
{é)’ & \ ‘0%
A3 2/ wansient Cre “9?
Q = expression ()

FACS sorting puromycin
for EGFP ‘ 'selaction 48h
' after eletroporation
for 48h

' ,

PDB-17"".GFP: 60 clones  PDB-17"""-Puro: 36 dones
PDB-21"“GFP; 48 clones  PDB-21""*-Pyro; 36 dones

3. Southern blot analyis for transgene excision:
-48 out of 180 clones excised KLF4 (EcoRI digest)
-16 out of those 48 clones excised all copies of
OCT4,S0X2 and KLF4 (Xbal and Mfel digest)



Physiological Characterisation of Human iPS-Derived Parkinson kor
Dopaminergic Neurons

Elizabeth M. Hartfield"??, Michiko Yamasaki-Mann'??, Hugo J. Ribeiro Fernandes'?, Jane Vowles'3,
William S. James'?, Sally A. Cowley'-3, Richard Wade-Martins'-** PLOS ONE | www.plosone.org ~ February 2014 | Volume 9 | Issue 2 | e87388
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Comparative Study of Efficacy of Dopaminergic Neuron : 4
Differentiation between Embryonic Stem Cell and Parkinson kor

Protein-Based Induced Pluripotent Stem Cell PLOS ONE | www.plosone.org

January 2014 | Volume 9 | Issue 1 | 85736
Yoo-Wook Kwon'2?, Yeon-Ju Chung"2 ® Joonoh Kim'2, Ho-Jae Lee'?, Jihwan Park?, Tae-Young Roh3,

Hyun-Jai Cho"%*, Chang-Hwan Yoon*, Bon-Kwon Koo®, Hyo-Soo Kim'2>¢*

TH Wntba Overlay

* egér ES sejtek és fibroblasztbdl készitett P-iPSC
(protein kivonat ES sejtekbdl) dopaminerg neuronok
in vitro differencidltatdsa az P-iPS sejteknél
hatékonyabb
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Ncemal mitochondra

Fig. 3 Working model for famiial Pakinson's disease (PD) rek
tactors: mediated mitochandriad qually control. Impaired mitochondda
hat have a low membrane polental develop a8 a msul of increased
oxidatve stress and other taclos. Miochonddal quaiity is maintained
by he tamiial PD factors PINK1 (PARKS) and PARKIN (PARK2).
These factors pass inlo impaired mitochondria and guide the mito-
chondda lowasd degradaton. DU-1 (PARKT), another familial Pakin
son's deease 1aclor, 18 involved In a hioradoxin-medialed meachaniam
hat prolects milochondna agarm oxidalive stress, and a low
mitochondrial membrane polential has been repofed n LRRK2
mutants (PARKS). In addlion, muldion of ATPase type 13A2

Modeling human neurological disorders with
induced pluripotent stem cells o500 of weurochemisTay | 2010 | 1 | waam
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// / :év
Impaked mitcchondria ‘
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Parkinson kor

Aupalysosome

(ATPI3A2, or PARKS), an H™-ATPase imvolved in lyscsoma acdifi-
caton, causes abnommal lysosome funclion and atnomal prolein
degraddion. On the other hand, a-synudein digomers cause milo-
chonanial impamment in tamiial PD (PARK1, 4) and are assocaled with
a missense atnormally of he gene (SNCA) tha encodes a-synudein.
In his case, a negalie feedback loop i3 famed in which the
mitochonddal impaimen! acts a8 a tigger for the formaton of
a-synuciein oigomers. These msdls strongly sugges! thal a reak-
down of quality control in he impaired mitochondria plays a critical nie
in the onsel of PD.
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Study to Assess the Safety and Effects of Autologous Adipose-Derived Stromal in Patie
Parkinson's Disease

ClinicalTrials.gov Identifier:

NCT01453803
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History of Changes

This study is currently recruiting participants. (see Contacts and Locations)
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Instituto de Medicina Regenerativa, S.A. de C.V.
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Ageless Regenerative Institute

Full Text View Tabular View No Study Results Posted Disclaimer How to Read a Study Rec

P Purpose

The intent of this clinical study is to answer the questions:

1. Is the proposed treatment safe
2. Is treatment effective in improving the disease pathology of patients with Parkinson's Disease and clinical outcom:

Condition Intervention

Parkinson's Disease Procedure: Harvesting and Implantation of Adipose-Derived Stem Cells

Estimated Enroliment: 10
Study Start Date: May 2011
Estimated Study Completion Date: June 2015

Estimated Primary Completion Date: December 2014 (Final data collection date for primary outcome measure)

Intervention Details:

Procedure: Harvesting and Implantation of Adipose-Derived Stem Cells

The adipose tissue specimen will be collected from the patient's abdomen or applicable region using a liposuction car
is transferred to the laboratory for separation of the adipose tissue-derived stem cells, which are then transferred for

Detailed Description:

This will be an open-label, non-randomized multi-center patient sponsored study of Adipose-Derived Stromal Cells (ASC)
catheter delivery system. ASCs will be derived from the patient's adipose-derived tissue. Liposuction using local anesthes
will be performed to collect the adipose tissue specimen for subsequent processing to isolate the stem cells. The cells wil

into the Vertebral Artery and intravenously.

P Eligibility

Ages Eligible for Study:

Parkinson kor

18 Years to 80 Years
Genders Eligible for Study: Both

Accepts Healthy Volunteers: Mo

Criteria

Inclusion Criteria:
= Males and Females between Age 18 and B0 years.
= Patient with current diagnosis of PD with motor complications (as confirned by neurclogist) as per the standard criter

» Responsiveness to Levodopa or dopa agonist. This is defined as improvement between Off and On UPDRS by atlea
UPDRS.

* PD of Stage 2.5, 3 & 4 of HOEHN & YAHR staging.
® Stable Parkinsonian medications for the B0 days prior to the surgical therapy.
= MRI not showing gross atrophy or any other pathology of brain.
= Patients with score less than 18 for the Montgomery-Asberg Rating Scale (MADRS) for Depression.
= MO Significant cognitive impairment. MMSE > 21.
= Up to date on all age and gender appropriate cancer screening per American Cancer Society
Exclusion Criteria:
» History of infracranial surgeries or implantation of a device for Parkinson's disease two years prior to treatment.
» History of psychiatric disorders like schizophrenia or psychotic disorders.
& History of other malignancy, with the exception of treated cutaneous squamous cell or basal cell carcinoma, within 5y
= Contraindication for MRI

* Females who are pregnant or nursing or females of childbearing potential who are unwilling to maintain contraceptive
the study

» Lifie expectancy < @ months due o concomitant illnesses.

# Exposure to any investigational drug or procedure within 1 month prior to study entry or enrclled in a concurrent study
results of this study.

* Active infectious dissase. Patients known to have tested positive for HIWV, HTLY, HBV, HCV, CMV (Igh = IgG) and'or =
by an expert as to patient eligibility based on the patient's infectious status

= Any illness which, in the Investigator's judgement, will interfere with the patient's ability to comply with the protocol, cc
or interfere with the interpretation of the study results

= Patients on chronic immunesuppressive fransplant therapy

# Systolic blood pressure (supine) <B0 mmHg:

* Resting heart rate > 100 bpm;

= Active clinical infection being treated by antibiotics within one week of enrcliment.

* Known drug or alcohol dependence or any other factors which will interfere with the study conduct or interpretation of
opinion of the investigator are not suitable to paricipate.

» History of cancer (other than non-melanema skin cancer or in-situ cervical cancer) in the last two years.

= Unwilling and/or mot able to give written informed consent.
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ALS (amiotrofikus laterdlis szklerdzis; Lou Gherig kor)

ALS cell based therapy autoldg (?) iPS
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http://dx.doi.org/10.5607/en.2014.23.3207
Exp Neurobiol. 2014 Sep;23(3):207-214.
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Concise Review: Stem Cell Therapies for

Amyotrophic Lateral Sclerosis: Recent Advances

and Prospects for the Future _
STEM CELLS 2014;32:1099-1109
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Figure 1. Potential mechanisms of stem cell efficacy in amyotrophic lateral sclerosis. In addition to motor neurons, multiple cell types
within the motor neuron microenvironment play a role in disease pathogenesis; therefore, the delivery of stem cell-based therapies
(blue) has the potential to provide support through many different mechanisms. Within the spinal cord, stem cells that differentiate
into neurons (green) can synapse with existing motor neurons to re-establish or maintain neurocircuitry (A) as well as provide neurotro-
phic support (B). Differentiation of stem cells into non-neuronal cell types (yellow) within the spinal cord microenvironment can also
impact disease progression by providing neurotrophic support (B), and attenuating oligodendrocyte dysfunction and mitigating toxicity
(C). In the periphery, stem cell transplantation into muscle can provide critical support to maintain functional neuromuscular junctions
(D). Finally, the mobilization of endogenous MSCs from the bone marrow into the circulation can also induce immunomodulatory effects
that attenuate inflammatory responses within the spinal cord via the production of cytokines and other anti-inflammatory mediators
(E). Abbreviation: MSC, mesenchymal stem cell.
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TABLE 1. Subject Demographics

Group

Al

C/E

Surgery Subject
Details Number
Nonambulatory 1
unilateral 2
lumbar 3
Nonambulatory 4
bilateral 5
lumbar 6
Ambulatory 7
unilateral 8
lumbar 9
Ambulatory 10
bilateral

lumbar 11

and

unilateral 12
cervical

Ambulatory 13
unilateral 14
cervical 15

F = female; M = male.

“*Subject demonstrated features of bulbar onset amyotrophic lateral sclerosis.

Surgery
Number
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—
[ =]

11

Subject
Age at
Surgery,

61.8
43.4
51.1
375
66.3
55

59

41.1
54.6
48.9
50.2
39.3
40.7
65.1
66.3
50.3
54.3
35.2

Disease
Duration
at Surgery,

5.2
12.7
2.1

2.2
2.2
1.6
5.6
1.3
11.6
13
1.6

4.3
3.1°
1.8*
1.7

Gender
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£

1

Death, mo
Postsurgery

30
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Intraspinal Neural Stem Cell
Transplantation in Amyotrophic Lateral
Sclerosis: Phase 1 Trial Outcomes

ANN NEUROL 2014;75:363-373
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FIGURE 1: Neuropathological findings in Subject 14. (A) Gross image of cervical spinal cord at the time of autopsy. Serial sec-
tions through the region of transplantation did not demonstrate regions of cystic change, hemorrhage, or significant tissue dis-
ruption. (B) Representative cross section showing intact cord morphology using hematoxylin and eosin (H&E) staining. There is
a nest of cells (circled) that are not intrinsic to the spinal cord, and do not stain with glial or neuronal markers (not shown). (C)
Higher power of circled region in B showing the morphology of these cells, which is reminiscent of the morphology of the
stem cells prior to transplantation (inset, H&E).
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Trial record 1 of 1 for:  nct01051882

Previous Study Return to List Next Study

Autologous Cultured Mesenchymal Bone Marrow Stromal Cells Secreting Neurotrophic Factors (MSC-NTF), in ALS Patients.

This study is engeing, but net recruiting participants. ClinicalTrials.gov Identifier:
NCT01051882

Sponsor:

Hadassah Medical Organization First received: January 17, 2010
Last updated: August 5, 2012

Collaborator: Last verified: August 2012

Brainstorm Cell Therapeutics Lid. History of Changes

Information provided by (Responsible Party):
Hadassah Medical Organization

Full Text View Tabular View No Study Results Posted Disclaimer How to Read a Study Record

B Purpose

The study will evaluate the safety, tolerability and therapeutic effects (preliminary efficacy) of injection of autologous cultured mesenchymal bone marrow stromal cells secreting
neurotrophic factors (MSC-NTF), as a possible treatment for patients with Amyotrophic Lateral Sclerosis (ALS) at the early and progressive disease stages.

- differencidltatds GDNF / BDNF
Amyotrophic Lateral Sclerosis Biological: MSC-NTF cells transplantation (i.m.) Phase 1

termelésre

- .NurOwn" sejtek

Bone Marrow
containing self renewing
stem cells

Isolation and expansion

MSsC

Differentiation

./
/" MSC-NTF cells
& & '|__  (GDNF/BDNF
\'ﬁ/\ secreting cells)
ALS and other

Biological: MSC-NTF cells transplantation (i.t.) Phase 2

ClinicalTrials.gov
A service of the U.S. National Institutes of Health
Now Available for Public Comment: Notice of Proposed Rulemaking (NPRM) for FDAAA 801 and NIH Draft Reporting Policy for NTH-Funded Trials

Trial record 1 of 1 for.  nurown stemcell

Previous Study | Return to List | Next Study

Phase 2, Randomized, Double Blind, Placebo Controlled Multicenter Study of Autologous MSC-NTF Cells in Patients
With ALS (NurOwn)

This study is currently recruiting participants. (see Contacts and Locations) ClinicalTrials.gov |dentifier:

Verified November 2014 by Brainstorm-Cell Therapeutics NCT02017912

First received: December 17, 2013
Last updated: November 27, 2014
Last verified: November 2014
Information provided by (Responsible Party): Histary of Changes
Brainstorm-Cell Therapeutics

Sponsor:
Brainstorm-Cell Therapeutics

Full Text View Tabular View No Study Results Posted Disclaimer How to Read a Study Record

| Purpose

This is a multi-center, randomized, double blind, placebo controlled study to evaluate the safety and efficacy of autologous (self) transplantation of Neurotrophic
factors-secreting Mesenchymal Stromal Cells (MSC-NTF, NurOwn™) in patients with ALS .

MSC-NTF cells are a novel cell-therapeutic approach which is expected to effectively deliver Neurotrophic factors, which are potent survival factors for neurons,
directly to the site of damage

Condition Intervention Phase

Amyotrophic Lateral Sclerosis (ALS) Biological: Autologous MSC-NTF cells Phase 2
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Biological Markers of Mesenchymal Stromal Cells
as Predictors of Response to Autologous Stem Cell
Transplantation in Patients With Amyotrophic

. kllnlkal PhGSe II + |n V|VO TeSZTek: :.:tsir"?(ljssctlséssis: An Investigator-Initiated Trial and

STEM CELLS 2014;32:2724-2731

- autoldg csontveldi mesenchimdlis stem sejt beiiltetése 2x

* responder vs non-responder csoport 6 honap utdn: in vitro VEGF, ANG
(angiogenin), TGF-B magasabb szintje mellett nagyobb a betegekben a
javulds , dllatkisérletben jobb a tulélés

p=052 p<0.01 p=0.23

4 4
T W Responders
2 I Non-responders

3~Q 0~ 43 4™ +6 months

Mean change of ALSFRS-R

Figure 1. Difference in the mean change in ALSFRS-R scores
between responders and nonresponders. Bars represent the
standard error of the mean (Mann—Whitney U-test). Abbrevia-
tions: ALSFRS-R, Amyotrophic Lateral Sclerosis Functional Rating
Scale-revised.

>

Probability of survival

W b b ik 0 1w w Age (days)
Age (days)

Figure 3. Effects of mesenchymal stromal cell (MSC) transplantation on survival time and rotarod performance. Survival time in the
group that received MSCs isolated from responders was significantly longer (A) and the decline in rotarod performance was significantly
slower (B) than in the phosphate-buffered saline group (p =.030 and p < .01, respectively). Abbreviations: ALS, amyotrophic lateral scle-

rosis; PBS, phosphate-buffered saline; Wt, wild type.
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Figure 4. Motor neuron count and immunoreactivity for Ibal and glial fibrillary acidic protein (GFAP) in the ventral horn of the spinal
cord at 109 days. Number of motor neurons (MNs) in SOD1 mice (A—C) was significantly lower than in wild-type mice (D). Mice that
received mesenchymal stromal cells showed significantly slower MN loss (H), fewer Ibal-immunoreactive-activated microglia (E-G), and
fewer GFAP-immunoreactive-activated astrocytes (I-K) than the phosphate-buffered saline (PBS) group (L). *, p < .05 compared with the
PBS group; °, p<.05 compared with the wild-type group. Scale bar = 100 um. Abbreviations: ALS, amyotrophic lateral sclerosis; GFAP,
glial fibrillary acidic protein; PBS, phosphate-buffered saline; Wt, wild type.
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Stem Cells. 2012 Jun;30(6):1144-51. doi: 10.1002/5tem.1078.

¢ kl I n' kal Phase I 1-esz.l.ek' Lumbar intraspinal injection of neural stem cells in patients with amyotrophic lateral sclerosis: results of a phase |
trial in 12 patients.

Glass JD, Boulis MM, Johe K Rutkove SB Federici T, Polak M, Kelly C, Feldman EL.
Department of Neurclogy, Emory University School of Medicine, Atlanta, Georgia, USA. jglas03@emory.edu
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Home Patients Investars S CEO Blog

Amyotrophic Lateral Sclerosis, also known

Neuralstem Cell ’I‘heranu fO]' ALS as ALS or Lou Gehrig's disease, is a progressive
neurodegenerative disease that affects nerve cells in
B Product status: . the brain and spinal cord, leading to complete
W U.5.: NSI-566 Phase | Safety Trial completed: August 2012 aralvsis and eventually death According to the
B Mexico City: NSI-566 Phase | /|l Trial expected to commence in 4Q12 paralysis. o V. X g .
B Mechanism of Action: Rebuilding neural circuitry ALS Association, as many as 30,000 Americans
B Route of Administration: Direct injections into the spinal cord have the disease, and about 5,600 people in the U.S.

are diagnosed with ALS each year.

Neuralstem is seeking to treat the symptoms of ALS via transplantation of its NSI-566 human spinal There is no cure.
cord stem cells (HSSCs) directly into the gray matter of the patient's spinal cord. In ALS, motor
neurons die, leading to paralysis. In preclinical animal work, Neuralstem cells both made synaptic

contact with the host motor neurens and expressed neurotrophic growth factors. which are protective of Global Development Map

cells. View published papers here: 1, 2, 3.

Meuralstem initiated the first FDA-approved stem cell trial for ALS in January 2010, at Emory University.
This Phase | safety trial, to evaluate the safety of the NSI-566 cells and surgical technique, was
designed to enroll up to 18 patients. The Principal Investigator is Eva Feldman, MD, PhD, Director of the
A. Alfred Taubman Medical Research Institute, Director of Research of the ALS Clinic at the University
of Michigan Health System, and President of the American Meurological Association. The Site
Investigator is Jonathan Glass, MD, Professor of Neurology, Emory School of Medicine and Director of
the Emaory ALS Center. The trial was awarded an Orphan Drug Designation by the FDA in February
2011,

* 8 hetes humadn gv-i NSC sejtvonal (NSI-566RSC) lumbadris / cervikdlis
beiiltetése elédifferencialtatads utan

* uni- vagy bilaterdlis, 1-200000 sejt/alkalom, immunszuppresszié
» 1 pdciensnél (12-bél) tiinetek javulnak



Induced Pluripotent Stem Cells ALS (amiotrofikus
Generated from Patients with ALS Can laterdlis szklerézis)
Be Differentiated into Motor Neurons

John T. Dimos,** Kit T. Rodolfa,>2* Kathy K. Niakan,* Laurin M. Weisenthal,!

Hiroshi Mitsumoto,** Wendy Chung,*> Gist F. Croft,*® Genevieve Saphier,* Rudy Leibel,’ 29 AUGUST 2008 VOL 321 SCIENCE

Robin Goland,” Hynek Wichterle,*® Christopher E. Henderson,*® Kevin Eggan®t

Fig. L IPS cells can be estab-
lished from patent fibroblasts A
after blo psy. (A) Primary dermal
fibroblasts (hb, human fibro-
blasts) dedved from an 82-year-
old female ALS patient, A29. (B)
iP5 cells prod uced from patient
A29.(0 iPS celb produced from
a second patient, A30, sister to
patint A29. (D) DIre SEqUENG s
Ingofa PCR produat from A29 R
IPS cells, confirming the pres- D.”
ence of one copy of the dom-

inant L144F SOD1 alele. (E and

F) SSEA-Q and NANOG protén

exresson in A29 iPS cells. Saale

bas, 200 pm.

+ 82 éves ALS betegbdl bér-biopszia,
iPS eléallitas

- neurondlis (motoneuron) in vitro
differencidltatas: RA és SHH

NANOG

Fig. 4. IPS cells generated from TuJ1/HB9 TuJ1/HBY/DNA TuJH/GFAPDNA
ALS patents can be differentiated
into motor neyrons. A29b IPS cell
EBs were patierned with RA and
SHH, then plated on laminin, &i-
ther whole (A and B) or after dis-
sodation IC 1o H), and allowed
mature for 710 15 days (A) Newron-
like outgrowths are visible from
whole A29h patient<pecific iPS
cd| EBs. (B) BEdensive Tu) 1-posithe
neuronal processes grow out from
plaed whole iPS EBs, which contain
a high propottion of HBS-stainad
nudd. (O Neuronal id entity of HB9-
expressing cells s confirmed by
high-magnification image of HBY
and Tujl cosxpression in dissod-
ated patient-<pedfic mokor neuron
cultures. (D) G AP-expressing ghial
celis can be found in addiion
Tu] l-expressing neusons in differ
entizted patient-spedfic IPScdl cul-
tures, [{E) 1 (H)] The motor neuson identity of HB9- and Tul-positive cells is confirmed by the coaxpression of HB9 and 1SL HB9 {E) and ISL(F) localization is
nudear {G) and highly coinddent (H). Scale bars, 100 pm [(A) 1o (D)], 75 pm [(E) to (HI].
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Trial record 34 of 852 for:  ALS
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Amyotrophic Lateral Sclerosis (ALS) Tissue Donation Program

This study is currently recruiting participants. (see Contacts and Locations) ClinicalTrials.gov Identifier:
Verified May 2014 by Drexel Universify NCT00716131

First received: July 14, 2008

Last updated: September 18, 2015
Last verified: May 2014
Collaborator: History of Changes

MDA/ALS Center of Hope

Sponsor:
Drexel University College of Medicine

Information provided by (Responsible Party):
Christine Barr, Drexel University

Full Text View Tabular View No Study Results Posted Disclaimer How to Read a Study Record

B Purpose

Despite significant progress in the identification of mechanisms involved in motor neuron degeneration in Amyotrophic Lateral Sclerosis (ALS) and other motor system diseases, the actual pathogenesis and cause of these diseases remains unknown. Effective
treatment of these diseases are dependent on the elucidation of their causes. The availability of diseased and control human tissues will be a critical resource for this research progress. . Samples of serum, spinal fluid, and urine from patients with motor system diseases
can be used to study biochemical and genetic difierences compared to tissues of neurologic disease controls and normal controls. Furthermore, the availability of autopsied CNS, PNS, as well as other tissues from patients with ALS or suspected ALS are useful for
current and future research studies into the disease. Therefore, we propose to institute a Tissue Bank containing blood, urine. and cerebrospinal fluid donated from not only ALS and other motor neuron disease patients, but also those with other neurologic diseases and
normals whose tissue can be used as controls. In addition there will be an autopsy band for post-mortem specimens of ALS and other motor neuron disease patients. Each specimen, whether from a living patient or autopsy will be de-identified and accompanied by a
standard set of clinical information collected from the medical records in order that each specimen is characterized with the relevant clinical information to maximize the usefuiness of the specimens.

Once established, this tissue bank will provide a resource in which a large number of samples will be readily available and expedite research by circumventing the delays in collecting specimens prospectively. These specimens will be used for research in the ALS Center
of Hope at Drexel University College of Medicine and shared with any outside investigator with a valid IRB approved protocol.



Batten kor (neuronal ceroid lipofuscinosis; NCL)

* progressziv mentdlis és motoros leépiilés, epilepszia, vaksdg:
lizoszomdlis funkcidzavar, neuronpusztulds
HUCNS-SC ® StemcCells Inc. : klinikai I / IIa fdzis terdpia (FDA), 6 gyerek
- klondlis, tisztitott humadn neurondlis SC: beiiltetés utan migrdcid,
integrdcio, idegi és glidlis differencidcid
- elérehaladott betegség, multifokdlis CNS beiiltetés, 12 honapos
immunszuppresszid és utdnkovetés

- 2 ddzis: 5x10° és 10%° beiiltetett sejt; MRI vizsgdlatok
- mellékhatds eddig "csak" immunszupresszié miatt, 1 haldleset

Classification of neuronal cerowd hpoflusanoses,

Ape al manifestation Dregignation Chromosomal location Product

Congenital or later CLMI10 lipl5 CD*

Infantile or later CLMI Ipa2 FFTI1®

Late mflantik or later CLM2 lipl5 TPPI1*
CLMA 1322 Partally soluble protem
CLM6G 15921 Membrans protan
CLM7 428 Membrans protan
CLMNE Ep23 Membrane protan

Juvenile CLM3 lopl 2 Membrane protan
CLNG

Adult CLM4

* Lysosomal enzyvmes, CD), cathepsin [); PPT 1, palmitovlprotein thicesterase 1; TPPL, tnpepbdy lpeptidass 1.



Batten kor (neuronal ceroid lipofuscinosis; NCL)

Pre-Transplant

- multifokalis beadds .

- atrofia mértéke nem igazdn = .o
védltozott... |

- 2010-2015; még fiatalabb
betegekkel - visszavonva
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Fio. 1. Cross-correction of enzyme deficiency in vivo using HuCNS-SCs. Arfist's conceptualization of cell-based cross-
correction as a potential therapeutic strategy. With this experimental approach, PPT-1 and TPP1 are secreted by transplanted
HUCNS-SCs and absorbed by host neurons through the mannose 6-phosphate receptor pathway. Cross-correction involves the
uptake of these soluble enzymes, resulting in the reduction or stabilization of the accumulating harmful mtracellular metabolites
Printed with permission from Andrew J. Rekito.

Y | ; : i . T Fio. 2. Magnetic resonance images pre— and post-HuCNS-SC transplantation. Representative T2-weighted axial MR images
Cg-nnal Nervous sy ?tem stem F:ell Inansp]antarlon for children at the midventricular level for all patients 3t screening and 12 months (6 months in Case 2 after HUCNS-SC transplantation
with neuronal ceroid lipofuscinosis Case numbers are in the upper left comer of each image. The progressive cercbral atrophy noted between the pre- and post-

J Newrosurg: Pediatrics / April 12, 2013 transplantation images is consistent with the stage of disease for each patent. The positransplantation MR images did not reveal

any delaved adverse reaction to the swrgery or cell transplantation.



Pelizeaus-Merzbacher Disease (PMD)

» diszmielinizdcids probléma: mielin hiively nem épiil fel -> nisztagmia,
bénulds, mentdlis és fizikai problémdk csecsemé kortdl

» X kromoszémads, dlt. PLP (proteolipid) gén duplikdcié -> koleszterin hiany,
mielin szintézis deficit

» embriondlis huCNS-SCs multifokdlis beiiltetés a fehérdllomanyba,
csecsemo korban

S T E M C € L L S Groundbreaking science. Breakthrough medicine.”
Clinical Trials... »
. - /
d | ml | ‘u ns Zu p p r‘ess Z I O ABOUT US SCIENCE THERAPEUTIC PROGRAMS TOOLS & TECHNCLOGIES NEWS & EVENTS INVESTORS CONTACT

Mat Med. 2012 Jul,1&(7):1130-5.

Therapy of Pelizaeus-Merzbacher disease in mice by feeding a cholesterol-enriched diet.
Saher G, Rudolphi F, Corthals K, Ruhwedel T, Schmidt KF, Léwel S, Dibaj F, Barrette B, Mobius W, Nave KA,

Department of Meurogenetics, Max Planck Institute of Experimental Medicine, Gittingen, Germany. saher@em.mpg.de

* lehet, hogy a koleszterin-dis diéta is elegendd?

» kéldokzsinor-vér transzplantdcié: eddig 2 pdciens, némi javulds



Duchenne izom-disztrofia (DMD)

- dlt. disztrofin-disztroglikan rendszer kdarosoddsa

- DMD be-regbé'l |PS, ebben Complete Genetic Correction of iPS Cells

From Duchenne Muscular Dystrophy

mesters ég es human www.moleculartherapy.org vol. 18 no. 2, 386-393 feb. 2010
k ro mOS 26 mén (H A C; STG b i I 1 Transplantation of genetically
)

. V4 o . Vs Step4  comected autologous cells
episzéma) disztrofin gén -
bejuttatdsa (>2,4 Mbl) . ——— ]

DMD patient Fibroblasts
Py with genetic defect
chromosome 21 Chromosome
HAC vector
Chromosomal
— 8 translocation Step 3
ith Cre  hyg HAG . -
e Genetically corrected fibroblasts  pigerentiation
Human Induction of iPS cells to muscle stem
chromosome X Step 2 with defined factors cells in vitro

Telomere /
seeding

* l

A Telomera Genetically corrected iPS cells
A oxP Chromosome :’oerat%ma
B8 Dystrophin (2.4 Mb) (‘ﬁaﬁ% ﬁ

i
i i efin acior:
* MMCT: microcell-mediated o 1 et
Fibroblasts iPS cells :20 ?i‘sﬁ.fi’s‘-"’.;n"sof
Chr'OmOSOl’ne TPGnSfer‘ with genetic defect with genetic defect nbmaeldystrophin

e

mdx mice

4 Transplantation of genetically
(DMD model mice)

corrected autologous cells

Step

Figure 1 Schematic diagram of the HAC vector system for iPS cell-mediated gene therapy. Human dystrophin gene was cloned into a human
chromosome 21-derived HAC vector using a combination of Cre-loxP-mediated chromosomal translocation and telomere-directed chromosomal
truncation (Step 1, blue background). In Step 2 (pink background), mdx mice- or DMD patient—derived iPS cells were genetically restored by trans-
fer of the DYS-HAC vector. The DYS-HAC was transferred to mdx-iPS cells directly. However, the DYS-HAC was transferred to DMD patient-derived
fibroblasts via MMCT, as we failed to directly transfer the HAC into human iP$S cells, then DMD-fibroblasts (DYS-HAC) were induced into iPS cells.
Inability of MMCT into human iPS and embryonic stem cells is an unsolved issue. In Step 3 (green background), differentiation to muscle cells in vivo
(teratoma formation) and expression of human dystrophin in muscle cells were confirmed. Step 4 represents the future and final goal of the trans-
plantation of genetically corrected autologous cells by elegant differentiation and implantation technologies to come in a near future (dotted line).
DMD, Duchenne muscular dystrophy; HAC, human artificial chromosome; iPS, induced pluripotent stem cells; Mb, megabase; MMCT, microcell-
mediated chromosome transfer.
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Duchenne izom-disztrofia (DMD)

» spec. nucledzokkal irdnyitott génkorrekcio:

- TALEN: transcription
activator-like effector
nuclease

- CRISPR: clustered
regularly interspaced

short palindromic repeat
(CRISPR)

- Cas9: CRISPR associated 9
endonuclease systems

+ iPS sejtekben 44. exonhidny
génkorrekcidja: nagy
specificitds

» indukalt izomsejtekben
disztrofin-temelés

Dystrophin gene

Duchenne muscular dystrophy (43 44! 45 46|

patient-derived iPS cells

Lackln exon 44

No dystrophin

/\\

[ Genome editing by TALEN or CRISPR ]

1) Exon 45 skipping 2) Frame shlft 3) Exon 44 knock-in

4344 @9 Yae| 14344, 145 246 )46 43 )44 45 )46

#“Dystrophin* " Dystrdphin® /’é%tro'phj”‘_/

Precise Correction of the Dystrophin Gene in Duchenne Muscular Dystrophy
Patient Induced Pluripotent Stem Cells bv TALEN and CRISPR-Cas9
Stem Cell Reports | Vol. 4 | |-12 | January 13,2015
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Rank Status Study
1 Recruiting Efficacy of Umbilical Cord Mesenchymal Stem Cells in Duchenne Muscular Dystrophy
Condition: Duchenne Muscular Dystrophy
Intervention: Biological: Umbilical Cord Mesenchymal Stem Cell
2 Enrolling by Allogeneic Human Umbilical Cord Mesenchymal Stem Cells for a Single Male Patient With Duchenne Muscular

invitation Dystrophy (DMD)
Condition: Duchenne's Muscular Dystrophy

Intervention: Biological: Umbilical Cord Mesenchymal Stem Cells

3 Unknown T Safety and Efficacy of Umbilical Cord Mesenchymal Stem Cell Therapy for Patients With Duchenne Muscular
Dystrophy

Condition: Duchenne Muscular Dystrophy
Intervention: Biological: human umbilical cord mesenchymal stem cells

4 Recruiting Study Safety and Efficacy of Bone Marrow Derived Autologous Cells for the Treatment of Muscular Dystrophy.
Conditions: Muscular Dystrophy; Duchenne Muscular M™etrnnb

Duchenne izom-disztrofia
(DMD)

Intervention:  Biological: Stem Cell 5 Recruiting Stem Cell Therapy in Duchenne Muscular Dystrophy

Condition: Duchenne Muscular Dystrophy
Intervention: Biological: Stem Cell

6 Recruiting Stem Cell Therapy in Muscular Dystrophy

Condition: Muscular Dystrophy
Intervention: Bioclogical: Stem Cell

7 Recruiting Cell Therapy in Limb Girdle Muscular Dystrophy

Condition: Limb Girdle Muscular Dystrophy
Intervention: Biological: Stem Cell

g Recruiting Study Safety and Efficacy of BMMNC for the Patient With Duchenne Muscular Dystrophy

Conditions: Muscular Dystrophy; Duchenne Muscular Dystrophy
Intervention: Other: Intralesional/ Intravenous of Autologous Stem cells.

9 Completed Stem Cell Therapy in Limb Girdle Muscular Dystrophy

Condition: Limb Girdle Muscular Dystrophy
Intervention: Biological: Autologous bone marrow mononuclear cell transplantation

10 Recruiting Intramuscular Transplantation of Muscle Derived Stem Cell and Adipose Derived Mesenchymal Stem Cells in

Patients With Facioscapulohumeral Dystrophy (FSHD)

Condition: Dystrophy
Intervention: Biological: Inframuscular injection



gerincveldi sériilés
(SCI)

+ elsédleges és
mdsodlagos sériilések
a periféridn: a f6 cél a
neurondlis nekrozis /
excitotoxicitds és az
oligodendroglia
apoptdzis kivédése

Challenges of Stem Cell Therapy for Spinal Cord Injury: Human

Embryonic Stem Cells, Endogenous Neural Stem Cells, or Induced iy ik Satetts
Pluripotent Stem Cells?
STem CELLS 2010;28:93-99 ] primary injury phase

D Secondary injury phase #nd demyelination




gerincveldi sériilés (SCI)

- sérilt ideg_ és gliaSej-rek péﬂésg Stem cell therapies for spinal cord injury

Vibhu Sahni and John A
Cell replacement

Nat. Rev. Neurol. 6, 363-372 (2010};
- nincs neurogén Remyelination

26 na! Spared axon

Oligodendrocyte

- trofikus faktorok termeltetése

Neuroprotection and trophic support

- lokdlisan vagy a °

711 7 f
I es ZGI I (o) Local neuron ‘f (
pdlydkra hC(TVC( Trophic factor ' £

Trophic factor

» axon regenerdcio/névekedés elésegitése

Facilitating axon outgrowth
e

/., . ’ f
- axon atjutas
el 6569?1’ ése Injured axon

+Scar tissue

- gliozis és hegesedés
kivédése




gerincveldi sériilés (SCI)

» limitdlt az optimdlis transzplantacids idé

Acute phase Subacute—chronic phase

(R T

Prd-inflammatory cytokine ,
e radical, NO Antifinflammatory
Exgitatory amino acid cytokine

CNTF

Cystig|cavity
Glial Tar formation

Hemjo
Desfruction of|BBB
Infiltf@tion of iffflammatoly cells o

~—

Cell transplantation for spinal
cord injury focusing on iPSCs

Masaya Nakamura”, Osahiko Tsuji, Satoshi Nori, Yoshiaki Toyama &
Hideyuki Okano

Optimal time for transplantation ?

_Il IIIIIIIII’

* Glial scar formation

10.1517/14712598 2012681774 @ 2012 Informa
14 (post-injury day)

Figure 1. Microenvironment of the injured spinal cord. Because the immediately post-traumatic microenvironment of the
spinal cord is in an acute inflammatory stage, it is not favorable for the survival and differentiation of NS/PC transplants. On
the other hand, in the chronic stage after injury, glial scars form in the injured site that inhibits the regeneration of neuronal

axons. Thus, it is believed that the optimal timing of transplantation is 1 - 2 weeks after injury.



gerincveldi sériilés (SCI)

- klinikai Phase I tesztek:

- HUESC, OPC beiiltetés 7-
14 napon beliil

Human Embryonic Stem Cell-Derived Oligodendrocyte
Progenitor Cell Transplants Remyelinate and Restore
Locomotion after Spinal Cord Injury

e - T [l ol oo, Wy 10, 005 - T51 Fedesd - ENIE

- HUCNS-Sc, beiiltetés 3-
12 honapon belil

geron

The Platform [RSgslsiGslgEl Partnering

Programs

GRNOPC1

grams
GRNOPC1
Spinal Cord Injury Trial
GRNCM1
GRNIC1
GRNCHND1
GRNVAC2

GRNOPCI1 - Oligodendrocyte Progenitors to Address

CNS Disorders

The major neural cells of the central nervous system (CNS) typically do not regenerate after injury. If a nerve cell is damaged due
to disease orinjury, there is no treatment at present to restore lost function. Patients worldwide suffer from injury to the nervous

system or disorders associated with its degeneration

About Spinal Cord Injury

S T E M (C € L L S Groundbreaking science. Breakthrough medicine.”

ABOUT US

Clinical Trials

Clinical Trial Sites

SCIENCE THERAPEUTIC PROGRAMS TOOLS & TECHNOLOGIES

NEWS & EVENTS

Clinical Trials... ™

INVESTORS CONTACT

Patient Enroliment

Spinal Cord Injury Trial —

For enroliment inquiries,
please contact the trial site
in Switzerland at

+4144 386 5970 or at
stemcells.pz@balgrist.ch.

Dry AMD Trial -

For enroliment Inquiries please
contact the trial site in Dallas, Tx
at +1 (214)363-3911 ext. 114 or at
kglocke@retinafoundation.org



gerincveldi sériilés (SCI)

e

» klinikai Phase I tesztek: ClinicalTrials.gov

A service of the U_S. National Institutes of Health ;

Search for studies:

Find Studies About Clinical Studies Submit Studies Resources About This Site

Home > Find Studies > Search Results > Study Record Detail

/ /7 o
- autoldg csontveldi | o
. 1o " . Trial record 13 of 1221 for:  spinal cord
(mZZZHChImGI |S) OsseJTek < Previous Study Return to List Next Study »
Autologous Stem Cells for Spinal Cord Injury (SCI) in Children
This study is currently recruiting participants. ClinicalTrials.gov Identifier:
Verified October 2012 by Memonal Hermann Healthcare System NCT01328860
- gyel"ekek Sponsor: First received: April 1, 2011
. Last updated: October 2, 2012
James E Baumgartner, MD Last verified: October 2012

Collaborators: History of Changes

The Institute for Rehabilitaion and Research Foundation
The University of Texas Health Science Center, Houston
M.D. Anderson Cancer Center

Baylor College of Medicine

Information provided by (Responsible Party):
James E.Baumgartner, MD, Memorial Hermann Healthcare System

Full Text View Tabular View No Study Results Posted Disclaimer How to Read a Study Rec



stroke (agyérelzdrédas)

» lokdlis ischaemia (O,- és tdpanyaghidny)
- fokdlis sériilés ellenére kiterjedt, sokféle sejtet érinté sejpusztulds
- akut fazis: ) B )
- serkenté NT, szabadgyokdk, gyulladasmedidtorok felszabaduldsa

mikroglia aktivdcid, apoptdzis: transzplantdlt sejtek tulélésére,
endogén neurogenezisre kdros

citokinek, novekedési faktorok: neurogenezis, differencidcioé
serkentése

« kronikus fazis:

- hegszovet kialakuldsa miatt tdlélés, differencidacio és innervacio
nagyban gatolt

» angiogenezis lokdlisan segiti a neurogenezist - vagy vice versa? SVZ
neuroblast migrdcié / NPSC VEGF szekrécidja

. / / 7 N
- sejtpotlas foleg a )\ e
proliferativ terileteken / N A=

(cortexben sokkal % VD e e AR
| / 2, -
kevésbé) Nk | .«\1 ) > @M—

Cumrent Opinion in Neurcbiology

Schematic representation of neurogenesis in the dentate gyrus induced by global ischaemia and stroke. (a) Neural stem cells or progenitor cells

reside in the subgranular zone. (b) Global ischaemia leads to increased proliferation of these cells. (c) Their progeny then migrate as neuroblasts
inside the granule cell layer and (d) differentiate into granule cells.




stroke (agyérelzdrddas)

(d)
(c) g:?eneraﬁon of
- newrons
® el
(a) Proﬂeiwllion d“ —% \\‘ =
Nevral slem cells

Tl v — (g NN pav ete g

) v g
@ ischaemic

Growth factor (EGF, FGF.2)
nfusion

CA1 pyramidal
call layer

Current Cpinicn in Neurobiology

Schematic representation of neurogenesis in the CA1 region following global ischaemia. (a) Neural stem or progenitor cells are located in posterior
periventricle. (b) When a global ischaemic insult, which causes pronounced loss of CA1 pyramidal neurons, is followed by growth factor (FGF-2 and
EGF) infusion there is proliferation of progenitors. (c) The generated neuroblasts then migrate to the CA1 region, (d) where they express neuronal

markers. Some experimental evidence suggests that the new cells are functional neurons, have afferent and efferent connections, and contribute to
recovery of cognitive function.

Differentiation o
siriatal nauron

(b)

Proiferation of

’ > Siriatal
R

Current Cpinicn in Neurobiology

Schematic representation of stroke-induced neurogenesis in the striatum. (a) Neural stem or progenitor cells reside in subventricular zone. (b) Focal
ischaemic insults which lead to pronounced loss of striatal and cortical neurons give rise to increased proliferation of progenitors. (c) Neuroblasts

formed after and to some extent also before the stroke then migrate to the damaged part of the striatum, (d) where they express markers specific for
striatal projection neurons.




stroke (agyérelzdrédas)

* az eredményt alapvetéen befolydsolja:

- a franszplantdlt sejttipus (féleg dllatkisérlet)
+ embriondlis és felnétt NSCs (neural stem cell, neurosphere)

* OECs (human olfactory ensheating cells/olfactory nerve fibroblasts)
ES sejtek: pl. hipoxids prekondiciondlds
immortalizalt sejtvonalak (dlt. neurdlis eredet)
hematopoetikus ssejtek (HSCs)
- a sejtbeadds mddja
intravaszkuldris
intraventrikuldris
intracerebralis (sérdiilés)

- a sejtbeadas ideje a sériiléshez képest

- szolubilis faktorok / novekedési faktorok, hormonok
* GM-CSF (granulocyte colony stimulating factor); Glutamat...
EPO (erythropoetin)
- IL10, VEGF, IGF-1....



stroke (agyérelzdrédas)

* Phase I / IT klinikai tesztek:

- SB623: felndtt
mesenchymal SCs
transiently modified
with Notch plasmid

- intracerebrdlis beadads,
min. 6 honappal a
stroke utan - kronikus

Regenerative Therapies for Neurological Disorders

EEsanBio

HOME ABOUT PRODUCTS CLINICAL TRIALS NEWS CAREERS CONTACT

Clinical Trials

Am | Eligible? ©

Phase 1/2A Clinical Trial for Stroke Disability You may be eligible if you
Chicago, IL
Palo Alto, CA

Pittsburgh, PA

have suffered a siroke within the
past 36 months

» ar
w

@

ex

eriencing arm or leg
ness

ak

@

» are between the ages of 18-75

have no history of seizures

Stroke is the leading cause of disability in the developed world, and up to 30% of stroke survivors have a
permanent disability. Ample preclinical evidence reveals that SB623 cells (modified adult bone marrow-derived
cells) are both safe and effective in restoring function following experimental chronic stroke.

»* have had only one stroke

SanBio is currently testing the SB623 cell therapy in a Phase 1/2A clinical trial that will enroll a total of 18
patients that are between 6 months and 36 months following ischemic stroke and have persistent disability.
Three doses will be evaluated in an open-label, staggered escalation paradigm. Patients will be followed for two
years to monitor safety of the SB623 cell therapy. While safety is the primary outcome measure, tests to
assess motor. sensory, and cognitive ability will alse be performed.

Understanding Clinical Trials ©
Publications ©

Clinical Trial Sites

If you are interested in learning mare

The trial is being conducted in Chicago, lllinois, Palo Alto, California and Pittsburgh, Pennsylvania.

All transportation and study-related costs will be covered.

Additional information about our FDA-approved clinical trial may be found at the US National Institutes of
Health Clinical Trials website.

about this FDA-approved clinical trial
and how to contact the site nearest

you, either in Chicago, IL, Palo Alto

CA or Pittsburgh, PA, please visit

- intravénds injekcio 1-5 E
nappal a stroke utan -
akut

- koldokzsinér dssejtek

Home

Our Innovation

Neu

Clinical Trials

nssen Research & Development, LLC

S—
janssen )'

Our Company Our Innovation Our Caring Our Giving Media Center

Neuroscience

of Focus

Janssen has a long-standing, continued commitment to neuroscience. Neuroscience disorders
represent a significant unmet need that carries a high societal burden, including a significant
loss of productivity and a high cost of care. Our vision in is to reduce the burden, disability
and devastation caused by serious neuropsychiatric diseases and pain conditions and

5 restore hope for patients.
roscience

Led by Dr. Husseini Manji, the Neuroscience Therapeutic Area is focused on finding
breakthrough treatments for Alzheimer's disease, mood disorders, psychosis and pain. Our

researchers are taking advantage of emerging science in neurodegenerative and
e

G ey B R



* nem csak a neurogén zéndkat érintil

- fizikai aktivitds serkentdé hatdsu

» tapldlkozdsi szokdsok: mTOR gadtlds ->
dssejtek / prekurzorok oregedésének

késleltetése

oregedés

FACTOR / STIMULUS |Change during | effect on wﬁﬁnci:;:ﬁ;e
aging neurogenesis function
hipoxic response nd

L] i i
chemokines % I | v
" CORT L 1 v
E IGF-1 ['] + v
ﬁ FGF-2 [ ] = nd
i VEGF [ 1 + v
physical exercise na ‘[ “
enriched environment na A v
p16INKs ¥ I ] nd
s p19* | 1 I 1 nd
3 cyclinD1-2 [ 1 ¥ nd
2 cdk4/cyclinD1 nd % nd
E cdk6 nd % nd
Bax nd N nd

B increased quiescence

‘igure 2. Factors influencing neurogenesis
luring aging. (From left to right) Factors and stimuli
nfluencing neurogenesis, their physiological increase
yellow arrows) or decrease (blue arrows) during
ging, as well as effects on neurogenesis through,
rimarily, a change in NSCs proliferation (arrows) or
ieuronal survival (arrewhead) are indicated. Red ticks
ndicate factors whose manipulation has been shown
o correlate  with cognitive function. nd=not
letermined; na=not applicable.

depletion due to .
fate change !

YOUNG HIPPOCAMPUS

OLD HIPPOCAMPUS

e, n

Age-related cognitive decline: Can neural stem cells help us?

Benedetta Artegiani and Federico Calegari

AGING, March 2012, Vol. 4, No 3



Pharmacological Reprogramming of Fibroblasts into Gell Stem Cell 18, 1-15, May 5, 2016

Neural Stem Cells by Signaling-Directed
Transcriptional Activation Nan Cao, "% Ke Li,"4* Yadong Huang,%% and Sheng Ding’ "

Mingliang Zhang,** Yuan-Hung Lin,** Yujiao Jennifer Sun,” Saiyong Zhu,"-#*'? Jiashun Zheng,® Kai Liu,'**

ciNSLCs: kémiailag indukdlt neural stem cell-like sejtek, virdlis vektorok

nélkil A .
, e . —J;- 'uﬁ dJ
* egér embriondlis fibroblaszt, FSP1-Cre: iy Ff;mlg : {
tdTomato jel6léssel (tdMEFs) A :‘,.'.'
1.2 1 Dsy-1 0 M9 — ﬂerentiation

* M9: 9 faktor

- BMPR , TGFB R gdtlas -> mezodermadlis
és endodermdlis fejlédés gatldsa

Relative Efficiency (v.s. MD)
==}
o

- 6SK3 és Smo gatlds, bFGF serkentés, niiafilie-e
retinsav + DNS metiltarnszferdz és "3iBZEETiog
hiszton demetildz gdtlds, autofdgia T
szabdlyozdsa -> neurondlis indukcid
* 6 napon beliil MET, 10 napon beliil >25% NSC -
(Sox2*/Nestin’) & )
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zombi-projekt....

Biotech Company Granted Ethical Permission

To Attempt To Use Stem Cells To Reactivate The . .
Brains Of The Dead Agyhalott emberek feltamasztasara

keésziilnek

http://www.origo.hu/egeszseq/20160504-agyhalal-agy-idegsejtek-neuronok-ujraelesztes.html
http://www.iflscience.com/brain/biotech-company-use-stem-cells-reactivate-brains-dead

%ﬁ REAN'MA HOME ABOUTUS PROJECTS NEWS CONTACT

May 3, 2016 | by Robin Andrews

»  NEURO-REGENERATION / NEURO-REANIMATION — CLINICAL STUDIES

. . Example: "Heart attack™ AND "Los Angeles”
ClinicalTrials.gov Search for studics

A service of the U.S. National Institutes of Health Advanced Search | Help = Studies by Topic = Glossary

Find Studies About Clinical Studies Submit Studies Resources About This Site

Home > Find Studies > Search Results > Study Record Detail Text Size ¥

Trial record 1 of 1 for:  bioguark
Previous Study | Return to List | Next Study

Non-randomized, Open-labeled, Interventional, Single Group, Proof of Concept Study With Multi-modality Approach in Cases of Brain Death Due to Traumatic Brain Injury Having Diffuse Axonal

Injury
This study is not yet open for participant recruitment. (see Contacts and Locations) ClinicalTrials.gov Identifier:
Verified April 2016 by Bioguark Inc NCTO02742857
5 - First received: April 6, 2016
ponsor: Last updated: April 14, 2016
Biogquark Inc - April 14,

Last verified: April 2016
Collaberators: History of Changes
Revita Life Sciences
Anupam Hospital

Information provided by (Responsible Party):
Bioquark Inc.

Full Text View Tabular View No Study Results Posted Disclaimer  [E] How to Read a Study Record

B Purpose

This is the proof of concept study with multi-modality approach (using intra-thecal bioactive peptides, siem cells, laser and transcranial IV laser and Median Nerve stimulation as adjuvants) in cases of brain death due fo fraumatic brain injury having diffuse axonal injury
to document possibility of reversal of brain death (BD).

Condition Intervention Phase

Brain Death Biological: BQ-A Peptide Extract Phase 1
Biological: Mesenchymal Stem Cells
Device: Transcranial Laser Therapy
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