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2 NUAVTIKEC NUEPOMNVIEC VIO TN MEAETN TWV

BAACTIKWY KUTTAPWV

NATIONAL PRIMATE RESEARCH CENTERS
On the forefront of stem cell research

W Since 1961, researchers have | B n investigating the possibilities of what stei | ells can contribute to advancing human and animal health,

: 2 1995 1998 2005
National Primate Rhesus and marmoset embryonic Human embryonic First pig-tailed macaque
Research Center stem cells (ESCs) grown in lab stem cells successfully grown ESCline and the first normally
Contributions [ MONKEY HUMAN fertilized diploid cynomolgus
% % macaque ES(sJin USA
Stem Cell Research Wisconsin National James Thomson LY
Primate Research Center, Wisconsin National EricHayes and Eliza Curnow
University of Wisconsin- Primate Research Center, Washington National
Madison University of Wisconsin-Madison Primate Research Center,

1960s 1970s ™¥7Js 1990s

1961 1981 1997
Adult stem cells Embryonicstem cell Dolly the sheep,
discovered beginnings First artificial animal clone
HUMAN MICE
lan Wilmut and colleagues
McCulloch andTill Martin Evans of Cardiff Roslin Institute, Edinburgh
Ontario Cancer Institute University, UK, then
Canada University of Cambridge

University of Washington

2000s

2001 2009
President George W. Bush Federal Funding Expands:
limits federal funding of President Barack Obama lifts 2001
research on human embryonic restrictions on federal funding
stem cells for human embryonic

stem cell research

Allows continued federal funding
for research on some
human embryonic stem
cell lines already derived.

2007

Induced pluripotent

stem cells
HUMAN

roarammed skin cells
0] 1ed's 3

James Thomson
Wisconsin National
Primate Research Center,
University of Wisconsin-Madison
Shinya Yamanaka
Kyoto Univer<=+in Japan

2010
‘First dinical trial, with
cells made from embryonic
stem cells, involves
spinal cord injury

Geron
Menlo Park, California

Transplanted human ESCs, differentiated

2013
Baboon embryonic stem cells
programmed torestore
aseverely damaged artery

2012

towards kidney lineages, into fetal
rhesus. Cell fate monitored

within vivoimaging. MONKEY
MONKEY AND HUMAN
Qiang Shi
Alice Tarantal and colleagues Texas Biomedical
California National Research Institute
Primate Research Center, Gerald Shatten

University of California, Davis University of Pittsburgh

2010s

2012
Blindness treated ~
Human embryonic
stem cells show medical
promise in a treatment
that eases blindness.

2010
Genetic knowledge and culturing
techniques gained from stem cell
research make it possible to skip
stem cell stage altogether and
directly reprogram one mature
(somatic) cell into another.

Marius Wernig
Stanford University, California

Advanced Cell Technology, MA,
and University of California -
Los Angeles

2013
Therapeutic cloning
produces human
embryonicstem cells
HUMAN

Shoukhrat Mitalipov and colleagues
QOregon National
Primate Research Center
Oregon Health and
Science University

2014
Clinical trial due to select patients
for therapy based on induced
pluripotent stem cells to treata
form of age-related blindness.

Masayo Takahashi
Riken Center for
Developmental Biology,
Kobe, Japan



Embryonic stem cells (ES cells)

Wallcome Images
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MoAvduvapa epBpuika BAaotika kuttapa (ES)

The Nobel Prize in Physiology or Medicine for 2007
jointly to
Mario R. Capecchi, Martin J. Evans and Oliver Smithies
for their discoveries of
"principles for introducing specific gene modifications in mice by
the use of embryonic stem cells"

il

Mario R. Capecchi Sir Martin J. Evans Oliver Smithies

* Modification of genes by homologous recombination
* Embryonic stem cells — vehicles to the mouse germ line

*Birth of the knockout mouse — the beginning of a new era in genetics

*Gene targeting is used to study health and disease

Nobelprize.org



1981-Mpwtn in vitro KaAAALEpYELDL
BAOOTIKWV KUTTOPWYV OTTO TTOVTLKLOL

* O Martin Evans €ilvol o mTpwTtoc mou
TAUTOTIOLEL TO EUPBpuka PAAOTIKA
KUTTOPOL OE TIOVTLKLAL.

e ETILTUYXAVEL VOL AVATITUEEL KUTTOPLKEC
o€lpEC armo to evdodepua epBpuwyv oto
otadlo tn¢ BAaotokUoTNC.



Martin Evans
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Artopovwon AvOpwniivwv moAvVSUVOUWY
eMBpukwv BAaotikwv (ES) kuttapwyv

e 1998, James Thomson (University of Wisconsin-Madison)

MERIC/’S BES] &85

REPORTS

Embryonic Stem Cell Lines
Derived from Human
Blastocysts

ﬁm.w, James A. Thomson,* Joseph ltskovitz-Eldor, Sander S. Shapiro,
rseries, we profile

A=l Michelle A. Waknitz, Jennifer ). Swiergiel, Vivienne S. Marshall,
Jeffrey M. Jones

changing our workd

Human blastocyst-derived, pluripotent cell lines are described that have normal
karyotypes, express high levels of telomerase activity, and express cell surface
markers that characterize primate embryonic stem cells but do not characterize
other early lineages. After undifferentiated proliferation in vitro for 4 to 5
months, these cells still maintained the developmental potential to form tro-
phoblast and derivatives of all three embryonic germ layers, including gut
epithelium (endoderm); cartilage, bone, smooth muscle, and striated muscle
(mesoderm); and neural epithelium, embryonic ganglia, and stratified squamous
epithelium (ectoderm). These cell lines should be useful in human develop-
mental biology, drug discovery, and transplantation medicine.

www.sciencemag.org SCIENCE VOL 282 6 NOVEMBER 1998
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KaAAlgpyela ES

Courtesy of James Thomson,
U. Wisconsin-Madison

Culture of embryonic
Embryo stem cells

Inner cell mass




KaAAlEpyela Kal AlagopoTtroinon ES

Undifferentiated
ES cells maintained

Epithelial ~ Adipocytes  Smooth muscle Nerve Heart muscle
cells cells cells cells
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OepaATTEUTIKN KAWvoOTToinon

1997 KAwvoTroinon Tou trpofaTtou Dolly
atro Touc lan Wilmut and colleagues

H Dolly dnuioupynbnka aTtro uia
OladiIKaoia TTou KaAsital somatic cell
nuclear transfer.




OepATTEUTIKN KAWvVOTToinon

(A) - _ (B)
Unfertilized ©® Adult somatic cell

Remove egg l /

chromosomes
O~ Transfer adult
nucleus to
enucleated egg

Culture to
early embryo

Blastocyst

Implant in
foster mother




OepaTTEUTIKN KAWvoOTToinon

Unfertilized egg | Adult somatic cell

from patient
Remove egg
chromosomes




OepATTEUTIKN KAWvVOTToinon

[TpoBANuaTa:
m XOQUNAN ATTOTEAECUATIKOTNTA
m HOIKG TTpofARuaTa

® AVATTOPAYWYIKA KAwvOoTToinon
(reproductive cloning)
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2012 Nobel in Medicine-Physiology

The Nobel Prize for Medicine

Shinya Yamanaka of Japan and John Gurdon of Britain honoured
for the their work on cell programming

Gurdon discovered that @&
an adult frogcellcouldbe _ =~

reprogrammed ’Q
i {
Nucleus > =
of a cell of e "o /

a frog eqgg

removed from a living frog f ;-
e Replaced by . , ef

the nucleus —* . - Modified egg

. grows into a
339? tadpole . normal tadpole

L3



The first experiments

The Developmental Capacity of Nuclei taken from
Intestinal Epitheliom Cells of Feeding Tadpoles

by 7. B. GURDONE
Frowe ohe Emrpsdopy Labararory, Deperrmest & Zoolagy, Gugand

WITH ONE FLATE

IMTRODUCTION

A important problem in embrvolopgy is whether the dilferentiation af celle
depends upon a sizble restichion of the genetie mfarmation contained in their
nuclei. The technigue of nuclear iransplantation has shown to what extent the
nuclel of differentiating cells can promaede the formation of differend cell cypes
(e.g King & Briges, 1956; Gurdon, 1960c). Yet no experiments have so far
besn published on the transplantation of nuchei from fully diferentinted normal
cills. This ks partly because it is difficalt to obtain meaningful resulis from such
experiments, The small amount of eytoplasm in differentinted cells renders their
nuclei susceptible 1o damage through exposure to the saline medium, and this
makes it difficolt to assess the significance of the abnormalities resulting from
their transplantation. It is, however, very desirable to know the developmental
capecity of such nucle, since any muclear chapges which are necessanly invalved
i cellubar differentiation mwst have aleeady taken place in cells of this kuwd,

The experiments described below are some atternpds to transplant nuclei from
fully differentmted cefls, Many of these noclei gave pbnormal resalis after
transplaniation, and several diffzrent kinds of experimenis have been carried
out to determine the cause and significance of these abrormalities,

The donor cells nsed for these experiments were intestinal epithelium cells
of ferding tadpoles. This is the final stage of diferentiation of many of the
endoderm cells whose nuclei have already been studied by means of muclear
transplaniation experimenis in Xenopws, The resualis to be described here may
therefore ke regarded as an extension of those previcusly obtained from
differentiating endederm cells {Guardon, 1960c).

MATERIAL AMD METHODS

The animals wsed for these experiments belong to the subspecies Yemopus
Laevis faevis, The transplaniation techmnique has been carmied out as described
previcusly (Elsdale er af, 19600, except that the donor tissue was exposed io

L Asvher's Adaverr: Depariment of Zoology, Perks Read, Oxfond, UK.
|4 Embiryold. feg. Monph, Vel 18, Parr &, pp. 2380 Do #miber 190 3)

Wild-type donor
of enucleated eggs

Albino parents
of nucleus donor




2012 Nobel in Medicine-Physiology

Yamanaka discovered how mice cells
could be returned to their youthful

state, becoming ‘pluripotent’
stem cells Q
S,

&) Four genes from 5
a mouse embryo A
were transferred £ .
into cells taken > 14
fromm mouse skin "

Reprogrammed, they became g S e 8 1 \

‘pluripotent’ stem cells ——» > .* ey O
which could be developed into =% = & <y 7

all cell types of an adult mouse

= > ‘Pluripotent’ cells, » The discoveries have raised hopes

\ including nerve, that replacement tissue may in the
Sk heart and future be grown to fight disease
® liver cells, in humans
could now ;
'l \ be generated » The process avoids the need to
( '\ | from humans use stem cells from early-stage

embryos for research
Source: Nobelprize.org y AP




The Nobel Prize for Medicine

Shinya Yamanaka of Japan and John Gurdon of Britain honoured
for the their work on cell programming

Gurdon discovered that * &
an adult frog cell could be :
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ETrayopeva TToAUdUVapa BAACTIKA
KUTTOpPO
(Induced pluripotent stem cells (iPS))




Induction of Pluripotent Stem Cells
from Mouse Embryonic and Adult
Fibroblast Cultures by Defined Factors

Kazutoshi Takahashi' and Shinya Yamanaka'**

We selected 24 genes as candidates for factors that
induce plurpotency in somatic cells, based on our
hypothesis that such factors also play pivotal roles in the
maintenance of ES cell identity (see Table 51 in the
Supplemental Data available with this article online). For

"ﬂ‘4.|:|
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Call 1317, B61-872, Novemnber 30, 2007

Induction of Pluripotent Stem Cells
from Adult Human Fibroblasts
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iPS cells are indistinguishable from embryo derived ES cells in morphology,
pluripotency, gene expression and epigenetic profiles.



induced pluripotent stem cells (iPS)

Reprogramming by transoripticn factor cveranpression (induced pluripotenoy)

Richard P. Halley-Stott et al. Development 2013;140:2468-
2471

‘ Development

© 2013. Published by The Company of Biologists Ltd



EpapuovEc ETTayouEVWY TTOAUOUVON WYV
BAAOTIKWYV KUTTAPWV

iPS cells

p?:tc:im o / \\

Beta cells

Cardiac
cells Hepatocytes

Transplantation studies Cellular studies
genetic screans (disease in vivo) (disease in vitro)




2WHATIKA BAAOCTIKA KUTTAPO

m Ta eviAika BAaoTika kuttapa (EBK) eivai
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EvTepIKO £TIBNAIO

Kaivzogudég

ATT0000@NTLXO
®OTTUQO

- Adoyvn
EVTe00eVOOROLVES
AVTTOQO0

MLtoTLrd
AUTTUQU

(a)  Kvottaoo Paneth

|




-~

o

BAooTIKAO KUTTOPO TOU

~

OLLLLOTTOLNTLKOU CUOTNLOTOC

J




KuUttapa Tou alponotnTtikov GUCTHHOTOG

e |
EpuBpokiTTCOpO £%® @

AtpoTtreTahia

Oyﬁfrapdcplho Hwaoivogpilo fooedq}l?\g AepokOTTapo AgpHpOKUTTUPO

Makpopayo Y B T
KOTTCPO KOKKIOKOTTOPO

Geoffrey M. Cooper - Robert E. Hausman, To x0ttapo-Mix Mogtaxy ITpoceyyion



AlpomotnTika PAoCTIKO KUTTOPA
KoBoplopog tTnc HopLoKNC TOWUTOTNTOLC

BAaoTIKA KUTTOPO

LT-HSC ST-HSC
Lin(-) Lin(-)
ckit(+) ckit(+)
Scal(+) Scal(+)
CD48(-) CDA43(-)

CD150(+) CD150(+)

CD38(+) CD38(-)

Aeuocidng osipa
CLP

T-kUTTOPO
TCR+

A\ —> .
Pro-T

Pro-B

Lin(-)
c-kit (int)
Sca1 (int)
IL-7Ra(+)

MueAosidng ocsipa
CMP

O)—
Lin(-)
ckit(+)
Scal(-)
CD34+
FcyRIl/lll lo

(O B-kuTtTOpa
B220+

MovokuTttapa

@ Mac1+
Koxmox(nmpa

Lin(-)ckit(+)Sca1(- ) GR1+
FcyRIl/lll hi CD34+

Meyampuom’nrapa

C j EpquOKOTTapa

Lln( )Cklt(+)sca1( ) Ter119+
FcyRIl/lll lo CD34-
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H npwtn mpoonabela KUTTAPLKNC
Oeparmelog

me NEW ENGLAN D
JOURNAL of MEDICINE

INTRAVENOUS INFUSION OF BONE MARROW IN PATIENTS RECEIVING
RADIATION AND CHEMOTHERAPY*

E. DonnaLL TroOMAS, M.D.,# Harry L. Locure, Jr., M.D.,f Wan CHine Lu, PH.D.,§
AND JosEpH W. FErRreBeg, M.D.|

COOPERSTOWN, NEW YORK, AND BOSTON, MASSACHUSETTS

492 THE NEW ENGLAND JOURNAL OF MEDICINE Sept. 12, 1957



H apxn ...
nopovoia evoc mAnBuopou mou Unopel va
avaysvva tov MO

RADIATION RESEARCH 14 213-222 (1961)

A Direct Measurement of the Radiation Sensitivity of
Normal Mouse Bone Marrow Cells'

JLE. TILL ANDE. A. McCULLOCH

Department of Medical Biophysics, University af Toronto, and the Divisions of
Biological Research and Physics of the Ontario Cancer Institute,

Toronte, Ontario



TWV OOTWV

AA\OYEVNC LETOUOCYXEUON KUTTAPWV TOU LUEAOU
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THE LANCET

Volume 292, Issue 7583, 28 December 1968, Pages 1366—1369
Originally published as Volume 2, Issue 7583

IMMUNOLOGICAL RECONSTITUTION OF
SEX-LINKED LYMPHOPENIC
IMMUNOLOGICAL DEFICIENCY

RicHARD A, GATTI HILAIRE . MEUWISSEN
M.D. 5t. Louis M.D. Nymegen
RESEARCH FELLOW RESEARCH FELLOW
HucH D, ALLEN RicHAarD HoNG
M., Cincinnati M.D. Illinois
PEDIATRIC RESIDENT ASSOCIATE PROFESSOR

Rogert A. Goobp
M.ID,, Ph.D. Minneapolis

AMERICAN LEGION MEMORIAL HEART RESEARCH PROFESSOR OF
PEDIATRICS ANTY MICROBIOLOGY

DECEMBER 28, 1968 ORIGINAL ARTICLES

THE LANCET



Xpnon ONA ywa tnv avanAacn tov MO

e NEW ENGLAND
JOURNAL of MEDICINE

© 1989 Massachusetts Medical Societv. All rights reserved.
Originally published: N Engl J Med. 1989 Oct 26,321(17):1174-8. pmid: 2571931

Hematopoietic reconstitution in a patient with Fanconi‘s anemia by means of
umbilical-cord blood from an HL. A-identical sibling

Eliane Gluckman?!, Hal E. Broxmeyer?, Arleen D. Auerbach?, Henry S. Friedman®, Gordon W. Douglas?,
Agnes Devergie', Helene Esperou’, Dominique Thierry®, Gerard Socie', Pierre Lehn', Scott Cooper?,
Denis English?, Joanne Kurtzberg?, Judith Bard’, and Edward A. Boyse’



HSPCs (mouse LSK cells; Human CD34*cells)

Self-renewal

‘Eifferentiation

Dormant LT-HSC

Mouse Human
CD48CD150* CD34*CD38CD90*
CD34CD135CD201* CD45RACD49f*GPI-80*

vt

Active ST-HSCs
v

Differentiation prone MPPs



Weissman Model

Jacobsen Model

Morrison Model
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Thy1 Flit3*
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HSC-2  cp4gor
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MPP-1 cp4ge
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MPP-3 cp4giow

CD229" CD244°



Meoeyyvpoatika BAaocTika KUTTOpQ
«Mny&g»

* [Inyec MSCs
— MueAoC TwV 0oTWV
— AtmwdNC LoTOoC
— Baptovelo yEAN Tou opdaAliov Awpou
— MAakoUvToC
— Neoyl\a dovTia-060ovTLKOC TTOADOC



Meosyyvpatika BAaotika kuttapa MSCs
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Meoeyyvpatika BAaotika Kuttapa
Avayesvvntikn Apaon

* Mapakpvnc 6pacn-Tpodikn 6paon

* PuBuion tng avocoanavinong-
AvtidAsypovwdnc dpaon

* Alopopomoilnon 0€ CUYKEKPLULEVOUC TUTIOUC
KUTTOPWV
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..."Once the development was ended, the founts of growth and
regeneration of the axons and dendrites dried up irrevocably. In
the adult centers, the nerve paths are something fixed, ended, and
immutable. Everything may die, nothing may be regenerated. It is
for the science of the future to change, if possible, this harsh
decree.” (1913)...

o

Figure drawn by Cajal (1954)

©2005 by The Royal Society R.W Guillery Phil. Trans. R. Soc. B 2005;360:1281-1307

—— P ‘j‘{jf———-ﬂ
— o= T = in the late 19th to early 20th
= i ——— .

H = century by the prominent

',_‘,,' 66 6 ® histologist Ramon y Cajal:

PHILOSOPHICAL |
TRANSACTIONS |

OF 4
THE ROYAL i
SOCIETY i



The broken dogma: Neurogenesis in adult brain

. % N A . X
“*60s J Altman Radioactive thymidine t’i‘\:.-"i ¥,
*70s M Kaplan Radioactive thymidine | - 3 R it L /)
electron microscopy W T o 3
—t anl | -
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BAOOTIKA/TTPOOPOMO VEUPIKA KUTTOAPO OTNV
UTTOKOKKIWON oToIfAdO TS 000OVTWTNG
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Schematic illustration of adult neurogenesis in the adult rodent
and human brain.
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Ernst A, Frisén J (2015) Adult Neurogenesis in Humans- Common and Unique Traits in Mammals. PLoS Biol 13(1): e1002045.

doi:10.1371/journal.pbio.1002045
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OEPATTEUTIKEG EQAPMOYEG BAACTIKWY
KUTTAPWV
AvayevvnTiKN laTpIKN




Avayevvntikn latpikn-Kuttapikec Oepameiec

* EmdL0pBwon/AviKaTAoTAON KUTTAPWVY,
LOTWV, OPYAVWV

— EpBropnyavikn, BlouAika, yovidlokn Bepareia

* Kwvntomoinon evbéoyevwyv mMAnBuouwv
BAQCTIKWV KUTTAPWV



Atadoporoinon apxeyovwv/BAAOTIKWY KUTTAPWV YL
BeparevtikoUC oKkoTOUC-
-Beparelec KUTTAPLKNC UTTOKATAOTAONC

MoAuvduvapa Epppuovika BAactika
kuttapa (ES)

Blastocyst .

EvAAilka Kot

EuBputka BAaotikd

KUttapa npogpxopeva KUtTapa
ano Oeparmnevtiki (Zwpatika BAacTIKA
KAwvomnoinon KOTTOp QL)

Enavanpoypoplotiopog
Entayopeva BAaoTIKA
KUtTTOpa
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The Promise of Stem Cell Research

Identify drug Understanding

targets and Study cell prevention &
test potential differentiation = | ireatment of
therapeutics birth defects

Cultured Pluripotent
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Toxicity Tissues/Cells for Transplantation ! !
I I

| |

Testing
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Bone marrow Nerve cells Heart muscle Pancreatic
for leukemia for Parkinsons cells for islet cells
& chemotherapy & Alzhiemer’s heart disease for diabetes
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Kuttaplkeg Oepamelec LE XpRion
BAOCTIKWV KUTTAPWYV

* BAOLOTLKO KUTTOPA TOU OLLLLOTIOLNTLKOU CUOTINMOTOC

— [eVETIKEC ALOODEVELEC, OVOOOOVETIAPKELEC, KOKONOELEC

* 30.000 autoloyec petaoyxeVoelc (TOAAATIAO HUEAWUA, NON-
Hodgkin’s Aepdwpa) 15.000 aAAoyeveic (oéeiec AsuyaLuLeg)

N
— MetapooyeUoelc SEPUOTOC OE EYKOLUUATLEC n |
N, N/
hqc: ) 1
&>

— EndLopBbwon coBopwv BAaBwv Tou kepatoedn
Xttwva tou odBaApou




KAWLKEC SOKLMECG ME BAOOTIKA KUTTOPA

g0€yXUpaTika (115)

»Anwdn (36)
Eppuika (3)

Data from the US NIH website clinicaltrials.gov Cell Stem Cell. Jun 14, 2012; 10(6): 740-749
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Neural stem cell transplantation can
ameliorate the phenotype of a mouse
model of spinal muscular atrophy

Stefania Cortl,'2 Monka NEzzardo

v Martina Nardinl,! Chiara Donadonl,' Sabrina Salanl,!

Darto Ronohl,' Francesca Salacino,! Andreina Bordonl,! France sco Fortunato,! Roberto Dol Bo,!
Dimitra Papadimitriou,’ Federioa Looatelll,? Glorgla Menoz,® Sandra Strazzer,?
Nereo Bresclin,'?? and Glacomo F. Coml'2

Cina Femarn Cantra, Copartraent of Reuraln j ey Eckenoss, Untasrsity of Milan and | RCC E Foundation Dipedala Maggyors Polkcinice

Mungagall and Fegna Esra, Wian W
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Spinal muscular atrophy (SMA), amotor neuron disease ( MND) and one of the mest common genetic canses
of tnfant mortality, currentdy has no cure Padents with SMA exhrbit muscle weakness and bypotonia. Stem
cdl transplan agon Is aﬁ)otcml.ﬂ therapendc strategy for SMA and other MNDs. In this st dy, we Isolated spi-

nal cord neural stem ce
Assess

(NSCs) from mice expressing green fluorescent protein only In motor neurons an
or therapeutic eftects on the phenotype of S MA mice. Intrathecally grafred NSCs migrated into the

parenchyma and generated a small proportion of moter nenrons Trea ted SMA mice exhibited improved neu-
romuscular funcrion, Increased Ufespan, and improved motorunit pathelogy. Global gene expression anabys's
of laser-capture-microdissected motor neurons from treated mice showed that the major effect of NSC rans-
plantation was med iflcation of the SMA phenotype toward the wild-type pattern, Induding changes In RNA
metbolism protelns, cell cyde protelns, and actin-binding proterns. NSC mansplantacion posidvey affected
the SMA disease phenotype, Indicat'ng that transplantation of NSCs may be a possible treamment for SMA.
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Human Embryonic Germ Cell Derivatives Facilitate Motor
Recovery of Rats with Diffuse Motor Neuron Injury

Douglas A. Kerr ! Jeronia Llado,! Michael |. Shamblott,* Ni cholas |. Maragakis,' David N. Irani,! Thomas 0. Crawford
Chitra Krishnan,! Sonny Dike ! John D). Gearhart# and Jeffrey D, Rothstein!
Departments of "Saurclogy and *Cynecolagy a1d Obstarka, Jokns Hopldns University School of Mediing, Batimers, Marfand 11287

We have lnvestignted the potential of human pluripotest cells to restore fusction In rts paralyzad with a viresindw o motor nes-
ronopat by, Cels derived from embryonic germ cells, termed embryold body-derved (ERD) cells, Introduced into the CSF were distrib-
uted extensively over the mstrocandal kength of the spinal cord and migrated isto the spisal cord parenchyma i paralyzed, b not
uninjured, animals. Some of the transplanted human cells expressed the neurcg lial progenitor marker nestin, whereas others expressed
immunohistochemical markers characteristic of astrocytes or mature newrons. Rare transplante d cdls developed iImmunoreactiviy to
choline aceryli ransferase (ChAT) and sent axons into the s latic nerve as detected by retrograde labeling, Paralyzed animals troasplante d
with EED cells partially recovered motor function 12 and 24 weeks after transplant ation, whereas control animals remalned paralyzed
Semi-quantkative analysis revealed that the efficlency of neuronal differentiation and extension of neurites could not account for the
functional recovery. Rather, transplinted EED cells protected host neurons from death and balitated reafferentation of motor sewron
cell bodies. te witro, EED cells secrete transform lnggrowth botor—a (TG F-a)and brain-derived sexmotrophic factor (BDN FL Neutral ixlag
antibodies to TGP« and to B DNF abrogated the ability of EED-conditione d media to sustals motor seuron survival in culture, whe reas
nentralicing antibodies to EDNF eliminated the axonal cutgrosth from spinal erganotypics observed with direct coculture of ERD cells
We conclude that cells derived from human pluripotent stem cells have the capadiy 1o restore senologic funct bon In asimals with diffuse
motor neuron disease via enhancement of host seuron survival and function

Key words: motor neuron disease; Sindbis virus o em cels embryonic germ cdl; trophic bators;embrpo body

The Journal of Neuroscience,
a rat paralyzed with the Sindbis virus. patalyzed rat also 6 months after receiving a i ik, i o 2R 2=

5140 « 5131
transplant.
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NATURE | NEWS

Reprogrammed cells relieve Parkinson's symptoms in trials

Monkeys implanted with neurons derived from stem cells showed sustained improvement after two years.

Ewen Callaway

term-cell treatme




LETTER

doi:10.1038/nature 23664

Human iPS cell-derived dopaminergic neurons
functlon ina prlmate Par kmson s disease model
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Box 1. Summary of pre-clinical assessments

Summary of key parameters measured in the three major steps for taking stem cell-derived dopaminergic neurons to clinical trial. These include:

(A) monitoring of the cell product to ensure cells manufactured for clinical use are of sufficient quality and quantity, without any contaminating pluripotent
cells and with minimal contamination of forebrain and hindbrain progenitors; (B) in vivo testing to ensure that cells used for grafting are safe; and (C) ensuring
that cells have the ability to survive and mature in vivo. The most-important features are that they can mediate functional recovery in dopamine-depletion
models and are able project long distances such that innervation is sufficient for use in humans.

(A) Manufacturing process (B) Safety (C) Efficacy

» In process Quality Control (QC) « Tumorigenicity + Yield
and Release Criteria (RC) to Rule out pluripotent cells or other Estimate the number of mature
ascertain quality of cells and contaminants in vitro and dopaminergic neurons
comparability between batches ensure no tumor formation obtained per 100,000 grafted
Eighty percent of cells in vivo can be done in nude cells
co-expressing midbrain markers mice or rats at certified contract + Ability to restore motor function
such as FOXA2, LMX1A, EN1 research organization Full recovery of amphetamine-
and CORIN « Biodistribution induced rotations in

Absence of pluripotency markers

Low expression of non-neural
markers

Low numbers of forebrain and
hindbrain progenitors (i.e.
PAX6", FOXG1*, GBX2%)

(Kirkeby et al., 2017b; Studer, 2017,
Takahashi, 2017)

Standard in vivo testing at certified
CRO
« Toxicology
Standard in vivo testing at certified
CRO
(Kirkeby et al., 2017b; Studer, 2017,
Takahashi, 2017)

6-hydroxydopamine lesion
model

« Long-range target specific

innervation

Intranigral grafting in rat model, or

intrastriatal grafting in a large
animal model

(Barker et al., 2017; Grealish et al.,

2014; Kikuchi et al., 2017)

Development (2018) 145, dev156117. doi:10.1242/dev.156117




Table 1. Main Feature Summary of GForce-PD Partners’ Clinical Trials

EUROPEAN STEM-PD”

NYSTEM-PD

CiRA Trial

Summit for PD Trial

Cell source

Cryopreserved cell
product?

Genetic testing of cell
product

Cell delivery method

Dosing?
Immunosuppressive
regime

ESCs
yes

8D

“Rehncrona” instrument

previously used in fetal
VM trials

low dose, high dose
yes, at least 12 months;
probably CiclosporinA;
Azathioprine; steroids

ESCs
yes

karyotype / + TBD

MRI/Clearpoint system

low dose, high dose

yes, 12 months; FK506;
Basiliximab;
TBD = mycophenolate

allogeneic iPSCs
no

sequencing for certain
genes

purpose made needle

one dose
yes, 1-2 years; FK506

autologous iPSCs
yes

full genome sequencing

MRI/Clearpoint system

low dose, high dose
none

Patient characteristics

Age

Disease duration
Significant LIDs?
L-dopa response?
Pre-transplant
run-in period
Follow-up period
PET imaging

Primary end point
Secondary clinical end
points (changes in)

Date for planned
first-in-human study

<70 years old
<12 years

no

>30%

>1 year

indefinitely
F-dopa; PE2i

adverse events

UPDRS motor 3 in
defined “off”; PDQ39;

Addenbrooke’s Cognitive

Examination (Revised)
2019-2020

40-70 years old
5-12 years

no

>50%

>1 year

at least 2 years
F-dopa; PE2i; DPA 713

adverse events
UPDRS motor 3 in
defined “off”; PDQ39;
Montreal Cognitive
Assessment

2018

50-70 years old
>5 years

no

>30%

TBD

at least 2 years

F-dopa; DAT-SPECT;
FLT GE180

adverse events

UPDRS motor 3 in defined

“off”; “off” time period

PDQ39; Mini Mental State

Examination score
2018

45-70 years
>5 years

no

>20%

>1 year

at least 1 year

F-dopa; DAT-SPECT
FLT GE180

adverse events

UPDRS motor 3 in
defined “off”; PDQ39;
Mini Mental State
Examination Score

2019

*The outcome of NeuroStemCellRepair and TRANSEURO.
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Induced pluripotent Human embryonic
stem-cell line

“linical-grade
dopaminergic neuronal
progenitor cells

Apparatus
for cell graft

Caudate
Striatum nucleus

Substantia
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Kapkivika BAAOCTIKA KUTTAOpPO




Kapkivika BAaoTikd kutTapa (Cancer stem cells)

1937
With M. C. Kahn. The transmission of leukemia of mice with a
single cell. Am. | Cancer 31:276-82.

Leukemia

Normal




T1 gival Ta KapKivika BAACTIKA KUTTOPO

e gival OIOPOPETIKA ATTO TA PUCIOAOYIKA BAACTIKA KUTTAPO
TO OTTOIO YivOVTal KAPKIVIKA

e Cancer Stem Cells (CSCs):

-YTTOTTANBUO OGS TWV KUTTAPWV
EVOG OYKOU O OTT0i0G £XEI TV
IKOVOTNTA AUTOAVAVEWONG KAl
MTTOPEI VO OWOElI YEvEON O€
OI10@OPETIKOUG KUTTAPIKOUG TUTTOU
TTOU ATTOTEAEOUV TOV OYKO

- O1 OHOIOTNTES TWV KAPKIVIKWYV
BAAOTIKWV KUTTAPWYV
AVTITTPOOWTTEUOUV TNV OMOIOTNTA
TOUG HE TA KAPKIVIKA BAAOTIKA
KUTTOPO KOl TNG IKAVOTNTAG TOUG Va Nature Review Cancer, Vol 8:755-768, Oct. 2008
dlaTnpRoOOoUV ToV OYKO




KapKIVIKa BAACTIKA KUTTAPO €ival KUTTAPO TA OTTOIO
gUBUVOVTAI YIO TNV EVOPEN TOU OYKOU KOl £XOUV
XOPOKTNPIOTIKA BAACTIKWYV KUTTAPWYV

Progenitor or
transit-amplifying
Normal cells
stem cell

Mature
tissue

Mutations

Cancer
stem cell

Figure 2. Stem-Cell Systems.



TABLE 1. Properties of neural stem cells and cancer stem cells”

Neural stem cells Cancer stem cells

Cell surface marker CD133 CD133; A2B5
Self-renewal Unlimited Unlimited
Proliferation Low Variable

Location SVZ, SGZ of Variable
hippocampus

Proximity to vessel Adjacent Adjacent

Signaling pathway EGF, bFGF, Wnt, EGF, bFGF, PDGF,
regulating fate Shh, TGFB Wnt, Shh, TGF3

Chemosensitivity Sensitive Variable with some
resistance

Radiation Sensitive Variable with some

resistance

2 SVZ, subventricular zone; SGZ, subgranular zone; EGF, epidermal growth factor;
bFGF, basic fibroblast growth factor; Shh, sonic hedgehog; TGF, transforming growth

-

ractor.




TAUTOTTOINO N KAPKIVIKWY PAACTIKWYV
KUTTAPWYV TTOU ETTAYOUV TOV OYKO (cancer-

initiating cells)

Injection | B
20 into brain C3ar] BT
& w I

BRAIN CD133*

£ CANCER Subcutaneous . ‘

PPN injection 7 .
CcD44*

o i BREAST Injection into :

|

CANCER — .':0' mammary fat pad

2003

Y COLON CD44*CD24-
) \/'§ CANCER o e Injection under
il 838 renal capsule

or subcutaneous
CD133 injection

2007

AML * Intravenous 1997
CD34*CD38- injection
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Differentiation Therapy

Immature cells
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Kapkivikd BAAOTIKA KUTTAPO — TO
MEAAOV

* véeg OepaTreuTIKEG £E€AIEIC Ba eapTnOOUV ATTd TNV IKAVOTNTA TNG
AVIXVEUONG TWV KAPKIVIKWY BAACTIKWY KUTTAPWYV

* VvEéa @AapuaKa Ba TTpoodlopIcTOUV ATTO TNV IKAVOTNTA TOUG VO
OTOXEUOOUV KOI VO KATOOTPEYOUV TA KAPKIVIKA KUTTAPO T OTToid
TTPOAYOouUV ToV OYKO
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Breast cancer
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