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Summary

Cell, Vol. 73, 673-686, May 21, 1893, Copyright © 1993 hy Cell Press

The identity of cell types generated along the dorso-
ventral axis of the neural tube depends on inductive

Control of Cell Pattern in the Neural Tube: siraethat cariefom bt mescdrmal and e
Motor Neuron Induction by Diffusible Factors Pant. Motor eurons andneur retcois e

4 ate in vitro from appropriate regions of the neural

; Iate, indicating that th ificati fcell fate al
from Notochord and Floor Plate | e St sl o e e o
g neural plate stage. Motor neuron differentiation can

Toshiya Yamada, * Samuel L. Pfaff,* Thomas Edlund,t L " TV U be induced by a diffusible factor that derives initially
- = from the notochord and later from floor plate cells. By
and Thomas M. Jessell contrast, floor plate induction requires contact with
. the notochord. Thus, the identity and patterning of
neural cell types appear to involve distinct contact-
mediated and diffusible signals from the notochord

and floor plate.

A

i stage 10 ii stage 10 iii stages 16-25

resstral

Figure 1. In Vitro Induction Assay and Expression of Markers Used to Detect Motor Neuron Ditferentiation
(&) (Diagram I) A dorsal view of the neural plate and neural tube of a stage 10 chick embryo showing the position and rostrocaudal extent (300—
350 um) of the region of neural plate isolated for induction assays. (Diagram ii} Transverse section showing the neural plate and the dorsal (d),
intermediate (i), and ventral (v} regions used in in vitro assays. The fate of cells in the ventral midline region (f) was not examined. (Diagram iii)
Inducing tissue was isolated from stage 10-17 notochord (n) and from stage 10-25 and stage 10-26 floor plate (f). (Diagram iv} To determine the
degree of commitment of cells in the neural plate, dorsal (d), intermediate (i), and ventral neural plate (v) explants were grown separately in collagen
gais. (Diagrams v and vi) Far induction assays. intarmediate naural plate explants (i} were grown in contact with notochard (n) or fioor plate (f)
explants (diagram v) or in the presence of notochord- or floor plate-conditioned medium (cm) {diagram vi}. For details see Experimental Procedures.
(B) Coexpression of SC1 and Islet-1 by embryonic spinal motor neurons in a transverse saction of stage 16-17 chick spinal cord. SC1 (green
label) is expressed by motor neurons and alse by fluor plate cells and the notochord. Islet-1 expression (red label) is restricted to motor neurons
at this stage of spinal cord development.
{C) Dark-fisld micrograph showing the localization of ChAT mRNA by in situ hybridization histochemistry in a section of a stage 26 chick embryo.
Hybridization is detected over cells in the motor column but not over other cells in the spinal cord.

Scale bar: (B), 80 um; {(C), 250 um.
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Summary

Distinct classes of neurons are generated at defined
positions in the ventral neural tube in response to a

A Homeodomain Protein Code Specifies Progenitor  gadent of Sonic Hedgehog (shh) activity. A set of

Cell Identity and Neuronal Fate in the

Ventral Neural Tube

A

[ Class |

homeodomaintranscription factors expressed by neu-
ral progenitors act as intermediaries in Shh-dependent
neural patterning. These homeodomain factors fall
into two classes: class | proteins are repressed by Shh
and class 1l proteins require Shh signaling for their
expression. The profile of class | and class Il protein
expression defines five progenitor domains, each of
which generates a distinct class of postmitotic neu-
rons. Cross-repressive interactions between class |
and class Il proteins appear to refine and maintain
these progenitor domains. The combinatorial expres-
sion of three of these proteins—Nkx6.1, Nkx2.2, and
Irx3—specifies the identity of three classes of neurons
generated in the ventral third of the neural tube.

Pax7
Nkx6.1

Dbx1 Dbx2 Irx3
Nkx6.1 Nkx6.1

Nkx2.2 |

|

Class Il

Figure 1. Homedomain Proteins Define Five Ventral Progenitor Do-
mains

(A) Localization of homeodomain proteins in the neural tube of HH
stage 20 chick embryos. Class | proteins (Pax7, Dbx2, Irx3, and
Pax6) have different ventral boundaries (yellow arrowheads). Class
Il proteins (Nkx6.1 and Nkx2.2) have different dorsal boundaries
(yellow arrowheads). The dorsoventral (DV) boundaries of the neural
tubes are indicated by dotted lines. Composite of expression do-
mains shown in (B), p = progenitor domain.

(B) The combinatorial expression of class | and class 1l proteins
defines five ventral progenitor domains. Images show protein ex-
pression in the neural tube of HH stage 22 chick embryos.
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Cell, Vol. 101, 435-445, May 12, 2000, Copyright ©2000 by Cell Press

A Homeodomain Protein Code Specifies Progenitor

Cell Identity and Neuronal Fate in the
Ventral Neural Tube
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Summary

Distinct classes of neurons are generated at defined
positions in the ventral neural tube in response to a
gradient of Sonic Hedgehog (Shh) activity. A set of
homeodomain transcription factors expressed by neu-
ral progenitors act as intermediaries in Shh-dependent
neural patterning. These homeodomain factors fall
into two classes: class | proteins are repressed by Shh
and class Il proteins require Shh signaling for their
expression. The profile of class | and class Il protein
expression defines five progenitor domains, each of
which generates a distinct class of postmitotic neu-
rons. Cross-repressive interactions between class |
and class Il proteins appear to refine and maintain
these progenitor domains. The combinatorial expres-
sion of three of these proteins—Nkx6.1, Nkx2.2, and
Irx3—specifies the identity of three classes of neurons
generated in the ventral third of the neural tube.

Figure 4. Each Progenitor Domain Generates a Distinct Neuronal
Subtype

(A-E) Relationship between class | and class |l proteins and neuronal
markers. The domain of Nkx6.1 expression encompasses Isl1/2 MNs
(A) and Chx10 V2 neurons (C) but is positioned ventral to En1 V1
neurons (D). Chx10 V2 neurons are generated dorsal to HB9 MNs
(B). En1 V1 neurons are generated at the ventral extent of the Dbx2
domain (E). Images from HH stage 22-24 embryos.

(F-J) Relationship between class | and class Il proteins and neuronal
subtype determinants. The domain of Nkx6.1 expression encom-
passes the domain of generation of Lim3 (F) and MNR2 cells (H).
Lim3 cells are positioned ventral to the domain of Dbx2 expression
(G). MNR2 cells are positioned ventral to the domain of Irx3 expres-
sion (I). Lim1/2 cells derive from Pax6 progenitors (J).

(K) The relationship between progenitor domain identity and neu-
ronal fate.

(L) The progenitor homeodomain code within the three ventral-most
domains of neurogenesis.
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Summary

Distinct classes of neurons are generated at defined
positions in the ventral neural tube in response to a
gradient of Sonic Hedgehog (Shh) activity. A set of
homeodomain transcription factors expressed by neu-
ral progenitors act as intermediaries in Shh-dependent
neural patterning. These homeodomain factors fall
into two classes: class | proteins are repressed by Shh
and class Il proteins require Shh signaling for their
expression. The profile of class | and class Il protein
expression defines five progenitor domains, each of
which generates a distinct class of postmitotic neu-
rons. Cross-repressive interactions between class |
and class Il proteins appear to refine and maintain
these progenitor domains. The combinatorial expres-
sion of three of these proteins—Nkx6.1, Nkx2.2, and
Irx3—specifies the identity of three classes of neurons
generated in the ventral third of the neural tube.

Figure 6. Irx3 Represses Motor Neuron
Generation and Induces V2 Neurons
(A) The ventral limit of Irx3 expression

corresponds to the dorsal extent of MNR2+ cells
in control embryos. Progenitor cells in the ventral-
most domain of Irx3 expression give rise to V2
neurons that express Lim3 (B) and Chx10 (C).
After ventral misexpression of Irx3 by
electroporation there is no change in the pattern
of Lim3 expression (E) but MNR21 cells are
repressed (D) and Chx10+ V2 neurons
differentiation, extending findings that Nkx2.2
activity are generated within the pMN domain (F).
Images representative of 10 experiments.
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A Sonic Hedgehog-Independent, Retinoid-Activated
Pathway of Neurogenesis in the Ventral Spinal Cord

Alessandra Pierani,”*
Chin Chiang,t and Thomas M. Jessell*#
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e10.5 Shh-/- |

Susan Brenner-Morton,*

Summary

Sonic hedgehog (Shh) is thought to control the genera-
tion of motor neurons and interneurons in the ventral
CNS. We show here that a Shh-independent pathway
of interneuron generation also operates in the ventral
spinal cord. Evidence for this parallel pathway emerged
from an analysis of the induction of ventral progenitors
that express the Dbx homeodomain proteins and of
Evx1/2 (VO) and En1 (V1) neurons. Shh signaling is
sufficient to induce Dbx cells and VO and V1 neurons
but is not required for their generation in vitro or in
vivo. Retinoids appear to mediate this parallel path-
way. These findings reveal an unanticipated Shh-inde-
pendent signaling pathway that controls progenitor
cell identity and interneuron diversity in the ventral
spinal cord.

Dbx1

Il

Dbx2

Dbx1

Pax?

Dbx1_Ewvx1/2 le‘t.’z Evx1/2

Figure 4. Generation of Dbx Progenitors and Evx1/2 (V0) and En1 (V1) Neurons in Shh~'~ Embryos

(A-D) Dbx1 and Dbx2 expression in E10.5 Shh~'~ mice. In contrast to wild-type embryos (A and B), in Shh~'~ embryos (C and D) expression
of both genes is restricted to the ventral midline of the spinal cord. DbxT and DbxZ expression was also detected at caudal hindbrain levels

at E9.5 (not shown).

(E-L) Localization of Dbx1, Pax7, En1, and Evx1/2 in E10.5 wild-type (E-H) and Shh~'~ (I-L) embryos. (E and I) Pax7 expression in wild-type
and Shh~'- embryos. Ventral midline progenitors express low or negligible Pax7 levels. (F and J) Dbx1 expression (red) and En1 neurons
(green) in Shh~'- embryos. In Shh~'— mutants, the number of En1 neurons was lower than the number of Evx1/2 neurons. (G and K) Dbx1
expression (red) and Evx1/2 neurons (green) in Shh~'~ embryos. (H and L) Evx1/2 neurons in Shir'- embryos coexpress Lim1/2.

Scale bar, 40 pm.
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Summary

Sonic hedgehog (Shh) is thought to control the genera-
tion of motor neurons and interneurons in the ventral
CNS. We show here that a Shh-independent pathway
of interneuron generation also operates in the ventral
spinal cord. Evidence for this parallel pathway emerged
from an analysis of the induction of ventral progenitors
that express the Dbx homeodomain proteins and of
Evx1/2 (VO) and En1 (V1) neurons. Shh signaling is
sufficient to induce Dbx cells and VO and V1 neurons
but is not required for their generation in vitro or in
vivo. Retinoids appear to mediate this parallel path-
way. These findings reveal an unanticipated Shh-inde-
pendent signaling pathway that controls progenitor
cell identity and interneuron diversity in the ventral
spinal cord.

Figure 5. Retinoids Induce Dbx Expression and VO and V1
Neurons

(A and B) Induction of Dbx1 (A) and Dbx2 (B) expression by
RA (100 nM). Similar results were obtained with Rol (1 mM).
Induction of Dbx1 and Dbx2 expression was obtained at the
same threshold concentration of RA (appx 5 nM, not shown).
(C and D) Generation of Evx1/2, Lim1/2 neurons (C) and Enl
neurons (D) by RA (100 nM). (E) Absence of Pax7 expression
from many cells in [i] explants incubated with RA (100 nM).
(F) Expression of Pax6 in [i] explants incubated with RA (100
nM). (G) Many Dbxl1 cells lack Pax7 expression in [i] explants
incubated with RA (100 nM). (H) A smaller fraction of Dbx2
cells lack Pax7 expression in [i] explants incubated with RA
(100 nM). (I) Induction of Dbx1 and Dbx2 cells by RA (100
nM). (J) Induction of Enl and vEvx1/2 neurons by RA (100
nM). Enl (hatched) and vEvx1/2 (black) neurons/explant, mean
6 SEM, n 5 7-10 explants. (K and L) Fraction of Pax7off Dbx
cells in [i] explants incubated with RA (100 nM) (K) or Rol (1
mM) (L). Dbx1 (gray), Dbx2 (white), and Dbxon,Pax7off
(cross-hatched) cells per section. Values in (I), (K), and (L)
show mean 6 SEM, n 5 410 sections.
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Requirement for the Homeobox Gene Hb9
in the Consolidation of Motor Neuron Identity

Silvia Arber,t Barbara Han, Monica Mendelsohn,

Michael Smith, Thomas M. Jessell,*
and Shanthini Sockanathant
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Summary

The homeobox gene Hb9, like its close relative MINR2,
is expressed selectively by motor neurons (MNs) in
the developing vertebrate CNS. In embryonic chick
spinal cord, the ectopic expression of MINR2 or Hb9
is sufficient to trigger MN differentiation and to repress
the differentiation of an adjacent population of V2 in-
terneurons. Here, we provide genetic evidence that
Hb9has an essential role in MN differentiation. In mice
lacking Hb9 function, MNs are generated on schedule
and in normal numbers but transiently acquire molecu-
lar features of V2 interneurons. The aberrant specifica-
tion of MN identity is associated with defects in the
migration of MNs, the emergence of the subtype iden-
tities of MNSs, and the projection of motor axons. These
findings show that HB9 has an essential function in
consolidating the identity of postmitotic MNs.

(C) E10 transgenic embryo (TgN(HDASAX16)
labeled for p-gal expression.

(D) E11.5 Hbg™"Z* ambryo. The staining in
the developing limbs corresponds to the re-
gion of the zone of polarizing activity (zpa).
(E and F) p-gal staining of E11.5 Hbg&usZ+
(E) and compound mutant HbgixZtame (F)
embryos. In the presence of one allele of fau-
lacZ, the staining intensity in the compound
homozygote is ~-5-fold higher than in the het-
erozygote. Embryos were processed for the
same incubation time.

(F) Expression of HBY in the spinal cord of
E10.5 wild-type embryos.

(G) Coincidence of expression of HB9 protein
(green) and nisLacZ (B-gal) (red) in E10.5
Hb@"&<=* spinal cord.

(H) Absence of HBY protein in the spinal cord
of E10.5 Hhg™s=<Z"==Z ambryos.
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(Q) The position of generation of MNs and V2 interneurons.

Summary

The homeobox gene Hb9, like its close relative MINR2,
is expressed selectively by motor neurons (MNs) in
the developing vertebrate CNS. In embryonic chick
spinal cord, the ectopic expression of MINR2 or Hb9
is sufficient to trigger MN differentiation and to repress
the differentiation of an adjacent population of V2 in-
terneurons. Here, we provide genetic evidence that
Hb9has an essential role in MN differentiation. In mice
lacking Hb9 function, MNs are generated on schedule
and in normal numbers but transiently acquire molecu-
lar features of V2 interneurons. The aberrant specifica-
tion of MN identity is associated with defects in the
migration of MNs, the emergence of the subtype iden-
tities of MIN's, and the projection of motor axons. These
findings show that HB9 has an essential function in
consolidating the identity of postmitotic MNs.

MNR2
Lim3
Isl1
HBS
Isl2

(R and S) Diagrams indicating the temporal profile of expression of HB in the early differentiation of mouse (R) and chick (S) spinal MNs,
assessed by expression of homeodomain transcription factors. The sequential stages in the conversion of MN progenitors into postmitotic
MMs in chick are based on the data of Tanabe et al. (1998). Dashed vertical line indicates approximate time of cell cycle exit.
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Directed Differentiation of Embryonic

Stem Cells into Motor Neurons
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Jeffery A. Porter,2 and Thomas M. Jessell'?
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Summary

Inductive signals and transcription factors involved in
motor neuron generation have been identified, raising
the question of whether these developmental insights
can be used to direct stem cells to a motor neuron
fate. We show that developmentally relevant signaling
factors can induce mouse embryonic stem (ES) cells
to differentiate into spinal progenitor cells, and subse-
quently into motor neurons, through a pathway recap-
itulating that used in vivo. ES cell-derived motor neu-
rons can populate the embryonic spinal cord, extend
axons, and form synapses with target muscles. Thus,
inductive signals involved in normal pathways of neu-
rogenesis can direct ES cells to form specific classes
of CNS neurons.

Figure 2. Hedgehog-Dependent Ventralization of Neural Progenitor
Cells in Embryoid Bodies(A) Shh-activated transcriptional pathway of
spinal MN generation. Proteins that promote and inhibit MN generation
are shown in red and blue, respectively. (B) Expression of HD and
bHLH proteins in the caudal neural tube of E9.5 mouse embryos.
Progenitors in the domain giving rise to MNs express Olig2, Nkx6.1,
and low levels of Pax6.(C) Transcription factor expression in ES cell-
derived EBs grown for 3 days in the presence of RA (2 uM) alone, and
with 10 nM or 1 uM Hh-Ag1.3.(D) Quantitation of transcription factor
expression in EBs in the presence of RA and Hh-Ag1.3. Mean +/- SEM,
number of cells per section from eight EBs assayed.
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Hynek Wichterle,' Ivo Lieberam,’
Jeffery A. Porter,? and Thomas M. Jessell'?

Inductive signals and transcription factors involved in
motor neuron generation have been identified, raising
the question of whether these developmental insights
can be used to direct stem cells to a motor neuron
fate. We show that developmentally relevant signaling
factors can induce mouse embryonic stem (ES) cells
to differentiate into spinal progenitor cells, and subse-
quently into motor neurons, through a pathway recap-
itulating that used in vivo. ES cell-derived motor neu-
rons can populate the embryonic spinal cord, extend
axons, and form synapses with target muscles. Thus,
inductive signals involved in normal pathways of neu-
rogenesis can direct ES cells to form specific classes
of CNS neurons.

Figure 7. Integration of Transplanted ES Cell-Derived Motor Neurons into the Spinal Cord In Vivo
(A) Implantation of HBG3 ES cell-derived MNenriched EBs into stage 15—17 chick spinal cord.
(B) Bright-field/fluorescence image showing eGFP MNs in thoracic and lumbar spinal cord,
assayed at stage 27 (ventral view). (C and D) Location of FACS-sorted ES-cell derived eGFP MNs
in thoracic spinal cord, assayed at stage 27. eGFP MNs are clustered in the ventral spinal cord (D).
(E-J) Transverse sections through stage 27 chick spinal cord at rostral cervical levels after
transplantation of MN-enriched EBs. MNs are concentrated in the ventral spinal cord and are
segregated from transplanted interneurons, labeled by a mouse-specific Lim2 antibody (E). Many
ES cell-derived MNs coexpress eGFP and Lhx3 (F). ES cell-derived MNs (G) and axons (arrow,
H) are labeled by rodent-specific anti-NCAM antibody, but do not express the chick MN marker
protein SC1 (I and J). eGFP, NCAM axons cross the floor plate but do not project out of the spinal
cord (arrows, G and H). (K-N) Transverse sections of thoracic spinal cord at stage 27, after
grafting EBs grown with RA (2 M) and anti-Hh antibody (5E1, 30 g/ml). No mouse-derived MNs
were detected either by eGFP (K) or by a mousespecific anti-HB9 antibody (L). In contrast, many
mouse-derived NCAM (M) and Lim2 (N) interneurons are present. (O—Q) Transverse sections
through stage 27 spinal cord at thoracic (O and P) and lumbar (Q) levels after grafting MN-
enriched EBs. eGFP MNs are concentrated in the ventral spinal cord. Ectopic eGFP MNs are
located within the lumen of the spinal cord. eGFP axons exit the spinal cord primarily via the
ventral root and project along nerve branches that supply axial (O—Q), body wall (O and P), and
dorsal and ventral limb (Q) muscles. The pathway of axons is detected by neurofilament (NF)
expression. eGFP axons are not detected in motor nerves that project to sympathetic neuronal
targets.
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Induction of Pluripotent Stem Cells _'
from Mouse Emblyon ic and Adun stem (ES) cells. Little is known about factors
Fibroblast Cultures by Defined Factors

that induce this reprogramming. Here, we dem-
onstrate induction of pluripotent stem cells
from mouse embryonic or adult fibroblasts by
introducing four factors, Oct3/4, Sox2, c-Myc,
: +1 - 1,2,
Kazutoshi Takahashi® and Shinya Yamanaka "
" Department of Stem Cell Biology, Institute for Frontier Medical Sciences, Kyoto University, Kyoto 606-8507, Japan otent stem) cells, exhibit the morphology and
ECREST J Sei nd Technal A K hi 332-0012. J growth properties of ES cells and express ES
s Japan sclence 8. echno ogy_ gency, kawaguchi a s Japan cell marker genes. Subcutaneous transplanta-
*Contact: yamanaka@frontier. kyoto-u.ac.jp tion of iPS cells into nude mice resulted in
onic development. These data demonstrate
that pluripotent stem cells can be directly gen-
erated from fibroblast cultures by the addition
of only a few defined factors.

and KIf4, under ES cell culture conditions.
Unexpectedly, Nanog was dispensable. These
cells, which we designated iPS (induced plurip-
DOl 10.1016/1.cell.2006.07.024 tumors containing a variety of tissues from all
three germ layers. Following injection into blas-
tocysts, iPS cells contributed to mouse embry-

E
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Fbx15 locus Fbx15 locus Mock _ All factors MEF24-1

&
Mn AVOEKTIKG 4 AvOeKTIKG , 5 9 18 Q’
Retroviral infection ' S
& /4
G418 selection _ - -

& Sox2
ES iPS-MEF24-1-9 MEF

476:{\

Nanog

ERas

Oct3/4

Fgf4
Cripto
Dax1

Figure 1. Generation of iPS Cells from MEF Cultures via 24 Factors
(A) Strategy to test candidate factors. Nat1
(B) G418-resistant colonies were observed 16 days after transduction with a combination of 24 factors. Cells were stained with crystal violet.

(C) Morphology of ES cells, iPS cells (iPS-MEF24, clone 1-9), and MEFs. Scale bars = 200 um. ;
[E)RT-PCR analysis of ES cell marker genes iniPS cells (iPS-MEF24, clones 1-5, 1-9, and 1-18), ES cells, and MEFs. Nat7 was used as aloading control. RT minus

Zfp296



Induction of Pluripotent Stem Cells
from Mouse Embryonic and Adult
Fibroblast Cultures by Defined Factors
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Figure 5. Pluripotency of iPS Cells Derived from MEFs

(A) Various tissues present in teratomas derived from iPS-MEF4-7 cells.

(B) Immunostaining confirming differentiation into neural tissues and iPs-
muscles in teratomas derived from iPS-MEF4-7. (C) In vitro embryoid body AEF10-6
formation (upper row) and differentiation (lower row). Scale bars = 200 mm.

(D) Immunostaining confirming in vitro differentiation into all three germ

layers. Scale bars = 100 mm. Secondary antibodies were labeled with Cy3

(red), except for a-fetoprotein in iPSMEF10-6, with which Alexa 488 (green)

was used.
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Induction of Pluripotent Stem Cells
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Figure 5. Pluripotency of iPS Cells Derived from MEFs

(A) Various tissues present in teratomas derived from iPS-MEF4-7 cells.

(B) Immunostaining confirming differentiation into neural tissues and iPs-
muscles in teratomas derived from iPS-MEF4-7. (C) In vitro embryoid body AEF10-6
formation (upper row) and differentiation (lower row). Scale bars = 200 mm.

(D) Immunostaining confirming in vitro differentiation into all three germ

layers. Scale bars = 100 mm. Secondary antibodies were labeled with Cy3

(red), except for a-fetoprotein in iPSMEF10-6, with which Alexa 488 (green)

was used.
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Kvttopikég Ospameiec n mp@TN 0TOTELPA £YLVE TPLV O.TTO
nePLmov 69 ypovia!

e NEW ENGLAND 1
JOURNAL of MEDICINE

INTRAVENOUS INFUSION OF BONE MARROW IN PATIENTS RECEIVING

RADIATION AND CHEMOTHERAPY*

E. DonnaLL TroMAs, M.D.,# Harry L. LocHuTE, Jr., M.D.,:I: Wan Cuine Lu, Pu.D.,§
AND Josepr W. Ferresee, M.D.J

COOPERSTOWN, NEW YORK, AND BOSTON, MASSACHUSETTS
THE NEW ENGLAND JOURNAL OF MEDICINE Sept. 12, 1957




Kvttopikég Oepomeieg yopoktnpropnog tinbvopov

RADIATION RESEARCH 14, 213-222 (1961)

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

J.E. TILL ANDE. A. McCULLOCH

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




Kvttopikeg Oepameieg n tpotn alhoyevig
UETOUOGYEVGT] LVEAOD TOV 0GTOV..

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

RicHarnp A. GATTI Hrrame J. MEUwWISSEN
M.D. St. Louis M.D. Nymegen
RESEARCH FELLOW RESEARCH FELLOW

HugH D, ALLEN RicHARD HONG
M.D. Cincinnati M.D. Illinois
PEDIATRIC RESIDENT ASSOCIATE PROFESSOR

Rosert A. Goob
M., Ph.D. Minneapolis

AMERICAN LEGION MEMORIAL HEART RESEARCH PROFESSOR OF
PEDIATRICS AND MICROBIOLOGY

DECEMBER 28, 1968 ORIGINAL ARTICLES




Kvttopikég Oepoameieg n TpoOTN HETONOGYEVON

KUTTAPO®OV OUPUAOTACKOVVTIOKOD ULROTOS ..

1989

The NEW ENGLAN D
JOURNAL o« MEDICINE

© 1989 Massachusetts Medical Society. 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 HLA-identical sibling

Eliane Gluckman', Hal E. Broxmever’, 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’



X€ 0VTEC 0L KUTTOUPLKES OEpamELEg YPNOLULOTOLOVVTL
BLaoTtoxvTTOpQ (TPLVY OO TOV 0PO) UAAG ALTA ELVOL




ES ko kuttopikég Ogpameisg

Kvttopikég Oepameiec pacilopeves ota ES

v Metoudoyevon o1a@opomomuiévemy KuTttapmVv To 0moio TPOEPYOVTaL amd
BAactokVTTOPO. XTNV TEPIMTOON VTN To PAACTOKVTTOPO OVOTTTUGGOVTOL
GTO EPYOCTNPLO, OLUPOPOTOIOVVINL TPOC GUYKEKPIUEVO KLTTOPIKO TUTO KOl
aKOAOVOEL peTapdoyeLoN TOVG (TT.Y. OLUPOPOTOINGT] VEVPOV®V TOV TAPEYOLV
viomapuivny yuo 1 Ospomswc g vooov Parkinson). Ta PAactoxvrttapa,
evoEyeton va gtval € $ KOl 100VIKG TOV 10100




ES ko kuttopikég Ogpameisg

Kvttapikéc Ogpoameicg Baorlopeves ota ES

I va Tpoyopfioovy ypeldletTor amo TAevpas PaoikiS EpEvvag

48



ES kol kvttopikég Ospoameieg

[Hpopmpata oty epappoyn
> 210 TEPIGGOTEPO TPOTOKOAAN SLOUPOPOTOINCTC, TO KOTTAPO TOV LG EVOLUPEPOLY Elvar
&vo, T0606TO TOLV GLVOAIKOV TTANOVoUoV. TIpoxkelpévou va Eemepaotel avTd TO TPOPANLLOL

aKoAovBovvTol O18popeg TPOGEYYIGELS:

o) ATopovmon tov Kuttdpov pe 1 fonbela aviicopdTov mov

49



ES ko kvttapikég Oepameieg

Ipopfipata oty e@apuoyn.
Kapkiwvoyéveon
»Ta un dapopomomuéva ES mpokarovv tepatopata, omodte o mpénetl va, eEAGOOAIGTEL LE
KOO0 TPOTO 1 UETAUOGYEVGT OLOUPOPOTOIMNUEVOV KLTTAP®V Kol LOVO.
o) ApvnTiKn ETAOYT Yo EKQPOOT] OEIKTMOV TOAVOLVAUING

B) I'evetikn tpomomoinon twv ES ®ote 6e mepintmwon mpofANUaTog o un

50
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Table 1. Overview of methods to eliminate unwanted cells and/or enrich for the desired cell type

Sdlection Method Principle Advantages Disadvantages Example
[a) Positive selection
Geanetically engineeared Transfection with a Stringent Ganetic a-gardiac myosin heawy

hESC

Sealection by specific
ectopic marker
exp ression

Purification on
physical properties

(e} General manipulation
Mitotical inactivation

of the cell therapy
product

Inducing differentiation of the
remaining
undifferentiated cells

fusion gene consisting
of a desired tissue-
specific promoter
driving a resistance
gena

Purification of the
desired cell type with
antibodies against
specific cell surface
markers

Separation of cells by
density gradient
centrifugation or
differences in cell

Mitomyein C treatment
blocks mitosis of the
entire cell population

Extendead

differentiation or an
additional
differentiation step by
chemical induction to
daplete remaining hESC
{e.g. by retinoic acid)

salection, many
axamples for
proof-of-
principle in
mESC

Highly stringent
salection for
clinical use

Easy to perfarm,

inexpensive, fast

Easy to parfarm,
IFExpens ive

Easy to parform,
IMEXPEnsive

maripulation
introduces another
level of

comp laxity =
regulatory
CONCErnS

Anitibody
specificity is
crucial, costs

Low specificity
and low yields of
enrichmaeant

Effects on the
dasired cell
population unclear
{e.g. integration
into host tissue,
lomg term
survival)
Efficiency of
differentiation
critical;
undesired call
types are
generated and
might need to ba
removed

chain promoter driving a
nEoMmycin resistance gene
for cardiomyocyta
anrichment from mESC

FACS or MACS™ sorting of
CO34* human hematopoetic
progenitor cells

Enrichment of
cardiomyocytes derived
from hESC

ES cells differentiated

to dopamine neurons and
treated with Mitomycin C
were in rodents and
primates

Unproven concapt, but
prolonged in wvilro
differantiation was shown
to reduce teratoma
formation




(b} Negative salection
Ganetically engineered

hESC

Selection on specific
ectopic marker

B[ rassion

Targeted elimination by
cytotoxic antibodies

Purification on
physical properties

Elimination of
pluripotent cells by
cytotoxic drogs

ES ko kuttopikés Oepameleg

Transfection with a
fusion gene consisting
of an undesired
phenotype-speacific
promoter (e.g. Oct-d)
driving a suicide gene

Removal of the
undesired cell type
with antibodies against
specific cell surface
markers

Incubation with

antibodies targeting
and eliminating only
undifferentiated cells

Seaparation of cells by
density gradient
centrifugation or by
differences in cell
adherence
Undifferentiated cells
with high proliferation
rate targeted by drugs
{a.g. nucleoside
analogues)

Highly salective
alimination of
undifferentiated,
potentially
harmful cells

Highly selective
alimination of
undifferentiated,
potentially
harmful cells

Highly selective
{depending on the
antibody), simple
to perform, no
additional steps
involved

Easy to perform,
IMexpensive,

fast

Easy to perform,
inexpensive, fast

Genetic
manipulation
introduces another
lenvil of
complaxity =
regulatory
COMCATHS

Ensuring high
sansitivity, costs

Ensuring high
sensitivity, costs

Low specificity

and low vields of
enrichimant

Only applicable to
finally
differantiated

cell populations,
dormant stem cells

not targeted

Cell ablation by
thymidine kinase

ExXpression in a none
salective manner

Use of wellcharacterized
hESC surface antigens
such as S5EA-4 and TRA-
B0, to remove pluripotent
cells

Use of new, cell death-
related hESC-specific
epitopes

Undifferentiated calls
eliminated by
discontinuous gradient
cantrifugation

Ceramide analogues induce

apoptosis in pluripotent
cells




Safety

Efficacy

onfirm Safe
Efficacy

Post-approval Trials

-First dosing in humans
-carried out in healthy
volunteers or patients if
no other effective
treatments are available
-Goals:
-pharmokinetics
-safety profile
-signs of expected
pharmacology

-many compounds fail at
this stage (fail to
demonstrate the
anticipated effect or they
are not well tolerated)

-Final testing stage
before registration
-usually randomized,
placebo controlled and
often using an active
comparator (eg. Current
standard of care)

-further trials are
conducted after market
approval for a number of
reasons:

-ongoing safety
monitoring

-address a specific
regulatory issue




ES ko kvttapikég Oepameiec — KMviKES 00KIHES

. Donor compliance
[ Egg/blastocyst ] [TISSU& 2Ll L] J * Donor testing rulaI: of the FDA

¢ * (Consent and ethics of donation
* Material ownership laws

[TISSUE banking J

* Non-FDA issues
» Information sharing rules and genetic

Y

information issues
[ ESC derivation ] [ PSC generation ] * Societal and ethical guidelines on cells
+ Regulations related to human subject research

* Patents and licenses

The manufacturing process -
for PSC-based therapies.

Multiple regulatory, CMC/cGMP compliance

ethical and business issues  Site certification
o : * Process validation
must be considered (right). * Release criteria including

The figure excludes issues sterility, particulate content
. and composition
related to evaluation of cell o Training
. . . . . ™ Material testing
therapies in clinical trials. R — e
processing * Storage
* Shipping
» Tracking

Differentiation,
engineering

* Cost and capacity issues

nature biotechnology volume 32 NUMBER 8 AUGUST 2014




ES ko kvttapikég Oepameiec — KMviKES 00KIHES

Box 1 Recommendations to regulatory authorities

The following ethical, regulatory, policy and patent issues should be
addressed to accelerate clinical translation of PSC-based therapies.
Issues that are also relevant to somatic-cell therapies are indicated
with an asterisk.

Ethics

¢ Derivation, compensation and sourcing from deceased
individuals

» Ethical criteria for including lines in the US NIH Human
Embryonic Stem Cell Registry (US specific)

¢ Transplants into animals, including stage of development

Regulations

e ESC and donor consent

¢ Human subject research and information firewalls as related to
immortal cells

e Chimera experiments as related to germ line and central nervous
system competence

e Shipping, tracking and prion protein testing*

Procedure and policy

* Privacy and confidentiality issues associated with widespread
distribution

* Ownership of donated tissue

¢ Donations and payments for commercial use

* Therapy, testing and quality control and release criteria for
autologous use*

Patents

* Worldwide consensus on patentability

* Definition of patentability, taking into account recent patent law
rulings

¢ Reach-through of patents to differentiated cells derived from
pluripotent cells

¢ Reach-through of process patents

¢ Challenge process for overly broad patents®

¢ |dentification of patents deemed essential to the field to
establish rules for access, similar to what has been done with
hardware and chip design patents



ES kol kuttopikég Oepameies — KAMVIKES 00KINES

Box 2 Recommendations to other stakeholders

The following issues related to PSC-based therapies would benefit from a coordinated
approach led by an appropriate body. Addressing these issues does not require new rules
and regulations but involves obtaining consensus or establishing resources or infrastructure,
such as a database, an agreement on standards or reference material. Many such efforts
have been pursued by professional societies and public-private alliances, but a global,
coordinated approach has been lacking.

e Consent and information-sharing guidelines

¢ A shared model for human leukocyte antigen—typed cell banking

¢ A process to make cGMP-compliant differentiated cells available for evaluation

» Standards for cGMP manufacture and cross-sharing agreements

¢ |ssues related to international shipping of human material

» Searchable database of lines and uniform nomenclature

* Reference or control lines, including reporter lines, for preclinical studies

» Database of associated patient information

¢ Cost-reduction strategies for manufacturing

¢ A precompetitive model or a patent commons model for investigators developing
therapies



FDA OKs Ist Embryonic Stem Cell Trial

By Steven Reinberg
HealthDay Reporter
Friday, January 23, 2009; 12:00 AM

FRIDAY, Jan. 23 (HealthDay News) -- The first human trial using
embryonic stem cells as a medical treatment has been approved by

the U.S. Food and Drug Administration.



ES kol kvttopikég Oepameieg

ClinicalTrials.gov e L

Aomeryine mhthes U5 Hatanal sthores o Health I Search |
et

Found 3144 studies with search of: stem cell therapy

Rank Status Study

1 Terminated 3Siem Cell Therapy as Adiunct to Bevascularization
Conditions:  Coronary Aneriosclernsis;

Myocardial Revascularization
Interventions: M'mmaﬂm

2 Recruiting

Interferon A Handomized Study
Condition: Multiple Scerosis
Imtervention: Procedure: Hematopoietic Stem Cell Therapy
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H pot™n khlwvikn ooxkiun otn Geron

TR .':'_: 1. Ta kdTTOpQ

The hESCs with which Geron works were derived from
surplus 1n vitro fertilized embryos originally created as part of
an in vitro fertilization (IVF) procedure. The embryos, which
would otherwise have been destroyed, were donated for
research by the parental donors under informed consent. The
hESC line that is used to produce GRNOPCI is the H1 line,




Neural Cells

Spinal Cord

H ntpotn KMvikn - rjury and
ookiun otn Geron

Parkinson’s
Disease

Heart Failure
Islets

Diabetes

Ta hESCs g Geron cOppmva pe tnv etopeio

Exovv drapopomonBet pe emttuyio TPOG Dendritic Cells

Tolerance
Induction and
ey v Cancer
S “. e Immunotherapy

Osteoblasts

Osteoporosis

and Bone

Fractures
Chondrocytes

Arthritis

Hepatocytes

Drug
Discovery
and Liver
Failure

deron



H tpotn Kiwvikn ooxkipun otn Geron

2. Ta GRNOPCI1 (To mpoiov)
v GRNOPCI is a population of living cells containing :

oligodendrocyte progenitor cells (OPC).

GRNOPCI L¢
Store at -1401
Mfg Date: 030
Caution: Nev
Limited byl
Investigatios

v' Oligodendrocytes:
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Safety Study of GRNOPC1 in Spinal Cord Injury

This study is currently recruiting participants.

r
Verified by Geron Corporation, March 2011 H TC p (!)TT'

- - ) 4
First Received: October 6, 2010 Last Updated: March 8, 2011 History of Changes K;\‘lVlKn

Sponsor: | Geron Corporation

Information provided by: | Geron Corporation SOKIH Tl GTrl

ClinicalTrials.gov Identifier: | NCT01217008 G er OIl

» Purpose

The purpose of the study is to evaluate the safety of GRNOPC1 administered at a single
time-point between 7 and 14 days post injury, inclusive, to patients with neurologically complete
spinal cord injuries (SCI).

Condition Intervention

Spinal Cord Injury Biological: GRNOPC1

Study Type: Interventional

Study Design: Allocation: Non-Randomized
Control: Uncontrolled
Endpoint Classification: Safety Study
Intervention Model: Single Group Assignment
Masking: Open Label
Primary Purpose: Treatment

Official Title: A Phase 1 Safety Study of GRNOPC1 in Patients With Neurologically
Complete, Subacute, Spinal Cord Injury
Resource links provided by NLM:
MedlinePlus related topics: Spinal Cord Injuries

U.S. FDA Resources




Further study details as provided by Geron Corporation:

Primary Outcome Measures:
e Safety [ Time Frame: One year | [ Designated as safety issue: Yes |

The primary endpoint is safety, as measured by the frequency and
severity of adverse events within 1 year (365 days) of GRNOPCA1
injection that are related to GRNOPCA1, the injection procedure
used to administer GRNOPC1, and/or the concomitant
immunosuppression administered.

Secondary Outcome Measures:

e Neurological function [ Time Frame: One year |
[ Designated as safety issue: Yes |

The secondary endpoint is neurological function as measured by
sensory scores and lower extremity motor scores on International
Standards for Neurological Classification of Spinal Cord Injury

(ISNCSCI) examinations.
Estimated Enroliment: 10
Study Start Date: October 2010

Estimated Study Completion Date:  October 2012
Estimated Primary Completion Date: October 2012 (Final data collection date for
primary outcome measure)




P Eligibility

Ages Eligible for Study: 18 Years to 65 Years
Genders Eligible for Study: Both
Accepts Healthy Volunteers: No

Criteria
Major Inclusion Criteria:

e Neurologically complete, traumatic SCI (ASIA Impairment Scale A), zone of partial
preservation < 5 levels

e | ast fully preserved neurological level from T-3 through T-10

e From 18 through 65 years of age at time of injury

e 3ingle spinal cord lesion

e Informed consent for this protocol and the companion long term follow-up
protocol must be provided and documented (i.e., signed informed consent

forms) no later than 11 days following injury

e Able to participate in an elective surgical procedure to inject GRNOPC1 7-14
days following SCI

Major Exclusion Criteria:
e 3CI due to penetrating trauma
e Traumatic anatomical transection or laceration of the spinal cord

e Any concomitant injury or pre-existing condition that interferes with the
performance, interpretation or validity of neurological examinations

e Inability to communicate effectively with neurological examiner

e Significant organ damage or systemic disease that would create an unacceptable
risk for surgery or immunosuppression

¢ History of any malignancy

¢ Pregnant or nursing women

e Body mass index (BMI) > 35 or weight > 300 Ibs.

e Active participation in another experimental procedure/intervention

P> Contacts and Locations

Please refer to this study by its ClinicalTrials.gov identifier: NCT01217008



H npotn kv ookiun ot Geron

Gray matter Severed axon  Glial scar  Intact myelination

White Extension of Cyst Demyelinated
matter the lesion axons
due to
secondary
damage

Oligodendrocyte

3. IIpwv ™ oK)
[Tpoxhvikéc dokiuéG o (mal.
(Stem Cells and Development, Vol. 15, 2006)

v' To svotnua Tov ypnoiporoonke teptéAdupave T dnuovpyio TPOLHOTIGHOD GTO
VOTIoHo HVEAO TV apovpaimy Kol ot cvveyela petapdoyevon towv GRNOPCI ko
LEAETT TNG KIVNTIKNG GLUTEPLPOPEC TV {OM®MV UETE TN LETAUOGKEVCT



H npotn Kiwvikn ookiun ot Geron

9 Months After No Treatment 9 Months After GRNOPC1 Treatment

-

(Loss of Neurons and Myelin) (Myelinated Rat Axons)

Yt (oo Kataypdenke emfPioon TOV UETOUOCYEVUEVOV KLTTAP®V, TOAAOTANGLUGUOC,
LETOVAGTEVGT) TOV KVTTAP®V Kol KGAvW™N Thg Tteployng e BAGBNG.
H cvuneprpopd tov Lomv 6e oyéon ue ta control tav BeAtiouévn.

Journal of Neuroscience, Vol. 25, May 2005
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H npotn kmvik) ooxkiun ot Geron

24 studies

- Does Not Produce Teratomas

1977 Rodents
- Does Not Induce Systemic Toxicity

- Does Not Induce Allodynia
- Does Not Increase Mortality

858 Injected with
GRNOPC1

- Avoids Direct Allogeneic Immune
Responses

5x10° OPC1
Tested in Studies
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ES kol kvttopikég Oepoameieg

Conclusions from IND-Enabling Nonclinical Studies

24 studies

1977 Rodents

858 Injected with
GRNOPC1

5x10° OPC1
Tested in Studies

GRNOPC1

- Survives in the Injured Spinal Cord
- Induces Myelination

- Produces Neurotrophic Factors

- Reduces Parenchymal Cavitation

- Improves Locomotor Activity

- Predominantly Neural Cell Types
Observed

- Non-Neural Differentiated Cell Types
Observed in Some Animals

- Does Not Produce Teratomas

- Does Not Induce Systemic Toxicity
- Does Not Induce Allodynia

- Does Not Increase Mortality

- Avoids Direct Allogeneic Immune
Responses




ES kol kuttopikég Ogpameieg

5. To wpo@ik TG doKIUG

v Zxomog e dokung (Paon 1) eivor va dokipaoTel 1 ac@iAeld TS TPOGEYYIONG
v Xe emouevn edon 0o SoKIUAGTEL 1] ATOTEAEGHOTIKOTITA TG TTPOCEYYIONG

v' ASIA grade A injured patients with a thoracic injury resulting in a neurological level of T3
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ES ko kuttopikeg Ogpoameleg

5. To wpo@il TG doKIUG

v

GRNOPCI1 will be injected by qualified, trained spine surgeons seven to 14 days postinjury

to patients who give informed consent and also have appropriate laboratory, physical and
radiographic characteristics that verify the location and severity of the injury.

Testing will be administered before and after the injection of GRNOPCI at specified time
points for one year after the injection to monitor safety parameters. The secondary endpoint
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ES kol kuttopikég Ogpameieg

6. H mapayoym

v" GRNOPCI is produced under current Good Manufacturing Practices (¢cGMP) in Geron’s
qualified manufacturing facilities. The GRNOPCI1 manufacturing process in Geron’s clean
room suites has been inspected and licensed by the state of California.

The manufacturing process consists of three stages:

o o o o o
] [11C a cCXDall 0N O N1 CICI] AtCd I O0DTAlINcC
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ES kot kvttapikég Ospameieg

6. H napoyoyn

v' A significant portion of each manufacturing run of GRNOPCI is retained and subjected to

extensive quality control testing to ensure the identity, sterility, viability and cellular

composition of each manufacturing run before the product is released to the sites for clinical

:k.. DTOQ (1 (1 ()¢ Cd d ] .‘ ¢.l A1NAd Nd DCCT) C1Cd ‘.
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ES ko kuttopikeg Ogpoameleg

6. O matévreg

v' The production and commercialization of GRNOPCI is protected by three separate
patent estates owned by or exclusively licensed to Geron. Geron funded the work at the
University of Wisconsin-Madison that led to the original derivation of hESCs.

Geron maintains an exclusive license to the issued fundamental WARF patents covering
hESCs for the production of neural cells, cardiomyocytes and pancreatic islets for

therapeutic applications.
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ES kol kuttopikég Ogpameieg

6. H €€MEN ™ TpoKAVIKNG 00K

v' In one of the preclinical expansion studies, a higher frequency of animals developed

cysts in the injury site than had been seen in numerous foregoing preclinical studies

with clinical grade GRNOPCI1, including the IND-enabling studies.
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“Stem cells were God’s will”




ES ko kuttopikeg Ogpoameleg

6. H €€MEN ¢ TpoKMVIKIS doKIuTG

v' 11/10/2010 (Reuters)

- U.S. doctors have begun treating the first patient to receive human embryonic
stem cells, but details of the patient enrolled in the landmark clinical trial are
being kept confidential, Geron Corp said on Monday.

“Geron, whose shares were up 6.4 percent on the Nasdaq late on Monday

Asterias Biotherapeutics, Inc. 79
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H ki) ooxiun ¢ Stem Cells Inc.

» To mowwa pe voco Batten ep@avilovv TOALOTAEG VELPOLOYIKEG OavOmNPies, OMMC
coPapES KIVNTIKEG, YVOOTIKES, AKOVOTIKES KOl OTTIKEG avomnpieg — mebaivouv yopm ota,
20 (tovAdyotov 8 yoviowa).

» Aev vmapyovv Oepameieg

» H Stem Cells Inc wpayuatonoince pio. khvikn peAétn edaong I pe petapdoyevon o€ 6
oL amopovoUEVOY  veupikav PBAactokvttdpwv, HuCNS-SC® omd eufpuikd







H smroynuévn ook s Advanced Stem Cell

Human embryonic stem cell-derived retinal pigment @x®
epithelium in patients with age-related macular o
degeneration and Stargardt’s macular dystrophy: follow-up

of two open-label phase 1/2 studies

Steven D Schwartz, Carl D Regillo, Byron L Lam, Dean Eliott, Philip ] Rosenfeld, Ninel Z Gregori, Jean-Pierre Hubschman, Janet L Davis, Gad Heilwell,
Marc Spirn, Joseph Maguire, Roger Gay, Jane Bateman, Rosaleen M Ostrick, Debra Morris, Matthew Vincent, Eddy Anglade, LucianV/ Del Priore,

Robert Lanza

Stem Cell Reports [SSCR

Article
OPEN ACCESS

Treatment of Macular Degeneration Using Embryonic Stem Cell-Derived
Retinal Pigment Epithelium: Preliminary Results in Asian Patients

Won Kyung Song,'* Kyung-Mi Park,” Hyun-Ju Kim,? Jae Ho Lee,? Jinjung Choi,* So Young Chong,>
Sung Han Shim,® Lucian V. Del Priore,” and Robert Lanza®*

' -—
- 1*/3 OCALA Hastellas
Es THERAPEUTICS®

A
ADVANCED © E L L TECHNOLOGY
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H smroynuévn ook s Advanced Stem Cell

»  Avo peréteg paong I/ yio va a&lodoynOei n aceaielo Kot 1 ovoyn KuTtépmv
T0v emOnAiov Tov QUPPANGTPOEIDOVE Ta omoia €xovv dlapoporondel amod
ESC xou petapooyevbnkov oe acleveic pe ek@OAon oypds knAidac AOY®
nAkiog N Aoyw ¢ acBévelog Stargardt.

» H acOéveln Stargardt omotelel TNV 7O KOWOTLN WHOPQPYT] KAT|POVOUIKNG




ONUOGLOTNTU...

Stem Cells Allow Nearly Blind Patients to See
First UK patient receives stem cell

treatment to cure loss of visio

theguardian

®©CBSNEWS

First patient receives stem
cell treatment for blindness

Ehe New llork Times

Study Backs Use of Stem Cells in Retinas




Harvard Stem Cell Lab Signs Two Major Partnerships to Bring
Stem Cell Therapies for Diabetes to Life

Cell 159, 428439, October 9, 2014
Generation of Functional Human
Pancreatic 3 Cells In Vitro

Felicia W. Pagliuca,’-® Jeffrey R. Millman,-* Mads Giirtler,-> Michael Segel,! Alana Van Dervort,’ Jennifer Hyoje Ryu,’
Quinn P. Peterson,! Dale Greiner,2 and Douglas A. Melton':*
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Figure 1. SC-p Cells Generated In Vitro
Secrete Insulin in Response to Multiple
Sequential High-Glucose Challenges like
Primary Human B Cells

(A) Schematic of directed differentiation from
hPSC into INS+ cells via new or previously pub-
lished control differentiations.

(B-D) Representative ELISA measurements of
secreted human insulin from HUES8 SC-p cells
(B), PH cells (C), and primary B (1°f) cells (D)
challenged sequentially with 2, 20, 2, 20, 2, and
20 mM glucose, with a 30 min incubation for each
concentration (see Experimental Procedures). Af-
ter sequential low/high-glucose challenges, cells
were depolarized with 30 mM KCI.

(E-G) Box and whisker plots of secreted human
insulin from different biological batches of HUESS
(open circles) and hiPSC SC-p (black circles) cells
(E; n=12), biological batches of PH cells (F; n = 5),
and primary B cells (G; n = 4). Each circle is the
average value for all sequential challenges with
2 mM or 20 mM glucose in a batch. Insulin
secretion at 20 mM ranged 0.23-2.7 plU/10? cells
for SC-p cells and 1.5-4.5 ulU/10® cells for human
islets, and the stimulation index ranged 0.4-4.1 for
SC-p cells and 0.6-4.8 for primary adult. The thick
horizontal line indicates the median.
SeealsoFigures S1and S2Aand Table S1.*p< 0.05
when comparing insulin secretion at 20 mM versus
2 mM with paired t test. Act A, activin A; CHIR,
CHIR99021, a GSK3w/p inhibitor; KGF, keratinocyte
growth factor or FGF family member 7; RA, retinoic
acid; SANT1, sonic hedgehog pathway antagonist;
LDN, LDN193189, a BMP type 1 receptor inhibitor;
PdbU, Phorbol 12,13-dibutyrate, a protein kinase C
activator; AlkSi, AlkS receptor inhibitor II; T3, trio-
dothyronine, a thyroid hormone; XXI, y-secretase
inhibitor; Betacellulin, EGF family member.

Semma Therapeutics
AstraZeneca

Harvard Stem Cell Institute
Novartis
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Embryonic Stem Cells in Trial for Diabetes

(© Thu, 10/16/2014 - 11:44am

Paul Laikind, Ph.D, President and Chief Executive
Officer, ViaCyte. (Source: ViaCyte)

—
Jjanssen ). o olwensfobon.

Working Toward a Cure in Diabetes: Partnering with BetalLogics

BetaLogics is a division of Janssen Research & Development, one of the Johnson & Johnson Family of Companies based in New Jersey. The
Betal.ogics venture is focused on a transformational stem cell therapy to treat diabetes and eliminate a need for exogenous insulin, with the goal
of revolutionizing the way patients and physicians manage insulin-requiring diabetes. Moreover, the intent is to change diabetes management
from palliative to curative, i.e. treat the underlying cause of the disease instead of treating symptoms of a degenerative process. To that end,
Betal.ogics is developing an integrated therapeutic product that incorporates a pancreatic precursor cell in an implantable device.
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Embryonic Stem Cells in Trial for Diabetes
@© Thu, 10/16/2014 - 11:44am #ﬁ VIACYTE

Regenerafing Health”

| 2
Paul Laikind. Ph.D, President and Chief Executive
Officer, ViaCyte. (Source: ViaCyte)

ITov tov defpovapro 2016 éywayv pio!

UPDATED: J&J goes all in with ViaCyte, hands over
Betalogics assets in hunt for diabetes cure

by John Carroll | Feb 4, 2016 8:34am

S—
Janssen f | ;Tauucwucuewums

Working Toward a Cure in Diabetes: Partnering with BetaLogics

BetaLogics is a division of Janssen Research & Development, one of the Johnson & Johnson Family of Companies based in New Jersey. The
BetaLogics venture is focused on a transformational stem cell therapy to treat diabetes and eliminate a need for exogenous insulin, with the goal
of revolutionizing the way patients and physicians manage insulin-requiring diabetes. Moreover, the intent is to change diabetes management
from palliative to curative, i.e. treat the underlying cause of the disease instead of treating symptoms of a degenerative process. To that end,
BetalLogics is developing an integrated therapeutic product that incorporates a pancreatic precursor cell in an implantable device.




Table 2 - The two different transplantation strategies used for ES and iPS cell derived RPE for AMD patients

Investigator/company Starting cells Immune status Transplantation vehicle Clinical stage

1. Transient dosing strategy

1. Advanced Cell Technology (ACT) ESCs Allogeneic Cell suspension Phase I/lla completed
I. Cell-cure-neurosciences (Eyal Banin & ESCs Allogeneic Cell suspension IND approved, Phase I
Bejamin Reubinoff, HMC) initiated
2. Permanent implantation strategy
I. Pfizer, London (Pete Coffey, UCL) ESCs Allogeneic Polyester scaffold IND approved, Phase I
initiated
I.PI - Mark Humayun (USC), Co-PIs - Dennis ESCs Allogeneic Paralene scaffold IND approved, Phase I
Clegg (UCSB) & David Hinton (USC) initiated
(CIRM, USA)
I. Masayo Takahashi (RIKEN, Japan) Fibroblasts- Autologous RPE sheet, no scaffold  First patient transplanted,
derived iP5Cs study halted
I. Kapil Bharti & Sheldon Miller (NEI, NIH, USA) CD34+ cell-derived Autologous Biodegradable scaffold Performing IND-enabling
iPSCs studies

Abbreviations: AMD - Age-related Macular Degeneration; ESC - Embryonic Stem Cells; IND - Investigational New Drug; iPSC - Induced
Pluripotent Stem Cells; RPE - Retinal Pigment Epithelium.

Clinical Groups Affiliations: UCL - University College London; USC - University of Southern California; UCSB - University of California Santa
Barbara; HMC - Hadassah Medical Center; NEI - National Eye Institute; NIH - National Institutes of Health.
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A model experiment to cure mice
of sickle cell disease. The mice

7 Transplant corrected

h ave h u ma n ized h e mog IObi n B :sﬂiﬁmf:;%ﬁ:ge:::c:s ’ Humanized sickle cell anemia
. . mouse model (hB5/hBS)
genes carrying the sickle cell T
allele. hematopoetic \L‘,‘:“é‘::li:!m
IPS cells are prepared, and the __
gene defect repaired by ' @
. . . hBS/hBS fibroblasts
homologous recombination with e |
5 Plfferentlat(-? 2 Infect with Oct4,
a good copy. bodies Wit
Cells are differentiated HSCs by @ @
overexpression of Hoxb4. Finally, _ _
: . : . hBA/MBS iP5 cells 3 EIBS:'hBS mouse-derived
the anemic mice are irradiated to N 1P dones
remove endogenous HSCs and mutation in IS cll by
grafted with the iPS which ==
colonize the bone marrow and nesmspscels N B A, normal allele;

h B S, sickle cell allele.

form blood.



E¢atouikeupeveg Bepatreiec — IPS?

A model experiment to cure mice
of sickle cell disease. The mice

. . 7 Transplant corrected ) -
have humanized hemoglobin f3 g";tc;gotdpg;,mm/,

Kumar and Tanwar Stem Cell Research & Therapy ~ (2024) 15:487 Stem Cell Researc h & Th erapy
https://doi.org/10.1186/513287-024-04036-0

Humanized sickle II ema

o ee mnrl I

World’s first: stem cell therapy reverses @
diabetes

Dinesh Kumar' ‘@ and Rajni Tanwar'®

grafted with the IPS which @

colonize the bone marrow and hBS/hBS iPS cells h B A, normal allele;

f bl d h B S, sickle cell allele.
orm pDl100d.




C‘EI 2024 Article

Transplantation of chemically induced pluripotent
stem-cell-derived islets under abdominal anterior
rectus sheath in a type 1 diabetes patient

Graphical abstract Authors

Shusen Wang, Yuanyuan Du,
Boya Zhanyg, .... Shuang Wang.
Hongkui Deng, Zhongyang Shen

Correspondence

shusan@vip.163.com (5.W.),
hongkui_deng@pku.edu.cn (H.D.),
zhongyangehen@vip.sina.com [2.5.)

In brief

Chemically induced stem-cell-derived
islets were transplanted bensath the
abdominal anterior rectus sheath in ona
patient with type 1 diabetes, resulting in
toderable safety and promising
restoration of exogenous-insulin-

Tgan 1 Diiatsaiics patieni independent glycemic control &t 1-year
follow-up.




Clinical trials 2020

iPSCs \ ESCs

Parkinson’s Disease? Parkinson’s Disease?)

!

- 2 -
acular degeneration Macular degeneration?2

Retinitis pigmentosa?®

||

Retinitis pigmentosa’)

Corneal disorder? :
Amyotrophic

Heart failure® F lateral sclerosis™)

pinal cord injury® ;| S

I

pinal cord injury®
Platelet transfusion”)

Type | Diabetes'®

Graft versus host disease®
Citrullinemia type 1'7)

artilage defect?

Cancer immunotherapy?)

L Intrauterine Adhesions’®)

Figure 1. Clinical Trials for Cell Therapies Using PSCs

Shown are clinical trials that use hiPSC or hESC and are found in UMIN Clinical
Trials Registry (https://www.umin.ac.jp/ctr/index.htm) or ClinicalTrials.gov
(https://clinicaltrials.gov/ct2/home) as of Septermber, 2020.



Clinical trials 2010-2025

Trials initiated per year Cumulative trials over time Cell source entering trial per year
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News & views

Regenerative medicine

Safety test for Parkinson’s
disease stem-cell therapy

Hideyuki Okano

Transplanting dopamine-releasing neurons into the brainisa
promising regenerative therapy for Parkinson’s disease. Two
clinical trials show that it is safe, but more evidence is needed
to prove its effectiveness.

Induced pluripotent
stem-cell line

Clinical-grade
dopaminergic neuronal
progenitor cells




Clinical Trial Tests Novel Stem-Cell
Treatment for Parkinson’s Disease

Mar 6, 2025 — 7 minute read

Patient Care | Innovation | Gene & Cell Therapy | Brain & Nervous System Conditions | Research

» Phase 1 trial reprograms patient's own stem cells to replace dopamine neurons in the brain
= Work is born out of three decades of preclinical research led by McLean Hospital and Ole Isacson
= First-of-its-kind trial has treated three-of-six participants who will be tracked for more than a year

f
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GMP Banking of Human Pluripotent Stem Cells: A US and UK perspective
Elsa Abranches™, Sofia Spyrou®, Tenneille Ludwig”

' UK Srem Celf Bk, Advonced Thermpdes Division, Narionnl fastnes for Binlogion! Semdonds ond Consol (NIBSC), Bloncke Lone, Soexf Mimrs, Fomers Bar,
Hergontshire, ENS 304G, UK
® WiCell Resesrrht b, 504 5. Rom Bd Ssie 101, Madison, W, 53719, DEA

Stem Cell Network
Jon Draper®, Cate Murray™

" Progrom Dérecmor, Resamch for the Semn Gell Nenvork, Mobosnr Unfversiy, Mobaoser Saeem Cal & Concer Resserrie Seginoe, Raomon, Onmri, Conoss
¥ Exenuve Dérecror, Sy Cell Neowort ox the Omowe Hospls! Resech bstinone. Gemen. O, Comdr

The German stem cell network GSCN - a nationwide network with many
tasks

Stefanie Mahler, Daniel Besser*

Germam Semm Cell Meswork (GECN), /e Moy Defbiick Cemrey. Roberz-Rifssde Sor 10, 121275 Beriin, Germany

Kyoto hESC cell resource for regenerative medicine

Eihachiro Kawase*, Kei Takada, Hirofumi Suemori

Division of Clnical Bass for EX Cell Researrh, Ceer for Hismm E5 Cell Resaqrch, s for Fronder Lifie and Mefics Scimees, Ky Driversiy, 55 Kowoharo-cho,
Shopotn, Sakyo-ky, Ky S05-8507, Sgpan

https://doi.org/10.1016/j.scr.2020.102020
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Center for iP5 Cell Research
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Genome-wide Screen for Culture Adaptation and
Tumorigenicity-Related Genes in Human
Pluripotent Stem Cells

Human pluripotent stem cells recurrently acquire
and expand dominant negative P53 mutations

Florian T. Merkle'-%3:##t, Sulagna Ghosh?**# Nolan Kamitaki*>-®, Jana Mitchell?3* Yishai Avior’, Curtis Mello®>®,
Seva Kashin®*®, Shila Mekhoubad'**t, Dusko Ilic®, Maura Charlton'?**, Genevieve Saphier**, Robert E. Handsaker**°®,
Giulio Genovese®>®, Shiran Bar’, Nissim Benvenisty’, Steven A. McCarroll’*® & Kevin Eggan-%3*

Review
iPS-Cell Technology and the Problem of Genetic
Instability—Can It Ever Be Safe for Clinical Use?

J. Clin. Med. 2019, 8, 288; doi:10.3390/jcm8030288 iScience 11, 398—408, January 25, 2019 doi:10.1038/nature22312
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OPEN ACCESS
Review
Pluripotent stem-cell-derived therapies
in clinical trial: A 2025 update
Agnete Kirkeby,”-** Heather Main, and Melissa Carpenter®*
TNovo Nordisk Foundation Center for Stem Cell Medicine (reNEW) and Department of Neuroscience, Faculty of Health and Medical Sciences,
University of Copenhagen, 2200 Copenhagen, Denmark
2Department of Experimental Medical Sciences, Wallenberg Center for Molecular Medicine (WCMM) and Lund Stem Cell Center, Lund
University, 221 84 Lund, Sweden
3HOYA Consulting (ReGenMed Solutions), Stockholm, Sweden

4Carpenter Consulting Corporation, Washington, USA SUMMARY
'Cnnequrldence: agnete.kirkeby@sund.ku.dk or agnete.kirkeby@med.lu.se (A.K.), melissa@carpentergroupstrategy.com (M.C.)

Since the first derivation of human pluripotent stem cells (hPSCs) 27 years ago, technologies to control their
differentiation and manufacturing have advanced immensely, enabling increasing numbers of clinical trials
with hPSC-derived products. Here, we review the landscape of interventional hPSC trials worldwide,
highlighting available data on clinical safety and efficacy. As of December 2024, we identify 115 clinical trials
with regulatory approval, testing 83 hPSC products. The majority of trials are targeting eye, central nervous
system, and cancer. To date, more than 1,200 patients have been dosed with hPSC products, accumulating
to >10"" clinically administered cells, so far showing no generalizable safety concerns.

Cell Stem Cell ¢? CellPress

Review OPEN ACCESS

A

Other

France 10%
lsrael
Garmany

Koraa

Australia

Figure 1. Distribution of hPSC trials per country

{A) Overview of number of hPSC clinical trials per country. The numbers indicate the countries” involvement in a trial as a trial site, and a trial with multiple sites in
different countries will therefore be counted several times on the map. A trial with several sites within the same country is counted as just one trial. Chart made with
Excel, Bing Maps.

(B) Pie chart showing fraction of hPSC clinical trial sites distributed per country.



EU approved products (2018)

List of ATMPs approved by the EMA ATPM = Advanced Therapy Medicinal
Products= Stem /Gene therapy

Alofisel TiGenix Perianal fistulas in March 2018 Approved
Crohn’s disease

Spherox CO.DON Cartilage defects May 2017 Approved
in the knee

Zalmoxis MolMed Stem cell transplantation ~ June 2016 Approved
in high-risk blood cancer With drawn 2020

Strimvelis GSK ADA-SCID April 2016 Vit | prove 2

Imlygic Amgen Melanoma October 2015 Approved

Chiesi Severe limbal stemcell  March 2015 Approved

deficiency in the eye

Provenge Dendreon Metastatic prostate October 2013 Withdrawn
cancer in 2015

MACI Vericel Cartilage defects July 2013 Withdrawn
in the knee in 2014

Glybera uniQure Lipoprotein lipase November 2012 Withdrawn
deficiency (LPLD) in 2017

Chondrocelect  TiGenix Cartilage defects November 2009 Withdrawn
in 2016




Evkekpipéva tTpoiovTa FDA (2018)

Currently, the only stem cell treatments approved by the Food
and Drug Administration (FDA) are products that treat certain
cancers and disorders of the blood and immune system. If the

products are being used for arthritis, injury-related pain,
chronic joint pain, anti-aging or other health issues, they have
not been approved by FDA and are being marketed illegally.

However, a large number of trials are on the way...

A complete list @ clinicaltrials.gov.



Evkekpipeva mrpoiovra FDA (2018)

Currently, the only stem cell treatments approved by the Food

and Drug Administration (FDA) are nrodiuicts that treat certain

CIRM-FUNDED DISEASE AREAS: LEARN MORE:
CLINICAL TRIALS:

?—

2021 IJ()VO éva IVoTIT Ol’JT;' Read our CIRM-Funded Trials brochure
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2015 "Europe approves Holoclar®,

the first stem cell-based medicinal
product!

In February 2015, Holoclar was the first stem
cell-based medicine to receive authorization for
commercial use throughout the European
Union. Injury to the eye can destroy limbal
stem cells (LSCs) leading to loss of vision as
the cornea is invaded by conjunctival cells.
Holoclar uses a patient’'s own LSCs from the
unaffected eye to form a graft grown outside
the body. Graft transplantation into the injured
eye restores the LSC population allowing a
normal transparent corneal surface to be
regenerated. This is a significant development
in the field of regenerative medicine no other
stem cell therapy has demonstrated sufficient
quality standards and clinical successes to
achieve authorization status.

2010 LARGE-SCALE SUCCESS

An individual with a spinal-cord
injury becomes the first person
to receive a therapy derived from
embryonic stem cells. A large study
the same year reports that stem cells
harvested from patients’ healthy cor-
nea tissue can be grown in the lab
and transplanted into the damaged
corneas to restore eyesight.

2015 FIRST TO MARKET

The Europe Commission approves
the sale of Holoclar to treat people
with severely damaged comeas. It is
the first stemm-cell therapy to reach
the market.




The role of clonogenic keratinocytes in Holoclar®
generation andrenewal of the corneal
epithelium. (A): The holoclone differentiation

process from highly proliferative self-renew
in gholoclones to transiently amplifying cells
(meroclones and paraclones). A confocal
microscopy image of holoclone stem cells is

on the left showing high expression of .\ el

DNp63a, an isoform of the p63 transcription N
factor.

Due to this characteristic, these cells are
also referred to asp63 bright cells. (B): Stem
cells from (A) in their ocular context.

Meroclones Paraclones

Cross section of
human eye

Holoclones, meroclones, and paraclones are
found in the basal layer of the limbus with
holoclones having the least abundance
(10%—-15%).The basal layer of the cornea is AR

Conjunctiva Limbus Corneal surface

Agqueous humour




2015 Europe approves Holoclar®, the first stem cell-based
medicinal product!
ETiOnAlaka BAAOTOKUTTOPO KEPATOEIOOUG

Holoclar® Manufacturing Process
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OLOLPOPETIKEG.

» Ot popeic mov dapopP®VOLY TO, VOUOOETIKA TANICIOL TPETEL VO KATOAYOLUV 6€ puOuicelg
OV VO EIVOL EVPEMC ATOOEKTES OO TNV KOWV®Via — avTo 0gv glvor mdvta anid m.y otic HITA
and molteio o€ mMoATELQ O1 pLOUICELC ElvVOL OLOLPOPETIKEC.

» ®opeic mov eKTpocmmovY acheveic Exouv cuuPovievTtikd poro.

» AOy® TV SLUVOTOTHTOV Y10 aVATTLEN OepamevTiKdV Tpoceyyicewv mpénel va Aopupdvovtal
VTOYT KOl OTKOVOUIKES TTOPALETPOL.

» H gumhokn 1ov 101mTIKoD Topén TPEmEL va, puOuiletan emiong...



BlootokvTTOopo & KOwvovia

» H dwpdyn vy ta PractokdtTapa Exel Ti¢ pilec g ot
dapdym tov auPAOCE®V.

» Apov ta ESC mpoépyovtal amd EuPpvo mov mpémel vo
KOTOGTPOUPOUV...

» Tlapaiinia ot eofot yio KAmvomoinon Tov avOpmdITov
OEtouv L 6elpd AAA®Y TPOPANUATICU®OV GE GYECT LE TO

TO10 €tval TO OPLO GTNV EPELVA...

LN FIL DE FRANKLIM. L SCHAFPSER
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The duty to prevent/alleviate sutfering
\'A
the duty to respect the human life/personhood

The embryo has full moral status from fertilization.
Development is continuous process - an embryo does not currently have the
characteristics of a person, but it will become a person therefore it should be given

the respect and dignity of a person.
An embryo before implantation in the uterus does not have the psychological,




The duty to prevent/alleviate suffering
\'A
the duty to respect the human life

Increasing status of the embryo status as it develops.
Stages of development with different status: before implantation, before nervous
system appearence (primitive streak), 25" week- the baby can survive if born
prematurely and birth. More than half of fertilized eggs are normally lost due to
natural causes. using some embryos in stem cell research should not worry us either.




Should research on hES be allowed?

Can public entities use tax payers’ money to fund
research on hES ? .. Scope of research?

What about private companies? Patents?



The regulations... USA

In USA these regulations apply for the federal funding, not for private funding.

Several states have started stem cell funding programs following Bush's
guidelines: California ($3 billion bond- public ballot to decide) establishment of
the California Institute for Regenerative Medicine. New York — NYSTEM ($600

million/year). Fr—
ateline.org

BINEIERINSEICEEVENC IR E[EIEN B | Embryonic Stem-Cell Research Policies
Seven states fund the research. Three declare it legal. Five
prohibit it.

Fund embryonic
stem-cell research

|_|Ensure legality,
but do not fund

[ |Ban the research

Source: National Conference of State Legislatures
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The regulations
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% L= The regulations UK

UK is the leading country in stem cell research (many scientists moved to UK

from USA following Bush restrictions.

UK Stem Cell Bank was established in 2004. $4.7 billion invested- all
embryonic cell lines generated in UK is stored in the Bank.

The use of embryos in stem cell research is carried out only with a liscence.
Liscences are granted only if the Human Fertilization and Embryology




E The regulations- Greece

Embryonic stem cells can be derived from surplus IVF embryos, for medical

and research purposes.

Human reproductive cloning is prohibited.

Embryos can be frozen and stored for up to five years, then they are either
destroyed or used for therapeutic /research purposes.




The international Society for Stem Cell Research

Internarional Sociery for Stem Cell Research

Home — Guidelines - hESC Research

Stem Cell Reports

Guidelines for the Conduct of Human
Embryonic Stem Cell Research

The Pulse e-Newsletter
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Browse Info Login

@ Find by Location e
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Russia e~
hESC (3
RASeD01-A || RASe002-A || RASeDO3-A
hiPSC (23
ABIDD ABIDD2-A || ABIDD4-A || FAMRCIDD1-A || FAMRCI001-B
FAMRCIODZ2-A || More...

Legals €B
Legislation in Russia allows the use of embryonic stem cells
derived from IVF embryos and from embryos created for
research.

National Representative
Suren Zakian

Detailled information
ro N INTERNATIONAL
)’ SOCIETY FOR
—7] STEM CELL
A M

RESEARCH

Discovery Advocacy Guidelines Standards Education Leadership Membership @ English - Annual Meeting

https://www.isscr.org/guidelines

Guidelines for Stem Cell
Research and Clinical
Translation

August 2025 Update | Version 1.2 ISSCR

Guidelines
- oo for Stem
~ About Cell
- Research
~ 2025 Update and Clinical

Translation



Kvttopikég Ogpomeiec PALAGTOKVTTAPOV YOPLS
EMGTILOVIK(. OEOOUEVUL...

» Ildvo and 200 xiwvikéc oty Kiva mapéyovv
KUTTOPIKEG Bepameieg d1apOPOV EOMV...
» Meypt to 2009 otmv Kiva dev vanipye wav

mhaiclo ko €tol Bepameieg mov Paciloviav oe

e dyota, dedouéva M Moy Kobopn ol

lustration by David Simonds



Kvttopikég Ospameieg PLOGTOKVTTAPOV YOPLS
EMGTI|UOVIK( 0E00UEVA... KOl otV Evpoan

FIG. 2. Casualties and cnntrnvershes with unproven stem cell based therapies
in Europe.

= J2-year-old man affected
by Parkinson’s disease died
in 2009 after autologous
stem cell injection by
an Italian doctor (now
Stamina's scientific director
- see main text) in a clinic
located in the Republic of
San Marino.

« Family members suspect
the death is directly linked
to the procedure, but
doctor claims the patient
died for other causes. The
case has not vyet been
decided by Italian courts,
but gave rise to an
investigation [105].

+« XCell, a German clinical
center charging patients for
injections of autologous
bone marrow-derived cell,
closed in 2011 after the
death of a 18-month-old
Romanian child following
cell-injections in the brain.
[12,106].

« xCell has now moved from
Germany and operates in
Lebanon and India as
Cell4health [107].

* In July 2009 Hungarian
police detained four
individuals suspected of
providing illegal stem cell
treatments using cells from
embryos or aborted fetuses
[108].

« The alleged treatments
were administered in a
private clinic in Budapest for
a cost of about 20,000 €. For
cell preparation, the clinic
relied on a private stem cell
research institute.




Kvttapikég Ospoameieg PLOOTOKVTTAPOV YOPIS
EMGTINLOVIKJ 0EO0UEVE... KOl otV Evponn

Stem cell doctor forced to close his clinic after child’s

death is back in business

The boss behind Europe's largest stem cell clinic, which was shut down following the
death of a child in its care, is back in business working in partnership with a British

laboratory.

Philippines Investigating 3 Politician
Deaths Allegedly From Stem Cells in

Germany

Fosted on June 23, 2013




COMTRAETOVEYER INE

Kvttoapikég Ospameieg PLOGTOKVTTAPOV YOPLS
EMGTI|UOVIK( 0E00UEVA... KOl otV Evponn
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H mepintoon ¢ etapeiog Stamina mwov kotopbwoe va evidcel
uo Kuttopikn e Oepomeion PractoxvTTdpO®V GTO XVOTNUO
Yyelag kot Otav oamodeiyOnke Ot mwpOKEITOL Yoo OmATN KoL
otapdtnoe... Eywvav dradniwoeic!

Don’t market stem-cell

products ahead of proof

The controversy aover an unproven stem-cell therapy in Italy highlights the
dangers of doing translational medicine in reverse, argues Paolo Bianco.

The microgra|
US patent application (top) and Figure 2b from
the 2003 Russian and Ukranian paper.



Kvttoapikég Ospameieg PLOGTOKVTTAPOV YOPLS

Stranger bequeaths fortune to prominent
neuroscientist

Elena Cattaneo is a relentless campaigner against the misuse of science.

PENE. Cattaneo, who is based at the University of
e L Milan, is no ordinary researcher. In 2013, then-
T president Giorgio Napolitano appointed her a

senator-for-life in recognition of her activities
in promoting science. One of her most famous
achievements, made with a handful of
colleagues, was a successful two-year battle to
stop the Stamina Foundation in Brescia
from administering unproven stem-cell

therapies.
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Senator-for-life Elena Cattaneo worked to stop use of unproven stem cell tharapies, 11 ’ " 3
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products ahead of proof k
The controversy over an unproven stem-cell therapy in Italy highlights the Davide Varnoni, US patent No. 127964641 io); Rat. 1

3 3 g 3 : The micrograph in Figure 3 from Vannoni's 2010
dangers of doing translational medicine in reverse, argues Paolo Bianco. Sl il
the 2003 Russian and Ukranian paper.




Kvttoapikég Ospameieg PLOGTOKVTTAPOV YOPLS
EMOGTIUHOVIKA OEOOUEVU..

The Australian
Stem Cell Handbook

What you should know about stem cell
therapies: now and in the future

July 2013

STEMCELLS
F_ JISTRALIA



Scientific ethics.......

South Korea invested in stem cell research in late 1990’s

PEOPLE WHO MATTERED 2004 TIME
| THIS YEAR'S CHOICE_____| PEOPLE WHO MATTERED _[ ____INMEMORIAM ____[ ___PAST CHOICES ____|

¥ Dr. Hwang Woo Suk

Hwang Woo-suk claimed to have
achieved human cloning by somatic
nucleus transfer in 2004 and also to have
generated hES lines from the cloned

embryos. the embryo was to be used for
i )00



..Kal oTnVv Augpikn!

Journals Retract 13 Papers from Heart Stem Cell Lab

It's the latest fallout from an investigation by Harvard and Brigham and Women's into
work overseen by Piero Anversa.

KERRY GRENS Home / News & Qpinion
The Lancet Retracts Cardiac Stem Cell Clinical Trial Paper

T he cardiac stemn cell field has had a rougl

only have scientists piled up evidence tt

The publication of the SCIPIO trial is among many by Piero Anversa's lab that Harvard

exist, but one of the leading proponents of th Medical School flagged for fraudulent data.

papers retracted.
KERRY GRENS

Update (March 15): The Lancet sent The Scientist the retraction notice, which
states that the data from Harvard “cannot be held to be reliable.” The editors note NOCTILUXX

that they believe the clinical work conducted in Louisville was done “in good faith.”

S ince 2014, a paper in The Lancet describing the results of a clinical trial using supposed cardiac stemn
cells has sat with an editors’ expression of concern looming over it. Now, the journal has retracted the
paper—the 16th retraction for Piero Anversa, formerly of Harvard Medical School and Brigham and

Women's Hospital.

The Scientist could not locate a retraction notice, and the press office at The Lancet did not immmediately
respond to a request for information. (We sent the message after business hours in the UK, and will

update this post once we hear back.)

In October, Harvard Medical School and Brigham and Women's Hospital determined that 31 papers from

the Anversa lab ought to be retracted. By Retraction Watch’s reporting, it’s not clear whether the 2011 paper

in The Lancet was arnong the 31, but the expression of concern came about because the institutions gave
the journal a heads up that they were investigating the “integrity of certain data” in the paper, the editors

wrote at the time.



Scientific ethics.......

Stimulus-triggered fate conversion of somatic cells
into pluripotency

Haruko Obokata, Teruhiko Wakayama, Yoshiki Sasai, Koji Kojima, Martin P. Vacanti, Hitoshi
Niwa, Masayuki Yamato & Charles A. Vacanti

Affiliations | Contributions | Corresponding authors

Nature 505, 641-647 (30 January 2014) | doi:10.1038/nature 12968

Bidirectional developmental potential in
reprogrammed cells with acquired pluripotency

Haruko Obokata, Yoshiki Sasai, Hitoshi Niwa, Mitsutaka Kadota, Munazah Andrabi,
Nozomu Takata, Mikiko Tokoro, Yukari Terashita, Shigenobu Yonemura, Charles A. Vacanti

& Teruhiko Wakayama

Stem cell scientist found dead in wake
of research paper scandal




In many countries cord blood banking has emerged within a regulatory

vacuum- started around 1995.
Over 1 million Cord Blood Units (CBUs) in private banks, 600.000 in the 54

public banks (2013).

Problems regarding property— mother / child or children. In private banks the
type of contract may refer only to the child or to all siblings of a family.
Common law does not recognise property rights in human tissues.

The case of Moore v. Regents of the University of California, 793 P.2d 479
(Cal.1990), cert denied 499 U.S. 936 (1991) is the first case on this issue,
though not related to stem cells.




Moore vs. Regents of the Univ. of California

r TFacts of the Case

- Landmark case heard in the Supreme Court of California (highest
court in State of California)

- Appealed from the Court of Appeal which held that Moore had
property rights to maintain the cause of action for conversion

« The first common law authority to address whether a living person
can claim property rights to separated biological materials

TIMELINE
» 1976 - Moore signed a written consent authorising the
removal of his spleen
- Moore provided samples of blood, blood serum, skin and
bone marrow
- 1983 - Moore was asked to sign a consent form in continuing
research, refused to do so
« 1984 - Regents were granted a patent which included
methods for using the cell-line to product lymphokines
« (ell-line had a commercial value of US$3 billion over a ‘

six-year period d ‘
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Greanpeace vs. Brustle Patent

|
p—
!
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In 2004, Greenpeace filed a lawsuit against the German scientist Oliver Brustle at

the German patent court.
A patent on isolated and purified neural progenitor cells it was granted by the patent

office. The progenitor cells were derived from embryonic stem cells.




Greanpeace vs. Brustle Patent

the German Federal Court of Justice held a pretrial session and then adressed the
European Court of Justice (ECJ). The German Patent Act is literally implemented
from the European Directive 98 / 44 (Biopatent Directive). ECJ justified
Greanpeace

A Summation of the Findings

from the ECJ Complaints from the European sientific community

= A uniform and very broad I

concept of "embryo” defined for
patent Law.

= Embryo defined as each human
egqg cell from the stage of
fertilization onward.

= Every invention regarding a

process that includes the prior
destruction of embryos, or their
use as source material,
represents an industrial or
commercial use.

= |5 immaterial whether the
process refers to human
embryos.

= Using embryos for research
purposes is an industrial or
commercial use and leads to
exclusion of patentability.

This is a devastating decision which will stop
stem cell therapies use in medicine. The
potential to treat disabling and life threatening
disease commonly using stem cells will not be
realised in Europe” Prof. Peter Coffey.

‘This unfortunate decision by the Court leaves
scientists in a ridiculous position. We are funded
to do research for the public good, yet prevented
from taking our discoveries to the marketplace
where they could be developed into new
medicines.’ Prof Austin Smith



Greanpeace vs. Brustle Patent

Profits will switch to the U.S.

IT IS hard to see what good
can come out of this bizarre
and contradictory ruling.

Cell-based theraples are
incredibly expensive because
they have to be rigorously
tested to make sure they are
uniform, safe to use and freg
of genetic mutations so they
won't cause cancer. More than
£50million has been invested
by big pharmaceutical com-
panies in dolng embryonic
stem cell research in the UK.

If they cannot protect their
imvestment by being allowed
to patent the results of their
research, it will be increas-
ingly difficult to persuade
them to finance cutting edge
trials in Britaln.

Embryonic stem cells could
potentially treat patlents with

R e [ SRS Ry

ANALYSIS

by Professor Robin
Lovell-Badge

HEAD OF STEM CELL BIOLDGY,
RATIONAL INSTTTLITE FOR MEDICAL RESEARCH

the investment we need is
lkely to go elsewhere.

The European Court judges
were guided by the advice of
the Advocate General who in
his deliberations defined
when human life begins as at
the moment of conception.

| don't know how a judge
should be able to define that in
the absence of proper
informed scientific knowledge.
This s not defined In UK law
because it is impossible to say.

Moorfields Eyve Hospital and
University College London.
There are many more in the
wings, for conditions ranging
from diabetes to Alzheimer's -
devastating llinesses which
currently have no treatment.

The ruling did not even men-
tion the potential for stem
cells to treat these condi-
tions. It talked about the
‘commercialisation® of
embryos as if we were trad-
ing in body parts.

There are stem cells which
can be taken from adolts but
their potentlal is restricted to
the organ they have been
taken from and they cannot
be grown in large quantities.

They are also belng used to
screen new drugs, which are

ety e T
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