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MOTOR NEURONS DEVELOPED FROM STEM CELLS

FIELD OF THE INVENTION

This invention relates to methods for directing differentiation of stem cells

towards neuronal fate.

BACKGROUND OF THE INVENTION

Self-renewing, pluripotent human stem cells may provide a virtually unlimited
donor source of neural progeny for far reaching applications. Neural differentiation of
human pluripotent stem cells may provide access to study all steps of human
neurogenesis, and thetefore may serve as an in vifro model for the discovery of new
genes and the development of new drugs. Neural progeny derived from human
pluripotent stem cells may serve for testing and high throughput screening of molecules
for neurotoxic, teratogenic, neurotrophic, neuroprotective and neuroregenerative effects.
Human pluripotent stem cells may serve as an unlimited source of neural cells for

transplantation and gene therapy of neurological disorders 13,

Reubinoff et. al. pioneered the development of highly enriched cultures of
developmentally competent early neural precursors (NPs) from human embryonic stem
cells (hESCs) “. In addition, Itsykson et al demonstrated the controlled conversion of
hESC into NPs in chemical defined culture conditions, in the presence of the BMP

antagonist noggin ®),

The potential involvement of the Notch signaling pathway and the y-secretase
complex in pluripotent cell differentiation has been suggested by several groups. Notch
signaling can be modulated by altering the activity of the y-secretase complex. The
proteins which form this complex include Presenilin, nicastrin, aph-1, pen-2 and related

proteins"®. y-secretase inhibitors were shown to reduce the level of Notch signaling.
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Condie et al. ® describes compositions and methods for the stabilization of
pluripotent cells in an undifferentiated state and reduction  of percentage of
spontaneously differentiated cells in the pluripotent cell culture, by inhibition of
components of the y-secretase complex. On the other hand, incubation of the cells with
an activator of Notch signaling resulted in differentiation of the cells into neuronal cells.
Condie et al. ™®, and also Lowell S. et. al. 12 " describe a role for the Notch signaling
system in controlling the fate of pluripotent stem cells. Accordingly, activation of Notch

signaling in ES cells directs their differentiation towards the neural lineage.

Similarly, also LOWELL et al. 19 disclose that activation of Notch signaling in

ES cells promotes differentiation towards a neural fate.

Wang S et al. 15 and Givogri MI et al. (16 diséuss the potential role of the
Notch system in oligodendroglial differentiation during development. John et al. an
discuss the potential role of Notch system in controlling remyelination in MS. None of
these studies however was performed in humans, or in ES cells, or in ESC-derived

neural progenitors. Also, none of these studies concerns spinal cord development.

Differentiation of human embryonic stem cells towards motor neurons (also
known as motoneurons) have been previously described 68 However, the efficiency of
directing hESC to a motor neuron fate was limited and only 20-50% of the cells in
differentiated cultures expressed markers of motor neurons. Differentiation towards a
motor neuron fate was mainly induced by two factors. Retinoic acid was used for
caudalization and sonic hedgehog (SHH) or its agonist purmorphamine for

ventralization.

SUMMARY OF THE INVENTION

The present invention provides highly efficient methods to direct the
differentiation of neural precursors towards a motor neuron fate (also known as

motoneurons).

It was found that blocking of Notch signaling pathway, e.g. by blocking

y-secretase, augments the differentiation of ventral spinal cord progenitors towards a
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motor neuron fate. Moreover, inhibition of Notch signaling (e.g. via y-secretase
inhibition) in ES cells results in prevention of differentiation, as previously described
U218) T contrast, it has now been found that inhibiting Notch signaling in ES cell-
derived neural precursors, as disclosed herein, results in the unexpected opposite effect,

namely, in promoting differentiation towards motor neurons.

Thus, there is provided a method for directing differentiation of neural progenitors
that have a caudal and ventral specification into motor neurons, the method comprising
culturing the neural progenitors in a culturing medium comprising a basic medium
supplemented by at least one inhibitor of the Notch signaling pathway whereby said

neural progenitors differentiate into postmitotic motor neurons.

Further, the present invention provides a method of directing differentiation of

neural precursors into motor neurons comprising:

(a) providing a population of neural precursors;

(b) culturing the neural precursors in a first culturing medium comprising a
basic medium supplemented by at least hedgehog (HH) or an HH agonist
and with retinoic acid (RA) so as to direct said neural precursors to
differentiate into neural progenitors that have a caudal and ventral
specification;

(¢) culturing the neural progenitors in second culturing medium comprising a
basic medium supplemented by at least one inhibitor of the Notch signaling
pathway whereby said neural progenitors differentiate into post mitotic

motor neurons.

The invention also provides a population of motor neurons differentiated from
stem cells obtained by the method of the invention. In one preferred embodiment, the

population of motor neurons is used as a model for drug development.

Further provided is the use of a population of motor neurons differentiated from

stem cells according to the invention, for the preparation of a medicament.

Finally, the invention provides a package for directing differentiation of neural

progenitors that have a caudal and ventral specification into motor neurons, the package
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comprising a culturing medium comprising a basic medium supplemented by at least
one inhibitor of the Notch signaling pathway and instructions for use of the culturing
medium for directing differentiation of said neural precursors with caudal and ventral

specification into postmitotic motor neurons.

Further provided is a package for directing differentiation of neural precursors

into motor neurons comprising

(a) a first culturing medium comprising a basic medium supplemented with at
least hedgehog (HH) or an HH agonist and with retinoic acid (RA)
(b) a second culturing medium comprising basic medium supplemented by at
least one inhibitor of the Notch signaling pathway;
(d)  instructions for use of:
i) the first culturing medium to direct neural precursors into neural
progenitors that have a caudal and ventral fate;
iii) the second culturing medium for directing differentiation of said
neural progentors with caudal and ventral specification into

postmitotic motor neurons.

Finally, there is provided a method for enriching a population of neural
progenitors with a caudal and ventral specification, the method comprising incubating
said neural progenitors in a culturing medium comprising a basic medium supplemented
with N2 serum replacement, a member of dibutyryl cyclic AMP, glial cell derived
neurotrophic factors (GDNF), BDNF, and IGF-I.

BRIEF DESCRIPTION OF THE DRAWINGS
In order to understand the invention and to see how it may be carried out in
practice, embodiments will now be described, by way of non-limiting example only,

with reference to the accompanying drawings, in which:

Figure 1 is a bar graph showing the percentage of cells expressing the early
neural marker PSA-NCAM (PSA-NCAM+) and the non-neural epithelial marker

cytokeratine 8 (CK-+8) from total cell number of cells after early neural induction of
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hESC clusters, in the presence of FGF2 or FGF2 + noggin, as compared to culturing the
hESC clusters in the same chemically defined medium (NPM-) without FGFs + noggin.

Figures 2A-2D are RT-PCR analyses of the expression of transcripts of Olig2
(Figure 2A), Ngn2 (Figure 2B), and HB9 (Figure 2C) after 2 weeks of early neural
induction followed by 2 weeks (2W) or 3 weeks (3W) of treatment with either FGF2
(lanes 1 and 5), retinoic acid (RA, lanes 2 and 6), purmorphamine (Pur, lanes 3 and 7)
and RA and Pur (lanes 4 and 8). GAPDH used as a control house keeping gene (Figure
2D).

Figures 3A-3D are fluorescent images of immunostaining for Olig-2 after early
neural induction followed by 3 weeks of treatment with FGF2 (Figure 3A),
RA (Figure 3B), Pur (Figure 3C) and RA+Pur (Figure 3D).

Figures 4A-4B are fluorescent images of immunostaining for Isl-1 after early
neural induction followed by 3 weeks of treatment with FGF2 (Figure 4A) and
RA + Pur (Figure 4B).

Figures 5A-SD are fluorescent images of immunostaining for HB9 after
6 weeks propagation and maturation in a medium supporting motor neurons (MNM)
that followed early neural induction, 1 week of RA treatment and 3 weeks treatment
with FGF2 (Figure 5A), RA (Figure 5C), Pur (Figure 5C) and RA + Pur (Figure SD).

Figures 6A-6E are RT-PCR analyses of the expression of HOX Bl (Figure
6A), HOX B6 (Figure 6B), HOX C5 (Figure 6C) and HOX C8 (Figure 6D) after early
neural induction with FGF2 treatment for 10 days (lane 1) and 17 days (lane 2) as well
as early neural induction for 10 days followed by 7 days treatment with RA (lane 3);
GAPDH used as a control house keeping gene (Figure 6E).

Figures 7A-7D are fluorescent images of immunostaining for HB9 after the
following treatments: 2 weeks early neural induction, 1 week of RA treatment, 3 weeks
Pur (Figure 7A) or Pur + RA (Figure 7C) treatment followed by 4 weeks maturation in
MNM,; the cells were plated during the last week of maturation and DAPT was added
during the last week of maturation in cultures that were induced with Pur (Figure 7B)
or Pur+ RA (Figure 7D).
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Figures 8A-8D show fluorescent images of immunostaining for CHAT after the
following treatments: 2 weeks early neural induction, 1 week of RA treatment, 3 weeks
Pur (Figure 8A) or Pur +RA (Figure 8C) followed by 4 weeks maturation in MNM;
the cells were plated during the last week of maturation and DAPT was added during
the last week of maturation in cultures that were induced with Pur (Figure 8B) or
Pur + RA (Figure 8D).

Figure 9 is a graph showing the percentage of HB9 expressing cells from total
cell number after the following treatments: 2 weeks early neural induction, 1 week of
RA treatment, 3 weeks db-cAMP, RA, Pur and Pur+RA followed by 4 weeks
maturation in MNM; with and without the cells being plated during the last week of
maturation in the presence or absence of DAPT (+DAPT and —-DAPT, respectively).

DETAILED DESCRIPTION OF THE INVENTION

The present invention is based on the finding that during differentiation of
human pluripotent stem cells towards spinal cord derivatives, Notch signaling has a key
role in directing differentiation towards motor neurons. Blocking its signaling at an
early phase induces the differentiation of spinal cord progenitors towards motor

neurons.

Thus, there is provided by the present invention a method for directing
differentiation of neural progenitors that have a caudal and ventral specification into
motor neurons, the method comprising culturing the neural progenitors in a culturing
medium comprising a basic medium supplemented by at least one inhibitor of the Notch
signaling pathway whereby said neural progenitors with caudal and ventral specification

differentiate into postmitotic motor neurons.

Further, there is provided a method for directing differentiation of neural

precursors into motor neurons comprising:

(a) providing a population of neural precursors;
(b) culturing the neural precursors in a first culturing medium comprising a
basic medium supplemented by at least hedgehog (HH) or an HH agonist

and with retinoic acid (RA) so as to direct said neural precursors to
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differentiate into neural progenitors that have a caudal and ventral
specification;

(¢) culturing the neural progenitors in a second culturing medium comprising a
basic medium supplemented by at least one inhibitor of the Notch signaling
pathway whereby said neural progenitors with caudal and ventral

specification differentiate into postmitotic motor neurons.

In one embodiment, the neural precursors are developed from stem cells. As
appreciated, the term stem cells refers to cells which under suitable conditions are
capable of differentiating into other cell types having a particular, specialized function
(i.e., "fully differentiated" cells) while under other suitable conditions are capable of
self-renewing and remaining in an undifferentiated state. A "cell" as used herein refers
to a single cell as well as to a population of (i.e. more than one) cells. The population
may be a pure population comprising a single cell type. Alternatively, the population
may comprise more than a single cell type. In one embodiment, the stem cells are
pluripotent stem cells, in other embodiments, the stem cells are neural stem cells such as

brain derived neural stem cells.

The methods of the invention make use of a population of neural precursors
differentiated from stem cells. The neural precursors are uncommitted cells. In this
connection, it is noted that the population of neural precursors developed from stem
cells are preferably those obtained from human embryonic stem (ES) cells, human
induced pluripotent stem cells (iPS cells) or any other “reprogrammed” human cell
being capable of differentiating towards a desired fate. In accordance with one

embodiment, the preferred stem cells are pluripotent stem cells.

Pluripotent stem cells may be obtained from the embryonic tissue (ES cells)
formed after fertilization, parthenogenetic activation or somatic cell nuclear transfer
(e.g., blastomer/s from cleavage stage embryo or morula, blastocyst), or embryonic
germ (EG) cells obtained from the genital tissue of a fetus any time during gestation,
preferably before 10 weeks of gestation, or from postnatal gonads at any age from birth

to adulthood or from induced pluripotent stem cells.
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Pluripotent stem cells include also multipotential adult progenitor cells
(MAPCs), amniotic fluid-derived stem cells (AFS), marrow-isolated adult multilineage
inducible cells (MIAMI).

Further, pluripotent cells include epiblast-derived stem cells (EpiSCs) similar to
those recently derived from mouse embryos as well as Fibroblast Growth
Factor/Activin/Bio cultivated stem cells (FAB-SCs).

Generally, SCs can be obtained using well-known cell-culture methods. For
example, hESC can be isolated from human blastocysts, morulas, cleavage stage
embryos or blastomeres. Human blastocysts are typically obtained from human
preimplantation embryos, from in vitro fertilized (IVF) oocytes, parthenogenetically
activated oocytes or following somatic cell nuclear transfer (SCNT). Alternatively, a
single cell human embryo can be expanded to the cleavage stage, morula or blastocyst
stage. For the isolation of human ES cells from blastocysts, most commonly the zona
pellucida is removed from the blastocyst. The whole blastocyts may be used to derive
stem cells or alternatively, the inner cell mass (ICM) is isolated by immunosurgery, in
which the trophectoderm cells are lysed and removed from the intact ICM by gentle
pipetting. The ICM may be isolated by any alternative method including mechanical
methods or with the assistance of laser [Turetsky T, et al. Laser-assisted derivation of
human embryonic stem cell lines from IVF embryos after preimplantation genetic
diagnosis. Hum Reprod. 2008 23(1):46-53]. The ICM, blastomeres or whole intact
blastocyte are then plated in a tissue culture flask containing the appropriate medium
which enables its outgrowth. Following 9 to 15 days, the outgrowth is dissociated into
clumps either by a mechanical dissociation or by an enzymatic degradation and the cells
are then re-plated on a fresh tissue culture medium. Colonies demonstrating
undifferentiated morphology are individually selected by micropipette, mechanically
dissociated into clumps, and re-plated. Resulting ES cells are then routinely split every
1-2 weeks. For further details on methods of preparation human ES cells see Thomson
et al. [U.S. Pat. No.5,843,780; Science 282:1145, 1998; Curr. Top. Dev. Biol. 38:133,
1998; Proc. Natl. Acad. Sci. USA 92: 7844, 1995]; as well as Bongso et al. [Hum
Reprod 4: 706, 1989]; Gardner et al. [Fertil. Steril. 69:84, 1998]; and Klimanskaya et al.
[Nature. 446: 342, 2007].
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Commercially available SCs can also be used to produce the neural precursors in
accordance with the invention. hESCs can be purchased from the NIH human
embryonic stem cells registry. Non-limiting examples of commercially available
embryonic stem cell lines are BG01, BG02, BG03, BG04, CY12, CY30, CY92, CY10,
TE03 and TE32.

In accordance with one embodiment of the invention, the neural precursors are
provided in the form of spheres enriched with said neural precursors. In accordance
with one embodiment the neural precursors differentiated from stem cells are in the
form of clusters of stem cells (referred to as “spheres” or "neurospheres"). The spheres
are the result of neural precursors agglomerating in spherical formations which
continues to grow over the duration of the differentiation procedure. In one
embodiment, the spheres are highly enriched with neural precursors. The term "spheres
(highly) enriched with neural precursors" is used to denote clusters of pluripotent stem
cell derived cells comprising at least 35% neural precursors, at time about 60%, 75% or
even 90% neural precursors and preferably between about 35% and 100% neural

precursors.

The spheres are provided as free floating spheres. "Free floating spheres" as
used herein, refers to a culture system in which the majority of the spheres freely float
in the culturing medium. In other words, the spheres survive and propagate in the

medium without being attached to a solid or semi solid substrate.

Spheres enriched with neural precursors derived from stem cells may be
obtained by culturing stem cells, e.g. pluripotent stem cells (i.e. cells that have the
ability to form any adult cell) in a culturing medium that directs differentiation of the
stem cells into uncommitted neural precursors. This may include a c{llturing medium
comprising at minimum a basic medium (a cell culture medium usually comprising a
defined base solution, which includes salts, sugars and amino acids) supplemented by
FGF2 and/or noggin, as described, for example by Itsykson, P., et al.’*. In this
connection, it is noted that noggin, a bone morphgenic protein (BMP) antagonist, is
known to prevent the extraembryonic background differentiation of hESCs into
non-neural lineage, favoring the differentiation to a neural fate. Alternative BMP

antagonists may include chrodin or gremlin. The basic medium may be supplemented
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only by FGF2, by inhibitors of the TGF-beta pathway, or by any combination of the

above factors.

As appreciated by those versed in the art, neural precursors may also be obtained
by culturing embryonic stem cells in a chemically defined medium without any factors,
or they may be derived in monolayer( cultures in chemically defined medium that may
be further supplemented with noggin, FGF2, inhibitors of the TGF-beta pathway, or

with a combination of these factors.

In the context of the present invention a “culturing medium” includes a
combination of elements, at minimum including a basic medium and a serum
replacement supplement. The basic medium may be any basic medium known in the art
for culturing cells, in particular, for culturing stem cells. In some preferred
embodiments, the basic medium is basal, such as Neurobasal™ medium, available from
Invitrogen and known to be suitable for culturing neural cells. Alternatively, the basic

medium may be DMEM/F-12 also available from Invitrogen.

The culturing medium may further comprise other elements such as, without
being limited thereto, an extracellular matrix (ECM) component, particularly for
inducing neural precursors from stem cells in flat cultures, additional serum or serum
replacements, a culture (nutrient) medium and other exogenously added factors, which
together provide suitable conditions that support cell growth. The culturing medium
may also be supplemented by an antibacterial agent. The antibacterial agent may be
selected from, without being limited thereto, penicillin and/or streptomycin. Further, the
culturing medium may be supplemented by non-essential amino acids (NEAA). In the
context of the present invention, the term “culture system” will be used to denote cells

maintained in a culturing medium.

The term "maintenance” means continuous survival of a cell or population of
cells, at times, with an increase in numbers of cells. The continuous survival refers to a
survival of the cells for at least 6 weeks, preferably for at least 10 weeks. Further,
"proliferation", "propagation", "expansion" and "growth", which may be used

interchangeably with each other, refer to such an increase in cell number.

Thus, in the context of the present invention the term “neural precursors

developed (or differentiated, or derived) from stem cells” denote the result of non-
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terminal differentiation of stem cells towards neural fate, the cells being characterized

by the expression of at least the cellular markers Pax6 and nestin.

In accordance with the invention, the neural precursors developed from stem
cells are subject to a first culturing stage, including culturing in a medium supplemented
with at least hedgehog (HH) or an HH agonist and with retinoic acid (RA), two potent
enhancers of neuronal differentiation, so as to direct said neural precursors to acquire a

caudal and ventral specification.

In one embodiment, the HH is Sonic HH (SHH) agonist selected from
purmorphamine (Pur), Hh-Agl.3 (Curis Company).

A typical concentration range for the HH or HH agonist used in the first
culturing stage of the invention is between 0.5uM and 2.0uM preferably 0.5uM; and a
typical concentration range for the RA in the first culturing stage of the invention is
between 0.5uM to 20uM, preferably about 1puM. Such conditions allow the neural

precursors to acquire a caudal and ventral specification and to propagate.

The first culturing stage is conducted for between several days to several weeks,

typically, between 1 to 3 weeks.

As indicated above, the first culturing stage results in a culture system
comprising a cell population of enriched with neural progenitors having a caudal and
veniral specification. The term "neural progenitors having a caudal and ventral
specification" as used herein denotes a population of such cells where at least 30%,
preferably 70% and more preferably above 90% of the cells exhibit at least one
characteristic of neural progenitors having a caudal and ventral fate. Such characteristics
include, without being limited thereto the expression by cells having a caudal and
ventral specification/fate of one or more of the following cell markers: Olig2, HoxBl,
HoxB6, HoxC5, and HoxCS8.

In the context of the present invention a "cell marker" refers to is any
phenotypic feature of a cell that can be used to characterize it or discriminate it from
other cell types. A marker may be a protein (including secreted, cell surface, or internal
proteins; either synthesized or taken up by the cell); a nucleic acid (such as an mRNA,

or enzymatically active nucleic acid molecule) or a polysaccharide. Included are
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determinants of any such cell components that are detectable by antibody, lectin, probe
or nucleic acid amplification reaction that are specific for the cell type of interest. The
markers can also be identified by a biochemical or enzyme assay that depends on the
function of the gene product. Associated with each marker is the gene that encodes the
transcript, and the events that lead to marker expression. A marker is said to be
preferentially expressed in an undifferentiated or differentiated cell population, if it is
expressed at a level that is at least 5 times higher (in terms of total gene product
measured in an antibody or PCR assay) or 5 times more frequently (in terms of positive
cells in the population). Markers that are expressed 10, 100, or 10,000 times higher or

more frequently are increasingly more preferred.

In accordance with the method of the invention, the neural progenitors that have
a caudal and ventral specification are then subjected to conditions that direct their
further differentiation into functional postmitotic motor neurons. Such conditions
comprise a second culturing stage making use of a second culturing medium comprising
at least one inhibitor of the Notch signaling pathway. The at least one inhibitor of the
Notch signaling pathway used in the second culturing stage may be any inhibitor of any
component participating in the pathway. The component may be a small molecular
weight compound as well as a polymer. In one embodiment, the component is an amino
acid molecule (protein, peptide, or polypeptide) or nucleic acid encoding the amino acid

sequence participating in the pathway.

In a further embodiment, the amino acid molecule or nucleic acid encoding same
and that is involved in the Notch signaling pathway belongs to the y-secretase complex.
Non-limiting examples of y-secretase complex inhibitors include non-transition stage
analogues such as the highly specific y-secretase complex, N-(3,5-Difluorophenacetyl)-
L-alanyl]-S-phenylglycine t-butyl ester DAPT [Dovey et al., B compound E transition
state analogues, helical peptides containing a-aminoisobutyric acid (Aib),

Fenchylamine Sulfonamide compounds, NSAIDs, and benzodiazepines.

Culturing with an inhibitor of the Notch signaling pathway comprises incubation
for about 7 to 14 days. In accordance with one embodiment, the inhibitor is added to the

cells after these were plated.
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As a result of culturing with the Notch signaling pathway a culture system
comprising at least about 20%,preferably between about 40% to about 60%, most
preferably above 60% of postmitotic motor neurons are obtained, as evidenced by the

expression of HBY protein.

At times, to achieve effective differentiation into motor neurons, it is preferable
that the neural progenitors having a caudal and ventral fate be propagated in a
chemically defined medium for several weeks, prior to subjecting the neural precursors
to the said at least one inhibitor of the Notch signaling pathway. The propagation stage
may be for about 2 to about 20 weeks, preferably for about 4 to 6 weeks.

The chemically defined medium for propagation may comprises the basic media
(e.g. Neurobasal™)
of dibutyryl cyclic AMP (dbcAMP), glial cell derived neurotrophic factors (GDNF) and

the neutrophins, such as BDNF, as well as grbwth factors, such as IGF-1.

supplemented with serum replacement such as N2, any member one

In accordance with one particular embodiment, the chemically defined medium is
Neurobasal™ medium supplemented by 1% non-essential amino-acids, 1% N2 or 0.5%
N2 combined with 1% B27, 0.5uM-1pM, preferably 1pM, db-cAMP and between about
5ng/ml and about 30ng/ml, preferably about 10ng/ml, of BDNF, GDNF and IGF-1.

The cells may be propagated for a long period of time before being subjected to
the postmitotic differentiation, i.e. to the second culturing stage. A long period of time
includes from several weeks to several months during which the spheres are cultured in

suspension, as free floating spheres.

The method disclosed herein may comprise one or more steps of culturing
medium refreshment (i.e. the replacement of at least 50% of the culturing medium). It is
appreciated that by said medium refreshment, dead cells and their fragments are
gradually removed. Culturing medium may be refreshed at least every 2-3 days and
most preferably at least every 2 days. The medium refreshment may include the
replacement of a portion of the basic media only, as well as the replacement of a portion
of the basic media including one or more of its components as described herein. Further,

it is appreciated that the methods may comprise different media replacements, e.g. at
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times only the replacement of the basic medium, and at other time points, the

replacement of the basic medium comprising one or more of the supplements.

The motor neurons obtained by the method of the present invention may have a

variety of applications.

In accordance with one embodiment, the motor neurons can be used in cellular
models of human motor neuron disease, where such models could be used for basic
research and drug discovery, e.g., to find treatments for motor neuron diseases or
disorders including but not limited to: amyotrophic lateral sclerosis (ALS), also called
Lou Gehrig's disease or classical motor neuron disease; progressive bulbar palsy, also
called progressive bulbar atrophy; pseudobulbar palsy; primary lateral sclerosis (PLS);
progressive muscular atrophy; spinal muscular atrophy (SMA, including SMA type 1,
also called Werdnig-Hoffmann disease, SMA type II, and SMA type IIl, also called
Kugelberg-Welander disease); Fazio-Londe disease; Kennedy disease, also known as
progressive spinobulbar muscular atrophy; congenital SMA with arthrogryposis; or
post-polio syndrome (PPS).

In an exemplary embodiment, somatic cell nuclear transfer can be used to insert
DNA from a patient with a genetic defect or a defect of unknown origin in their motor
neurons, into an oocyte, followed by the isolation of a human embryonic stem cell line,
followed by the differentiation of that line into a population of motor neurons. The thus
formed population may then be used as a cellular model for the disorder associated with
the genetic defect or any other abnormality carried by these cells. The cellular model
may be used for the development of drugs. In addition, the thus formed population may
serve for drug development and testing for the specific patient from which they were

developed in the course of personalized medicine.

In an other exemplary embodiment stem cell, neural precursors or neural
progenitors may be developed from the gonads, bone marrow, brain biopsy or any
"reprogrammed” cells of patients with motor neuron disorder of any etiology, and
directed to differentiate into a population of motor neurons. The thus formed population
may then be used as a cellular model for the motor neuron disorder of the patient. The

cellular model may be used for the development of drugs. In addition, the thus formed
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population may serve for drug development and testing for the specific patient from

which they were developed in the course of personalized medicine.

The motor neurons may serve for testing and high throughput screening of
molecules for neurotoxic, teratogenic, neurotrophic, neuroprotective and

neuroregenerative effects.

In accordance with another embodiment, the motor neurons can be used for
studying exogenous diseases and disorders of motor neurons. In one exemplary
embodiment, the cells can be used to study viral infections of motor neurons such as

polio.

In yet another embodiment, the motor neurons can be used for transplantation
into any tissue of interest, where such tissues could be neural tissues (central nervous
system or peripheral nervous system, e.g. spinal cord, nerve bundles, motor nerves,
nerve ganglia) or non-neural tissues (muscle, liver, lungs). The motor neurons can be
transplanted into the spinal cord at any position from the cervical to lumbar regions.
One of skill in the art can determine what procedures would be necessary for
transplanting the cells into a particular position in the spinal cord, e.g., in some
embodiments, a laminectomy may be appropriate to facility entry to the spinal cord,
while in other embodiments the cells could be administered by directly accessing the
spinal cord, as may be possible for neonatal applications, or administration to adult
subjects by inserted the injection apparatus between vertebral bodies (similar to a spinal
tap), to deliver the cells either into nervous tissue or intra thecal or into any other

appropriate site.

In accordance with one aspect of the invention, when the motor neurons are used
in a therapeutic application wherein the cells are expected to exhibit functions similar or
identical to motor neuron functions. In one embodiment, the cells are transplanted using
procedures to target the cells to selected sites. In an exemplary embodiment, when cells
are introduced into the spinal cord, the cells may be targeted to spinal cord grey matter,
including the dorsal or ventral horn of the grey matter. In another exemplary
embodiment, cells can be targeted to other sites including, but not limited to, an
emerging ventral or dorsal root, a dorsal root ganglion, a spinal nerve, a peripheral

nerve a motor nerve, or any other appropriate site as determined by one of skill in the
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art. In one preferred embodiment, the cells are transplanted directly or indirectly (e.g.

ex vivo) to mammals, preferably, to humans.

In some other embodiments, the motor neurons may be used as carriers for gene

therapy, or as carriers for protein delivery.

The invention also provide a package for directing differentiation of neural
progenitors that have a caudal and ventral specification into motor neurons comptising
culturing medium comprising a basic medium supplemented by at least one inhibitor of
the Notch signaling pathway and instructions for use of the culturing medium for
directing differentiation of said neural progenitors with caudal and ventral specification

into postmitotic motor neurons.

The invention also provides a package for directing differentiation of neural
precursors differentiated from stem cells into motor neurons comprising:
(@) a first culturing medium comprising a basic medium supplemented with at
least hedgehog (HH) or an HH agonist and with retinoic acid (RA);
(b) a second culturing medium comprising a basic medium supplemented by
at least one inhibitor of the Notch signaling pathway;
(d) instructions for use of:
1) the first culturing medium to direct neural precursors differentiated
from stem cells to differentiate into neural progenitors that have a
caudal and ventral specification;
iii)  the second culturing medium for directing differentiation of said
neural progenitors with caudal and ventral specification into

postmitotic motor neurons.

Unless otherwise defined, all technical and scientific terms used herein have the
same meaning as commonly understood by one of ordinary skill in the art to which this
invention relates. Although methods and materials similar or equivalent to those
described herein can be used in the practice or testing of the invention, suitable methods

and materials are described herein.

As used in the specification and claims, the forms "a", "an" and "the" include

singular as well as plural references unless the context clearly dictates otherwise. For
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example, the term "a stem cell" includes one or more stem cells, and the term "stem

cells" includes one stem cell as well as more than one stem cell.

As used herein, the term "or" means one or a combination of two or more of the

listed choices.

Further, as used herein, the term "comprising" is intended to mean that the
methods includes the recited elements, but does not exclude others. Similarly,
"consisting essentially of" is used to define methods that include the recited elements
but exclude other elements that may have an essential significance on the characteristics
of the cell populations obtained by the methods of the invention. For example, a method
making use of a culture medium consisting essentially of a basic medium and medium
supplements will not include or will include only insignificant amounts (amounts that
will have an insignificant effect on the characteristics of the resulting cells i) of other
substances that have an effect on fate of the original cells. Also, a method making use of
a culture medium consisting essentially of the elements as defined herein would not
exclude trace contaminants. "Consisting of" shall mean excluding more than trace
amounts of other elements. Embodiments defined by each of these transition terms are

within the scope of this invention.

Further, all numerical values, e.g., concentration or dose or ranges thereof, are
approximations which are varied (+) or (-) by up to 20%, at times by up to 10%, from
the stated values. It is to be understood, even if not always explicitly stated that all
numerical designations are preceded by the term "about". It also is to be understood,
although not always explicitly stated, that the reagents described herein are merely

exemplary and that equivalents of such are known in the art.

It is appreciated that certain features disclosed herein, which are, for clarity,
described in the context of separate embodiments, may also be provided in combination
in a single embodiment. Conversely, various features of the present disclosure, which
are, for brevity, described in the context of a single embodiment, may also be provided

separately or in any suitable sub-combination.

Although the present disclosure has been described in conjunction with specific
embodiments thereof, it is evident that many alternatives, modifications and variations

will be apparent to those skilled in the art.
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All publications, patents and patent applications mentioned in this specification

are herein incorporated in their entirety by reference into the specification.

The invention will now be described with reference to the following non-

limiting examples.

DETAILED DESCRIPTION OF NON-LIMITING EMBODIMENTS
Methods

hESC culture

Undifferentiated hESCs were routinely propagated on mitotically inactivated
human foreskin fibroblasts in 85% Knockout (KO) DMEM medium supplemented with
15% Knockout Serum replacement (KO-SR), 2 Mm, l-glutamine, 1% nonessential
amino acids, 50 U/ml penicillin, 50 pg/ml, streptomycin (all from Invitrogen) and basic

fibroblast growth factor (th-FGF2; 4ng/ml, (Peprotech).

The hESCs were passaged enzymatically with collagenase IV 1mg/ml
(Invitrogen) every 7 days.

Induction of hESCs to differentiate into neural precursors

To develop spheres enriched for neural precursors, hESC colonies were removed
intact from the feeders, 6 days after passage, with collagenase IV. They were cultured in
low adherent culture dishes (HydroCell) in DMEM/F12 (1:1) basal medium
(Invitrogen), supplemented with 2% B27 , 2 mM glutamine, 50 units/ml penicillin,
50 pg/ml streptomycin (all from Invitrogen), and 20 ng/ml rh-FGF-2 (Peprotech). In
some experiments the medium was also supplemented with noggin 600-700ng/ml (both
from R&D) for 14-16 days.

The medium was refreshed twice a week.

Derivation of motor neurons

The neural precursors highly enriched spheres were transferred to the same basal
medium as above supplemented with 2mM L-glutamine (Invitrogen), 50 units/ml

penicillin (Invitrogen), 50 pg/ml streptomycin (Invitrogen), 1% non-essential amino-
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acids (Invitrogen) and 1% N2 (Invitrogen). The medium was further supplemented with
1uM retinoic acid (“RA”; Sigma) or 0.5 pM purmorphamine (“Pw”; a hedgehog

agonist; Merck), or combination of Pur and RA, for 3 weeks.

Alternatively, the spheres were cultured in the same medium supplemented with
1uM RA (Sigma) for 1 week. Followed by further culturing the spheres in neurobasal
medium (Invitrogen) supplemented with 2mM L-glutamine (Invitrogen), 50 units/ml
penicillin (Invitrogen), 50 pg/ml streptomycin (Invitrogen), 1% non-essential amino-
acids (Invitrogen), N2 (Invitrogen), 1uM db-cAMP (Sigma) and 1uM RA (Sigma) , or
0.5 pM Pur (Merck), or combination of RA and Pur, for 2-3 weeks.

The spheres were then further cultured in the same neurobasal medium
supplemented with 2mM L-glutamine, 50 units/ml penicillin, 50 pg/ml streptomycin,
1% non-essential amino-acids , 1% N2 (all from Invitrogen), 1pM db-cAMP and
10ng/ml of BDNF, GDNF and IGF-I (all from Peprotech). This medium was designated
as motor neuron medium (MNM). The clusters could be cultured in suspension in this
medium for prolonged periods (5 months). At various time points along this period the
cells were plated on 10ug/ml Poly-D-Lysine (Sigma) and 5Spg/ml laminin (Sigma) for
terminal differentiation in the presence or absence of the y-secretase inhibitor [N-(3,5-

Difluorophenacetyl)-L-alanyl]-S-phenylglycine t-butyl ester (DAPT; 1 uM ,Sigma).

Immunofluorescent staining;

The following primary antibodies were used: polyclonal rabbit anti Isl1(1:750,
Abcam), mouse anti HB9 (1:50, DSHB), polyclonal goat anti CHAT (1:200, R&D),
and goat anti olig2 (1:75, R&D).

The following secondary antibodies: goat anti-rabbit conjugated to Cy-3
(1:1000, Jackson), goat anti-mouse conjugated to Cy-3 (1:500, Jackson), donkey anti
goat conjugated to rhodamin (1:300, Jackson), Texas red or Alexa 488-conjugated goat
anti-mouse IgM (1:100, Jackson), goat anti-rabbit IgG (1:100, Molecular Probes), goat
anti-mouse IgG (1:100, Molecular Probes) or donkey anti-goat IgG (1:250, Jackson)

were used as secondary antibodies, where appropriate.
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RT-PCR

Total RNA was extracted from free-floating clusters after 2 and 3 weeks of
treatment with RA, Pur or both. Total RNA was isolated using TRI-reagent (Sigma)
followed by treatment with RNase-free DNase (Ambion). cDNA synthesis was carried
out using Moloney murine leukemia virus (M-MLV) reverse transcriptase and random
primers, according to the manufacturers’ instructions (Promega). To analyze relative
expression of different mRNAs, the amount of cDNA was normalized based on the
signal from GAPDH mRNA. PCR was carried out using standard protocols with Taq
DNA Polymerase (Promega). Amplification conditions were as follows: denaturation at
94°C for 30 seconds, annealing at 55°C for 30 seconds, and extension at 72°C for 45
seconds. The number of cycles varied between 30 and 40, depending on particular
mRNA abundance. Primer sequences (forward and reverse 5°-3°) were as shown in
Table 1 (sequence identification number (SEQ ID NO.) according to the Sequence

Listing is also provided):
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Resulis

To induce the differentiation of hESCs towards motor neurons, hESC clusters
were initially cultured in chemically defined medium supplemented with FGF2 with or
without noggin for two weeks. At the end of this culture period the clusters acquired
round morphology typical of neural spheres. Analysis of the phenotype of the cells
within the clusters demonstrated that they were highly enriched for neural precursor
cells expressing PSA-NCAM (Figure 1).

Following this initial induction of early neural differentiation, the role of
purmorphamine (Pur) and retinoic acid (RA) in further specification towards a caudal
and ventral fate was examined. The neural precursors were further cultured 2-3 weeks
with Pur, RA, or the combination of RA & Pur as well as with FGF2 as a control.
Caudalization and ventralization were studied by analyzing the expression of Olig-2,
Ngn2 and HB9 transcripts (Figures 2A, 2B and 2C). When treatment with Pur or RA
was compared after 2 weeks (lanes 2 and 3), Pur induced the expression of Olig-2 and
HB9 transcripts while RA did not, suggesting that Hedgehog signaling has a role in
inducing the expression of these key transcription factors. After 3 weeks of treatment
both Pur and RA induced the expression of Olig-2 and HB9 (lanes 6 and 7 in Figures
2A and 2C). Without being bound by theory, induction of expression of these
transcription factors by RA after 3 weeks (lane 6 in Figures 2A and 2C) may be related
to RA-mediated induction of endogenous SHH gene expression. Treatment with both
Pur and RA induced the expression of Olig-2, HB9 and Ngn2 after 2 and 3 weeks (lanes
4 and 8 in Figures 2A, 2B and 2C). Treatment with FGF2 in control experiments did
not induce the expression of either genes after 2 or 3 weeks (lanes 1 and § in

Figures 2A, 2B and 2C).

The above findings were confirmed by immunostaining (Figure 3A-3D).
Treatment with FGF2 or RA for 3 weeks did not induce the expression of Olig-2
(Figure 3A and Figure 3B), while Pur and the combination of Pur and RA induced the
expression of Olig-2 (Figure 3C and Figure 3D) in 24-54% of the cells . Isl-1 which
was not expressed in the FGF2-treated control cell population (Figure 4A), was
expressed by the majority (60-79%) of the cells after treatment with RA-+Pur
(Figure 4B).

01916832\13-01
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Given these results that indicated the role of RA and Pur in inducing caudal and
ventral fate, further studies were perform as follows; the neural precursors were treated
with RA for 1 week, which was then followed by 3 weeks treatment with Pur or
RA~+Pur. Control cell populations were treated during the three weeks period with RA
or FGF2 only. After further maturation of the spheres for 4-6 weeks in MNM, further
evidence for the ventral specification was demonstrated by the expression of HB9
protein in up to 66% of the cells. HB9 was not expressed after maturation that followed
the 3 weeks treatment with FGF2 or RA (Figure SA or Figure 5B, respectively). Its
expression was induced after maturation that followed 3 weeks treatment with Pur (66%

of total cells; Figure 5C) or RA+Pur (32% of total cells; Figure SD).

In a similar set of expetiments, after initial early neural induction in the presence
of FGF2 , the spheres were induced to take a caudal fate by 7 days treatment with RA.
RA treatment induced the expression of HOX B1 (Figure 6A), HOX Bé (Figure 6B),
HOX C5 (Figure 6C) and HOX C8 (Figure 6D), which are expressed during
caudalization of the neural tube (induction with FGF2 treatment for 10 days (lane 1) and
17 days (lane 2) as well as early neural induction for 10 days followed by 7 days
treatment with RA (lane 3)).This was further followed by ventralization which was
induced by Pur in the presence or absence of RA for 2-3 weeks. At this stage Olig-2,
which is expressed by neural progenitors in the pMN domain of the ventral neural tube,
was expressed by 23-54% of the cells within the spheres. The spheres were further
allowed to mature in MNM for 2-6 weeks followed by plating on laminin and terminal
differentiation in the same medium. After 4 weeks of maturation, 20-50% of the cells

expressed HB9 (Figures 7A and 7C) as well as CHAT (Figures 8A and 8C)

To further enhance the motor neuron differentiation, caudalization and
ventralization were followed by blocking Notch signaling with the y-secretase inhibitor
DAPT. After 2-3 weeks of maturation in MNM, the spheres were plated on laminin and
terminally differentiated in the presence of DAPT for 7-10 days. The percentage of
HB9+ cells was increased by 1.5-2 folds to 40-70% of total cells in the presence of
DAPT (Figures 7B, 7D and 9) DAPT treatment significantly augmented the neurite
outgrowth and branching from CHAT expressing cells (Figures 8B and 8D).

01916832\13-01
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CLAIMS:

1. A method for directing differentiation of neural progenitors with a caudal and
ventral specification into motor neurons, the method comprising culturing the neural
progenitors in a culturing medium comprising a basic medium supplemented by at least
one inhibitor of the Notch signaling pathway whereby said neural progenitors
differentiate into postmitotic motor neurons.
2. The method of Claim 1, wherein said neural progenitors that have a caudal and
ventral specification are obtainable from a population of neural precursors cultured in a
first culturing medium comprising a basic medium supplemented with at least hedgehog
(HH) or an HH agonist and with retinoic acid (RA) so as to direct said neural precursors
to differentiate into neural progenitors that acquired a caudal and ventral fate.
3. A method for directing differentiation of neural precursors differentiated from
stem cells into motor neurons comprising:
(a) providing a population of neural precursors differentiated from stem cells;
(b) culturing the neural precursors in a first culturing medium comprising a
basic medium supplemented with at least hedgehog (HH) or an HH agonist
and with retinoic acid (RA) so as to direct said neural precursors to
differentiate into neural progenitors tI;at acquired a caudal and ventral fate;
(¢) culturing the neural progenitors with caudal and ventral specification in a
second culturing medium comprising a basic medium supplemented by at
least one inhibitor of the Notch signaling pathway whereby said neural

progenitors differentiate into postmitotic motor neurons.

4. The method of Claim 3, wherein said neural precursors are developed from stem
cells.

5. The method of Claim 4, wherein said stem cells are pluripotent stem cells.

6. The method of Claim 4 or 5, wherein said pluripotent stem cells are human stem

cells selected embryonic stem cells or induced pluripotent stem cells (iPS cells).
7. The method of any one of Claims 3 to 6, wherein said neural cells are spheres

enriched with neural precursors comprise at least 35% neural precursors.

01916832\13-01
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8. The method of any one of Claims 3 to 7, wherein said neural precursors are
characterized by the expression of at least one cellular marker selected from the group
consisting of Pax6 and nestin.

9. The method of any one of Claims 3 to 8, wherein said HH is a Sonic HH (SHH)
agonist.

10.  The method of Claim 9, wherein said SHH agonist is selected from the group
consisting of purmorphamine (Pur) and Hh-Agl.3.

11.  The method of any one of Claims 3 to 10, wherein said first culturing medium
comprises between about 0.5uM to 2.0uM of said HH or HH agonist.

12.  The method of any one of Claims 3 to 11, wherein said first culturing medium
comprises between 0.5uM to 20uM RA.

13.  The method of any one of Claims 3 to 12, wherein said first culturing medium
comprises 0.5uM SHH agonist and 1pM RA.

14.  The method of any one of Claims 3 to 13, wherein said culturing in said first
culturing medium is for between about 1 to 3 weeks.

15.  The method of any one of Claims 1 to 14, wherein said at least one inhibitor of
the Notch signaling pathway comprises an inhibitor of the y-secretase complex.

16.  The method of Claim 15, wherein said inhibitor of the y-secretase complex is N-
(3,5-Diﬂuorophenacetyl)-L-alanyl]—S-phenylglycine t-butyl ester (DAPT).

17.  The method of any one of Claims 1 to 14, wherein said culturing in the culturing
medium comprising said inhibitor is for between about 7 to 14 days.

18.  The method of any one of Claims 3 to 17, comprising propagating said neural
progenitors having a caudal and ventral fate prior to culturing in said second culturing
medium.

19.  The method of Claim 18, wherein said propagating comprises culturing said
neural progenitors in a culturing medium comprising a basic medium supplemented
with N2 serum replacement, a member of dibutyryl cyclic AMP, glial cell derived
neurotrophic factors (GDNF), BDNF, and IGF-I.

20.  The method of Claim 18 or 19, wherein said propagating is for between 2 to 20
weeks.

21. A population of motor neurons differentiated from stem cells obtained by the

method of any one of Claims 1 to 20.

01916832\13-01
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22.  Use of a population of motor neurons differentiated from stem cells as claimed
in Claim 21 for the preparation of a medicament.
23. A package for directing differentiation of neural progenitors that have a caudal
and ventral specification into motor neurons, comprising a culturing medium
comprising a basic medium supplemented by at least one inhibitor of the Notch
signaling pathway and instructions for use of said culturing medium for directing
differentiation of neural precursors with caudal and ventral specification into
postmitotic motor neurons.
24. A package for directing differentiation of neural precursors into motor neurons
comprising
(a) a first culturing medium comprising a basic medium supplemented with at
Jeast hedgehog (HH) or an HH agonist and with retinoic acid (RA)
(b) a second culturing medium basic medium supplemented by at least one
inhibitor of the Notch signaling pathway;
(c) instructions for use of:
i)  the first culturing medium to direct neural precursors to acquire a
caudal and ventral fate;
ji) the second culturing medium for directing differentiation of said
neural precursors with caudal and ventral specification into
postmitotic motor neurons.
25. A method of determining potency of a potential drug for the treatment of a
motor neuron disease comprising contacting a population of motor neurons according to
Claim 21 with said potential drug and determining the effect of said drug on said motor
neurons.
26. A method for enriching a population of neural progenitors with a caudal and
ventral specification, the method comprising incubating said neural progenitors in a
culturing medium comprising a basic medium supplemented with N2 serum
replacement, a member of dibutyryl cyclic AMP, glial cell derived neurotrophic factors
(GDNF), BDNF, and IGF-L

01916832\13-01



WO 2009/122413

1/9

100
80

SUBSTITUTE SHEET (RULE 26)

PCT/IL2009/000367
F
QO
D
-
D
Ll
N
>
1]
o
<
-



PCT/IL2009/000367

WO 2009/122413

2/9

L 9

m>¢

€ ¢

L

jeall NME

jeall M2

HAdVO

69H

CubN

zbio

az ainbi4

0g ainbi4

g¢ ainb14

V¢ ainbi4

SUBSTITUTE SHEET (RULE 26)



WO 2009/122413

Figure 3B

Figure 3A

3/9

SUBSTITUTE SHEET (RULE 26)

PCT/IL2009/000367

o
=
o
+
<
oc

Figure 3D

Figure 3C



WO 2009/122413 PCT/IL2009/000367

4/9

Figure 4B

Figure 4A

SUBSTITUTE SHEET (RULE 26)



WO 2009/122413

Figure 5B

Figure 5A

5/9

SUBSTITUTE SHEET (RULE 26)

PCT/IL2009/000367

oc
=
o
-+
<
oc

Figure 5D

Figure 5C



WO 2009/122413

PCT/IL2009/000367

6/9

HAdVYD
80 XOH
GO XOH

94 XOH

19 XOH

39 ainbi4

a9 ainbi4

99 ainbi4

g9 ainbi4

v9 ainbi4

SUBSTITUTE SHEET (RULE 26



PCT/IL2009/000367

WO 2009/122413

7/9

a. ainbi4

g/ ainbi4

o/ ainbi4

v. ainbi4

SUBSTITUTE SHEET (RULE 26)



PCT/IL2009/000367

WO 2009/122413

8/9

as ainbi4

g8 ainbi4

dnd+vy

08 ainbi4

v8 ainbi4

SUBSTITUTE SHEET (RULE 26)



WO 2009/122413 PCT/IL2009/000367

9/9

RA+Pur

Pur

RA

N -DAPT
# +DAPT

db-cAMP

| [ ! [ [ ]

o o o o =)
(o L0 < ™ Al

Idvd / 68H %

10
0

SUBSTITUTE SHEET (RULE 26)



INTERNATIONAL SEARCH REPORT

International application No

PCT/IL2009/000367

A.
INV.

CLASSIFICATION OF SUBJECT MATTER
C12N5/06

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

C12N

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practical, search terms used)

EPO-Internal, BIOSIS, WPI Data, EMBASE, CHEM ABS Data

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

CRAWFORD T QUINN ET AL: "The Notch
response inhibitor DAPT enhances neuronal
differentiation in embryonic stem
cell-derived embryoid bodies independently
of Sonic Hedgehog signaling”

DEVELOPMENTAL DYNAMICS,

vol. 236, no. 3, March 2007 (2007-03),
pages 886-892, XP002537459

ISSN: 1058-8388

the whole document

[SE]; GROENBORG METTE [DK]; WAHLBERG LARS
[) 31 October 2002 (2002-10-31)

page 13, line 20 - line 23; claim 356
page 16, line 25 - 1line 30; example 1

_____ o

1,2,15,
16,21-23

3-14,
17-20,24

25,26

19

m Further documents are listed in the continuation of Box C.

E See patent family annex.

filing date

* Special categories of cited documents :

*A"* document defining the general state of the art which is not
considered to be of particular relevance ’

“E" earlier document but published on or after the international

*L* document which may throw doubts on priority claim(s) or
which is cited to establish the publication date of another
citation or other special reason (as specified)

"0" document referring to an oral disclosure, use, exhibition or
other means -

*P* document published prior to the international filing date but ' in the art.
later than the priority date claimed

invention

"T* later document published after the internationa! filing date
or priority date and not in conflict with the application but
cited to understand the principle or theory underlying the

*X* document of particular relevance; the claimed invention
cannot be considered novel or cannot be considered to
- involve an inventive step when the document is taken alone

"Y* document of particular relevance; the claimed invention
cannol be considered to involve an inventive step when the
document is combined with one or more other such docu-
ments, such combination being obvious to a person skilled

'&" document member of the same patent family

Date of the actual completion of the international search

6 August 2009

Date of mailing of the interational search report

18/08/2009

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL ~ 2280 HV Rijswilk
Tel. (+31-70) 340-2040,

Authorized officer

Fax: (+31-70) 340-3016 Armandola, Elena

Form PCT/ISA/210 (second shest) (April 2005)

page 1 of 3




INTERNATIONAL SEARCH REPORT

International application No.

PCT/IL2009/000367

C(Continuation).

DOCUMENTS CONSIDERED TO BE RELEVANT

Category* -| Citation of document, with indication, where appropriate, of the refevant péssages

Relevant to claim No.

Y

BRISCOE JAMES ET AL: "Regulatory pathways
1inking progenitor patterning, cell fates
and neurogenesis in the ventral neural
tube" .

PHILOSOPHICAL .TRANSACTIONS OF THE ROYAL
SOCIETY OF LONDON B BIOLOGICAL SCIENCES
vol. 363, no. 1489,

12 January 2008 (2008 01- 12) pages 57-70,

~ XP002537460

ISSN: 0962-8436

figure 3

CUNLIFFE VINCENT T: "Histone deacetylase
1 is required to repress Notch target gene
expression during zebrafish neurogenesis
and to maintain the production of
motoneurones in response to hedgehog
signalling” .
DEVELOPMENT (CAMBRIDGE), -

vol. 131, no. 12, June 2004 (2004-06),
pages 2983-2995, XP002537461

ISSN: 0950-1991

page 2989, right-hand column - page 2990;
right- hand column :

page 2992, right-hand column

SHIN JIMANN ET AL: "Notch signaling
regulates neural precursor aliocation and
binary neuronal fate decisions in
zebrafish"

DEVELOPMENT (CAMBRIDGE),

vol. 134, no. 10, May 2007 (2007-05),
pages 1911-1920, XP002537462

ISSN: 0950- 1991(pr1nt) 1477- 9129(e1e

the whole document

WICHTERLE HYNEK ET AL: "Directed
differentiation of embryonic stem cells
into motor neurons”

CELL,

vol. 110, no. 3, _

9 August 2002 (2002-08-09), pages 385-397,
XP002537463

ISSN: 0092-8674

page 1, right-hand column

page 387, left-hand column, line 54 -
right-hand column, Tine 10; figures 2,3

_____ .

- 1-24

1-24

1-24

2-6,9-13

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 2 of 3




. INTERNATIONAL SEARCH REPORT

Internationatl application No

PCT/1L2009/000367

C(Continuation).

DOCUMENTS CONSIDERED TO BE RELEVANT

Category‘ Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

Y

CHRISTOU Y A ET AL: "Embryonic stem cells
and prospects for their use in
regenerative medicine approaches to motor
neurone disease"

NEUROPATHOLOGY AND APPLIED NEUROBIOLOGY,
vol. 33, no. 5, October 2007 (2007-10),
pages 485-498, XP002537464

ISSN: 0305-1846

page 489, right-hand column; figure 1

LIM U—MING ET AL: "Derivation of motof

neurons from three clonal human embryonic o

stem cell 1lines”

CURRENT NEUROVASCULAR RESEARCH BENTHAM
SCIENCE PUBLISHERS LTD, NL,

vol. 3, no. 4,

1 November 2006 (2006-11-01), pages
281-288, XP009119232 :

ISSN: 1567-2026 :

page 282, right-hand column, line 4 - page
284, right-hand column; figure 1

ITSYKSON ET AL: "Derivation of neural
precursors from human embryonic stem cells
in the presence of noggin"

MOLECULAR AND CELLULAR NEUROSCIENCES, SAN
DIEGO, US,

vol. 30 no. 1, ’

1 September 2005 (2005- -09- 01), pages
24-36, XP005022095.

- ISSN: 1044-7431

LI XUE-JUN ET AL: "Specification of
motoneurons from human embryonic stem
cells”

NATURE BIOTECHNOLOGY, NATURE PUBLISHING

. GROUP, NEW YORK, NY, US,

vol. 23, no. 2,

1 February 2005 (2005-02-01), pages
215-221, XP009087451

ISSN: 1087-0156

page 220, left-hand column-

2-6,8,9,
14

2-6,8,
12,14

Form PCT/ISA/210 {continuation of second sheet) (April 2005)

page 3 of 3




INTERNATIONAL SEARCH REPORT -

Information on pétent family members

International application No

PCT/1L2009/000367
Patent document Publication Patent family ' Publication
cited in search report ‘ date member(s) date
WO 02086106 A 31-10-2002 EP 1385938 Al 04-02-2004

Form PCT/ISA/210 (patent family annex) {(April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - claims
	Page 28 - claims
	Page 29 - claims
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - wo-search-report
	Page 40 - wo-search-report
	Page 41 - wo-search-report
	Page 42 - wo-search-report

