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20  The mammalian nervous system is a derivative of the ectodermal germ layer of
the post-implantation embryo. During the process of axis formation, it is thought
that inductive signals elaborated by several regions of the embryo (the anterior
visceral endoderm and the early gastrula organiser) induce the pluripotent cells
of the epiblast to assume an anterior neural fate. The molecular identity of the

25  factors elaborated by these tissues which direct neurogenesis is unknown, but
there is strong evidence from lower vertebrates that antagonists of the Wnt and
BMP families of signalling molecules may be involved.

Embryonic stem cells are pluripotent cells which are thought to correspond to
30 the epiblast of the pre-implantation embryo. Mouse ES cells are able to give
rise to neural tissue in vitro either spontaneously or during embryoid body
formation. The neural tissue often forms in these circumstances in amongst a

mixture of a range of cell types.
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markers described that allow the derivation of highly enriched (>95%) expandable
populations of proliferating neural progenitors from human ES cells. The neural
progenitors could be induced to differentiate in vifro into astrocyte,
oligodendrocyte and mature neurons. Transplantation experiments
20 demonstrated the potential of the neural progenitors to integrate extensively into
the developing host mouse brain, to respond to local host cues, and to construct
the neuronal and glial lineages in vivo (Reubinoff et al., 2001,
PCT/AUQ1/00278).

25 To derive the neural progenitors, mixed somatic differentiation was induced by
prolonged culture of undifferentiated human ES cells without replacement of the
mouse embryonic fibroblast feeder layer (Reubinoff et al 2000, 2001
PCT/AU99/00990, PCT/AU01/00278). Under these culture conditions, distinct
areas comprised of small piled, tightly packed cells that do not express markers

30 of undifferentiated ES cells or early neuroectodermal progenitors were formed
among many other cell types. When these areas were mechénically removed
and further cultured in defined media that promote the propagation of neural
progenitors, they gave rise to the highly enriched preparations of the neural
progenitors.
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induction of regenerative processes. Additional pharmaceutical applications
may include the creation of new assays for toxicology and drug discovery, such
as high-throughput screens for neuroprotective compounds. Controlled
20 generation of neural progenitors and specific types of neurons or glia cells from
human ES cells in vitro may serve as an unlimited donor source of cells for
tissue reconstruction and for the delivery and expression of genes in the
nervous system.

25 Directed differentiation of human ES cells into neural progenitors, has been
demonstrated with the bone morphogenetic protein antagonist noggin in Pera et
al., 2001 and PCT/AU01/00735. Treatment of undifferentiated human ES cell
colonies that were cultured on feeders with noggin blocked differentiation into
extra embryonic endoderm and uniformly directed the differentiation into a novel

30 cell type (“noggin cells”). Noggin cells are similar in terms of morphology and

’ lack of expression of markers of undifferentiated stem cells or neural
progenitors to the small piled, tightly packed cells that were obtained within a
mixture of other cell types in high density cultures.
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transplanted animals and in 6 grafted rats no surviving ES cells were found.
Teratoma formation and the relatively low survival rate post transplantation
preclude the clinical utilization of this approach.

20 Parkinson’s disease is the second most common neurodegenerative disorder
affecting over one million patients in the USA. Pharmacological treatments of
the disorder, mainly with L-dopa, have limited long term success and are
associated with serious motor side effects. Transplantation of dopaminergic
neurons (DA neurons) is an alternative approach that potentially may overcome

25 the drawbacks of pharmacological treatments (Lindvall 1997). Clinical trials of
transplantation of fetal derived DA neurons into Parkinson’s patients show
clinical benefits in some patients (Bjorklund and Lindvall 2000; Freed et al.,
2001). Nevertheless, the ethical and practical problems of obtaining sufficient
fetal donor tissue severely limit widespread application of this mode of therapy.

30 In vitro production of transplantable dopaminergic cells at a large scale could
circumvent this drawback. A potential source for the unlimited generation of

transplantable dopaminergic neurons in vitro is embryonic stem (ES) cell lines.
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neurons (Lee et al 2000). The combination of SHH and FGF8 fails to induce
significant dopaminergic differentiation of neurons that are derived from human
EC cells (NT2/hNT, Stull and Lacovitti 2001). This further enhances the
20 differences between human and mouse. Human EC cells resemble human ES
cells (Pera MF 2000), and their lack of response may suggest that pluripotent
stem cells from a human origin as opposed to their mouse counterpart do not

respond to the SHH/FGF8 combination.

25 Human ES cells can spontaneously differentiate into tyrosine hydroxylase (TH)
producing neurons (PCT/AU01/00278, Reubinoff et al., 2001). However, there
has been no demonstrated control for the production of dopaminergic neurons
at high yields from human ES cells and more importantly the directed
differentiation toward a cell type which has the potential for transplantation and

30 treatment of neurological conditions.

Accordingly, it would be desirable to direct the differentiation of human ES cells
toward a useful cell type and to generate the cell type in high yield to improve

the chances of successful transplantation.
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met hod. 2(BMP)yet another aspect of the present invention there is provided
a method of directing neural fate in a human enbryonic stem (hES) cell in
vitro said nmethod conprising the steps of: obtaining a neural progenitor
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t he presence of a neura
and differentiation towards other lineages is eliminated.

15
In another aspect of the present invention there is provided a non-committed
culture of neural progenitor cells prepared by this method as well as isolated
non-committed neural progenitor cell derived from this method.

20 In yet another aspect of the present invention there is provided a method of
directing neural fate in a human embryonic stem (hES) cell in vitro said method
comprising the steps of:

obtaining a neural progenitor cell from a hES cell culture; and
culturing the neural progenitor cell in the presence of a neural fate

25 inducer selected from the group including at least one of Fibroblast Growth
Factor (FGF), Sonic Hedgehog Protein (SHH), cAMP inducers, Protein Kinase
C (PKC) inducers, dopamine and ascorbic acid (AA) or any combination
thereof.

30 The present method provides for a controlled differentiation of neural
progenitors, preferably towards a transplantable neural cell that establishes in a
predetermined region of the body. Highly enriched preparations of these cells
may be obtained by the methods described herein. The newly derived cells
have improved transplantability and are more potent in vivo.



25 inducer selected fromthe group including at | east one of Fibrobl ast

G owmh Factor (FGF), Sonic Hedgehog Protein (SHH), cAMP inducers, Protein
Ki nase OvORB@44nducers, dopam ne and ascorbic acid (AA) POT/Ad$/00704
conbination thereof. 30 The present mgthod provides for a controlled

differentiation of neural progenitors, preferably towgrds a transpl antable
neur al ceh'l%'st HHPray. amtﬁgﬁléérqr}‘ﬁ?aées 59(45@%‘(?96ﬁHB"Y%gﬁ’mobeﬂqii'@nb@fd € Hi ghly
enriched p | : y be obtained by the nethods

descri bedHh@%ﬁﬁétbgﬁnﬁg\ﬁﬁeqlcsiag]rsf)\%ergé%oews have inproved transplantability
and are nore potent in vivo. WO 03/104444 PCT/ AU03/00704 7 This inproved

potency translates to i ed survjval d/ gr function, of the

di ff erent i"ét%rﬁ)%%rl Ia§pﬁ‘f)tonﬁlE %ﬁngrﬁsﬁﬁt é‘f‘Y%ﬁiBnl eéﬁo'?hefovﬂﬁle& nethedeOhr esent
i nvents on dirBefigy heum Rtbde Bt @l 7% shit Belpc@ human
enbryoni c srt erlrr_fg( hEuS) cell i nﬁ\J/rﬁtgb?ﬂ%&gnﬁtﬁ@dﬁ%sc?%r”@%@ tséig @FteH&gaof:

obt ai ni ngcampsigingl thgrstersdtor cell froma hES cell culture; and inducing

an over expression. u d/or. L b in the hES cell. 10 Wthout being
limited bs the8ﬁ&"ﬂh%% '5‘%3‘%{ §PO§FBH8EgéEﬂ3PEL'HEgo‘§F@r‘MW%S%@ n of the Nurrl
and/or Lnmx1l b grieirpan dveesprddstortlbf Narenandbr Rmxab iRESe #eld Self.oward a
neural fate and DA neurons. Applicants have shown that the hES cells that

have differentiated toward the neural fate show an over-expression of the

Nurrlqnge : | ' i ' i ' rentiation. int

neur ons t @{hoﬁieﬁﬁg@?gg@ R%ro W’ %Brfgfc%ﬁg %@ oﬁ% rtﬁé{ﬂfh%n(g\/%'faxmrr%?s"fnb‘)fo

expr essi otheryraridisiuced1bygens camedifset the divferdritiitientod HE®csild foweld a
addressee. Preferably, %he ene(s&p are introduced b)(1 enetic nodification.
The gene(Q?uWZJa%ea'ﬂ%tD d]fé’g‘amby Rligantsphave, sbewp thatidhe 1&ES gells thatuence
of an ind If Ik at.i | . ression
of the genars dIREgniAEs Y Mo g iaeshol Arfolet- el bF fe nGHf)

cul ture. genandiheeexpaegsion ioMmaimtainevamingdiffetdreiationsSnio nsirdad thath@s-hod of

enhanﬁ; n(*:]e>t<;r)1reess Nurrl and TH.

The Nurr 1 and/or Lmx 1b expression may be induced by any methods
available to the skilled addressee. Preferably, the gene(s) are introduced by
genetic modification. The gene(s) may be introduced by a suitable vector under
20 the influence of an inducer such that when differentiation is to be effected,
expression of the gene may be induced by introduction of the inducer to the cell

culture.

In another aspect of the invention, there is provided a method of enhancing the
25  survival of transplanted DA neurons said method comprising
obtaining a neural progenitor cell from a hES cell culture or a cell
differentiated from the neural progenitor; and
inducing an expression of GDNF and/or BDNF in the neural progenitor
cell or a cell differentiated from the neural progenitor.
30
Without being limited by theory, Applicants propose that a forced expression of
GDNF and/or BDNF by the transplanted hES cells or their neural progeny may
enhance the survival of transplanted DA neurones. Preferably the expression is
an over-expression above a level that is naturally present.
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i nduci ng t he es of 20 the Nurrl and/or Lnx 1 gene and/or the GDNF
and/ or BDNPEQ\%‘?\%E %@NF§UN"T‘F\|Jaﬁ‘i9ﬁlod descri bes "directing neural

fate". This termas used herein neans to guide the differentiation and
devel opnent of neural progenitors preferably toward a mdbrain fate, or

t owar d neldhengresait] invepdion pisef exonibemplates dnangdgenic animals having the

15 modified genes.

In a further embodiment, the invention includes methods of treating neural

conditions using the genetically modified hES cell, said method comprising

transplanting the genetically modified hES cell and inducing the expression of
20 the Nurr1 and/or Lmx 1b gene and/or the GDNF and/or BDNF survival factors.

The method describes “directing neural fate”. This term as used herein means
to guide the differentiation and development of neural progenitors preferably
toward a midbrain fate, or toward neuronal cell types, preferably neurons that

25 show characteristics typical of midbrain neurons. The method may be used to
generate any neural progenitor or neuronal subtype including but not limited to
hES derived motor neurons, GABAergic, glutmertegic, cholinergic,
dopaminergic and serotonergic neurons. The method preferably directs a
midbrain neural fate to the neural progenitors derived from hES cells. More

30 preferably the neural progenitor cell is committed to a midbrain fate, tyrosine-
hydroxylase (TH) positive (TH") cell or dopaminergic cell.



25 show characteristics typical of m dbrain neurons. The nmethod may be used
to generate any neural progenitor or neuronal subtype including but not
limted twoO ohE®4deri ved not or neurons, GABAergi c, gl ut mer PE€FIAI03/00704
cholinergic, dopam nergic and serotone gic neurons. The nethod preferably

directs a, mdbrain neural fate to the neural progenitors derived from hES
cel I's. MiR Borefeued ragnert fdhadresenbinygation dherseis| proyideshai methed; of a

i dbr ai ; QIS r | T, it T :

dopan ner o scing 1HORiAME Tt Ae A RESR AR, pUrabSa ithad Eomplehb, B stems. o, o
the presenf: i nvention there is p{jovi dﬁd a nethod of directing m;cdbr ain

fate t hES | in vitro, said met co | Si the steps of:

ogt :i niong a ne(égé'”'ba@g@ﬁﬁ‘%PrQQﬂn'tofP%l rﬁnhgggc%?ap‘é‘dﬂ{rﬁ'r%?d and 5 cul turing
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AA, cAMP intticee issleckdC fion dlo@ gsowm dhalagingiamy ane ahy QGlortbiRGR-Bo RGR-MhEy eof .

ror 1, i, RacePE iahEormmiicC BRUGHT: 4 BorAmiRS orcsng samiRAt o | ous

ot her comdmaf.i ons may be useful including the conbination of: (i) FG--8
and SHH, |BMX, forskolin, PMAN TPA and dopam ne; or (ii) FGF-17 and SHH,
| BMX, forskolin, PMA TPA and dopam ne; or 15 (iii) FG-1, and | BMX,

o (Vi TR by iedPed AR il Wi dne s BhBnatifhel el err oa
enbodi menFGR-BEFGELTIDASHHIL 1BIFIX, ifdrekolite PMAITIRA bRe ddpamiR8UNArioRE ke tor i n

the presence of ascorbic acid (AA) or an anal_rgépe thereof. In an even
further pFRMbINAPNsBAYP fulineudisgiba combination ofe| udes cul turing the

ggur al prageni Fey-5 A SHR ASANC ForRkoM PAMATEIK KA fIpantifg! T such as NT3.
(i)  FGF-17 and SHH, IBMX, forskolin, PMA/TPA and dopamine; or
15 (i) FGF-1, and IBMX, forskolin, PMA/TPA and dopamine; or
(iv) FGF-8 alone; or
(v)  FGF-17 alone; or
(vi)  IBMX, forskolin, PMA/TPA, and dopamine.

20 In a further preferred embodiment, the method further includes culturing the

neural progenitor in the presence of ascorbic acid (AA) or an analogue thereof.

In an even further preferred embodiment, the method further includes culturing

the neural progenitor in the presence of NT4 or equivalent thereof such as NT3.
25

In yet an even further preferred embodiment, the method includes the further

step of:

culturing the neural progenitor cells on poly-D-lysine and laminin.
30  The neural progenitor may also be in the form of neurospheres.
In another aspect of the present invention there is provided a cell culture

comprising neural progenitors committed to a neural fate, preferably a midbrain
fate. Preferably the neural progenitors are in aggregates or sphere structures.



In yet an even further preferred enbodi nent, the nethod includes the
further step of: culturing the neural progenitor cells on poly-D-1ysine
and | am rwp.03/18Q@44The neural progenitor may al so be in thePCarAtio6H0704

neur ospheres. I n another aspect of thei@resent invention there is provided
a cell culture OnB[Yi sing neural progenitors commtted to a neural fate,

pr ef er abl VM{enprgiRraPly Whehetheseeagyrag iest @@ meuegr tor dilenentiate airleast
aggregate t.u . P 7 e
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of them gipveparticre of clumps gontainimgt TiHtrdeéis njayp 0jcredsel k- ab daasd 189% When

proportion of clunps,containing THt cells i ncrease to. at | east 60% when
t he mi dbr &% 'T"Qk’éaqgffagﬂec’fgmf‘g paepitors s‘se‘ﬁrﬁ%&?ﬂi ¥ midyaln ndueglik @Ss as 5
det ai | gd FeeNed FKkerably, the neural progenitors with a mdbrain fate

I nduced by exposure to mdbrain fate inducersexpress nRNA of key genes in
t he devel opnent of m dbrain and dopam nergi c neurons, and give rise to TH+

neur ons o 10 dopam nergi¢c_neurons. .| n angt her _gspect of  the present
vent on PRy B8 PSR BERITORS hith AR S lRdtod bk expPOTRCE)
having a efdbiaii date)andderé@isres® MARNAC R Y geﬁesqﬁﬁmé idRYelBbAHYMI oF Tate.
Preferably the cell can differentiate into a TH+ neuron 15 or a

dopani ner §iidbraiurand deRaAMESSEiST QBN hendelive giser dparldl meurenshoers
descri@eddgééﬁg%rﬁgﬂqéﬁgbgt ed froma culture of differentiated hES cells

t hat ave been i ce O differentiate toward a mdbrain fate by the use
of mdbrain fate inducers described herein. 20 In another aspect of the

pr esent i@_t\;ention, there is provided anp isol ated human neuronal cell
having a HbARPIEE@sRect @f thediresenidnrentios dhels i previded amnisolatad hwingpr ai n
fate. Pre I woel e Qar 1a o Rer gi st
pr ef er abl b,gﬂﬁgey??:%ﬁlt?g ép?r"epgrye %yld?re h'gécsj HQQ@{%‘S% 'ﬂgr%{]ﬁggeggblysglbat ed
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diffefentiate 25 toward a rridbrﬁ'n fate %3{ ttﬂe use, of rridbr%in fate
i nduck? s QR acHoRRYINSLIG; peuron.  Most preferably, the cell is prepared by methods

described herein and isolated from a culture of differentiated hES cells that
have been induced to differentiate toward a midbrain fate by the use of midbrain

fate inducers described herein.

20 In another aspect of the present invention, there is provided an isolated human
neuronal cell having a committed neural fate, more preferably to a committed
midbrain fate. Preferably the cell is TH* neuron or a dopaminergic neuron.
Most preferably, the cell is prepared by methods described herein and isolated
from a culture of differentiated hES cells that have been induced to differentiate

25 toward a midbrain fate by the use of midbrain fate inducers described herein.

In another aspect of the present invention there is provided a human neural fate
inducer composition for inducing neural fate in a cultured hES cell, said
composition comprising a neural fate inducer selected from the group including

30 Fibroblast Growth Factor (FGF), ascorbic acid (AA), Sonic Hedgehog Protein
(SHH), cAMP inducers, Protein Kinase C (PKC) inducers and dopamine or any
combination thereof.



I n anot her aspect of the present invention there is provided a human neural
fate inducer conposition for inducing neural fate in a cultured hES cel |,
said conmyoBtd4am conprising a neural fate inducer sel ect@dTfaAtwanetoe group
i ncluding 30 Fi broblast Gowh Factor {#GF), ascorbic acid (AA), Sonic

Hedgehog Protein  (SHH), cAMP inducers, Protein Kipase C (PKC) inducers and
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pref ergbl yEShBeMeiHdals nBf @ORIMIIEH 16€4 IreubaVRLE OB tptf@@f%]@#'g‘ﬁ%, diirst Most

preferably, the neural progenitors are conmmitted to'a m ate. The
conmi t menPragenitee qedar kavepeo gemmitbed nevral fatebr Mostfrreterably, tee deusalri ned

10 by de rat| t . eural, progenitors express key genes in the
developngﬁﬂi%¥ﬁ%¢%ggﬁgﬂ%gﬂ@&%gﬁ%ﬁ@ﬂggﬁ?gﬁﬁEUrons in vivo. In a preferred
enbodi ment, the neurological condition is Parkinson's disease. 15 Fl GURES
Figure 1 shows dark field i mages of hES col onies treated with noggin two

weeks af t éhegasyniment af the reirahgroganiters teehimidarain fete mayde dgtesmimed ti ght
Il B it h | . 20, Fi
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rosett es. deVelopemnt of midigés and dopamivesyid meurgné & vivbe markers (A) N CAM

and (B) nestin. A very high proportion of the cells express these narkers.
Figure 3 shows phase contrast m crograph of neurospheres at various tines
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uni form appearance. eres generate romnoggin treated colonies at 15
(A) and 27 (B) days after derivation. Spheres at 1 (C) and 7 (D) days
after transfer of hES cell clunps ral progenitor medi um suppl enent ed
with %%ggi n. IEI%.‘-GIQES

Figure 1 shows dark field images of hES colonies treated with noggin two

weeks after passage. (A) A colony mainly comprised of areas of small tight cells
(B) A colony with presumably neural rosettes.

20 Figure 2 shows characterization of cells within areas that are presumably neural
rosettes. Fluorescent images of immunostaining for the markers (A) N-CAM and
(B) nestin. A very high proportion of the cells express these markers.

Figure 3 shows phase contrast micrograph of neurospheres at various times

25 after derivation. The spheres gradually acquired in culture a round uniform
appearance. Spheres generated from noggin treated colonies at 15 (A) and 27
(B) days after derivation. Spheres at 1 (C) and 7 (D) days after transfer of hES
cell clumps to neural progenitor medium supplemented with noggin.

30 Figure 4 shows characterization of the phenotype of cells within spheres three
weeks after transfer of hES cell clumps into neural progenitor medium with or
without noggin. The proportion of cells that express markers of neuroectoderm,
endoderm and mesoderm was evaluated by immunostaining. A high percentage

of the cells within the spheres express early neural markers. Noggin treatment



30 Figure 4 shows characterization of the phenotype of cells wi thin spheres
three weeks after transfer of hES cell clunps into neural progenitor

medi um wi Wb 00104494 t hout noggi n. The proportion of cells tRaT/A0poeEns

mar kers of neuroectoderm endoder m angp nesoder m was eval uat ed by

i rmunost ai ni ng.., A high percentage of the cells within the spheres express

ear |y neufeduGegr ibra dagsygierendent: mannendhes perenageof/ sells3 e3pEssing
reduced i e percentage of cells expressing
eSS R ind RieRBlpins? © : p

markers o nmesoderm gure 5 shows dark field i mages of
clunps of undifferentiated ES cells, and 5 differentiated clunps after
culture ( in NPM suppl.enented with FG-2 _and noggin (a), the sane
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NPI\/HFG:2+h§'{jBP§1. ﬁ?frbugré’“?ssﬁm%'di i et an&q'tﬁl'ﬂ?‘ggdge\‘{@@k%n@l WPM of the

per cent aggugbleRfinted with FREPD &S H Shdte1deaf MBYgEr S Wi thin hES cel |l clunps
that were cultured 3 weeks in NPMFG-2 or M+FGF2+noggi n fol | owed by

additional 3 weeks in NPM+FG-2. Figure 8 shows indirect inmunofl uorescence

| ysi f cel 20 i dod | bl
ot 1 2By Clowre® ST RRRE: MunGfeddore Sedi Hiavadr Bof Peielans 8 SR" b ce
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shows indirect inmmnofl|uorescence analysis of the percentage of cells 25
expr essi nGOemediEn RIPM 1 Gbaleng NEMr+& o). and mesoder mal markers
within hES cell clunps that were cultured 3 weeks in NPMFGF2 with or

wi t hout noggin foll owed by additional 3 weeks in NPM+FGF2. Figure 10 shows

f 1 uor esceRigurerdggows indirtteinemuneiiedtestantesardlysis of #he petdeditatfd 6f celR0

treat{gent with FGF8, SHH and AA and_plating on lamnin in the presence of
expressing neural markers within hES cell clumps that were cultured 3 weeks in
NPM+FGF2 or NPM+FGF2+noggin followed by additional 3 weeks in

NPM+FGF2.

Figure 8 shows indirect immunofluorescence analysis of the percentage of cells

20 expressing endodermal (probably extraembryonic) and mesodermal markers
within hES cell clumps after three weeks of culture in KO medium, NPM+FGF2
and NPM+FGF2+noggin.

Figure 9 shows indirect immunofluorescence analysis of the percentage of cells

25 expressing endodermal (probably extraembryonic) and mesodermal markers
within hES cell clumps that were cultured 3 weeks in NPM+FGF2 with or
without noggin followed by additional 3 weeks in NPM+FGF2.

Figure 10 shows fluorescent images of differentiated clumps of neural cells after
30 treatment with FGF8, SHH and AA and plating on laminin in the presence of
AA. A large proportion of the cells express the neuronal marker p-tubulin type
Il (A, D red). A significant number of the cells are immunoreactive with anti TH
(B, E, green). Images of double staining for both markers show that TH+ cells

coexpress B-tubulin type Ill (C, F, yellow)



AA. A large proportion of the cells express the neuronal marker R-tubulin

type 11l (A Dred). A significant nunber of the cells are i munoreactive
wi th ant iwoH3/10844 E, green). |mages of doubl e staining forPChottenker s
show that TH+ cells coexpress (3-tubuign type Il (C, F, yellow WO

03/104444 PCT/ AUD3/ 00704 13 Figure 11 shows fluorescent images of
differentiated clunps of neural progenitors after treatnent with FGF17 and
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of ascor bPRecFach ar repigeents 2-8 pxpgriroentsn 56 15QIdumppe wenef seared in

m cr opY, . onsecutive planes through the differentiating clunps
of ng@?al g%%%gﬁ&gggpfgure 15 shows the percentage of neurons expressing TH

followng treatment wth FG-8 and AA. Neural spheres were plated on

laminin ip the absence gf mpitogens and treated with AA FGF8 or both AA
and FGF8 FigHre &eé owphthe gHaekPf dipatmest wathe RGRed, IBMheforgi@linuddAf or an

addi tion j ; Fac S c c
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Figure 14 shows a confocal microscopy image of double immunostaining for TH
(green) and B-tubulin type Ill (red).

20  Neurospheres that were propagated for 5 weeks, were plated on laminin and
allowed to differentiate for a week in the presence of ascorbic acid. The image
is a projection of multiple confocal microscopy images of consecutive planes
through the differentiating clumps of neural cells.

25 Figure 15 shows the percentage of neurons expressing TH following treatment
with FGF8 and AA. Neural spheres were plated on laminin in the absence of
mitogens and treated with AA, FGF8 or both AA and FGF8 for a week. The
neural spheres were then further cultured for an additional week in the presence
of AA. Each bar represents confocal imaging analysis of 150-300 cell bodies for

30 the expression of TH and B-tubulin Il within 10-15 random fields.

Figure 16 shows indirect immunofiuorescence images of differentiated neurons
decorated with anti TH and anti DAT antibodies.



decorated with anti TH and anti DAT anti bodi es. WO 03/104444 PCT/ AU03/ 00704
14 Figure 17 shows indirect imunofluorescence inages of a differentiated
neuron cwoexpnessi ng Nurrl and TH (A). The neuron was deveCopdand3Heom
transduced hES cells over-expressing Nurrl. Schematic presentation of the
l entiviral,vectar  that was .used to force the expressi.gn of. Nurrl is

or esent edigiTe. 1 7eshewi netea EGHRofiaiPr o reRar aot ol PysRs of T
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striatum of contralateral side. 10 Figure 19 shows the percentage of cells
expr essi nhEReegllsl oyareypressing Muri e Schemiatinipresgritatiers optheokentiviral vector

transpl an Lon.. Progenitor cells were alyzed b I, ndirect
i munof | ug}%gwcagn%%cf%r%{%{h&%pégﬁ'@ﬂ Of)ﬁq%r'ﬁé)rrgse{rﬁgéﬁh af t er
di sagg@ egati ng of spheres and plating on an adhesive substrate. 93-94% of
the progenitors expressed the early neural markers and 27% expressed the
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m dbr ai n gidd. dopam nergi ¢ neuron by 20 neural progenitors and their
differentiated progeny. The synbols + and indicate whether the PCR
reaction was done with or without the addition of reverse transcriptase.
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independent experiments.

Figure 20 shows RT-PCR analysis of expression of regulatory genes of
development of ES cells, early CNS, midbrain and dopaminergic neuron by
20 neural progenitors and their differentiated progeny. The symbols + and ~
indicate whether the PCR reaction was done with or without the addition of
reverse transcriptase. HES- mainly undifferentiated hES cell colonies; NPs-

neural progenitors after 6 weeks in culture and prior to transplantation.

25 Figure 21 shows apomorphine-induced rotational behavior in individual sham
operated and human neurosphere transplanted Parkinsonian rats. Data is given
as percent change in comparison to each rat rotational behavior at 2 weeks
after transplantation. At this time point the rats exhibited the full effect of the 6-
hydroxydopamine lesions as determined by apomorphine induced rotational

30 behavior. At 12 weeks, all sham-transplanted rats (Ctrl 1-4) showed no
difference in rotational behavior as compared to baseline. In 4 out of 5 human
neurosphere transplanted rats (ES 2-5) there was a significant decrease in

rotational behavior.



neur osphere transplanted rats (ES 2-5) there was a significant decrease in
rotational behavior. WO 03/104444 PCT/ AU0O3/ 00704 15 Figure 22 shows
aponor phiwe-Bnauyeed rotati onal behaviour in individual shaeraapeveted and
human neur osphere transpl anted Parki nsthi an rats. In this experinent,
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significant decreas€ in rotational avi our was observed in transplanted
animals (70% of baseline versus 105% in controls, at 12 weeks after

transpl antatio <0. 05, student t-tes Fi.gyre.24 shows rotatjonal
benavi our FIaHTS &3,aS epomiah e e HsatanshyshaioupriamaRe fieduced
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adj u
(I; n=12) animals by quantification of rotational behaviour in reaction to

apomorphine.

Data is presented as percent change (mean +*SEM) in comparison to rotational
20 behaviour at 2 weeks after transplantation. At this time point, the rats exhibited
the full effect of the 6-OH-DA lesions. A significant decrease in rotational
behaviour was observed in transplanted animals (70% of baseline versus 105%

in controls,\at 12 weeks after transplantation, p<0.05, student t-test).

25 Figure 24 shows rotational behaviour in response to amphetamine. The
number of amphetamine-induced rotations was significantly lower in neural
sphere- transplanted animals (n=11) compared to sham operated control
animals (n=10) (P<0.004, student t-test).

30 Figure 25 shows the results of non-pharmacological behavioural evaluation of
hES cell-transplanted rats. In both stepping adjustments and forelimb placing
non-pharmacological tests there is a significant increase in mobility after stem
cell therapy (P<0.003, student t test).



non- phar macol ogi cal tests there is a significant increase in nobility after
stem cell therapy (P<0.003, student t test). WO 03/104444 PCT/ AU0O3/ 00704
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by a human speci fic anti-mtochondriat6antibody along the transplantation
tract in an rat strlatu ur pg@fﬁtranspl ant ation
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predom nantlly |rr?et6ﬁ9te eigygpnes o) OE%'H Fﬁﬁ] of engrafted cells. (B) Hi gh

magni fication image of the TH+ cells vmthln the graft (nuclei are

t t d h DAPI f I f
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ﬁQ?LﬁﬁéSﬁ%wﬁ?f%ﬁiﬁ@%ﬁl{ye@!”?Pofnp?ﬁ'ef area of the graft. The human
specific transcripts were expressed in stemcell transplanted
Figure 29 shows fluorescent images of transplanted human cells expressing
TH and DAT. (A-D) Double immuno-fluorescent staining demonstrating TH-+
cells (red) that are immunoreactive with the anti-human specific mitochondria
20  antibodies (green) within the graft of human neural cells 3 months after
transplantation. (A) Low magnification image demonstrating TH+ cells
predominantly in the edges of the trail of engrafted cells. (B) High magnification
image of the TH+ cells within the graft (nuclei are counterstained with DAPI
((blue). (C-D) Confocal microscopy images of single cells that are co-expressing
25  human mitochondrial antigen (C) and TH (D, nuclei are indicated by asterisks).
Cells immunoreactive with anti- human DAT (green), within the lesioned

striatum, are demonstrated in (E) (nuclei are counterstained with DAPI (blug)).

Figure 30 shows RT-PCR analysis of expression of human specific midbrain

30 and dopamine neuron markers within brain samples from the area of the graft.
The human specific transcripts were expressed in stem cell transplanted
animals (n=2) while they were not detected in a control vehicle transplanted
animal.



animals (n=2) while they were not detected in a control vehicle

transplanted aninmal. WO 03/104444 PCT/ AU03/00704 17 Figure 31 shows the
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Transpl an{@@edel)l s were identified by human- 25 speci f | c ant i bodi es.
Staining with human specific anti-mtochondria antibody (A, green) showed
the linear graft within the striatum The human origin of the graft was

confirmed Fmrét@ Bho\ds Wunhar® E8I 6BI-deRAesd fNFGs 8Rpriess! RYNMEGUBRbrYPGSHSY Bf
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hi gh expr e35teQich of fShddipts of key regulatory genes in midbrain and dopaminergic

neurons development as well as markers of dopaminergic neurons within

cultures of both undifferentiated and differentiated NPs. Transcripts of OCT4,
which is a marker of undifferentiated hES cells were not expressed by the NPs.
20 The symbols + and - indicate whether the PCR reaction was done with or

without the addition of reverse transcriptase.

Figure 33 shows immunohistochemical characterization of transplanted hES-
derived neural cells in the brain. Transplanted cells were identified by human-
25  specific antibodies. Staining with human specific anti-mitochondria antibody (A,
green) showed the linear graft within the striatum. The human origin of the graft
was confirmed by staining with a human-specific anti ribonuclear protein
antibody (B, red), that was localized to the cell nuclei (insert, counterstain with
Dapi in blue). At 24 hr post transplantation there was high expression of nestin
30 in the graft (C). At 12 weeks post transplantation there were graft-derived
neurons in the rat brains, as indicated by double stainings for human specific
markers and neuronal markers. Low power field of slides double stained with
human mitochondria (D, green) and neurofilament (D, red) showed that the
majority of transplant did not stain with the neuronal marker. There were some



30 in the graft (C. At 12 weeks post transplantation there were o
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dopaminergic neuron markers. The human-specific transcripts were expressed
only by animals (n=3 animals) that received hES-derived NPs and were not
detected in animals that received sham operation (n=2 animals). Human-
20 specific primers were used to detect transcripts of En1, En2, TH, AADC and
GAPDH. The B-actin primers were not human specific. The symbols + and —
indicate whether the PCR reaction was done with or without the addition of

reverse transcriptase.

25  Figure 35 shows transplantation of hES cell-derived neural spheres improves
motor function in Parkinsonian rats. The number of d-amphetamine- or
apomorphine- induced rotations was calculated individually for each rat as
percentage of its performance at baseline. For each time point the value
represents the meantSE percent rotations. Rotational behaviour that was

30 induced by d-amphetamine (A) and apomorphine (B) decreased significantly in
transplanted animals as compared to baseline and to control rats. *p<0.05 as
compared to baseline and to controls for the pharmacological tests and to the
control group for the non-pharmacological tests. Stepping (C, p=0.0012) and



aponor phi ne- induced rotations was calculated individually for each rat as
percentage of its performance at baseline. For each tinme point the val ue
repr esentwotoheo4eanSE percent rotations. Rotational behavipamratobae7onas 30
i nduced by d- arrphet am ne (A) and aponoi®hi ne (B) decreased signifi cantly in

transpl ant ed ani red, to baseljne and to control rats. *p<0.05
as conpaP@fing s@l’ﬁi@%ga;’ﬁda 8 EBWPW@E S'Qﬁff'CPHHYpWart'i%Jéma@éﬁd:dﬁt?{e%ﬁs and

to the cga cdtQEBnfr8is. t he non-pharmacol ogi cal tests. Stepping (C
p=0.0012) H o 03?1044 4 PCT/ AUW03/ 00704 19 placing (D, p=0.0003) also

i mpr oved 5| gn| ficantly in transplanted rats as conpared to controls.

DESCRI PTI ON OF THE | NVENT | f the present invention
there is provided a net hob%éﬁiﬁééﬁhﬁliﬁjﬂmﬂ r‘ihuman enbryoni c stem
cell's §owgy ésﬁrgﬁé‘é@éctﬁff%@ dSnt Wénﬁoh"ihél‘é |‘scbro§r?ib9 bPairscirgp the

steps of: culturing undifferentiated human ES cel in a defined serumfree
medi um t hthe fatai hwnmenzbraamca’aemmeilgdnwglrds)ﬁeum@rmgnrpm@ehs @n pitat ei ns

10 (BMP) e differentiation of human ES cells is directed
into a neﬁ%@l 'T“QB} ég@ﬁﬁ%ﬁ?g ﬁWdStaP?P renti ation towards other |ineages is
substantial l'y elitwfingpt @stifferBesRd $uhn FESJ68lId Qﬁsaaéléﬂrﬁ‘é& SRl figed at
this stage and have the potential 15 to beconme commtted if placed under

condi t i on@qdéumﬁbﬁééoﬁiﬁﬁﬁ Fam?2 anthan @intaganigrofdionehmatphdganiapreteinsn i s
i nfl ued g? E the use of the defined serum free media in particular by the
pr esence ()SF 2 and the BMP antagonist. The present invention provides a
met hod of i1 nducing neural progenitor cells from20 undifferentiated hES

cells suc hat the process that directs neural progenitor cells is
augnent ednt g’\'f\ér‘ﬁefzﬁ'oﬁeﬁrﬂﬁl 'ﬁq’rﬁéﬁﬁt@mﬁghéﬁ?%ﬁﬁe?elf § iSedifeaied ieto alnewralat ed or

I t
et unt nopnitoPaRUSifdlehtath R AR e kiades i SLBCERalY Sfpiitedl 0P, |
fol i statTheseaeheal lpa;Qgeratms and aekcorlitted at this etztgahnmhav@meabdﬂbﬁtléla BWP

' ecep{ ] Béc%rﬂ% ’co%mitted if placed under conditions to induce commitment.

The direction of the differentiation is influenced by the use of the defined serum
free media in particular by the presence of FGF-2 and the BMP antagonist. The
present invention provides a method of inducing neural progenitor cells from
20 undifferentiated hES cells such that the process that directs neural progenitor
cells is augmented toward a neural lineage whereas other lineages are

eliminated or less prominent.

Preferably the BMP antagonist is selected from the group including a direct

25 antagonist such as fetuin, noggin, chordin, gremlin, follistatin, Cerberus,
amnionless, DAN or the ectodomain of BMRIA (a BMP receptor protein), or
ligand binding domains from other BMP receptors. Preferably the BMP
antagonist is noggin.

30 As previously described in the applicants own application PCT/AU01/00735,
noggin used in combination with hES stem cells produces a neural progenitor
culture. However, the culture is a mixture of neural progenitors and other cell

types. This aspect of the present invention refines the differentiation to neural



| i gand bi ndi ng domains from other BMP receptors. Preferably the BM
antagoni st is noggin. 30 As previously described in the applicants own

appl i cat iwo 0B@I#4AI01/ 00735, noggin used in conbi nati on wpPCh/AtBS0e0em cel | s
produces a neural progenitor culture.2plowever, the culture is a m xture of
neural progenitors and other cell t%{l)es. Thi s aspect, of t{he present

i nvent i on Pregeniess tand merralr ealk typesoly tthenksg of deings) mesium IUQRS/ 00704
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noggi n. I n another aspect of the present invention there is provided a cell

culture co i si ng neur progenjtor cells differentjated fromhES cells

and wher e;]:’% qrﬁﬁerné‘ﬁgﬁm oF 35%#?@ ?'Q{ éﬂv@"ﬁ&ﬂ- "Ft@@vldI@ aan%%,[ §mtﬁ“%ﬁ e.
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aspect of t pr ésent I on, ere is provi an Isolated neural 10
pr ogeni t onegedl Ipragémitore @ré abeecommitical toESneetdl fated Mieseaiultuses bavetheal

progenitor .is. not comjited to neural fate. This cell type has the
pot enti al pPBerﬁ'@ﬂﬁ? ?0@"%{0 ROgHE ?El‘tﬁte. The neural progenitor cells prepared
by this process nmay be non-conmtted 15 neural progenitors that are not

commtted to any particular type of neural cell such as but not limted to
neur onal #hangtheslaspect of yiepresent iweotionsthess iprovigasian dgolaledoreusel bel ow

et ull g PLogeifef T8 tite gt Rop ALY 41RLNAERn &R B BBRLEE T2 Y
conm t t ojsndiectramitted © a2eufdidateharisistcel itygid has anslpoteatial soramitaeld s
following differentiation and propagation in culture nay be anal ysed for

the expre8SHEH fafe.t he early neural narkers such as, but not linmted to
nestin, A2B5, N-CAM PSA-NCAM and P- tubulin Ill. The analysis may be
conducted at a suitable tine to nonitor the 25 progression of the cells
t hr ough t Thednédral pnogeritarncglis qmreparedby thid bsocesy fney B abpssoinmittesr 3 to
6 vvee%%‘ of culture in NPP]/I?u éale nted wth FGF2. |
neural progenitors that are not committed to any particular type of neural cell
such as but not limited to neuronal and glial cell types. These cells may be
used, as described below and induced to commit to a neural fate and neuronal
cell type preferably including a midbrain cell type. Preferably these cells have a
potential to commit to a neural fate.
20
The characteristics and phenotype of cells following differentiation and
propagation in culture may be analysed for the expression of the early neural
markers such as, but not limited to nestin, A2B5, N-CAM, PSA-NCAM and j-
tubulin 1ll. The analysis may be conducted at a suitable time to monitor the
25 progression of the cells through the differentiation process. The cells may be

analysed after 3 to 6 weeks of culture in NPM supplemented with FGF2.

The percentage of cells expressing early neural markers increases over time,
preferably over three weeks in culture in NPM+FGF2 in comparison to KO
30 medium. Noggin treatment further significantly increases the percentage of cells
expressing the neural markers. Preferably the early neural markers including
nestin, PSA-NCAM, A2B5 and NCAM are increased. Preferably at least 75% of
the cells in any culture expresses the early neural cell markers after culture with
an antagonist of bone morphogenic proteins (BMP). Preferably the antagonist



The percentage of cells expressing early neural markers increases over
time, preferably over three weeks in culture in NPMFG2 in conparison to
KO 30 newiowaiiofeggi n treatment further significantly incPeasan3nims
percentage of cells expressing the neup@l markers. Preferably t he early
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Preferably these markers are signi uce apgpr oxi ma
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At the RNA level, RT-PCR analysis may be used to confirm that in the noggin
treated clumps the expression of the endodermal marker alpha-fetal protein, the

20 endodermal marker HNF3a or the epidermal marker keratin-14 is reduced.
Preferably these markers are significantly reduced at approximately 3 weeks
and preferably undetectable at 6 weeks.

The cells may also be distinguished by their overexpression of Nurr-1. More

25  preferably the cells co-express Nurr-1 and TH. The expression of Nurr-1 may
be maintained during differentiation into neurons particularly those co-
expressing Nurr-1 and TH.

Preferably, the neural progenitors are obtained from undifferentiated hES cells

30 that are directed to differentiate into neural cells by culture in suspension
preferably as clumps in defined serum free culture medium preferably neural
progenitor media (NPM) in the absence of feeders. The NPM may be
supplemented with FGF-2, with/without EGF and/or LIF.



expressing Nurr-1 and TH. Preferably, the neural progenitors are obtained
fromundifferentiated hES cells 30 that are directed to differentiate into
neural ceWbD33bys4eul ture in suspension preferably as cl unmpsTiavodedioned
serumfree culture nmedium preferably ngaral progenitor nmedia (NPM in the
absence of_feeders. The NPM ma plemented with FG--2. W th/wthout

b .
EGF and/ or! el RPMpay Hontin AMP %@ﬁ%ﬂgcﬁ%ﬁsuwewtﬂm 30)c ghtamine

DVEM F12 (113, o ' E I A LRidd in 50
o and &TihineidR RELETN S rBRgcitt o ot RS, ehd MnBeRiod
fi brobl astwir 20viny/rbfiroblast @ﬁﬁﬁ?\)fabfdrmg(:HGM) Withifor 24dthogt 20 fysmihuman
reconbi nant epidermal growth factor (E and 10n9/n1 human reconbi nant 5

LIF (R & recyrabiaggt ep .rmawfnv@apf@ptcy,(ﬁdﬁ), andel Qng/md hymar eecambinpel i n
suspengiormpe\gﬁtg@ys e%?%.eq\/lﬁﬁegpgﬁé. rMN the range of 350-700ng/m . 10
o pr

FGF-2 1's use note’ prolifterationd and prevent the differentiation of
the wundifferentiated non-commtted hES cell derived neural progenitors in
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20ng/ i - e celsuel BesstirSdin BHaporeian 2t THOLAE SRPOSeHdPAIBID I Nkiod a
cul tured 1gn4bef 8561700h5mhed ES cell which is committed to differentiate to

a neural progenitor. Ih another aspect of the present invention there is
provi ded a nmethod of directing neural fate in a hunman enbryonic stem (hES)

cell jn vi sai d hod 20 conprising the steps,of:..obtaining neur al
or ogel¥t oF GaR: o sl 1 el [ralPHbioR ad rav it ng TBfe ielahap! e
progeni t oun@ffdrentiatbd endh-edaitfifted’ hESNREN alefivide néu’ﬁQU?&Bgé?ﬁtb%tiﬁdtﬁef omthe
group including at |east one of Fibroblast Gowh Factor (FGF), Sonic

Hedgehog Presesice gfgiaggin. CArgmitehleucErs2 coneardiatioriis aperaxdmatelyPROpg/imducer s,
dopam ne and ascorbic acid (AA) or any conbination thereof. The present
nmet hod provides for a controlled differentiation of neural

In another aspect of the present invention, there is provided a cultured

15 undifferentiated ES cell which is committed to differentiate to a neural
progenitor.

In another aspect of the present invention there is provided a method of
directing neural fate in a human embryonic stem (hES) cell in vitro said method
20  comprising the steps of:
obtaining a neural progenitor cell from a hES cell culture; and
culturing the neural progenitor cell in the presence of a neural fate
inducer selected from the group including at least one of Fibroblast Growth
Factor (FGF), Sonic Hedgehog Protein (SHH), cAMP inducers, Protein Kinase
25 C (PKC) inducers, dopamine and ascorbic acid (AA) or any combination
thereof.

The present method provides for a controlled differentiation of neural
progenitors, preferably fowards a transplantable neural cell that establishes in a
30 predetermined region of the body. Highly enriched preparations of these cells
may be obtained by the methods described herein. The newly derived cells
have improved transplantability and are more potent in vivo. This improved
potency translates to improved survival and/or function of the differentiated cells

upon transplantation.



progenitors, preferably towards a transpl antabl e neural cell that
establishes in a 30 predeterm ned region of the body. H ghly enriched

pr epar at iwo930b448hese cell s may be obtai ned by the net hodeCasdmsioimed
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described in the applicant's own applications nanely PCT/AU01 /00278 and
PCT/ AU01 /00735, the contents of which are incorporated herein. 25
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The neural progenitor cells may be obtained by any means that provides these
cells from a culture of hES cells preferably an undifferentiated culture of hES
20 cells. The hES cells may be spontaneously differentiated or induced to
differentiate preferably as described in the applicant’s own applications namely
PCT/AU01/00278 and PCT/AU01/00735, the contents of which are incorporated

herein.

25  Preferably, the neural progenitor cells are non-committed hES cell derived
neural progenitors that have not been committed to any particular neural cell

type or fate.

In a further preferred embodiment, the neural progenitor cells are obtained
30 herein from a hES cell culture treated with noggin or other inhibitors or
antagonists of bone morphogenic proteins (BMP). The use of noggin directs
the undifferentiated hES cell within colonies that are cultured on feeders into
areas comprised of small tight cells and areas with neural rosettes. Dissection

of these areas and transferral into defined serum free culture conditions may



In a further preferred enbodi nent, the neural progenitor cells are obtained
30 herein froma hES cell culture treated with noggin or other inhibitors
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15 suifgl emented with FG--2, with/without EGF and/or LIF. In an even further
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In an even further preferred embodiment the undifferentiated hES cells that are
cultured in suspension as above, are also treated with noggin. Noggin may be
used in a range of 350-700ng/ml. The addition of noggin further promotes the

20 differentiation towards the neural lineage and into neural progenitors, while it
reduces the differentiation into non-neural lineages. These cultures provide
neurospheres comprising neural progenitors that may be used to differentiate
toward a neural cell line with a committed neural fate when cultured in the
presence of the neural fate inducers.

25
During the culturing of the hES cells and differentiation towards neural
progenitors, these cells may be cultured in the presence of FGF, with/without
EGF and/or LIF. Preferably the FGF is FGF-2. A suitable concentration of
FGF-2 is approximately 20ng/ml. EGF may be added in the form of naturally

30  produced or recombinantly produced EGF, more preferably human EGF is more
suitable for hES cells. A suitable concentration for EGF is approximately
20ng/ml. LIF may be added to promote proliferation of neural progenitors
during induction of differentiation when noggin is presented to the cells
simultaneously. Under these conditions NPM may be supplemented with FGF-



25 During the culturing of the hES cells and differentiation towards neural
progenitors, these cells may be cultured in the presence of FG-,
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steps of: obtaining a neural progenitor cell froma hES cell culture; and
i nduci ng &pidereadandesisodesnaigels.| Taiglioevidenced by thegedutiopei the 20

of the nerpressldh offorbbelBi MameREh (Tect The difrerantiation of hES
cells toward a
15 In another aspect of the present invention there is provided a method of
directing neural fate in a human embryonic stem (hES) cell in vitro said method
comprising the steps of:
obtaining a neural progenitor cell from a hES cell culture; and
inducing an overexpression of Nurr 1 and/or Lmx1b in the hES cell.
20
Without being limited by theory, applicants propose that the overexpression of
the Nurr1 and/or Lmx1b gene can direct the differentiation of hES cells toward a
neural fate and DA neurons. Applicants have shown that the hES cells that
have differentiated toward the neural fate show an over-expression of the Nurri
25 gene. The expression is maintained during differentiation into neurons that co-

express Nurrl and TH.

The Nurr 1 and/or Lmx 1b expression may be induced by any methods
available to the skilled addressee. Preferably, the gene(s) are introduced by

30 genetic modification. The gene(s) may be introduced by a suitable vector under
the influence of an inducer such that when differentiation is to be 'effected,
expression of the gene may be induced by introduction of the inducer to the cell
culture. Preferably the cells are genetically modified using the lentiviral vector
transduction system as described in PCT/AU02/0175.



neural fate and DA neurons. Applicants have shown that the hES cells that
have differentiated toward the neural fate show an over-expression of the
Nurrl 25 yora/i1odfiie expression i s nmaintained during differ@aTiadtoBoevoint o
neurons that co- express Nurrl and TH.2ghe Nurr 1 and/or Lnx 1 b expression
may be induced by any nethods available to the skilled addressee.
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i nduci ng an expression of GDNF and/or BDNF in the neural progenitor cell
or acell differentiated fromthe neural progenitor. Wthout being limted
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and/ or BDNF and whi ch may be under the influence of an inducer that can be

switched on at an appropriate tine to enhance the survival of the
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20 st age ) i ate
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switched on at an appropriate time to enhance the survival of the transplanted
cell. The timing may coincide with a period that improves the survival of the
cell. Preferably, the GDNF and/or BDNF is induced when the cells are
transplanted. However, these factors may be induced during the differentiation

20 stage to enhance their survival.

Differentiated and transplantable hES cells of the present invention may be
modified to express Nurr1 and/or Lmx 1b along with GDNF and/or BDNF to
provide enhanced survival of transplanted hES cells.
25

Preferably, the cells differentiate to glial cells. Preferentially, the cells are
transplanted as hES cells capable of differentiation and the differentiation is
induced in vivo in the presence of the induced genes Nurr1 and/or Lmx 1b.
Further induction of the survival factors GDNF and/or BDNF may also be

30 present in vivo.

In yet another aspect of the present invention there is provided a genetically
modified hES cell that has been prepared by the methods described above.

Preferably, the cell can differentiate to a glial cell and can preferably be directed



nodified to express Nurrl and/or Lnx | b along with GDNF and/or BDNF to
provi de enhanced survival of transplanted hES cells. 25 Preferably, the
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present inventlon ere 1s provi a genetically nodified hES cell that
has been prepared by the nethods descri bed above. Preferably, the cell can
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commtted mdbrain fate. The term"neural fate inducer"” is any substance
that can direct the neural Ii)rogenitor toward a neural cell type such as,
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The term “neural fate inducer” is any substance that can direct the neural
progenitor toward a neural cell type such as, but not limited to a progenitor of a
specific neural fate such as but not limited to midbrain fate, midbrain neurons
20 and any neuronal cell type selected from the group including hES derived
GABAergic, glutmertegic, cholinergic, dopaminergic, serotonergic and motor
neurons. The substance(s) also promotes survival of neurons such as to
promote growth, function, augment activity of functioning cells, enhance
synthesis of neurotransmitter substances, enhance activity of naturally
25 occurring nerve growth promoting factors, prevent degeneration of neurons,
induce regrowth whilst directing the cell toward a neural fate and enhancing

survival of the differentiated neural cell.

The term “FGF” as used herein may include, but is not limited to, FGF-1, FGF-
30. 2, FGF-6, FGF-8, FGF-9, FGF-98 and FGF-17, or any biologically active
fragment or mutein thereof. Preferably for the induction of human neurons from
hES cells, it is preferable to use FGF-1, FGF-8 or FGF-17 alone or in

combination. The FGF may derive from any animal, preferably mammalian,



pronote growth, function, augnent activity of functioning cells, enhance
synthesis of neurotransmtter substances, enhance activity of naturally 25
occurri ngwoesmetgt owt h pronoting factors, prevent degener CITAU06MH0OT0€Ur ONS,
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mutein thereof. Prefer or the 1 nduction of human neurons from hES
cells, it is preferable to use FG~-1, FG~-8 or FGF-17 alone or in
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the 5 prébé’mtq hind e iF&3F remeptonaiiesant s shoul d retain FGF acti viti es
particularly the ability to bind to FG- receptor sites. FG- activity may
be neasured using standard FG- bi oassays, which are known radioreceptor
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15 "anal ogepéncta\tuaadndaenmmhes]NA @frwéllegaﬁddﬁeeikbha?re%b@ﬁ {19 vafEmt
fragment thaL udes a natjve FGF sequen e and structure having one or
more ani nB2S gE|&R g PANGIAHNLY a5 R pativmEolefulRel et i ons. Anal ogues havi ng
one or nore peptoid sequences (peptide m mc sequences) are al so included.
The term "derivative" as used herein is any suitable nodification of FG,
FGF fragméhe djologically aibtive varianie canvee BGH amplegues ac Hedsatiyeyc (TSthI tation,

R B G AR B o P L g “an
der| vat | V@it dicdudel mathve FOFt&&yu@ince and structure having one or more amino
acid substitutions, insertions, or deletions. Analogues having one or more
peptoid sequences (peptide mimic sequences) are also included. The term
“derivative” as used herein is any suitable modification of FGF, FGF fragments,
20 or their respective analogues, such as glycosylation, phosphorylation, or other
additions of foreign moieties, so long as the FGF activity is retained. Methods
for making FGF fragments, analogues, and derivatives are available in the art.

In addition to the above described FGFs, the method of the present invention
25  can also employ an active mutein or variant thereof. By the term active mutein,
as used in conjunction with an FGF, is meant to include a mutated form of the
naturally occurring FGF. FGF muteins or variants will generally have at least
70%, preferably 80%, more preferably 85%, even more preferably 90% to 95%
or more, and most preferably 98% or more amino acid sequence identity to the
30 amino acid sequence of the reference FGF molecule. A mutein or variant may,
for example, differ by as few as 1 to 10 amino acid residues, such as 6-10, as
few as 4, 3, 2 or even 1 amino acid residue providing the FGF activity is
maintained. "



In addition to the above described FGFs, the nethod of the present
I nvention 25 can al so enploy an active nutein or variant thereof. By the
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2000). Wiile these factors nmay have a functional relationship in

pat t er ni n§iffasaptiaiamis unknowRe brain, the role of FGF-17 in CNS devel opnent
or it effect on ES cell dlfferentlation i s unknown. 10 " Soni ¢ Hedgehog
Protein" (SHH) refers to any soni c hedgehog protein derived from any

ani mal , af@ofigrdédgstalg Pr(ﬂeilﬂiérQSHH)h@fe&tho anyAdnid hd@%@h@g pRStes@ErRY ei n,
may be sel ected from any npound that 15 i nduces cAMP activity either

directly HPMm apy@amal. éﬂdﬂﬁl@tm@[ fraomesy these@ponor phi ne a D2 recept or
agoni st of PKA, increases cAMP) or indirectly by inhibiting
phosphodi est erase by | sobutyl - met hoyl xant hine (1 BMX) or by conpounds with
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propylnorapomorphine a D2 receptor agonist of PKA, increases cAMP) or
indirectly by inhibiting phosphodiesterase by Isobutyl-methoylxanthine (IBMX)
or by compounds with IBMX like activity such as cAMP-specific Ro 20-1724 ,
Rolipram , or Etazolate but more preferably selected from the group including

20  Isobutyl-methoylxanthine (IBMX), or forskolin used alone or in combination.

“Protein Kinase C (PKC) Inducers” as used herein may be phorbol myristate
acetate or phorobol 12-myristate 13-acetate which is a specific activator of PKC
group A (o,Bl,Bll,%) and PKC group B (8,£,1,0)) or tumor promoter activity (TPA).

25 However, any substance that induces isozyme specific PKC either directly or
indirectly is included in the scope of the present invention.

‘Dopamine” as used herein includes naturally or synthetically produced
dopamine or any functional equivalent or analogue thereof. “Functional

30 equivalents or analogues” are those compounds that have the same activity as
naturally produced dopamine that is produced by the adrenal medulla.

Dopamine, along with epinephrine, norepinephrine, and serotonin, belongs to a
chemical family referred to “monoamines”. Within the family of monoamines,
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the fagily of nonoam nes, WO 03/ 104444 PCT/ AU03/ 00704 30 epi nephri ne,

nor epi nephrine, and dopam ne are derived fromthe amno acid tyrosine and
f orm a suli apreferrat | aspechef dhe q:crbsdamtnhnestiorFltlmxaeiatprpyidlegdrashakhod of

dopan e, Srect oG R et hES SRR 1. ol he e g e Stens, o

preferredgpspect of the pr esent invention there is provided a nethod of
directing mdbrain fate to a hES cell in vitro, said nethod conprising the
steps of: obt &btainigga m@uahprqge@gencelbfrom hESrQﬁ‘rhCaJlWEgamil cul ture; and

10 cu uring t r resence . of dbr.aj n fate
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SHH, AA,  Rer Relsttsd frofKthe bemﬂrﬁ:llﬁﬂﬁ'g %Q%Héq@f FGFam?’FGFIQ' R&F-97,

t hereof. 15 The neural progenitor may be présented as c s or clusters of

cells, nélitbsPhercdMBrindueryse FEG IR U@rarqm gppaming é%fsaﬁmyoﬁ’@mﬁtlwe any
nunber s OE orG6t | s preferably providing the cells can be exposed to the
neural fate |nducers However, cells on the outer of the clunps nay be

i nduced toward a neural fate. Preferably t he cl unps or neurospheres

corrpr,{g © "met (r)legroaqopr%%lelnﬁo engay(/: 'S be presented as clumps or clusters of cells,
neurospheres or single cells. Clumps or clusters may comprise any numbers of

cells preferably providing the cells can be exposed to the neural fate inducers.

However, cells on the outer of the clumps may be induced toward a neural fate.

Preferably the clumps or neurospheres comprise up to 3000 cells per clump,

20 more preferably the clumps comprise 2000-3000 cells per clump. The neural
progenitors may be presented to the inducers either in suspension or adherent

cultures, preferably the cells are adherent to poly-D-lysine and laminin.

The use of the specific midbrain fate inducers causes the differentiation to be
25  directed to midbrain cells rather than neural cells of other brain regions.

The neural cells may be cultured in the presence of FGF-2 with or without EGF
and/or LIF. When culturing in the presence of the midbrain fate inducers, FGF-
2 and EGF and/or LIF may be removed from the medium so that the progenitors
30 are more readily directed to take a midbrain fate by treatment with the midbrain

fate inducers.



20 nore preferably the clunps conprise 2000-3000 cells per clunp. The
neural progenitors may be presented to the inducers either in suspension
or adher ewD 03aud4ur es, preferably the cells are adherent PeTpalogHAOkysi ne
and |l am nin. The use of the specific nBdlbrain fate i nducers causes the

Col o o e S foutihsrgroupac Mo O et IFL R At PR T 7 it Hope Bt
presence ‘h?ldtﬁﬁzn?at@ Fnaueérwnm% abldrs a@@gcgrerémg 4 \%Jﬁ &gj«bwa'n With the

presence o0 mdbrain fate in ucers may be
renoved f othermhigbnaidifate mduc@mattaqeomne]mahonmf appooxametetp rl 60+200utigml.
directed to take a mdbrain fate by treatnent with the mdbrain fate
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These factors are preferably used in conbination with other brain fate
i nducer s &pneenipattsnofrabow®. o ugppt. oxi mat el y 100-200ng/ m. 5 SHH i s
preferably used in conbination with other m dbrain inducers at a
concentration of about 0.5-1 g/m. cAMP inducers such as IBMX or forskolin

may be useAMb ifd@Rs Yichald EVISF or ﬁ;}ektslmom%wé 23ed5AM 18 ﬁe@mépm ?ﬁ:' ”may

conbination with other mdbrain 10 i nducers. The PKC in ucers

be used i mbout G2pmbhtarat iS8ulbfreapeatitalydn dopbmatienmajthbethesechidibrain

concemmatl n of about 20Min conmbination with other m dbrain i nducers. 15
& ®rred that the midbrain fate inducer is a conbination of

FG--1, FG--8, FG-17, SHH, |BMX, forskolin, PMY TPA and dopam ne. Vari ous

ot her conbi nations may be useful including the conbination of: (i) FG--8
and SHH, TBRMPKEdnduesisnPMARPARNayE dopdun the comcemcat(qru g»f F.anl?amhd SHH,

| BMX, f k | PMVA/ TPA d d BIVK,
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other midbrain inducers.
15
It is most preferred that the midbrain fate inducer is a combination of FGF-1,
FGF-8, FGF-17, SHH, IBMX, forskolin, PMA/TPA and dopamine. Various other
combinations may be useful including the combination of:
(i) FGF-8 and SHH, IBMX, forskolin, PMA/TPA and dopamine; or
20 (i) FGF-17 and SHH, IBMX, forskolin, PMA/TPA and dopamine; or
(iii) FGF-1, and IBMX, forskolin, PMA/TPA and dopamine; or
(iv) FGF-8 alone; or
(v)  FGF-17 alone; or
(vi)  IBMX, forskolin, PMA/TPA, and dopamine.

25
Preferably, FGF-8 and FGF-1 are used in a concentration of about 200ng/ml.
In a further preferred embodiment, the method further includes culturing the
neural progenitor in the presence of ascorbic acid (AA) or an analogue thereof.
30

The addition of AA or an analogue thereof to the cells in the presence of the
midbrain fate inducers improves the survival of the cells and further directs the
differentiation toward TH" cells. Furthermore, TH production/expression may be

increased. AA or an analogue thereof may be added together with or following



(v) FGF-17 alone; or (vi) IBMX, forskolin, PMAN TPA, and dopam ne. 25
Preferably, FG--8 and FGF-1 are used in a concentration of about 200ng/m .
In a furtweridpegiierred enbodi ment, the nethod further i nclpaaagiosadétouri ng
the neural progenitor in the presence3pf ascorbic acid (AA) or an anal ogue

thereof. 30 The addition of AA or an anal o%(t;e thl?reof to the ceIIs in the
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in the presence o sence of LI F. or an anal ogue
5 thereof nmay be used at a concentration of apprOX|nater 400- 800M AA or

an anal ogue, t her eof ma e d with an ne or conbi natj on of -1,
Rer 5 or aon 5h AeGBs Mareaey biaiesot i AL pre o i binageh of FaF Sy en
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neur al progenltor In the presence o NT4 or equi val ent thereof such as NT3.
The term "equi val ent thereof' as used herein neans a sequence or nol ecul e

whi ch i
subst 1Pyt by Sy e fre R dmPPLant. fd Fetiodd Fiadittinddes SHBFAY on_or
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t he stage of AA addi the proportion of TH+ neurons can be increased.
NT4 may be used at a 20 concentration of about 20ng/m. In yet an even

further prgfeeldrat-<IRAMIL AP Nere b BB Aetdif 'HiEaRs BNGedudcBedr mbletie!

which functions in a similar way but may have deletions, additions or
15 substitutions that do not substantially change the activity or function of the

sequence or molecule.

NT4 is a survival factor like AA. If added at the stage of AA addition, the
proportion of TH® neurons can be increased. NT4 may be used at a

20 concentration of about 20ng/ml.

In yet an even further preferred embodiment, the method includes the further
step of:
culturing the neural progenitor cells on poly-D-lysine and laminin.
25
This additional step will induce further differentiation into neurons. The neural
progenitors, having been exposed to midbrain inducers, AA with or without NT4
may be disaggregated at this stage and plated on poly-D-lysine and laminin.
Generally, the concentration of poly-D-lysine is in the range of about 5 to
30  15ug/ml, preferably 10 ng/ml and laminin is in the range of about 1 to 10 pug/ml,
preferably, 4ug/ml.

The cells may continue to be cultured in NPM supplemented with AA with or
without NT4.



culturing the neural progenitor cells on poly-D-lysine and lamnin. 25
This additional step will induce further differentiation into neurons. The
neural pwogeni44ers, havi ng been exposed to midbrain i ndu®PETs\U0BBOML h OF
wi thout NT4 nay be disaggregated at tBg8s stage and plated on poly-D-1ysine
and lamnin. Generally, the concentration of poly-D-lysine is in the range
of about 5 to 30 15g/m, preferably 10 g/m and lamnin is in the range of
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at  the prffisieRtiftedidiral exrs. T 'eR%ssﬁﬁffbf qéwg*elnbatmé? H%T mdaiordceat tinme

RT 10 PCR mcro and nmacro arrays or any other Tnethod be used to nonitor

the expr dbsipsotedt OﬁRDRNAPlGHEbr%ERCR,t semi- qwltﬁﬁv%ﬂ'ﬁ'-a@ﬂ%d‘ egk bne RT-

vari odd ¢ iR e Bt e i Bt Ak ol nsifosl iRy B uSE I BRIRE d o,
RT- PCR i s dxpesssisieef tfRNRNi t or the expression of key genes and markers

i ncluding: transcriptional markers for undifferentiated hES cells (Qct4);
mar kers of endoder m probably of extra enbryonic ori gi n (aFP and HNF3a);

d | I
resoder ™ I9plgnl TR R\ ISERLe RO NG AR s oK apEBuaigent o
m dbr ai n K eels; (Nsumedphdros Idb,vanus timvedpdints) alend prepagationoénd folowing

d t h
opam ner gllfgenj?a%tlatlo% (RAFB%R is then us)ed to monitor the expression of key genes

and markers including: transcriptional markers for undifferentiated hES cells

(Oct4); markers of endoderm probably of extra embryonic origin (aFP and
HNF3a); mesoderm marker (CD34); epidermal marker (keratin 14). Early CNS
(central nervous system) marker (Otx2); Mesencephalic markers (Pax5, Pax2,
20  wnt1); midbrain markers (Nurr1, Lmx1b, En1. and En2) and markers of the
dopaminergic pathway (AADC, TH, Ptx3).
Progression of differentiation throughout the process of the method may be
monitored also by physical assessment of morphology (ascertained by the
trained eye) or by analysis of marker expression at the protein level. Early
25  expression neural markers such as but not limited to N-CAM, A2B5, PSA-
NCAM and nestin can help to assess progression toward neural progenitors. .
The markers B-tubulin 1ll, light chain neuro filaments are expressed by early
neurons while heavy chain neurofilaments, MAP-2ab, synaptophysin and
neurotransmitors are expressed by mature neurons.
30
Additionally, measurement of TH® may serve as a marker to identify
dopaminergic neurons. Other markers of dopaminergic neurons are aromatic —
L-amino acid decarboxylase (AADC) and dopamine transporter (DAT).

Dopaminergic neurons as opposed to norepinephric neurons lack the



Progression of differentiation throughout the process of the nmethod nmay be
noni tored al so by physical assessnent of norphol ogy (ascertai ned by the
trai ned eye)3ao44ly anal ysis of marker expression at the preratibeve! .
Early 25 expression neural markers sucggas but not limted to NNCAM A2B5,
PSA- NCAM and nestin can help to assess progression toward neural
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cell culture of commtted neural progenitors capable 15 of specific neural
fate are generated fromundifferentiated hES derived neural progenitor

cel I's cul 1nEesrefsdsd a‘éPébﬂQﬁ'e @8l lcut@recondbrnhiited dleuslfdrogenitsrdicapable
neural progenitors that are differentiated fromundifferentiated hES cells
15 of specific neural fate are generated from undifferentiated hES derived neural

progenitor cells cultured under defined culture conditions of defined media.

The neural progenitors that are differentiated from undifferentiated hES cells

following noggin treatment and specific culture conditions have the potential to
20 give rise to muliiple lineages but they also have the potential to further

differentiate to cells having a neural fate, preferably a midbrain fate.

The present invention generates cultures of neural progenitors and isolated
neural progenitors with a neural fate, preferably a midbrain fate. The neural fate
25 inducers (except the survival factor AA) are removed from the medium at the
time of differentiation from progenitors into neurons and still TH+ neurons are
obtained. This indicates that the progenitors are committed to a midbrain fate
and will give rise to TH+ neurons in the absence of neural fate or midbrain fate
inducers. Without being limited by theory, it is considered that the production of
30 progenitors committed to a midbrain fate is important since transplantation of
committed progenitors may be more effective than differentiated neurons since
they may have a better survival potential after transplantation and may have a

higher potential to integrate and interact with the host brain. The committed



foll owi ng noggin treatnent and specific culture conditions have the
potential to 20 give rise to multiple Iineages but they al so have the
pot ent i alwo®@3fimasher differentiate to cells having a neurall/AtaBe)704
preferably a m dbrain fate. The presengsi nventi on generates cul tures of

neur al progeni tors and i sol ated m{Qtﬁural %{@9?”” rs with %ﬁgural f at e,
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PCT/ AU03/ 809904 35 progenitors nmay be identified by their potential to

differentiate into TH+ neurons wthout any treatnment with m dbrain
i nducers. In another preferred aspect of the present invention there is
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of neur ongomigrisiray clutipsaohdiffesdritiatdd B8 cplis bhdrwitdretn aimeast 80%abhthg TH+
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i nvent i on NEHEMS (Bt Hik cellepre @xprefsing ddhpf hei prgrertipmpaf greurons
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(i -tubuli™n are expressing The proportion of neurons
expressing TH nay increase to at least 60% 15 In a further preferred
aspect there is provided a cell culture conprising a population_ of
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neurons neural progenitors having a midbrain fate. More preferably, the population
comprises neural progenitors that can give rise upon differentiation to neurons
that are TH* or dopaminergic. Most preferably, the cell culture is prepared by

20 the methods described herein.

In an even further preferred aspect there is provided a cell culture comprising a
population of differentiated hES cells wherein the population is substantially
neurons having a midbrain fate. More preferably, the population comprises

25 neurons that are TH" or dopaminergic. Most preferably, the cell culture is
prepared by the methods described herein.

Preferably, the neural progenitors with a midbrain fate induced by exposure to
midbrain fate inducers give rise to TH" neurons or dopaminergic neurons.

30 Preferably the cells have improved transplant ability and function in-vivo
wherein improvement is over differentiated hES cells that have differentiated
spontaneously into non-committed neural progenitor cells.



that are TH+ or dopam nergic. Mst preferably, the cell culture is prepared
by 20 the nethods described herein. In an even further preferred aspect
there i s womsitdgas a cell culture conprising a popul ati onPpafi/AdioBherent i at ed
hES cell's wherein the population is sufistantially neurons having a

m dbrain fate. More preferably, the popul ati on conprises 25 neurons that
are TH+ oPrefepablyntheyicells Mbs tfupctishnal dmlwvo end mere preierakly the cellsed®r ed by

t he net hods descri.bed. herei,n, Preferall. € rageni Wi a
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TH+ neuroPm@éraﬁgﬁqmdrmﬁg}éhﬁgﬁ@ﬁpns._ 30 Preferably the cells have inproved
transplant ability and function in-vivo wherein inprovenent is over

differentiated hES cells that have differentiated spontaneously into
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function. 10 In another aspect of the present invention, there is provided
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the cell is prepared by nmethods" described herein and isol at ed froma
cul ture otodirhittedenidbsaiodatec P referably et cellcamdiEferridiate o @ebHt peuron
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nmore preferably a conmtted 20 mdbrain fate. Preferably the_cell is TH+
neur of® or hava@e@min@u@ed;tm@ﬁemtlate toward a midbrain fate by theé use of midbrain

fate inducers described herein.

In another aspect of the present invention, there is provided an isolated human
neuronal cell having a committed neural fate, more preferably a committed
20 midbrain fate. Preferably the cell is TH" neuron or a dopaminergic neuron.
Most preferably, the cell is prepared by methods described herein and isolated
from a culture of differentiated hES cells that have been induced to differentiate
toward a midbrain fate by the use of midbrain fate inducers described herein.

25  In another aspect of the present invention there is provided a human neural fate
inducer for inducing neural fate in a cultured hES cell and blocking non-neural
lineages. The inducer is selected from the group of BMP antagonists including
but not limited to fetuin, noggin, chordin, gremlin, follistatin, Cerberus,
amnionless, DAN or the ectodomain of BMRIA (a BMP receptor protein), or

30 ligand binding domains from other BMP receptors more preferably the inducer

is noggin.

In another aspect of the present invention there is provided a human neural fate

inducer composition for inducing neural fate in a cultured hES cell, said



Most preferably, the cell is prepared by nmethods descri bed herein and
isolated froma culture of differentiated hES cells that have been induced
to di fferwotdaosa44tonward a mdbrain fate by the use of m edoraitesnene

i nducers described herein. 25 In anot hgy aspect of the present invention
there is provided a humgn neural te . inducer for inducing neural fate in
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domai ns fromother BMP receptors nore preferably the inducer 1is noggin. In
anot her aSPEEINZOR ereRfasent i nvention there is provided a human neural
fate gnducer conposition for inducing neural fate in a cultured hES cell,
said WD 03/104444 PCT/ AU0O3/ 00704 37 conposition conprising a neural fate

i nducer sé&lreterablyt thencompogitionpisi achuthang mighiairomeasal fatevintuderstrorg FGF) |

ascorbi c ' i dgeh Pr ot ei .(SH CAMP .i nducers, Protein
G nase ¢ PERErAYine ERRIRRIBA3S AR ERE midhrain S spgemlaT afdis mafe” © "
Pref er abl préfecalslpapDl cebinduted, dMdrBlenibregirafdiabiyal dbpamind giéRicingTor €
preferably the conposition is a human m dbrain neufral progenitor i nducer
nore prelEHEM NAYCEEH cel | i nducer, and even nore preferably a dopanine
produghng neuron inducer. 10 Preferably the FG-F is selected fromthe group
including FG--1, FG--8 or FG-- 17. Preferably the "cAMP Inducers" are
sel ect ed Preforably the MG idsdlbetedifreindre grddp mdidding FGH-tly FER-8&r FBFect | y
by forskolLn or NPA (R(-)-propyl noraponorphine, a D2 receptor agonist of
PKA, i ncréZses CAMP)or indirectly by inhibiting phosphodiesterase |BMX
i ke activity by cAMP-specific Ro 20-1724, Rolipram, Etazolate but nore
preferably selected fromthe group including |Isobutyl-

Preferably the “cAMP Inducers” are selected from any compound that induces

15 cAMP activity either directly by forskolin or NPA (R(-)-propylnorapomorphine, a
D2 receptor agonist of PKA, increases cAMP)or indirectly by inhibiting
phosphodiesterase IBMX like activity by cAMP-specific Ro 20-1724 , Rolipram ,
Etazolate but more preferably selected from the group including Isobutyl-
methoylxanthine (IBMX), or forskolin used alone or in combination.

20
The “Protein Kinase C (PKC) Inducers” may be phorbol myristale acetate (PMA
Phorobol 12-myristate 13-acetate is a specific activator of PKC group A
o,Bl,Bll,x) and PKC group B (8,¢,1,0)) or tumor promoter activity.‘ However, any
substance that induces isozyme specific PKC either directly or indirectly is

25 included in the scope of the present invention.

“Dopamine” may include naturally or synthetically produced dopamine or any
functional equivalent or analogue thereof.

30 In yet another aspect of the present invention, there is provided a method of
treating a neurological condition in an animal, said method comprising
administering an effective amount of in vitro derived neural progenitor cell to the

animal.
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disorders, anxiety disorders, obsessive compulsive disorders, personality
disorders, attention deficit disorder, attention deficit hyperactivity disorder,
Tourette Syndrome, Tay Sachs, Nieman Pick, and other lipid storage and
genetic brain diseases and/or schizophrenia. The method can also be
20 employed in subjects suffering from or at risk for nerve damage from
cerebrovascular disorders such as stroke in the brain or spinal cord, from CNS
infections including meningitis and HIV from tumors of the brain and spinal cord,
or from a prion disease. The method can also be employed to deliver agents to
counter CNS disorders resulting from ordinary aging (eg anosmia or loss of the
25 general chemical sense), brain injury, or spinal cord injury. The method can also
be employed to treat diseases of the peripheral and autonomic nervous
systems including but not limited to hereditary neuropathies, inflammatory

neuropathies and traumatic neuropathies.

30 The present method can be employed to deliver agents to the brain for
diagnosis, treatment or prevention of neurodegenerative disorders by

genetically modifying the hES cells.



Tourette Syndrone, Tay Sachs, Ni eman Pick, and other |ipid storage and
genetic brain diseases and/or schizophrenia. The nethod can al so be 20

enpl oyed wo ostabj4ect s suffering fromor at risk for nerve aamagm®3Nomom
cerebrovascul ar disorders such as strokRg in the brain or spinal cord, from
CNS infections includi ng meningitis and H'V fromtunors of the braln and

spi nal corlde tesm fiegkngn rlﬁéﬁedllﬁé§§BOSW@aH§§W§%W inclsleprophypslied to
del1ver aggpNboeVed ;atgfézf}g{étm@ﬂ%a% IR SrebfREh es.gﬁeante%e%rét@%m (eg

anosm a or SS 0 enera em ca sense), braln injury, or spinal
cord inj ureffecTéwfﬂhfetrimdob@rcaabendltlba. enpl oyed to treat diseases of the
peri pheral and autonom c nervous systens including but not limted to
hereditary neuropathies, inflamatory neuropathies and traumatic

neur opgt hi ﬁ “eﬁQctUéeaH{o‘?ﬁl?”bf RIS DrCaN NS BEM DFeReliral Cﬂﬁb%ér‘ﬁfor@%“éﬁ to

the brain dlagn05|s treatment or prevention of neurodegenerative
di sor der s amgourgesufiicieat Ity pretent;i gt redwds anelldrs amatiocge 14 dymptoms

PCT/ AU03/ 007 3 t " d t t b dest
To 'l ol adnear e, caefs bf B dhe AbpvE dhshiBrs Of o RRiseSr JAEERle pent o

desi gned tigstAAEBed, (Hna"e@febﬂ@e afiduegt @ é?]fffléléﬁ B URAh AR tﬁé'syﬁ‘i’pﬁgh{s' &fthese AN
"ef fective anount” of agent or of cell's or neural gienltors I's an

armount sufdiseasenand,opgy) hepenovertcem ther disagee dselfo rWéﬂﬁ?E\I a detor erllss yerpt ons

st adfes, SR ERARHRCE ShoAfburl dBRRASCRPhSRIERSTe o, BHVRRE Dt ome o

these di yed8€e angdmelierdigise SPMpLaAsE the disease itself. Wen applied to
cells, ie 10 effective anount is an anmount sufficient to generate cells to

prevent, treat, reduce or aneliorate the synptons. The in vitro hES

derived ”el*f{eanbg/ﬁjo'ﬁ'eé”de?‘%@& L{Pélogéi@féroﬁ 3l (raég{lég-ﬁv\tgr%‘&é ﬁnés*éa{:ellsitrg%te”her

non-comm tted are i ncline ere Ia rd a neu
progeni t orareeeithdry penaoniaitedabut rui'ecerd:lmeammt tiffbrentintel tdvedrd, apnedirat abl y
neur al _progenitors
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may be i dgfpbhbhigsls Wore preferably neural progenitors with a committed midbrain fate,
or differentiated TH™ or dopaminergic neurons. The cells may be identified by
neuronal markers such as DAT, RMP and VMAT2. These markers may be
identified in the progenitors or the transplanted cells which have been
20 transplanted. Most preferably, these cells are produced by the methods

described herein.
In a preferred embodiment, the neurological condition is Parkinson’s disease.

25 Parkinson’s disease (PD) is characterized by the progressive loss in function of
dopaminergic neurons. The progressive loss of dopaminergic function
interferes with the normal working of the neuronal circuitry necessary for motor
control so that patients with PD show characteristic motor disturbances such as
akinesia, rigidity and rest tremor. Other symptoms include pain, impaired

30 olfaction, alterations of personality and depression.

According to the invention, neural progenitors or midbrain committed neural
progenitors or dopaminergic neuronal cells are generated using the cell
culturing methods described above. These cells are then administered to the
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al | structyl 65,y such as but not limited to the peripheral and autonomic nerve
and ganglia. “Central nervous system” is meant to include all structures within

the dura mater.

20 Typically, the neural cells are administered by injection into the brain of the
patient. Injections can generally be made with a sterlized syringe. The exact
size needle will depend on the species being treated, the needle should not be
bigger than 1mm diameter in any species. Those of skill in the art are familiar
with techniques for administering cells to the brain of a patient.

25
After the neural cells including but not limited to non-committed neural
progenitors, committed neural progenitors, neuronal cells of various types are
formed according to the cell culturing method previously described, the cells are
suspended in a physiologically compatible carrier. As used herein, the term

30 “physiologically compatible carrier’ refers to a carrier that is compatible with the
other ingredients of the formulation and not deleterious to the recipient thereof.
Those of skill in the art are familiar with physiologically compatible carriers.
Examples of suitable carriers include cell culture medium (eg, Eagle’s minimal
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committed to give rise to dopaminergic neurons will be required to produce a

20 similar therapeutic response.

Examples of the procedures used in the present invention will now be more fully
described. It should be understood, however, that the following description is
illustrative only and should not be taken in any way as a restriction on the

25 generality of the invention described above.

EXAMPLES
Example 1: Directed differentiation of hES cells into highly enriched
cultures of neural progenitors.
30 A Induction of differentiation on feeders with noggin coupled with
manipulation of culture conditions.
To derive enriched preparations of neural progenitors, differentiation of human
ES cells was directed into neural fate by transfer of undifferentiated hES cell

clumps onto fresh feeders and culture in a modified hES cell medium with
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further epddditest werd onprbcti edltightl packed sridiPceks withf arurifidint gomal 4- 6

days. At this tinme about 12-14 days, abgut 70% of the col onies
di f f e2nt ioReEUE np8PPGalARCE under dark field stereo microscope  (Fig.1a,

PCT/AU01/00278, PCT/AU01/00735). Other colonies differentiated into areas

with structures that could resemble primitive neural rosettes (Fig.1b).

Clumps of about 150 cells were mechanically isolated by using the razor-sharp

20 edge of a micro glass pipette or a razor blade from the grey opaque areas and
replated in serum-free medium supplemented with human recombinant FGF-2
and EGF. Specifically, the clusters of cells were transferred to plastic tissue
culture dishes containing neural progenitors growth medium (NPM) that
consisted of DMEM/F12 (1:1), B27 supplementation (1:50), glutamine 2 mM,

25  penicillin 50 u/ml and streptomycin 50 pg/ml (Gibco), and supplemented with 20
ng/ml human recombinant epidermal growth factor (EGF), and 20 ng/mi
fibroblast growth factor 2 (FGF2) (R & D Systems, Inc., Minneapolis, MN).
Under these culture conditions the clumps formed free floating spherical
structures within 24 hours and sequential propagation and expansion of the

30 sphere cultures was possible as previously described (Reubinoff et al., 2001,
PCT/AU01/00278) for prolonged periods (6 months).

During the initial weeks in culture, the spheres gradually acquired a uniform
morphology (Figure 3 A,B). A detailed analysis of marker expression by the



areas that were conprised of tightly packed small cells with a uniformgrey
15 opaque appearance under dark field stereo mcroscope (Fig.1 a,

PCT/ AU01/WO0238044RCT/ AUO1/ 00735). Ot her col oni es di fferentiparadodnem4 ar eas
Wi th structures that could resenble préd8itive neural rosettes (Fig.1 b).
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o oas uer B ol Gr R BuRRREhY Bt dLps by EutodRs T sptun e
pl ated on | am gbAditions in the presence of noggin and FGF2.
In an alternative approach, undifferentiated human ES cell clumps of about 200
cells were transferred into NPM and cultured in suspension in the presence of
noggin (350 and 700ng/ml) for approximately 3 weeks. To further induce neural
20  differentiation, proliferation and prevent the differentiation of neural progenitors
the medium was also supplemented with human recombinant FGF-2 (20ng/ml).
LIF(10ng/ml) was also included in the medium in early experiments. The media
was replaced twice a week. Under these culture conditions the clumps of hES
cells turned into round spheres within 7 days (Fig 3 C,D).
25
To evaluate the effect of these culture conditions, we have evaluated the
phenotype of cells within clumps following three weeks of culture. We have
examined two concentrations of noggin (350 and 700ng/ml) in comparison to
culture in NPM supplemented with FGF2 in the absence of noggin. The clusters
30 were disaggregated into single cells or small clumps that were plated, cuitured
for 4 hours on laminin, fixed and analysed by indirect inmunofluorescence for
the expression of the early neural markers nestin, A2B5 and N-CAM. Markers of
endoderm (probably extraembryonic; low molecular weight (LMW) cytokerétin

and laminin) and mesoderm (muscle specific actin and desmin) were examined



and cultured in NPM for two days. | munophenotyping at that point reveal ed
that 95-100% of the cells expressed NNCAM (Fig 2A) and nestin (Fig 2B). 15
B. | nductwore3nb44dd fferentiation by culture of ES cell aggregatt®s/ootdserum
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noggin (700ng/mi), (b) the same medium without noggin and (c) knockout (KO)

medium. After three weeks of culture a significant difference in the morphology

of the clusters was observed. Clusters that were cultured in KO medium had the

typical morphology of embryoid bodies (EBs, Fig 5c). Clusters that were

20 cultured in NPM and FGF2 were characterized by cystic structures and areas of
dense cells resembling neural spheres (Fig 5b). Clusters that were cultured in
the presence of noggin had the typical morphology of neural spheres without

cystic structures (Fig. 5a).

25 Clusters that were cultured in NPM with (Fig 5a) or without noggin (Fig. 5b)
were further cultured for an additional 3 weeks in NPM supplemented with
FGF2 in the absence of noggin (Fig 5).

To characterize and compare the phenotype of cells within the clusters following
30 differentiation and propagation at the various culture conditions (Fig. 5), the
clusters were disaggregated after 3 weeks in culture into single cells or small
clumps that were plated, cultured for 4 hours on laminin, fixed and analysed for
the expression of the early neural markers nestin, A2B5, N-CAM, PSA-NCAM
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was done after additional 3 weeks of culture in NPM supplenented with FGF2

(Fig. 7). -IThe percenta f . cellg expressin I Wr
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expressing, ipst mQertrQ%vééeHél‘?t])rmed following disaggregation of the clumps and one
week of differentiation on laminin. The analysis showed a significant reduction
in the percentage of cells expressing these markers in the noggin treated
cultures after 3 weeks (Fig 8). Cells expressing these markers were

20 undetectable or rare after additional 3 weeks of culture in NPM+FGF2 (Fig 9).

At the RNA level, RT-PCR analysis confirmed that in the noggin treated clumps
the expression of the endodermal (probably extraembryonic) marker alpha-fetal
protein was reduced/undetectable at 3 weeks. This marker was also
25 undetectable at 6 weeks. The expression of the endodermal (probably
extraembryonic) marker HNF3a was also reduced/undetectable at 6 weeks of
culture. The expression of transcripts of the epidermal marker keratin-14 was

significantly reduced at 3 weeks and undetectable at 6 weeks.

30 Collectively these data suggest that highly enriched cultures of neural
progenitors are obtained when undifferentiated clumps of hES cells are cultured
in NPM+FGF2 supplemented with noggin. The percentage of neural progenitors
was higher after differentiation in NPM+FGF2 compared to KO medium. This is
in line with our previous report (PCT/AU01/00278). Noggin treatment further
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i ' iR proffuraAanttities, 4P ofo-48 g, Aavearp@edcand mountsd wih
| mrunohi sbeehasmiald r MmoBhtify Solution with DAPI (Vector Laboratories, Burlingame,

CA). Primary antibodies localisation was performed by using mouse anti rabbit

IgG and goat anti mouse IgG conjugated to Cy3 or FITC from Jackson Lab.
West Grove, (PA: 1:100-1:500), or anti rabbit FITC and goat anti mouse FITC

20 from Dako (1:20-50). Proper controls for primary and secondary antibodies
revealed neither non-specific staining nor antibody cross reactivity.

To characterize the immunophenotype of cells within the aggregates, spheres
were mechanically disaggregated into single cells or small clumps and plated
25  on poly-D-lysine and laminin in NPM.The cells were fixed after 1 (for analysis of
the expression of neural markers) or - 3-7days (for non-neural markers) and
examined for the expression of the following markers: laminin (Sigma mouse
monoclonal 1:500) and low molecular weight cytokeratin ((cytokeratin 8,
Beckton Dickinson, San Jose, CA ready to use) as markers of endoderm:;
30 muscle actin (Reubinoff et al., 2000), smooth muscle actin (Dako mouse 1gG
1:50) and desmin (Dako mouse clone D33 1:50) for mesoderm; nestin (rabbit
antiserum a kind gift of Dr. Ron McKay; 1:25 or from Chemicon rabbit anti
human 1:100-200), N-CAM (Dako, Carpinteria, CA; mouse IgG 1:10-20), A2B5
(ATCC, Manassas, VA; mouse clone105 1:10-20) and PSA-N-CAM
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Neurospheres that were generated from noggin treated ES cell colonies as
described above (Example 1) were propagated 21-35 days in NPM
supplemented with FGF-2 and EGF. At this point the spheres were chopped
20  into small clumps (2000-3000 cells per clump). FGF-2 and EGF were removed
from the medium and the progenitors were directed to take a midbrain fate by
treatment with various factors for 6-8 days. During treatment with the various
factors the clumps were either cultured in suspension or plated on poly-D-lysine
and Iamin.in. The factors included: FGF1, FGF8, FGF17(R&D Systems) at
25  concentrations of 100-200ng/ml SHH (R&D Systems) at 0.5-1 pg/ml. Other
signal transduction inducers: cAMP inducers: IBMX (Sigma, 0.25mM), forskolin
(Sigma 50uM), PKC inducers PMA (Sigma 200nM) and dopamine (Sigma
20pM) were also used. The medium was also supplemented with the survival
factors Ascorbic acid (AA) (Sigma) at concentration of 400-800uM and NT4
30 (R&D Systems) at concentration of 20ng/ml. The medium was changed every
other day. To induce further differentiation into neurons, the spheres were again
disaggregated into small clumps and plated on poly-D-lysine (30-70 kDa, 10
pg/ml, Sigma) and laminin (4 pg/ml, Sigma) and cultured in NPM in the absence
of the factors and in the presence of AA with or without NT4 for 5-10 days.
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t he absence of the factors and in the presence of AA with or w thout NT4
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15  was not supplemented with midbrain fate inducers or survival factors was very
poor (about 1%, PCT/AU01/00278, Figure 11D, E) and TH+ clumps were not
generated. The differentiation into TH+ neurons was poorer with high passage
spheres as opposed to low passage ones and therefore low passage (30-35
days in culture) spheres were used in the in vitro studies.
20
Supplementation of the culture medium with ascorbic acid at the time of
removal of FGF-2 and EGF as well as during differentiation of the progenitors
on substrate gave rise to a significant number of TH+ neurons in 35% of the
clumps (Fig. 12 and 13 bar 6) At the cellular level, 45% of the neurons in these
25  cultures expressed TH (Fig. 14, 15).

Treatment with FGF-8 (200ng/ml) in combination with AA significantly increased
the proportion of TH+ clumps to a level of 67%. (Fig. 10, 12). Analysis at the
cellular level, using confocal microscopy, also showed an increase (to 77%) in

30 the percentage of TH+ neurons from the total number of neurons (Fig. 15). In
contrast SHH treatment had no effect on the proportion of TH+ clumps. The
effect of SHH was evaluated in combination with AA or in combination with
FGF-8 and AA and in both cases it did not increase the proportion of TH+
neurons (Fig 12).
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Directing the differentiation of hES cell derived neural progenitors towards TH+
neurons was also accomplished by using the combination of FGF-1, cAMP
20 activators IBMX and Forskolin, Protein kinase C (PKC) activator PMA,
dopamine and AA. Following treatment with this set of factors (FGF-1 at
200ng/ml) 65-75% of the clumps of differentiated neurons contained a
significant number of TH+ neurons (Fig 13). The set of these factors was as
efficient as FGF-8 and AA or FGF-17 and AA. It should be noted that a 55%
25 proportion of TH+ clumps was obtained when the signal transduction activators
(IBMX, Forskolin, PMA) dopamine and AA were used without FGF-1. In contrast
to the effect of FGF-1 at 200ng/ml, the addition of FGF-1 or FGF-8 at a
concentration of 100ng/ml to the set of these factors did not increase the
proportion of TH+ clumps (Fig 13). In these experiments the surviving factor
30 NT4 was added to AA at the stage of final differentiation when the

neurospheres were plated on laminin and cultured in NPM.

The transcriptional factor Nurr1 is required for the induction of midbrain DA

neurons, which fail to develop in Nurri-null mutant mice (Zetterstrom et al.
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Example 3: Improvement of behavioural deficit in an animal model of
Parkinson’s disease following transplantation of hES cell derived neural
20 progenitors.
A Parkinson's disease model in rats was induced by stereotaxic injection of the
neurotoxin 6-hydroxydopamine to cause unilateral nigrostriatal lesions. 8ng/rat
of 6-OH dopamine were injected in 4pl into the right Substantia Nigra.
Coordinate of injection were P=4.8, L=1.7, H=-8.6.
25
Two weeks after the injection of neurotoxin the disease severity was examined
in each rat individually by administration of apomorphine (25ug/100g body
weight) and quantification of contralateral rotational behaviour by computerized
rotameter system (San-Diego Instruments). It should be noted that in early
30 experiments, rotations were counted by an observer 4 times every 12 minutes,
for three minutes each time after apomorphine administration. Animals with
strong baseline rotational behavior (>500 rotations/hour) were selected for
transplantation. In these animals immunofluorescent studies of brain sections

demonstrated that the injection of the neurotoxin resulted in complete loss of
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shoul d be noted that in early 30 experinents, rotations were counted by an

obser $&8r 4X)i aeslRivicagenp (Sigma)efollowed by treatment with RNase-free DNase
(Ambion, The RNA company, Austin Texas). The cDNA synthesis was carried

out using Moloney murine leukemia virus (M-MLV) reverse transcriptase and
oligo (dT) as a primer, according to the manufacturers’ instructions (Promega,
Madison WI). To analyze relative expression of different mRNA, the amount of
20 c¢cDNA was normalized based on the signal from GAPDH mRNA. Levels of
marker mRNAs expressed by neural spheres and differentiated cells were
compared to that in the undifferentiated hES cells. PCR was carried out using
standard protocols with Taqg DNA Polymerase (Gibco invitrogen corporation).
Amplification conditions were as follows: denaturation at 94°C for 15 seconds,
25 annealing at 55-60 for 30 seconds, and extension at 72°C for 45 seconds. The
number of cycles varied between 18 and 40, depending on the particular mRNA
abundance. Primer sequences (forward and reverse 5-3’) and the length of
amplified products were as follows:
Oct4 -CGTTCTCTTTGGAAAGGTGTTC, ACACTCGGACCACGTCTTTC,
30 320bp;
Otx2 -CGCCTTACGCAGTCAATGGG, CGGGAAGCTGGTGATGCATAG,
641bp;
Pax2 -TTTGTGAACGGCCGGCCCCTA, CATTGTCACAGATGCCCTCGG,
300bp;



for three mnutes each time after aponorphine adm nistration. Animals with
strong baseline rotational behavior (>500 rotations/hour) were selected for
transpl arwetmom444 n t hese ani mal s i mmunof | uorescent st udi @STUBOE0M
sections denonstrated that the injectgpn of the neurotoxin resulted in
conplete | oss of WD 03/104444 PCT/ AU03/00704 51 tyrosine-hydroxyl ase

st ai ned nEFETECGEARAGASTARGRACACKATTGMum as conpared to preserved
tyrosi ne- I j t |..side (Figure 18). Human ES
derived n%@%ﬁ%@%gm%tgé%iggiﬁ%pfn Exanple 1 a) were used 5 for
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characterized prior to transplantation by i nmunocytochem cal studies (as
descri bed5i6ﬂbEi<aan e 1 ¢) and RT-PCR For RT-PCR studies, total RNA was
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(2) free- g spheres after eks In culture, (3) differentiated
cells grovorppfromthe spheres at 1 week after plating on lamnin in the
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i sol at ed tggry?gl RNA STAT-60 sol ution (TEL-TEST, Inc., Friendswood 15 TX) or

TRI - r eagent gma) followed by treatnment with RNase-free DNase (Ambion,
The RNA cEnZaT CABTCHACTGRACCOGRCT DA TAGTGES TS TREGARTTE@d368hie; usi ng

s o T mrA OGRS AARE TR b, BTG ERRA ThRRR A o, O (77

Madi son WWBopho anal yze rel ative expression of different nRNA, the anount
of 20 cDNA was_nornalized based on the signal from GAPDH nRNA._ Level s of
mar ker  mRUAL-GXBREG BG BT GeGAACAMAART: TAHIAGHTREPEREAT A 1GIGTT Ger ¢
conpar ed ;)% gpat in the undifferentiated hES cells. PCR was carried out
using st J td protocols with Tag DNA Pol ynerase (G bco invitrogen

cor por at i @jctin WECAICCACTEGGCATHGETICATS, TRCECET TTGATGTEACEBCAD) 2a0bpn at
94C for 15 seconds, 25 annealing at 55-60 for 30 seconds, and extension at
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dependi ng3%§ he particular mMRNA abundance. Prinmer sequences (forward and
reverse 5"- b&’ and the | ength of

Ptx3 (TGGGAGTCTGCCTGTTGCAG,CAGCGAACCGTCCTCTGGG 372bp)

The hES cell-derived neural spheres were transplanted after partial mechanical
20 dissociation of the spheres into small clumps into the striatum of the rats
(400,000 cells / animal) with a hamilton syringe along 2 tracts per striatum,
using a stereotaxic device. Coordinate for transplantation were A-P=0, L=3.5,
H= -7.5 to -4.5 and A=1, L=2, H= -7.5 to -4. Neural spheres that were
passaged for 6 weeks (with high potential of generating neurons and specifically
25 dopaminergic neurons) and neural spheres that were passaged for 11 weeks
(with a lower potential for generating dopaminergic cells) were transplanted.
Control rats underwent sham operation and were injected with saline. Animals

received Cyclosporin A treatment (10mg/Kg) throughout the experiment.

30 At 2 weeks, 1 month, 2 months and 3 months after transplantation, the severity
of the disease was scored by pharmacological and non-pharmacological tests
and compared between hES cell transplanted and vehicle transplanted animals.
Rotations were counted by a computerized rotameter system for 1 hour after

S.C. injection of apomorphine (25ug/100g body weight) and for 1 hour after I.P.



anplified products were as follows: COct4 - CGTTCTCTTTGGAAAGGTGITC,
ACACTCGGACCACGTCTTTC, 30 320bp; O x2 - CG CCTTACGCAGICAATGGG,
CGCGAAGCMEOTGATBBATAG, 641 bp; Pax2 - TTTGTGAA AT/AU03/00704
CATTGTCACAGATGCCCTCGG,  300bp; WO 03/ 1984444 PCT/ AUO3/ 00704 52 Pax5
- CCGAGCAGACCACAGAGTATTCA, CAGTGACGGTCATAGGCAGIGG,  403bp; Lnx1 B

- TOCTGATGH@RETTHA0tAS (4o KDGRTipTEr dagsiaien i, earyaxnﬁﬁlm@tmpﬁqtlons
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-7.5 to -#ndveamehtdsin, respseHto a7séngay -stimlie Rats vegriecheld wi&iatthe!erllm_bs
10  hanging unsupported. They were then raised to the side of a table so that their
whiskers made contact with the top surface while the length of their body
paralleled the edge of the tabletop. Normally, rats place their forelimb on the
tabletop almost every time. Each test included ten trials of placing of each
forelimb and was repeated in three consecutive days. The results of both tests
15 are expressed as percentage of forelimb stepping adjustments and placing in
the lesioned side compared to the non-lesioned side. The mean number of
rotations and the mean results (in percentage) of non-pharmacological tests

were compared between the experimental groups using student t-test.

20 The rats were then sacrificed and their brains processed for
immunohistochemical studies as previously described (Reubinoff et al., 2001) to
determine the fate of the engrafted cells. Transplanted human cells were
identified by immunohistochemistry for human specific markers, such as anti-
human mitochondrial antibody and anti-human ribonucleic protein (Reubinoff et

25 al 2001). Tyrosine-hydroxylase (TH) stains were performed on thick (20-40
micron) sections to quantify TH density in the striatum and substantia nigra as
well as on standard 8 micron section to double stain and co-localize with the

human specific markers.

30 A Rabbit anti TH antibody from Chemicon was used (at 1:100) followed by goat
anti-rabbit 1gG secondary antibody, conjugated to Cy3 (Jackson
immunoresearch laboratory PA; 1:500). TH density was quantified using a
computerized image analysis system. Graft survival was analyzed by the

computerized image analysis system for staining of the human specific markers.



passaged for 6 weeks (with high potential of generating neurons and
specifically 25 dopam nergi c neurons) and neural spheres that were passaged
for 11 wewb3/104mit4 h a | ower potential for generating dopalCRWY30070¢! | S)
were transplanted. Control rats underggent sham operation and were injected
with saline. Animals received Cyclosporin A treatnent (10ng/Kg) throughout
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transpl ant at i on, e severi t of .t I | ogi cal

and non- pRalWRid 6’3 thg| p@@@p 9&94 %G‘g‘ﬁpﬁ]ﬁi %rgtm@égéfaré@ cel Ié?{i?e;@glﬂant ed

and vehi ¢ (‘ﬂwérﬁn@ﬂﬁ?hﬁﬂ%@%éﬁb@l@hél 1: RQGgaéﬂ ant we(mmeﬂamabmrmmm erized

rotaneter system hour after I njection_of ap m) %5 ém5g/1 00g
7

body wei gt L%draftkat moty@lsnnahf‘t 400) . Blffe\mfwmo@ﬁw 0753

d- anphet am n 4ng/ k X

ot at PoncdonaipeRa Sy U Sobufiid Byihibbnott b*cﬁ st

Non- phar nzgp! R@meal Dﬁelst@hem@bnda@tth@n@tmal ngZGdD)Jsfol‘rewed b 458 et

al ., 1995) and forelinb placing (Lindner et al., 1997) tests. The number
of stepplWJa@?tﬁétgﬁ@ﬁﬁﬁtl\ﬂﬁfs(M@@ﬁWéﬂPEOl?Qﬁ) each forelinmb during sl ow sideway
novenents in forehand and backhand directions over a standard fl at
surface. The stepping adjustnents test was repeated three tinmes for each
forelinb ot ftgimbraa%tmnmmérkmsdam raTmethef phenaotype pjfatber@llsew'tthiassesses
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non- phar macol ogi cal tests were conpared between the experinmental groups
usi ng student t-test. 20 The rats were then sacrificed and their brains
pr ocessedsiegessful differentiation of the hES cell derived NPs into midbrain DA neurons

probably require the induction of the same key regulatory genes that are
expressed by neural progenitor cells during the development of the midbrain in
20 vivo (Lee et al., 2000). Among these key genes are the OTX homebox genes
(OTX1 and OTX2) that are widely expressed at the early stages of
neuroectoderm differentiation. Interactions between the OTX genes are thought
to specify the development of the midbrain and hindbrain (Simeone 1998;
Acampora D and Simeone 1999). The genes Pax2, Pax5, Whnt1, En1 and En2
25 that are expressed further downstream during midbrain development and serve
as early organizers surrounding the ventral midbrain progenitors neurons
(Stoykova, & Gruss 1994; Rowitch & McMahon 1995). Lastly, the transcription
factors Nurr1 and Lmx1b that are implicated in the final specification of the
mesencephalic dopamine systems (Zetterstrom et al., 1997; Smidt et al., 2000).
30 These regulatory genes were all expressed by the progenitors within the
spheres. The level of expression of these regulatory genes was up regulated
upon differentiation (Fig 20). These findings suggested that the neural
progenitors had the developmental potential to give rise to midbrain DA

neurons. Some of the genes were also weakly expressed by cells within the



I mmunohi st ochem cal studies as previously described (Reubinoff et al.,
2001) to determne the fate of the engrafted cells. Transplanted human
cell s werwoO oBdesnatd fi ed by i nmunohi stochem stry for human ®pEcitoso010®mr ker s,
such as anti- human mtochondrial antilgdy and anti-hunman ribonucl eic

protein (Reubinoff et 25 al 2001). Tyrosjne-hydroxylase (TH) stains were
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anti-rabbit 1gG secondary anti body, conjugated to Cy3 (Jackson
i mmunor esearch | aboratory PA; 1:500). TH density was quantified using a
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conputerized | e analysis systemfor staining o man specific

mar kers. \WDIOBerLOfi4ats falioming IraoGplantation Of|darlyr passagentindnlate tpaseagde
graft was anal v d by i mrunohi stochem cal evaluation of the percentage of
cells thatn%?eSpg'@gB%/'at ed with anti PCNA (Chenicon, nouse nonoclonal;
1:100) or anti Ki 67 (Novocastra Laboratories Ltd UK, rabbit polyclonal
1:100). Differentiation of transplanted cells into 5 dopam nergi c neurons

was conf i rifdbe eypenmants gseur thativas transpiarisd wéihguman tieunalrapherssrthat

ot (181 cotpd: PRRORE B, 18, WBER3 ot BLFHaRInhlaln. R ARR 3 R 00
phenot ype gthtidtically elidrificarithelimical ffadtedted mbaths\eost-trirmaphatbtch GFigeeks in
culture was characterized as well as their devel opnental potential to give

rise to mi4br AnCOMPRERA dAsasalBrr @ReMOrRRATETAUsSHertalRNal HRNayArs the
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cells wthin't er és expressé neur a

19) . Thus,de@ISIRRIOTA TR @6tatibAY ¢p=0.08).sphere 15 cultures were highly
enriched for neural progenitors. Successful differentiation of the hES cell

derivd8 NPs into midbrain DA neurons probably require the induction of the
same key rlﬁQHé %E(Béﬁfmgﬁ%‘i’%rémfha%\?as transplanted with human neural spheres that

were passaged for 6 weeks prior to transplantation, a clinical effect was
observed as early as 1 month after transplantation. At this time point the
rotational behavior in tfransplanted animals had already decreased to 72+14% of

20 baseline (as compared to 102+18% in the control group, p=0.04). Moreover,' the
effect of apomorphine in the transplanted animals lasted a shorter length of
time, with rotational behavior at 30 minutes after injection of apomorphine
reducing to 65+12% of control (p=0.01). At 2 months after transplantation the
rotational behavior in transplanted rats decreased further to 58% of baseline

25 (versus 102% in controls, p=0.006, student t-test). Again, the shortening of
length of time of rotational behavior was evident, as after 40 minutes, the
transplanted animals exhibited 43% rotations as compared to control (p=0.005,
Figure 22).

30 These results are in line with in-vitro studies and suggest that human neural
spheres (of early passage) that have a higher potential to generate
dopaminregic cells in-vitro also induce a stronger and more rapid clinical
improvement in the Parkinsonian rats.



expressed by neural progenitor cells during the devel opment of the m dbrain
in 20 vivo (Lee et al., 2000). Anong these key genes are the OI'X honebox
genes ((WHlo3and40TX2) that are wi dely expressed at the eaCaAW®BAag®Os Of
neuroectodermdifferentiation. Interacggons between the OIX genes are
thought to specify the devel opnment of the m dbrain and hi ndbrain (S| meone
1998; AcdWpdraventharefos transplantesbin, folfpwingesieerimsnis ophysarly\passagentd and
En2 25 th%ee?sz § gssed further downstream during m dbrain devel opnent
and serve 8 Iy “0f gani zers surroundi ng the ventral mdbrain progenitors
neurons (Stoykova, & Gruss 1994; Rowitch & I\/tlvahon 1995) Lastly, the
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rot at i1®ns S(t@'go_qgﬂj heeapy (Fig 25). 'In conclusion, the results bot he

pharmacological and non-pharmacological tests, demonstrated a significant
reduction of Parkinsonism following transplantation of human ES cell-derived

neural progenitors.

20 The fate of the transplanted human neural progenitors was studied by
immunohistochemistry and RT-PCR. The sites of transplants were identified on
H&E stained coronal sections. The human cells were found in the striatum
along the injection tracts, identified by immunostainings for human specific
mitochonodrial marker (Figure 26), human specific ribonuclear protein and
25 nestin (Figure 27).

To evaluate the survival of the graft, sections were stained for human
mitochondria. We compared the size of transplants at 24 hours and 3 months
post transplantation. Since there was edema and free blood within and around
30 the transplants at 24 hours, we measured the amount of human cells by
quantifying the human-specific mitochondrial staining in low-power microscopic
fields. This was calculated by multiplying the entire stained area with
fluorescence intensity (above background). At the center of the transplant, the

area of graft at 24 hours was 94+/-34 (arbitrary units; n=6) and at 12 weeks it



In the experimental group that was transplanted with human neural spheres
that were passaged for 6 weeks prior to transplantation, a clinical effect
was oObsewoadies4early as 1 nonth after transpl antation. ACTiAt03/00704e poi nt
the rotational behavior in transplantggd animals had al ready decreased to
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mitochondria+ areas, relative to number of DAPI+ counterstained nuclei,
indicated that 0.41+/-0.3% of human cells generated TH+ fibers (n=9). If
approximately 4x10° viable cells were transplanted into each rat, it may be
estimated, therefore, that the transplants generated on average 740 TH+

20 neurons at 12 weeks post-transplantation.

To support the acquisition of a dopaminergic fate by the engrafted human
progenitors, we have demonstrated by immunohistochemistry the expression of
human DAT within the lesioned striatum 12 weeks after transplantation (Figure
25 29E). We have further demonstrated the expression of human specific
transcripts of midbrain markers in brain samples from transplanted animals.
Total RNA was extracted using the RNeasy kit (Qiagen) from midbrain samples
that included the graft from stem cell (n=2) and vehicle transplanted (n=1)
Parkinsonian rats. The RT-PCR reaction and the details of human specific
30 primers are described above. Transcripts of human midbrain and dopaminergic
neuron markers were expressed in samples from animals that received stem

cell transplantation and were not detected in control animals (Figure 30).
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improvement in rotational behaviour that was induced by d-amphetamine and

by apomorphine, and in stepping and placing non-pharmacological behavioural
tests. Long-term survival of the grafted cells, lack of teratoma tumor formation,
and the spontaneous differentiation of a fraction of the transplanted celis into
20 DA neurons that reduced motor asymmetries and improved behavioural deficits
of Parkinsonian rats was demonstrated. This study indicates the potential of
hES cells to induce functional recovery in an animal model of Parkinson’s

disease.

25 A Development and characterization of hES cell-derived NPs

Differentiation of hES cells into highly enriched cultures of proliferating NPs was
accomplished according to our simple two-step protocol (Reubinoff et al., 2001)
with some modifications. In the first step, hES cell colonies (Figure 31A) were
cultured for prolonged periods on feeders in the presence of the BMP
30 antagonist noggin. Under these culture conditions, the hES cells in most of the
colonies differentiated almost uniformly into tightly packed small progenitor
cells. Briefly, human ES cells (HES-1 cell line, Reubinoff et al., 2000) with a
stable normal (46XX) karyotype were cultured on mitomycin C treated mouse
embryonic fibroblast feeder layer in gelatin- coated tissue culture dishes
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cultu#' s of neural progenitors fromhES cells were grafted into the
striatdm of Parkinsonian rats. A significant fraction of the graft survived

for In the second step, patches containing about 150 cells each were cut out from

the gray opaque areas, using a razor blade (surgical blade #15), and replated in
serum-free medium that consisted of DMEM/F12 (1:1), B27 supplementation
(1:50), glutamine 2 mM, penicillin 50 u/ml and streptomycin 50 ug/ml (Gibco),

20  and supplemented with 20 ng/ml human recombinant epidermal growth factor
(EGF), and 20 ng/ml basic fibroblast growth factor (bFGF) (R & D Systems
Inc.). The clusters of cells developed into round spheres that were sub-cultured
once a week as previously described (Reubinoff et al., 2001) (Figure 31C). The
medium was replaced twice a week.

25
At this stage, prior to implantation into Parkinsonian rats, the phenotype of the
cells within the spheres was characterized as well as their developmental
potential to give rise to midbrain DA neurons. Indirect immunofluorescence
analysis following disaggregation of the spheres demonstrated that >90% of the

30 cells within the spheres expressed markers of neural progenitors (Figure 32J).
Thus, the sphere cultures were highly enriched for neural progenitors.

The regulatory genes (OTX7 and OTX2, Pax2, Pax5, Wnt1, En1 and En2) and
the transcription factors Nurr1 and Lmx1b were all expressed by the progenitors
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(FITC) (Dako, A/S Denmark; 1:20-50), goat anti mouse IgM conjugated to FITC
(Jackson Lab. West Grove, PA: 1:100), goat anti rabbit Ig conjugated to Texas
Red (Jackson Lab., 1:100) and goat anti mouse IgG conjugated to Cy'"'3
20 (Jackson Lab., 1:500). Proper controls for primary and secondary antibodies

revealed neither non-specific staining nor antibody cross reactivity.

To characterize the immunophenotype of cells within the aggregates, spheres
that were cultivated for 6 weeks were mechanically partially disaggregated, and
25 the resulting small clumps and single cells were plated in serum-free medium,
as described above, on poly-D-lysine (30-70 kDa, 10 pg/ml, Sigma, St. Louis,
MO) and laminin (4 pg/ml, Sigma). The cells were fixed after 24 hours and
examined for the expression of N-CAM (Dako; mouse IgG 1:10), nestin (rabbit
antiserum a kind gift of Dr. Ron McKay; 1:25; or from Chemicon, Temecula, CA;
30 rabbit anti human 1:100-200), A2B5 (ATCC, Manassas, VA; mouse clone 105
1:20), PSA-N-CAM (Developmental Studies Hybridoma Bank, lowa city, IA;
mouse undiluted, or from Chemicon Temecula, CA mouse 1:200). One-to-two
hundred cells were scored within random fields (at X 400) for the expression of
each of these markers and the experiments were repeated at least 3 times.
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15  co-expressed B-tubulin 1l and tyrosine hydroxylase (TH) (Figure 31H), and 0.8-
1% co-expressed B-tubulin 1lll and serotonin (Figure 31l). These results
suggested that under our culture conditions a low percentage (<1%) of the
progenitors spontaneously differentiated in vitro into putative mid/hind brain
neurons.
20

B Survival and differentiation of human NPs after transplantation to

Parkinsonian rats

The survival, differentiation and function of the hES cell-derived NPs in vivo
after transplantation to the rat animal model of Parkinson’s disease was

25 ananlysed.

A Parkinson's disease model was induced in adult Sprague-Dawley rats by
stereotaxic injection of the neurotoxin 6-hydroxydopamine to cause unilateral
nigrostriatal lesions. 8pg/rat of 6-hydroxydopamine were injected in 4l into the

30 right Substantia Nigra. 6-hydroxydopamine was injected to the right substantia-
nigra to deplete dopaminergic innervation in the ipsilateral striatum. Coordinates
of injection were P=4.8, L=1.7, H=-8.6. Preliminary experiments confirmed this
resulted in the complete loss of TH+ stained neurons in the ipsilateral striatum,
whereas TH expression in the contra-lateral side was preserved.
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injected with vehicle solution. To prevent rejection of grafted human cells, all

rats (transplanted and controls) received daily I.P injection of 10mg/kg
cyclosporine A (Sandimmune, Sandoz).

20
The rats were sacrificed for histopathological analysis of the graft 24 hours after
transplantation (n=6), and after behavioral follow up of 12 weeks (21 sphere

and 17 vehicle grafted rats).

25 At the end of follow-up and behavioral studies, rats were euthanized by
pentobarbital overdose and perfused with saline and 4% paraformaldehyde.
Serial 8um coronal frozen sections were prepared and every seventh section
was stained with hematoxylin and eosin (H&E) to identify the graft in the brain.
In areas in which a graft was identified, the sections were post fixated with 4%

30 formaldehyde. Immunofluorescent stainings were performed with the following
primary antibodies; human-specific mitochondrial antibody (mouse IgG,
Chemicon; 1:20), tyrosine hydoxylase (TH rabbit IgG, Chemicon 1:100), nestin
(antibody as detailed above; 1:50), neurofilament heavy chain (NF-200 mouse
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secondary antibodies. Double labeling for TH and human mitochondria was
used to evaluate the percentage of TH+ neurons within the grafts. At least 3
high power microscopic fields per section and 3 sections per animal were
counted for TH+ cells within the graft. Images were taken by a fluorescent
20 microscope (Nikon EB00) or confocal microscope (Zeiss), using channels for

Alexa 488 fluorescence, Cy3 and Cy5 fluorescence and Nomarsky optics.

The grafts were easily identified on H&E stained sections and by fluorescent
DAPI nuclear counterstaining. At 12 weeks after transplantation, a graft was
25 found in 17 animals. In each of these animals, two grafts were found, most often
as a tubular mass of cells along the needle tract within the striatum. In five
animals one of the two grafts was ectopic and was observed as a round mass in

the cortex.

30 Anti human-specific mitochondria antibodies to specifically identify human cells
in transplanted rat brain sections (Figure 33A) were used. Identification of
human cells was confirmed by staining for human-specific ribo-nuclear protein
(Figure 33B). At 24 hours post-transplantation, there was widespread

expression of nestin in the graft (Figure 33C). At 12 weeks post-transplantation,
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15 ‘sections was not representative of the number of cells. To overcome this
problem an adjacent section was stained for human mitochondria and the
amount of human cells by quantifying the human-specific mitochondrial staining
was measured. This was calculated by multiplying the entire stained area (in
low-power microscopic fields) with fluorescence intensity above background.
20 Twenty-four hours after transplantation, the overall graft mitochondrial staining
in sections through the center of the transplants was 94+/-34 (arbitrary units;
n=6) and at 12 weeks it was 43+/-18 units (n=5). This indicated approximately

45% graft survival at 12 weeks after transplantation.

25 Double staining with human specific markers and neuronal markers, indicated
the generation of human mitochondria+, neurofilament+ (Figure 33D) and
human ribonuclear protein+, Neun+ (Figure 33E) neurons from transplanted
cells. Double staining for human mitochondria and tyrosine-hydroxylase (TH)
showed the presence of graft-derived TH+ cells and fibers (Figure 33F-H). The

30 vehicle-grafted animals showed no TH staining in the ipsilateral substantia nigra
or the striatum. At 12 weeks post-transplantation, the number of TH+ cells in the
human mitochondria stained areas, relative to the number of DAPI+
counterstained nuclei, indicated that 0.41+/-0.3% of the human cells generated

TH+ neurons (n=9 animals). Since 4x10° cells were transplanted into each rat, it
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detected in vehicle-transplanted animals (n= 2). The expression of these
human-specific mRNA transcripts was found only in the transplanted side, and
not in the non-lesioned side of the same animals (Figure 34).
20
Given the potential of ES cells to generate teratomas after transplantation, we
evaluated the percentage of proliferating cells within the grafts. At 24 hours
post- transplantation, the majority of cells (64.5%) were in a proliferative state
as indicated by positive PCNA (Figure 33L) and ki67 staining (not shown). At 12
25 weeks, there were very rare (<0.2%) PCNA+ cells (Figure 33M). In addition,
H&E stained sections covering the entire brain, did not reveal teratomas or any

other tumor formation in transplanted rats.

C. Functional recovery in Parkinsonian rats after transplantation of hES-

30 derived neural spheres.

At 2 weeks, 1 month, 2 months, and 3 months after transplantation, the severity
of the disease was scored by pharmacological tests and compared between
hES cell transplanted and vehicle transplanted animals. Rotations were counted

for 1 hour after S.C. injection of apomorphine (25ug/100g body weight) and for
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20 Non-pharmacological tests were performed at 2 weeks and 3 months after
transplantation. These included stepping adjustments (Olsson et al., 1995) and
forelimb placing (Lindner et al., 1997) tests. The number of stepping
adjustments was counted for each forelimb during slow-sideway movements in
forehand and backhand directions over a standard flat surface. The stepping

25 adjustments test was repeated three times for each forelimb during three
consecutive days. The forelimb-placing test assesses the rats’ ability to make
directed forelimb movements in response to a sensory stimulus. Rats were held
with their limbs hanging unsupported. They were then raised to the side of a
table so that their whiskers made contact with the top surface while the length of

30 their body paralleled the edge of the tabletop. Normally, rats place their forelimb
on the tabletop almost every time. Each test included ten trials of placing of
each forelimb and was repeated in three consecutive days. The results of both
tests are expressed as percentage of forelimb stepping adjustments and placing

in the lesioned side as compared to the non-lesioned side. The mean number



human ri bonucl ear protein+, Neun+ (Figure 33E) neurons fromtranspl anted
cells. Double staining for human m tochondria and tyrosi ne-hydroxyl ase (TH)
showed t wopsaeeramce of graft-derived TH+ cells and fi bersPCFiAJws@0B8F- H) .
The 30 vehicle-grafted aninmals showed gg TH staining in the ipsilateral
substanti a ni?r_a or the striatum At 12 weeks post-transplantation, the
number of ofefatienssandhthenmeanuranitsiinraieeripogs) of BPRwhagnagelogical tastye to

t he nunber, + ' : R oYo [N¢! /-0. 3% of
the nunan 3P SRdreriRibEh e kREFUALAIEF orp Bt il e KRBenPrbRt. 0L
were transplanted into each rat, it WO 03/104444 PCT/ AU03/00704 65 may be

estimated, _therefqre, that the graft generat dai%pj)roxi mately 740 TH+
neurons. Gd19 Behaderajanalygisowps extengiedHodnclae iaraihedtteRRINgRAUYSIMES human

dopami ge nsporjer | T 4~ ; af e R
undet egta (Iagslror?l" t eésl't’ri1gt§§)renérgfnﬁr%%”rﬁﬁ} yr%md;d&@gdnﬁroleg ?,;?1991% gg?) I n
addi ti on, pharmacolgibal diests.t ddbn-phaimadolbgioaln testsi qubvde manoaorenalirect

transporter (V-MAT2), a dopam nergic neurpnal rker (MIle t al.,
1660) " edupesu gl MeOE A ohy pdou it Base 1HBfen ORTRN: RaIRRITE ant
m t ochondrgd;i i ' e i - ] lhi erved
In the st rql%au%ngﬁlﬁgﬁgﬁ%(’%%i ggg%rari@rglngﬂw}%;ﬁ%%%@r%étnﬂge%?ggg?%%?%f '

human dopaveeks) gind aiel?2 wesks adiek dagisplantation. htahweeks thaltrangplasiedRBIPCR
anal yghs of ,striatal samples from,vehicle, and . neyral pr.ogenitor grafted
fars RS Sl st o 289! HeBRnmst PSS o dnBUPFipiEd ot A B iPeRedBPR n and
dopam ner gj$s aﬁﬁi@?rﬂﬂcé?ﬂrihﬁfrévélkﬁéﬁt PSR SFESRHpharneadBlbigal tesRMaRBbRPased hat
received stemcell transplantation (n= 3) and were not detected in

vehi cl e- t tahaseling anddaicenatre! rets=(Figuretde Cefr essi on of these
human-specific nMRNA transcripts was found only in the transpl anted side,
and not in the non-lesioned side of the sanme animals (Figure 34). 20 G ven

the pot entyaie®fn Hfe tRhbsioutal deser aleegiven aisonrainaf dtandardaasel. Bthadtican, we
eval uated the percentage of proliferating cells within the grafts. At 24

hour s 15 po@analysis feypihenplamaesoladicel fegtsrwas perfogaed dy(@we-Gikpd\anadysis of
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statistical significant difference was considered when p<0.05.

20 This study shows that fransplantation of hES cell-derived neural spheres
improves the motor function in rats in an experimental model of Parkinson's
disease.

A simple two-step protocol to direct the differentiation of hES cells in-vitro into

25 highly enriched cultures of proliferating NPs has been used. The NPs
expressed transcripts of key regulatory genes of midbrain development as well

as markers of dopaminergic neurons supporting their potential to differentiate

into midbrain dopaminergic neurons. Following transplantation, a significant
clinical effect was evident by all four different behavioral tests. Functional

30 recovery in the pharmacological behavioral tests was evident and significant at
8 and 12 weeks after transplantation. The functional recovery in the lesioned
rats was correlated by the demonstration of transplant-derived dopaminergic
cells, as indicated by immunofluorescent stainings and RT-PCR. At the RNA

level, human specific transcripts of key regulatory genes of midbrain
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and parkinsonian rats resulted in the formation of teratomas in a high percentage of
animals (Bjorklund et al., 2002). Here, the human ES cells were directed to
differentiate in-vitro into neural progenitors prior to transplantation and ceased
to express the transcription factor Oct-4, a marker of undifferentiated ES cells.

20 The human grafts did not produce teratomas or non-neural tissue in the rat
brains. In correlation, the transplanted cells ceased to express markers of
proliferating cells. Nevertheless, additional extensive long-term studies are

| required to determine the safety of human ES derived neural progeny
transplantation and to rule out potential hazards such as tumor formation or the

25 development of cells from other lineages.

This study shows for the first time that human ES cell-derived NPs can induce
functional recovery in an experimental model of Parkinson's disease. The
therapeutic effect, demonstrated in this study, indicate the potential of hES cells

30 for transplantation therapy and encourage further efforts that may eventually
allow the use of hES cells for the treatment of neurological disorders.
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15  Finally it is to be understood that various other modifications and/or alterations
may be made without departing from the spirit of the present invention as

outlined herein.
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t he exprezém{} dormai ns of Wit-1 and En-1. Mech Dev 1995; 52: 3-8. 15
Sanchez- P te R Studer L, Bankiewi cz KS, Mjor EOQ and MKay RD. In
vitro generation and transplantati on of precursors-derived human dopam ne
neurons. J Neurosci. Res. 2001; 65: 284-288. 20 Sineone A. Ox1 and Oxx2 in
t he devel @nentA airthed Aagordingde daien 1nuhensin die BMP renteaestst isog diregt

6790- §498.. B iR ipal-o A SREORAIGISRERYRGL PBME gl devel oprent of
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25 337-41. Stoykova A & Gruss P. Roles of Pax genes in devel oping and adul t

brain as _suggested by expression patterns. J Neuroscience 1994; 14:

1395- 1412 3. A method according fo claim 1 or 2 wherein the BMP antagonist is
selected from the group including fetuin, noggin, chordin, gremlin, follistatin,
Cerberus, 'amnionless, DAN or the ectodomain of BMRIA (a BMP receptor

15 protein).

4. A method according to any one of claims 1 to 3 wherein the BMP

antagonist is noggin.

20 5. A method according to any one of claims 1 to 4 wherein the noggin is in
the range of 350 to 700ng/ml.

6. A method according to any one of claims 1 to 5 wherein FGF-2 is
approximately 20 ng/ml.

25
7. A cell culture comprising neural progenitor cells differentiated from hES

cells and wherein the neural progenitors are non-committed to a neural fate.

8. A cell culture according to claim 7 wherein expression of early neural
30 markers increases over 3 weeks when cultured in NPM-FGF-2 compared to

culturing in KO medium.
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nodi fi éatiq ns éo‘néglgrc hﬁ'l“tee?g‘??rgﬁ]gb@ rrggﬂﬁg ér'g%ghlﬁmé}téhoﬁtérpd%ﬁra P ‘D'tr?gdm?tgrl‘x t he
spirit of 20hgy/mlesent invention as outlined herein. 20 WO 03/ 104444
PCT/ AU03/ 00704 73 CLAIMS 1. A nmethod of directing the fate of hunman

enbryonic stemcells towards neural progenitor cells in vitro said nethod

i ncl udi ng qt4he g f1i | j r gptd Niggredy bl gdn a
defi ned se1tr1i1m r?t%ﬁ en%lm%mggﬁg@mcqgg? (fiﬂ;fﬁlsfob%ﬁg dzlaﬁﬁﬁgrz ant aggﬁ}égfglhoiﬁ]ébone
mor phogeniexppessicr of edl3MPleural. markesrs hisdfuxthesr idicrepsed by agultutinghisr ghen t he

BMP ant.agoni st is Lrect, 10.antagoni st of BMP or a |igand binding domain
from EBBWr?%Qﬁ% gyﬁﬂn]ﬁ?&%&% according to claim| or 2 wherein the BWP
antagonist is selected fromthe group including fetuin, noggin, chordin,

gremin, follistatin, o
12. A cell culture according to claim 11 wherein the BMP antagonist is

selected from the group including fetuin, noggin, chordin, gremlin, follistatin,
Cerberus, amnionless, DAN or the ectodomain of BMRIA (a BMP receptor

15  protein).

13. A cell culture according to claim 12 wherein the BMP antagonist is

noggin.

20 14. A cell culture according to claim 13 wherein noggin is in the range of 350
to 700 ng/ml.

15. A cell culture according to any one of claims 11 to 14 wherein at least
75% of the cells have an increased expression of early neural cell markers

25 selected from the group including nestin, A2B5, N-CAM, PSA-NCAM and (-
tubulin III.

16. A cell culture according to any one of claims 11 to 15 wherein at least 95
to 100% of the cells have an increased expression of early neural cell markers

30 selected from the group including nestin, A2B5, N-CAM, PSA-NCAM and B-
tubulin [I1.

17. A cell culture according to any one of claims 11 to 16 wherein A2B5

expression is increased in at least 95% of the cells in culture.



Cer berus, amionl ess, DAN or the ectodomain of BMRIA (a BMP receptor 15
protein). 4. A method according to any one of clains 1 to 3 wherein the BW
ant agoni swoios/1eaggi n. 20 5. A net hod according to any onePefi/Adioaem4l to 4
wherein the nogginis in the range of7850 to 700ng/m . 6. A nethod
according to any one of clains 1 to 5 wherein FG--

) IS  _approxi 20
ng/ m . 2518. aAAceell culivia pecerdingr 1o ARY %P&P‘%ﬂégﬁwq df WEPW%H RERW
differenti om: * r & r progenitors are
non-conniF?égg?gﬁyghgﬁ§gﬁggg{éﬂgagta#%éﬁﬁﬁgﬁgﬁaﬁg&ggkg?ding to claim?7
wherein expression of early neural 30 markers increases over 3 weeks when

cultured in NPMFG--2 co are(g tg cul turiﬂa in g(t) mngi*LHm WO 03/104444
PCT/ AU03/ 38704 A gl gultyrecagoording 9, 28Y ANGPFIAENS & 1018 Wheraiih eXeresSiAe earl v
neur al g ma . r I ' ' 5 CAM
P Nk BhIDR Rl FEHE: BRIt bt Rl AL R o R R oo e B o
wher ei n FehdadesnalpparkariiNEdy or 2 egidetmallharkér kefratine (4 fsuredlugedor di ng to

any one of claims 7 to 10 wherein the expression of early neural markers
is further increased by culturing in the 10 presence of a BMP antagoni st.

12. A cel hocul tup gy aGgredh rdﬁﬂgb]‘}i drle WRELHhE 7 1F18\hetBhaBRMelral S

sel ected fromthe group inclu etuin, noggin, chordin, gremin,

fol i st at pnpgertior icelisioyenaxpross kmwr-1DAN or the ect odomain of BVRIA (a BWP
recep{l]é)r 15 protein). 13. Acell culture according to claim12 wherein the
BMP antagonist is noggin. 20 14. A cell culture according to claim 13

wher ei n noggi n A Seli fulite d@BfnPio dafn 20 wherein the neural progenitor cells co

express Nurr-1 with TH.

22. An isolated neural progenitor cell differentiated from a hES cell and

15  wherein said neural progenitor is not committed to a neural fate.

23. Anisolated neural progenitor cell derived form a cell culture according to

any one of claims 7 to 21.

20 24. A method of directing neural fate in a human embryonic stem (hES) cell
in vitro said method comprising the steps of:
obtaining a neural progenitor cell from a hES cell culture; and
culturing the neural progenitor cell in the presence of a neural fate
inducer selected from the group including at least one of Fibroblast Growth
25 Factor (FGF), Sonic Hedgehog Protein (SHH), cAMP inducers, Protein Kinase
C (PKC) inducers, dopamine and ascorbic acid (AA) or any combination

thereof.

25. A method according to claim 24 wherein the neural fate is a neuronal cell
30 type.

26. A method according to claim 25 wherein the neuronal cell type is
selected from the group including hES derived GABAergic, glutmertegic,



to 700 ng/m . 15. A cell culture according to any one of clains 11 to 14
wherein at least 75%of the cells have an increased expression of early
neural ceWbonodders 25 selected fromthe group includi ngPaEsttiosp0A2B5,
N-CAM PSA-NCAM and R- tubulin I'l1l. 1676A cell culture according to any one

of clains 11 to 15 wherein at least 95 to 100% of the ce|]ls have an
i ncr eased cBRlinergis, omaier gaeuUronNeSuCAPATENErgifr &g sSErtPNEEDIE: ey PNH NP he

group inc ) %\/# 2SA- NCAM and R- tubulin IIl. 17. A
cell cult ggggcm%’%%éggﬁpone 0 (EI ains 11 to 16 wherein A2B5
expression is increased in at |east 95%of the cells in culture. WO

03/ 104444 PCT/ AU03/00704 75 18. A cell culture _accordi n%(E ny one, of
claims 1127e 17AvREINEd naWWQéS?p?@égr‘%rPfl‘ga'mﬁ:?éég in| thggreuraly, of

the cekls I culture according to any one of clains 7
to 18 i{r)/\lnerféeﬂlgr{géx‘%webzgllncjz)'ﬁeur@fg‘Fé non- neural markers selected fromthe group

i ncludi ng al pha-fetal protein, the endodernmal marker HNF3a or the

epi dermal marker keratin-14 is reduced. 20. re .according, to any
one of cl £%ns tﬁgé\ﬁﬁ’@P@I"F\g {0 ANYeRNe 0 %H@eﬁ"‘ttﬁwc& e§38\}5? gb
Nurr-1. 1?; o;%eﬂnarceén 3t e HEOS Okdl| LU ql.& Bedh Wasked nyitthea rvswal

progenito S co express Nurr-1 with TH 22. An isol ated neural

pr ogeni t omntaddnisti f f erenti ated froma hES cell and 15 wherein said neural
progeﬂbtor is not conmtted to a neural fate. 23. An isol ated neural
progenitor cell derived forma cell culture according to any one of clains

7 to 21. 20 24 ﬁ\e‘l‘lﬁ‘éd‘@&&ﬁm@'tb%nhﬂ%ﬂm&éh tﬁéWP%n@aWﬂsﬁ@@ gioni c stem

(hES) cell in vitro said method conprising the steps o btaining a
neural progenitor cell froma hES cell culture; and culturing the neural

progeni t °r30‘?e' IA in%ﬂt\g& 3858@%0% agin?zg'%/vﬁ&]eir{ ﬁb&gin is in the range of 350 to
700 ng/ml.
15
31. A method according to any one of claims 28 to 30 wherein the neural
progenitor cells are cultured with the presence of FGF with/without EGF and/or
LIF.

20 32. A method according to claim 31 wherein FGF is approximately 20 ng/ml,
EGF is approximately 20 ng/ml and LIF is approximately 10 ng/ml.

33. A method to block differentiation of hES cells towards non-neural
lineages, said method comprising
25 culturing undifferentiated hES cells in the presence of a BMP antagonist;
removing the BMP antagonist from culture; and
reculturing the hES cells in the presence of NPM and FGF without the
BMP antagonist.

30 34. A method according to claim 33 wherein the BMP antagonist is noggin.

35. A method according to claim 34 wherein noggin is in the range of 350 to
700 ng/ml.



i nducer selected fromthe group including at |east one of Fibroblast G owh
25 Factor (FGF), Sonic Hedgehog Protein (SHH), CAMP inducers, Protein

Ki nase C WBK@od4mducers, dopam ne and ascorbic acid (AA) @CTaUp3oomdi nati on
t hereof. 25. A nethod accordi ng to clafm 24 wherein the neural fate is a
neur onal ceII 30 t

neuronal &1 A ﬂ@e%é’g E%CF%QHTQ 4%’& Sﬁéoé((rjlﬁlg éorﬁﬂc:ﬁ:% Vﬁ@ewer?ﬁr]:et e
GABAeT 0 C.s AU 6 ordi BRIKIA FEEFTERAD) PREOG. F&F-8/PbENS e, otor
*q ghd Fser ot on

neur ones, dopam nergic rgic heurons or tyrosine-hydroxyl ase
(TH) posi t98vand EAFS17 27 any bisdopicdllyaactediragment anyuteie tlhéreof.ai s 24 to 26
wherein the neural 5 fate is a mdbrain neural fate. 28. A nethod
according to any one of clainms 24 to 27 wherein the neural progenitor cell

fromthe RS cel IndHb fl”efc%o Sedhy rfﬁb?%léﬂh%@@t@% wﬁ@Féﬂ%%F@ 29. A

met hod according to claim 28 erern MP ant agoni st 1S nog 30. A
met hod acsefadted) fromclthe rgregpwinelusiimg foGhih FEFR-8 ohd GErlge alrbnés‘:'m’ fro 700
ng/m. 15 31. met hod according to any one of clains 28 to 30 wherein the

neur al pr°8819%"?tb9 ‘cells are cultured with the presence of FG- with/w thout
EGF and/or LIF. 20 32. A nethod according to claim31 wherein FGF is

approxi mately 20 EG- is approximately 20 ng/m and LIF is
appr oxi mat38t y fomt%hmi of grectingenidbmrinSats txie WESTcsalleint vitroi saidometi®sl cel | s

ndi {1 0r oRP TR SIS SEFFEFT, The presence of & BMP antagon st: removing
t he BMWP ant agorcubsémfngcumeustiau prajenitod cell from a hES cell culture; and
culturing the neural progenitor cell in the presence of a midbrain fate
inducer selected from the group including any one of FGF-1, FGF-8, FGF-17,
SHH, AA, cAMP inducers, PKC inducers and dopamine or any combination

15  thereof.

39. A method according to claim 38 wherein the neural progenitor cell from
the hES cell culture has been pre-cultured in the presence of FGF-2,
with/without EGF and/or LIF.

20
40. A method according to claim 39 wherein the FGF-2, EGF and LIF are
removed before culturing the pre-cultured neural progenitor cell in the presence
of the mid-brain fate inducer.

25 41. A method according to any one of claims 38 to 40 wherein the FGF-1,
FGF-8 or FGF-17 is present at a concentration of approximately 100 to
200ng/m.

42. A method according to anyone of claims 38 to 41 wherein SHH is
30 present in combination with other midbrain inducers at a concentration of about
0.5to0 1 pg/ml.



reculturing the hES cells in the presence of NPM and FGF without the BMP
antagoni st. 30 34. A nethod according to claim 33 wherein the BM

ant agoni swoiog/1maggi n. 35. A nethod accordi ng to cl ai m 34 Paivaxt@B/0i0oggi n i S
in the range of 350 to 700 ng/m . WO 9§/ 104444 PCT/ AU0O3/ 00704 77 36. A

met hod according to any one of clains 24 to 35 wherejn FGFis, s ted
from the dBoup A methed mgcptding to gy one pfrclgmspég g q:@bgé?'nli@%-&é@ﬁband

ot hod aciBMERAS RS 0/ Bohbifiundd OF 8ot ) S0 AkRbimaton bt o o

fromthe @teePmidbeaindhdecdrsr-1, FG--8 or FGF-17 alone or in conbination.
38. A nethod of directing mdbrain fate to a hES cell in vitro, said nethod
10 conprising the steps of: obtaining a neural progenitor cell froma hES

cel! Bl tuer ALl AL RSN A BB OSe 85143 ihdilR eeBRece of 2

m dbrain tate cer selec f e group including any one o G--1,

FG-- 8, FGmnduGer isShbproAiva hidb eefbindUEA witll otresramialbeaid dfduders. or any
conbination 15 thereof. 39. A nmethod according to claim 38 wherein the

neural progenitor cell from the hES cell culture has been pre-cultured in

accordi ng o o/ MR eREvEMd i AR opbR atiigty s whofeh ufs FRASRMN |

cul t uri ng fatee imduers!| drar peegerir as #ragabination cef lanyn ohbeopriheefutlewirg t he
m d-brain fate i nducer. 25 41. A nethod according to any one of clains 38
to 401QheCOMPIRRMIONSGE- 1, FGF-8 or FGF-17 is present at a concentration of
approximately 100 to 200ng/m . 42. A nethod according to anyone of clains
38 to 41 wherein SHH is

(i) FGF-1, FGF-8, FGF-17, SHH,IBMX, forskolin, PMA/TPA and dopamine;

or
(i) FGF-8 and SHH, IBMX, forskolin, PMA/TPA and dopamine; or
15 (i) FGF-17 and SHH, IBMX, forskolin, PMA/TPA and dopamine; or
(iv) FGF-1, and IBMX, forskolin, PMA/TPA and dopamine; or
(v) FGF-8 alone; or
(vi) FGF-17 alone; or
(vii)  IBMX, forskolin, PMA/TPA, and dopamine.
20
46. A method according to anyone of claims 38 to 45 further including
culturing the neural progenitor cell in the presence of AA or an analogue

thereof.

25 47. A method according to claim 46 wherein the AA or analogue thereof is in
the range of 400 to 800pum.

48. A method according to any one of claims 38 to 47 further including
culturing the neural progenitor cell in the presence of NT4 or an equivalent
30 thereof.

49. A method according to claim 48 wherein NT4 is at concentration of about
20ng/ml.



30 present in conbination with other mdbrain inducers at a concentration
of about 0.5 to 1 g/m. WD 03/104444 PCT/ AU03/00704 78 43. A nethod
accor di ngwom3amp4one of clains 38 to 42 wherein the CAVP PCAAI®EN070$
present at a concentration of 0.25mmtgg50m i n conbination with other

m dbrai n i nducers. 5 44. A nethod according to any one of clains 38 to 43

wher ei n t 9. PK@ mefbigdenceydingpid anyapRe i g Fﬂ)i%iﬂi‘@ﬁwnﬁwd&%er
Sl i oIS ESRE 0,  Seplg 2 5 10 34

wherein the rain cers  ar ination of any one
of the following 10 conbinations: (i) FG-1, FG-8, FG-17, SHH, | BV, .
forskolin, PMWN TPA and dopamne; or (ii) FG-8 and SHH, |BMX,  forskolin,
PMY TPA ard - dopfametiaed gecorping iq P'?'fﬁé%-wlzreféﬂhthg@é]y%sﬁjnq Sr18kRe range Ny TPA

and d%@?md?% 05 %émzavrrﬁé‘@pi}g%at%ngg%slk@ K@H%P'OJMN TPA and dopami ne; or

(v) FG--8 alone; one; Jor (Vi forskolin, PMA TPA,
and dopam ne. 20 46. A nethod according to anyone of clains 38 to 45
further including culturing the neural progenitor cell in the presence of

AA or an aial oduBethodeeprdingstoslaim Searnda Veeseindha Fonseiration 26Paliter ei n
the AA or I:?-:I}?slirpeg@eat}or&?r’l@@b/ﬁﬁaﬁ«%@nﬁiﬂ% '%%ﬁ%%é?ﬁ*ﬂo to 800m 48. A nethod

accordi ng any one of al ns to 4 hcluding culturing the
neural progenitor cell in the presence of NT4 or an equivalent 30 thereof.
49. A nethod according to claim48 wherein NT4 is at concentration of about
20ng/ MP. 953. A cell culture composition comprising neural progenitors with a
committed neural fate wherein said neural progenitors are prepared by a

method according to any one of claims 24 to 52.

54. A cell culture according to claim 53 wherein the neural fate is a midbrain

15 neural fate.

55. A cell culture comprising clumps of differentiated hES cells and wherein
at least 30% of the clumps include a significant number (>50) of neurons with a
midbrain fate.

20
56. A cell culture according to claim 55 wherein at least 60% of the clumps

include a significant number (>50) of neurons with a midbrain fate.

57. A cell culture according to any one of claims 53 to 56 which produces

25  TH" neurons upon differentiation.

58. A cell culture according to any one of claims 53 to 56 which produces

dopaminergic neurons upon differentiation.

30 59. A cell culture comprising clumps of differentiated hES cells and wherein

at least 30% of the neurons (B-tubulin IlI+ cells) express TH.

60. A cell culture composition according to claim 58 wherein at least 60% of

the neurons (B-tubulin 111+ cells) express TH.



WO 03/ 104444 PCT/ AUO3/ 00704 79 50. A nethod according to any one of clains
38 to 49 further including culturing the neural progenitor cells on

pol y- D | ywpDrvg/1edaed | ami nin. 51. A nethod according to clai mCIAtabes®En t he
poly-D-lysine is in the range 5 of 5 g¢® 15 ng/nm and lamnin is in the

range of 1 to 10 g/nml. 52. A nmethod according to claim50 or 51 wherein the
concent r ailon &éf cgbcylturp-qopaprising @ pgwmtlono@‘?ﬁffe@mlaIWESrpq"§ VEKEEI 49/ mi .

10 53. Acell _c e .co i S| j ' a
corm 1 ¢ e e It §6 EPERRNLE, TRERAL Prolferiols PoroBaRif by 8 Smthich °,

et hod aceeedidit e amy oiee obfclgingd 1281 Bt 520 sail nediralAprogeniton|Havirg a
according to clalm53 wherein the neural fate is a mdbrain 15 neural
fate. 55. mideein fat@) t ure conprising clunps of differentiated hES cells and
whereig at | east 30% of the clunps include a significant nunber (>50) of
neurons with a mdbrain fate. 20 56. A cell culture according to claimb55
wher ei n at62l eagt célDehiturie adwrdingnipsclainm 61 udeerairs thyn neursd progeniloss glves0) of
neurons with a mdbrajin, fat 57. A cell culture.according to any one of
clai ms 53 66 8 HeyFaNsHthat 8Er LB ordopANIngIic HRAN Gﬂﬁq{eﬂ{'gtf%genti ation. 58. A
cell culture according to any one of clains 53 to 56 which produces

dopam nergi ¢ neurons upon differentiation. 30 59. A cell culture conprising
cl unps of 68iff ér eelt calture dEdrdieplte claith Ghewberein he neural Bogerifors Igveneur ons

(Li-typulin LI1+ cell express TH 60. A cell .Lure conposition
accorggng risg 1@ NgHIRMES @F%Pﬂp%wqeég'gtup@@"ﬁ'ﬁ?re”ﬁ%h&ﬁeur ons (R-tubulin 111+
cells) express TH. WD 03/104444 PCT/ AU0O3/ 00704 80 61. A cell culture
conprising a population of differentiated hES cells wherein the fpopul ation

i s subst adi al A iselated hpmagetrurel erogesiiereall itgving raomyaitted neural fate.

65. An isolated human neural progenitor cell according to claim 64 having a

15 committed midbrain fate.

66. An isolated human neural progenitor cell according to claim 64 or 65

which can differentiate into a TH+ neuron.

20 67. An isolated human neural progenitor cell according to claim 64 or 65

which can differentiate into a dopaminergic neuron.
68. An isolated human neural progenitor cell having a committed neural fate.

25 69. Anisolated human neural progenitor cell according to claim 68 having a

committed midbrain fate.

70. An isolated human neural progenitor cell according to claim 68 or 69
which can differentiate into a TH+ neuron.

30
71. An isolated human neural progenitor cell according to claim 68 or 69

which can differentiate into a dopaminergic neuron.



according to any one of clainms 24 to 52 said neural progenitor having a

m dbrain fate. 5 62. A cell culture according to claim61l wherein the
neural prwoenilo@us give rise to neurons that are TH+ or @CpaTi0REIYEC upon
differentiation. 63. A cell culture acgprding to claim6l, wherein the
neural progenitors give 10 rise to neurons that are dopam nergjc, upon

di f f er ent 72t i oAn isalatee husramdenaminasaicieeHran darygerresra bES C%h\o’lh a

ccoor di ng o e dfeded 18innetel B B myARS cbEHiq B SRR Gfins, | o

human neupgliom2ogeni tor cell according to claim64 or 65 which can
differentiate into a TH+ neuron. 20 67. An isolated human neural progenitor
cell according to claim64 or 65 which can differentiate into a

dopani ger gih,C ngur | S0 : I i Slpd@yving a
comm t?edgﬁéur Z\lﬁ @Qlaééghﬂé%?ﬂxﬁ%ﬁggﬁg%geﬁﬁwgﬁ an@%rga Ip\&@iggﬁﬁs ot; cel |
accor di ng directeldatora f8ultsh¥atedbyea netihod ateardingioranynonabéclaitts 2Aioisol at ed
human neural progenitor cell according to claim68 or 69 which can

differentiate into a TH+ neuron. 30 71. An isolated human neural progenitor

cel | accorging g ﬂum%%) %ﬁmugecﬁr %!2 % itfohf foPriRAUEIRG ShduhiOfale in a

dopam nergi ¢ neuron. 00704 81 727 An isol ated human
dopami ner gultureelunB8 cidl, isaédi composiionEDropfisingia aleurdl fate nshicer selectatl t 0 a

| .f b t had I t f [ 24 : 73. A
ool at@d G IR drcag: Fpliest i AcEaor Tz AsditblCRdf M cct e
to a neur gopf@tifedteod HrbRmh aEHHE HEVIPO itdlcePsie PRbteil KifBs2Ct PRE)  74.
A human neural fate inducer conposition for inducing neural fate in a

cul tured HEBIces$ Bnd swipaminenes sinyicombinatinn dierepfa neural fate inducer
sel ected

75. A method of treating a neurological condition in an animal, said method
15 comprising administering an effective amount of in vifro derived neural

progenitor cells to the animal.

76. A method of treating a neurological condition in an animal, said method
comprising administering an effective amount of in vitro derived neural
20 progenitor cells to the animal wherein the neural progenitor cell is prepared by a

method according to any one of claims 24 to 52.

77. A method according to claim 75 or 76 wherein the neurological disorder
is selected from the group including Alzheimer’s disease, Parkinson’s disease,
25 Lewy body dementia, multiple sclerosis, epilepsy, cerebellar ataxia, progressive
supranuclear palsy, multi-system atrophies, spino-cerebelar degenerations,
optic nerve and retinal diseases including retinal and macular degeneration and
retinitis pigmentosa, amyotrophic lateral sclerosis, affective disorders, anxiety
disorders, obsessive compulsive disorders, personality disorders, attention
30 deficit disorder, attention deficit hyperactivity disorder, Tourette Syndrome, Tay
Sachs, Nieman Pick, and other lipid storage and genetic brain diseases and/or
schizophrenia, subjects suffering from or at risk for nerve damage from
cerebrovascular disorders such as stroke in the brain or spinal cord, from CNS



10 fromthe group including Fibroblast Gowh Factor (FG-), ascorbic acid

(AA), Sonic Hedgehog Protein (SHH), cAMP inducers, Protein Kinase C (PKC)
i nducer s wWod3do@asri ne or any conbi nation thereof. 75. A meChedoshotseati ng
a neurol ogical condition in an animal, ggaid nethod 15 conpri sing

adm ni stering an effective ampunt of in vitro derived neural progenitor
cells to tpfectansrincludiag menipgitidandH IV feamitugoss pkthedrral ard spivabicerdon i n

an ani mal , i [T}%cf}p rising adm nistering an effective anount of in
vitro derio\;zf@ﬂg ra Q'ESE‘%?'Egeni tor cells to the aninmal wherein the neural

progenitor cell is prepared by a nethod according to any one of clains 24
to 52. 77. nmet hod,, accor di to c|ai 5 or 76 wherein the neyrol ogical

di sor der 7|g: sé) deetheds PB‘FH"B&’Q B}S[ﬂ'ﬂ"lmﬁ |eerey Mﬂ%r&qnﬁﬁkonslsa%a%%qns

Par ki ngon'fisdisgease, 25 Lewy body denentia, nultiple sclerosis, epilepsy,

cerebel |l ar ataxia, progressive supranuclear palsy, multi-system atrophies,
spi no-cerebel ar degenerations, optic nerve and retinal diseases including

retinal a macul ar,, degeneratiqn and retinitis_pi tQsa,. amyot r ophic

| at er al src}gero Qetgf’ae%(fq% n@ﬁ@o@'ﬂ’ef’@? oirfﬂ?'é‘f%ﬂgdlggjgg ?'“o%@e@%"r”\%g
conpul si veyghsrifatedetl, isPesIRRRa td yh@bagéldgér_?gna@tshﬁafdrﬁa rﬂ@ra@fﬁr'tﬁbﬂo&uéor der,
attention deficit hyperactivity disorder; Tourette Syndrone, Tay Sachs,

N eman Pi €RIulgng, breidr paigsicysecelathe hraingenepaces cantaining emselsroapinabr

schi z Bhr?lgiqas’ subj ects suffering fromor at risk for nerve danage from
cerebrovascul™ar disorders such as stroke in the brain or spinal cord, from

CNS WO 03/ 104444 PCT/ AU03/00704 82 infections including neningitis and HV

fromtunors of the brain and spinal cord, or froma prion disease. 78. A
met hod ac88r di Mymethed &f direeting, apuiah fatedn & humancempryapig siens GES) call

di sease. 7’?""”%-{5&W&P?Bf\c@%ﬁfﬂ“ﬂ@‘gﬁég&?ﬁem clains 75 to 78 wherein the

neural progenitor ce basal ganglia, substantia
nigra, or the lobtainingceneledlprodenition cepéroanamisgacell ctilbigepsad n, or spaces

t ai pi b inal 10 fl uids.
con a|1g| ng cer ?néu%slr% gﬁ overexpregslior? of Nurr 1 and/or Lmx1b in the hES cell.

81. A method according to claim 80 wherein overexpression occurs during a
differentiation stage or during transplantation.

20 82. A method of enhancing the survival of transplanted DA neurons said
method comprising
obtaining a neural progenitor cell from a hES cell culture or a cell
differentiated from the neural progenitor cell; and
inducing an expression of GDNF and/or BDNF in the neural progenitor
25  cell or the cell differentiated from the neural progenitor.

83. A method of enhancing the survival of transplanted DA neurons said
method comprising
obtaining a neural progenitor cell from a hES cell culture or a cell
30 differentiated from the neural progenitor according to anyone of claims 22, 23,
or 64 to 73; and
inducing an expression of GDNF and/or BDNF in the neural progenitor
cell or the cell differentiated from the neural progenitor.



80. A nethod of directing neural fate in a human enbryonic stem (hES) cell
in vitro said nmethod conprising the steps of: obtaining a neural progenitor
cell fromveobiE®eel | culture; and 15 induci ng an overexpr @€TiAa3/0670Nurr 1
and/or Lnmx1b in the hES cell. 81. A neg8fod according to claim80 wherein

overexpression occurs during a differentjiation stage or durin :
transpl ant4ti o ”ﬁhg(i.acﬁorﬁgigw%gléfm@@h‘érnég nyheran &g exprgssien Cgfr@ﬁé\’pﬁ ant ed

DA neuron%n?ﬁ('?ﬁthgtig% Wdrg%{?ggobt aining a neural progenitor cell from

a hES cell ture or a rentiated fromthe neural progenitor
cell; and inducing an expression of GDNF and/or BDNF in the neural

progenitor,. 25 cell, or the cell differentiate r he neural progenitor.
B A et - of” BIAHATHL RREPTEING (0 ATVOREIOf aimisain I e oih the aafiseda o
met hods Cogpriths | GONFOEAH /O rigalind IHeB theehdrisf §}§§n I

cul ture orlapq cell 3%’?}%46??@‘? ?n[?]iqgtlgolln@%&ﬁnﬁwgtgﬂntg%r%"Spé%gqerﬁ?tor {aegcérr di ng
t o anyone dufinglaadlifferattiation stage. 64 to 73; and i nduci ng an expression of

GDNF and/or BDNF in the neural progenitor cell or the cell differentiated
fromthe neural progenitor. WO 03/104444 PCT/ AUO3/ 00704 83 84. A nethod

accordi nggeo claainfetBidd obf Sehavtsrigithe tpvieAIPHE $88Plafte TR netfsHLsafPNF i s
an overexpression. 85. A nethod according to anyone of clains 82 to 84

wher ei n t MetBed cOsWISING 5 of the GDNF and/ or the BDNF is i nduced when the

enhanidng 1 ho- ARG achewh hlefdt bl fillh: 488 P GupR orcargil ot ng
10 obt ai nidifferanttateddtom tivg asutad bragdritof ceMandES cel | culture or a cell

differentiat ed_fJ omthe neural progenitor cell; and inducing an exRIr essi on
of Nurr-1 and/ #19YGHY 8N eXRFRSSIGME A 'oanddpREmx 1b and GDNF and/or BDNF

in the neural progenitor cell or the cell differentiated from the neural progenitor.
87. A method according to claim 86 wherein the expression of Nurr-1 and/or

15 Lmx 1b and GDNF and/or BDNF in the neural progenitor cell or the cell
differentiated from the neural progenitor is an over-expression.

88. A method according to claim 86 or 87 wherein the expression occurs
during a differentiation stage or upon transplantation.

20 |
89. A genetically modified cell prepared by the method according to anyone
of claims 80, to 88.

90. A method of a treating neural condition in an animal, said method
25  comprising transplanting the genetically modified hES cell according to claim 89
into the animal: and
inducing the expression of the Nurr1 and/or Lmx 1b gene and/or the
GDNF and/or BDNF survival factors in the cell.

30 91. A method according to claim 90 wherein the neural condition is
Parkinson’s disease.



in the neural progenitor cell or the cell differentiated fromthe neural
progenitor. 87. A nethod according to claim86 wherein the expression of
Nurr-1 amstOes/1dE44nx 1 b and GDNF and/ or BDNF in the neur @CTpuogeeiios or cel

or the cell differentiated fromthe r@ural progenitor is an

over - expression. 83. nmet hod .accar dj e 7 i gthe
expressioﬁfoccgﬂgeﬁﬁﬁﬁ%ﬂﬁxamgﬁ?F;'gh§§gykgﬁﬁ§$%%i%%?8@b%ﬁ“%rgﬁgg%gg?ation
20 89. A éaﬂ@'a'nglizﬁ%l!HétéﬁiacﬁibPa,Fb'retﬁéﬂ@@hsb&emmgj_btém,dpaeaohﬂmag?ft_o _
anyone of clains 80, to 88. 90. A nethod of a treating neural condition in

an” ani nal thestriain, wstspades zenteding cerahiospinasilidht i ng the genetically
nodi fi ed hES cell according to claim89 into the aninmal: and inducing the
expression of the Nurrl and/or Lnx 1 b gene and/or the GDNF and/ or BDNF
survival factors in the cell. 30 91. A nethod according to claim90 wherein
the neural condition is Parkinson's disease. WO 03/104444 PCT/ AU03/ 00704
84 92. A nethod according to claim90 or 91 wherein the cell is
transplanted to the basal ganglia, substantia nigra, or the |ocus

cerul eus, brain, parenchyma of the brain, or spaces containing
cerebrospi nal fluids.



