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Prototype "primate Pluripotent Stemcells"” (pPS cells) are pluripotent
cells derived from preenbryonic, enbryonic, or fetal tissue at any tine
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This invention can be practiced using stemcells of various types, which
may include the follow ng non-limting exanples. U S. Patent 5,851, 832
reports my nt neural stemcells obtained from brain gddssde¢qs

Pat ent 30 &g{(g% reports produci ng neuroblasts from ne\/\ﬁ/lgjorn g/érsglbr al
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pPS cells can be propagated continuously in culture, using culture
conditions that pronote proliferation wthout pronoting differentiation.
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mg/mL collagenase for 5-20 minutes at 37°C. The cultures are then gently scraped to remove the cells. The
clusters are gently dissociated, and replated as small clusters onto fresh feeder cells.

Embryoid bodies are produced as follows. Confluent monolayer cultures of hES cells are harvested
by incubating in 1 mg/mL collagenase for 5-20 min, following which the cells are scraped from the plate. The

25  cells are then dissociated into clusters and plated in non-adherent cell culture plates (Costar) in a medium
composed of 80% KO (“knockout”) DMEM (Gibco) and 20% non-heat-inactivated FBS (Hyclone),
supplemented with 1% non-essential amino acids, 1 mM glutamine, 0.1 mM B~mercaptoethanol. The celis are
seeded at a 1:1 or 1:2 ratio in 2 mL medium per well (6 well plate). The EBs are fed every other day by the
addition of 2 mL of medium per well. When the volume of medium exceeds 4 mL/well, the EBs are collected

30 and resuspended in fresh medium. After 4-8 days in suspension, the EBs are plated onto a substrate and
allowed to differentiate further, in the presence of selected differentiation factors,

Differentiating into neural precursors is typically performed on wells coated with fibronectin (Sigma) at
a final concentration of 20 yg/mL. in PBS. Using 1 mL/well (9.6 cm?), plates are incubated at 4°C overnight or
at room temperature for 4 h. The fibronectin is then removed, and the plates are washed with PBS or KO

35 DMEM once before use.

Immunocytochemistry for NCAM and A2BS expression is conducted as follows: Live cells are
incubated in primary antibody diluted in culture medium with 1% goat serum for 15 minutes at 37°C, washed
once with medium, and then incubated with labeled secondary antibody for 15 min. After washing, the cells
are then fixed for 15-20 min in 2% paraformaldehyde. For other markers, cultures are fixed for 10-20 min with

40 4% paraformaldehyde in PBS, washed 3 times with PBS, permeabilized for 2 min in 100% ethanol, and
washed with 0.1 M PBS. Cultures are then incubated in a blocking solution of 0.1 M PBS with 5% NGS
(normal goat serum) for at least 1 hour at room temperature. Cultures are then incubated in primary antibody
diluted in 0.1M PBS containing 1% NGS for at least 2 h at room temperature. They are then washed in PBS

— 19—



10 10! ; @O%& () - 8S10%&' ()-!;
2y2! 4n55} [ 9SH=10! |

@AO% () - s AU

‘F2 V0% ()-! @2 Y0%& ()-s010%& () - v0O0;
“F 940%& ()-'!: F 9%40%& ()-'!6F 9L0W& ()-'
() -m 10%& ()- 55577 88} ~<SH=10! ! | DFy

%0%&' () - F10%& )-I | " FF %409 ()-! DFF ‘V&O%&' ()- 10%&' () YlO‘%p%gl/l§861
<<z[ 9SH=10! | (Y- 9400 ()-nmy, 109& ( Y %0% ()-F!: Y
Yd0%& () bﬁ%rﬁ f@)m-u(oybqtl \f_q seqy&w&n b})dydg@gaa;@e;b}gfkfmipedles used include those shown

10: @.0Y&N(TREIBLOYE () - ! D Y3 %L0% () - (Y3 %0%: ()-M2gl0%: ()-!D Y-

YA 0%&' () - m?????@\rrK—lo 10: @I$10%&' () -
"10% () - 0% 8
& ()- F396.0%&! O)-IN F3%i@9®_5(1) Ahtﬁﬁﬁ%‘.ﬂ&’ﬂai @ell(Pherfoﬂt@&ﬁarl(e}s-

T$109%P& () - EFHHHI 1 #JzX9K=10 _10Y(

0L0%& ()-1 Y& () - YELLOY& () - | WoRBEA 0% (Epkobé F3YA0%& L)L\ " F3Y0%& ()-
#JKLANOOOOOZ%EJQ{% 10 15" c;’g’élo @o%ﬂzﬂLl S’ YoPeoiEDYs &' () - | é‘%“( Y. 9%409%& ()-I

FNY. %40%&' () - 5* "109& A RUT1Z[ <PE: Ad¥sidifdated Developmental studies
| $109&' ()- " 109&°()-! $1 }‘«EL BY_ 1 51098 () -1 $1098AVR’ () - ! 109@Bidérya baiO UVMWYYZ X6P
: I

E-10 101 V@ A2B5 mouse IgM 1:1 ganglioside ATGC - C1R(I)_51520 clone

B-tubulin lgG 1:1000 Sigma T-8660

GFAP rabbit polyclonal 1:500 DAKO 2-334

9
GalC mouse IgG3 1:25 Boehringer 1351-621
5

Bead immunosorting is conducted using the following reagents and equipment: magnetic cell
separator; Midi MACs™ column; buffer of PBS CMF containing 0.5% BSA and 2 mM EDTA; primary antibody
against NCAM or A2B5; rat anti-mouse IgG (or IgM) microbeads; pre-separation filter; rat anti-mouse kappa
PE; and a FACScan device. Cells are harvested using trypsin/EDTA (Gibco) and dissociated. After removing

10  the trypsin, the cells are resuspended in MACs™ buffer. Cells are then labeled with primary antibody for 6-8
min at room temp., and washed 2 times in MACs™ buffer by spinning cells at 300 x g for 10 min and aspirating
the buffer. The cells are then resuspended in 80 yl (minimum vol.) per 107 cells. 20 u1 (minimum vol.) MACs
ram™ lgG microbeads per 107 cells are added for 15 min at 6-12°C. The sample is then washed 2 times in
MACs™ buffer before magnetic separation. With the column in the magnetic cell separator, the cell

15 suspension is applied to the column (LS+ Midi) in ~3-5 mL buffer.
washing 3 times with 3 mL of MACs™ buffer.

positive cells are eluted with & mL of MACs™ bulffer.

Negative cells are passed through by
The column is then removed from the magnetic field, and

After separation, A2B5+ or NCAM+ cells are maintained on plates coated with poly-lysine and laminin
in DMEM/F12 (Biowhittaker) supplemented with N2 (Gibco 17502-014), B27 (Gibco 17504-010) and the factors
20 indicated, Source of the factors is shown in Table 2.

TABLE 2: Factors used for Neural Cell Culture

Growth Factor Source Co\rll\éc;g(tirna%ion
human EGF R&D Systems 10 ng/mL
human bFGF Gibco 10— 25 ng/mlL
human CNTF R&D Systems 1—10 ng/mL
human PDGF R&D Systems 1 ng/mL
human IGF-| R&D Systems 1 ng/mL
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4Y" 109& @h‘ﬂé}&%aﬁal,'alig)ﬁ@'péu}t'is airied and resuspended in DEPC-treated water.

For the reverse transcriptase (RT) reaction, 500 ng of total RNA is combined with a final concentration

10 of 1 x First Strand Buffer (Gibco), 20mM DDT and 25 yg/mL random hexamers (Pharmacia Upjohn). The RNA

is denatured for 10 min at 70°C, followed by annealing at room temperature for 10 min. dNTPs are added at a

final concentration of 1 mM along with 0.5 ul of Superscript || RT (Gibco), incubated at 422C for 50 minutes,

and then heat-inactivated at 802C for 10 min. Samples are then stored at —20°C till they are processed for

PCR analysis. Standard polymerase chain reaction (PCR) is performed using primers specific for the markers

15 of interast in the following reaction mixture: cDNA 1.0 uL, 10 x PCR buffer {Gibco) 2.5 uL, 10 x MgCl» 2.5 uL,
2.5mMdNTP 3.0 uL, 5 uM 3'-primer 1.0 uL, 5 uM 5'-primer, 1.0 pL, Taq 0.4 ul., DEPC-water 13.6 uL.

Example 1: NCAM-positive cells
This experiment focused on determining whether the human embryonic stem cells (hES) could
20 undergo directed differentiation to NCAM-positive progenitor cells. The hES cells were harvested either from
mEF-supported cultures or feeder-free cultures, and then differentiated via embryoid body (EB) formation in
suspension culture using medium containing 20% FBS. The EBs were then plated intact onto fibronectin in
DMEM/F12 medium, supplemented with N2 supplement (Gibco) and 25 ng/mL human bFGF. After culturing
for about 2-3 days, NCAM-positive cells and A2B5-positive cells were identified by immunostaining.
25 Magnetic bead sorting and immunopanning were both successful in enriching NCAM-positive cells.
The starting population of cells typically contained 25-72% NCAM-positive cells. After immuno-isolation, the
NCAM-positive proportion was enriched to 43-72%. Results are shown in Table 3.

TABLE 3: Differentiation and Sorting Conditions for NCAM positive Cells

Cells staining positively for NCAM

. Factors used in
hiS Cell Line used "y o viation Type of Sort
for Differentiation - .
Culture Before sort Positive Negative

sort sort

H13 p28 CFN bead sort 33 92 41
H13p28 CFN panning 25 n/a n/a

H9 p32 CFN panning 64 72 51

H1 p32 CFN bead sort 27 77 9

H9 p19 CFN bead sont 58 76 32

H9 p31 545,184 CFN bead sort 50 N 67
H1 p40 545.185 CFN bead sort A 65 89 31
H1 p40 545.185 CFN bead sort B 63 81 33

—21—
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WOWE& ()-Z2!'1 F# %0%& ( ?: -c;o\ 1 e/:i?ng\ =1 111 (°F Cells staining positively for NCAM
hES Cell Line used aclors use
g - Differentiation Type of Sort
for Differentiation . .
Culture Beforesort  Fosttive Negative
sort sort
H7NG p28/4 545.187 CFN bead sort A 53 92 45
H7NG p28/4 545.187 CFN bead sort A 72 87 50
H1p39 545.189 CFNIP bead sort 16 43 6
H7 p32 667.004 CFNIP bead sort 25 73 10
H1p43 667.010 CFENIP bead sort 47 86 31
H1p44 667.012 CFNIP bead sort 52 89 34
H1 p46 667.020 EPFI bead sort 60 23 8
H1 p47 667.031 EPFI — EPFI bead sort 53 91 27
H1 p47 667.033 CFN-F bead sort 4 76 24
H9 p40MG 667.038 EPFI bead sort 55 80 25
Factor abbreviations: | — Insulin-like growth factor ({GF-1)
P — platelet-derived growth factor (PDGF)
C — ciliary neurotrophic factor (CNTF) T — thyroid hormone Ta
F — basic fibroblast growth factor (bFGF) Ra — retinoic acid
N — neurotrophin 3 (NT3) Fk — Forskolin

In the first 10 experiments shown, NCAM positive cells retrieved from the sort were plated on poly-L-

lysine/laminin in DMEM/F12 with N2 and B27 supplements and 2 mg/mL BSA, 10 ng/mL human CNTF, 10

5 ng/mL human bFGF and 1 ng/mL human NT-3. In subsequent experiments, cells were maintained in

DMEM/F12 with N2 and B27 supplements and 10 ng/mL EGF, 10 ng/mL bFGF, 1 ng/mL PDGF, and 1 ng/mL

1GF-1.

Figure 1 (Upper Panel) shows the growth curves for the NCAM positive cells. The cells studied in

this experiment were prepared by forming embryoid bodies in 20% FBS for 4 days in suspension, then plating

10  onto a fibronectin matrix in DMEM/F12 with N2 and B27 supplements and 25 ng/mL bFGF for 2-3 days. The

cells were then positively sorted for NCAM expression, and maintained in a medium containing CNTF, bFGF,

and NT3. The sorted cells did not show increased survival relative to the unsorted population. [t was found

that some of the NCAM positive cells also express B-tubulin lil, indicating that these cells have the capacity to

form neurons. They also had morphology characteristic of neuronal cells. There were also A2B5 positive cells

15 within this population, which may represent glial progenitor cells, However, very fow cells were positive for

GFAP, a marker for astrocytes. Although this cell population proliferated in culture, the proportion of NCAM
positive cells (and the capacity to form neurons) diminished after several passages.

Example 2: A2B5-positive cells
20 Cells in this experiment were immunoselected for the surface marker A2B5. hES cells were induced

to form EBs in 20% FBS. After 4 days in suspension, the EBs were plated onto fibronectin in DMEM/F12 with
N2 and B27 supplemented with 10 ng/mL human EGF, 10 ng/mbL human bFGF, 1 ng/mL human IGF-|, and 1
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. Cells staining positively for NCAM
hES Cell Line used for ~ '-2iors used in

Differentiation Differentiation Type of Sort " )
Culture Before sort Pasitive Negative
sort sort
H7 p32 667.004 CFNIP bead sort 25 77 10
H1p43 667.010 CFNIP bead sort 62 n/a 50
H1 p44 667.012 CFNIP bead sort 56 89 32
H1 p46 667.020 EPFI bead sort 27 48 2
H1 p47 667.032 EPFI bead sort 57 93 30
H9 p40MG 667.038 EPFI bead sort 66 93 41
H9 p42 667.041 EPFI bead sort 27 70 6
Factor abbreviations: { — insulin-like growth factor (IGF-1)
P — platelet-derived growth factor (PDGF)
C — clliary neurotrophic factor (CNTF) T — thyroid hormone Ts
F — basic fibroblast growth tactor (oFGF) Ra — retinoic acid
N -— neurotrophin 3 (NT3)} Fk — Forskolin

Figure 2 shows an exemplary procedure for obtaining A2B5-positive cells. Abbreviations used:
MEF-CM = medium conditioned by culturing with mouse embryonic fibroblasts; +/— SHH = with or without sonic
hedgehog; D/F12 = DMEM/F12 medium; N2 and B27, culture supplements (Gibco); EPFI = growth factors
EGF, PDGF, bFGF, and IGF-1; PLL = poly-L lysine substrate; PLL/FN = substrate of poly-L lysine and
10 fibronectin.
Figure 1 (Lower Panel) shows the growth curves for the sorted A2B5-positive cells. The cells were
maintained in the same media formulation on poly-l-lysine coated plates. The cells proliferate when serially
passaged.

15 Example 3: Maturation of A2B5-positive cells

A2B5-positive cells were induced to differentiate by the addition of forskolin. These cells have been
assessed through different culture passages, as shown in Table 5.
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Factor abbreviations: | — insulin-like growth factor (IGF-1)
P — platelet-derived growth factor (PDGF)
C — ciliary neurotrophic factor (CNTF) T — thyroid hormone Ts
F — basic fibroblast growth factor (bFGF) Ra — retinolc acid
N — neurotrophin 3 (NT3) Fk — Forskolin

Even though the cells were sorted for A2B5 expression, the population demonstrated the capacity to

generate not only oligodendrocytes, and astrocytes, but also a large proportion of neurons. This is surprising:

5 it was previously thought that A2B5 expressing cells were glial precursors, and would give rise to

oligodendrocytes, and astrocytes — while NCAM expressing cells were neuronal precursors, giving rise to

mature neurons. This experiment demonstrates that pPS cells can be differentiated into a cell population that
proliferates repeatedly in culture, and is capable of generating neurons and glia.

10 Example 4: Transplantation of differentiated cells into the mammalian brain

Transplantation of neural precursor cells was done using cells derived from two hES cell lines: the
line designated H1, and a genetically altered line designated H7NHG. The H7NHG cell hne carries an
expression cassette that permits the celis to constitutively express green fluorescent protein (GFP).

Neonatal Sprague Dawley rats received unilateral intrastriatal implants of one of the following cell

15 populations:

¢ undifferentiated hES cells

* embryoid bodies derived from hES cells

¢ neural precursors sorted for NCAM expression (Example 1)

e neural precursors sorted for A2B5 expression (Example 2)

20 Control animals received grafts of irradiated mouse embryonic fibroblasts upon which the undifferentiated hES
cells were maintained. To determine if cell proliferation occurred after grafting, some animals were pulsed with
intraperitoneal injections of BrdU, commencing 48 h prior to sacrifice. Fourteen days after transplantation, the
rals were transcardially perfused with 4% paraformaldehyde and the tissue was processed for
immunohistochemical analysis.

25 Figure 3 shows the fluorescence observed in sections from animals administered cells expressing
GFP. Surviving cells were detected in all transplanted groups. The undifferentiated cells presented as large
cell masses, suggesting unregulated growth with areas of necrosis and vacuolation of surrounding tissue (L.eft-
side Panels). Immunostaining for AFP in an animal transplanted with HI cells showed that undifferentiated hES

cells transformed into visceral endoderm after transplantation. Embryoid bodies remained in the graft core
— 24—
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10 differentiation markers.  Putative neuronal and ghal progenitor cells were identified as positive for
polysialylated NCAM and A2B5. Forty one to sixty percent of the cells expressed NCAM, and 20-66%
15 expressed A2B5, as measured by flow cytometry. A subpopulation of the NCAM-positive cells was found to

express B-tubulin |l and MAP-2. There was no co-localization with glial markers such as GFAP or GalC. The

A2BS positive cells appeared to generate both neurons and glia. A subpopulation of the A2B5 cells expressed

B-tubulin Il or MAP-2, and a separale subpopulation expressed GFAP. Some of the cells with neuronal

morphology double-stained for both A2B5 and NCAM. Both the NCAM positive and A2B5 positive populations
20 contained far more neurons than glia.

The cell populations were further differentiated by replating the cells in a medium containing none of
the mitogens, but containing 10 ng/mL Neurotrophin-3 (NT-3) and 10 ng/mL brain-derived neurotrophic factor
(BDNF). Neurons with extensive processes were seen after about 7 days. Cultures derived from embryoid
bodies maintained in retinoic acid (RA) showed more MAP-2 positive cells (~26%) than those maintained

25 without RA (~5%). GFAP positive cells were seen in patches. GalC positive cells were identified, but the cells
were large and flat rather than having complex processes.

A summary of cell types and markers expressed at different stages of differentiation is provided in
Table 6.
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1094 109%& ( ) 'Lﬁdifferentiated hES colonies NCAM-positive progenitors A2B5 positive progenitors
Tra-1-60 + Nestin subset Nestin subset
Tra-1-81 + A2B5  subset NCAM  subset
SSEA-4 + B-tubulin 1 subset B-tubulin Il subset
B-tubulin il +  + Map-2  subset Map-2  subset
Nestin - GFAP - GFAP rare

Map-2 - GalC - GalC -

Neurofilament (NF) - AFP - AFP -

GFAP - muscle-specific actn ~ — muscle-specificactin -

GalC -

a-fetoprotein -
muscle-specific actin -

NCAM -

A2B5 -
Neurons Astrocytes Oligodendrocytes
B-tubulin il + GFAP + GalC +

MAP-2 +

Neurofilament (NF) subset
GABA subset

tyrosing hydroxylase subset
glutamate subset

glycine subset

The presence of neurotransmitters was also assessed. GABA-immunoreactive cells were identified
5 that co-expressed B-tubulin i or MAP2, and had morphology characteristic of neuronal cells. Occasional
GABA-positive cells were identified that did not co-express neuronal markers, but had an astrocyte-like
marphology. Neuronal cells were identified that expressed both tyrosine hydroxylase (TH) and MAP-2.
Synapse formation was identified by staining with synaptophysin antibody.
Figure 4 shows TH staining in cultures differentiated from the H9 line of human ES cells. Embryoid
10 bodies were maintained in 10 uM retinoic acid for 4 days, then plated onto fibronectin coated plates in EGF,
basic FGF, PDGF and IGF for 3 days. They were next passaged onto laminin in N2 medium supplemented
with 10 ng/mL NT-3 and 10 ng/mL BDNF, and allowed to differentiate further for 14 days. The differentiated
cells were fixed with 2% formaldehyde for 20 min at room temp, and then developed using antibody to TH, a
marker for dopaminergic cells.
15
Example 8: Calcium Imaging
Standard fura-2 imaging of calcium flux was used to investigate the functional properties of the hES
cell derived neurons. Neurotransmitters studied inciuded GABA, glutamate (E), glycine (G), elevated
potassium (50 mM K" instead of 5 mM K*), ascorbic acid (control), dopamine, acetylcholine (ACh) and
20 norepinephrine. The solutions contained 0.5 mM of the neurotransmitter (except ATP at 10 pM) in rat Ringers
(RR) solution: 140 mM NaCl, 3 mM KCI, 1 mM MgCla, 2mM CaClz, 10 mM HEPES buffer, and 10 mM
glucose. Exiernal solutions were set to pH 7.4 using NaOH. Cells were perfused in the recording chamber at
1.2-1.8 mL/min, and solutions were applied by bath application using a 0.2 mL loop injector located ~0.2 mL
upstream of the bath import. Transient rises in calcium were considered to be a response if the calcium levels
25 rose above 10% of the baseline value within 60 sec of application, and returned to baseline within 1-2 min.
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Further elaboration of conditions for obtaining TH-expression neurons was conduced as follows.
5 Embryoid bodies were generated from confluent hES cells of the H7 line at passage 32 by incubating in
1 mg/mL collagenase (37°C, 5-20 min), scraping the dish, and placing the cells into non-adherent culture
plates (Costar®). The resulting EBs were cultured in suspension in media containing FBS and 10 uM all-trans
retinoic acid. After four days, the aggregates were collected and allowed to settle in a centrifuge tube. The
supernatant was then aspirated, and the aggregates were plated onto poly L-lysine and fibronectin coated
10 plates in proliferation medium (DMEM/F12 1:1 supplemented with N2, half-strength B27, 10 ng/mL EGF (R & D
Systems), 10 ng/mL bFGF (Gibco), 1 ng/mL PDGF-AAA (R&D Systems), and 1ng/mL IGF-1 (R&D
Systems).
The EBs were allowed to attach and proliferate for three days; then collected by trypsinizing ~1 min
(Sigma) and plated at 1.5 x 10° cells/well onto poly l-lysine and laminin coated 4-well chamber slides n
15 proliferation medium for one day. The medium was then changed to Neural Basal medium supplemented with
B27, and one of the following growth cocktails:
* 10 ng/mL bFGF (Gibco), 10 ng/mL BDNF, and 10 ng/mL NT-3
s 10 ng/mL bFGF, 5000 ng/mL sonic hedgehog, and 100 ng/mL FGF8b
¢ 10 ng/mL bFGF alone
20 The cells were maintained in these conditions for 6 days, with feeding every other day. On day 7, the medium
was changed to Neural Basal medium with B27, supplemented with one of the following cocktails:
* 10 ng/mL BDNF, 10 ng/mL NT-3
e 1 pMcAMP, 200 uM ascorbic acid
e 1 uMcAMP, 200 pM ascorbic acid, 10 ng/mL BDNF, 10 ng/mL NT-3
25 The cultures were fed every other day until day 12 when they were fixed and labeled with anti-TH or MAP-2 for
immunocytochemistry. Expression of the markers was quantified by counting four fields in each of three wells
using a 40X objective lens.
Results are shown in Table 7. Initial culturing in bFGF, BDNF and NT-3 yielded the highest
proportion of TH positive cells.



"10%B& () - #3t " SSSSSST' DNA4" 110#3Q "1096& () - #3t"Q "1096& ()-Q "109%& ()-Q
"10988& ()-Q "10%& ()-T TTTT/ T7T{ _?NA4" 110#Q "10%$& ()-Q "10%$& () - #3t" Q
" 109$8& ()w@ JRYEE ()-Q "1098& () - 7TGTITKTZTbTr T_?NA4" 11041 s &) - Q
"1098& ()-Q "10%8& ()-#3t"Q "10%$& ()-Q "10%$& ()-r Tt TUTTTTTCGNA4" 110#Q

" 10%B& ()@4@4&_9_@_3,&,@&_@_@_%9' (- #3t"Q

"109%B& ()-TTTTTTThDNA4" 110##3t"Q " 10"/&5&%@8 " 100/&59% @?'um "109%8& ()-Q
& -
PRTUSOTNEADIE () - O

" 10968 ()-#3t" TULJ#Lﬁw%&Eé\QQD Yﬂi’@#@““i

"109$& () -
n O 1 n n O
10%6& () - #3t Q 10 '@&"é ‘)0"@”‘3 . " %MAP-2 cells that are
% MAP-2 positive TH positive
days 1-6 days 6-12
8,N,F B,N 26 % 55%
B,N,F CA, AA 35 % 4.0 %
B,N,F CA, AA, B, N 25 % 8.7 %
F,F8,8 B,N 37 % 3.7%
F,F8, 8 CA, AA 34 % 3.9%
F,F8,8 CA, AA, B, N 21 % 58%
F B,N 28 % 35%
F CA, AA 26 % 41 %
F CA,AA, B, N 22% 57 %
Factor abbreviations: B — brain-denved neurotrophic factor (BDNF)
S — sonic hedgehog
F — basic fibroblast growth factor (bFGF) CA — cAMP
F —FGF8 AA — ascorbic acid

N — neurotrophin 3 (NT3)

It is understood that certain adaptations of the invention described in this disclosure are a matter of routine
optimization for those skilfed in the art, and can be implemented without departing from the spitit of the
5 invention, or the scope of the appended claims.
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2. A cell population that proiiferates in an in vitro culture, obtained by differentiating primate pluripotent
stem (pPS) cells, comprising at least ~60% neural progenitor cells, wherein at least 10% of the cells
can differentiate into neuronal cells, and at least 10% of the cells can differentiate into glial cells.

3. A cell population that proliferates in an in vitro culture, obtained by differentiating primate pluripotent
stem (pPS) cells, comprising at least ~60% neural progenitor cells, wherein at least 10% of the cells
express A2B5, and at least 10% of the cells express NCAM.

4. The cell population of claims 1-3, wherein the pPS cells are human embryonic stem (hES) cells.

5. The celi population of any preceding claim, obtained by differentiating pPS cells in a medium containing
at least two ligands that bind growth factor receptors, selected from the group consisting of EGF, bFGF,
PDGF, IGF-1, and antibodies to receptors for these ligands.

6. The cell population of any preceding claim, obtained by differentiating pPS cells in a medium containing
growth factors, sorting the differentiated cells for expression of NCAM or A2B5, and then collecting the
sorted cells.

7. The cell population of any preceding claim, which can be induced to produce a population of cells of

which at least 30% of the cells have morphological features of mature neurons and are NCAM positive.

8. The cell population of claim 7, wherein the cells having morphological features of mature neurons have

at least three of the following characteristics:

a) at least 60% of the cells show calcium flux when administered acetylcholine;

b) at least 60% of the cells show calclum flux when administered GABA,;

c) at least 10% of the cells show calcium flux when administered norepinephrine;

d) at least 60% of the cells show calcium flux when subjected to an external potassium
concentration of 50 mM; or

e) at least 25% of the cells demonstrate action potentials when subject to stimulation in a whole-
cell paich clamp apparatus. |

8. The cell population of any preceding claim, which can be induced to produce a population of cells in
which at least 1% of the cells stain positively for tyrosine hydroxylase.
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containing the compound, and a cell population or isolated cell according to any of claims 1-20;
determining any phenotypic or metabolic changes in the cell that result from contact with the

compound; and correlating the change with neural cell toxicity or modulation.

26. A method for obtaining a polynucleotide comprising a nucleotide sequence contained in an mRNA more
highly expressed in neural progenitor cells, the method comprising:

a) determining the level of expression of a plurality of mRNAs in one or more cells in the cell
population of claims 1-15, in comparison to the level of expression of the same mRNAs in more mature
neural cells;

b) identifying an mRNA expressed at a higher level in the cell(s) from the cell population, relative
to that in the more mature cells; and

¢) preparing a polynucleotide comprising a nucleotide sequence of at least 30 consecutive
nucleotides contained in the mRNA selected in step b).

27. A medicament comprising a cell population or isolated cell according to any of claims 1-20 for treatment
of the human or animal body by surgery or therapy.

28. Use of a cell population or isolated cell according to any of claims 1-20 in the preparation of a
medicament for reconstituting or supplementing central nervous system (CNS) function in an individual.
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