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IN VITRO MODELS OF CNS FUNCTION AND DYSFUNCTION

Backaround of the |nvention
The mature human nervous system is composed of billions of cells that are
generated during development from a small number of precursors located in
5 the neural tube. The study of central nervous system (CNS) developmental
pathways as well as alterations that occur in adult mammalian CNS due to
dysfunction have been difficult due to the complexity of the mammalian CNS.
Such matters would be better studied using relatively simple models ofthe CNS
under defined conditions. '

10 Generally, two approaches have been taken for studying cultured CNS cells:
the use of primary neural cultures; and the use of neural cell lines. Primary
mammalian neural cultures can be generated from nearly -all brain regions
providing that the starting material is obtained from fetal or early post-natal
animals. In general, three types of cultures can be prdduced, enriched either

15 in neurons, 'astrocytes,-' or oligodendrocytes. Primary CNS cultures have proven
valuable for discovering many mechanisms of neural function and are used
for studying the effects of exogenous agents on developing and mature cells.
While primary CNS cultures have many advantages, they suffer from two primary
drawbacks. First, due to the limited proliferative ability of primary neurai cells,
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on a regular basis, this requires the availability of a large source of starting
material. While this is generally not a problem for generating primary cultures

10 from some species (e.g. rodents), it is for others (e.g. primates). Due to the ‘
limited supply and ethical concerns, the culturing of primary cells from primates
(both human and non-human) is not.practical.

Due to the limited proliferative ability of primary neural cells, the generation of

~ alarge number of homogenbus cells for studies of neural function, dysfunction,
15 and drug design/scrg_ening has previously not been achieved. Therefore,
homogenous popul_atibns of cells that can generate a large number of progeny

for the in vitro investigation of CNS function has been studied by the use of cell

lines. The generation of neural cell lines can be divided into two categories:
1) spontaneously occurring tumors, and 2) custom-designed cell lines.

20 Ofthe spontaneously occurring tumors, probably the most studied cell line for
neurobiology is the rat pheochromocytoma (PC12) cells that can differentiate
into sympathetic-like neurons in respo,nse to nerve growth factor (NGF). These
cells have proven to be a useful model for studying mechanisms of neural
development and alterations (molecular and cellular) in response to growth

25 factors. Neuroblastoma and glioma cell lines have been used to study neuronal
and glial functioning (Lies, et al., 1987; Nister et al., 1988). Embryonal carcinoma
(EC) cells are derived from teratoma tumors of fetal germ celis and have the
ability to differentiate into a large n_umber of non-neural cell types with some
lines (e.g. P19 cells, Jones-Villeneuve et al., 1982) having the ability to differentiate
30 into neural cells (MeBurney et al., 1988). A human teratocarcinoma-derived cell
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and discovery of novel therapeutics.

An alternative approach to spontaneously occurring cell lines is the intentional
immortalization of a primary cell by introducing an oncogene that alters the
15 genetic make-up of the cell thereby inducing the cell to proliferate indefinitely.
This approach has been used by many groups to generate a number of
interesting neural cell lines (Bartlett et al., 1988; Frederiksen et al., 1988; Trotter
etal., 1989; Ryder et al. 1889; Murphy et al., 1991; Almazan and McKay, 1992).
While these lines may prove useful for studying the decisions that occur during
20 cell determination and differentiation, and for testing the effects of exogenous
agents, they suffer from several drawbacks. First, the addition of an oncogene
that alters the proliferative status of a cell may affect other properties of the cell
(oncogenes may play other roles in cells besides regulating the cell cycle). This
is well illustrated in a study by Almazan and McKay (1992) and their
25 immortalization of an oligodendrocyte precursor from the optic nerve which is
unable to differentiate into type Il astrocytes (something that normal optic nerve
oligodendrocyte precursors can do). The authors suggest the presence of the
immortalizing antigen may alter the cells ability to differentiafe into astrocytes.

Another drawback to using intentionally immortalized cells results from the fact
30 thatthenervous system is composed of billions of cells and possibly thousands
of different cell types, each with unique patterns of gene expression and
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- Summary of the anention
inlight of the defici_e'ncies attendant with the prior art methods of providing large

quantities of genetically unaltered neural cells for the purpose of studying CNS

development and function and for use in determining the effects of potential

15 therapeutic agents for CNS dysfunction, there exists a need for improved CNS
- model systems that can be used for these purposes.

Accordingly, it is an object of the pr_esént invention to provide a CNS model

system for the studies of neural development and function and for determining

the CNS effects of novel therapeutics and other biological agents. Itis an object
20 of this invention that such a CNS system allow for the generation of a large

number of cells from a relatively small amount of starting material obtained from

a variety of species, including humans and extending over a wide age range,

including adulits.

It is an object to provide a CNS model system that comprises cells that are not

25 spontaneodsly occurring tumors or have not been intentior_\ally-im[hortalized by
the insertion of an oncogene in order to induce unlimited proliferation, thereby
removing any questions of the influence of genetic alteration on the normal
function of the cells.
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It is an object of the present invention to provide a CNS model system whereby
the differentiation and functioning of CNS cells can be studied in a controlied
manner in a system composed of multiple cell types — a situation similar to what
occurs in vivo. |

15 ltis a further objec:_t to provide a CNS model system whereby CNS stem cells
can be generated from pre- and post-natal individuals, including aduits, allowing
for testing to be done on an individual basis.

itis an object of the present invention to allow for the analysis of gene expression
in the CNS stem cells and stem cell-derived progeny of a normal donor and in
20 the cells of a patient with a neurological disorder.

Additional objects and features of the invention will be apparent to those skilled
in the art from the following detailed description and appended claims.

In one embodiment, the objects are accomplished by a method of screening
the effects of a neurological or other biological agent or a combination of
25 neurological agents and/or other biological agents on neural cells comprising'
dissociating mammalian neural tissue containing at least one muiltipotent stem
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st udyi ng sration afe detérmined.
In another embodiment of the invention, the mammalian neural tissue is obtained _
10 from a human donor afflicted with a neurological disease or disorder. ‘ |

In a further embodiment, the proliferated precursor cells are induced to
differentiate in the presence of the biological agent or combination of agents.»
in yet another embodiment, the stem cell-generated progeny are induced to
differentiate prior to the addition of the biological agent or agents.

15 Brief Description of the Drawings '
Fig. 1. Proliferation Of Epidermal Growth Factor (EGF) Responsive Cells:

After 2 days in vitro EGF-responsive cells begin to proliferate (Fig. 1A). After

4 days in vitro small clusters of cells are apparent (Fig. 1B). The clusters of

continuously proliferéting cells continue to grow in size (Fig. 1C) until they lift

20 off the substrate and float in suspension (Fig. 1D). At this stage, the floating
spheres can be easily removed, dissociatedinto single cellsand, in the presence
of EGF, proliferation can be re-initiated. (Bar: 50 ym).

'Fig. 2. Differentiation Of Cells From Single EGF-Generated Spheres Into "
Neurons, Astrocytes, And Oligodendrocytes: Triple-labelimmunocytochemistry
25 with antibodies to microtubule associated protein (MAP-2), glial fibrillary acidic
protein (GFAP), and O4 (a cell surface antigen) are used to detect thé presence
of neurons (Fig. 2B), astrocytes (Fig. 2C) and oligodendrocytes (Fig. 2D),
respectively, from a single EGF-generated sphere (Fig. 2A) derived from primary
culture. (Bar: 50 ym). | -



devel opnment and function and for use in determning the effects of

potenti al t herapeutic agents for CNS dysfunction, there exists a need

for inmproved CNS 20 nodel systens that can be used for these purposes.

Accor di ngl WO 96109843 an obj ect of the present invention to proRCTUCAN/DNE

nodel system for the studies of neur#l- devel opnent and function and

for determ ning the CNS effects of novel therapeutics and other

bi ol ogi cal adtigt 8. LabelingrObNeurospherés Co-CulturedeWitho Striatal AstrdcyteSNS
cells fro

S e o | hatmofieaghiy o as bl LA SumLibere Sl poariaacyTpader
adui fa < IFeHSSABWRTFRESAT i IBBEIAT ool el oS chitRar viGRM "0
conpri ses celdlbcéliincarporats Brd-U {FignBB)eRivdse oomtrastiofthefeeder layeheaslis not
been intentionally ipmortalized e _insertion of an oncogene in

order to iHddeshawn in figi %;OIGFg%d?PSW;Qh chdhe fgeder layenselis,shaws thatthe ons
of 1he Tnfluehgforfly of e if s 168der 18Yerlrd BSrOGHEE (GFARAR) Rig> ar5). AREr
- differentiation occurs, BrdU labeled neurons (Figs. 3E and 3G) are
immunoreactive for neuropeptide Y (NPY) (Fig. 3F) or somatostatin (Fig. 3H),
as well as other neurotransmitters such as glutamate and methenkephalin (not
10 shown). |

Fig. 4. Increased Numbers Of Neurons Produced From One Neurosphere
In Presence of Brain-Derived Neurotrophic Factor (BDNF): Quantification
of the mean number of neurons at 10 days in vitro (DIV) from single EGF-

responsive stem cell-generated neurospheres showed that in the absence of
15 BDNF, 11.46 £ 1.21 neurons per neurosphere were generated. When BDNF
(10 ng/ml) was present in the culture medium, a significantly greater (p < 0.5)
number of neurons were identified (22.34 + 2.33 neurons per neurospheres).

- Fig. 5. Enhanced Neuronal Process Outgrowth In Presence of BDNF:

Neurospheres, grown in the absence of BDNF (Fig. 5A) and in the presence

20 of BDNF (Fig. 5B) for 10 DIV, were fixed and processed for indirect

immunocytochemistry with antiserum to r-amino butyric acid (GABA). The

majority of neurons grown in the presence of BDNF extended long neurites and

exhibited an extensive and complex branching pattern relative to the non-BDNF
treated neurospheres.

25 Fig. 6. Response To BDNF By Selective Populations Of Cells Within A
Neurosphere: Indirect immunocytochemistry for the immediate-early gene
product c-fos reveals that nearly all of the cells within a single clonally derived
neurosphere are responsive to EGF (20 ng/ml) stimulation, as assayed by
increased c-fos immunoreactivity (Fig. 6A). Dual-label immunocytochemistry

30 with antiserum to the nuclear antigen c-fos and an antibody directed against
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Neurospheres: Cells isolated from the striatum of the 14 day old embryonic
mouse were plated into a 96 well plate at a density. of 25,000 cells/ml in the
presence of EGF (20 ng/ml. EGF + bFGF (each at 20 ng/ml) or EGF + BMP-2
(20 and 10 ng/mi respectively). After 10 DIV, quantification of EGF treated
10 cultures indicated that 23 + 1.33 neurospheres were generated per well (n = !
8).. bFGF enhanced EG‘F—stimui_ated proliferation by giving rise to 54.5 + 217
neurospheres per well (n = 8), while BMP-2 prevented stem cell proliferation

in response to EGF (n = 8).

Fig. 8. Ethidium Agarose Gel Visualized Via UV Transillumination Showing

15 The Detection of Growth Factor Transcripts In.Undifferentiated And
Differentiated Stem Cell-Derived Progeny: The firstlane in each panel shows
a 1 kb standard molecular weight ladder. The second lane, labeled C, is the
negative control which represents PCR in the absence of any cDNA template.
The third lane, labeled U, is the RT-PCR of undifferentiated neurospheres. The

20 fourth lane, labeled D, is the RT-PCR of differentiated _st__erh cell_fderive'd progeny.
The presence of epidermal growth factor receptor, fibroblast growth factor
receptor and leukemia inhibitory factor receptor, are indicated by EGF-R, FGF-R
and LIF-R, respectively.

Fig. 9. Electrophysiological Properties of bFGF-generated Neurons:
25 Adigital image of a presumed neuron illustrating bipolar morphology before patch
~ recording is shown in Fig. 9Ag " Fig. 9B shows a fluorescence digital image of
the same neuron, filled with 5-carboxyfluoroscein, following withdrawal of the
patch electrdde. Fig. 9C depicts graded action potentials evoked by current
injection, in the bFGF-generated neuron illustrated in Figs. 9A and 9B,
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PCT/ CA95/ 0054 Reynolds and Weiss, Neuronal Cell Death and Repair, ed. Celio [1993]). The
term “"stem cell” refers to a relatively quiescent undifferentiated cell which can
be obtained from embryonic, juvenile, or adult tissue that is capable of
proliferation and self-maintenance with the generation of a large number of

10 progeny. The utility of neural stem cells is described in copending applications
U.S.S.N. 08/270,412; 07/961,813; 08/221,655; 08/010,829; and 08/1 49,508. Like
stem cells found in other.mammalian tissues, the CNS stem cell exhibits the
critical feature of a stem cell, self-maintenance. Self-maintenancein acellimplies
that the cell is able to generate clones of itself and hence maintain its phenotype

15 over an extended period of time.

The stem cell progeny are referred to herein as "precursor cells" and consists
of two types of cells: a) new stem cells and b) progenitor cells that can
differentiate into functional celis.

The term “progenitor cell* refers to an undifferentiated cell derived from a CNS

20 stem cell. The progenitor cell has limited proliferative ability and cannot self-
renew. It is committed to a particular path of differentiation and will, under
appropriate conditions, differentiate into the different cell types present in the
CNS: these include neurons, and glial cells. Glial cell types include astrocytes
and oIigodendro'cyteS.

25 The term "oligodendrocyte" refers to a differentiated glial cell which forms the
myelin surroundlng axonsin the central nervous system (CNS). Oligodendrocytes
are ofthe phenotype galactocerebrosnde (+), myelin basic protein (+), and glial
fibrillary acidic protein (-) [GalC(+), MBP(+), GFAP(-)]. The term "astrocyte"
refers to a differentiated glial cell that is GFAP(+), GalC(-), and MBP(-) which

30 can have a flat protoplasmlc/flbroblast-hke morphology or which can display
~ This Sheet Has Has Been R i
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cell, exposing said dissociated nultipotent stemcell to a culture medium
contal ning at | east one growth factor to proliferate the stemcell to
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Proliferat pmqmtoese isthet differentiate mtngurqma,stm@ztﬁsmwlgg@endrocytes Af t er
2 days in vitro EG--responsive cells begin to proliferate (Fig. 1A). After
4 days in vitro small clusters of cells are apparent (Fig. 1 B). The
clusters of . continuously proliferating cells .continue to grow in size
(Fig. 1 C until they lift 20 off the substrate and float in suspension

(Fi g. 1 D) Newrak stem gellgyean melsplaggq 2R cultured in vitro from mammalian CNS

by the methods described in Example 1 below and the co-pending applications ‘
10 referenced above. :In brief, the stem cells, which have been obtained from
mammalian (e.g. human, monkey, rat, mouse, etc.) tis_sué, are grown in a defined
serum-free medium in the presence of at least one growth factor. As used
herein, the term "grdwth factor” refers to a protein, peptide or other molecule
having a growth, proliferative, differentiative, or trophic effect on the stem cells
15 and/or progenitor cells. Growth factors which may be used for inducing
| proliferation include any factor which allows the cells to proliferate, including
any molecule which binds to a receptor on the surface of the cell to exert a
growth-inducing or survival effect on the cell. Such factors include acidic and
 basic fibroblast growth factors (aFGF and bFGF which is also known as FGF-2),
20 platelet-derived growth factor (PDGF), thyrotropin r_e_leasihg hormone (TRH),
epidermal growth factor (EGF), an EGF-like ligand, amphiregulin, transforming
growth factor alpha (TGFa), brain-derived neurotrophic factor (BDNF), ciliary
neurotrophic factor (CNTF), inal-derived neurotrophic factor (GDNF), insulin-like
growth factor (IGF-1) and the like. A preferred growth factor is EGF. Also
25 preferred is bFGF or the combination of EGF and bFGF. Growth factors used
| to regulate stem and progenitor cell development, which have regulatory actions
on the cells other than the promotion of proliferation, include transforming growth
factor beta (TGFR), retinoic acid, activin, bone morphogenic protein (BMP), ciliary
neurotrophic factor (CNTF) and 'ma_crophage inflammatory proteins (MIP-1a,

30 MIP-18, MIP-2). |
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spheres can beeasilyrenoved, dissociated into single cells and, in the
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nestin (+) phenotype, an intermediate filament protein found in undifferentiated
10 CNScells. The nestin marker was characterized by Lehndahl et al., Cell 60:585-
' 595 (1990). The mature phenotypes associated with the cell types which may
be differentiated from the progeny of the cells of the neurbsphere are
predominantly negative for the nestin-phen‘otypé.

In the continued presence of a mitogen such as EGF or the like, precursor cells
15 within the neurosphere continue to divide resulting in an increase in' the size
ofthe neurosphere and the number of undifferentiated cells [nestin(+), GFAP(-),
NF(-), NSE (-), MBP (-)]. At this stage, the cells are non-adherent and tend to
form the free-floating clusters characteristic of neurospheres. After 6 to 7 DIV,
the cells of the neurosphere can be dissociated. Virtually all of the cells attach
20 to the tissue culture substrate. In the continued presence of a growth factor,
stem cells begin to divide and lift off the substrate forming new free-floating
neurospheres consisting of clonally-derived cells. Hence, utilizing this method
of proliferation, dissociation, and re-initiation of proliferation, an unlimited number

of clonally-derived precursor cells can be génerated in vitro.

25 Upon removal of the mitogenié growth factor, proliferation of the stem cell ceases.
" The éphere of undifferentiated cells can be adhered to a substrate such as poly-
ornithine-treated plastic or glass where the cells begin to differentiate into neurons
and glial cells. Thus, the growth factor acts as an extrinsic signaling molecule

~ that can be added or removed at will to control the extent of proliferation.



| munor eactive for neuropeptide Y (NPY) (Fig. 3F) or somatostatin (Fig.

3H), as well as other neurotransmtters such as glutamate and
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Fig. 6. Res B Selective ul ati.on s Wthin A
Neur ospher egahﬂ??@(tﬁémmﬂ%y 3# %Fq 5 meye 'Pﬁé s&?ﬁ‘?ﬁﬁc&t guchas polishe
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derived neur osphere are responsSive to 0 ng/ st1 nul at
-assayed18y n_euronal _phenotypes as determmed by indirect _nmmunocfytochemlstry at7DIV.
When differentiated on a poly-L-ornithine coated substrate with 1% fetal bovine ‘
- serum, neuronal phenotypes are almost exclusively GABAergic or Substance |
Pergic. When differentiated on an astrocyte feeder layer, in addition to GABAergic
and Substance Pergic neurons, somatostatin, neuropeptide Y (NPY), glutamate
15 and met-enkephalin-containing neurons are present. The astrocytes can be
derived from tissue obtained from various brain regions such as the striatum,

- cortex and spinal cord.

Oncethe growth factoris removed. the culture medium may contain serum such
as 0.5-1.0% fetal bovine serum (FBS). Serum tends to support the differentiation

20 process and enhance cell survival, especially when the differentiating cells are
grown at a low density.

Within 1-3 days after removal of the growth factor and placing of the cell in
conditions that support differentiation and survival, most or all of the precursor
cells begin to lose immunoreactivity for nestin and begin to express antigens
25 specific for neurons, astrocytes or 6ligoden_c_lrocytes. The identification of neurons
is confirmed using immunoreactivity for NSE, NF, B-tub, NeuN (a nuclear antigen),
MAP-2 and the neuron specific protein Tau-1. Astrocytes and oligodendrocytes
are identified using immunoreactiyity for GFAP and GalC, respectively. Cells
that do not express antigens specific for neurons or for astrocytes, begin to
30 express markers specific for oligodendrocytes in a correct temporal fashion.
That is, the cells first become immunoreactive for O4 (a cell surface antigen),



i hereased c-fos i mmunor eacti vi ty (Fig. 6A). Dual -1abel imunocytochem stry.
30 with antiserumto the nuclear antigen c-fos and an antibody directed
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and b) progenitor cells that can differentiate
Alternatively, in situ hybridization histochemistry can be performed using cDNA

| or RNA probes specific for the peptide neurotransmitter or the neurotransmitter
10 synthesizing enzyme mRNAs. These techniques can be combined with
immunocytochemical - methods to enhance the identification of specific
~phenotypes. If necessary, the ant_ibodiqs and molecular probes discussed above
can be applied to Western and Northern blot procedures respectively to aid in

the cell identification.

15 In addition to being able to isolate EGF-responsive stem cells from any region
in the embryonic CNS, CNS stem cells can also be isolated from a variety of
juvenile and adult CNS regions, using routine biopsy procedures, including the
conus medullaris, cervical, thoracic and lumbar spinal cord, brain stem,
hypothalam_us and striatum. In each of these cases the isolated CNS stem cell

20 exhibits self-maintenance and generates a large number of progenitor cells which
differentiate into neurons, astrocytes and oligodendrocytes. Thus, multipotent
stem cells are present in multiple regions of the adult mammalian CNS. CNS
stem cells can also be isolated from dysfunctional CNS tissue, for exampletissue
afflicted with Alzheimer's Disease, Parkinson’s Disease, or Down's Syndrome.

25 The precursor cells described above can be used in methods of determining
the effect of biological agents on neural cells. The term "biological agent® refers
to any agent, such as a virus, protein, peptide, amino acid, lipid, carbohydrate,
‘nucleic acid, nucleotide, drug, pro-drug or other substance that may have an
effect on neural cells whether such effect is harmful, beneftcial, or otherwise.

30 Biological agents that are beneficial to neural cells are referred to herein as
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To determine the effect of a potential biological agent on neural cells, a culture
of precursor cells derived from muitipotent stem’ cells obtained from a host
afflicted with a CNS disease or disorder can be used, or a 'chlturé obtained from
normal tissue can be used. The choice of culture will depend upon the particular
agent being tested and the effects one wishes to achieve. Once the cells are

obtained from the desired donor tissue, they are proliferated in vitro in the
presence of a growth factor. ' '

- The effects of biological agents on the proliferation-and survival of stem cells

15

and progenitor cells are determined using cells grown according to Example
1. For example, using these methods, it is possib’lé to screen for biological
agents that increase the proliferative ability of progenitor cells which would be
useful for generating large numbers of cells for tranépl’antatibn purposes. ltis

" also possible to screen for biological agents which inhibit precursor cell

20

proliferation. In these studies precursor cells are plated in the presence of the

 biological factor(s) of interest and assayed for the degree of proliferation which

25

occurs (Example 4). The effects of a biological agent or combination of biological
agents on the differentiation and survival of progenitor cells and their progeny
can be determined (Example 3). Itis possible to screen neural cells which have
already been induced to differentiate prior to the screening. It is also possible
to determine the effects of the biological agents on the differentiation process
by applying them to precursor cells prior to differentiation. - Generally, the

‘biological agent will be solubilized and added to the culture medium at varying

concentrations to determine the effect of the égent at each dose. The culture
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Neural stem cells of the central nervdps—system referred to herein
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i nclude astroctypes of cellendFor ieganielr ﬂwm .antibody (available from -Boerhinger

-Mannheim) binds to oligodendrocytes and their precursors. Using a panning

procedure, oligodendrocytes are separated out. Astrocytes can be panned out

after a binding procedure using the RAN 2 antibody (available from ATCC).

15 Tetanus toxin (available from Boerhinger Mannheim) can be used to select out

neurons. By varying the trophic factors added to the culture medium used during
differentiation it is possible to intentionally alter the phenotype ratios. Such trophic
factors include EGF, FGF, BDNF, CNTF, TGFa, GDNF, and the like. For example,
as disclosed in co-pending U.S. Ser. No. 08/221,655, FGF increases the ratio
20 of neurons, and CNTF increases the ratio of oligodendrocytes. Growing the
- cultures on beds of glial cells obtained from different CNS regions will also affect
the course of differentiation as described above. Cultures can also be obtained
that are enriched in dopaminergic neurons using the methods disclosed in
copending application U.S. Ser..No. 08/482,079. These cultures can be used
25 to test biological agents that influence dopaminergic cell function and survival.
-Culture conditions can also be varied to increase the numbers of cholinergic
neurons. The differentiated cultures remain viable (with phenotype intact) for

at least a month. '

Cultures obtained from abnormal CNS tissue from patients afflicted with
30 Alzheimer's disease, Parkinson's disease, Down's Syndrome, and the like, can

be used to test for the effect of biological agents on abnormal tissue. For
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25 The term "oligodendrocyte” refers to a differentiated glial cell which

forns the nmyelin surroundi ng axons in the central nervous system _
(CNS). ?‘g{ocyt es ~are of the phenotype gal actocerebroside (+),
myelin b % ein (+), and glial fibrillary acidi cPEFEAZVINS42 )
[Gal C(+), MBP(+), GFAP(-)]. The term "adfrocyte” refers to a
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can have a EX8{pPIg euityres ohtained Femmn B%ﬂefﬂiaﬁ'tctﬂ@m dtariginson’swlisesse canld

di splay .
B CTI/O CA% 5/ 0029 Egpd 61 6tne induction of dopaminergic cells. Cultures; gbtained from

stel |l ate prAlzheiméesibr Dowms SzﬂHMe pafiéAts €abeAede messret pbcéfféct

differentiated neuronal cell aV|n% t he phenotype neuron specific enol ase

(+), nelubigiagiegfagents pn thedeve Lni@reylm precursor prajeiei GARH)) whiatuisl (+)

F Ta
?;r E ]er [ ] 5! '("%6'?%"9!0'?'8& ;% ltl&é%ﬁi@er}ty A(dgi}tlorp@gr fﬁs(uﬁ gtpﬁaggqql frggi apalients; o
cel ", as maumlmeanersrdﬁeasetacnuhmergm mmteatcmrder ca?ﬂbé GséQEMRsetH
proliferation topgr pduce nmore multi potent stemcells and progeni tor

cel I's that €ffaqtePtRiqlagical agentsen m%lnmpbcgft@ha\ﬁtglomemdeadr ocytes.

The effects of the _biological agents are monitored at time intervals. and are
assessed on the basis of significant difference relative to control cultures with
10 respect to criteria such as the ratios of expressed phenotypes (neurons: glial ‘
cells, or neurotransmitters or other markers), cell viability, proliferation, alterations
in gene expression, and/or extent of apoptosis. Physical characteristics of the
cells can be analyzed by observing cell and neurite morphology and growth
with microscopy. The induction of expression of new or increased levels of
16 proteins such as enzymes, receptors and other cell surface molecules, or of
neurotransmitters, amino acids, neuropeptides ahd.biogenic amines can be
analyzed with any technique known in the art which can identify the alteration
ofthe level of such molecules. These techniques include immunohistochemistry
using antibodies against such molecules, or biochemical analysis. Such
20 Dbiochemical analysis includes protein assays, enzymatic assays, receptor binding
assays, enzyme-linked immunosorbant assays (ELISA), electrophoretic analysis,
analysis with high performance liquid chromatography (HPLC), Western blots,
and radioimmune assays (RIA). Nucleic acid analysis such as Northern blots
- and polymerase chain reaction (PCR) can be used to examine the levels of mRNA
25 coding for these molecules, or for enzymes which synthesize these molecules.
Genomic DNA can be quantified using standard procedures and analyzed for
extent of DNA laddering (i.e. enzyme-specific breakdown of DNA), which is
indicative of apoptosis.

‘The factors involved in. the proliferation of stem cells and the proliferation,
30 differentiation and survival of stem cell progeny, and/or their responses to
biologi'cal agents can be isolated by constructing cDNA libraries from stem cells



Neural stemcells can be isolated and cultured in vitro from manmal i an CNS
by the nethods described in Exanple 1 bel ow and the co-pendi ng applications
10 referenced above. In brief, the stemcells, which have been obtai ned

from WHPE0P3 (e. g. human, nonkey, rat, nouse;: etc.) tiRGHEAISQ0842
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Electrophysiological analysis can be used to determine the effects of biological
agents on neuronal characteristics such as resting membrane potential, evoked

15 potentials, direction and ionic nature of current flow and the dynamics of ion

- channels. These measurements can be made using any technique known in
the art, including extracellular single unit voltage recording, intracellular voitage
recording, voltage clamping and patch clamping. Voltage sensitive dyes and
ion sensitive electrodes may also be used.

20 Inorder that the invention described herein may be more fully understood, the
following examples are set forth. It should be understood that these examples
are for illustrative purposes only and are not to be construed as limiting the scope
of the invention in any manner.

- -‘Example 1
25 , Propagation of precursor cells

Embryonic day 14 (E14) CD, albino mice (Charles River) were decapitated and
the brain and striata removed using sterile procedure. The tissue was
mechanically dissociated with a fire-polished Pasteur pipette into serum-free.
medium composed of a 1:1 mixture of Dulbecco’s modified Eagle’s medium
30 (DMEM) and F-12 nutrient mixture (Gibco). The cells were centrifuged at 800
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PCT/ CA95/ 00542 ' -11- In the
presence of a gromh factor, a nultipotent stemcell is induced to divide .
gi ving WQ cluster of undifferentiated cells which PET/ACADS005¢21 t O "
herein as a "neur osphere”. The netBesphere is conprised primarily of '
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DV, the. cells of the rospher an he dissoci at ed. \ﬁrtua’lly al |l gf
the celfPs MEAR sBntained 620 saalenl; BGR (puslied i reme movse issbmmilianicd  §

presence ofoflatstraié Red6arth) or TGFa (human recombinant, Gibeo). The cells were
plated at 0.2 x 10° cells/ml into 75 cm? tissue culture flasks (Coming) with no
substrate pre-treatment and housed in an incubator at 37°C, 100% humidity,
95% air/6% CO,.

15 When the cells were proliferated, within the first 48 hours and by 3-4 days in
vitro (DIV), they formed small clusters, knoWn as neurospheres, that lifted off
the substrate between 4-6 DIV (Fig. 1). Neurospheres contain undifferentiated
precursor cells, i.e. stem cells and progenitor cells.

After 7 DIV, the neurospheres were removed, centrifuged at 400 r.p.m. for 2-5
20 minutes, and the pellet was mechanically dissociated into individual cells with
a fire-polished glass Pasteur pipet.in 2 mis of complete medium. 1 x 10° cells
were replated into a 75 cm? tissue culture flask with 20 mis of the EGF-containing
complete medium. The proliferation of the stem cells and formation of new
neurospheres was reinitiated. This procedure can be repeated every 6-8 days.

25 ' ' Example 2
_ S Ditferentiation of neurospheres

Neurospheres were differentiated using the following. paradigms. Using any of
thefollowing paradigms will produce neurons, astrocytes and oligodendrocytes.
However, adding _certain growth factors or combinations of growth factors can



stem cel | 's begin to divide and lift off the substrate form ng new
free-floating neur ospheres consisting of clonally-derived cells.
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sol uble factors that induce and alter the differentiation of the stem
the pellet suspended in EGF-free complete medium containing 1% fetal bovine

10 serum (FBS).

Neurospheres (approximately 0.5-1.0 x 10°® cells/well) were plated on poly-L-
ornithine-coated (15 pg/ml) glass coverslips in 24 well Nucion (1.0 mi/well) culture
dishes. After 24 hours in cdltdre, the coverslips were transferred to 12 well
(Costar) culture dishes containing complete medium containing '0.5% FBS.

15 The medium wes changed every 4-7 days. This differentiation procedure is
referred to as the "Rapid Differentiation Paradigm" or RDP.

Paradigm 2 -- Differentiation of dissociated neurospheres
Six to 8 days after the first passage, the neurespheres were removed and
centrifuged at400r.p.m. The EGF-containing media was removed and the pellet
20 was suspended in EGF-free complete medium containing 1% FBS. The
neurospheres were mechanically dissociated into single cells with a fire-polished
Pasteur pipette and centrifuged at 800 r.p.m. for 5 minutes. Between 0.5 x 10°
and 1.0 x 10° cells _wefe plated on poly-L-ornithine-coated (15 ug/ml) glass
coverslips in 24 well Nuclon (1.0 ml/well) culture dishes. The EGF-free culture
25 medium containing 1% FBS was changed every 4-7 days.

Paradigm 3 -- Differentiation of single neurospheres

Neurospheres were washed free of EGF by serial transfers through changes
of EGF-free medium. Individual neurospheres were plated onto poly-L-ornithine-
coated (15 ug/mi) glass coverslips in a 24-well plate. The culture medium used
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Paradigm 5 -- Differentiation of neurospheres co-cultured with striatal
astrocytes '

* Neurospheres, derived from striatal cellsas described in Example 1 were labeled

15

20

with 5-brombdeoxyuridine (BrdU) and washed free of EGF. An astrocyte feeder
Iayer was genérate_d_ from striétal tissue of postn_atal rfnic_:e (0-24 hours), and plated
on pdly—L—orhitﬁiné—coatéd glass coverslips i_n__a' 24¥wél_l culiure dish. When the
astrocytes were confluent, a dissociated or intact neurosphere was placed on
each astrocyte bed. Complete medium was changed after the first 24 hours
and then every forty-eight h_ours. 'When differeni_iatéd on an aStrocyte feeder
layer, in additi_on to GABAefg_ic and Substance Pérgic neurons, somatbstatin,
NPY, glutamate and methenkephalin-coritéining neurbns Were_' present (Fig. 3).

o Example3
Screening of Drugs or Other Biological Agents for Various Effects

* A._Effects of BDNF on Neuronal and Glial Cell Differentiation and Survival

25

30

Precursor cells were propagated as described in Example 1 and differentiated
using Paradigm 3 described in Example 2. At the time of plating the EGF-
generated cells, BDNF was added at a concentration of 10 ng/ml. At3, 7, 14,
and 21 days in vitro (DIV), cells were processed for indirect immunocytochemistry.
BrdU labeling was used to monitor proliferation of the precursor cells. The effects
of BDNF on neurons, oligodendrocytes and astrocytes were assayed by probing

f%§§é§; respectively. Cells t hat do not express antigens

[y



That is, the cells first becone i mmunoreactive for 04 (a cell surface
antigen), WO 96/ 09543
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Western and NJteredfromicontrel yalu®sr es respectively to aid in the cell
I dentification. : '

- B. _Effects of BDNF on the Differentiation of Neural Phenotypes
Cells treated with BDNF according to the methods described in Part A were
10 probed with 'antibodies that recognize neural trahsmitters or enzymeé involved
in the synthesis of neural transmitters. These included tyrosine hydroxylase (TH),
choline acetyltransferase (C_:hAT), substénce P, GABA, somatostatin, and
glutamate. In both control and BDNF-treated culture conditions, neurons tested
positive for the presence of substance P and GABA. (FIG. 5). As well as an
15 increase in numbers, neurons grown in BDNF showed a dramatic increase in
neurite extension and branching when compared with control examples (Fig.
6).

C. Identification of Growth-Factor Responsive Cells
Cells that are responsive to growth factor treatment were identified by

20 differentiating the EGF-generated progeny as described in Example 2, paradigm
3 and at 1 DIV adding approximately 100 ng/ml of BDNF. At 1, 3, 6, 12 and
24 hours after the addition of BDNF the celis were fixed and processed for dual
label immunocyfochemistry. Antibodies that recognize neurons (MAP-2, NSE,
NF), oligodendrocytes (O4, GalC, MBP) or astrocytes (GFAP) were used in
25 combination with an antibody that recognizes c-fos and/or otherimmediate early
genes. Exposure to BDNF results in a selective increase in the expression of
~ cfos in ‘neuronal cells (Fig. 6).



15 In addition to being able to isolate EG--responsive stemcells fromany °

regi on In the enbryonic CNS, CNS stemcells can also be isolated from
a variety of juvenile and adult CNS regions, using routine biopsy
procedur S¥Q 9%6/M98431di ng t he conus nedul laris, cervical, PCRQAS8/0@S42nd

| unbar spinal cord, brain stem " hyg@8-hal amus and striatum In each of
t hese cases the isolated CNS stemcell 20 exhibits self-mintenance and

generates a s ol BDNFain the Expredsion obMarkend Bl Requlatdiy Fadters Datigg i nt o
neur ons, asprrgwpeﬁﬁ,nag@a giffsrefaasbpcyt es. Thus, nul tipotent stemcells
are present_ln'rrulf ple regions of the adult marrmallan CNS. CNS stem
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term "bi ol ogi cal agent"” refers o any agent, such as a virus, protein,

peptide, am no acid, |ipi d car bohydrat e, nucl ei ¢ acid, nucl eotide,
drug, pro-dgug o . ay _h . . ct on neur al
cell s whet he e JEHRR, uiin o 2

Bi ol ogi cal &gents 2S-SR &ur al ceI | s are referred to

herein as  Neyrons treated with BDNF durrng differentiation, according t6 t¥ methods
described in Part A are processed for the determrnatron of their
10 electrophysrologrcal propertles as described in Example 7.

F. Effects of Chlorgromazme on the Prohferatlon, leferentlatron, and Survival
of Growth Factor Generated Stem Cell Progeny

Chlorpromazine, a drug widely used in the treatment of psychiatric illhess, is
used in concentrations ranging from 10 ng/ml to 1000 ng/ml in place of BDNF

15 in Examples 3A to 3E above. The effects of the drug at various concentrations
on stem cell proliferation and on stem cell progeny differentiation and survival
is monitored. Alterations in gene expression and electrophysiological properties
of differentiated neurons are determined.

G. Effects of Deprenyl on the Differentiation. and Survival of Dopaminergic Cells
20 Primary cultures are prepared using the methods in Example 1. The cells are

differentiated to increase the number of dopaminergic neurons. Single
undissociated 6-day old primary generated neurospheres are plated onto poly-L-
ornithine coated glass coverslips in complete medium with rat B-49 glial-cell line
derived conditioned medium (75%):+ 20 ng/ml FGF-2, and incubated at 37°C,
25 100% humidity, 95% air/5% CO,. Deprenyl, a drug used in the treatment of
Parkinson’s disease, is added to the cultures in concentrations ranging from
1 ng/ml to 1000 ng/mi at the onset of differentiation and/or once differentiation
has occurred. The number of surviving dopaminergic cells are counted at
intervals and compared to control cultures. In addition, biochemical aseays to

30 measure neurotransmitter expression and nucleic acid analysis is undertaken.
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15 § Example 5 . 3
Comparison of Receptor and Growth Factor Expression
in Undifferentiated vs. Differentiated Stem Cell-Derived Progeny
by Reverse Transcription-Polymerase Chain Reaction (RT-PCR)

Neurospheres were generated as described in Example 1, and some were

20 differentiated as per Paradigm 1, Example 2. RNA from either undifferentiated
or differentiated neurospheres was isolated according to the guanidinium

~ thiocyanate acid bhenol procedure of Chomzynski and Sacchi -Anal. Biochem.
162: 156-159 1987)]. Complementary DNA (cDNA) was synthesized from total
RNA using reverse transcriptas,e.primed with oligo dT. Gene-specific primers

25 were designed and synthesized and these prirner_s were used in PCR to ampiify
cDNAs for different growth factors and growth factor receptors. Amplified material

was run on agarose gels alongside molecular weight markers to ensure that

PCR products were of the éxpected size, while the identity of PCR fragments

‘was confirmed by restriction enzyme analysis and by sequencing [Arcellana-

30 Paniilio, Methods Enzymol. 225: 303-328 (1993)]. Fig. 8is a photograph of an
ethidium-stained agarose gel visualized via UV tfansillumination showing the
detection of three growth factor receptor transcripts, namely EGF-R, FGF-R, and
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25 | - nd no data available

.. Example6 S
Isolation of Novel Markers and Regulatory Factors
involved in Neural Stem Cell Proliferation and Differentiation

Neurospheres are géhéréted as described in Example 1 using CNS tissue from
30 CD, albino mice (Charlés River). Some of these neurospheres are allowed to
differentiate according to the rapid differentiation paradigm of Example 2
producing cultures enriched in neurons, astrocytes; and oligodendrocytes. Total
RNA is extracted from the undifferentiated neurospheres as well as the
differentiated cell cuitures using the guanidinium thiocyanate acid phenol method
35 referred toin Example 5. Messenger RNA (mRNA) is isolated by exploiting the
affinity of its poly A tract to stretches of either U's or T's. Reverse transcription



types of cells. For exanple, the 04 antibody (available from Boerhinger
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neurons. The the pamagy lief@fiescul tures remain viable (w th phenotype intact)
for at | east a nonth. Cul tures obtai ned from abnormal CNS
tissue frompatients afflicted wwth 30 Al zhei ner's di sease, Parkinson's

di sease, Down'SterfiRilderited andiferemtibicdeceliepacific and Rifferssibtéd célbspedifiy cDMA
ef fect of biological agents on abnormal tissue. For : -

- 10 libraries provide a source of clones for novel markers and regulatory factors
involved in CNS stem cell proliferation and differentiation. 'Speci'ﬁc':'cDNAs are
studied by sequencing analysis to detect Speciﬂc sequence motifs as clues to
identity or function, and database searching for homologies to known transcripts.
Using cDNAS in a hybridization to various RNA sampiles electrophoresed on an

15 agarose-formaldehyde gel and transferred to a nylon membrane, allows the
estimation of size, relative abundance, and specificity of transcripts. All or
portions of cDNA sequences are used to screen other libraries in order to obtain
either complete mRNA sequences or genomic sequence information. Antibodies
directed against fusion proteins gehefated from specific cDNAs are used to detect

20 proteins specific to a particular cell population, either by immunocytochemistry
or by Western Blot analysis. Specific gene sequences are used to isolate proteins
that interact with putative regulatory elements that control gene expression. These
regulatory elements are then used to drive the expression of an exogenous gene,
such as beta-ga’lactosidase.'

25 | Exémple 7 _ . |
Electrophysiological Analysis of Neurons Generated From Growth Factor-
Responsive Stem Cells and Exposed to a Biological Agent

Neurospheres were generated as described in Example 1. Neurospheres were
dissociated using the technique described in paradigm 2, Example 2. The
30 clonally derived cells were plated at low density and differentiated in the presence
of bFGF. The electrophysiological properties of cells wifh the morphological
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P nding The effects of BDNF on the EGF-resp,onsive stem cell progeny generated from
CNS tissue obtained at biopsy from a patient with Huntington's disease is
15 determined using the methods outlined in Example 3, Ato E. BDNF is a potent
differentiation factor for GABAergic neurons and promotes extensive neuronal
outgrowth (Fig. SB'). Huntington’s Disease is characterized by the loss of

GABAergic neurons (amongst others) from the striatum.

_ _ ) _ ... Example 9 - o
20 Regulation of Amyloid Precursor Protein (APP) by Growth Factors

CNS tissue is obtained from a Down's Syndrome fetus and neurospheres are
generated using fh_é methods of Example 1 and passag'ed to obtain the required
number of cells. The cells are diffe_réntiated L;éing any of the paradigms described
in Example 2. At the time of plating, CNTF, BMP-2, activin, FGF-2, or retinoic
25 acid is added to the culture medium in the experimental wells at a concentration
of 10 ng/ml and added every other day at a concentration of 2 ng/ml. After 3,
7 and 14 DIV, the levels of APIS thNA and protein are determined. For Northern
Blot analysis, RNA is extracted using the guanidinium isothiocyanate/cesium
chioride method [Goodison et al., J. Neuropathol. Exp. Neurol. 52(3): 192-198
30 (1993)]. Northern blots are run and probed using a human cDNA encoding the
protease inhibitor domain of APP,, or a 30 base pair oligonucleotide probe
specific for APP 4, For Western Blot analysis, cellsare homogenizéd in Laemmili
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anal ysi s, analysis with high performance |iquid chromatography (HPLC),
Vestern blots, . . and radi oi nmune assays (RIA). Nucleic acid anal ysis
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1 and harvested after 3q, S,7,9,12and 15 days of culture. Mouse neurospheres
were differentiated using the method of Example 2, paradigm 1 and harvested
10 after 1, 4, 7, 10, 13 and 16 days of cuiture. Cells were lysed in 1 ml DNAzol
reagent (Gibco/BRL) and genomic DNA was pooled from solution following
precipitation with 500 ul ethanol. G‘enqmic DNA was quantified by optical density
at 260 nm. The extent of DNA laddering indicative of apoptosis was detected
- by dissolving 250 ng of DNA in 50 yl 100 mM potassium cacodylate (pH 7.2),
15 2 mM CoCl, 0.2 mM DTT, 50 uCi [¢®P]dATP and 25 units terminal
deoxynucleotidyl transferase. The reaction was incubated for 60 minutes at 37°C.
The radioactive products were analyzed by 2% gel electrophoresis and
~ autoradiography. Morphological and biochemical analysis of proliferating and
differentiated neurosphere cultures indicate that the number of cells actively
20 engaged in spontaneous apoptosis range from less than 20% to greater than
50% with increasing days of .culture.

B. RT-PCR Analysis of Potential Requlators of Apoptosis in Neuronal Stem Cell
Cultures '

The activity of known putative apoptosis regul_atory molecules were ascertained

25 byRT-PCR analysis. Proliferating and differentiated progeny of murine neuronal
stem cell cultures were prepared using the methods of Examples 1 and 2.
Reverse transcription-PCR analysis of known putative apoptosis regulatory mRNA
transcripts was undertaken. Cells were lysed in 1 ml RNAzol reagent (Gibco/BRL),
organic and aqueous phases were separated by addition of 0.2 volumes

30 chioroform and total RNA was isolated from the aqueous phase by precipitation
" with addition of an equal volume of isopropanol. RNA was quantified by optical



expression in CNS cells. Wen the libraries are prepared from dysfuncti onal
tissue, genetic factors may be identified that play a role in the cause of
dysfuncti rrparlngthe libraries fromthe dysfunctio with
t hose va15|rom n:gr mal tissue. This inforggtion can be usedpéﬂ'ct‘ﬁ%adéggl gn of
therapies to 10 treatthe disorders. Addi onaIIy, probes can be identified
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bi ol ogi cal nts on neurona characterlstlcs S
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cl anpi ng ﬁg?d atc dy&%‘rrdp?%gcqa\ﬁr ltngggfesaéﬁm t?éla\?fg rgyecg/ an &éﬁh'wés%ﬁggt ive
el ectrodes rregumtem dfenewreonal amoptbsisomaeranalwed-imemdingrmambedseetgrdyau
herein may Qe nmore ful]y understood, .the . . follow | es, are .set
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Exanpl e 1 2%xpressed members of each protéindamlytwas defeqted.cur sor cel |'s

Enbryoni c day 14 (E14) CD[err] albino mce (Charles R ver) were decapitated
and the brain and striata renoved using sterile procedure. The tissue

was "8 B 2PbibN afH TIGKha 'of Bnkhbiin Ptéritat RebBRFE oFREkRMG] SR |

serumfr e e
Theactivity of unknown transcripts potentially regulating neuronal apoptosis was

ascertained utilizing mRNA fingerprinting analysis. Proliferating and differentiated
progeny of murine neuronal stem cell cultures were prepared and harvested
as described above and mRNA fingerprinting analysis of unknown putative

15 apoptosis regulatory molecules was undertaken. Cells were lysed in 1 ml RNAzol
reagent (Gibco/BRL), organic and aqueous phases were separated by addition
of 0.2 volumes chioroform and total RNA was isolated from the aqueous phase
by precipitation with addition of an equal volume of isopropanol. RNA was
quantified by optical density at 260 and 280 nm. Reverse transcription and

20 Polymerase Chain Reaction analysis was undertaken as described above.
Radioactive products were separated on 8% acrylamide sequencing gels and
analyzed by autoradiograbhy. Differéntially expressed bands were cut out of
the gel, re-amplified and sequenced.

D. Establishment ofGenetncally Modmed Stem Cells For High Throughgut Assay
25 . of Anti-Apoptosis Compounds.

Human and murine neuronal stem cells are genetically modified in order to
provide a high-throughput assay system for potentially therapeutic anti-apoptosis
compounds. Using a number of direct transfection fechniques, DNA constructs
containing cytoplasmic (green fluorescent protein (GFP) or secreted (secreted
30 alkaline phosphatase (SEAP)) marker proteins driven by apoptosis regulatory
‘molecule promoters (including Bcl-2, ICE and Nur-77) are stably transformed



medi um conposed of a 1:1 m xture of

(DMEM and F-12 nutrient mxture (Gb OBH‘S
WO 96/ 09543
PCT/ CA95/ ON©26/09543 - 1a!crl(:A95/oomp m
for 5 minutes, the supernatiant aspirated,-28nd the.cells resuspended in
DVEM F- 12 rredl um for counti ng. The cells were suspended in a

serum free ne@teMmulne cardfHuhan aislrond! sterascells. ForOtrahgfoem&ﬁdnunimzmg
conposed of DVEM F-12 whi.ch i ncluded gl uco 699, glutamne (2
m), sodi um bp@gﬁo@@meeﬁ%.)mus aquggd@d §~3x10 cells per 35-mm culture plate

A L R e S b S T e

[err]g/m), RL)t‘nﬁ aoehﬁmwra)ﬁ‘dm lh@urvs]wevbn TheQstfest 6f #varicty f drhpounds
putrescme(G [err]M, and sel enium . chloride (30 n (all fromslg

except glu anoné\e[@woqgoptpaasalcaaoeaﬁlnqdnbvme sffeat that doe epplieatias of the

or Tera ( hunefBBlny PR oF B BBisR0EH o sherker gens nBep b daf oy SRR

10[err] cell séﬁbpto%ts?regﬁla@@iiyeg“éde ;Srbﬁ"f‘dtérscbvﬂwrésééﬂ?é‘@ﬁ%rEewed\akbhrﬁ@

substrate pre-treatnen housed in an i'ncubator at 37[err]C, 100%

humi dity, phosphatase salivty (SEAP).

@éggﬂ Eagl e' s nmedi um 30
centrl fuged at 800

10 Allreferences and pending applications referred to herein are hereby incorporated
by reference.
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15 When the cel lisTmeraHgETHAYS BEEN € 48 hours and by 3-4
days in vitlro (mWLAGMy for UI ll H g" known as
neur ospheres, t etween 4-6 DIV ﬁF ﬁ 1).

Neur 0sph&Y@ 49563 ai n undi f ferentiat ed pr ecur sor cel | sPCTA cells
and progenitor cells. : After 7 DI ¥B0-the neurospheres were renoved,
centrifuged at 400 r.p.m for 2-5 20 minutes, and the pellet was

mechani cal | WHAFSISCCAABAEDht 0 i ndividual cells with-  a fire-polished

gl ass Paste

were repl at éd Rﬁfégﬁaa %Qdé%@ﬂnqcﬁﬁ? %@ﬁﬁ@ﬂ#&ﬂﬁ%@% fbeﬁfén Z'Pufeﬂe
EGF- cont ai n'd?écursor cefsebaigtisiigti um  The proliferation of the stemcells
and formation-of new heur'ospheres was rei nitiated. This procedure can
be repeated ever yap- sliesgeiating z6ammalian neural tissue containing at least grenpl e
2 Differentiation of neurospheres

Neurosph(.ﬁr eé“‘v\!é'PB‘%ﬂtﬁ*%‘Pe?ﬁ“r at-ed 'using the follow ng paradi gns. Using any

of t hef ol | ovebparﬂﬁéfaﬁngrﬁudwumpvtaﬁhmwimaéulta@meaméoﬁmhmg

ol i godendrocyt es. wever, adding certain growh factors or:
conbi nat i on&t dsasjrane grqvgbtfgﬁtgrctgrpbtam a culture of proliferated precursor cells,

(c) contacting said proliferated precursor cells with said biological agent,
and
10 {d) determining the effects of said biological agent on said precursor cells.

2.  The method of claim 1 wherein said growth factor is selected from the group
consisting of EGF, bFGF, or a combination of EGF and bFGF.

3. The method of claim 1 wherein said culture medium is defined.

4. The method of claim 1 wherein said mammalian neural tissue is obtained
15 from a postnatal mammal.

5. The method of claim 1 wherein said mammalian neural tissue is obtained
from a human donor. '

6. The method of claim 5 wherein said human is afflicted with a neurological
disease or disorder.

20 7. The mefhod 6f claim' 6 wherein said biological agent is a potential therapeutic

agent for said neurological disease or disorder.

8. The method of claim 7 wherein said neurological disease or disorder is
selected from the group consisting of Alzheimer's Disease, Parkinson's Disease,

or Down'’s Syndrome.
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o socoss MMM —=ecele aeer e
phenot ype, ¢ gt g5, ght af net ﬁ:fsgnsyLﬁgfemimmd' ipral et e st

neurospheres used for each of the foll owﬁa par adi'gns wer e generated as

outlined in Exanple 1. Al the neurospheres used were passed at | east once
5 prior to tSeithednethacet claim Jror 6 whereinsaidieifects of stepi(d) are detesmined i on

f h
O Leut 02 e gompaing 4 Bl by ikl s RBERA e bt ohit
super nat ant VWRgve dEenccomtadted wnwgaﬂeblﬂéglédﬁa éﬁlﬁdvﬂhnaE%né NibaryOo6P higé €
medi um cont ai ni n? 1% fetal bovine 10 serum (FBS ur ospher es

(appr oxi nat el profiferatechpsecupsasaelis of step () whichbaxe pobean dmcgmapt with said

om t hi ne- cgat [ g/m) glass coverslips in 24 well Nuclon (1.0
m/well) c Itﬁﬁgg&iéal gé]éithes. After 24 hours in culture, the coverslips

were transferred to 12 wel | (Costar) culture dishes containing
conpl ete nmedium containing 0.5% FBS 15 The nedi um was changed every 4-7

days. This di 10.eAsmethad fof daterraining:theseffect of atteast epeticlggicahagentgn ghe

Differentiati adigm2 - Differentiation of

di ssoci at ed n&#ﬁ%@?&n& r?éurgggeyst So@pﬁ'gcg after the first passage, the

neurospheres were (gnodR@odiating mammalian neural tissue containing at least one
multipotent stem cell,

10 (b) proliferating said multipotent stem cell in a first culture medium
containing at least one growth factor to obtain a culture of proliferated precursor
cells,

(c) inducing said proliferated precursor cells to differentiate in a second
culture medium in the presence said biological agent, and

15 (d) determining the effects of said biological agent on the differentiation
of said precursor cells.

11. The method of claim 10 wherein said growth factor is selected from the group
consisting of EGF, bFGF, ora combination of EGF and bFGF.

12. The method of claim 10 wherein said first culture medium is defined.

20 13. The method of claim 10 wherein said mammalian neural tissue is obtained
from a juvenile or adult.

14. The method of claim 10 wherein said mammalian neural tissue is obtained
from a human donor.

15. The method of claim 16 wherein said human is afflicted with a neurological
- 25 disease or disorder.

—_—
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The "“.’"“.‘“%“- es_uer elinechani cal i SBOCH atse s nto SI ngle cells with
af i r e- polYQ RS Pasteur pipette and centrifuged at 800PFYGARN0MSEE 5

centrif qqi“@ H e EGF- co renoved and the
pel | et ;i S QQ{QWN EGF-free mg"ﬂ '“ﬂﬂml ont aining 1 % FBS.
*y i

m nutes. Between 0.5 X 10[err] and'3_2'0 x 10[err] cells were pl ated on
poly-L-ornithine-coated (15 [err] g gl ass coverslips in 24 well
Nucl on (1.0 ¥/ vihe methpdupt claighés @lrE@ald raielogigal lagertsis apntential

E)iop 1E ?rglntn ?a ﬁ%%%gp“g%rﬁg?ﬂ’e%@s’ﬁ%?@?rcg%‘é%r% gﬁgﬁéa\c,i\;?? \iashed free

of EGF by serial transfers through changes . of .EGF-free nmedi um

| ndi vi dual neurospheres were plated onto poly-L-ornithine- coated (15
[err]g/m) di7asthe snethodi gfclaim 46 mherein saidaneuroingica) disease ardiserdersisd
\é\gT? g{o\gg?gg §E§ected from the group consisting of Alzheimer’s Disease, Par%wscn s Dnseg‘%leg

conpl etem(arm%@kswdmé]out 1 % FBS. The nedi um was changed every
4-7 days. Triple lab I mmunocyt ochem stry revealed that all three neural

cel | types, i.e. neurons, astrocytes and oligodendrocytes, are

clonally der_1i8\./ %he theffod of cidn1 08t 5 RREFAR RA &irddts 8t stép (d) are determined

by comparing a gene library of the proliferated precursor cells.of step (c) which
have been contacted with said biological agent with a gene library of the
proliferated precursor cells of step (b) which have not been in contact with said ‘
10 biological agent.

1 9 The method of claim 10 wherein said proliferated precursor cells are induced
to differentiate in the presence of a trophic factor to manipulate the phenotype
of said differentiated cells. |

20. The method of claim 10 wherein said second culture medium comprises
15 a glial feeder-cell layer.

é1. A method for determining the effect of at least one biological agent on
differentiated neural cells comprising:-

(a) dissociating mammalian neural tissue containing at least one
multipotent stem cell,

20 {b) proliferating said multipotent stem cell in a fn'st culture medium
containing at least one growth factor to obtain a culture of proliferated precursor
cells, | . _ . o

(c) inducing said proliferated precursor cells to.differentiate in a second
culture medium to obtain a culture of differentiated neural cells,

25 (d) contacting said differentiated neural cells with a biological agent, and

(e) determining the effects of said biological agent on said differentiated

neural cells.
R ——
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ﬁleurpgggﬂe?ensllmjaﬂljlll\mnﬁm”"ﬂumf EGH| BY %%’F’E%T Hfg;;t%f“e ' geghgzggﬁrgﬁanges

of EGF-free nedifunf A si'ngl®e feurosghere ani calil y dissociated in
a 0.5 mM RKppesosmas centrifuge tube and all the cell's were pletTachssnbssza
pol y-L- om t hi ne coated 35 nm cul t ur.ggdi sh. Conpl ete nedi um was used
with or without 10 1% FBS. ' Paradigm5- Differentiation of

neur ospheres gp ﬁwu%h Whlerei NE”T,

derived from str-ﬁ?}t al cel %Iﬁsélgrsﬁ%escrl e alldn %xﬁgﬁ%dér%\ﬁglregtec’ Qﬁ@b&ﬁﬁﬁ
wi t h 5- br onodeansjstingloh EGRRLRGF, amdawamtndatioreefEGEGHd bﬁGEstrocyte f eeder
15 layer was generated fromstriatal tissue of postnatal mice (0-24
hours), and pl ated on poly-L-ornithine-coated glass coverslips in a
B vy % dremelialiol Bim 21 WABHGASAE SraRARFOMIAIER is defined,

di ssoci at ed or |ntact neur osphere was aced each astrocyte bed.
Conpl et e nmedi um was changed after the f| rst 24 hours and then every

fort. ht h f.f t t f 20
addi 11 on"to ATBIRSRG AR BMBERig e EATUREILE BRHFD Says /3 OBtaed by,
gl ut amat e gndfrgmtg@r\}@mgaérléu@pnt ai ni ng neurons were present (Fig. 3).

Exanpl e creeni ng of Drugs or O her Biological Agents for Various
Ef fects A. Effects of BDNF on Neuronal and Gial Cell Differentiation

O e 85 T R b B BB i s SRS
time of platifpgn Bt ntdn donor.

26. The method of claim 25 wherein said human is afflicted with a neurological
~ disease or disorder.

10 27. The method of claim 26 wherein said biological agent is a potential
therapeutic agent for said neurological disease or disorder.

28. The method of claim 26 wherein said neurological disease or disorder is
selected from the group consisting of Alzheimer's Disease, Parkinson's Disease,
or Down'’s Syndrome.

15 29. The method of claim 21 or 26 wherein said effects of step (e) are determined
by comparing a gene library of the differentiated neural cells of step (d) which
have been contacted with said biological agent with a gene library of the
differentiated neural cells of step (¢) which have not been in contact with said
biological agent. .

20 30. The method of claim 21 wherein said proliferated precursor cells are induced
to differentiate in the presence of a trophic factor to manipulate the phenotype

of said differentiated cells.

31. The method of claim 21 wherein said second culture medium comprises

a glial feeder-cell layer. This Sheet Has Been Rerlaced
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Ta o edﬂﬁgﬂfl B f‘gée?of‘tvlallllﬂﬁlmmﬂﬂﬂ Ml cesseaPor i ndi roct "

i Mmunocy ry. BrdU | abeti ng was™us&d to nonito tion
of the pi‘gggf?@%srﬁscel | s. The effects 30 f BDNF on neur onsI‘f"‘“JN(PA92"7‘"(;};431
ol i godendrocytes and astrocytes were assayed by probing WO 96/ 09543
PCT/ CA95/ 0054 -21 - t he

cul tures wi t32-af SBYA likrapy,prepased fiem devral ¢Rll%s f ound on neurons (MAP- 2
NSE, NF), ollgodendrocyt es (04, Gl C, MBP) orastrocytes (GFAP). Cell
survi val was determ ned by -counting the nunber: of imrunoreactive cells

at each ti me33, TheoDNA librdryofalin 3inhereinissid Nnetraboslisdromeuralsterddefs.
significantly increased 5 the differentiation and survival of neurons over

t he nunber. observed under. cantrol conditions (Fig. 4). Astrocyte and

ol i godendr o e ?_ﬁﬁ I fh

val ues. C:y‘{'BTHE Rt “ ggﬁ]{—a' Eg hébﬁ%éﬁree?\ g IE%%%% é\f(reuraﬁ%?g?r"gotyes
Cells treated with BDNF according to the nethods descrlbed in Part A were
10 probed vvlth ‘anti bodi es that recogni ze neural transmtters or enz mss

i nvol ved 5. ThercrDiiarany of eleimeld whersin eaif neural cefigare difienentiated
tyrosi ne @ydé%?%ylséfe%t d H?rgm the GPELpHNBoASEENS! bﬂ”ﬁé&r’oﬂée £5P65 s, S Uiy ance

P, GABA, sonmtosta
ollgodendrocytes

36. The cDNA library of claim 32 wherein said neurél célls are derived from a ‘
human afflicted with a neurological disease or disorder.
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(gl utamate. In both control and BDNF-treated cul ture conditions, neurons
tested positive for the presence of substance P and GABA. (FIG 5). As
well as an 15 increase in nunbers, neurons grown in BDNF showed a dranatic

ﬁncrease“kgﬁfﬁﬁsneurlte ext ensi on and branchi ng when conrrmciassioesszcont r ol

exanpl es C. ldentification of G ow h-Factor
Responsive Cells Cells that are regpidnsive to growh factor treatnent
were identified by 20 differentiating the EG--generated progeny as
described in Exanple 2, paradigm 3 and at 1 DV adding approxi mately
100 ng/mM of BDNF. At 1, 3, 6, 12 and 24 hours after the addition of
BDNF the cells were fixed and processed for dual | abel

i mmunocyt ocheni stry. Anti bodi es that recogni ze neurons (MAP-2, NSE,
NF), oligodendrocytes (04, GalC, MBP) or astrocytes (GFAP) were used in 25
conbi nation with an anti body that recognizes c-fos and/or other inmediate

early genes. Exposure to BONF results in a selective increase in the
expressi on of c-fos in neuronal cells (Fig. 6). WO 96/ 09543
PCT/ CA95/ 00542 . - 22- D.

Ef fects of BDNF on the Expre55|on of Markers and Regulatory Factors During

FIG._.1B
FIG._1D

FIG._1A
FIG._1C
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Proliferation and Differentiation Cells treated with BDNF according to
the nmet hods described in Part A are processed for analysis of the
expression of FG--Rl, as described in Exanple 5 5 or ot her markers and
regul at or J%q , as described in Exanple 6. Effects of BDNF
adm ni strg‘{lon ring Differentiation on the EI ectﬂfﬁ@’s‘f% gi cal
Progerties of Neurons Neurons tredg ggqwi th BDNF during
differentiation, according to the nethods described in Part A are
processed for the determi nation of their 10 el ectrophysi ol ogical
properties, as described in Exanple 7. F. Effects of Chlororomazine
on the Proliferation, Differentiation, and Survival of G owth Factor
Generated Stem Cell Progeny Chl or promazi ne, a drug widely used in the
treatnment of psychiatric illness, is used in concentrations rangi ng
from10 ng/m to 1000 ng/m in place of BDNF 15 in Exanples 3A to 3E
above. The effects of the drug at various concentrations on stem cell
proliferation and on stemcell progeny differentiation and survival S
nmonitored. Alterations in gene expression and el ectrophysi ol ogi cal
properties of . d|fferent|at ed neurons are determ ned. G Effects
of Deprenyl on the D of Dopamineraic Cells 20
Primary cultures are ‘ The cells are
differentiated to inc Single

undi ssoci ated 6-day o ed onto

pol y- L-

FIG._2B
FIG._2D

FIG._2A
FIG._2C
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ornithine coated glass coverslips in conplete nediumw th rat B-49
glial-cell line derived conditioned nedium (75%9 + 20 ng/m FG-2, and
i ncubated at 37[err]C, 25 100% humdity, 95%air/5% CJerr]. Deprenyl, a
drug usedydloddiRes I €at ment of Par ki nson' s di sease, is added to the

cul tures in concentrations ranging from 1 ng/m to 1008 HGARIOM2 t he
onset of differentiation and/ or once di entiation has occurred. The
nunber of surviving dopanmi nergic cells are counted at i nterval s and
conpared to control cultures. In addition, biochem cal assays to 30 neasure
neurotransmtter expression and nucleic acid analysis is undertaken.

WD 96/ 09543

PCT/ CA95/ 00542 : - 23-

Exanpl e 4 Stem Cell Proliferation Assay
Primary cells were obtained fromE 4 mce and prepared as outlined in
Exanpl e 1. Either EG, EGF and FG-F or EG-F and BMP-2 were added to
conplete 5 nedium at - N o actor,
with the exception of 10

ng/mM. Cells were dil

factor-containing nedi 200
[err]] of the cell/mec wel | of a
96-wel | place (Nucl on)g 10

i ncubat ed under the sai

Zsi
FIG._3A

FIG._3B
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After 8-10 DIV the nunber of neur ospheres was counted and the results

t abul at ed. As indicated in Fig. 7, cells grown in a conbination of EGF
and FGF produced significantly nore neurospheres than cells grown in

t he prese sBCF al one. The conbi nati on of EG- and -2 1nhibited
neurosphe?gfﬁg?élopnent. 15 ' %¥§"%E?QW§Pe 5
Conparison of Receptor and Growth Factgg/ gpressi on I n

Undi fferentiated vs. Differentiated Stem Cel | -Derived Progeny by
Reverse Transcription-Pol ynmerase Chain Reaction (RT-PCR) Neur ospher es
were generated as described in Exanple 1, and sone were 20. differentiated
as per Paradigm1l, Exanple 2. RNA fromeither undifferentiated or

di fferentiated neurospheres was isolated according to the guanidi ni um

t hi ocyanate acid phenol procedure of Chonezynski and Sacchi -Anal. Bi ochem
162: 156-159 1987)]. Conplenentary DNA (cDNA) was synthesized fromtotal
RNA using reverse transcriptase prinmed with oligo dT. Gene-specific priners.
25 were designed and & o : : s T ——_
anplify cDNAs for
receptors. Anplified
nol ecul ar wei ght mar ke
expected size, while t

restriction enzyne an l'io,
Met hods Enzynol . 225 ;

et hi di um st ai ned agaro showi ng
t he det ecti on of anely

EGF-R, FGF-R, and

FIG._3C

FIG._3D
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WD 96/ 09543 PCT/ CA95/ 00542

- 24- LIF-R, in undifferentiated and differentiated stemcell-derived
ptogeny. Tabl e | lists the prinmer sets analyzed and the results of
undi f f er egin nd differentiated cells.

TABLE | ?d%g“a Primer Sets Analyzed PCT/CAIND0S42
Undi fferenti ated Differentia /d11

Cells Cel l's 10 ctin +
+ NGF + ~nd
EGFr[err] + + bFGFr

+ + LIFr[err] . : +

+ 15 tyrosine hydroxyl ase + +
choline acetyltransferase[err] nd +

chol ecystoki nin[err] nd '

FIG._3E

FIG._3F
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ehkephalin[err] nd + t yrosi ne

ki nase-rA + + 20 tyrosine kinase rB
+5 ++++ + tyrosi ne kinase rcC

+ WO 96/09843 = receptor m = derived frmm@szf

nd = no data avail abl e e 6
| sol ati on of Novel Markers and Regul at By Hactors | nvol ved in
Neural Stem Cell Proliferation and Differentiation Neur ospheres are

generated as described in Exanple 1 using CNS tissue from30 CDerr]

al bino mce (Charles River). Sone of these neurospheres are allowed to
differentiate according to the rapid differentiation paradi gmof Exanple 2
produci ng cultures enriched in neurons, astrocytes, and ol i godendrocytes.

Tot al RNA is extracted fromthe undifferentiated neurospheres as wel |l
as the differentiated ceII cul tures u5|ng t he guani di ni um t hi ocyanat e
aci d phenol nethod 35 x RNA) is

i solated by exploitin et ches of

either Us or T's. Re

FIG._3G

FIG._3H
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WD 96/ 09543
PCT/ CA95/ 00542 - 25- of the
MRNA produyﬁgg@l}ﬁz is then used to make prinmary libraries in either

e

plasm d [R t al., Methods in Enzynol ogy 225: 587- 610 PCTAAI5/Hosd2

| anbda phage vectors. To isolate cDNAs that are specific to either

undi fferentiated or differentiatsd iien1cell derived progeny, cDNA from
one is hybridized to RNA 5 fronlthe(ﬁ r, and vice versa. The
unhybri di zed, and th§§ culture type-specific, cDNAs in each case are
then used to construcCt qubtracted li1braries [Lopez- Femanaez and del
Mazo, Biotechniques 15(4):654-658 (1993)], or used to screem— t he
primary libraries. Stem cel | -derived undi fferentif peciflc

and differentiated cgbL.specific CDNA 10 libraries proj
cl ones for novel markerg and regul atory factors I
cell prolifqurBeR and differentiation. Specific cDNAs
sequenci ng an Fysis to detect specific sequence notifs
identity OQEU%N'S?EﬁaTd dat abase searching for honol
transcripts. I ngJcDNAs in a hybridization to va
electrophoreggaqon an 1% agarose-fqrnal dehyde gel and
nyl on nenbr%BU,ERﬂlow he [EoEStrraE®n of size, re
i pt s

ance, | and

speci fi ci t {MEANHans : ortions of ¢ ar e lsed
to screen oQEM))i brarig¢s in ain ei t hei MRNA
sequences or genom c sequence . Anti bodi es bd aga] nst
fusi;on proteins genergtgd fro DNAs are used -
G CONTROL BDNF
60 — -T- -
54 — -
48 — -
. 42 — -
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oF 367 -
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20 proteins specific to a particular cell popul ation, either by

| mmunocyt ochem stry or by Western Bl ot analysis. Specific gene
sequences are used to isolate proteins that interact with putative
regul at or Yyygbgggras s that control gene expression. These regul at ory

el ements are then used to drive the expression of an exoge Cgﬁww?ﬂ

such as bet a-gal act osi dase. 25 19 Exanpl e
7 El ect rophysi ol ogi cal Anal ysi s of urons Cenerated From Grow h

Fact or - Responsi ve Stem Cel | s iF%!E;pos 0 a Biological Agent

Neur ospheres were generated as descr e Qe | e 1. Neurospheres were

di ssoci ated using the technique described in paradlgn12 Exanple 2. The 30
clonal |y derived: cé€lls - were plated at L g ferentiated in the
presence of.+ bFGF. The el ect rophy Y L - of’ ceIIs mnth

t he nor phol ogi cal- - 43 .3 f L
PCT/ CA95/ 00542.
of neurons wer.€
al . [ Neuron, 11:
resting potentiak. and: o - .
Rect angul ar suprat hreshal. ey g 2 i ve

-fappearance

FIG._5B
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5 potential responses in which the anplitude and tine course were stinulus
dependent (Fig. 9). After the conpletion of electrophysiol ogical
experiments, the cell norphol ogy was visualized by intracellular
excitatio car boxyf | uorescein

Exanpl e 8ﬁﬁgﬁm%gfgening for the Effects of Drugs or O her gFBFBﬁ?@Evagents
on G owh .Fact or - Responsi ve Stem rogeny Cenerated From Ti ssue
ot ai ned From a Patient with a Neurol ogi cal Di sorder The effects of
BDNF on the EG--resp ) b . CNS tissue
obtai ned at biopsy f :

determ ned using the Is a

pot ent - differenti not es

ext ensi ve neuronal e is
characterized by the ers) from
the striatum 20

Regul ati on of Anyl oi ﬁ CNS
tissue is obtained fig " ’ . s are
generated using the L t he
required nunber ng any of

t he paradi gns descril ng, OCNTF,
BMP-2, activin, FG-- t ure nmedi um
i n the experinental ind added
every other day at a and 14 DIV,

the levels of APP nRNA and protern are determned.

FIG._6A

FIG._6B

FIG_6C
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Bl ot analysis, RNA is extracted using the guanidiniun1isothiocyanate/cesium
chl oride nethod [ Goodison et al., J. Neuropathol. Exp. Neurol. 52(3):
192-198 30 (1993)]. Northern blots are run and probed using a human

c DNAencodiwegy oé/0543 prot ease i nhibitor domain of APP[err]w,FRgﬁ% aase
stem Fot

pai r oligonucl eoti de probe specific for APP[err]. For

anal ysis, cells are honogeni zed in Laeh@l/i11 WO 96/ 09543

PCT/ CA95/ 00542 _ : -27- buf fer,
boi |l ed and subjected to an SDS- PAGE gel. The gel is inmunoblotted and

probed with anti-APP diluted 1:1000. Levels of APP nRNA and protein
expression are conpared to control cultures.

Exanple 10 5 Analysis of Apoptotic Events Using Proliferated Neural Stem
Cel | Progeny A. Anal ysis of Spontaneous Apootosis Proliferating
nouse neur ospheres were prepared using the nethods of Exanple 1 and
harvested after 3, 5, 7, 9, 12 and 15 days of culture. Muse neurospheres
were differentiated using the nmethod of Exanple 2, paradigm 1 and harvested

10 after 1, 4, 7, 10, 13Canl) 1®days of Guidurdd. Cells @erld IBsed in 1 ni
DNAz ol reagent ( ‘ i Y T - oo O i on
fol |l owi ng &

EGF-R FGF-R LIF-R

FIG._8
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precipitation with 500[err]l ethanol. Genom c DNA was quantified by optical
density at 260 nm The extent of DNA | addering indicative of apoptosis
was det ect ed by di ssolving 250 ng of DNA in 50 [err]l 100 mM potassi um
cacodyl at gy 2), 15 2 mMMCodJ[err], 0.2 nM DTT, 50 [err _
[[err]P] dAT(Igﬁg?\%@% uni ts terninal deoxynucl eot i dyl %ﬁ?]éﬁg?%{lgéﬂ The
reaction was incubated for 60 mnutes a4 [err] C. The radi oactive
products were anal yzed by 2% gel electrop ore5| s and aut or adi ogr aphy.
Mor phol ogi cal and bi ochem cal anal ysis of proliferating and

differentiated neurosphere cultures indicate that the nunber of cells
actively 20 engaged in spontaneous apoptosis range fromless than 20%to
greater than 50% wi t h i ncreasi ng days of culture.: B. RT-PCR
Anal ysis of Potential Regulgtors : Aopt osis | ur.onal “pt em Cel |
Cul-tures The activity Qf kno s regul atory nol ecul es
were ascertained 25 by RT-8CR a Prolif @ng andidi fferenti ated
progeny of murine neuronal g $t cul t svedgwdr e prépared using the
met hods of Exanples 1 and 2% gvey se\t ranscri ptijon- PCR anal ysi s of
known putative apoptosis regul affof transcrji pts pas undert aken.
Cells were lysed in 1 nml RNAzol ;ent (G bgo/ BRL), Dr g c and
aqueous phases were separat ' 8. 2 vol ymes 3D c rof orm and
total RNA was isolated from by pr pitalon W th
addition of an equal vol une was anti p !)y opti cal

E.

f—r-
<
(¢)]
QD

FIG._9B
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-2 9O- into muri ne and human neuronal stemcells. For transformation

utilizing Li pofectam ne (BRL), cells are seeded at 2-3 x 10[err] cells
per 35-mmculture plate and incubated with 200 [err]| DNA-Iiposone . :..
conplexes (3 [err]g DNA, 20 [err]l |ipofecgam n - (BRL) in 200 {.err]l,-*,.*

medi a) for 12 hours at 37[err]C. The effect of a variety of conmpounds 5 on

neur onal apoPtr@%FﬁnéﬁeﬂéQ@ td ﬂ%é]@?m?ﬁor{rﬁéntefﬂ Eﬁétomlabs@g@dﬁ%g' Iirféi’i%ﬁﬁ? rg%ulf he

COprOUI’]d has on e expression o e mar ker genes un contro
known apoptafthe immpotalization afensingle progenitor loell fandits sloeat exgapEidn.oWhile

secreted al kali pe osphat ase gctivit SEAP) . .
30- e pubely 4 (e eurdl cell ypd o Rergenasatacs this aparaash dges et
effect of at | ' ' 1 : ' i e
ot G cor er cJHRE ntBMRKUA EANAH ridSRloAP bR BBl types I AHSREN
di ssoci at edd dywthilenit is possibletorimrmoralizecellsfrom & givert bezineegibh| immertalization
sai d neurol ogi cal di,seas? or di sor_cier sai d }i sue containing. at |east
of a desired cell is not possible due to the lack of control over which cells will be
altered by the oncogene. Hence, while custom designed cell lines offer a few
advantages over spontaneously occurring tumors, they suffer from several
drawbacks and are less than ideal for understanding CNS function and dysfunction.
10 WO 93/01276 discloses the use of neural stem cells cultured in vitro for the
screening of potential neurologically therapeutic compositions. WO 91/09936
discloses methods of proliferating neuron progenitor cells. European patent
‘application 0 233 838 discloses the preparation of cDNA libraries prepared from

glial cells.

15 Summary of the Invention
In light of the deficiencies attendant with the prior art methods of providing large

quantities of genetically unaltered neural cells for the purpose of studying CNS

development and function and for use in determining the effects of potential

therapeutic agents for CNS dysfunction, there exists a need for improved CNS
© 20 model systems that can be used for these purposes.

Accordingly, it is an object of the present invention to provide a CNS model system
for the studies-‘ of neural development and function and for determining the CNS
effects of novel therapeutics and other biological agents. It is én object of this
invention that such a CNS system allow for the generation of a large number of
25 cells from a relatively small amount of starting material obtained from a variety
of species, including humans and extending over a wide age range, including

adults.
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one nul tipotent neural stemcell, (b) culturing said

mul tipotent neural stemcell in a cul ture medi um cont ai ni ng at _. L
| east one growth. factor that induces nultipotent neural stem cek 125, Tann ™
proliferation to obtain a cul turedaf- proliferated neuraf- el ls,,’rQ,*

(c) contacting said culture of proliferated neural cells with said

bi ol ogi cal agdbis an object to pravide a CNS model systeh thiatt compmsegceitsthet Geehet of
sai d bi ol ogi cal ngaent on said proI i ferated neural

2. The net hod shoniangoysty QFFAINENS twrees o kaenetheesn ir\@ﬂ@@ﬁi@b'@ﬁ@ﬁ%@dm
group 15 Hé'lﬁ#érﬂgn%{f \@ereég ﬁ:el cHrd fooi'ﬁHhE tdn‘ﬁpmfg Oﬁﬁf f&%ﬁoﬁﬁﬁgreby

3. The nethod o sal ure rre umi's
4. The met hod refovirgy anquudsﬁbns oftheunﬂu&nwafgenetmmmronlorrmmkmal function
5. The nethod of claim'l wherein said mammal is human. 6. The
net hod of & aightBe®Blsei n sai d biol ogical agent is a potenti al t her apeuti c
agent 20 for said neurologlcal di sease or disorder.
REPLACEMENT SHEET
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7." The method of claim6 wherein said neurol ogi cal di sease or disorder is

sel ected fromthe group consisting of Alzheiners D sease,
Par ki nson's Di sease, Huntington's Di sease or Down': s Syndr-ome' ) .
AVENDED SVi EET -9- "' 31=..'

8. The method of any of clainms 1 to 7 wher el n sald effects of set (d) are

determ ned by petailed DS {dr8F hedRPéntidPr ary of the proliferated neural

cells of step %‘)‘Vﬁ%‘t‘%‘%n_— contacted with said biol ogical

agent with a gblearallstamcallsaéfthbeeptrallnérmwsy@tem(mNS)aeférsed to heremaé"@NSp
n contact wth said biol ogical

The ot hod of SR ofle havRoaen eeerta and theirprientsLi:se desgied (Reynolds and
ELFlt L‘; gr f‘r’é SEU“WEI% Science 25881707 [3682]; Rbyrdftd & &1, T N&dHbsat 9214563 586574

5 Reynolds and Weiss, Restorative Neurology and Neuroscience 4:208 [1992];

Reynolds and Weiss, Neuronal Cell Death and Repair, ed. Cuello [1993]). The

~ term "stem cell" refers to a relatively quiescent undifferentiated cell which can be

obtained from embryonic, juvenile, or adult tissue that is capable of proliiferation

and self-maintenance with the generation of a large number of progeny. Like stem

10 cells found in other mammalian tissues, the CNS stem cell exhibits the critical

feature of a stem cell, self-maintenance. Self-maintenance in a cell implies that

the cell -is able to genérate clones of itself and hence maintain its phenotype over

an extended period of time.

The stem cell progeny are referred to herein as "precursor cells" and consists of
15 two types of cells: a) new stem cells and b) progenitor cells that can differentiate
into functional cells.

The term "progenitor cell” refers to an undifferentiated cell derived from a CNS
stem cell. The progenitor cell has limited proliferative ability and cannot seif-renew.
It is committed to a particular path of differentiation and will, under appropriate

20 conditions, differentiate into the different cell types present in the CNS; these
include neurons, and glial cells. Glial cell types include astrocytes and
oligodendrocytes.

The term "oligodendrocyte" refers to a differentiated glial cell which forms the myelin
surrounding axons in the central nervous system (CNS). Oligodendrocytes are

25 ofthe phenotype galactocerebroside (+), myelin basic protein (+), and glial fibrillary
acidic protein (-) [GalC(+), MBP(+), GFAP(-)]. The term "astrocyte" refers to a
differentiated glial cell that is GFAP(+), GalC(-), and MBP(-) which can have a
flat protoplasmicffibroblast-like morphology or which can display

REPLACEMENT SHEET{
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10. The method of any of clainms 1 to 8 wherein in step (c) the proliferated

neural cells are induced to differentiate in the presence of said-
bi ol ogi cal agent. 11. The method of_claim 9 of 10 wherein .said;-

bi ol ogi cal agent is a trophic factor that 1 al ters 't he phenefype ot"..'
said differentiated cells. 12. The method of claim9 wherein said

second cul t ur medidmumay beprepiersished Withl the biologicdl ageat evety couplerof days in
13. The method of claim 10 wherein said r0||£ rated neural cells are
induced to amountgyspasiterkeeptbeiconcaatratien ehthe agent samewhateanstante |

| ayer . 15 14. A nethod for determning the effect of at |east one

bi ol ogi cal agent on a neur ol ogi cal di sease or disorder conprising

contacting a pelrigthesefschégning enatheds, el missible to screwrl fos pdwmlmdm@slw-ep
(b) of claim1l with said biol ogical gent and det erm ni

effects of saefledts nqecand agéﬁ-mata!rCN icglls by testingder the ef?ects of the higlogical
ret hog accgr oLt o g, B M iU YA ARARSHd 457 bn! e, B>

effect of at YprFbn@itforioP!tRi firvivaDand fAcHsY ofldiffétentiated CNS cells. The

proliferated precursor cells are typically plated at a density of about 5-10 x 108

cells/ml. If it is desired to test the effect of the biological agent on a particular

differentiated cell type or a given make-up of cells, the ratio of neurons to glial

10 cells obtained after differentiation can be manipulated by separating the different

types of cells. Forexample, the O4 antibody (available from Boerhinger Mannheim)

binds to oligodendrocytes and their precursors. Using a panning procedure,

| oligodendrocytes are separated out. Asirocytes can be panned out after a binding

procedure using the RAN 2 antibody (available from ATCC). Tetanus toxin

15 (available from Boerhinger Mannheim) can be used to select out neurons. By

varying the trophic factors added to the culture medium used during differentiation

it is possible to intentionally alter the phenotype ratios. ‘Such trophic factors include

EGF, FGF, BDNF, CNTF, TGFa, GDNF, and the like. For example, FGF increases

the ratio of neurons, and CNTF increases the ratio of oligodendrocytes. Growing

20 the cultures on beds of glial cells obtained from different CNS regions will also

affect the course of differentiation as described above. Cultures can also be

obtained that are enriched in dopaminergic neurons. These cuitures can be used

to test biological agents that influence dopaminergic cell function and survival.

Culture conditions can also be varied to increase the numbers of cholinergic

25 neurons. The differentiated cultures remain viable (with phenotype intact) for at

least a month.

Cultures bbtained from abnormal CNS tissue from patients afflicted with Alzheimer's
disease, Parkinson's disease, Down's Syndrome, and the like, can be used to test
for the effect of biological agents on abnormal tissue. For

REPLACEMENT SHEET|
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. Lwmiin
apopt osi s conpri si ng: -+~ " (a) dissociating mammal i an neural
ti ssue containing at | east one mul t-i pot ent. .

- 32- - (b) proliferating sai d mil ti pot ent heur al $t_érrf cel.l:in,
a cul ture medi um cont ai ni ng . at |leagg_one growt h'factor -to -ebt aidt ‘3"
culture of proliferated neural cells, (c) contacting said

E)(r]I ;)| 11 ferated rioto amun??lammhulmamr(;dadgonalogiem:ceﬂgenForamd?]sformatlon utilizing
eterm ni e effe ai i ol ogi.ca nt on the apoptotic
events Q‘g ﬁ’h Réé&?&efﬁ are $e9 Z‘Tga‘r&% c@lis|per 35-mm culturejpiateThe
met hod of cl ai ent
ar o de%“&“ﬁqﬁgﬁbne Byt DG TN ipondifie BonPih@sta a8l MilhGuait™ ™

fi nger pri nti ndBRLliry208 ul media) f0r12 H&rs"éhﬁ?@t Thd effectcdfad Varidly whesmpoufdye
proliferat neural cells of s enetlcally nodified with

a DNA const} u@n BEHINA; qﬂj’péoﬁﬁr'lg aﬁﬁ?”@!”ﬁﬁrb&eﬁhep?@@lthablfhe/énph@tlon of/then
apopt 0si s 1 e9\oiiiund RE G tHe SNpPERYiGH of the marker genes under the control of known

apoptosis regulatory gene promoters by fluorescence (GFP) or secreted alkaline
phosphatase activity (SEAP).
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19. The rret hod of any ains 16 to 18 wherein prior to step (c) said

pr.ol i feraﬂﬂmu m | cells are induced to differentiate.
20. A metlis lm”"#‘”mmﬂrng the effect of at |east one biol ogical agent. .on
neural cell ¢ L # "apoplosis conprising contacting a-culture of @ - *;: ;
.proliferated neural cells obtained by step 15 (b) or differénti‘ated* **

proliferated neural cells obtained by cl<aim 19 with sai d bi ol ogi cal

agent and rm Qi e effects of said biological agent on the apoptosis
of said Vﬁ%‘-’e'gﬁ-{rw&%at ed neural cells. 21. The net hod of

cl ai m 20 which conprises the additional features of claim17 or 18.

22. A cDNA library prepared fromthe cell culture of proliferated neural

cel I's obtfi Aenethbd for ddtgrmining the)effett oflatigast one biological agéht ohlenelisfogical
library of claim22 wherein said proliferated neural cells are multipotent
neural stdifease pdisorder comprising: The cDNA |ibrary of claim 22 wherein said

proliferated neyrgliaffihd Tefs YervEq Yo dissociated dysfunctional mammalian neural
5 tissue afflicted with said neurological disease or disorder, said tissue containing at least
one multipotent neural stem cell,
(b) Culturing said muitipotent neural stem cell in a cuiture medium containing at
least one growth factor that induces multipotent neural stem cell proliferation to obtain
a culture of proliferated neural cells,
10 (c) contacting said culture of proliferated neural cells with said biological agent,

and
(d) determining the effects of said biological agent on said proliferatéd neural

cells.

2. The method of claim 1 wherein said growth factor is selected from the group
15 consisting of EGF, bFGF, or a combination of EGF and bFGF.

3. The method of claim 1 wherein said culture medium is defined.
4. The method of claim 1 wherein said mammal is postnatal mammal.
5. The method of claim 1 wherein said mammal is human.

6. The method of claim 5 wherein said bioclogical agent is a potential therapeutic agent
20 for said neurological disease or disorder.

7. The method of claim 6 wherein said néurological disease or disorder is selected
from the group consisting of Alzheimer’s Disease, Parkinson’s Disease, Huntington's

Disease or Down’s Syndrome.
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-83 - 725 Tne CONAtTDhrary of claim22 wherein said proliferated neural

cells a ' cells selected fromthe group consisting of S
ne uronsm E ,ﬂ ol i godendr ocyt es. WO 96/ 09543 . ol

PCT/ CA95#006 0-33- ., ,,22 'I:ﬁé .
met hod of cl ai m21 \/\herel n said growh Jactor is sel ected fromthe group
consisting of EGF, bFGF, or a conbination of EGF and bFGF. 23. The

et hod Of% tﬁé Qéﬂo&‘@ﬁéﬁ%& Gairfs § ¥d ?&@%%{{\ ek SFRStts O Eét Q@‘;érlgs rmmedcs:%4

The neth erern said Ian neur al ta ne
froma j wempainga geha library of the proliferated neural cells of step (c) which have been

contacted with said biological agent with a gene library of the proliferated neural cells
of step (b) which have not been in contact with said biological agent.

5 9. The method of any of claims 1 to 8 wherein prior to step (c) the proliferated neural
cells are induced to differentiate in a second culture medium.

10. The method of any of claims 1 to 8 wherein in step (c) the proliferated neural cells
are induced to differentiate in the presence of said biological agent.

11. The method of claim 9 or 10 wherein said biological agent is a trophic factor that
10 alters the phenotype of said differentiated cells. ‘

12. The method of claim 9 wherein said second culture medium comprises a glial

feeder-cell layer.

13. The method of claim 10 wherein said proliferated neural cells are induced to

differentiate in the presence of a glial feeder-cell layer.

15 14. A method for determining the effect of at least one biological agent on a
neurological disease or disorder comprising contacting a culture of proliferated neural
cells obtained by step (b) of claim 1 with said biological agent and determining the
effects of said biological agent on said neural cells.

15. A method according to claim 14 which comprises the additional features of any one
20 of claims 2 to 9.

16. A method for determining the effect of at least one biological agent on neural cell
apoptosis comprising: .
(a) dissociating mammalian neural tissue containing at least one muitipotent

neural stem cell, - {REPLACEMENT SHEET}-
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25. The method of claim21 wherein said mammal i an neural tissue is obtained

froma ' 26. The nethod of claim 25 wherein said -human.is.
atfli CI H@m m[f"mjmr“'ogi cal di sease or disorder.: :10 27.:The; met rods
A

of clai erel s said biological agent is a potential’ - t.her.apeutic,.?
agent for said neurol ogical disease or digorder. 28. The net hod of
claim 26 wherein said neurol ogi cal disease or disorder is sel ect ed
fromthe group Sfifefdtitg said AURtibRR hebraPs&MR S8l i8N difiPe PdditnS &R &ini

or Down's S\/ndg%%. 1@6 29. Th@%{rret hogd(i))F claim?21 or 26 vﬁjer ein salng‘g

ef f ect s odt leasporie growth factantoiabiain a culture of proliferatgd aneyealecalispbr ary of t he
diff tiated I | | f d ' . h tacted with
Sai d bi ol ogi cafO)EGBHRCtiG FA1d Ryefleratetiiaualselsimith said HipidBERLAGREL @cheur a

|1 f st | : | ' [ : Ologi-cal
agent. 20 30l pEIhiNg Ao Backs D saly BRIGEERL b Bff e apopiBieeIBhEs
cel IS ar eo¢outitingdn said proliferated neural cells.

17. The method of claim 16 wherein in step (d) the effects of said biological agent are
determined by reverse transcription-PCR analysis or by mRNA fingerprinting analysis.

18. The method of claim 16 wherein the proliferated neural cells of step (b) are
genetically modified with a DNA construct containing a gene for a marker protein driven

10 by an apoptosis regulatory molecule promoter.

19. The method of any of claims 16 to 18 wherein prior to step (c) said proliferated |

neural cells are induced to differentiate.

20. A method for determining the effect of at least one biological agent on neural cell
époptosis comprising contacting a culture of proliferated neural cells obtained by step

15 (b) or differentiated proliferated neural cells obtained by claim 19 with said biological

| agent and determining the effects of said biological agent on the apoptosis of said

proliferated neural cells.
21. The method of claim 20 which comprises the additional features of claim 17 or 18. .

22. A cDNA library prepared from the cell cuiture of proliferated neural cells obtained
20 . by step (b) of claim 1. |

23. The cDNA library of claim 22 wherein said proliferated neural cells are multipotent
neural stem cells. |

24. The cDNA library of claim 22 wherein said proliferated neural cells are precursor

cells. REPLACEMENT SHEET
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th dlfferentlate in th Bmesence of a trophic factor to nmani pulate the

phenotype “M“mm ferentiated cells. 31. The nethod.of claim
231 vvherelu ture medi um conpri ses a glial feeder:cél 133 ;-
| ayer . * VV)@6/09543 -

PCT/ CA95/ 00542 _33. Taa T3 Aol
| i brary prepared from neural cells. 33. The cDNA library of claim 32
wherein sgsd R e | o5t I T, ry
of clai mg‘i wher elaénDlgg dﬁra?’g of"'%(i;e{elﬁ séaﬁgéﬁ}e‘cﬁ?'gof’ rohfﬂ%‘ied Hé'ur%m%llg Ef@
cDNA | i brdifferentiatedi celi’seleeterd fromath groupatonsisiing af medirbhsr asttocytes] and -
cells sel ecte%g[om t he group consisting of neurons, astrocytes, and

ol i godend®l
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: RTmP
The cDNA library of claim 32 wherein said neural cells arega ved cfa@

human afflicted with a neurol ogical disease or disorder {ghittRe
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