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15  The characterisation and isolation of neural stem cells is useful to understand
and treat neurological disorders in mammals. In addition, cell lines based on
neural stem cells may be suitable for gene targeting and gene knockout
experiments and for nuclear transfer experiments to produce genetically
modified animals.

20
Foetal neural stem (FNS) cells are a heterogenous population of glial, astrocyte
and neuronal progenitor cells that are capable of differentiating into a variety
cell types including neurons. A neural stem cell is an undifferentiated cell that is
capable of differentiating into one or more different types of cells. Such stem

25 cells are characterised by having the ability to proliferate, differentiate and are
capable of self-renewal. These cells may be derived from various tissues
including the brain and/or spinal cord of the embryonic or adult central nervous

system.

30 However, it has been difficult to obtain a neural stem cell line that has the
capacity to remain robust and allow for self-renewal and further differentiate in

vitro.
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The advantage of using neural stem cells is that they are believed to have a
greater degree of developmental plasticity and therefore have the ability to
generate neural lineages and haematopoietic lineages etc. Therefore, due to

20 the multipotent phenotype of neural stem cells and their ability to readily multiply
in a suitable culture they are useful for gene targeting and gene knockout
experiments. It would be desirable to develop neural stem cells for gene
targeting and gene knockout experiments. Developmental abnormalities
associated with nuclear transfer technology using somatic cells have been

25 reported. This results in a high rate of mortality either in utero or perinatally.
While it is unclear what is causing these defects it is possible that the further a
cell has progressed along a differentiation pathway (ie the cells are less plastic)
the less able the cell is capable of being reprogrammed. This must occur for
cloning technologies to be successful.

30
The successful development of normal animals from a number of mammalian
species using somatic cell nuclear transfer technigues has lead to the possibility
that this approach may be used for the production of large numbers of

genetically modified livestock and animals for biomedical research. However,
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The discussion of documents, acts, materials, devices, articles and the like is
included in this description solely for the purpose of providing a context for the
present invention. It is not suggested or represented that any or all of these
20 matters formed part of the prior art base or were common general knowledge in

the field relevant to the present invention as it existed in Australia.

Accordingly, it is an object of the present invention to overcome or at ieast
alleviate some of the problems with the prior art and to provide a cellular
25 composition which supports culturing of neural stem cells for long-term culture

and to develop celis capable of long-term culture.

SUMMARY OF THE INVENTION

30 In afirst aspect of the present invention there is provided a cellular composition
comprising one or more cells having a property characteristic of a neural stem
cell and wherein said neural stem cell is capable of long term culture.

Preferably the cells have a property characteristic of a foetal neural stem cell.
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In yet another aspect there is provided a method of culturing neural stem cells
in long term culture, said method comprising culturing the cells in the presence

of at least one lipid and at least one mitogenic factor.

20 In another aspect of the present invention, there is provided a genetically
modified neural stem cell capable of long term culture, said cell comprising a

foreign gene which has been introduced into the neural stem cell.

In another aspect of the present invention, there is provided a genetically
25 modified neural stem cell capable of long term culture, said cell having a
destroyed, modified or deleted gene. Such genetically modified neural stem

cells are useful in gene targeting and gene knockout experiments.

In another aspect of the present invention there is provided a method of
30 producing an animal, said method comprising introducing a continuously
growing donor cell nucleus from a continuously growing donor cell into an
oocyte or embryo and allowing the resulting embryo to mature and to preferably

develop to a foetus or an adult animal.
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In yet another preferred aspect of the present invention, the donor cell is a
further genetically modified TERT cell, said TERT cell having a destroyed,
modified or deleted gene. Such genetically modified TERT cells are useful in

20 gene targeting and gene knockout experiments.

In yet another preferred aspect, the nucleus is derived from a further genetically
modified TERT cell, said TERT cell having a destroyed, modified or deleted
gene.
25
In another aspect of the present invention there is provided a method of
producing a cell line that may be expanded from an embryo to produce cloned
cells of an embryo, said method comprising
introducing a continuously growing donor cell or nucleus from a
30 continuously growing cell, into an oocyte or embryo;
culturing the oocyte or embryo to an advanced cleavage stage embryo;
separating and cloning the cleaved cells of the embryo; and

optionally culturing the cloned cells.
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15  The present invention further includes foetal neural stem cells isolated by the
methods hereinbefore described which are transfected with exogenous nucleic
acid or are genetically modified by destroying, modifying or deleting genes.
Selected foreign nucleic acid may be introduced and/or recombinantly
expressed in the cells of the present invention through the use of conventional
20 techniques or the genes may be modified, destroyed or deleted by methods

such as point or random mutations.
FIGURES

25 Figure 1 shows the neural stem cells form a multilayered culture displaying a
number of morphologies depending on whether the cells are in direct contact
with the tissue culture plate or are part of a secondary layer (Figure 1A).
Continued proliferation of the cells results in the formation of budding structures
(Figure 1B), which will eventually “hatch” generating balls of cells floating in the

30 media. These balls can be cultured in suspension or disaggregated to for

growing on tissue culture plates.

Figure 2 shows that the cells are positive for a number of markers consistent

with neural stem cells including nestin (Figure 2A) and vimentin (Figure 2B).
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concentration from 0-50ng/mi was applied to various passage FNS cells (ie
passage 2-12). At early passage number the cells show some independence of
added growth factors which is lost past passage #5. Optimal bFGF stimulated

proliferation of FNS cells occurs at approximately 5 ng/ml.

20
Figure 6 shows the combined effect of EGF and bFGF on FNS cell proliferation:
A) Low concentration and B) high concentration. The combined effect of EGF
and bFGF was tested on FNS cells. An optimal concentration of 2-5 ng/ml was
observed for each growth factor when used in combination.

25

Figure 7 shows long-term culture of FNS cells in the presence of and absence
of EGF or bFGF. While there appears to be some variation between the
various passages it was generally noted that there was little added benefit to
adding both EGF and bFGF over adding bFGF alone to the culture system.
30 However the FNS cells appear to be more responsive to EGF in the early

passages.

Figure 8 shows the effect of lipid on the propagation of foetal neural stem cells.

All cells were propagated in the standard Neurobasal A media (with
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20 Figure 10 shows assessment of FNS cell proliferation using BrdU incorporation

at 160 x magnification. A) and C) shows BrdU incorporation into passage #2
15 and passage #17 cells, respectively; BrdU incorporation is visualised using an
mouse monoclonal anti-BrdU (Sigma) in combination with FITC conjugated goat
anti-mouse. Photos are paired —there is one shot of BrdU immunofluorescence
A) and C), and one shot of the same cells using phase contrast microscopy B)
and D).
20
Figure 11 shows the histology of tumours formed by the injection of PC12 cells
(a neuronal cell tumour line) into SCID mice. Tissues were collected 19 days
after injection and stained with H&E. The tumour morphology is consistent with
neuroblastoma SCID mice injected with FNS cells (passage # 12) failed to

25 display any signs of tumour formation after 13 weeks.

DESCRIPTION OF THE INVENTION

In a first aspect of the present invention there is provided a cellular composition
30 comprising one or more celis having a property characteristic of a neural stem
cell and wherein said neural stem cell is capable of long term culture.

Preferably the cells have a property characteristic of a foetal neural stem cell.
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The neural stem cells, and preferably the foetal neural stem cells have the
capacity to grow indefinitely in tissue culture and this means that they can
remain undifferentiated. The degree of plasticity means that these cells have
20 the ability to generate multiple cell types and the cells of the present invention

may be identified by these characteristics.

The introduction of telomerase catalytic component (TERT) represents an
alternate method for obtaining an immortalised, non-transformed cell line.
25 Accordingly, it is preferred that a somatic cell, more preferably a rat foetal
fibroblast are or have been manipulated to express telomerase catalytic
component (TERT). However, cells already expressing TERT and which are
not genetically modified may be present in the cellular composition. More
preferably, the gene encoding TERT is introduced into the cell. This can resuit
30 in a cell line that is immortalized. The expression of TERT in the cells may also
allow the cells to undergo (repeated) genetic manipulations as the cells can be
grown continuously in culture for many weeks and/or months. TERT may be

inserted into the cell line of choice using standard transfection technologies.
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od of propagation of the cells. Each bud comprises a plurality of cells
which may be cultured to provide an isolated and purified population of the

neural stem cells. Preferably they are foetal neural stem cells.

20 The cells may also be identified by cell markers. Apart from the standard neural
cell markers, other markers including but not limited to nestin, vimentin etc, may
be used to identify the neural stem cells, preferably foetal neural stem cells.
Accordingly these markers are consistent with the description of the cells as

foetal neural stem celis.

25
Further these cells can be made to differentiate into various neuronal lineages
and display markers consistent with differentiated neuronal stem cells, for
example, G-FAP, a marker of glial cells, p tubulin, a marker consistent with
neurones.

30

In another aspect of the present invention, there is provided a method of
preparing a cellular composition comprising one or more cells having a property
characteristic of a neural stem cell and wherein said neural stem cell is capable

of long term culture said method comprising:
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the suspension of cells with a suitable mediumto maintainthe neural stem

cells in a aefeseilad@koveand 5 culturing the cells including passaging and
propagation of cells. Preferably the neural stemcell is a foetal neural
stemcell having the properties as described above. 10 The source of
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may derive from marsupials including kangaroos, wombats.

15  Neural stem cells may be collected from any embryonic stage of development
after that the neural stem cells are present. More preferably the source of
neural stem cells is from a foetus which is differentiated at a stage after the
embryonic stage. The whole foetus or a part thereof containing neural cells
may be used as a source of the neural cells. Preferably the head or spinal cord

20 of the foetus provide the source of neural stem cells. More preferably, the head

is used as a source of foetal neural stem cells.

Where the neural stem cell expresses TERT to induce immortality, the TERT
neural stem cells may also be obtained from an animal which naturally
25 expresses TERT or a genetically modified animal which has been manipulated
to express TERT in it's somatic cell lineages. TERT cells may be collected from
any stage of development of the animal. Preferably the source of TERT cells is
from a foetus which is differentiated at a st'age after the embryonic stage. The
whole foetus or a part thereof may be used as a source of the TERT cells.
30 Preferably the cells are obtained from a rat expressing TERT in its somatic cell

lineages.
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cells. 5 I\/Enblranes om foetuses nay be renoved and therr ads sSeparat ed
from ffei PBYSdindsthemasppatdcittd asydhgbaadpontsd into pltabe dontairdng tis&@am

petri dish and the tissue minced with a blunt object such as the tip of a
syringe until honbgeneous in size. A syringe nay be used to aspirate the

m nced ti sstHy miied tisBe Bfayt bangiupr d6Wn idMdoredubpbfded e adinid) GaRinRe orashed
with 5-10 m 10 PBS and then aspirated into a syringe and pooled into a

t ube cont aife#g ti ssue. The minced tissue may be spun down and resuspended
in a small volume of nedia. 15 The cells nmay be placed onto fibronection +
poly-L-Ornithine pre-coated plates at a density of approximately 2.5 x 105
to 5.018 10%ecetlishrylbapthdencomtat fitbohéction + poly- -Ornithine pre-coated plates

at a density of approximately 2.5 x 10°to 5.0 x 10° cells/cm? and incubated in
5% CO,at 37°C.

In another aspect of the present invention, there is provided a media suitable for
20  culturing neural stem cells (NSCs), said media including at least one lipid and at
least one mitogenic factor within said media. Preferably the lipid is selected
from cholesterol, triglyceride or phospholipid or a combination thereof. Most

preferably the lipid is cholesterol and phospholipid.

25 A suitable medium to maintain the cells in culture is a medium which can
perpetuate the cultured NSCs as herein described, most preferably they are

cultured indefinitely.

In yet another aspect there is provided a method of culturing neural stem cells
30 in long term culture, said method comprising culturing the cells in the presence

of at least one lipid and at least one mitogenic factor.

The media may contain known components that in combination, support the

growth of the cultured neural stem celis or preferably the foetal stem cells. The



5% CO2 at 37C. In another aspect of the present invention, there is

provi dec{,v? ?Fgma suitable for 20 culturing neural stem eelrlavo(dNS8Cs), said
medi a inc ing at least one lipid and at |east one mtogenic factor
within said nedia. Preferably the lipildis selected fromcholesterol,

Fri gl yoeri et ARgSRRAle! g AuGRTN NRLIOR C Rerealec Voafs RAEBLED!Y the

lipidis c hos I pI abIerrédl Mt 8 MAINtain the

cells in cpldteing, i sgrawtfedlfad:tbvml @ndcaenzyraepet Natueobiaval-oul mddtasl®NSCifeas
herei n descri bed, m)st gref erably they are cultured indefinitely. In yet

anot her asﬂ@&hn?lﬁgﬁé i § B@W“@é&sﬁ"qﬂf?ﬂﬁﬁe@‘ LRI Y feelpeIinaledigskal |
30 in | °n91tﬁjd“EfG'eﬁ:t2U?@—tng?ﬁil %F@F@@'O%Fﬁﬂf '@de‘?ﬁmﬁw H&APIidi P%oﬁ%éhﬁa en the

presence of at ast one I d and at “[east one mtogenic factor
medi a nay ¢lafe él‘lenhmiognes;z\,efrﬂ)dr@@ntl‘ds-ZtmplemeobﬂbfmiecbmplogleppdrTOQ @27gr ow h

of the cultured neur mcells .0 refera thefoe stemcells. The
WO 01/ 4242%Y WF)@M&L% %9??3(:11 iO(ﬂ%pqeh@Pq}é@%q fln.gr ut rients, buffers,
hor mones, salts, antibiotics, proteins, growh factors and enzynes,

Neur obasal - A medi a(r Life Technol ogi es) cont ai ni ng
| nsul i n- Tr AngTasivmnwiis) eﬁ@ratmr(SLat dead ch ey nalign of PNEOOr NEse mltpgenw m :

bFG- 2-10 a | ( |f ogl es)

- 1:100; N té%p%'l%gﬁglﬁ% i(SLi Pga Sc nr\l]{))% @'efeorﬁeccfig%rﬁgﬁji%g &p r}ﬁgﬁl fe

t echnol®gi eajticliakOfor anttuting lthié NSOs iddeTinitsly. ASrmdblermmbg@inccf@dstbes heayat

| east a conbin tlon of gne or nore mt%ﬁlemc atorscg%lE i s found
r

to be nost PBr ?‘é(ﬁr%Fh%ﬁT"c"tﬁ’r'Pﬁb‘dt% Eaet limged to, 1 PPGor
cul turing Em@sélsfgé o'ré‘ gy 'B'et ﬁ’éé/d aﬁwé apli® d&ﬁtﬂ?ﬁ%rpvﬁtﬁctth%r @@Dézg\‘ﬁd | ect ed

fromthe group |nc udi n not mted t bFG-, EG- an These
fact ors mapotielipidedcnal mﬂegemlc|factomhrmatqlmiedmntﬂ1etmed||al pEGs qddor dFedg  bot h

| d d i h d EGF d/ bFGF
e ol R ettt Sy dhbeh ETatore i Retisdfeg & 15 0
15

Some components may be substituted for others (eg insulin-like growth factors
for insulin; transforming growth factor alpha for epidermal growth factor; bovine
serum albumin containing lipids; polylysine for fibronectin; and iron salts for
transferrin). Further, other factors might be added to the culture medium, such

20 as tumour promoters, additional hormones and/or growth factors, bovine serum
albumin, low concentrations of serum or plasma, or modified plasma
preparations with reduced inhibitory activity. Fibronectin might be eliminated
from the culture medium formulation to obtain anchorage-independent growth of
the present cell lines. Alteration of culture medium components may also aliow

25 derivation of sublines of the non-tumorigenic cell lines of the present invention
or their equivalent. In addition, other supplements may be added to the medium
formulation to enhance protein production from a particular foreign gene
construct (for example, addition of steroid hormones where the foreign gene is
operably linked to a steroid hormone-responsive promoter).

30
More preferably, the media contains at least a cell survival factor, such as
transferrin, insulin, growth factors such as EGF, bFGF (FGF-2) or PDGF, lipids

and selenium.
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I ons

Methods of isolation may be employed based on the methods of identification.
For instance, antibodies may be used to select those neural stem cells having
the appropriate markers, alternatively suitable cell culture conditions may be
used to obtain cells with the morphology of the neural stem cells of the present

20 invention.

In another aspect of the present invention there is provided a cellular
composition comprising a substantially homogeneous population of cells having
a property characteristic of a neural stem cell and wherein said cell is capabie of
25 long term culture. Preferably the cells have a property characteristic of a foetal

neural stem cell.

Preferably, the cellular composition includes somatic cells expressing TERT
either naturally or by genetic manipulation.

30
In another aspect of the present invention, there is provided a method of
preparing a cellular composition comprising a substantially homogeneous
population of cells having a property characteristic of a neural stem cell and

wherein said cell is capable of long term culture said method comprising:
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have t he chaa;abéeno&nlateduhtdaalfr&;h medium, preferably in a media described above.

Therefore the present invention also relates to the long-term clonal expansion

15  or propagation of neural stem cells, preferably foetal neural stem cells.

The cells may be passaged using trypsin for a short period. Cells are first
washed with PBS to remove media. The cells may be loosened from the plate
using a trypsin solution for a minimal period at 37°C, usually less than 2 min.
20 Preferably the cells be free of the tissue culture plate. However, they do not
need to be totally disaggregated. The trypsin may be neutralised using
soyabean trypsin inhibitor, preferably at: 1 mg/m! made up in the media being
used to culture cells added 1:1 (v/v) to the trypsin solution. The cells may be
spun down at low speed in a centrifuge, the media removed and the cells
25 resuspended in fresh media and piated in new fibronectin-treated tissue culture
plates. The cells may be split 1:4. Preferably the cells are maintained at a
minimum plating density of 2.5 x 10° to 5.0 x 10° cells/icm®. FNS cells have a

tendency to differentiate when plated at low density.

30 The cells may be frozen preferably in Neurobasal A Media containing 7.5%
DMSO or by any methods available to the skilled addressee which would be

suitable for freezing cells.



able to "bud off" into the nedia. These can be seen with the naked eye. The
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media. The cells may be | oosened fromthe plate wusing a trypsin solution
for a nmithimal period at 37C, usually less than 2 nin. 20 Preferably the

cells be fr ; .S | I : L he ed,to be
Cotally di SaceRgrtdhy fHerpiuer il ALE nrbBMBL Hin oM e st
trypsi n i nhptgipaced pypthefreetbdydeaicribéd rpove. rxaééeraplyi inis Adosmihaukeistgm used
to culture cei | s added 1:1 (v/v) to the trypsin solution. The cells may be
spun down at®'low speed in a centrifuge, the nedia renpved and the cells 25
resuspended in fresh nedia and plated in new fibronectin-treated tissue
culture plates. The cells nay be split 1:4. Preferably the cells are

mai nt ailtfed kbt aaothernaspent pdfathen presamti inyentior?. thexe 1i6Sprovided0 axgdfétically

cells/cn2. ENS..cells have a tendency to differentiate when pl ated, at .| ow

density. 30m'1\9ﬁg'e(ge ?gr%eanecqelﬁo & Ieﬁ%‘f'a%lﬂ/qeﬁh LoBid !e%Aof\/éj(ﬁl ed

cont ai ni ng de®o SAVRQdHetiBHIAMbIMRID ﬁééra@‘éﬁénh%@h@a?@u&@ﬁn%kcthlehé(ﬂa hgssee
whi ch woul d be suitable for freezing cells. WO 01/42421 PCT/ A 01510 16

The neural 3t&aeBekngckputiax@esmadst i nvention have the capacity to grow
indefinitely without undergoing transfornmation and retain a degree of
plasticity. This can be achieved by culturing and propagating the cells as
descri éd Ahlymnetically modified somatic cell or a genetically modified TERT cell refers to

a cell or TERT cell into which a foreign (ie non-naturally occurring) nucleic acid,
eg, DNA, has been introduced. The foreign nucleic acid may be introduced by
a variety of techniques, including, but not limited to, calcium-phosphate-
mediated transfection DEAE-mediated transfection, microinjection, retroviral
20 transformation, electroporation, immunoporation, protoplast fusion and
lipofection. The genetically modified cell may express the foreign nucleic acid in
either a transient or long-term manner. In general, transient expression occurs
when foreign DNA does not stably integrate into the chromosomal DNA of the
transfected cell. In contrast, long-term expression of foreign DNA occurs when
25 the foreign DNA has been stably integrated into the chromosomal DNA of the

transfected cell.

Foreign (heterologous) nucleic acid may be introduced or transfected into
neural stem cells or TERT cells. A multipotent neural stem cell or TERT cell
30 which harbours foreign DNA is said to be a genetically modified cell. The
foreign DNA may be introduced using a variety of techniques. In a preferred
embodiment, foreign DNA is introduced into multipotent neural stem cells or
TERT cells using the technique of retroviral transfection. Recombinant

retroviruses harbouring the gene(s) of interest are used to introduce into



Accordingly, the present invention also provides an isolated neural stem
cell  prgradifdsly the method described above. Preferably idrAsoomisoet al
neural stem cell. 10 In another aspect of the present invention, there is
provided a genetically nodified neurall7stemcell, said cell havi ng a

cor1 s hre (BRRRIT BlEP s e TR T gg%'%eﬁﬁihéﬁtﬁ's't oo G QR ot o
geneti cal | yramdédticrd Remehiginast letroviras€e Agtctainh ytheagkirfd(€dofl if8reselare
refers to a cell or TERT cell into which a for?@gdwl e non-naturall

occgr ri ng%) YReel &9 dntieduce regrkepgRNeRasUBREF PHE ted W@%@Pﬂﬁa%ﬁcl eic
( f .
it od t o V4D JEHEhr BogBenél Tle Jecb bt S tBhourBEaord drafieed

transf eét i qrackaigiigocel) kieds mprodece @ultugd s@fernatants hamgia)hugh titre of Vlrus
el ectroporatign, i rmunop?r ation, protoplast fusion and pof ecti on.

geneti cal | W%G’P\Sl &enasally n’é%,‘s'éﬂﬁr &2 s16-58P Bo PEH/GH)- nua_lhél ée%'f”a'nﬁﬁt Wi her a
LY Ja HiQRE Are IR fifoct! CLIAREERhe IR S0 EHR 85 TERT BERIF

when forei oes not stably integrate into t ronnsonma
t ransf ect ectheEI progeny duyn'tncabatlng (bhregc‘eéromltarqw eai roadmfn conwingng NG, Wt ur s

when 25the rei nst |nte into the ch omal DNA
of the trhfEEsdnERn IRy RRe et Brer o5des) TRlEM a oL EaE

intr oduged the ééll@%fa?%eeﬁnk@& %ndn@MfLﬁéd S &R rfRirl smediufERT heehfsoted cells

mul ti pot ent neur al emcell or TERT cell 30 which harbours foreign DNA is

sai d to be raaydecthenadnglysrstifaritee upiake ame exporasighoDe feigigpeDNA: r baeiced

using a var A e is
ot oduced e SOERE o ppBLRL EP RIS oI ERE (AR ST nERE

t echni que ahkéegupand ekpressss herlegtableRagakebpsast retroviruses harbouring
the gene(s) of interest are used to introduce into WD 01/42421

PCT/ AUOQ' 01510 17 multipotent neural stemcells or TERT cells using the
techni gge theg BréLuht ﬁvent?ornaé‘ééo‘?&hb@”mcﬁ%g’?Bét’é@%uifa?ts'ié%w6éﬂ§‘?§o|9?éob8§”' ng

t he gene(s) I nterest
the methods herelnbefore described which are transfected with exogenous

nucleic acid. Selected foreign nucleic acid may be introduced and/or
recombinantly expressed in the cells of the present invention through the use of

conventional techniques.

20
In another aspect of the present invention there is provided a method of
preparing a genetically modified animal, said method comprising introducing a
neural stem cell into an oocyte or embryo and allowing the resulting embryo to
mature to a foetus or animal.

25

The neural stem cell is preferably a foetal neural stem cell prepared by the
methods described above. In a preferred aspect the neural stem cell is a
genetically modified neural stem cell as described above having a gene
inserted, deleted or destroyed. The foreign gene may be a gene encoding a
30 desired product preferably to induce a desired characteristic in the genetically
modified animal or to generate a gene knockout model wherein the gene is

absent.



used to introduce marker genes, such as but not limted to Rgal actosi dase
(lacZ) 9eB%1/4 ?)45 oncogenes. The reconbi nant retroviruses gte/A uo0Uisted in 5
packagi ng cel |nes to produce culture supernatants having a high titre of
virus particles (generally 10.sup.5 ti® 10.sup.6 pfu/m ). The reconbi nant

viral  ParEhRRal SrioRLsbe [ERThn SYLENAD Bvb0e IUA) ShAHICRhl

TERT cells géeny by 1 ncu Feoe ures W |um

cont ai ni ngatdeiseful for rpsedrchliasgen flancmog/ rdnsambsbdmgetﬁerapbhram rgenes.
Following retroviral infection, 10 the cells may be rinsed and cultured in
standard nE8VElRPMERE of AniTed giraiss Baving,knesk ?We&e'%ﬁ"ﬁapﬁ??de ¢ ?“"ﬁ%cr\tﬁ’ﬁfjake
and expresgwﬁp of the foreign DNA. The <cells nmay be subjected to selective
condi tions Ich select for cells that have taken up and expressed a

sel ect &bl e marker gene. 15 The present invention accordingly includes

f oet al | N h ods h
Wi ch ar o 1f AHGHEG: GBPEEG 07 ShBoBIRSEEt RN VRIE 4> BV FarBrgel
nucl ei ¢ achebdRindarh NARiAHIC & iANAEMNod rc%ﬁmm@ﬂhﬂr&d@m? egsechtinudul cells

of the present invention through the use of convention techni ques. 20 In
anot her asgeawingf dener gebsuraledsni@nm igontiereusly gpwinadeenar rﬁ@dlhlatp &N

B heurar CoBREEApS AR Foropg seTER BT PefRRERAG S BretetebBig ™

enbryo10 o dewéldbeaotofortdoet asimedl. ani mal . 25 The neural stemcell is
preferably a foetal neural stemcell prepared by the nethods described
above. In a preferred aspect the neural stemcell is a genetically

rodi 11 ed NRUIkeSHaRCR] lusBSadasfisr Bed &begngewém%a@egmeabu.ﬂsw w

del eted or destroye orel gn gene nmay a gene encoding a 30 desired
product pr ebetiminysly o culwee Somesteallehasieathadinatateni ef being lseogeivediara | y
gggle];]![ ?d a%ﬁy/ &?A%rzgt S&%&%’t&gl %rr]teplérr}ggk%ccongmg y e(aré(a‘l's lt%le%n’cu’éaqe s
15  genetic manipulation of these cells and this is often a major limitation in genetic
modification or knockout studies. Some cell lines which are naturally
continuously growing (ie neuronal stem cells) and which do not require further
genetic manipulation, may also be used. From these cells, the nucleus may
also be extracted and used in the present invention. The nucleus may be
20 extracted from neural stem cells described above and preferably grown under

conditions utilizing the media as described above.

In a preferred aspect of the present invention, the donor cell is a genetically
modified continuously growing somatic cell. Similarly, the nucleus may be
25 derived from a genetically modified somatic cell which is continuously growing.
Preferably the nucleus is from a neural stem cell as described above wherein
the cell is capable of long term culture and hence is continuously growing.

Alternatively, the nucleus is from a foetal fibroblast cell line.

30 Preferably the donor cell nucleus is derived from a non-transformed cell line.
Manipulation or genetic modification of the cell line by any method that
immortalizes the cell line may be used. More preferably, the nucleus is from a

somatic cell line. More preferably, it is from a foetal fibroblast cell line.



18 Accordingly, the present invention preferably provides knockout animals

whi ch 358 opgghyl for research in gene function, di seasepctdiudgotsiher api es
and gene gevelopnent of animal strains having knockout genes prepared as
described above. 5 In another aspect 18 the present invention there is

provi ded arfgt I&ﬂgyfvﬂ‘f& dBE?@&IEJn”@x&II ﬁﬁ(]slﬂl tyg%a{)fj cgﬁtlirﬁgdwﬁ%'ﬁpfsi ght¥bie of
I ntroduci ng a conti nuous gr ow n8 onor “cel I nucleus troma contr nuously
growi ng dooontimedds grointh and i9ediydtde as seddroraeiing tied hethaow fdripeod @sng tanng

enbryo to mature d to preferably 10 develop to a foefus or imal . It is
desi 1 bl o FOMAe Hewsigr” kot becrmegialeh thak e, inseaien ipulb gt b

cont i nuous |astitteQUbltHIsCeel SHE oL Bld Sudléverdvi®l oM thaké %@IIQfasgﬁé MeveHidht
lived and they sto ividing 1n a very short period. Accordingly there is

little dints &pplicablegtonell cell limes papatiié of conhtinlbmssegromth saindnchrdiitality.s Thket en a
major limgtation in genetic. nmodification or_ knocko st.udi es., Sone cell
Thes whi ol Ve TR ON oA R0 LISy AV Eu Ty TIMthelfloRE: HeEmAser o)
and whi ch ggstigtior 66thd geheralifjest theenrirtionmani pul ation, nmay al so be used.
Fromthese cells, the nucleus may also be extracted and used in the

present invention. The nucl eus may be 20 extracted fromneural stemcells

descri bed V. : I r I Ut |zl g medi a
s descr | bolCansyassifh Bf RiSetadt SN Smpd R TERTT 1 SicEheP siceere
donolr ﬁiial I thers]ceil ’@d;’t&hbﬂaﬂizleyanded:Iéﬂg@%cIﬁigU?Dslgtmhty\ igrcummelglfsmmgin]glyc;eﬂ | .
Simlarly, the_nucleus y be 25 derive roma genetica ifie
somatic cels PHeERd itgatctg%tqeﬁaaggw EVISRY MePEYWREHI1) ecxll?éegﬁ%?%@%% from

a neural s I I ab r &l ' S | ong
ferm cul t urSEUE poRpoRERE (TERT). S TURVOR (IR ahoif SbresSER TERT Y Pous
is froma Whathabre nbt gbhetitallyehbdifiedenaB®eRpresentbi thet badlutlonarmpesitiomuc! eus

rodi 11 cat | MPaPeisiany) 114 Sriee Bpoadioo emba HELcRhiBr B s °TH b |
l'ine mry beedifieip. a Maligin gfeighihortaieductRUEXpEsEILANDRATERT in the cells
may also allow the cells to undergo (repeated) genetic manipulations as the
cells can be grown continuously in culture for many weeks and/or months.
TERT may be inserted into the cell line of choice using standard transfection
technologies.
20
TERT may be cloned from cells expressing this gene (eg embryonic tissue may

be used). Alternatively the cDNA for TERT is commercially available.

The TERT cells may also be obtained from an animal which naturally expresses
25 TERT or a genetically modified animal which has been manipulated to express
TERT in it's somatic cell lineages. TERT cells may be coliected from any stage
of development of the animal. Preferably the source of TERT cells is from a
foetus which is differentiated at a stage after the embryonic stage. The whole
foetus or a part thereof may be used as a source of the TERT cells. Preferably

30 the cells are obtained from a rat expressing TERT in its somatic cell lineages.

Preferably the TERT cell is a TERT somatic cell. The TERT somatic cell may
be prepared by the methods described above for long term neural stem cell

culture. Such cultures are enhanced by expression of TERT which allows for



somatic cell line. More preferably, it is froma foetal fibroblast cell

i ne. V\Q?,QM/Q%Q 1 PCT/ AUCO 01510 19 The fol |l owi ng descr pptiavpoerseopl i fies
a type of ce ine which is capable of continuous growmh and is suitable

as a donor cell in the method for proding an aninmal. However, it should

be appr eci %ﬁﬁ'mﬁ it Fcﬂﬁh d(;‘flﬁrhlﬁqﬂﬁ]%w'c@'l%‘oéuf?ﬁc i€t bgrttlgglaﬁg Js@hﬁ iGel |

line or the nuc erlve ese ce I nvent

appl i cabl e nuelear ltranefdr. | i nes capabl e of conti nuous grow h and |nnDrtaI|ty.
The follow ng description is nmerely illustrative and should not be taken
as a restriction on the generality of the invention. The expression of

tel oner ase \RéR tHel ?ERq’rH%iHﬂ@'étTEﬁﬁ'{@mét&héeIP%' is oiERrieddd G %JT%FW%@@I I to

imortalize and undergo continuous gromh in cul'ture. Accordingly, It 1is
preferregd fibeblastecallel | s are or have been nmani pul ated to express tel onerase
catal ytic conponent (TERT). However, cells already expressing TERT and

whi ch are not genetically nodified may be present in the cellul ar

conposi ti oMocyhds endy efeicdbdivedt fiemaang eesi Fer ExBhpls, tHalyr ed bhto

the cell. This can 15 result in a cell line that is imortalized. The
expr essi on bOVIMEERYING RATeiNee MUWinepgapPENe csialiavarnplaibies), eguing ahaeaysld
(repeat ed)

cur tare 1 oPtiaRy e AR RE AR R p el SRR VB  ER R L

l'ine oﬂochmatc:@oayseng standard transfection technol ogies. 20 TERT nay be
cloned fromcells expressing this gene (eg enbryonic tissue may be used).
Alternatively the cDNA for TERT is commercially available. The TERT cells

may al so befh%béﬁt'rge@orftéﬁ@ Pefrvm@gmﬁseé an@tmarréu ync%wér%%ﬁgnd?réfewefaf or a

genetlcally nDdl ied ani ma as been mani pul ated to express in
it's somatite icdhls dea@mjem pérElearlgl wgh rraypebrﬁ tootheeoveydes$ rsmntablwf@"tm of

devel opnent_of .the a source of TERT cells is froma
f oet us whi érp.'vqrgloglqr}d;?pﬁpl geaglton Of gl qchf % he enbryoni c stage. The
whol e 1§oetus or a part thereof may be used as a source of the TERT cells.

Preferably
The TERT cell or cells or nucleus of the TERT cells may be introduced into the

oocyte or embryo using any method available to the skilled addressee.
Preferably nuclear transfer procedures are used. More preferably a TERT cell is
injected into an enucleated oocyte, the oocyte is activated to initiate
20 development and the resulting embryo is transferred to a receptive recipient
animal capable of supporting the development of the embryo into a foetus or
animal. Other methods may be used to introduce the cell into an oocyte or
embryo including but not limited to aggregation of the TERT cell or cells with
preimplantation embryos or injection of the TERT cell or cells into the cavity of a

25 Dblastocyst stage embryo.

The entire contents of PCT/AU99/00275 are hereby incorporated and referred
to in this application, particularly for the description of nuclear transfer of donor
cells into oocytes.

30
In a preferred aspect of the present invention, the donor cell is a genetically
modified TERT cell, said TERT cell comprising a foreign gene which has been
introduced into the TERT cell.



30 the cells are obtained froma rat expressing TERT in its somatic cell

| i neageswo §ivLhAar ably the TERT cell is a TERT sonmatic cel pcT/AlDeo/diEHET
somatic cell may be prepared by the nethods descri bed above for long term
neural stemcell culture. Such cultur@l are enhanced by expression of TERT

which allo / i -_the
o oh | o1, BEEPLRIEARUPIoloT ALORIGUSIR s 2ROy BERERN vl
transfer. VBRI ce¢lbcamRiisiogld fareign gereTwhamehas beeh lintraduces iptcether TERTt 0 be

RN e Tk e S e
Si m an, anppiciedibly Ba dRneticAly mowikd fodfal filBlopRist @k Preferably the

oocyte is a rodent” oocyte. Moré preferably it is a 10 rat oocyte. The
entire dontents of PCT/ AU97/ 00868 are hereby incorporated and referred to

in this desgriptl ri] a ith respect .to the pocytes suitable for
this i nvenﬁ‘l ntpzlra%g"%g %%}é&gn Q{%%I!ﬁ%ﬁe% Prgv NHIgL ih% r\[ogsqeﬁllss 'thur%*ﬁfﬂ
cell or cel geneticanyehedisedTRRE cEERTaig SIERT @Y HRirgh vedteged | mbaifieAer
oocyte or enbrro usi ng any method available to the skilled addressee.

Pref erabl y fel€lechroaneansPeeh pgenativalesmadiieds d&ER seds paisr atsghilyina JBRRT
cell is i nia‘?gétﬁ?b LRh& geﬂa k%%ﬁé&aé e, the oocyte is activated to
vel“opne

initiate 20 d t and the re uIr Ing enbryo is transferred to a
receptiMe recipient animal capable of supporting the devel opnent of the
enbryo into foetus.or,. aninal. r t hod y be used to introduce the
cell into a-ﬁﬁ%%ecygﬁgetﬂ?a”ygﬁ’@fj&%di Egﬁﬂ—g%\'[}e l’)\?fu‘f‘?dm%l ?WY_%S?E‘S“%@%'@@QF'?% of
the TERT cefkRar ceglviiferdint the Iﬂft%dﬂ?ﬂe@“fo@éigﬂn%gﬁ@rié/ Podified ’Breﬁh'ﬁedo‘;ﬁérhe
TERT cell or cells into the cavity of a 25 blastocyst stage enbryo. The
entire cont@eneticonopdTafee9/ 00275 are hereby incorporated and referred to
in this application, particularly for the description of nuclear transfer

of donor

15 In yet another preferred aspect, the nucleus is derived from a genetically
modified TERT cell, said TERT cell having a destroyed, modified or deleted

gene.

Any of these genetically modified TERT cells or nucleus derived therefrom may

20 be used in the methods of producing animals described herein.

In another aspect of the invention, there is provided an embryo, wherein said
embryo results from introducing a continuously growing donor cell nucleus from
a continuously growing donor cell into an oocyte or embryo prepared by the

25 method described herein. The embryo is preferably a transplantation embryo.
The donor cells and the nucleus may be as described above.

In another aspect of the present invention there is provided a method of
30  producing a cell line that may be expanded from an embryo to produce cloned
cells of an embryo, said method comprising
introducing a continuously growing donor cell nucleus from a
continuously growing donor cell into an oocyte or embryo;

culturing the oocyte or embryo to an advanced cleavage stage embryo;



cells into oocytes. 30 In a preferred aspect of the present invention, the
donor celq diadr0enetically nodified TERT cell, said TERc©LUd0/038M0Dr i Si ng
a foreign gene which has been introduced into the TERT cell. WD 01/42421
PCT/ AUCD/ 01510 21 In another preferred2aspect, the nucleus is derived from

a genetically nmodjf] . o) I S| f i epe, whi ch has been
i ntroduced into %ﬁ)@%@lﬁ%%@é%éﬁ%@@%ﬁ}f{&%%ﬂ ?@d a genetically
modi fi ed TERT sasptionallgelituriddptre cloned eemly it is a genetically nodified

foetal fibroblast cell. 5 1In a preferred aspect of the present invention,
the donor cell is a further genetically nodified TERT cell, said TERT cell

having a d i fd $ wRRetically nodified
TERT cel | seg}ﬁéegﬁﬁgr% %‘%‘B?énrfdg@%em%lg%g@?&% %gszcern%gaﬂanock(but experinments. 10

These génetically nodified TERT cells include the above genetically

nodi fied TERT | I rein the introduced foreign gene is dified or
mut at ed af t@hce dBReesTh THERIArP PN Gh, ('E85| Mayeps ANGEREt OgPeraP e Seatt:
the nucl eusgbstidgnings hrid aRnfaigeaid F@hhﬁumyfﬂ@ﬂaﬁﬁﬁfﬁrgﬁhdefuIS\%'rG‘\O'HERT
cell having a destroyed, nodified or deleted Qgene. Any of these

genet i cal | ynnoae medelTeRgh selmenkaysriacleyalopdianelically idendcalamimas. 20 be

used in the nmethods of producing animals described herein. In another
aspect of the invention, there is provided an enbryo, wherein said enbryo

resul t 30f r ohe BENDAHSUEIY aanxdedr e iSatabs® whilgyd ongy beektydied tewsofidem a
continuously grow ng donor cell into an oocyte or enbryo_ prepared b¥, the 25
met hod desc¥Qrssaceisr Earnfurthge @ysissy 8f insiclsaerteansigly as dedeiiinchmt AT @b yo.

The donor cglibs: ¥aF4bbetdypLessBRY piisndaper Lhed AR Ssure of which is

incorporated herein by reference.

15  Accordingly, in another aspect, the present invention provides a cell line

expanded from an embryo as prepared by the methods described herein.

In a further aspect of the present invention there is provided an animal
produced by the methods of the present invention. Preferably, the animal is a
20 genetically modified animal, preferably the genetically modified animal is a

knockout animal.

The transplantation embryos produced by the methods of the present invention
may be used to produce genetically identical or similar animals by
25 transplantation into a recipient female, preferably a synchronised female.
Preferably, the recipient female is synchronised using fertility drugs, steroids or
prostaglandins. Methods for transfer of embryos to recipient females are known

to those skilled in the art.

30 A genetically modified animal may include the addition of foreign genes capable
of identification by the presence of marker genes which have been introduced
into a donor cell or nucleus. Suitable marker genes may include fluorescently
labelled genes which may facilitate identification of genetically modified animals.

A genetically modified animal may include a transgenic animal.



I n anot her aspect of the present invention there is provided a nethod of
30 produgig@/4nell Iine that may be expanded from an en¥yowate/gswduce
cloned cells of an enbryo, said method conprising introducing a
continuously grow ng donor cell nuclewdfroma continuously grow ng donor
cell into an oocyte or enbryo; culturing the oocyte or enbryo to an
advanced cl eavage stage enbryo; WO 01/42421 PCT/ AUOCO 01510 22 separating
and cl oni népanetically mastifierbBhgnalé nidme alsohinglodedmbckopt amimald hacingtgeriesg t he
cloned cells. Th onor _cells and the nucl eus may be as describhed above. 5
Once the Chqrperqcﬁggesgr%eﬁla&qz%[, mPH&'?E St?a@‘ag@n %13[)!? @%\f?i?pﬁ W&Eﬂ\ﬁ al |y
identical beres arteaninalise nddified eYNRIMNEI oM DRePGEddrRel G by perftfad for
non- nurine nodels such as nonkeys to devel op genetically identical

ani mal 2 108N dRYRHOBS isa@eNg. nucl ear transpl antation enbryo nmay be

recycled to provide donor cells for further cycles of nuclear transfer, as
described in Australian patent 687422 to the present applicant, the entire

di scl osur e Actomlinglly, tiee presenat rveatiod prefeeatsly pyrovidéskeneeout ldnimarowdiong! v,
i nventjon provides a cell line expanded

i n anot her aspect, th resent . _

from an enﬂﬁ)gb%é‘sﬁf"ég%fﬂ@&eﬁﬂé"t'ﬁeger@tfHBElﬁorbléH%ﬁ‘qs@éddH@r@ieﬁap'?ﬁ agdig@nener
aspect of ﬁ@m L tdi Q) LiRql i an ani mal produced by

t he net hodgeg?lgp e p%é?g}rﬁﬁé‘iérﬁi\%m% P%‘Hﬁglgrﬁgp‘grmgtﬂ%%gst he animal is a 20
genetit@lly nodified animal, preferably the genetically nodified animal is

k k i mal,. The tr. | ant ati nbr roduced by the t hods of
The  pr esent MErHAIIRICAY TRRGTER A0LBA BoR LSS ) SESEaId, PYRORES Chlan

sinmlar angpRjes 41y de?BIdphadtap! grefierabRN ddifito KhdcREUP! fhalse Bk e opbdifEgr abl y
a synchroni sed female. Preferably, the recipient female I's synchronised

usi ng fert Howsyeapngsalsatanyideoepf dprelepmgnamdiyrse ustd.hods for transfer of
enbryos to recipient femal es are known

15 Preferably the animal is a mammal including but not limited to murine, bovine,
ovine, porcine, equine, feline, simian, endangered species, live stock or may
derive from marsupials including kangaroos, wombats. Preferably the animal is

a rodent. Most preferably the animal is a rat.

20 In another aspect of the invention, there is provided a method of treating a
neurological disorder, said method comprising introducing a neural stem cell
into a host animal to correct the disorder wherein the neural stem cell is capable

of replacing neural cells affected by the neurological disorder.

25 The neural stem cell is preferably a foetal neural stem cell as described above.
For treating a neurological disorder where neural cells are destroyed, the neural
cells may be capable of regenerating the neural tissue. Alternatively, if a
foreign gene encoding a protein beneficial for treating the neurological disorder
is inserted into a neural stem cell or preferably a foetal neural stem cell, then
30 the genetically modified neural stem cell may be introduced into the patient in
need of regeneration and treatment of the neurological disorder. Preferably, the

neurological disorder is Parkinsons disease.



to those skilled in the art. 30 A genetically nodified animal may include
t he addi@bgm%l forei gn genes capable of identificationpbyathgosiesence of
mar ker genes I ch have been introduced into a donor cell or nucleus.

Sui tabl e marker genes may include fluéffescently |abelled genes which may
facilitat e i Sk cat] ' i< ] j heal ly
rodi 1 ed. an g e el s R A it o B BT RleTn s BRI 01810
23 Cenet i cange ofagpplicatbrenncabtmgnayt rat $imiteddb e sk ran¢atmnt, naoiesmtranbieri ng
genes targeted, destroyed and/or nodified so that an imal is devel oped
o Ehout AT qases BEGRA e heSes FGsOH) PRI JHPt BENEHSRe &t by
poi nt or  HyRRRAEEAMIAS BABIhé BoAsPgERdN ACHAMEA Afdes t he present invention
preferably provides knockout animals which nay be useful for research in
gene fenction, diseases, drug therapies and gene devel opnent of ani nal

strains hayin no u . T ticall ndi fi e i mmy be
usef ul fo(ra.Y}Pr g‘@ﬁ%ﬁﬁ%ué%%(i@gsgtajhgn gﬁﬁ%@%?cpaecféfy\}:&%gﬁ t oﬁ]e%%rb% adul t
knockout agmdralaFiatibAs obt ahdamord, HOYEY efs adilirl‘rpﬂiéin?lt anay “sonagesey’, devedtopnent
may be used. 15 Preferably the animal is a mamal including but not [imted
to muri ne, iNRASSHO exslidaeothghaddifides uimpenents| iNtRIETS PHFERS- endanger ed
species, live stock or may derive from marsupials including kangaroos,
wonbats. Preferably the animal is a rodent. Most preferably the aninmal is
a rat.1020 The qmesédrerinaspiat wilf noke benwerd ifaly, desmited witprreferdede dontbehod of
treating neur ol ogi cal disorder,, said nmethad conprisjng  introducing a
neural st JRIERIMNG eXAMPIEs. hdk SMaHIchRE WRrSiotdc aWRYes: KR dBF JFRATEBIAM: he
neural st e 6@idg isSillGatRRRES NP anteHAL) PGt BEYAREN th? vathyf 86 bedshietibhe
neurol ogi cal disorder. 25 The neural stemcell is pretferably a foetal

neural st eon He peneraitysefrthpdnvertdionalescrAbed abes€i ng a neur ol ogi cal di sorder
where neural cells are destroyed, the neural cells may be capabl e of

regenerating the neural tissue. Alternatively, if a



foreign gene encoding a protein beneficial for treating the neurol ogical

di sorderwg g/2p5erted into a neural stemcell or preferaboyraudomasml neur al
stemcell, then 30 the genetically nodified neural stemcell may be
introduced into the patient in need a5 regeneration and treatment of the
neur ol ogi cal disorder. Preferably, the neurological disorder is Parkinsons
di sease. WO 01/42421 PCT/ AUOCQ 01510 24 The present invention also includes
the use of foetal neural stem cell sEXAMPWESe range of applications
including but not limted to transplantation, nuclear transfer and gene
targeting and gene knockout experinents, the generation of transgenic
animal s and the construction of aninmal nodels. 5 Throughout the description
and clains of the specification, the word "conprise” and variations of the
wor d, suchExamplerbr Pseparationjof foetak newsil stérs aedls i nt ended to excl ude

ot her additives, conponents, integers or steps. 10 The present invention
wll now be nore fully described with reference to the follow ng exanples.
I't shoul d Ilressuedeuigireoplatdto Wyl pretdtrited NAtHBBEIHREN Oft 1/ IOHMN DI, -
illustrative only and should not be taken in any way as a restriction on

t he gener aQroighioe athd pairelnni RMEME 4 2ifoed-24dblovwrs aN370C) 524 20 PAEUQH 01510
25 EXAMPLES , 5 Exanpl e - Preparatiogn of foetal neural stemcells Tissue
culture pl ¥PEENGNES B?eeci &%gpgalpﬁ]e[ ﬁ“'%i‘??(rgonﬁﬁ itf'ﬁr%ﬂecfﬂ@f HP'Yan@”B&]'@ﬁ. was

O nithime abpitdted/ Md pratddVMshéd With DRMER/MEUT $hal prépSratirird &7 be (SBRI4GN

vol ume was used to cover the surface). The fibronectin/ poly-L-Onithine
was 10 aspht eacd teme fpr agesral@aysed with DVEM F12. This preparation can be
stored at roomtenp for several days. A pregnant rat (eg. Sprague-Daw ey)
was humanely killed at 9.5-16.5 days gestation by CO2 asphyxiation. Mre

pref erabl y At peedresit usegeqr Spedywe-DRei&f) was humanely killed at 9.5-16.5 days

gestation by CO, asphyxiation. More preferably the foetuses are obtained at

15  12.5-14.5 days of gestation. Foetuses were removed and piaced into a tube

with PBS containing penicillin/streptomycin.

Membranes from the foetuses were removed and their heads were separated
from their bodies. The pooled foetal heads were placed into a 100mm petridish
20 and the tissue was minced with a blunt object (the tip of a syringe) until it was
homogeneous in size. A syringe was used to aspirate the minced tissue which
was then transferred into a tube. The dish was washed with 5-10 mi PBS and

then aspirated into the syringe and pooled into the tube containing the tissue.

25 The minced tissue was spun down and resuspended in a small volume of

media.

The cells were placed onto fibronection + poly-_-Ornithine pre-coated plates at a
density of approximately 1.5 x 10° cells/cm? and incubated in 5% CO,at 37°C.
30



15 12.5-14.5 days of gestation. Foetuses were renoved and placed into a
tube W Hp fRSs4[oNt ai ning penicillin/streptonycin. Mnbrargsabsomsiohe
foetuses were renoved and their heads were separated fromtheir bodies.
The pool ed foetal heads were placed i €% a 100mm petridish 20 and the
tissue was mnced with a blunt object (the tip of a syringe) until it was
honogeneous in size. A syringe was used to aspirate the mnced tissue which
was t hen t Exahple 24 Prefered définedmediwsh foasultasingdoffddtabnélratisteBS and
t hen aspirat ﬁd into the syringe and pooled into the tube containing the

ti ssue. 25 m nced tissue was spun down and resuspended in a snall
volunme of nedia. The cells were placed onto fibronection +
poly-L-Ornithine pre-coated plates_at a density of approximately 1.5 x 105
cel I s/ che ARMrrhasda eadia®olbfp Aecratogies) \wONERINiNG4nsWioTT rAVSEIGNS510

26 Exanpl e & zni r I medi N £k cul t-ur | of._f.0 n stem
cells 5 Neusr?e (l)%rggéﬁl'i{engg?a rlé&?]gj ng' q’@@h%%ﬁo@‘lw stgéhg'%#ﬁiﬁ%i ﬁjdjagl/ mi %E@J

| nsul i n- Tr dbi$é eechnolBgleahi WONGInif e Chealicallyodiefmed- libidl 08ondeFhratd i {lsfe
Technol ogi 35) 10n%/, m bFGF _(Life Technol ogi es 10n% m ; Chem cal lé defined
li pi d concdcPAPPYES)f & THUindl-grurplement 1fdle Nezhaglegiashent100Li Be27
Technol ogi w_yale ‘ i nol ool e i g

L- gl utam n§%§pfr%1\/l Zo%ﬁ%llztéfh@gﬁpﬂglgrﬁﬁpdLlléﬁlﬁ%rgﬁ%/ ?ﬂnq@t’ r%% (%Jéyﬁ]gi(bne.mcl\‘—_lwghpl e

3- Alt @0 nat2@00ed/medreibalingemf or cul turing foetal neural stemcells The FNS
cell mediumsuitable for the present invention conprises Dul becco- 15

nodi fied Eagle's medium (DVMEM conprising 15 mM 4-(2- hydroxy-ethyl)-1

pi perazi ne ggapRSil ARBhTate Péfinét REdiul 145 Rtyring dtaPhE A Yiginteelid0

Um Penicrtitn, 200 g/rm eptomycln,, and tne 1ol ow Ng ado
conponents are added prior to use of the nmedia: 20 Bovine insulin

(10g/nt), I:Illl!\réaPNg ggl?fn?erc[ibrrr]] él%?aﬁé %U) theNBPeSs%n'tE%:ve%%b%Ocomprises Dulbecco-

15 modified Eagle's medium (DMEM) comprising 15 mM 4-(2-hydroxy-ethyl)-1-

piperazine-ethanesulfonic acid, 4.5g/l glucose, 1.2g/l Bicarbonate, 200 U/ml
Penicillin, 200 ng/ml Streptomycin,; and the following additional components are

added prior to use of the media:

20 Bovine insulin (10png/ml), Human transferrin (25ug/ml), Mouse EGF (2-20
ng/ml), Sodium selenite 10 nM, and Human HDL (freshly isolated) 25ug/ml.
The EGF growth factor may be substituted with bFGF (FGF-2) or any other

suitable mitogenic growth factors.

25 Example 4 — Preferred method for culturing and passaging of foetal,

neural stem cells

When the cells were cultured onto fibronection + poly- -Ornithine pre-coated
plates a complete change of media was performed daily until cells reached
30 approximately 80% confluency. The media was then aspirated and a small
volume of Hanks Buffered Saline Solution (HBSS — Life Technologies) was
added to the fiask. Cells were harvested with a celi-scraper and transferred to a
tube for centrifugation at 800g for 5 minutes. The cell pellet was resuspended

in a small volume of Neurobasal A media and live cell number estimated using



ng/m), Sodiumselenite 10 nM and Human HDL (freshly isol ated) 254g/nmnl.
The EGF gipphfahactor may be substituted with bFGE (FGF- Dcmiudmnysiot her
suitable mtogenic growmh factors. 25 Exanple 4 - Preferred nethod for

cul turing and passagi ng of foet aI nedfal stemcells Wen the cells were
cultured o a t |l ete
change of %gﬁgh%g{&g%q‘ gﬁcrjre bf %{' CF hpﬁ-R/ %g]h%g% 384h@ ge:“(%a(\l’\’%a ely

80% conf | ugriaged Dméo rflbdmraaeomas ffxmiyamnnamedpchbaed neibtesv at lamsleoéltyl-laﬁks
Buf fered Saline .Sol uti HBSS .- |fe hnol ogi.es) was .added to the
Flask. - Cel IAPRIGHE G A% X Thr R 50081 105 CRIBERT ahiny Banelhie PNTERdT { ube
for centri faigfdried@fintPOGtdr@ medjinnut es. The cell pellet was resuspended
in a small volume of Neurobasal A nedia and live cell nunber estinmted

usi ng W 01/ 42421 PCT/ AUOO’ 01510 27 a haenocytoner and staining of the
cells with DA

pol y- L- O nittihe C 0 A Ly Ot appt-oXti ;

to 5.0 x 1(ﬁeﬁebé|$écn2 vvlth a swtable voI une of preferred deflned culture
medium 5 Exanple 5 - Alternate nmethod for culturing and passagi ng of
foetal, neural stem ceI | s. When the cells were cultured in the absence of
fibronecti qg y ni es
of neuronal Rﬂé %‘eaﬁl?ﬁed ﬂTEFE)J'? géﬁ&?g?ﬂb %%%M+E8|85Lp§g1rlfe}§r]‘égan be
seen wibh tthey nasktmfedyeosély,hﬁirmmgsdolan|etshafrrm1masl mllsrmeti mutoﬁ’i/emy ti2e 3

days until ached cells had attai ned 2?‘0% con 1en t he
medi a, (corﬁ‘%‘?‘ﬁr e?ﬁe”%‘ﬂﬁé?é%ﬁes GRIL DS peen &yth &1§ N 8 r| 1l‘\#l.f’gﬁea1 2300 x

g for 5 m nyb@ge Whs cAMBEH dutasergtas nafsf Qﬁm%ﬁedéﬂtéaﬁeﬂgcéislh%té}télﬁ@@h
medi a. The sphéres were di saggregat ed a snal vol une of nedi a by

pi petting vig§d eesflyenoy.tWntd dhen toe nnezdlaa(metammgltbs)sphem diasayjpetteit ed
cell's were otfpgﬂd'éé%?ﬁlﬁuaggdat' ”té’od &egS?orf karrsnlﬁsutéis:[. q’h‘ljsI lmue:[ la(\)r\]/va%f retained for

15 diluting 1:1 with fresh media. The spheres were disaggregated in a small

volume of media by pipetting vigorously (with care not to cause bubbles). The
disaggregated cells were then inoculated into fresh flasks at a dilution of
approximately 1 in 3. Once the adherent cells had reached ~80% confluency,
the media containing the spheres was pipetted off into a tube. The adherent
20 cells were harvested in HBSS with a cell-scraper and transferred to the same
tube. The cells were centrifuged at 800 x g for 5 minutes and resuspended in
a small volume of Neurobasal A medium. After disaggregation, live cell number
was estimated with a haemocytomer and staining of the cells with Trypan Blue.
The cells were then plated into fresh flasks at a density of 2.5 x 10°— 5.0 x 10°

25 cells/cm? with a suitable volume of preferred defined culture medium.
Example 6 — For the long term storage of the FNS cells

The cells were frozen down in defined Neurobasal A media containing 7.5%
30 DMSO.



approximately 1 in 3. Once the adherent cells had reached -80% confl uency,
the medi §sanhaiini ng the spheres was pipetted off into a Hawpevoohsoadher ent
20 cells were harvested in HBSS with a cell-scraper and transferred to the
same tube. The cells were centrifuged&t 800 x g for 5 ninutes and
resuspended in a snmall volume of Neurobasal A nedium After

di saggregation, live cell nunber was estimted wth a haenocytoner and

st ai ni ng ofExamepleel | s Exantinatippaf tBe NS céHdinesl fog tusrarigdrda galpaicity. i nt o
fresh flasks at a density of 2.5 x 105 - 5.0 x 105 25 cells/cn2 with a

sui tabl e volune of preferred defined culture nmedium Exanple 6 - For the

| ong term StoCHYeieE vidie ifdéwiset vithTee 108Pcs 2vveét8m‘are@éﬁfbn%§y%oma ¢iqE) ned
Neur obasal A nedia containing 7.5% 30 DVSO. WO 01/42421 PCT/ AUCO' 01510 28
Exanpl €57 2 Bldaimisei wareoiockiatggsubeutanepugly withdx: 0rorat deniral siapneetsy. 2

SCID m ce | N0 a i 5 2 ono s) ,
52 SCD m?ﬁ@éefs\ﬁlg;é eﬁ?%’otefﬂq%%'gmgugcrﬂ’&rgtrqg%fs?éﬁtvﬁ’mhp ﬁgic%%%r)r at %L'ﬁggl \ﬁgéem
cell's (pasbsgeedl¥eckiypr Hawitemdags nater hasicf incenlatsdiwith PClRudetls werni nal s
were observed \M?ekl_ é “Ni net gen days later, mce inoculated with PCl2 cells
vere hunafeMmangly jkiied: dhess hAddards: psianssalbal ijectian site§ echuropursi weee
Tunmour s wer, i i | gl : Li i I W h rat
FNS cel | o ShanTapMatiogical 2 ki Brod ird S BE TS e S o1
8: - A$GessnodasioofatinSciien bitpaotirémairt healthysi ng BrdU incorporation 15 NSCs
were plated down at a density of A) 2 x 104/ cnR for passage #2 FNS cells
and B) 1 x 104/cnR for passage #17 cells (representing 4 nonths of

conti nuous Examhplr €3: Af helsedsAdit Wf IFNBE hedin phaliftatiowasaing BrdiLp

(Wi th recommended supplenents) the celTs were pulsed with BrduU for Zhr.
They were iM@@rEAration with Bouins for 15nin, rinsed with 70% ETOH four
times, then treated with 6N 20 HCl in PBS with 1% Triton X at 23C for 15
mns. This solution was then neutralised with 0.5M Na Borate in PBS with

1% Tri1®n XIOs wkle pilated alowrTat a density of A) 2 x 10%/cm? for passage #2 FNS cells

and B) 1 x 10*cm? for passage #17 cells (representing 4 months of continuous

culture). After 3 days of growth in the Neurobasal A media (with recommended
supplements) the cells were pulsed with BrdU for 2hr. They were then fixed
with Bouins for 15min, rinsed with 70% ETOH four times, then treated with 6N
20 HCI in PBS with 1% Triton X at 23°C for 15 mins. This solution was then
neutralised with 0.5M Na Borate in PBS with 1% Triton X for 10 mins at RT.
Non specific binding was blocked for 1hr with 50% goat serum, then mouse
monoclonal anti BrdU (Sigma) was put on the cells at 1:400 for thr at 23°C in
10% goat serum. The second antibody was FITC conjugated goat anti mouse
25 (Sigma) at 1:500 overnight at 4 degrees. Cells were coverslipped with

fluorescent mounting medium.

Example 9: - Media for growing rat foetal fibroblasts

30  F12 nutrient media (Life Technologies) containing 10,000 U of penicillin and
500U streptomycin, 15% foetal calf serum (ES cell grade, Life Technologies)
was used for the culture and propagation of foetal fibroblasts. This basis media
is designated F12/FCS media.



Non specific binding was blocked for 1 hr with 50% goat serum then nouse
nmonocl onayo giMd2421Br dU (Si gma) was put on the cells at 1:408cf/auoedtoibo at 23C
in 10% goat serum The second anti body was FI TC conj ugated goat anti nouse
25 (Sigma) at 1:500 overnight at 4 de %es. Cells were coverslipped with

fl uor escente(pipid 16 - Brdb4Fa ia for growing rat foetal
fi brobl ast tice BFH I%I ogi es) containing 10,000 U

of penicillin and 5000 st reptonyci n, 15% foetal calf serum (ES cell grade,
Li fe Technol ogi es or hecltur and f oet al

fi brobl ast p?ﬂﬁ? 3’1} Zeﬂe%%agti'es «‘é‘@?\én‘é{?% andh-&iedq %?8\%1‘6@ W1
PCT/ AUCO 0 asb8atic? SprifiatioRl FRRHOReRS refnhéxrézpéﬁ@gsac@@l iht Aupegnant
rat (eg. Sprague-Dawl ey) was humanely killed at 10.5-16 days gestation

by C02 &sphyith BBSotenteidedpericilieyeremspmyer. and pl aced into a tube 5 with
PBS containing penicillin/streptonycin. Menbranes fromthe foetuses were
renoved and their heads were separated fromtheir bodies. The pool ed

car casses \Wembpdrezefiomtie foetingdd wars herhibvedandandirtiiadsi weke sugaratdédiced
of a syringe) until it was 10 honbgeneous in

with a blunt ob i}éthe_ﬁ_g

size. A sy F%é B RoplechedrcpreeniveeR @ladedsinte arinedl digds(bt¢Bh
transferre

aspirated %rﬂdgﬁ%hﬁsgg%ﬁﬁ%ﬁgﬁga g@m\l\g?ll nto %ﬁ[ Heht)é oi%n%? r#éig[ﬁ{ﬁﬂlt V%I ssue.
The m ABed honsegenasas iheize.t A sa/asmgbemas uséa tdoaspmtedhetrhleceublestﬁ@wmcﬁ ew

m nutes 15 and, was, caref ul l. r at f, the | ss was
vvasﬁed wi t Vg ten tr @Bge[fﬁgl '?{t ¢ V\liéesl ergﬁs%ﬂ?ﬂma&? ‘@%géﬁdd(\'&tﬁa{?' ﬁya@
washes) . 5 thén Qfspfréﬁéﬂﬁhﬂ@) th@-shrifyb NESs S8R inth@ise &qfée@bﬁtgmi@tﬁelt%%% and the
tube was placed into a 37C water bath, for no longer than™5 mn

tubes were m xed occasi onal ly). The tissue was allowed to settle dovvn to
LD oot Lol e R ot U R L RGP MR R SET Rl
and t he5celandswapeansefily viapiratsl eff thetifjuidie The tissue was washed with fresh
PBS until it was reasonably clear (approximately 2 washes). 5 ml of trypsin
0.1% in versene, was added to the tissue and the tube was placed into a 37°C
water bath, for no longer than 15 min (The tubes were mixed occasionally). The
tissue was allowed to settle down to the bottom of the tube and the cell
20 suspension was transferred into a centrifuge tube. The tissue was washed in
5ml F12 media containing FCS, and the cell suspension was pooled with the
trypsin cell suspension. Cells are then plated on a standard tissue culture flask
and allowed to proliferate. Cells are propagated in F12 media containing FCS
according to standard procedures. |
25
Example 11: Preparation of TERT fibroblasts

A mammalian expression vector expressing TERT may be obtained using
standard cloning procedures, familiar to anyone experienced in the art,

30 Alternately the TERT expression vector is commercially available.

For stable transfection experiments vectors are linearised at unique restriction
endonuclease site. Transfection experiments were initiated on day 3 of culture

in 10 cm dishes using Lipofectamine® Plus. Transfection invoived addition of



trypsin cell suspension. Cells are then plated on a standard tissue culture

flask aRpgoplsdgayed to proliferate. Cells are propagated ipeTiaibodEsdo a
contai ning FCS according to standard procedures 25 Exanple 11:

Preparation of TERT fibroblasts A mam®lian expression vector expressing

TERT may b @0?9 . HS] Iﬂgs anyone
experi enceg I n a}r’[é%ri'ggg %%ﬁ%ﬁa@xﬁ he érﬁ%ggﬂ%gz%? ﬁ%é%r{%ortfr%e
comer ci al (SF)avedlawits. |ndiwatns>haiﬂ2@°crfaﬂsseﬁmum eamﬂrdfwﬁfécmﬁﬂﬁ@@? fvalr e

|l ineari sed at unique restriction endonuclease site. Transfection

experi rrentthalveﬁddeﬂltpl 42@id oh FdaiFQiS dnedial and dhei splutonsmmgire Hben uvixeg
Li pof ect a PI us nsf vol ved,.addjti on 01/ 42421
P Avoo OEBRNSTg g, HEIBEcH PPitedbl chdticiohs SMRuten) PdR Ues Yeagent

in 750 0 i F C [ aks 2 f 5 tes.
7503, i age ot | O g T

sol uti ons mwdmmtamm? sohgienhamasatien laddbdt'eadtfaﬂ @4 fotlowadf byt ther 15

i nutes. Me ted f Ils and replaced with 5ml of
SF e a. | FHUTORGL A Bb R ZIH G 24 Jou IRl Werolaued 49 MRt udse  ©
fol I owed bydifgd MH'M'Z‘?PCSfm@d%r%n‘PélHﬁézé ;g%% bl PRIKS dt8Tas @aldd'é%

foll ow ng day nedi a was | aced w't medli a cont al ni ng
sel ect abl elnnm&@rlg(nahéEE%scqmtrhuﬁed:orlexatrhxdeanl gumakpé’rE?Tbecaﬁ@mg/uﬁtc)f For

| i 10 Ge Gb BRL Lif
Taahh ity GEPEHENED (Ce IR0 o By N RISeS Pt I EbrRIGRY SRS 4161 t he
rat foetal SL(IHHIQQ:IO%%%Q ra’urﬁﬁ%t cpr' tWe' fat ?Sét%Frflbeba%ﬁﬁsel ?ﬂfbﬁdﬂé@elé&%rﬁmﬂ%” od

of 10 days thisini rocesses the
cel I s are owmmtiriusEdntxt a)lpeﬁoa of ‘[(hdam (lgl ey M))ncEotlm\ﬂmgohms)fnltla‘:lrstelléntmhl c. 15
Exampl e 12: Nucl ear Tran

sin robl ast _cells as onor nucl ei
Ani mal s m?@cﬁﬁﬁ?%&hﬁycﬁiﬁcéﬁ??@h ‘?‘f”‘é donr gozﬁ F@ﬂmeﬂﬁaf'%%SOft han 5
antibiotic.
15

Example 12: Nuclear Transfer using fibroblast cells as donor nuclei

Animals were killed by decapitation and the oviducts removed in less than 5
minutes. Oviducts were collected into prewarmed calcium free phosphate
20 buffered saline (PBS). Oocytes were liberated from the oviducts into M16
culture medium containing 40 1U/ml hyaluronidase at 37 °C using fine forceps.
Oocytes were washed twice in M2 medium after 5 minutes exposure to
hyaluronidase. Cumulus free oocytes were transferred to equilibrated modified
rat embryo culture medium (MR1ECM) and incubated in humidified 5 % CO; in
25 air at 37 °C until use.
Oocytes at the metaphase |l stage (i.e. with the first polar body extruded) were

selected for nuclear transfer (NT).

Oocytes were enucleated in handling media containing cytochalasin B
30  (7.5ug/ml, Sigma) by gentle aspiration of the polar body and metaphase plate in

a small amount of cytoplasm using a glass pipette (inner diameter: 10-15um).



m nutes. Oviducts were collected into prewarned cal cium free phosphate 20
buf f er edygfdifag(PBS). Oocytes were liberated fromthe ovicustewoisioo ML6
culture nmediumcontaining 40 U mM hyal uronidase at 37 C using fine

forceps. Oocytes were washed tw ce i n3MW2 nedl um after 5 mnutes exposure

modi f1ed PH anrhBEHl Ehrab R N LA B ES T R e Sa s
% C2 in 2|53M|199amtrBB°/&3ratn§erUnu5E99|mcly§|@g; tid infjeetiorepipptiasthd Ifisdlolast (i . e.

with the fi rst pol ar body extruded) were selected for nuclear transfer
(NT). Oocyt"é'§ shewere rertest sirectly Hamlth%QOQPdEﬁ LVimaseniThg (E%beﬁ%‘lcéﬁq

30 (7.5pg/ d d met aph
(7.5pg @mtﬁéP?r@éﬁgﬁﬁ&ﬁﬁ%ﬂ)ﬁébflﬁt@“l@ﬁ@h Gr*&ff aHﬁv@(fonbO y and metap ase

plate in asmusing a gl ass pette (inner
di aneteb: 10-15pnm). WD 01/42421 PCT/ AUOQ 01510 31 After mechani cal

di sruption of..th onor cell nbranes in pes ered T 5%
rat serum (¥ ’g@?—?f %é aﬁ'&”t"ﬁes ﬂr{fuggg"gﬁowsp@%e}éme?ﬁ %Vtﬁ’@ﬁﬁﬁ‘gt%enqﬁqyg‘?s wer e
i nj ect ed dltw%lathbﬂbpuﬁ ?ﬁo@l\%ﬁé‘t eb@ﬂér@@'éh?hé fomenr@@teeswlem@%ulte@wos
were transferred back ECM unti| activation. 5 Artificial

activation MB%ECMQ@@@IWHQ@@PM aychaohexinistst fop fiveyogsposi ng t he oocytes to
8% et hanol in phosphate buffered saline for 5 mnutes, prior to culture in
MR1 ECM cont ai ni ng 35M cychl ohexi mi de for five hours. 10 Enbryos were

cul tured i EMB fsl\ﬁérévl?&lﬁ%cnw BHficABIiRA HCEM &iiturd méd'igg@h eBbP|(1998)
Repr od. 59: 884- 889) suppl enmented with 10% Rat Serumin a | ncubat or

at 37C. EniBrl9|OBem¢®_ﬂr8934s$%9)r sdpplaoiented prithe@% &RatpSertmaini sab¥ 6r0day 2,

3 or day 4, 1 e. The above exanple is al so applicable for the
TERT fi br ol&”%"g‘%aggb%é%a%d as in Exanple 11. WD 01/42421 PCT/ AUOY 01510

Embryos were transferred back to primed recipient animais on day 2, 3 or day 4

15  of culture.

The above example is also applicable for the TERT fibroblasts prepared as in

Example 11.



32 Exanple 13. Results from nuclear transfer experinments using transfected
fibrobl agho QQQIFNS cells. 5 Methods for nuclear transfempcaiadookisadl ast or
FNS ceII nucI el are as detailed in Exanple 12 Donor Cell Type Transfected
Neural stem Enbryonic cells Fibrobla®# Oocytes (% (% 1256 317

Survi ved transfer 106 (8.4)b 80 (30.5)b dCeaved to 2-cell 24 (22.6)b N A
enbryo Enb Mce . Transferred to.nil 78 at,s
bevel opi ng ExaPIF: 53 RESHES fham(pdtaas Mebiboet SPeriments Uil el 10
Si gni fi canf.bdobra@tgm.asi:ms dedleonst ruct ed enbryo survival, cleavage and
devel opnment in vivo between donor cell types are indicated by different
superscript letters (a-b). Relative percentages surviving each mani pul ati on
are shgwn %h?@é ¢ RESESY 1r Qﬂsfepg)tf fﬂ%tﬂé&' SEEN 1§eIFh (‘E\H Yre hE o‘e?alFeQi @e
under st ood at various ot fircatrons an /or alterations e nmade
W t hout degxampig12romthe spirit of the present invention as outl i ned
her ei n.

Donor Cell Type

Transfected Neural stem
Embryonic cells
Fibroblast
Oocytes (%) (%)
1256 317
Survived transfer 106 (8.4)° 80 (30.5)°
Cleaved to 2-cell 24 (22.6)° N/A
embryo
Embryos
Transferred to 7 nil
Mice
Transferred to nil 78
Rats
Developing to 1(14.3)® nd
Morula/Blastocyst
Producing Live nd 0
Born

10  Significant differences in reconstructed embryo survival, cleavage and
development in vivo between donor cell types are indicated by different
superscript letters (a-b). Relative percentages surviving each manipulation are

shown in parentheses. nd: not determined.

15  Finally, it is to be understood that various other modifications and/or alterations
may be made without departing from the spirit of the present invention as

outlined herein.



WO 01/ 42421 PCT/ AU00/ 01510 33 dCdainms: 1. A cellular conposition
conpri si Oqggﬁr nore cells having a property charact epcgidmwoisia neur al
er

stemcell an ein said neural stemcell is capable 5 of long term
culture. 2. A cellular conposition acéd¥ding to claim 1 wherein the neural
stem cel | Frﬁﬁﬁqsa property characteristic of a foetal neural stemcell. 10

3. A cellulrar conposition according to claim1l or 2 wherein the neural stem
cell is characterised by an ability to grow indefinitely in tissue culture

wi t hout undergaoing transfornation and to retain a degree of devel opnental
plasticityl 4. A ediylal sPmpesiYes; ¢arerrisieg anei ﬁbrﬂ%eaﬁ?asd?ﬁé"’&ﬁ acPEIRREY1L to 3

wher ein t h%arﬁé&%ga&f PhEMF Sle? Bl Snbi UMl Sfld PLPRISKEH el QY '&Qﬁgﬁlgneur al

stemcells in nestin and vinentin. prepari
cel lul & cofoogitermarcuttorgri si ng one or nore cells having a property
characteristic of a neural stemcell wherein said neural 20 stemcell is

capable of long termculture, said method conprising: obtaining a source of
neural stem cel lxsgelluMiefthpHsition SeeORAT &5 clRim celvhardin ae hiars aemesell
contacting the suspension of cells with a suitable nediumto maintain the
neural stehBagd@ Properyshaeadterstia efrafoesmhertalaiemudling t he cel I's incl udi ng
passagi ng and propagation of the cells. 6. A nmethod according to claim5

wherein the source of the neural stemcell 1is a foetus differentiated at a
stage #§teg.t he AegdliyAmcampdsgitien adfordingto@hined @cZ ahdreig the neluralnstém
wherein the source of the neural stemcell _is a head or spinal cord of the

foetus. Wocel/sizhatagterisedopyanm sbity 1 ggow Andeiiniiely BtEsyur REIYE WHYOWhe of
clainms 5 tgnde Ogn%irﬁn&???m%’dbﬁ aPbigo roBsh HlgRed HEgSVAbphBART pRIiclty Pi d and

at least one m nic factor.
4, A celiular composition according to any one of claims 1 to 3 wherein the
15  neural stem cells are identified by markers found on neural stem cells including

nestin and vimentin.

5. A method of preparing a cellular composition comprising one or more
cells having a property characteristic of a neural stem cell wherein said neural
20 stem cell is capable of long term culture, said method comprising:
obtaining a source of neural stem cells;
preparing a suspension of cells from the source;
contacting the suspension of cells with a suitable medium to maintain the
neural stem cells in a cell culture; and

25 culturing the cells including passaging and propagation of the cells.

6. A method according to claim 5 wherein the source of the neural stem cell

is a foetus differentiated at a stage after the embryonic stage.

30 7. A method according to claim 8 wherein the source of the neural stem cell

is a head or spinal cord of the foetus.



9. A nmethod according to claim8 wherein the lipid is selected fromthe 5
group i ngloudispgaichol esterol, triglycerides or phosphol i pirds/Qw0081510
conbination thereof. 10. A nmethod according to claim8 or 9 wherein the
mtogenic factor is selected fromthe349roup i ncludi ng bFG-, EGF, PDGF or a

conbi nati og of : : N I erein
the EGF i sI8| n t Eﬁe&ﬁgcéa%l?:opfﬁ t°%“yn§)‘%‘w§§'@§$okg'r?e‘tg’ﬂ%%”gé@%r 3&%8}%10
clai m 11 wnedium inpkideE @t l¢ast ionetlipid andgtleaist Bne onitd@nig factor. 13. A net hod
according to any one of clains 8 to 12 wherein a chemically defined |ipid
concentrate is present in a ratio of 1:100. 20 14. A nethod according to

any one of gcl ai @ nfethed l&coohdingi t ElRen N dirreUH86idi Bcéé@@t%dafrér?ﬂ {he
survival factor. 15. A nethod according to claim14 wherein the cel

survi vaP f 8w ingudipg shplestasel, friglycerdesyrasuphesntialigidsgort r’aangfrwmatmn

i nsulin, gi@%ﬂffam ors including EG-, bFGF (FG--2) or PDGF, |ipids and
sel eni um ‘met hod according to any one of clains 5 to 15 wherein the
passagi ng and propagation of the cells is conducted when the cells bud
fromthe c 0 cub 17. A cell ul ar corrp05| tion prepared by the

met hod acc Pd. n 93 JROTEING 19 &1 8 e 91 wherginotheaitegepeTant®o/01510

35 18. A coblola rBAMRSGIdRMNBRAMFILPBIL &St B BBE oM ehflnii 6PERESI Ui on

conpri ses a substantially honbgenedus popul at'i on of cel aving a property
charact@ri enddFR§3Fa neural stemcell. 5 19. An isol ated neural stem cell
prepared froma cellular conposition according to any one of clains 1 to 4
, 17 or 18.

11. A method according to claim 10 wherein the EGF is in the range of 2 to
20 ng/ml.

15 12. A method according to claim 11 wherein the bFGF is in the range of 2 to
20 pg/ml .

13. A method according to any one of claims 8 to 12 wherein a chemically
defined lipid concentrate is present in a ratio of 1:100.

20
14. A method according to any one of claims 8 to 13 wherein the media

further includes a cell survival factor.

15. A method according to claim 14 wherein the cell survival factor is
25 selected from the group including transferrin, insulin, growth factors including
EGF, bFGF (FGF-2) or PDGF, lipids and selenium.

16. A method according to any one of claims 5 to 15 wherein the passaging
and propagation of the cells is conducted when the cells bud from the cell

30 culture.

17. A cellular composition prepared by the method according to any one of

claims 5 to 16.



20. A genetically nodified neural stemcell, prepared by introducing into

or del eﬁ,brbimg{n nodi fying a gene froma neural stem cel | pegcquodorsgot o claim
19. 10 2 nmet hod of preparing a genetically nodified aninal, said method
conprising introducing a neural stemadd | according to claim 19 or 20 into
an oocyteqqr e g S g e 0 :

foetus or 1§n| ma cgqggg%oﬁ%o%m& 8&&&“@ wu%!a% an ap{nél}%a tH@;%ﬁﬁ‘%ﬁ%ﬁ 'ﬁgd
conpri si ngconiprisdeca lsgbstanualm hnnwgehgogs; opatatidano celsl having leepodarym a

cont i nuousl 0 onor ¢ into an oocyte or enbryo and all ow ng the
resul ting éﬁﬁ%f%erﬂ% tUPeY’ atemace'iar eferably develop to a foetus or
animal . 20 23. A nethod according to claim22 wherein the donor cell is a
continuously growing somatic cell. 24. A method according to claim 23

wher ei n5t hd 9dono9m dedlateids reugainetércately preparesiffaneda seefarc cogifosition
wherein said nodi fi |on inc stroying, nodifying or

del eti ng aafj(é & t)()rr??%tgngé’l a"§§1 tﬂ Jfre?ﬁ(%qgccordi ng to claim22 wherein

t he donor cell |s a neural stem cell according to claim19 or 20. 30 26. A

met hod according to claim22 wherein the donor cell is a TERT cell. WO
01/ 42421 P&% A ensticnlly 3podified mensahsigmcebr pickgred by | iairad pangwiaioeph t he

TERT cel | 'd%le%n ﬁég&@}e}g OQ/E?@gffr'o a al&§bh Igaf ?cflﬁb?oﬁ%'qu netic

nodi fication i n no yi ng or ting”a gene. 28. An
enbr yo1@r oduced by t he net hod accordi ng to any one of clainms 22 to 27. 29.
A net hod of produmgt%og ?I | ine from an enbr%o t 0 produce clé) ed cells

preparing a genetically modified” animal, said metho
comprising introducing a neural stem cell according to claim 19 or 20 into an

oocyte or embryo and allowing the resulting embryo to mature to a foetus or

animal.

15
22. A method of producing an animal, said method comprising introducing a
continuously growing donor cell nucleus from a continuously growing donor cell
into an oocyte or embryo and allowing the resulting embryo to mature and to
preferably develop to a foetus or animal.

20

23. A method according to claim 22 wherein the donor cell is a continuously

growing somatic cell.

24. A method according to claim 23 wherein the donor cell is a geneticaily
25 modified somatic cell and wherein said genetic modification includes destroying,

modifying or deleting a gene from the cell.

25. A method according to claim 22 wherein the donor cell is a neural stem
cell according to claim 19 or 20.
30

26. A method according to claim 22 wherein the donor cell is a TERT cell.



of an enbryo, said nethod conprising 10 obtai ning an enbryo according to
cl ai m 28ywaiildyni Ng the enbryo to an advanced cl eavage stEUeAewmY0;
separating and cloning the cleaved cells of the enbryo; and optionally
cul turing the cloned cells. 15 30. A céfl line prepared by the method

according tgy ’@%@Fd%&yﬂggﬂg'@&ﬂ&%ﬂﬁﬁ&% iP¥hd g FQI‘P% Qﬁgceg{r%frcggy to

any one of clal ne An ani mal  prepare rom a

accor di ng troodified MERT @A, ankl MIerelnLﬁamulgene‘edmndlfmatrbabheluﬂes destroyinigng
neural stem Cﬁl: .s in a long termculture conprising at |east one |ipid and
at |east orB° fxg%gﬁdglqtggtg%gen%5 34. A nedium according to claim 33
wherein the lipid is selected fromthe group including cholesterol,
triglycerides or phospholipids or a conmbination thereof. 35. A medi um
accordi Ag t28.cl AMEBTYe pEadugesk ky the methrd acpendiog fta@nyroriesof @adinsseR246¢ ed
fromthe glﬁ‘up i ncluding bFGF, EGF, PDG- or a conbination of EGF and bFG-.
36. A nedi according to claim35 wherein the EG-F is in the range of 2 to
20 ng/m . WO 01/42421 PCT/ AUCO 01510 37 37 A medi um according to claim35
wherein the bFGF|S|nthe range of 2 to 0 g/m . 5 38 A nedium

accor di ng t49-any? gished %Péﬁ%'%at@”ﬁ'ﬂem anenabrypdaircedyse clgaed selis | i pi d

concentr at i %ﬁsﬁﬁﬁg%a\ﬂ:m%tﬁ@& bﬁmBFISIﬁploo 39. A nmedium according to any

one of clains erein t further includes a cell survival
factor 1010 40. /bbtemjlnmaa@nmrgloragcomlngmmmzaher ein the cell survival

f i I f h | udi t ferrin nsulin, growth
f th g; sl ?ncfﬁdf%ﬁﬂrmé?% temebr% ?ggnlarclj(\:/alrjlcleé]glea(/ggg sgcaargeI emblryo ul' g
separating and cloning the cleaved cells of the embryo; and

optionally culturing the cloned cells.
15 30. Acell line prepared by the method according to claim 29.

31.  An animal prepared by the method according to any one of claims 22 to
27.

20 32. Ananimal prepared from an embryo according to claim 28.

33. A cell culture medium suitable for culturing neural stem cells in a long

term culture comprising at least one lipid and at least one mitogenic factor.

25 34. A medium according to claim 33 wherein the lipid is selected from the
group including cholesterol, triglycerides or phospholipids or a combination

thereof.

35. A medium according to claim 33 or 34 wherein the mitogenic factor is
30 selected from the group including bFGF, EGF, PDGF or a combination of EGF
and bFGF.

36. A medium according to claim 35 wherein the EGF is in the range of 2 to
20 ng/ml.



EGF, bFGF (FGF-2) or PDGF, lipids and selenium 15 41. A nethod of

cul turi ng,orqu‘?h stemcells said nethod conprising cultupchgudohsieel ls in
the presence of at |east one lipid and at | east one mtogenic factor. 42.

A met hod of culturing neural stem cell¥ said nmethod conprising culturing
the cells in the presence of a culture nmedium according to any one of
clains 33 20 to 40. 43. A nethod of treating a neurol ogical disorder, said
met hod conp7i si Agmedium adocidigy o ceim 35 whewirctld bREEds th thg taagelaii2ntol9
into a host,_animal to correct the disorder wherein the neural stemcell is
capabl e of zpé’;ﬂ/ tng neural cells 25 affected by the neurol ogical
di sorder. 44. A nethod according to claim43 wherein said neurol ogi cal
di sorder is Parkinsons D sease.

5 38. A medium according to any one of claims 33 to 37 wherein a chemically

defined lipid concentrate is present in a ratio of 1:100.

39. A medium according to any one of claims 33 to 38 wherein the media
further includes a cell survival factor.

10
40. A medium according to claim 39 wherein the cell survival factor is
selected from the group including transferrin, insulin, grbwth factors including
EGF, bFGF (FGF-2) or PDGF, lipids and selenium.

15 41. A method of culturing neural stem cells said method comprising culturing

the cells in the presence of at least one lipid and at least one mitogenic factor.

42. A method of culturing neural stem cells said method comprising culturing
the cells in the presence of a culture medium according to any one of claims 33
20 to40.

43. A method of treating a neurological disorder, said method comprising
introducing a neural stem cell according to claim 19 into a host animal to correct
the disorder wherein the neural stem cell is capable of replacing neural cells

25 affected by the neurological disorder.

44. A method according to claim 43 wherein said neurological disorder is

Parkinsons Disease.



