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CELL :CULTURE METHOD The present invepntion relates to cell culture
net hods, and in particular to cell culture nmethods for the production
of 5 an essentially honogeneous popul ation of cells (for exanple
neuronal cells) in vitro. The invention also relates to neural cells
(e.g. human wews24398 el | s) having introduced t herein a BET/GBIGNIFH

mar ker (e.g. a positive and/or negati ve sel ectable marker). 10

The central nervous sytemis presently the subject of I nt ense
research, but its enornous conplexity at the cellular |evel has
mlitated against a full Underst%ﬂﬁgggzgggggggﬁghggfunction. Wi | e

i ncreasingly sel ective nethods of eci fic sub-popul ations
of neural cells ex vivo (such as I munost ai ni ng, in situ

hybri di zati on hi stochem stry etc.) have been devel oped, the separation
and puri fi cat iThe gresert inventicnaredatesstsdicell) cairlture metthotdsgnand

severe difficulties. 20 Vari ous approahes have been adopted to
address this in particular to cell culture methods for the production of

5 an essentially_hamogeneéus population of cells (for example
neuronal cells) jin vitro. The invention also relates to
neural cells (e.g. human neural cells) having introduced
therein a selectable marker (e.g. a positive and/or
negative selectable marker).

10
The central nervous sytem is presently the subject of
intense research, but its enormous complexity at the
cellular level has militated against a full undarst#nding
of its function. While increasingly selective methods of

15 1labelling specific sub-populations of neural cells ex vive
(such as immunostaining, in situ hybridization
histochemistry etc.) have been developed, the separation
and purification of such sub-populations as living cells
presents severe difficulties.

20
Various approahes have been adopted to address this
problem. For example, techniques such as differential
centrifugation have been used to enrich for specific neural
cell phenotypes. Other methods have been based on the use

25 of fluorescent cell type-specific substrates to label sub-



problem For exanple, techniques such as differenti al centrifugation
have -been used to enrich for specific neural . cell phenotypes. O her
net hods have been based on the use 25 of fluorescent cell type-specific
substrates to | abel sub- WD 96/ 29395

PCT/ GB96/ 00671 - 2- popul ati ons of

cell s, or thewiges@bosi | uorescent tracer dyes i nj ected i rRAY/GBIS/PUSZ] f i C
term nation area of a given set of neurones (Schaffner at al. (1987)

J. Neuroscience 7:3088). In each case, separation of |abelled from

unl abelled cells 5 is by fluorescence~activated cell sorting (FACS).

Anot her nethod is based upon_ the identification_o extracel | ul gr
menbr ane- bound REPRLAt1IQANS ©f geklf,oF Lhe.pyse of %%#?rﬁﬁﬁﬁPﬁig§ﬁaﬁﬁ g&eEhiu
1990) J. Neurosgience,10:620). 1Q..He i I Net hi e _leS
gc.-hi ezled by pan%ﬁﬁﬁcfﬁ% u'_t° %ﬁsﬂ?&lgéﬁ {:'%%lﬁ%?a |%Ena%%aa§fa h&ren @a&%t Pgody

layer to paedfgﬁegegéeﬁmxg%d%e(}g ) R1987% " &1 M Fdbd f¥hde!7:3088) .

interest can |ater be dissoclat urt'her study. 15 According to
anot her known nghh@gich Pé2ge) | départtiion Wi tBbelled from unlabelled cells

5 is by fluorescence-activated cell sorting (FACS).

Another method is based upon the identification of
extracellular membrane-bound markers specific for a given
cell type (Urakami & Chiu (1990) J. Neuroscience 10:620}.
10 Here, separation in this example is achieved by panning the
mixed cell population on an adherent antibody layer to
produce cell-antibody complexes from which the cells of

interest can later be dissociated for further study.

15 According to another known method, progenitor cells which
give rise to specific cell populations are immortalized by
oncogene transduction or by the sub-culturing of

spontaneous cell outgrowths.

20 With the exception, perhaps, of the precursor cell
immortalization technigue, most of these methods have not

. acquired Qidespread application. This is partly due to the
enormous heterogeneity of phenotypes within the central
nervous system, such that the markers and the separation

25 techniques utilised have to be extremely specific to avoid



give rise to specific cell populations are imortalized by oncogene
transduction or Dy __fhe sub-cultfuring..of spont aneous—celb——
out gr owt hs. 20 Wth the exception, perhaps, of the precursor cell

i mortalization technique, nost of these methods have not acquired

wi despread application. This is partly due to the enor nous

het er ogenei t Wos#6/28398not ypes within the central ner vous RETAGRIEP06Y, c h
that the markers and the separation 25 techniques utilised have to be
extrenely specific to avoid V\D 96/ 29395
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unwanted cel | t - d e e, ,of purification required
to obtain %o‘r?réos erneeal fq&f hl¥‘%"\/\/&)‘Jﬁ Frgig $b of magni tude: such
5 an enrichment is too great for FACS or panning, the result being a

degree of contam nation. . Thirdly, the availability of sufficiently

abundant, yet secomilgfiuatheydegeekl iof pidificaltidnd rdfiicdd vbi eBtaif

al so

homogeneity is often two or more orders of magnitude: such
5 an enrichment is too great for FACS or panning, the result

being a degree of contamination.

Thirdly, the availability of sufficiently abundant, yet
adequately specific, extracellular markers which are also
10 common to the better characterized neural cell groups (e.g.

dopaminergic cells, or glutamatergic cells) is limited.

Morecover, most of these known enrichment techniques require
relatively immature neural cells, to prevent their

15 destruction during the procedure.

Finally, these considerations are even more restrictive for
human neural cells because of the difficulties in obtaining
suitable amounts of fresh human brain tissue.
20

The present invention provides a method for selectively
culturing a pre-selected sub-population of cells from a
heterogenous population in vitro, comprising the steps of:
(a) introducing a selectable marker (e.g. a positive and/or

25 negative selectable marker) into the heterogenous cell



10 conmon to the better characterized neural cell groups (e.g.

dopaminergic cells, or glutamatergic cells) is |limted. Mor eqver
nmost of these known enrichment techniques require relatively immuature
neural cells, to prevent their 15 destruction during the procedure.
Finally, these considerations are even nore restrictive for human
neural cell sybegsues of the difficulties in obtaining BOCT/GBEsI0es7aDUNT S
of fresh human brain tissue. 20 The present invention provides a

met hod for selectively culturing a pre-selected sub-popul ati on of
cells froma het er ogenous popul ati=dr in vitro, conprising the steps

of : (a) introducing a selectable marker (e.g, a positive and/or, 25

negative sel ecPSPMdakiPRer ) whieh tmarkererdgensuieqt | to differgotiglrozos
PCT/ (3B96/ 00671 ftipn, whi ch

.  ia s -4- |
marker is  suBFEEESSLgN/aFEiEiERimthe Procsgientad, ARRCPPRRIgt g pad
pre-sel ected S%%}p%&ﬂh@kkggiyagqlturing the pre-selected sub-population

on the basis of the differential expression/activity

S therein of the selectable marker.

The pre-selected sub-population of cells may be an
essentially homogeneous population of cells of a particular
cell type or cell class. For example, the pre-selected
10 sub-population may be a particular class of neural cells.
In the case of neural cells, the pre-selected population
may be selected on - the basis of transmitter
characteristics, é.g. dopamine- or acetylcholine-containing
neurones may be selectively cultured according to the

15 method of the invention.

The selectable marker need not be introduced into every
cell making up the heterogenous cell population: for most
purposes it is sufficient if a significaht proportion of

20 the cells receive the selectable marker.

Preferably, however, the selectable marker(s) are
introduced into a large proportion (for example essentially

all) of the heterogenous cell population.
25



(b) selectively culturing the pre-sel ected sub-popul ati on on the basis
of the differential expression/activify D5 _therein of the selectable ...

mar ker . The pre-sel ected sub-popul ation of cells nay be an
essentlally honbgeneous popul ati on of cells of a particul ar cell type
or cell class. For exanple, the pre-selected 10 sub-population may be a
particul ar clwevsa29bs neural cells. In the case of neur aPCtEBIEIN6TINe
pre-sel ected popul ation may be sel ected on t he basi s of
transmtter - characteristics, e.g. dopam ne- or

acet yl chol i ne-cont ai ni ng neur ones Ty be selectively cultured
according to the 15 _nethod of the inventian. The sel ectabl e marker
need not be intafsooﬁmq-% begein, thecé!‘?tl'!ﬁﬂuﬂ% &pet Héwf?é’ctéﬂﬁ‘geﬁ’eﬂﬁs cel |
popul ation: for Qse I s _sufficient, if .a sSi i.cant
proportion of 'ﬁ'\‘é”‘c‘?el pﬁ'éf&%v}gnt hé el g ab'feéleﬁaw S . BIGEA ot
Preferably, h laz! E1as 86 CHEA U fa ot BIdY Shordi | newrall ! £OFHFS
into a large p oportlon (for exanple essen the

het er ogenous (“ﬂddeHEq|%h§0ﬂsth3§ of the present anentlon is of general
5 application and may be used to selectively culture other

sub-populations of cells.

It is known in the art that mammalian neural cells can be
transduced with heterologous genetic material. Many

10 methods exist for transducing eukaryotic and other cells,
but the characteristics of neural cells are such that
natural methods of transfection are presently the most
useful (Miller (1992) Nature 357:455). Thus, transduction
with virally;packaged genetic material, for example, is not

15 only more efficient, but also results in a lower neural
cell mortality during the actual process than does, for
example, calcium phosphate precipitation, electroporation,
microprojectile bombardment or microinjection.
Transduction of mammalian neural cells from the central

20 nervous system both jin vivo (Culver et al. (1992) Science
256:1550) and in vitro (Stringer & Foster (1994) Brain Res
79:267) has been described.

The genetic material that can be introduced into living

25 cells may include both positive and negative selectable
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-5- As expl ai ned herein, the nethod of the invention finds

particular application in the selective culture of particul ar cl asses
of essentially normal neural cells. However, the nethod of the present
i nvention is of general 5 application and nay be used to selectively

cul ture ot hegyg ogaezesub- popul ati ons of cells. It is keowecBosmosTie art
t hat marmmal i an neural cells can be transduced wth heterol ogous

genetic material . Many 10 nethods exist for transduci ng eukaryotic and
ot her cells, but the characteristiws of neural cells are such that

nat ural met hods OL transfectign are presently the nost useful (MIl1ler
(1992) Nature B8¥ka5sy megslﬂ%seéi@ﬁtakle markpr,ig;ong thaf, s

Jacults in o | By iRbh A e ahaurtd 4 G rondsERhne D VhiRe”

than does, Orygyiq ﬁlﬁﬁpESIIQahﬁiyFgﬁpgﬁggﬁ%etﬁge@%f&éf%ﬁfnghenotype.

el ect ropor ati on, m croproj ecti ar dnent

miscroi nj ecti ona negatBvANSEBKEctAbIY MEFKEE | 3onP6LE Abefifit Svitpohhahe
central 20 nervous systemboth in vivo (Culver et al. (1992) Science
5 cells which express it, such that they are destroyed under

conditions which are relatively innocuous to other cells.

A wide variety of selectable markers is available. Genes
that are widely applied as positive selectable markers
10 include the bacterial neomycin phosphotransferase (ﬁeo;
Colbere-Garapin et al. (1981) J. Mol. Biol. 150:1),
hygromycin phosphotransferase (hph; Santerre et al. (1984)
Gene 30:147) and xanthineguanine phosphoribosyl transferase

(gpt; Mulligan & Berg (1981) Proc. Natl. Acad. Sci. USaA
15 78:2072).

Alsc used as positive selectable markers are the herpes
simplex virus type 1 thymidine kinase (HSV-1 TK; Wigler et

al. (1977) Cell 11:223), adenine phosphoribosyl transferase

20 (APRT; Wigler et al. (1979) Proc. Natl. Acad. Sci., USA
~ 76:1373) and hypoxanthine phosphoribosyl transferase (HPRT;
Jolly et al. (1983) Proc. Natl. Acad. Sci., USA 80:477).
These latter markers must be used in cells having a
particular mutant genotype (viz. one which leads to a

25 deficiency in the gene product on which the selection is



256:1550) and in vitro (Stringer & Foster (1994) Brain Res 79:267) has
been -descri bed. The genetic materjal that can be introduced into.

Ifving 25 cells may include both positive and negative sel ectabl e
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mar kers. A positive selectable marker is one that permts survival of
t he transducgggg@ddes under conditi ons which woul d ki ll cdIOT&R600671
expressing the sel ectabl e phenot ype. A negative sel ectabl e marker
confers sensitivity on the 5 cells which express it, such that they are
destroyed under condi tions which aré=rel atively innocuous to ot her
cells. A wde variety of selectable markers is avail able. Cenes
that are mﬁdelyb%ﬁﬂ¢led as positive selectable nmarkers 10 include the
bacteri al neomyci n phosphotransferase (neo; Col bere-Garapin et al.
(1981) J. Mdl. Biol. 150:1), - hygronyci n phosphotransferase (hph;

Cranst orace  PeEEafRedy, PegERERT o LR, ¢ b ar RREK T uRBIERG D SRR

: encoding  products involved in programmed cell death
S (apoptosis), for example the gene for p53. Such negative

selectable markers may be activated by inducing the

expression of the gene in question (for example by use of

a tetracycline-responsive promoter, as described ;gggg);

The use of genes encoding products involved in apoptosis

10 has the advantagg that transient expression (in many cases

30 minutes or less) of the gene may be sufficient to commit

the cell to death, permitting reliable and very stringent

negative selection.

15 Some of the aforementioned genes also confer negative as
well as positive selectable phenotypes. They include the
HSV-1, APRT, HPRT and gpt genes. These genes encode
enzymes which can catalyze the conversion of certain
nucleocside or purine analogues to cytotoxic intermediates.

20 For example, the nucleoside analogue ganciclovir (GCV) is
a good substrate for the HSV-1 thymidine kinase, but a poor
substrate for the natural. thymidine kinase found in
mammalian cells. Consequently, GCV can be used for
efficient negative selection against cells expressing the

25 HSV-1 TK gene (St. Clair et al. (1987) Antimicrob. Agents



15 78:2072).
sinmplex virus type 1 thym dine kinase (HSV-1 TK; Wgler et —al. (1977)

Cel | 11:223),

(1979) Proc. Natl.
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havi ng a
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encodi ng

Al so used as positive selectable markers are the herpes

adeni ne phosphori bosyl transferase 20 (APRT; Wgler et al.

Acad. Sci., USA 76: 1373) and hypoxant hi ne

transferase (HPRT; Jolly et al. (1983) Proc. Natl.
Walodhioses77) . These latter markers nust be PCIVGBYY085Z1 | S

particul ar nmutant genotype (viz. one which leads to a 25
deficiency in the gene product on which the selection is WO

based) .
pr od
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Preferred negative sel ectable markers include genes

hemotherapsedl:BA4)programmed cell death 5 (apoptosis),

for exanple the gene for p53. Such negative sel ect abl e markers may be
activated by inducing the. expression of the gene in question (for

exanpl e by use

infra).
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20

25

both positive and negative selection which expressed in
wild type cells (Besnard et al. (1987) Mol. Cell Biol.
7:4139). Cytosine deaminase can also be used as a negative
selection marker, converting the innocuous 5-fluorocytosine
to the cytotoxic S5-fluorouracil (Polak & Scholer (1976)
Chemotherapy (Basel) 21:113).

Selectable markers are usually used in both prokaryotic and
eukaryotic genetic engineering to permit the recovery from
a mixed population of cells those which have undergone a
rare.genetic change. For instance, they can be used in
physical association with another gene which encodes a
product of interest to select cells which have taken up
that other gene along with the selectable marker. As an
example, the neo gene has been used to monitor genetically
modified cells taken from patient samples after gene

therapy has taken place.

It has also been proposed to use negative selectable
markers as a safety device in gene therapy (Lupton et al.
{1991) Mol. Cell Biol. 11:3374). Many gene therapies

involve the removal of somatic cells from the patient, the



The use of genes encodi ng products involved in apoptosis
advant age that transient expression (i gany _cases

reliable and very stringent negati ve sel ecti on.

af orenenti oned genes al so confer negative as wel | as positive

10 has the

30 minutes or.|ess)
of the gene may be sufficient to commit the cell to death, permtting
15 Some of the

sel ect abl e plyyesigspes. They include the HSV-1, APRT, HEHRT/GBI/0(I1

genes. These genes encode enzymes which can catal yze the conversion
of certain nucl eosi de or purine anal ogues to cytotoxic internediates.
20 For exanple, the nucl eosi de anal ogue9ganciclovir (GCV) is

a good

substrate for
the natural
Consequent |y,

t
t

but a poor substrate  for

e HSV-1 thym di ne kinase
g‘&"rﬁ‘tﬂ%l% Fhereimygida therapeutif aane,{the pxpression

b d_f . fici ' | '
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Antimi crob. Age:‘?éfntrodu&tiomf) aél?ec’?’%élg]ﬂ) into the patient. Since the
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5

10

enot herap. 3
reintroduced genetically modified cells may ultimately

prove deleterious to the health of the patient (for
example, if they prove to be immunologically incompatible
or become malignant), a negative selectable marker may be
introduced along with the therapeutic gene to permit (if

necessary) subseguent selective elimination of the

genetically modified cells.

.-A number of vectors bearing positive or negative selectable

15

20

25

markers have been made and are readily available to those
skilled in the art (for review see Miller (1992) Nature
357:455). Others may be readily assembled using standard

gene cloning technigues.

The method of the invention can include the prior induction
of replication in mixed populations of embryonic neural
cells, using supplements to the culture medium such as
epidermal growth factor or fibroblast growth factor, or by
prior transfection with immortalizing oncogenes, to elicit
such replication. Alternatively, non-expanding cell

cultures can be used.



Xant hi neguani ne phosphori bosyl transferase can be used for bot h
positive and negative selection which expressed.in 5 wld type cells
(Besnard et al. (1987) Mdl. Cell Biol. 7:4139). Cytosine deam nase can
al so be used as a negative sel ection marker, converting the innocuous
5-fl uorocyt osi ne to the cytotoxic 5-fluorouracil (Polak & Schol er
(1976) @reoamodesr apy (Basel) 21:113). 10 Sel ect abRETIRBIRBI6A of o
usual ly used in both prokaryotic and eukaryotic genetic engineering to
"permt the recovery from a m xed popul ation of cells those which have
under gone a rare genetic change. '#Br I nstance, they can be used in

15 hysi cal associ atiqQn wi th anot her gene i.ch encodes a oduct of
o or ot Lo soERRESIABLY A ARNSOBLY SrApa prtet BIRETRG, fbe mefliang,
with the sel ec e PR ) End Y% sed
to. nonitor genté%qcadm%rela cﬁ'itﬁ%liaéblsel e Pgﬂtggﬁgr’\i?rom pgtg?gﬁtgglger%ﬁ's%éjafter
gene 20 ther dulditablakaarNelGe both linKdd ftﬂfqﬂh&@r hﬂﬁrhrpreﬁpﬁ@ﬂsiéh use

negati ve sel ectabl e markers as a safety device in gene therapy (Lupton

et” al . (19Alemeyitl.. Crhe Rixpressidtn3léement lvemy benepebdfipi €or 2D
I nvol ve the renoval of somatic cells fromthe patient, the
5 given central nervouns system region, a given neural cell

type, or a specific sub-population of neurones. After the
cultures have reached the required level of expansion, the
cells may be allowed, at least partially, to differentiate.
The appropriate drug can then be applied, such that non-

10 transduced cells and those transduced cells without the
active specific expression element are eliminated, while
transduced cells with the active element (which leads to
the expression of the downstream selectable markers) will
be resistant.

15
By way of example only, the expression elements for use in
the invention may be selected from: promoters and/or
enhancers which are specifically active in: (i)
dopaminergic, serotoninergic, GABAergic, cholinergic or

20 peptidergic neurones, or sub-populations thereof; (ii)
Schwann cells, oligodendrocytes, astroycytes, microglia and
sub-populations thereof; (iii) particular stages of
embryogenesis and (iv) other specific non-neural tissues.
Particularly preferred for use in the present invention are

25 the tetracycline-responsive promoters described in e.g.
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-9- . introduction therein of a therapeutic gene (the expression ... . _of
whi ch repairs a biochem cal |esion), followed by rei ntroduction of the
cells into the patient. Since the rei ntroduced genetically nodified

cells may ultimately 5 prove deleterious to the health of the patient (for
exanpl e, if wWue9628398ve to be i Mmunol ogically inconpatible PCT/GERINIHNe

mal i gnant), a negative sel ectabl e marker may be i ntroduced along with
the therapeutic gene to permt (if necessary) subsequent selective
elimnation of the 10 genetically noditfied cells. A nunber of

vectors bearin itive,or tive sel ectable mar S been nmade

and are readil %‘&&iﬁ ﬁébﬁ%‘t(){?ﬂg’sé”ms Uséki(V?Ld % B géﬁﬁ(pgsgfeﬁg% see

MIler (1992) 5 7,455) her eadi | « USi ng

standard S%%%@%Fg%iﬁa egéni JE%SL’ i%fﬁﬁ%ﬁ%% hgg 6¥ ?ﬁggggtgg_#on

can include NG gpofiaiviiUrdddlntory Bystehl Al oflebl MatipbrAIPLARY/GES Of

enbryoni c neural “20 cells, using suppfenents to the culture nmedium such as
. spatial control of gene expression in vivo.

5
Alternatively, they may be selected from promoters and/or
enhancers which direct the transcription of genes for: (i)
neurotransmitter-specific receptors; (ii) ion channels;
(iii) receptors involved in ion-channel gating, (iv)

10 cytokines, growth factors and hormones and (v) any
substance that is specifically produced and secreted in a
paracrine, autocrine or endocrine fashion. For examples,

see Table 1.

15 The invention provides a method of culturing human and
other mammalian cells (e.g. neural cells) and, by selecting
for a sub-population of cells on the basis of the genetic
material contained within them, producing homogeneocus
cultures of a single cell type.

20
Such cultures can be put to a variety of uses including
basic electrophysiological, neurochemical and developmental
experimentation. 1In addition, the purified neural cell
populations will be useful in more clinically applied

25 studies, such as assessment of the feasibility of



epi dermal growh factor or fibroblast growh factor, or by prior

transfection with immortalizi ng oncogenes, to_eljicit such ..
replication. Al ternatively, non-expanding cell cul tures can be
used. 25 WD 96/ 29395

PCT/ GB96/ 00671 -10- Preferably, at an
early stage ¥gswposati ng, the cells are transduced wi tACTGBIGRA6TS ve
sel ect abl e marker and a negative sel ect abl e marker, both |inked
operably to an expression el enent. The expression el enent may be

specific for a 5 given central nervomd2systemregion, a given neural cell

type, or a specific sub-population of_ neurones. After the cul tures
have reached tfFansplantatiope| tor alleyiats the. symptems| (ofpceptral

e T b a2 b ‘%%o‘iﬁﬁéﬁf”ﬁtén 49

transduced cel | 0 e gﬁﬁt ment are
el i m nat ed, V\hlvlier}%otu*} 'f%,fg%s gcte: Hé%\f i#eﬁasgt Ive aog%"g(whi ch
| eads to t he expression of the downst r eam sel ect abl e mar kers) wil |

5 Such diseases include: (i) Parkinson’s disease or
parkinsonism, the pre-selected sub-population of cells
being dopaminergic neurones of the substantia nigra; (ii)
Huntington’s disease, the pre-selected sub-population of
cells being neural cells of the striatum; (iii) Alzheimer’s

10 disease, the pre-selected sub-populations of cells being
acet_ylcholine-, serotonin~-, and/or noradrenaline~-containing
neurones associated with the neo- and palzcortex; or (iv)
multiple sclerosis, the pre-selected sub-population of

cells being brain oligodendrocytes.
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By way of exanple only,

t he expression elenents for

the invepntion may be selected from promfers andlor .

whi ch are specifically active in: (1)
serotoni nergic, GABAergic, cholinergic or 20 peptidergic
or sub-popul ations thereof; (ii) Schwann cel |l s,

ti ssues.

expression in vivo. 5
pronot ers and/ @remoter

st ages
Particularly pr

25 the tetracycline-respo

(1694) PNAS USA (VBEREG)

m croglia and

sub- popul RCTHFBIYIL cof ;
of enbryogenesis and (iv) other specific
ferred for use in the present

Sive pronoters described in e.g.
PCT/ GB96/ 00671

Furth et al: pp. 9302-9306). Such
pronoters can be used as an elenent in a tetracyclin- responsi ve
regul atory systemto effect tenporal and/or spatial control of gene

Alternatively, they nay be selected from
Tisaue/call type Application Relerence
Tyrosine Catecholaminergic Alzheimer's Stachowick et al. (1994)
hydroxylase neurones Parkinson's Mol Brain Res 22,309-19
TSH receptor Thyroid celis Hypothyroidism lkuyama & Nakata (1994)
Jap J Clin Med 52,962-8
BSF1 GABAergic neurones Epilepsy Motejlek et al. (1994) J
Biol Chem 269,15265-73
Human dopamine MNoradrenaline neurones Alzheimer's Hoyle et al. (1994) J
f3-hydroxylase Neurosci 14,2455-83
Thyreglobulin Thyroid cells Hypothyroidism Pichon et al. (1994)
Biochem J 298,537-41
Serotonin 2- Glial cells in seroton- Neurodegenerative Ding at al. (1994) Mol
receptor inergic projection areas dissases Brain Res 20,181-91
CD4 receptor CD4 expressing T- AlDS Nakayama ot al. (1953)
lymphocytes int Immunol 5.817-24
Human cheline Acstyicholine neurcnes  Alzheimer's Li et al. (1993) Neuro-
acetyl transterase Motoneurone disease chem Hes 13,271-5



enhancers which direct the transcription of genes for: (i)

neurotransmtter-specific receptors; (ii) ion_channels; (idi)
receptors involved in ion-channel gatl ng, (iv) 10 cytoki nes, growth
factors and hornones and (v) any substance that is specifically
produced and secreted in a paracrine, autocrine or endocrine fashion.
For exanpl es,wo96293s5ce Tabl e 1. 15 The invention provi des BCTAGRISOOE7Df
cul turing human and ot her mammalian cells (e.g. neural cells) and, by
sel ecting for a sub-population of cells on the basis of the genetic
material contained within them produciTfhonpgeneous cultures of a
single cell type. 20 . Such cultures can be put to a variety of uses

i ncl udi ng basi c el ect rophy5| ol ogi cal , neurochem cal and devel oprent al
experiment ati ong : .

wi |l be useful TH 4

assessnment  of wm WO 96/29395

PCT/ GB96/ 00671 -12-

5 The Herpes simplex viz;'us (BSV) thymidine kinase gene (tk)
and the neo gene are operably linked to a promoter which is
active only in dopamine-containing neurones, e.g. that
controlling expression of tyrosine hydroxylase (see e.g.
that described by Barrington et al. (1987) Nucl. Acids Res.

10 15:2363). The construct is then .cloned into the
appropriate cloning site of a retroviral vector, and used
to transfect an amphotropic retroviral packaging cell line
(e.g. 9~crip (for review see Molecular VJ.rology. A

Practical Approach (Eds. AJ Davison & RM Elliott) IRL
15 Press, 1993).

Tissue is dissected from embryonic (approximately 5-8 weeks
of gestation) human ventral mesencephalon and grown in
dissociated culture. The dopaminergic precursor cells are
20 induced to replicate, by application of fibroblast growth
factor (Mayer et al. (1993) Neuroscience 56:389), epidermal
growth factor (Reynolds & Weiss (1992) Science 255:1707) or
by oncogene transduction (Stringer et al. (1994) Brain Res.
79:267). Shortly after plating, the cultured cells are
25 transduced with the retrovirally-packaged selectable



transplantation to alleviate the synptons of central nervous sytem
degenerative disease, _and find applicationdn . various forns of

t herapy, prophyl axi s and di agnosi s. 5 Such diseases include: (i)

Par ki nson's di sease or par ki nsoni sm the pre-sel ected sub-popul ation
of cells bei ng dopam nergi c neurones of the substantia nigra; (ii)
Hunti ngt on' swb%#29388, t he pre-sel ected sub-popul ati on of PCTYGRYH063LI ng
neural calls of the striatum (iii) Al zheiner's 10 disease, the

pre-sel ected sub-popul ati ons of cells being acetyl choline-,

serotoni n-, and/ or noradrenaline- contaiﬁﬁﬁg neur ones associated with
the neo- and p cQrtex nmul tiple sclerosis, the pre-sel ected
sub- popul at i on%ﬁaﬁ‘ s, @IHI%; %ge c'ﬁ?"é'i"r'le‘?)l |§0‘tﬂﬁ# odPt eg?cpans. Whep

96/ 29395 £fici

PCT/GBQ6/OO671.Bu icient numbers of cells are produced, the c&&tures are
TABLE 1 ficuBated under cond it S5 1e86ingYEE cessatidPbECRELFGhal

Ref erence
.- division. The cultures are then treated with geneticin to

5 eliminate non-transduced cells as well as transduced cells
not expressing tyrosine hydroxylase, but leaving

transduced, tyrosine hydroxylase-containing neurones.

2: Preparation of a homogeneous culture of h n

10 oligo rocytes

The Herpes simplex virus (HSV) thymidine kinase gene (tk)
and the neo gene are operably linked to a promoter which is
active only in oligodendrocytes, that controlling

15 expression of the oligodendrocyte-specific enzyme
galactocerebrosidase. The construct is virally packaged as
in Example 1. A virus such as adenovirus could
alternatively be used. Tiossue from embryonic or adult
hrain is dissected and grown in dissociated culture. 1If

20 necessary, cell replication is induced (for example by
using cells erMl HS2ts6 mice (Noble et al. (1991) WO
91/13150), and shortly after plating, the cells ‘are
transduced with the genes coding for the positive
selectable marker linked to, for example, the

25 galactocerebrosidase promoter, and for the negative



Tyrosi ne Cat echol am nergi c Al zhei ner' s St achow ck

et al-. (1994) hydr oxyl ase ___nheurones_ Par ki nson' s
Mol Brain Res 22.309-19 TSH recept or Thyroid cells

Hypot hyroi di sm | kuyama & Nakata (1994)

Jap J din Med 52.962-8 BSF1 GABAer gi ¢ neur ones

Epi | epsy w0 96/2939s Vbt ejl ek et al. (1994) J PCT/GB96/00671
Bi ol Chem 269, 15265-73 Human dopam ne Nor adr enal i ne neur ones
Al zhei nmer's Hoyle et al. (1994) J [err]-hydroxyl ase

Neur osci 14.2455-63 Thyr ogl obul i 16= Thyroid cells

Hypot hyroi di sm hon et al. ,199
Bi ochem J 298. 5§?lﬂ‘itabf XA N 3 to g3 gcqngtitutively Oﬁtl"e

Neur odegener at i

199 [ ecept Jner
proj ection area éf ‘3. seas u@h & c9§ alovirys gy Bfll selec(ﬁﬂ‘fnre ptor
CD4 expressing &pt A\
yphonyt o8 aine QS in Example 1, yﬁ%%ﬁe g{a%glsi%%% ns of

Human choline oliged¢nd¥edytus neurones Al zheiner's Li et al. (1993) -
Neur o- . acetyl transf erase Mot oneur one di sease
chem Res t8.27t -
X e 3: eparation of a h eneous culture o
essenti dorsal ot Lo ells
expressing calcitoni ene related peptide

10 Neurones from dorsal root ganglia (DRG) can be grown in

vivo using either~embryonic,-neonétal or adult tissue as a
source material. The mixed cell population will be grown
on, for example, a background layer of e.g. previously
Prepared neomycin resistant non-neuronal cells to provide

15 trophic support (Brenneman et al. (1987) J. Cell Biol.
104:1603). The DRG cells are transfected using adenoviral
technology with a neo gene linked operably to the promoter
for calcitonin gene related peptide (CGRP) expression.
After several days to allow activation of the promoter and

20 thereby induction of neo expression, DRG cells not actively
expressing neo will be destroyed by application of
neomycin. The result will be a pure population of
differentiated CGRP-positive neurones from the human DRG,
for use in vitro.

25 |



WO 96/ 29395 PCT/ GB96/ 00671

-14- - Exanpl e 1. Preparation of g _honongeneous culture of human
dopam nergi ¢ neurones 5 The Herpes sinplex virus (HSV) thym di ne kinase
gene (tk) and the neo gene are operably linked to a pronoter which is
active only in dopam ne-containing neurones, e.g. that controlling
expr essi on OWO®ReIeS ne hydr oxyl ase (see e.g. t hat desc PCBIEBY0671
Harrington et al. (1987) Nucl. Acids Res. 10 15:2363). The construct
is then cloned into the appropriate cloning site of a retroviral
vector, and used to transfect an %MBhotropic retroviral packaging cel
l'ine (e. -crdp [fqe re . 1-Iecu| r Virology: A Practi cal
Appr oach (EdgEx 41 bl W 35 el geilg 07 1093)

Ti ssue is dissected fron1enbryon|c (apprOX|nater 5-8 meeks of
gestation) human ventral nesencephal on and grown in di ssoci at ed

culture. The dpﬁﬁﬁf%reanarw%&etbatﬂe(a%O weekdUg egel Gegtatiicale. by
appllcatlon of fibroblast growh
human cortex, striatum, hypothalamus, mesencephalon, raphe
5 complex, medulla oblongata and ventral horn of the spinal
cord were separately plated onto gelatin/poly-L-lysine
coated flasks. The medium was a mixture of DMEM/Ham‘’s F12
(1:1) containing penicillin/streptomycin, L-glutamine (2mM)
and a modified stock solution (Bottenstein and Sato, PNAS
10 76(1979)514-517; Romijn et al., Je. Neurophysiol.
40(1981)1132-1150) containing basic fibroblast growth
factor (5ng/ml).

Once the cells had adhered, retroviral particles comprising
15 a construct (tsA58) incorporating a resistance marker to
geneticin (G418°) linked to an SV40T promoter were added to
the medium together wtih 0.8 ug/ml polybrene. After 1lh the
culture medium was replaced with fresh medium. After 5
days, geneticin was added to the culture medium (0.4 mg/ml)
20 for a further 10 days to eradicate cells which had not

incorporated the retroviral vector.

After 15 to 20 days, clusters of human neural precursor
cells could be found from all of the areas listed above

25 which were able to replicate in the FGF-containing medium



factor (Mayer et al. (1993) Neurosci ence 56:389), epidermnal growt h

factor (Reynolds & Weiss (1992) Science 255:1707) or . Dby oncogene
transduction (Stringer et al. (1994) Brain Res. 79:267). Shortly
after plating, the cultured cells are 25 transduced wth the
retroviral l y-packaged selectable WO 96/ 29395

PCT/ GB96/ 006 W0 96/29395 -15- mar ke RCT/GRIGOPETY he
cultures allowed to expand. When sufficient nunbers of cells are
produced, the cultures are incuba%ﬁg under conditions |leading to
cessation of neuronal - di vi si on. Tcultures are then treated with

geneticin 10 gl RAG SO diarlied 5] [ anepftl o SIRGHEEG RS

not expressing tyrosi ne ase, b eavi n

tyrosi ne hydroxa&@ggﬁg}nﬁﬁﬂdﬂ&@%gﬂ?gﬁ& Were for é?ﬁﬁﬁ@een%¥ﬁgﬁggggéélfﬂbOf a

honobgeneous cul ture of human I godendr ocyt es es sinpl ex
viTus (HSV) thysadsliase lgowitEdveqne (tk) and the neo gene are operably
linked to a pronoter which is active only in oligodendrocytes, that
control ling . '
5 Thus, it is possible to transduce stably human neural cells
from a variety of areas of the central nervous system with
retrovirally packaged gene constructs. Secondly, the

construct can include a selection marker such as geneticin

resistance.



15 expression of the——~o¥+gedend#ggyte_speC|f|c enzynme
gal act ocerebrongasg__Ihe -virally.packaged as ..._in _Exanple __
1. A virus such ”mwm ﬁiﬂ;

, Md alternatively be used.
Ti ossue fron1enbryon|c or I's dissected and grown in

di ssociated culture. If necessary, cell replication is induced (for
exanpl e by WO9/28395g cel I s from HS2t s6 mice (Noble et al. (PCIUGEINES71

91/13150), and shortly after plating, the cells are transduced with
t he genes coding for the positive i | ect abl e marker i nked to,
for exanpl e, the 25 galactocerebrtsidase pronoter, and for the

negative M 96/ 29395

PCT/ GB96/ 00671 - 16- sel ect abl e marker
linked to a constitathetthod Fer !Qlect;v&l?@ﬂur;@ﬁh Pé- 51 SIELR SRK- US-
Cell selection is obtained as in Exanple 1, yiel d| ng pure popul ations

of ol i godendr opgpelatién of Ewellbe Frofi epar ddterogeneci8nDER1QOUS
cul ture of essentially nornmal human dorsal root ganglion cells
.. populat:.on in vitro, comprising the steps of:

(a) introducing a selectable marker (e.g. a
positive and/or negative selectable marker) into
the heterogeneous cell population, which marker
is subject to differential expression/activity in

10 the pre-selected sub-population; and

(b) selectively culturing the pre-selected sub-
population on the basis of the differential
expression/activity therein of the selectable

15 marker.

2. The method of claim 1 wherein the selectable marker
comprises a negative selectable marker not subject to
differential expression/activity in the pre-selected

20 sub-population (e.g. a consfitutively-expreaaed

negative selectable marker).

3. The method of claim 1 or claim 2 wherein the cells are

neural cells, for example neurones.

25
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exprfssi?gFéslcitoBin gene rel ated pentide 10 hburﬁges fron1dorsalafoot
gangki a can be grown H“Immmmmmlﬂﬂmg either enbryonic,_neonatal or

adult tissue as a sour m xed cell population will be
gr own on, for exanple, & backgrdund | &yer of e.g. previously
prepared neonycin resistant non-neuronal cells to provide 15 trophic
support (Brewo®smssoset al. (1987) J. Cell Biol. 104: 160BCT/CRIIO0IRG
cells are transfected using adenoviral technol ogy with a neo gene

| i nked operably to the pronoter fg% calcitonin gene rel ated peptide
(CGRP) expressi on. After several days to allow activation of the
pronoter and 20 t e e e S n, e

actively éxpr egglén%%r#et%g\fm ++g%ﬁane(£t Ir‘l'g'y byag%pﬂéggﬁl& lp&?cgaﬁ.ng
neonycin.  The resuiswsl&heﬁa@ﬂw%e&%%aabea c@f1 populitiih g8l aat ed
CGRP- positive neurones fromthe human or use invitro.

V\?796/ 29395 primary cell cult:nre, for m96£0(lﬁ:ﬁﬂan (e g.

foetal) neural primary cell culture, £for example

5 comprising neurallstem/precursor cells.

5. The method according to any one of the preceding
claims wherein in step (b) the pre-selected sub-
population is selectively cultured on the basis of:

10 | (i) the expression/activity therein of a
positive selectable marker, or
(ii) the lack of expression/ activity therein of

a negative selectable marker.

15 6. The method of any one of the preceding claims wherein
step (a) the selectable marker is introduced by
retroviral transduction, for example with a

recombinant amphotopically packaged retrovirus.

20 7. The method of any one of the preceding claims wherein
the selectable marker is:

(i) a positive selectable marker selected from

neomycin phosphotransferase, hygromycin

phosphotransferase, xanthineguanine

25 phosphoribosyl transferase, the Herpes simplex
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Exanpl e 4: Transduction of neural cél I's ™ - Primary cells fromthe

faoetal (at week 8 of gestati mm" m'ujm"lmmrt.ex._su_l at um _hypot hal anmus,

nesencephal on, raphe 5 conp ngata and ventral horn of the
spi nal cord were separatelycplated ente gel atin/ pol y-L-1ysine

coated flasks. The nediumwas a m xture of DVEM Haml's F12 (1:1)

cont ai ni ng pMAW2PINN/ st rept onyci n, L-glutam ne (2mMV) NC'CBIVOWTE | ed
stock solution (Bottenstein and Sato, PNAS 10 76(1979)514-517; Romi j n
et al ., J. Neurophysiol. 40( 1%1) 1132-1150) containing basic
fibroblast growth factor (5ng/m). Once the cells had adhered,

troviral ticl s(L.SAS8) .LAGOr porL at i a
retroviral particles comgiipgsnd ¢ e(&ﬁé??ﬁ#ﬁtﬁéﬁedﬁ%nhgg' p ailfe

resi stance nmarker to genetic 0 an SV4 pronot er

were added to the mpHbephbeiBbepItPhndedrsad €T I hadn prz*%‘gf@g&iﬂter

1h the cul ture nmediumwas replaced with fresh nmedi um

days, geneticin was addeghbephbeibusyltraneberasd,0.ahdayprni) 20 for a
further 10 days to eradicate cells which had not i ncorporated the
retroviral vector. (Addcr negagive dmjectabletmacrker selbecterd fzom
precur sor cells could be foynd fromall of the_areas |isted above 25

which were 3ble to repl | B8FReR, fimPlea- wiane, typg dedhymidine kinase,

adenine phosphoribosyltransferase, hygrbmycin
phosphotransferase, cytosine deaminase and

hypoxanthine phosphoribosyltransferase.

10 8. The method according to any one of the preceding
claims wherein the selectable marker is operably
linked to an expression element or elements, for
example a regulatable expression element or elements,
e.g. a tissue~- or cell-specific expression element or

15 elements.

8. The method according to claim 7 wherein the expression
element is selected from:

{A) promoters and/or enhancers which are

20 specifically active in: {i} dopaminergic,
serotoninergic, GABAergic, cholinergic or

peptidergic neurones and sub-populations thereof;

(ii) Schwann cells, oligodendrocytes, astrocytes

microglia and sub-populations thereof; (iii)

25 particular stages of embryogenesis; (iv) the
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WO 96/ 29395 PCT/GB96/OO671

-18- - and which were_also g HI u uklﬂﬂ exhibited a
neur onal phenotype (they were ne speC|f|c enol ase

positive). 5 Thus, it is pOSSIb|e to transduce stably human neural cells
froma variety of areas of the central nervous systemwth retroviral ly
packaged genaw@essmosssuct s. Secondly, the construct: cRCHGRISNWZ1 a

sel ection marker such as geneticin resi st ance. CLAI M5 1. A

graft or tissue inplant conprising cells having introduced therein a
positive sel ectable narker oper ably i M@T to a tissue- or cell-specific

expressi on el ement. 2. R96e° f§iaRagT|C! fithgh, S RRANNE | VaBHLSs,
intestines, skeletal tissue or part or parts

thereof; (v) epithelial, fibroblast, fat, mast

qgsenchymal or parenchymal cells, and (vi)

5 components of the blood system (e.g. T-
lymphocytes, B-lymphocytes and macrophages); or

(B) promoters/enhancers which direct the

transcription of genes for: (i) meurotransmitter-

specific receptors; (ii) ion channels; (iii)

10 receptors involved in ion-channel gating and (iv)

cytokines, growth factors and hormones.

10. The method according to any one of the preceding
claims wherein step (b) the’ prngelected sub-

15 population is selectively cultured by incubating the
cells with a selective agent or drug, for example

neomycin or geneticin.

11. The method according to any one of the preceding
20 claims wherein the heterogeneous cell population is
produced by the preliminary step of in vitro cell
culture in the presence of a growth factor (for
example epithelial growth factor or fibroblast growth
factor) and/or cells providing trophic support.

25

—
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cells conprising the steps ofg m H imnAlyi di ng a het erogeneous cell
paput ation invitro (bM"'“HHM ﬂ mlmml Akecti-ng (e—g—w-th—a
retroviral vector) br ¢ ransducsng*the heterogeneous cel

popul ation with a positive sel ectabl e marker operably linked to
a tissue- or-cell-specific expression el ement toPE_r'o e
transfect ed WOR¥AET or red het er ogeneous cel |l popul ati on; ’&W
selectively culturing the subpopul ation of cells fromthe

het er ogeneous cel |l popul ati on of step (.??_on t he basis of t he

ti ssue- or cell-specific expression of e positive sel ectabl e
mar ker to produgge aqfdds Lal pepulidid O S.

3. The graft olr{?i ssue |£ngﬁg?1‘? 31)‘6(%#2?'#191 %‘? taﬁg ﬂ.rc’t)gc)egg (;?Iéclgf%égaﬁu%rei n
the cells further celuinge whexdal i tife Sketextcdiraoiy wopulatictxaglp| tép gene
encodi ng product(s) involved in progranmmed cell death or apoptosis, e.g.

t he p53 gene). 4. (Bieisnexpanded @nd/loxi dnduckd e diffiferesgiatecbefore

sel ectabl e marker is not subject to differential expression/activity (e.g.
bei ng constitutivel Preaftersdépp introdughion Qb m jepleastalle sWEker t he
precedi ng cbains wherein the cells are neural cells (e.g. neurones). 6.
The inventiOn of claim5 wherein the cells are human neural cells, thyroi

cells, CD4 expressi =l y .S Qe C f | fi = r
Cssue. 70 T iR At FOHAREE, e S PR e Ml 4
neural cells sel ect gthy IiE B the peReEEIRGIELaims Ut am nergic,

cat echol am nergi c or BAer gi ¢ neurones, no0radrenaline neurones, glial

cells fromserotoninergic projection areas, acetylcholine neurones or human

dorsal root ganglion cells expressing calcitonin gene rel ated pepti de. 8.
The invention of4anyTheneedils bé elaimdidhg foranse imditenapyheprophylaxis
10 or diagnosis.

15. Use of the cells of claim 13 for the manufacture of a
medicament for use in therapy, prophylaxis or
diagnosis.

15
16. The cells of claim 14 or the use of claim 15 wherein

the therapy is transplantation therapy.

17. The «cells or use of claim 16 wherein the

20 tranpl#ntation therapy is for the treatment of: (i)
Parkinson’s disease and/or parkinsonism, the pre-
selected sub-population of cells being dopaminergic

neurones from the substantia nigra; (ii) Huntington‘s

chorea, the pre-selected sub-population of cells being

25 neual cells of the striatum; (iii) Alzheimer’s
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20 tissue- or cell-specific expression elenment is selected from (A

pronot ers and/ or enhancers whi Ily active in: (i)
dopam nergl c, serotoninergic, Imﬂﬂulﬂﬂﬂ“" [“1 chol i nergic or

pepti dergic neurones and subpop‘ul ati bns* S thereof; (ii) Schwann
cells, oligodendrocytes, astrocytes, mcroglia and

subpopul ati oo péiesesof ; (iii) particul ar stages CT/GBI6/00671
enbryogenesis; (iv) specific non- neural tissue; (v) the
endocrine gl ands, lungs, nuscles, gonads, intestines, skeletal
tissue or part or parts t hered= (vi) epi t helial, fibroblast,

fat, mast, bl oo LSERELEHRY Qe DL FOCEU auf2ho ﬁpﬁma aPeasgs of

t he enl (e ocytes and

macr ophages), or beind) acaﬁfﬂaﬁﬂﬁ{mﬂﬂ@' C&bﬂﬁcﬁﬁh-ﬁ:@ﬁtaining
transcription of . genes for: (1) neur ot'ransm tter - speci fi
réceptors; (ii) and/orx maebﬁanﬁas-céutainizﬁ;:eﬁéﬂfﬁnwvehuad:.aaed

i on- channel gating and (iv) cytokines, growth factors and

hor nones; with)palaecyandaneecbirbexi s epe): gniyodiriophgcodlatexahnd
secreted in a paracrine, aufocrine or endocrine fashion. 9. The invention

of claim8(H V\herelﬁcl-?l%"ﬂ‘%-rmfb? preseelected s suhrrepelation efsrails

hyd | , the TS to BSF1, h d |
thyr ogl obul | n, gerot B9 > Aeiongsohesn, ?@&3&% BRI P o e SEbt
t f t

e e b AR BT 8

phosphot ransferase, 8y¥018"Wéing mglﬁwggagggytégnt hi neguani di ne
phosphori bosyl transferase, the Herpes sinplex virtus type |I thymdine

ki nase, adeni ne phosphori bosyl transferase and hypoxant hi ne

phosphori bosyl tr ansf er ase. 11. The process of any one of clains 2-10
wherei n t helthet épogeﬂewslceqﬁkllm)ptﬁpam ora | dwmaw | panyateldelds )t uhsvingr
exanpl e a human (e. g, rimary cell culture, for exanple
conpri si ng neural éﬁ; éﬂ'b%@ QFF °“312°roé¥9’7§’ oBedectahle nparkers

process of any one Of( .l;. gspgsi].ﬁ]lve and/or negative selectable marker).

19. Cells according to claim 18 wherein at least one

15 selectable marker is subject to requlation.

20. Cells according to claim 18 or 19 wherein at least one
selectable marker is a constitutively expressed
negative selectable marker.

20

21. Cells according to any one of claims 18-20 wherein the

. selectable marker(s) are introduced by transfection or

infection (e.g. with a retroviral vector) .

25 22. Cells according to any one of claims 18-21 for use in
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13. . The graft or tissue inplant of any one of clains 1 and 3-10 or the
cells of claim12 for use. i H ' | axi s or di agnosis. 14. The
graft or tissue inplant of. mmmm"”ﬂmﬂm 1 and 3-10 or the cells of
claim 12 for the manufacture*of®a Yyredi canent for use in

21 therapy, prophylaxis or diagnosis. 15. The invention of claim13 or
claim 14 wheMD%/29398 t herapy i s transplantation therapy. IFCTIGB96/00671
invention of claim15 wherein the transplantation therapy is for the
treatnment of: (i) Parkinson's di sease gnd/or parkinsonism the cells being
dopam nergi ¢ neurones fromthe substant 3 ni gra; (ii) Huntington's chorea,

the cells being ne I triatu iiiJ). Al zhei nmer's disease,
the cells being ac&%’éﬁiﬁ%& %ﬁgn#ggnghﬁéﬁ#a%?%@miiyﬁe%Gr‘it &Fni ng
neurones associ at edgg¢idedd @craiad 77€0 1alky) | & ateral
sclerosis, the cells being not oraneur gﬂésﬁﬁgﬁy%ﬁgigp?ﬁawi%%gﬁlg'( V)
miltiple sclerosis, the cells being brain oligodendrocytes.

96/ 29395 PCT/ GB96/ 00671

-22-- 23. Rngveftner gtissise implant, compribéng thenacells of

intestines, skeletal_tjssue or part or parts
5 claim 13 or any one of claims 18-22.
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theredf;, (v) epithe R@LA@EMhN&%ﬁETfat mask g Ay ¥é’£ﬁ

paren‘chymal cells, angtvt) 5 . conp ﬁ Pcnpbofn ;aw?eﬁk& I Epd
system (e.g. T- |7ynoh cyt es, € ,
macr ophages); or 27NOV ﬂ(qB) py onot er s t) F t%llpraé"g"'"
t he t alscii-p+ormrot—ehed? f or: ([i])A Eﬁ‘?‘otréﬁ‘gﬂ'ﬁ r-d9 P2

specific re s; {(ii) ion.channel (i)

i nvol ved i n(&ﬂ‘g_%l_ﬁhar Tg and (iv) DATE OF RECEEE’PlOg MMW
factors and hor rmnes 10. The et hod accolrdl ngvto ar% gne of the
preceding ! A grafto pnitissyh PRI s CRPEEBI% el l5r BT ERP ATERTEGS- 15
popul ati on itbessinee tiositiyeceslegr el spyaikesuerarpply fLigked to a tlssu@el PS with a

sel ective agenl-specifidgexplkessiexaeiErent. neomnmyci n or geneti cin.
11. The method according to any one of the preceding 20 cl ai s
wher ern the Zhet)?r Q?gélgoﬂﬁ: PAc{ucF&Plél Q‘Eﬁ&gn{:ﬁll pure sub ﬁﬁﬂ@f‘& By the
prelimnary ‘ste 1., VI £ V ture he presence of a
growt h fact &ttt $5Pmpr151ng the IRBRPIE epithel i aI grovvt h factor or fibroblast
growt h ®Act BFYVISHBT Gr PEEAICTERAWTi SR IAgPTRUGPHI® E-¥ABEY. 25

(b} transfecting, infecting (e.g. with a retroviral vector)

or transducing the heterogeneous cell population with a
positive selectable marker operably linked to a tissue-
or cell-specific expression element to produce a
transfected or transformed heterogeneous cell population;
{c) selectively culturing the subpopulation of cells from the

A heterogeneous cell population of step (b) on the basis of
the tissue- or cell-specific expression of the positive
selectable marker to produce a substantially pure
subpopulation of cells.

3. The graft or tissue implant of claim 1 or the process of claim 2
wherein the cells further comprise a negative selectable marker (for
example a gene encoding product(s) involved in programmed cell death
or apoptosis, e.g. the p53 gene).

4. The invention of claim 3 wherein the negative selectable marker
is not subject to differential expression/activity (e.g. being
constitutively expressed).

L C 5. The invention of any one of the préceding claims wherein the

R

cells are neural cells (e.g. neurones).’

6. The invention of claim 5 wherein the cells are human neural

cells, thyroid cells, CD4 expressing T-lymphocytes or cells from a
specific non-neural tissue.

7. The invention of claim 5 or claim 6 wherein the cells are neural
cells selected from any of dopaminergic, glutaminergic,
catecholaminergic or GABAergic neurones, noradrenaline neurones,
glial cells from seroFoninergic projection areas, acetylcholine

neurones or human dorsal root ganglion cells expressing calcitonin
gene related peptide.’

8. The invention of any one of the preceding claims wherein the

_ R L T T
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neural tissue; (v) the endocrine glands, lungs, muscles.
gonads, intestines, skeletal tissue or part or parts
thereof; (vi) epithelial, fibroblast, fat, mast,
mesenchymal or parenchymal cells; (vii) components of the
blood system (e.g. T-lymphocytes, B-lymphocytes and
macrophages), or

(B} promoters/enhancers which direct the transcription of
genes for: (i) neurotransmitter-specific receptors; (ii)
ion channels; (iii) receptors involved in ion-channel
gating and (iv) cytokines, growth factors and hormones;
(v) any substance that ié specifically produced and
secreted in a paracrine, autocrine or endocrine fashion.

9. The invention of claim 8(B) wherein the promoter is selected from
that for tyrosine hydroxylase, the TSH receptor, BSFl, human dopamine
B-hydroxylase, thyroglobulin, serotonin 2-receptor, CD4 receptor and

human choline acetyl transferase.

10. The invention of any one of the preceding claims wherein the
positive selectable marker is selected from neomycin
phosphotrgnsferaée, hygromycin phosphotransferase, xanthineguanidine
phosphoribosyl transferase, the Herpes simplex virus type I thymidine

" '~ kinase, adenine phosphoribosyltransferase and hypoxanthine
phosphoribosyltransferase. '

11. The process of any one of claims 2-10 wherein the heterogeneous
cell population is a primary cell culture, for example a human (e.g.

foetal) neural primary cell culture, for example comprising neural
stem/precursor cells.

12. Cells obtainable by the process of any one of claims 2-11.

13. The graft or tissue implant of any one of claims 1 and 3-10 or
the cells of claim 12 for use in therapy, prophylaxis or diagnosis.

14. The graft or tissue implant of any one of claims 1 and 3-10 or
the cells of claim 12 for the manufacture of a medicament for use in
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(54) Title: CELL CULTURE METHOD
(57) Abstract

A method for sclectively culturing a pre-selected sub-population of cells from a heterogeneous cell population in vitro, comprises
the steps of: (a) introducing a selectable marker (e.g. a positive and/cr negative selectable marker) into the heterogeneous cell population,
which marker is subject to differential expression/activity in the pre-selected sub-population; and (b) selectively culturing the pre-selected
sub-population on the basis of the differential expression/activity therein of the selectable marker.




