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NEURAL CUL T O¥@E95/14396 The invention relates to a method of PGHARAS03H2
neural cultures and particularly, but not exclusively, neural
cell-lines; and the cells and cell-lines 4 produced by such a method.
5 The invention also relates to hunman and ani mal neural cell-lines, and
particul arly but not exclusively, eé | Nerve cells
are highly differentiated cells ¢ f e dy, and

processes, the latter -subdivided into dendrites and axons. Nerve cells vary
considerably in shape-and size in different parts of the body. For exanple,

- 10 granul e Thel $nventiont helatsdr ebeh| wpthod &f rprodocing aeural dulweseand
wher eas the | arge nmotor cells of the anterior horn of the SIEI nal

cord are up toparticaiarly, but notexclusively neural dielinlines; arid thedells andicelilinesxons
of nerve cells vary from bout a hundred mcronetres in length up to
1 metre in IenB(QJ Pﬂ%ﬂﬁh%ﬁnﬂﬁog to this variation in shape and size
nerve cells also vary in the nature of the 15 receptors expressed on
their cell surface and the nature of the neurotransmtters
secreted sor tifiePiivenfienOhlse feldtes o Miith GAU! ahiidl® i Ofkll-lines, andhi S
difference in em stry can be used for the purposes of classification.
Thus, in sinpl p cglgﬂ;rbm noeexclusivelys neeve belldinessi fi ed as, for exanple,
adrenergic, cholinergic, serotoninergic, dopam nergic etc accord| ng to the
20  nature of their neurotransmtters. This biochem cal node of

cl assification can b r 1 sude| din order to ntif

whol e range of NeEY& cells| are glghliy H@w EPIPIISING , 3 6BV #th

are thought to u such
as the neuropeB{q%ggésés g{eafatter subdi géﬁrptlbra]d‘a{&{tése %ﬁoﬁ% mwgolgrrg% .ﬂisatl n,
| ut ei ni zi ng hoggRiGerablye pwa:?& m%ﬁBf&tﬂaMrdFmeﬂid@l ' FbEegdrifle,

hor none, substgnce ,Inieﬂaro ensi ns1ze Y- ple
REPLACED IBHEET§ranulé36i=lls from the cerebellum are 5 micrometres in diameter whereas the

large motor cells of the anterior homn of the spinal cord are up to a 120

micrometres in diameter. In addition, the axons of nerve cells vary from
about a. hundred micrometres in length up to 1 metre in length. In addition
_ to this variation in shape and size nerve cells also vary in the nature of the
15 receptors expressed on their cell surface and the nature of the
neurotransmitters secreted for the purpose of effecting nerve cell transmission.
This difference in biochemistry can be used for the purposes of classification.
Thusgl in; simplistic terms, nerve cells may be classified as, for example,

gic, cholinergic, serotoninergic, dopaminergic etc according to the
20 nature 'of. their neurotransmitters. This biochemical mode of classification
can be further sub divided in order to identify a whole range of nerve cells
sec;eﬁng different neuropeptides that are thought to function as
neurotransmitters or neuromodulators such as the neuropeptides beta
endorphin, met - enkephalin, somatostatin, luteinizing hormone - releasing

25  hormone, thyrotropin releasing hormone, substance P, neurotensin,
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angi ot engigveai4398Ngi ot ensin 2, vasoactive intestinal peptidpcT/cBoS/eMsepti de-
Y, calcitonin gene related peptide etc, or alternatively, the am nes
or am no aci ds, adrenalin, noradrenaline, octopam ne, serotonin,

hi st am ne, gamma ' am nobutyric aéid, and taurine. The afore list is
not intended to be 5 exhaustive but rather serves to illustrate the

nature of anhgiotensimdyiangiotensin 2, vasoastive: intestinad peptide, heuropeptide Y, 1t is
wi dely acknow edged that,it, woul,d be i mepsel y, advant agepus if it was '
possi bl e t GalciteRiMy gene, Ielated Pﬁpea?tﬁ?eoﬁaﬂsﬁ@é’é'ﬁgbuale €3t PHAMINO nerve
cells AN o\ O eX .a h o} | ation_ of nerve
el 15 i ¢ naridindandaly siorfren i SiBnimifh, |SREHAE-NARRRY, Jobie . "o
al ternati Vﬁiﬂnolf’thﬁc acid) UHIDANRMME PTRE! afdreNlise ’i@?ﬂdﬁ?iﬁt@ﬁ&% Whpei ting

ei ther predeterm hed _ mor phol ogi cal characteristics and/ or

bi ochém cakxkdustivet but sathes .sefves tosillaswate the nature vbuthe biochemival
advantageous if it was possible to provide a honogeneous popul ati on
of nerve cdivessityof nemyer eellsnar acteri sed by either the transmitter 15

secreted in response to activation or alternatively the receptor occupied
in response to activation. Wth such a popul ati on of nerve cells it

d be  oPO o ; a pop PRSI
havances | I s puidBlaiofedied GRER SN Y fbinhsel) AdVRBeSOM ir it (A0
i ndustri al pgésgbledb prévide ideally in cultard ﬂﬁbﬂfogeﬁeﬁlé PSpulatiolt8f né@eeeels OF

entities ich affect the functioning of 2 a ‘gi‘ven' popul ati on of nerv‘"
~cel I's wi t hard 80 providesforeixapiple, 2 hemagen¢ousspopulation of nervel cellsaither on, i f

it was possible to provide a, hoppgeneous popul ati on of nerve | cells
it wdll d bfropvdsigivan lecation, injdhe geptral mervous systgm,cor altamativelyata on f or

e P RoRnerhSe! poBLBHOR o chirve. il sREiMiARG St biedRRRReED, © "

cxarm! .. morpholoe? ke SR BRSAISTEhAnBLAACE. P AR 0
PCT/ GB95/ 0 aGuld be highly advantageous if it was possible to provide a homogeneous
population of nerve cells which were characterised by either the transmitter
15  secreted in response to activation or alternatively the receptor occupied in
response to activation. With such a population of nerve cells it would be
possible for research biologists to make significant advances in the
understanding of the nervous system and' for industrial ‘biologists to
manufacture and test drugs, agents or entities which affect the’ﬁmctiohing of

20

gi%est-population of nerve cells with a view to developing therapeutically

In addition, if it was possible to provide a homogeneous population of nerve
cells it would be possible to. provide nerve cells of a given. classification for
- the purpose of transplantation. This would be particularly'-appropriate in
25 cases where nerve cell degeneration or damage had occurred. For example,
it is well known that Parkinson's Disease is related to nerve cell degeneration
This Sheet Has Been
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3° and a corresponding | ack of secretion of dopam ne by nerve cells.
Thus, if iE_ was possible to provide a honogeneous pog’g,éﬁﬁwg;}'?gs‘f2
ngrve cel WO secrete dopanmine then it would be p

transpl ant such nerve cells and thus mtigate or alleviate or even
reverse the synptonms of Parkinson's 5 3 Disease. Simlarly, other forns
of denentia which are characterised by a progressi ve degeneration of

nerve cellsiﬁ@g ﬁ@i | LlibA ; Jafik | & cut e
destruction 0 _ng?vo 6ﬁé§gaeélfclgﬁfgérgielb§rogat @ﬁ Byert])grr\ll%rvge%e ! i, if

i npl ants coriprwas possibleote peovide sa (homogeneous Popuakition 6f Inesveregllsrthane

i npl antation of a selected conmbination of nerve cells fromdifferent 10
honogeneous Secraie dopamine then it wouldbepessible toctransplantsuch nerve cellsdinder si t y
of nerve cells and.al so t ostmtotic nature of n ri‘e cells tend

to imose s yémtféaﬁtﬁ% gﬁﬁ*giatﬁn_orhgven reverswhsmptoe@ REEDSORS pe

Convent] onaiDiseh . SmilRHS bR oRbe Viodtinentia which 8 BaRiidenyE 12, .

been made ! Qg deflehtafion®f iy Belie bowldBe frbdtell Al ihilar mannef! | A1 Y
r by fusi I'Ts wt I''s.

tunmour tissde ng primary ce tunour ce However,
t unmour cel | Siatilarly, raeute desthuctionaofshervousitissue could bentreated dof herwe cell

history. Their use as cell nodels is therefore highly questionable and
nor eover bedmplantsfcarnprisiog en thomogeneous population of nepvs cells apd/aththe cannot

20 be used for the rpose of ,transpl ant ation. At t ts to

provi de honﬂ&?f‘%@‘%ogﬁlgﬁ erted ¢ c%f)&ptpg of petve gells from, different

undertfd<en lh%ﬁ%e&%@é%%ﬁﬁﬁt{oﬁg.uced transformati on both in vivo and in
SO By

vitro spontaneous transformation that is to say by the
out growt h of cells fromprimary cultures w thout any deliberate
geneti c mani pul-ations. 25 ~However, it has been found that another
restricti on However, phevabove referred to diversity 6ofl fidpve cells-ami also the

PCT/ GB95/ 02592 , _ .
honogeneous Respuitatic aaturef ofrpexve cells tendoiecipese: severe gestrictionsron: theeur al
number of cells that can be obtained in vitro for investigation andfor
transplantatiori using conventional cell culture techniques. For this reason
15 attempts have been made to provide cultures of nerve cells by cultivating
primary tumour tissue or by fusing primary cells with tumour cells.
However, tumour cells are irreversibly transformed and have an ill-defined
history. Their use as cell models is therefore highly questionable and
moreover because of the potential tumorigenicity of such tissue they cannot
20 be ;for. the purpose of transplantation. | |

Attempts to provide homogeneous populations. of nerve cells have also been
undertaken using carcinogen-induced transfpnnation both in vivo and in vitro
and al;o ‘by spontaneous transformation that is to say by the out growth of
cells from primary cultures without any deliberate genetic manipulations.

25 However, it has been found that another restriction on the provision of

AT
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tunmours are human gliobl astomas and thus do not concern the uncontrolled

di vision of functional nerve cells. O her workers_have transfected
neural cWNOME oncogenes in order to 5  -establish neBFEICBIENIOY| nes.
Sonme wor kers have shown that it is possible to . i nduce oncogenes into
primary neural cells and to obtain cellglines, however, t hese
cell-lines are not nerve cell-lines. They are not functioning nerve cells

The ¢ r ansi AOERORCHRBR MmBARHSY S el Kol Rils T Tolf o e el 1

retrovi r usqameRes dfehiinahflicHlastbinks ahdsthal d6' ActSEnceth Eié‘ﬁh%odtﬁgw ate

into the host cell genone. In addition, transfection has been
under t aken divisian ef functional aepver eglls.e sensitive nmutant of the DNA virus
siman virus 40 (SvV40). The A gene of SV40 encodes the | arge tunour
(T) antigen V\:hl ch is required for the initi'ati on and mai nt enance of

ﬁééﬂfﬁgé”ﬁ“ el b@&?f%af“%ﬁ.mpiJ"f A, sebs SFhconcossnes v, Ables ona
ngtehl nto :f'ls# i?ﬁrﬁh?ﬂl b reqw rggp‘?éayé)g{‘e %e%h?ﬁmrﬁg %ﬁ?@& N

mtotic neypdhceGhddgends fits prithary ndueal eIl mmﬂwsﬁﬁé@m

- on such cells. Although it has béen possible to produce cel ’-Tines,” 20
that is sayghese delblinesaremmotvierve celi-lineso Thelyi are nob éunctioning aeod cellsl s, it
has not been EOSSI ble to produce immortalised cells with the
required dagrase shey Omogeuwu%p@nlaaensm definablenerve celai€b).such cel I s as
useful tools for further research, study or use. This would seemto(
be because i mmrtal | sat | on prevents termnal differentiation of

ensues. - Fortis, SARFRGNEleciidiep ol he past Bl intblR cull g BF O ©

PCT/ Q#P5/ 028@dviruses because of the ability of suchwrusestostabl mteFrateQntothe -
neural cells takes places using SVA0O T a honpbgeneous population of cells

can be cul toseeellhgenome. din additionp ¢ramsfection hasvbeem undertakers Yising hC

expr essi on of the active yi rabgféot,el n,ceases and the cells enter
di f f er ent | A¢TMparatyresepsitive mutant of th irussiman wisus 48 (SVARdhe: o

COTPI €11 01 5 i BV Bk g Vono (v S S ?s“%euq%m for

the initiation and maintenance of transformation.

15 Integration of viral genes into host cell genomes requires that the host cell
undergoes at least one round of DNA synthesis. It therefore follows that
where integration-of a viral gehe into a host cell is required target cells are

imitedito mltotlc neural cells. Transfection techniques have therefore been

e on such cells. Although it has been possible to produce cell-lines,

20 that is'to say it has been possible to immortalise the transfected cells, it has

" not been possible to produce immortalised cells with the required degree of
dlfferentmtlon which would render such cells as useful tools for further

research, study or use. This would seem to be because immortalisation
prevents terminal differentiation of nerve cells. Indeed, typically the cells

25 enter crisis and -apoptosis ensues. For examplé,- when immortalisation of
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Ih addition, it also w dely acknow edged that it is extrenely difficult to
provide in ?H* 4§§p|fferentiated neural or nerve cells elthe?c? BQ%H?&
‘tganspl antation and/or for use in testing drugs, agents or en I'es I'ch
ef f ect the functioning of a given popul ati‘on of nerve cells with a

view to devel opi ng 10 t herapeutically &ctive agents. It is difficult to
provide such a culture of nerve cells, especially where one is

trying to provietifal dellsaakes piaces iR SV40 T a homog%ﬂéaﬁé‘bbﬁﬂaﬁﬁflrﬁ'ﬁ%lsa

~cells, or a heterogeneous populatlon of nerve cel I nc
rel atively smeah wulmred;fhopvmnaypaenpsmmsa&:tempumteofwwexpmssmn

things, it is ve y dlff It tQ provide for differentiation of such nerve
cells. -15 Efommpmtandcshmlh enter differentiatiomt Howeyer,of

primary nerve in.cultur i.s .t her ef ore.an gbject
of the invent idgﬁe{eg\tlﬁp%i%sa %Pmeﬁotro Frmpletion, 'the ]s ter RIISiS, |an 8I i nes
whi ch repyeseq ﬁeﬁﬂﬁﬁﬂﬁ s popul ati ons of nerve cells whi ch are
not only functpg a ut %ﬁose character can be reliably defined. 20 In
other words it is an object of the invention to provide a nethod for

produci ng a stable nerve cell-line which is commtted to its phenotype. For
exanpl e, usi nintadditioneitt also widely acknowledgedothat dviisice jodifficuls to

popul ation of functional serot nin cells or acetylchollne cells or
~adrenalin  Drovide|inscultgre ditferentiated nsuralton metve sejlsceithar forcusenianti on

hCr) GBos! 0250 SatsblahfitioR gigor for 8@9@5@%@%@“&%@%&@?@% etne.
M tosls. e RinpSAMGT a given popAliic Yerdl cElls Wi £ Y IFaSHIBBEED. °
tell-1ine whi therapsutically active agents. [I0is &ifﬁéﬁlt t¢provide such a culture of nerve
cells, especially where one is trying to provide, largely, a homogeneous
population of nerve cells, or a heterogeneous populatioﬁ of nerve cells
including a relatively small number of phenotypes, because, amongst other
things, it is very difficult to provide for differentiation of such nerve cells.
15 Typically it is difficult to provide for differentiation of primary nerve cells
in culture.

It is therefore an object of the invention to provide a method for producing
nerve. cell-lines which represent homogeneous populatlons of nerve cells
wh1 ate not.only functional but whose character can be reliably defined.
20  In offes-words. it is an object of the invention to provide-a method for
produci;ga stable nerve cell-line which is committed to its phenotype. For

example, using the invention it is possible to. prowde a homogeneous
population of functional serotonin cells or acetylcholine cells or adrenalin
cells etc. |

25 It is a further object of the invention to provide a non-mitotic cell-line, whose
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5 It is also an object of the invention to provide a nethod for

produci ng nerve cell-lines which can be sel ectively nade to _enter
apopt osi‘gogﬁlmt t he process- of apoptosis can be FROIEGR, a ¥
view to gaining a greater understandi ng of t he process and-also with
a view to engineering drugs, agents orgentities that ' af f ect.
apoptosis. 10 t is yet a further object of the invention to provide

1or & PODULGH e cHifalfeistics periS leven TR BRRUACE o MG Sfyighi ch are

fully differe e net ernvention T s on a
startling edifditions which Woudd normally piﬁﬂi(ﬁétrﬁi%ﬁéi transfection techni ques we

were able to immortalise selected neuronal cells. However, as with
many ot her workers, until realising the 15 i nvention, we were unable to
provide fully functional .diff cells. However, when

erentiated nerve, - [ _
we nodifi el ipyet: qtuwmfc;ﬁeéw@m to_proyide agell-line which suavivesit we
were able tq i nauce Jull differentiation of our nerve cells when
t hey were %&8&’3 8‘,‘31?'6?4 owi ng transfection and i mortalisation, to
- predeterm ned conditions. These conditions involved exposing the cells to
. 20 ei ther the environnment from which they came and particularly, but not
excl-usi velly s alse dfi SbjecEofthe VMO & pEoVidb iaoheiodfor Pradating deswdi ti ons
whi ch m m cked the environnent fromwhich they came and thus provi ded
for an ar tgell-lines which can beseléctively axadertorentert apoptosis\so that theprocess:.

14 . :

\QQT? 6@{39 5??;%@9ptosis can be studied with a view to gaining a greater understapding of Qur

observat! e SRaTDAN Ao 45548 18 EUMRE-E A0l et it ve €

tissue is :Iffécf‘ita)pﬁ &%igaged to replicate by exposure to a replicating agent
9

(8 an I's then encouraged to differentiate by exposing the
cell culture to 5 the aforenentioned environnment from which said
primary tissue canme or to conditions which mmc said environnment.

By tH2 terltis yeta Eurthercobjecttofithe inventiom to-pspvidenfor aipopulation of agrem of

nervous. syllEnhimORsRYORCAR ofisrwiRe e bk Sy Ailiesa gL e natural

l ocation in - o . ,
‘The method of the invention is based on a startlin‘g observation. Using
conventional transfection techniques we were able to immortalise selected
neuronal cells. However, as with many other workers, until realising the

15 invention, we were unable to provide fully func‘tion‘él differentiated nerve

‘cells. However, when we modified-our method for producing cell-lines We |

fomMm were able to induce full differentiation of our nerve cells when
$iwere - exposed, following transfection and immortalisation, to
predetermi mined conditions. These conditions involved exposing the cells to

20  either the: environment from which they came and particularly, but not

exch;siVely, the mitotic environment from which they came or to conditions
which mimicked the environment from which they came and thus provided

~ for an artificial imitation of the environment from which they came.

This Sheet Has Been Re‘ilaced

[y




10 the central nervous systemof the cultured cells. W favour a nitotic
environment therefore we favour a region fromthe central nervous system
wRich is i (WOPUMMG active and nore preferably we favour a reymmm
. central nervous system at, adjacent, or functionally related to the natural
- location in the central nervous systens ofsthe cultured cells. . 15 It
woul d seemthat having to expose the cells to the environnent from which

t hey were deri 4.hat ¢ f; that. envi,ronnent secrete agents, such
as for exanpl eéggtomgwéaﬁ\ﬁ%# ?%@?18@5 to, Rrodues an o ‘3&8 %ﬁ“ﬁ%?ﬁeﬁ?y%uch
cell's conpri secdlR"WhicH Idot Shen2 a mg'?' f cpﬂwgb', '
differentiati o‘r:1 responsgl.aes d20(5 I n addi ??gé] CI\}\}gﬂﬁgve ogen’ t ha H&Yeg
possi bl e to ustissuesis firsteficoraged ito esplicate by expdsaretd asizplicting agentd(s to
work the invention. For exanple, it is possible to cul ture hunman
nerve cel | s anandpand issthen encouragedrtodlifferentiate by zixposing the ceH\culturertnt or
said artificial environnent which is derived, fromrat,6 central

nervous sést e e&ﬁm%@}%ediqm’f‘@%i B2 Which said, primary tisspecame oxtoyng

25 expose sai th. . A nt or artificial environnent
wnich tor - GG Fpd piie odn SVIARER ' ° |
PCT/ GB95/ 02592 ' 8

human deri ved. It would therefore seemthat agents which elicit
neuronal diffeBgnthe aétm)thef erivironment from whith they cinte,owe théan'\ii refionoof
elicit their effects cross species. That is to - say these agents are
bi ol ogi cal | y dbei central narvous system,hand:tmered preforably \as region of the gentrak e

LQlﬁéei Sféﬁd' :t F?ééyrnte& PR a5, AGEH BF SOy :rieiaii%i-i‘é@ie_e@tmlllg_catﬁ“% “or
Coast fr 8 wnitth G peons) et A e Abufiq e e ol . RERAR .

Ve ar e ¢fiiftontient thefeféleweHavbir alrekith from Hie cemyall N&@doas spdtem

st age.

-

which is mitotically active and more preferably we favour a region from the
central nervous system at, adjacent, or functionally related to the natural

location in the central nervous systems of the cultured cells.

15 It would seem that having to expose' the cells to the environment from which
they were derived means that cells of that environment secrete agents, such
as for example cytokines, growth factors, transmitters etc or perhaps such

- cells comprise removable cell surface based factors, which can elicit a
diffégentiation mponse

20 In addition, we have found that. it is possible to use: tissue and cells from
different species in order to work the invention. For example, it is possible
to culture human nerve cells and expose such human nerve cells to said
environment or said artificial environment which is derived from rat central
nervous system. Conversely, it is possible to culture rat nerve cells and

25 expose said nerve cells to an environment or artificial environment which is
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10 Further, when using transfected cells we prefer to enploy a nethod.

whi ch I ncl udes the provision of a switch which enables us to control

i Mor t al Woe6/14896 and apoptosis. Using our nethod we REVIEBOSNN2t hat .
cultured nerve cells do not spontaneously undergo apoptosis so T
frustratingly characteristic of #)'r eviously cul tured neural

cell-lines, but rather we can selectively control 15 whet her cell-1lines
remain i tali zfd. or, enter apoptosis. I n addition, we have al so
found t hat 'nes when differentiated, are ' committed to

their phenotype and thus retain their phenotypic characteristics
even when the environnent fromwhich they cane is renoved and/or they are -

exposed to Jtaeduld shérefdte 3derh Witaigenity Whithrelitit dewrbhidl/difféfentiavien df tite f ound

20 that our cell-lines do not exh| bit mtosis, again, even under
condi ti ons invention are agenwmhichrmlmtrthmseﬂ’ecmrﬂossmpecws Miat is tour
at low densities, Accor di ng

cell-lines are able to s
to a first Sayfhese agents, Lﬁvigamvély aqtiviedn;as lmbemaéapdbwmygtems
\IQQT/% g?gggglzare therefore likely to be of the same or similar structure.

nmet hod for producing | arge popul ati ons of neural cells which nethod

~invol ves: a) enhancing the replication of a first
-undi ffer entTmisedreIWeafomalthat fiodifying our iRethod such!thah etimsferted 6élls Of
precursor stem cell b) exposing said replicated neural cells

either to amr@ﬂuneéneﬂﬂarefexpasedtothemdmonapﬂtheongmaéenuironnientatarre or

to an environne vvh aid nvi ro and
al | owi ng dileasty hcgﬁg%g@a? tyre cell Gagne, eaa%e ﬁlﬁfemtwémtha ed
active neurgy lfﬁ%ieai"as to the nature of the factors mvolved_ at this stage.

10 Further, when using transfected cells we prefer to employ a method which
" includes the provision of a switch which enables us to control immortalisation |
and apoptosis.. Using our method we have fouhd that cultured nerve cells
do not spontaneously undergo apoptosis so frustratingly characteristic of
previoesiy cultured neural cell-lines, but rather we can selectively control
15 whether cell-lines remain immortalised or enter apoptosis.

In addition, we have also found that our cell-lines when differentiated, are
comsaitted to their phenotype and thus retain their phenotypic characteristics
hen the environment from which they came is removed and/or they are

| exposed to factors such as foetal calf serum. Further, we have also found
20 ,that‘ our cell-lines do not exhibit mitosis, again, even under conditions which

would promote mitosis, and, what is more, our cell-lines are.able to survive

at low densities.

According to- a first aspect of the invention there is therefore provided a

"his Sheet Has Been R laced




10 I't is apparent fromthe above that using the nmethod of the invention

one is able to culture and/or 'imdrthalise a neural cell pr ecur sor
cgll and t hN40 9614396 produce a hom)geneous popul ati on of cel | PCT/GBISARSIR
successf ul differentiation is effected by exposing the cells to
~either the environnent from which tge first nerve cell came or
alternatively to an environnment which 15 m m cs that environment. I n
this way, it fgl e rod ce a ene opu
fully dlfferen?qegl?‘%g EtPRPg“ﬁ gEePPB“hmns ngq’ePFPac? $ s L@ﬁ%&ﬁ t of
the invention Iveyvi ronnent from which the first. | nerve cell came

is any region of the central nervous system however, nore

preferably, said environment is an environnent at, adjacent, or
functionally 20 related to the natural location in the central nervous
system from whakh tanhancmg theubphcatnbmeflasﬁtslrund:ffef‘e’iﬁatedrmumhcell or
envi ronnment whi ch {n n.cs said environnent, is also to be construed
accordi ngl y. neural cell ppgsurspr eelbeor precursor stem cell,

PCT/ GB95/ 02592 10 Mor e
preferably still, said environment is a mtotic envi ronrrent that is to

t !
say, It cgmprigps noExposiny SeiddRiplidaltd fisiral chils e 16 S8 .@%%?%%é?gﬁ%r e
bei ng rel easedwhich said firsenBafs el cuife,SHNR)aN’ edvironhiend v&hn&ﬁ%ﬂﬂicb%i@“ by -

cells within the nmtotic 5 cells environnent. Preferably, said
nerve cel | s anehwifonmentf andh sai d natural or artificial envi r onnent
is derived froma single species. However, alternatively, said _ nerve

cells and said tissue may be derived fromdifferent speci es. For

exanpl e, said ervm% ‘Fg&é%g“ V. et al [
10 sai d env r onn&f aﬁg ?,q]o? 4#@5 n%@]f] scﬁ?férentla
envi ronnent erived froman another ani rral speci es such as
; “Bzf(f:tlve neuraPée
rat, mce, eys etc. " In a preferred errbodl ment of the invention

i rMortalisation is achieved by

10 = It is apparent from the above that using the method of the invention one is
able to culture andfor immortalise a neural cell precursor cell and thus
produce a homogeneous population of cells.: However, successful
differentiation is effected by exposing the cells to either the environment from
which the first nerve cell came or alternatively to an enirironment which

15  mimics that environment. In this way, it is possible to produce a
homogeneous population of fully differehtiated active neural cells.

s embodunent of the invention the environment from which the first
nerve’ e~cell came is any region of the central nervous system, however, more
preforab_ly,, said environment is an environment at, adjacent, or functionally

20 related to the natural location in the central nervous system from which the
cultured cells derive. -The term, an environment which mimics said

-environment, is also to be construed accordingly.
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usi ng conventional transfection techniques and preferably the transfection )
i nvol ves the incorporation into the cell genone of an oncogene which 15
oncogendVOa64I€ t he est abli shnent of cell division well RGREBISO22n0r nal -

| evel encountered when a cell is not transduced with an oncogene, in other
words the oncogene immortalises the ce é} Al ternatively, :
imortalisation may be effected using ysi cal or chem cal rreans For

exanpl e, i rtaI i.sat j on e ef.fected by exoosl ng .sai d cel
radi ation- i’b’ ﬁ’éﬁﬁgﬂa enty); tslﬁéﬁ vvel I

hysi cal o CF{% b%n%ﬁ%ﬁm&%ﬁ@m aﬁf‘%{*ra%sﬂﬁ@{a?ﬁﬁﬁﬁ%ﬁﬁ#&g??éﬁen

usi-ng a Vi tie lagelgs)y whicl elieficthe diffé%eﬁ‘ﬁati’on procoss%’béiﬁg’relﬁed A0T, or
a retroviral construct i ncludi ng any of the WD 96/ 14396

PCT/ GB95/ 02xpeessed and somehow affecting differentiation by’ cells within the mitotic

af orenenti oned oncogenes and/ or any human oncogenes. A retroviral

const Suct ©elly gnviseRMeEBLcause of its ability to stably integrate into the
host cell genone. I n a first preferred enbodi nent of the
“invention the imortalising agent i ncl udes or has associ at ed

th th
torm nat o PSRRI, SIRf i an%%yauses“ﬁéﬁ'& Boftl said, natutal “of iFRIalTo"S
It 1 pref gnyReniaat id aeRvédHontll dinglef sysbied, CHbeeh wlmavely] S| no

agent takes place ideally dur| ng the last division before mi gration
fromthe lherve pelds iandr saidiissnenmayntie tderiveds fronofdifferentrspecies. For
differentiation, Thjs is begause the |i keI i_hood of producing a . (

cel | -1ine BEample,said nepve ey bederivedfrom foetal lumst&q whﬁz;essl S

undoraienstitherviniiett a2 B poecltall i dseit 27 shid Coifment oy o

different BQ%%%&HM“&:F&&E& GhIRAL el duth’ &Cfa@,aﬁ?&, monkeys etc.

. In a preferred embodiment of the invention immortalisation is achieved by
using coi_xventional transfection techniques and preferably the transfection
involves the incorporation into the ceil. genome of an oncogene which

15 oncogene favours the establishment of cell division=wéll- beyond the normal

- level encountered when a cell is not tranéducedwith“an- oncogene, in other

words the oncogene immortalises the cell.

agtively, immortalisation may be effected using physical or chemical

For. example, immortalisation may be effected by exposing said cell

20 ' to mdxanon or chemicals (2) which are known to promote celf division well
beyond the normal level encountered when a' cell: is not exposed to said
physical and chemical means. '

- Ideally transfection is undertaken using a virally derived oncogene such as a
myc, src, ras, SV40T, or a retroviral construct including any of the
___,_'__——-—————"—’—'—'——
| heet Has Been Replaced |
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15 In a preferred enbodi ment of the invention the control neans is
responsi ve to culture or environnental conditi ons such as

t enper at urWO /14396 | oni c ~ concentrations. For exanpl e, PGHCBISAREN 2  od
enbodi ment the inmortalising . agent is tenperature sensitive and the
control is thus represented by a nperature sensitive switch so
that at, about, or below a first given 2 tenperature the

i talisati ] ' 1St 0y tali t h ~,sel ected
rve type-. BT, SRRCRE ool Snk phHR, bBbie - A removind °°'©
Lo nat e, nCqRRAI: is TaVGREH heRalth Bfds dbili B SBY MiSedtBhic HeRO T

and the cont cell genonge. may conprise, for exanple, a single entity such as a
25 temperature sensitive oncogene. Alternatively, the imortalisation

agent and WO 96/ 14396
PCT/ GB95/ 025

t he I(:?)nt rol -ﬁ&%pr%mmaaﬁmenhw@nﬁbﬁ Wﬁéﬁgc%g@t .
ect pr odal elcluges e s naRidbd UidElichts cBhuBl piddfs SPRUreRY AYMoR BE 1.c.

the control pRARSHersl ﬂféahy%ﬂﬂiﬁiat& immortalisatiéRahta¢édiias the RUEH efy

deactivated. Conversely when the control neans is eactivated the
i mortalisat apoptegisnt is activated. This ability of the control

means to deactivate the imortalisation agent is a neans of term nating
I mMmortalisation such that apoptosis can take place. Exposi ng

homogencous Hols BSHerER] et dBRRAlRaRoR i paid Gol Hch A WD USDRBEM or 10

Funct | onal 1y 0es opiafe ety Gpcitf, GE"Ieef SRR Befhed rilEiicn “Bofty 6

al t er ngpi vel 1&9&&%%&@@%&%%8@{:&&5&&9%féb@&p cells

fromsaid cehtral nervous systemor said origin envi ronment an aci ng
sai d extractte likeliho¢éd ©f producirge apcellline! kaving S&isingle nsey eof fuactiomalll at i on
15 of cells. .. . .ldeally, said chosen environnent conprises
"mitotically eharcterigtics is increased. Immortalisation prior to this preferred time can

be undertaken but the likelihood of the precursor cells adopting several
different phenotypes after differentiation is increased.

15 In a preferred embodiment of the invention the control means is responsive
to culture or environmental conditions such as temperature, pH or ionic
concentrations. For example, in a preferred embodiment the immortalising

agent.is. temperature sensitive and the control is thus represented by a

sensitive switch so that at, about, or below a first given
20 tempera”ﬁ:lre'the- immortalisation agent is activated so as to immortalise the
selecte‘d ‘nerve type, but at, about, or above a second témperature the
immortalising agent is' deactivated and in this instance immortalisation
terminates and apoptosis is allowed to proceed. The immortalisation agent
and the control means may comprise, for example, é single entity such as a

25 temperature sensitive oncogene. Alternatively, the immortalisation agent and
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In the instance where said cell is exposed to an extracted popul ati on of

cells then ideally said extracted cells are plated onto a Substrate
and al | oWSH96/14396 reach confluence either before bei nBCHGRIMIRS .
contact with said honogeneous 20 popul ation of cells or whilst in

contact with said honpbgeneous popul-ati 95 of . cells. Alternatively,

said extracted popul ation of cells are grown to confl uence and

or “col 5" P8 AR Bukah il b8 P debie ApliBRE B i case s, ' "

sai d_homogapgaeavaion/iidtvatioh dfthe 2ofifr6] fledfis ﬁé@ﬁ%@&p}&a‘i’gﬁe&;ﬂg the e 025\/\0

96/ 14396 92
13 irmmertglisation dgent.oFer exampls; thhrmblo%ﬁtroﬁmahb i$ acivitedit/ Or
- epidermal growth ractor. It will be apparent fromthe above

that the ndmmertalisation agemb jsdeactivated. Conpcqsa]yawhenthé cortrobmeahs isoe
deternj ned t.he zatl [ e of he undi f f erenti at nerve cell or nerve
cell gecu E%‘Fa erjmmortalisation, agent s activa -heThlsabl ityjof the\comfmol ¢ wi | |
be possi bl I er erve cel l whose
fung tion a E%Fp% %@é&a&# Itpk b‘gﬁﬁgﬁ@%ﬁh agggtt » A EAPR ogf ‘Wé“a‘mg

undi fferentlhﬁ{,@ﬂam% Sith! thaPapostby¥is d‘aﬁltlakgr‘ﬂiférg sor-cells. Thus the

i nvention has w de rangi applicatio that the invention
provi des a net hod whereby 10 a whol e range of honpgeneous popul ations of
nerve cells can be grown in culture. This is obviously significant

Igghﬂeg;f)blg?fpfﬁsa\:ldg&kwmql ﬁsgﬁi(a,blzn:ﬁ?nm&;r:g??faaﬁs& ng agaelrrll'[ olmsa
what is ty/homoegepeous fopulatiap gf ce int BEEVOUS SYStem 0TSV40
reansiCs o A0S, PRy o IGalioR"lnl vod debilf n?f“qi‘#céeﬁf?wc”h? denf o0

per m ssi ve, mﬁaﬁnﬂg #‘glsazﬁ tqhei of nﬂn‘én@ pr@? HeEeSred, at '

33[err] C and non-p t hat | to say the vira gene actlve pr oduct

i s not alterreativelys sat mareqa’pferabl@, sitply extrbenngmopm;ailaﬁad ofisgells t his
agent are tenperature sensitive. for apopt OSI S.

from said central nervous system or said original environment and placing

said extracted population in close proximity to said homogeneous population

15 of cells.
Ideally, said chosen environment comprises mitotically active cells.

In the instance where said cell is exposed to an-'extracted popu_lation of cells
yideally said extracted cells are plated onto a substrate and allowed to

| . uence either before being placed in contact with said homogeneous
20 : A onhef cells or whilst in contact with said homogeneous populatioh of

cells. . Alternatively, said extracted population of cells are grown to
N confluence and medium from said population is added to said homogeneous

population of cells in order to bring about differentiation. -

Preferably, said homogeneous population of cells are also exposed to one or
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20 Uni quely, our cells, when transformed using SV40 T anti gen and

exposed to an environnent, natural or artificial, which_pr
differenti aWORMI43r vi ved crisis - a condition which |@$§%
foll owed by apoptosis. - 1t would seemthat the said environnent

al so provides for the rel ease of sypst ances or sonehow effects the
cells to enable themto survive apoptosis. - Thi s

Sheet Has Bee gmﬁﬁw factors such a¥ Bbr8b1a& 3B wth factor andfor epiflgrmal growth,

PCT/ GB95/ 0259

yet a further faétgf.erred enbodi ment of the invention said cell-line includes
a safety feature which allows for selective disabling or destruction of
sai d cell-line. This safety feature i's of advantage where the

cell-line is to be used for the purpose of transplantation or is

ot herwi se, whdt wéll be appapentnfronntherabose that she matusg ofitthehernogeneous

adm ni stered to, or, storeq,in,.an {ndivjidyal . This . saf featyre
all ows the celPPPR aﬁ'@“t?f@%ﬁ%&l%@"ﬁa;ﬂw natyee 9f the, undifferentiated 5
render ed char L0 anGes. the .cel |-l ' '
t hought |5Pker1§'g§§‘i cgilj ﬁqlg%s%ﬁgé/m_%gpo#’%tﬁ%ﬁpomﬁ% W&ﬁgeégwgwﬁﬁoﬁpfgeni o
in vivo, or i veitieanit Will R péssibly yrdaHce’ cll-fifled Of | diffelérl iibrve cells

Qur copendi ng patent applicatlion GB 9422236.1 teaches how a vector can be
produced whi clwhosevfuletiohoand propenties swilhk be deternfined Yyeahe rmature ofichéor m

of a gene which may or maé not be linked to the inmnortalising
oncogene. undifferpntiatedinegve eells onnenvecellprecursor cells Thus the inventione i s

rovided cells andlor . cel] -l.ines produced in acgcordance with ihe
et hod of -t he A% ¥adk Fanging spplicasion jndharshe Hyanton RroRidssiaqaattiod WRereby onc
honmogen S [ f ' I ' C ' to
fo oeafy's, DARWhGE' Aflel of homozerieIR poBulatfihs(df nervilbefld at be ErdBi '

full'y differeghitdfeoHiS is/6bvBLSI sigificaxt for nem};ob?élb@is%éﬂi?rbin d 1eSédich S

provi ded at | east one honpbgeneols popul ation o
point of view and from a technical point of view..

Preferably the immortalising agent is, what is typicﬁlly referred to aé, a soft
oncogene such as a SV40 viral oncogene and more preferably, in the instance
15 where a control means is preferred the oncogene is the SV40 T antigen which
is permissive, that is to say the viral gene active product:is expressed, at
-33°C and non-permissive, that is to say the viral gene active product is not
expressed; at 39°C, thus cells immortalised using this agent are temperature
_ '4'4htapmﬁuﬁ&. ' S _

20 Uniquely, our cells, when transformed using SV40 T antigen and exposed to
| an environment, natural or artificial, which promotes differentiation, survived
crisis - a condition which is typically followed by apoptosis.

It would seem that the said environment also provides for the release of

substances or somehow effects the cells to enable them to survive apoptosis.
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i mortalised cells provided with neans to termnate inmmortalisation and 20 °
acti vat eapopt osi s. According to a yet further aspect of the

i nvent i JHOPHI3®6 | s provi ded cells and/or cell-1li neg’ in
~accordance with a nethod of the invention whi ch, when
differentiated, retain their phenotypig characteristics and/or are
non-mtotic and/or survive at |ow densities. : - WD 96/ 14396

PCT/ GB95/ 0 . . T . 15
erbodi mant BB # further Brefested gmbodiment of the invention spid gell-Jinkipclpdes.
only and f grsaféty felfup@swhich AlewWe fer SE1botivi a&asﬁﬁg idr Jesﬁ%ﬁ&ﬁ’lff%aﬁ?’ .
serotonin secreting functional nerve ce : he Tol |l ow ng
i s exenpl i telbdiney This sifety feature is wftadvantagé iwhere the\bell-ding is to be used 1.

Table 1 is_a summary of experiments perforned with clone 1 immortal

nerve cel | forithe purpose of transplantation erisiothrowise; whéther itdhe pempanegt or

Gt eSont | toknprary, atiached to; admapistered 205 g6 ROTAND, Atk fndivighalXTBIR  { et s
3 shows. criEh! Teakits HlovSthe ol 818 1O MCSlFerfity Hioablt, and by thiswe 7' 9UTC
| rmortal | Saieafi'vefillefed hérmless, or destroyed, in instances where the cell-line is |
~ thought likely to, or is shown to, have the potential to become tumorigenic

in vivo, or is thought to be in any wa)". harmful to an individual.

An

10 Our copending patent applicat_ion GB 9422236.1 teaches how a vector can be
produced which provides for co-expression of a safety feature in the form of
a gene which may or may not be linked to the itho;talising oncogene.

According to a further aspect of the invention there is provided cells andfor
cell-ﬁnes produced in. accordance with the method of the  invention.
15 Accordingly there is provided at least one homogeneous population of
immortalised cells which can be made to fully differentiate so as to provide
a homogeneous- population of fully differentiated nerve cells; andfor
alternatively, there is provided at least one homogeneous population of
immeitalised cells provided with means to terminate immortalisation and

20

According-- to a yet further aspect. of the.invehtion.. there is provided cells
and/or cell-lines produced in accordance with a method. of the invention
which, when differentiated, retain their phenotypic characteristics and/for are

non-mitotic andfor survive at low densities.
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Rat enbryos at days 12-13 of gestation were dissected, and the presunptive
raphe nucl ei region conprising the ventral nedial rhonmbencephal on and 15
medal | a obI 143%ere renoved. After dissociation by gentle PETIGRISNI8 in
medi um (Ham s F12/ Dul becco' s nodi fied Eagl e's nedi.um (50/ 50 v/v)

suppl emented with L-glutamne (2mM), penigkllin:streptonycin (100 IUni: 10
pg/ M) and nodified stock solution [3,4] CoOntaining 5 ng/n1 basi c

bl ated onto pdt.cpibSifitnt BERE mvinries wi BB be HesttinBF Siapcof et
flasks ( ost loriifahlidér dHe furpose of exlffilelonl with YpdBhE redercift! sElotofith ™

per flask. Onc he cells adher 96/

PCT/ GB95/ 0259 Xecreting functlonal nerve cells.

retroviral particles conprising a construct (tsA58) i‘ncor porating a

t enperature sensitive formof the sim an virus | arge-tunmour antigen

(ts)Sv40-T andlEh . resi staril%e rker i neticin, (A18[err] (kindly
donat ed by Dr Fefallovipgis Vi gxampiiiie @; table.an mb%rxofrﬁgprqsaw, enetidon.
Al so avail abl e on deposit, details to 5 be provided)[6], were added to

t he nedi um'toget her with 0 8 pg/m " pol ybrene. The viral titre was

adj usted 4 0 gipve ajm%llrigaggﬂ, \ rbﬁxi,bﬂ' hf'%?% S : &SMCI ng
an average of 20 col oni es per éa‘?_k. Alter ’pg[!lﬁgrmed)(m@l gﬁgure
was repl aced wmerve telbdimenedi um .Cul tures were nmintained

33[err]C, the perm ssive tenperature for the active formof the SV40 T 10
oncogene product. Fi ve days after transduction, geneticin was added to the

cul ture nmedi urg (0. further days .t o eradic |ch had
not i ncorporated t i %h < EpfrEht-volta eyrelatl géﬂ'l\g

after transdugt ' |cat|ng ceIIs were
I denti fiable. (i&egir%e%ﬂ% ébgyéekgqﬁ ﬁ*?gé%ﬁ% of being well 15
separated fromother replicating colonies, their circular shape and thei r
nor phol ogy. | ndividual clones were picked and expanded up to near
confluence in3a 75Rigtref2 shaws itime ppursei ofaVBIGC 2¥fedts/of toxia applisatiomohe
precursor, prior to freezing down of cell aliquots. Aiquots were also
plated 10~ claneol perve celis;ande/ gel atin-coated 12-wel'l, plates for

anal ysis of potential 20 differentiation characterlstlcs. _

Al ternatively, rat enbryos, as aforenentioned, were treated so as to

provi de 4. - Figure 3 shows current-voltage relationship for clone 1 cells.’

Immortalisation of Cells

‘Rat embryos at days 12-13 of gestation were dissected, and the presumptive
1€y lei region comprising the ventral medial rhombencephalon' and

) oblongata were removed. After dissociation by gentle trituration in

" medium (Ham's F12/Dulbecco’s modified EAgle’s medium (50/50 v/v)
supp}emented with L-glutamine (2mM), penicillin:streptomycin (100 IU/ml: 10
pg/ml) and modified stock solution [3,4] containing 5 ngfml basic fibroblast
growth factor [5] (all sﬁpplied by Sigma), cells were plated onto poly-L-

15

20 lysine/gelatin-coated 162 cm2 tissue culture flasks (Costar UK Ltd) at a
density of 5 x 10’ cells/ml, 20 ml per flask. Once the cells had adhered,
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cells in tissue culture and these cells were then exposed to a replicative

agent as described in references 8 and 9 prior to undergoin :
di f f er enMOR6/14306, 5 descri bed bel ow. 25  Cell Di ?FE’F‘&WP%P? on

W) 96/ 14396 _ S
- PCT/ GB95/ 02592 16 17 Cells
were maintained in the medi um constituents as for replication above

popul at i on TeaovrabAckSTRARHeHF Sontter (G CorhOaaRINERREre | o

were CO-  sensitiveWorhy 6fl the) sirifanPeirh® Tal-amWir! antiden {R5)SWPIO-TRARYER CELLS

(prepared as 5 above but w thout the steps subsequent to transfection)

as a non- caesistanoce makbr to geneti¢iny G418 ¢kindly dohdted by DrrP Jaf,Jowdwig) . Both
the immortalised and. th primary RAPHE cells replicated until the

pri mary RAHPSLiEES, M ldsﬂe%%HOSPual Ieadme’nls axpilablesor depesit, idetailanter t al i sed
| hi bi t ed d cat RAPHE

cel 1 der e Em@&%i&éem”cﬁgdmt otte” Fpectiftn JRaciBg witho PR KO col | <

b t @ﬁsﬁh f i i s

eig?rgl eO e% oxytrypt am ne was no synttﬁe%wgead &M%éﬁ fhflgﬁy

requi 1 eeniof{B0002% prodicing a Avera @%TZ(FcGl%hiééepérﬂask. After 1h, the

hydr oxyt rypt am ne vvas now m)nst ra Mor phol ogi cal differentiation was
much nore mlmtemednmnthreﬁzwpdtwnhrfresgmedxﬁmt&deem mpimthined were 15
visualised. In addltlon ‘the cells developed several_ ion channels

i ncl udi ng- at 33°C W%R@W&rtemﬁﬁ}'m i then agtivenfomm ofj the «S‘(ﬂ’d'ﬁbr

?E?Pt |O?yvvas seen atdélp e pive dayg gﬁ%‘ﬂ SS] g/e terTE r turév%sf? e tﬁle!sle?‘uvr;]/er"_
Cel | Apopt ﬂ%gmm (ﬁhﬁnﬁ’ﬂﬂ)'?of ﬁausegld§t(§fi¥§mgﬁﬁ%%eﬁ9%%ilﬁa of

raphe cIone can nter -apoptosi's using any of

t he foll ovmnagui tmédlﬁﬁgsretmvml vectok, Tenperature was raised to
non- perm ssive value (39 C for up to 72h,

Between 14 and 20 days after transduction, individual colonies of replicating

cells were identifiable. Clones were selected on the basis of being well
15 separated from other replicating colonies, their circular shape and their.
morphology. Individual clones were picked and expanded up to near
confluence in a 75 cm? flask, ie approkimateliy 23 divisions of a single
precursor, prior to freezing down of cell aliquots. Aliquots were also plated
onto poly-b-lysme/gelatm—coated 12-well- plates for analysns of potentlal.

20 - gential oncharactenstws

Altematively, rat embryos, as aforementioned; were treated so as to provide
cells in tissue culture and these cells were then exposed to:a replicative agent
as d;scﬁbed in references 8 and 9 prior to undergoing differentiation as
described below.

25 Cell Differentiation

TS
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in the presence or absence of fibroblast growh factor or epidermal growh
factor. Neural cells devel oped the abiliity to take up 5-hydro Fﬁ%@n
25 (SWqum‘Mecursor of 5HT), 5HT itself, and to decar b@‘?f ! -
WD 96/ 14396

- PCT/ GB95/ 02592 17 18
hydr oxytrypt ophan to 5HT. No native 5HT vvas ‘detectable. The 5HT

ﬁg[l \léﬁg\l\:’lr o ::EEE neur gﬂlﬁgﬁ andé]neur one- Sﬂé@g‘;@% en % l'g%ﬁ:#t{?gl

i Tunor eact i vidnd atahe pefmixsiverehtperitare 6P BIVCS Bl die/ Hoth6géredius Popititiond

limted to devel opnent of three or four single-branching neurites. The

cells aifsnemvppeells; hawo refetredyto st RARHE GhQNEBs] <CEELSh wéretcaf t er
t hree days fewer t han 10% remal n. The remai ning cells were probably
neur onal . culturectm therbottem pf g svelhwi MM(NQPW@

{brobl oy or Gloke bt Mfhousshe siens stbneudgt & ERfteRtiof) & afonrepniinehell | on
descri bed abo‘l\‘l/@&rﬁlal?&l;'oﬁa h;ge}@ @tﬁfnﬂlg?é ex‘% h | gcmg,hgg?&i iagpgth%el | s

with cyclic A ere was an |1 ncrease in
devel oprent. Timas RAPHEScélly péplicateit wintilahe primary RAPHE céH§THkaine! €

was raised to non-perm ssive value (39[err] QO f%r up to 96h, In the
presence of r «onfluent. adtithis @oint) thel immbrtaliséd zells @xhﬂzutedfaonmh ré&hided15

survival was greatly eyr;rtlgnc d, but cells falqllﬁd to devel op the 5HT

par anet ers replication rate,c I he primary RARHE! %mmedghtmmevwb& 3
stainin nuch reduce e,conversel lial L.brl I Lary aci dic
pr ot ei n%%n&%@@% ﬁsedmcﬁi(!%qeg 3 ‘F‘fdﬁ ﬂy“ﬁ grg?l 3
celI's. They hagebak a%ﬁ&ﬂ . 5;%19,%,9& E{é@ﬁ'efj
exhi bited fibrous extenS| ons e ‘cel ISh drox wa@%pr%gg y glial.

4. Tenper at Withowts thei eguirément W?t‘e%uwbrvdbatﬁng%ﬂﬁtrh&) native U3-t 0
96h, in the presence of 5%foeta bovi ne serum plus 5%
heat - i nact vathydroxytegptamine wasrowdepionstrable: dorpholagicaldifferentiation @i

survival was greater even than atter retjnqic acid, and the cells
| ost the SHT Faw @woamlexq Bethat many, taparing dendam bramhmgo en were

neurone- I%O eCl \ihaTid0h 218 Al on, the "Bhs Y Tp v%ra{leigﬂc?mnn els, mcludmg
in particular N-type calcium channels. Little or nor apoptosrs was seen at the
_ permissive temperature, and the cells were refractory to the ghal

. drfferentlatlon-mducmg effects of serum.

-.Cell Apoptosis

20 e referred to homogeneous population of raphe clone 1 cells can be '

caused to enter apoptosis using any of the following four methods.

1..  Temperature was raised to non-permissive value (39°C) for up to 72h,
in the presence or absence of fibroblast growth factor or epidermal growth

. factor. Neural cells developed the ability to take up 5-hydroxytryptophan

25 (S5HTP, the precursOr of 5HT), 5HT itself, and to decarboxylate 5-

) Thls Sheet Has Been R,
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WO 96/ 14396
PCT/ GB95/ 02592
glial fiWa96143%6 aci dic protein i munoreactivity was now fBG'ﬁ’&‘me nore. .
cells. The cells took on a flattened norphol ogy, and no |onger exhibited
fibrous extensions. The cells were prokgbly glial. W believe
that the cells can be made to undergo apoptosis when they reach 5

confluence e ti S e i C and'
. medul l ary re;' toph%qf) 5%!‘1? ﬂﬁ % tﬂ'@?sw?% detectablyb ﬁ&gy El = day
of concept. 'dﬂﬁveﬂef&&n' SHTPiwas fedéhsed] khcu Yhathddism of such réfeass is Ve §

oncogene as descri bed earlier (Stri nger et al., 1994). Under 10

per m ssi ve muindnowans, Waeakn néurofilamsentc eandf l’femqﬂa% edifiti tunolﬂseilikegr owt h
factor (FGF)(Sigma, product no. F33911e and at 33[err]C, the imortalised

)

raphe immunerea YltJCéV#%dﬂpr meols:lg&m differemtiation was ch-
posses, ter tlcs 0 .cl one ,921202- 6 .descri bed
in Str nge ugpeédto Gﬂggg;nent SP et ﬁl‘h‘ Deyrites; ]C, but
rralntalnln f h ' ors to
devel op sone 0 pﬁgac??;@a&cgférl St cs o ptos@se saé@r‘%éﬁx&g ?“?%Wéfs '
neurones, SH&Y 10% eMAR)CThE %'&lﬁ%re( babHteuronal. neurof il ament -
(NF) imunoreactivity, a phase-bright norphol'ogy with two or tree-

short bifurcating processes the ability to take up serotonin via a | ow
affinity carrier_(Klerr] = 56pM .and to decarboxy] at e 5- hydroxyt rﬁ)t ophan
20 (5HTI t o Fempersiurg wmm@gﬁlmnmm@myelwpvmfo ey

not . nstrabl e ai,l.e esi zg ser in frofg
”meﬂBM%g@w@mf@mﬁ SRR m@ﬁmmﬁ
anal yfg mfg&e dbovBCa resence .
of pr| mary I |eters e I SsecC ed% ?‘ﬁe sageal\%en % regl onrg of the
mesencephaliféulsation of the cells with cyclic AMP, there was an increase in the extent

of fibre development. The cells were probably neuronal. -

3. Temperature was raised to non-permissive value (39°C) for up to 96h,
-in the presence of retinoic acid (10uM) plus fibroblast growth factor. Cell
15 survival was greatly enhanced, but cells failed to develop the SHT parameters
‘described above. In addition, neurone-specific enolase staining was much
reduced, while conversely glial fibrillary acidic protein immunoreactivity was
now found in many but not all the cells. They had taken on a ﬂattened

z__lfog.'y,. and no longer exhibited fibrous extensions. The cells were
0 o .

4. Temperature was raised to non-permissive value (39°C) for up to 96h,
in tl;e presence of 5% foetal bovine serum plus 5% heat-inactivated horse
serum plus fibroblast growth factor. Cell survival Wa_s greater even than after
retinoic acid, and ﬁe cells lost the SHT parameters described above. In

25  addition, neurone-specific enolase staining was dramatically reduced while
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medul | a obl WORe{143%6r om whi ch ‘the clone was ori gi nal | y deri vedPCHGHISN259%n
enhanced differentiation of the clone, provided a mtotic environnent is
mai nt ai ned. To establish such conditiaons, {4 he ventronedi al nesencephal on
‘and nedul | a obl ongata were di ssected fr'om he E12 - E13 rat enbryo and 5

&a;eﬁgengeogﬁwwgﬁ at eg |nse I%pTFE marrbraneB ﬁ {e size 0 4 pm

obl ongat a per cbﬂ§er'ﬂclj e EBRs b6 acfﬂdei Swﬂbgﬁtﬁh ﬂBdl%Fx cat hit tehhe

sane replication conditions as those use 1’ning re t he
i Mmortalised fibtous egtensions\ViTHe Selkowete 5%@@@1@1 33[err] C. After
several 10 days, the density of the primary cCells approached conf | uence.
At this tine, cel'ls fromraphe clone 921203-6‘were plated at | ow

density onto plate (previ ously coated with gelatin and
pol y- L-1ysi ne&lﬁrbvé\ﬁe&?mthe cells cebhﬁmdq)w widerge japoptosiscwhen theyreagh

substratg, th cel | -contai ni ng inserts were placed in the
samne weIIES gagﬂﬂé&?c%ﬁth their conditioned 15 medium No direct contact
bet ween prlnary and clonal cells was possi bl e; - diffusible factors in:
t he cormon .medi um coul d have effects on both sets of cells, clonal

and primary c®ifferahtidtion Céndibionsf fects on the fornmer are
undoubtedly direct. Incubation conditions were maintained exactly as

bef or e, le at 330 C, with FG-. After 2-3 days ‘the immortalised
E&SZ?;S?L?‘ESG% Senlilic; s ametuitary ‘aphé Syeomingoly SreBsbs B2 cs : “““l
anal ysi o of 1 HEbEyS (B 39St Bobfithion3 %redmgtehaeiasm%' o Wt

and ser ot oni ng émr&% ¥hé Vas Hg%ﬂ alisgnce
| oadi ng with 5HT, 5HTP o trypt ophan |umc a E%I S %'rgg%h Zynder

denonst nabl e, penissive! ¢strlitions; sieniadthy: pwseno@m 5'@g/ml offibroblasegréwdine! s

al so. Once the I nserts becane confluent, both the primary and the
i mortalised ﬁaqwts(Fﬁﬁ}(Slgm,@redmum f33§ﬂ}andas33 eC stherithmiertalisedsaphén

fail h
Cf;"nd,ef' i oned . prec ubsor cells repqlcate Y one clone (SBY 3-% ﬁlchlpre%gés%e aﬂ/ Fihe
characteristics of the clone 921202-6 described in Stringer et al, (1994),

shifting the temperature to 39°C, but maintaining all other conditions as

15 before, caused the precursors to develop some of the characteristics of
serotoninergic (SHT) neurones, such as neurone-specific enolase- (NSE) and
neurofilament- (NF) immunoreactivity, a phase-bright morphology with two-
or thmshort bifurcating processes, the ability to take up serotonin via a low-

By, carrier (K, = 56uM) and to decarboxylate S-hydroxytryptophan

20 (SHTP}';'_tQ.serotomn. Tryptophin hydroxylase activity, however, was not

demqnstrable, and the cells failed to synthesize serotonin from tryptophan.
No calcium channels were demonstrable usin‘g-.patch clamp analysis.

Growing clone 921203-6 raphé precursors tin the presence of primary cells
dissected from the same ventromedial regions of the mesencephalon and
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medi um WOR6/143%| y prevented the cell stress and death. Deggf'ﬁw oss of
the conditions nedium the imortalised cells continued to display all the
par aneters descri bed above of the mat gbe S5HT neur ones. Usi ng t he
m d-1ine region of the capital E12 El3"rat spinal cord as the source 5

f | | djff f th , onal | | .
'l usi on PR pblongar feons wiich The,Slbne, e arieanally dived Jesdsitom sy 1n
he - etﬁx'dh Aiffefin d
E:I gnal serotonin ﬁ%ﬁ?g%f;;ﬁx@ Eétr as‘@%d@[‘]‘rﬁ%ﬁg%‘?‘?}é‘ﬁ{‘%is?;ﬁe

cel | s undangiptdisied.To establisk Hﬁh@ﬂﬁﬁﬁmﬁ fHecvetitiomeédial nfesi o & the
tenperature-shift nmethod caused 10 themto |l ose all their eur onal

char act er iand medalia obdomgata rweere adissecteat front yhe £12°- E13 mbembrypeand

Count s vver? made dally of ;he nu gar of |mmrtal i sed raphe, neur al

precufrsor atedrante polyrLely Ambmn;mslzs& ¢Mont i nued

of d.ffereéqﬁaécﬁv{%?g&%%@%%%%é : e
gl?atsﬁg i n\@ri? éﬁwgﬁ ¥ e(ralent | gﬂr%arfyh E‘ggEné hﬂcd?ﬁ{éill a%uceéﬁ lkC%heRem)vall

i ncrease isameetep 1waﬁbﬁrcoﬂdwiéﬁseamthese uSed fofl Obinitig replicatioii inOfhec bodi es
was apparent. On t he ot her hand, renoval of the |nsert before

di f f er ent iimmontalised pnegursoss iowndth Smg/odl FGF; and att3372 Aftedsewgral 20

In surmary returnin rtalised raphe neura precur sor ceIIs to the (
nitoldc e m?élﬁ i RrEmany: cells appreach € ‘F@&dsA! timeh nore

Trec"! ® cHib£ERF Bk | i 9205 B WRH® plarBE 3 D Bey A F MBIV eo® ane
5 D £ 1 Hhate, (previOtily "Roatfd® Wit igchitd AP BoROL-Ybfhef “aha dfter”ont act- !
PCT/ GB95/ @onfifmation of their attachment to the substrate, the primary cell-containing

inserts were placed in the same wells, together with their conditioned

('

15 medium. No direct contact between primary and clonal cells was possible§
diffusible factors in the common medium could have effects on both sets of
cells, clonal and primary cells élike, but the effects on the former are
undoubtedly direct. Incubation conditions were maintained exactly as before,
ie at 33°C, with FGF. After 2-3 days, the immortalised precursors developed

20 a more hlghly differentiated morphology, with two to three long, tapering and

ig ptocwsw (pmumably dendrites) and a larger phase-bnght soma.

ey echemical analysis of the clonal cells at this point demonstrated
NSE- NF-and serotonin- mmunoreatmty, the last even in the absence of
loadu:!g. with SHT, SHTP or tryptophan. Calcium channels were now

25 demonstrable, and included presumed N-type, and non-T, non-P type channels
also. Once the inserts became confluent, both the primary and the
immortalised cells started to exhibit signs of stress and death. Serum failed

to prevent this. However, removal of the insert andfor the conditioned
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22 differentiation can take place in the presence of a continuing
replicative drive, and-leads rapidly to a conmtnent to the chosen
phenot ype QG146 | bl own serotoni n neurone), which PCHERROLR e
even in the presence of factors which - normal |y cause an alternative
phenotype (eg astrocytic) to be expressedyy 5 Renoval of the
conditioning factors does not cause the cells to change from . their

ot ¢ pr | PR Etiplebdty hevdniEd Ynd 080 5585 Bn defif. "DRsbite Bt losy
differentiati g caﬂaiuaiay Iﬂedlgﬂi %e%aﬂoﬁms élrE En t:iiggﬁ:e ta%gi%ﬁn%ea'

cl eavage product of sonic he géhog 't hat nown to

di fferenti ati paramhetbrsadesetibed abbde&ﬂlthelmamfdsm'leﬁaﬂmw. to becone,
respectively, dopaninergic neurones (Hynes et al, Neuron 15(1995)35-44 and
chol i ner gi ¢ not oneurones' (Roel i nk et aI Oel | (1995) 445- 455) .

Pr ovi si on of tve,Cel | :1.i nes | ncI east one selectivel

control | abl e Using thedpids L’V F%QPBPJ ltal é&%ﬁﬂ@rﬂ pingl cord asthesouredt  of

the invegtion 0 eneous_populatlons of
cells bygr et rgf&?@?ﬁr?ﬁﬁggd’@{le@ﬁé%ﬁgﬁ cg'the clonaq %g%r porating a safety
feature which enables the cells to be selectively di sabl ed and/ or
destroyed if needs be. This would be seen as advantageous when such

cell-1ines ar inclasionfofrfottad calfl and ledat-dnadtiviated hotse Wepurh qboth 8v5%)dntthe 20
synpt ons of neuogeneratlve di sorders. The safety feature would
al | ow t he tr aculirgrmediyny dmpawmtpffm ondhedlifferentiated cloal sérotonimce,

situatiaons where the trans nt e terial may, becone t unpuri genic
in vivo and/ oRCWORES | ﬁ' q%ﬂﬁ?%‘ g I3 onthe) "erqeyﬁ undergoing, s

namor ous. and Hep itrctiifof SHeeH iy dic iebSaRieBif dhBodiaused..

WD 96/ 14896 ioti s :
e GBQé/aOZSQtzhem to lose all their neuronal characteristics and adopt instead gn astrocytic

phenotype..

Counts were made daily of the number of immortalised raphé neural
precursors/differentiated serotonin neurones. Although the cells continued to
replicate for the first two to three days, as soon as the onset of differentiation
15 became morphologically apparent, replication ceased, even though the cells
were still held at 33°C. Removal of the insert after differentiation had been
induced led to no: increase in cell number; furthermore, no evidence of
mitotie: qules was apparent. On the other hand, removal of the msert before
dlfferentiatlon had begun allowed the cells to continue dividing. '
20 In summary, returning immortalised raphé neural precursor cells to the
mitotic environment from which they originally came leads to a ‘much more
extensive differentiation than previously described methods can provide. The
effect is directly on the clonal precursor cells themselves, and is mediated

neither via other cell types nor via cell-cell contact. In addition, such
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cell-line may be transfected with a gene which when activated acts, either
~directly or indirectly, to bring about disabling or destruction of the
transpM4h96/14396 .- Exanpl es of such genes are well knownPEHGBA¥EEOZi||ed .
in-the art and wll not be described herein in greater detail. 5 =
In a preferred enbodi ment of the |nv ?tlon a safety feature may be coupl ed
to the transform ng oncogene such that coexpression of the two

correspo Wctss occurs Thi s neans_that .injnstances
wher o | hoEirRentition sofiigke BIERE i ke BB ofs bentRR mplibativg delEe.

feature St I C nature.
of the oﬁ%gagﬁ?moﬁla%dggggeercone%t %ﬁé rhg*sﬁs,&g% %%%B og@ﬁl eved in
a nunber sfrowaysnéwone) vtk is niahwm‘edfemnmthe presércecst fabtors whicls ed |

downstream of the imortalising gene and next to but 3" to for

?rggp |) e anqm:aébv causse taﬁralmuaﬁlm qm&?bty;pebﬁm) astroqgtm)ytots beeexprepstegce

n €, a ono r/ ennancer ntro In e .
tra Crlp# @A‘So{% W‘?’Hﬁ‘g% ﬁ%‘me(éaﬁ t°€ g geoffome 15
+anccr Dbt %f@é@%@%@ szﬁ%eﬂmiﬁﬁﬁfbagfﬁ@M&sé@a@m i ch

woul d si tmittic primary)SINRSAARIGNEY MbdiubTar FAROANBR: fd Biciiesidns! ati on |

of sequences downst ream O or a separate pr Ot ein from

t he sequedifferéitiation, and mayt beTfelamﬂltd e trecemthyv iddscribeeh Netetisinal , once
given the idea, is wel | within 20 the range of expertise of a nman ‘skilled

in the arcleavage productx o isepic shedgebogw thamcisi- dmawrc htar dinduce sthecs of t he

di fferent nerve cell-lines Functional |on channels
Tabl® 1 sﬂkﬁﬁewopurﬂﬂ.mmst% apd; ppinal c.corl  PracRRsars ot9 sBecomBeye cel | s

\IQQT? ggégfrgggeé:?vely, dopaminergic neurones (Hynes et al, Neuron 15( 1995)§§M and

varying naielineryie moeietfines (Relink et al, Cell(1995)445-455).

under

safety feature

15 Another preferred embodiment of the invention concerns the preparation of
homogeneous populations of cells by retroviral transduction, but also-
incorporating a safety feature which enables the cells to be selectively
disabled and/or destroyed if needs be. This would be seen as advantageous
when, suck gell-hnw are used for transplantation into patients to alleviate the

gitis of neurogenerative disorders.

20

The safety feature would allow the transplant to be selectively destroyed in,
for -in.st_ance, situations where the transplanted material may become
tumourigenic in vivo andjor situations where the transplanted material
becomes harmful in any ofher way. Ways in which this could be done are

25 numerous and well known to the man skilled in the art. For example, the
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Twel ve different cells were exanined either 2 or 4 weeks after .
differentiation to afully differentiated nerve cell .
Usi ng conveWOMH4Mpat ch cl anp techni ques the conduct}l\ﬁﬁ@gw

channels within the nerve cells 5 exami ned was determ ned at either 5mM
Ca or 30mM Ba. At 5nM Ca cells 2 apgl 7 showed a conductivity of |ess
than 50pA. Cells 8 and 9 showed a conductivity of greater than a

| OOpA. These rgfu Walel . e 1| . LO erve
col s Al 3omiFRe i e Hshsltid SAATE dene which WHEH feiivalod fiee"Ether”
“having a conddifectliytot ifdieedtly, tb beingAbonedisablihg of dedtPuctiorPéfthd nghoved
conductivity under these condi tions. A weak si gnal of | ess Than 50pA
was shown for Exanmples ofisuch genesargewell kmoawvn 46 thoseaskilledlinrthe art and adllpA
was shown for cell 12.: Exposure of_ cells fromclone 1 to toxins

known to i nt emobbe dgscribed hereimin greater detaik hannel cdnductivity affected
the conductivity of clone 1 functional nerve 15 cells. Specifically, at
1mM w CgTxGVI A, a toxin known to block N-type ~cal cium channel s, cell
8 was 10Q¥b af f ' feafei | S

S puns, 1000 2 e ooy B MBCAOOE B A Slsafty feank Y 65 bl
indicate that toded ciitRdgehe SucH thabédxpressivn/ 6f &eltwo correspondin

conductivity affected the differentiated nerve cells in clone 1 and thus 20
i ndi cate and tceHprodudts eceursi dthisimeans ¢hat dh instamoes where thé ancageneavouldr ve

cells expressin phenow(ilc char ac tics _and- nore specifically

eris
nerve cel | s be activgtedsso tgoW ﬂ?esﬂfﬁt)'cé@mmﬁhe dangers asseciated t he
toxin w Aga | VA, ig a.oxin known to bl qgck, P-type cal ciu channel s,
was |ess succdeth uﬁ"eatmgﬁ"m}ﬁ r'?h“if‘n °8fc nﬂi‘%gqn% dybe overcome.

‘i nsensi t4yve. . . _ "
PCT/ GBY /0‘62 59 goexpressi& Jhld ﬁga@h;eved in a number of ways for exa%ple, the safety

Referring nowgefie tofild Be placed dovnstdah6f tiiirAmiortalisitig gétetariddnest! ot 1
cells. A range of "vol tages between -85 and 50nmv Were applied to the
cells of the -3'to for ¢exumpleiopolidviras derived imternahribosomabhertrytits sequenek! s
was nonitored b recording current flow. Voltages above resting
potential eli (l'l{BS).curIne thisf way the same promoter/enhancer(s) controlling the

transcription of the immortalising gene would, equally, control the
15 transcription 'of the safety feature. This is because they would be transcribed
as one complete unit, including the IRES sequence which would sit in
between them. The IRES sequenée allows the translation of sequences
downstream of it which code for a separate protein from the sequence §' of
it. The ability to provide such a vector, once given the idea, is well within
20 the range of expertise-of a man skilled in the art. |

Egpériihelits to shoiv funétional characteristics of the differentiated nerve
cell-lines o '
cell-ines

Functional ion channels

Table 1 shows the functional activity of clone 1 immortalised nerve cells
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5 and thus opening of nerve cell ion channels. A depolarising potenti al

was observed at approxi mately mnus 50nv. This depolarising

pot ent i aWOr9sad3%ed in a generation of an action potRGF/GEISA289) cating .
that the cells are fully functional. The cells were inactive at
approxi mately 10nV. Figure 2 ows a tinme course of voltage
dependent channel conductron and 10 e effects of toxin application on

t his conduct.iyi Over erL approxr mately 5 m nutes the
applicatio \7&&3‘* 5’(931 gonditions mar ked reduction in nerve
cell conductivity. After a 10 mnute interval. . second toxin was
added and the current remained at approxi mat el y 70pA The current

vol tage relPyeledifferent celloweré mﬁedtéiexebgtdﬂme&Eaﬂwﬁff%réﬁmuon\Aher e it

can be seen that the addition w CgTxGVI A at a concentration of
| 00nM si gnitbiacfully diffdrentiated neivee celbdvast completm§ Using conventional pawh
channel s. The, addi ti on of w Agal VA al so affect ed nerve cell

conduct i vi tG}ampt eﬁh%lﬂ ues the e condystivity |afdiop channels withinnthe) pevegeells 3 shows |

cl one riquxéf’ﬂﬂ 39 g«fnﬁ hen M, o 5(89%3% A@@Sr%””i for,
grggnﬁaiea?t’% show ng ?%?l our shrgsr?g,]lhgﬁ%@ﬁl y unctronthvo??a e

dependant RndEstiviey of £ thdn ehlm;mbl me@bmlmmcﬁwmtd@ﬁ@ll

-U

physi ol ogi cal tools, (data not shown). WD 96/ 14396

PCT/ GB95/ 0dhelnded functional nerve cells. At 30mM Ba cells 8 a®b 9 showed The
above data |nd| cat es t hat nerve cel | g:l,ones of the invention can be
made to fulfugctipnal dog &Mﬂn%ﬁo Rductiyvity greatasithan 200pA. o€els ildti cs of
Bt o Mhce s Hhid'1d 4RS!0 9&%&&%{ et bl SERAORL °A DRRkigShlor

less than S0pA was shown for cell 11 and a stronger s1gnal of greater than
' 200pA was shown for cell 12.

Exposure of cells from clone 1 to toxins known to interfere with calcium ion
chansiel conductivity affected the conductivity of clone 1 functional nerve

15  cells. Specifically, at 1mM w-CgTxGVIA, a toxin known to block N-type
calcium channels, cell 8 was 100% affected. As a lower concentration of
100nM cell 9 was 70% affected. At 1mM cell 12 was also 70% affected.

- These results indicate that factors which specifically affect nerve cell
netivity affected the differentiated nerve. cells in clone 1 and thus

20  ind
expressing phenotypic characteristics and~more specifically nerve cells

md these differentiated nerve cells were fully functional nerve cells
possessing N-type calcium channels.
Use of the toxin w-Aga IVA, is a toxin known to block P-type. calcium

channels, was less successful at a concentration of 50nM cell 9 was

25 insensitive.
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quantitative eI ecgron m cffoscopi ¢ study rmatton 1rndrssoci ated

fetal cerebranvesionx Bimultirieously Mes @esporise! of 481018818 wWas3drifRed by
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: Figure 2 shows a time course of voltage dependent channel conduction and
10  -the effects of toxin application on this conductivity. Over a period of
approximately 5 minutes the application of w-CgTxGVIA resulted in a
marked reduction in nerve cell conductivity: After a 10 minute iliterval a
second toxin was added and the current _remainéd at approxirhately 70pA.
The current voltage relationship is shown towards the bottom of Figure 2
15 where it can be seen that the addition w-CgTxGVIA at a concentration of a
100nM significantly affected the conductivity of the nerve cell ion channels.
‘The addition of w-AgalVA also affected nerve cell conductivity but much

less markedly.

Fmally Figure 3 shows the current voltage relatxonshlp at 30mM Ba Cl,

20 2 or clone 1 cells. Ata depolansmg potential of -50mV nerve cell

ion -chaﬁnels are opened and current in the order of -350pA flows.

We also have data showing that our ells include fully functional voltage
dependant potassium channels which are blockable using conventional
physiological tools, (data not shown). '
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REPLACEMENTE %CI% ic: o that the nerve Icell clon& of the HVHER Ja?‘\/\he ch

produci ng | ar ge popu neur al
process conpadées fully differenine andegmsi exhibie phehbeMie Characteristics of a

order: a) enhanci ng t he repl I cation of a first
undi f f er ent fullyefiinctional and thus fully differentiated mesveakceltel | , -or neural cell
precursor cell, or precursor stem cel | ;

b) exposi ng sai d replicated neural cells eithe! to a region,

or part thegpepf. of the nervous system or an extract

t her eof iniﬁ@mﬁ%mﬂ ogues and anal ogues t hereof, from -

which said first neural cell cane; and _ c) allowng
differentiation of said cells to produce a’ '

popul agi on pf fUWhitdiLfAQndﬂWIh&aaﬂomslklemlemﬁbh?of Raphe Neurons: 2.
A process accordi ng to Claim1l wherein the region fromwhich
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5. ‘Murphy M, Drago J and Bartlett P F. Fibroblast growth factor directly
stimulates the prolifei'ation and differentiation of neural precursor cells in
vitro, J Neurosci Res., 25(1990) 463-475,

20 6. Jat P S. and Sharp P A., Cell-lines established by a temperature-
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environnent at, adjacent, or functionally related to the
natural location in the central nervous system from which the

first undi @Mt ed nerve cell is derived. PCT/GBIS/2592
‘process according to Caim3 wherein said environnent-is a
. mtotic environment. 5. 27 A process according to any
preceding C ai m V\/nerei n said nerve cells are exposed
to a soluble A process
according to any pr ece é@’%a%&bel %’elsla@gl %Gng) 1675 1681.
is fromthe sane spemes as said first undifferentiated nerve
cel |. 7. A process according to Clains 1 to 5 wherein
sai d environm#t Stringer B. M. J, et al.j Raphénneurd] fcellr anincipdised swith ahat
of said first undi fferentiated nerve cell .

8. A procescRPSErsgnsitive opcpgens; PDevelopmental Braisi Research 29:267)274,
replication |i9§2hanced by use-of a replication agent such as a

growth factor: "A process according to Clains 1 to 7 wherein in step (a)
replication is enhanced by use of an imortalising agent.

29 10. A process according to Claim9 wherein said agent is an

5 8. Reynolds B. A. and Weiff S. Generation of neurons and astrocytes
from isolated cells of the adult mammalian central nervous system. Sci.
255:1707-1710, 1992, |

9, Mayer E., Dunnett F. B., and Fawcett J W. Mitogenic effect of basic
| fibroblast growth factor on embryonic mesencephalic domapinergic neurone
10  precursors. Dev Brain Res 72:253-258, 1993. |
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oncogene. 11. A process according to Caim10 wherein said
oncogene i ncl udes, or has associated therewith, a control,
nmeans. WO96/143%6 12. A process according to Caim 11 whePETIGRI&D2S920Nt r ol .
means i s responsive to culture or environnmental conditions.
13. A process according to Caim12 wherein said control neans is :
responsive to tenperature. %gl A process according to d ai m 10
or Claim 11l wherein said oncogene is SVAQT.

A process according to any precedi ng C ai m wherein

the cells are exposed to an extract of cells from “Il]'mlﬂm“mm””"l

adj acent, or functionally rel ated tg%%l ginal regién from s .
which the first undifferenti ated ne i $ derived. 16. A
process according to Claims 1 to 14 wherein in step (b) the

cells are exposed to a soluble extract taken from’a popul ation

of cells pHysi ol Agmethidd/ foo roduciag large gpopulationsadif aneural cells which
functionally related to the region fromwhich the first

undi f f er entnethed GOmRIasese| | is deri ved. 17. A process according
"to any preceding Caimwherein said hormgenous popul ati on of
cells are exposed to at |east one grow h factor.

+ 18. A process cor
~includes transfga?m ngé@gfldﬁﬁst%ﬁ%%@{'ere |ate ne&\’lfguc ural cell,
with a saf grindudsll ¢elk pestiesorhedll) drspRicubsdr stémsdell,ut i ve or can

be sel ectively acti vaPed so as to enable, in either case, §
sel ective disabling or destruction of said cell-line. _ ‘
5 "~ b) exposing said replicated neural cells either to an environment
from which said first neural cell came, or to an environment which mimics

said environment; and

c)  allowing differentiation of said cells to produce fully

differentiated active neural cells.

10 2. A method accord'ing'to Claim 1 wherein the environment from which

the first nerve cell came is any region of the central nervous system.

3. A method according to Claifn 2 wherein said environment is an

R

nent at, adjacent, or functionally related to the natural location in the

centéiF nervous system from which the first undifferentiated nerve cell is

15 derived.
4. A method according to Claim 3 wherein said environment is a mitotic

environment.

5. A method according to any preceding claim wherein said nerve cells
—_—
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19. Use of a nerve cell-line, wh rises a first
undi fferentjated nerve cell or mﬂw H’T ”,Hr cell that
has been mh&%ed with an whi ch PCTIGRISN2592
i ncl udes or has associ at ed ther ewith a contro rreans wher eby

the imortalising agent can be sel ectively

activated/deactivated as a nodel for invesgig gating apoptosis
hereby followi ng cul turi ng of sal d inmortalised nerve cell so

as to provide Qfehg[ﬁagge t $ron Yl enirbimeht 0r to onfluence
said control neans can be actlvate SO as to rgﬁrmve . . '

30 _ the functional effect of the inmmortalising agent and
so bring. about cel |l apoptosis. 20. A

popul ation of 6ul | yAdneﬂrodmoedmg t;eny precedingsclaimavhareinesaig environment
the process of, The

f cl 1tq
popul ati on of @afgg @’g q%mecﬁé%?ésnast ?ﬂﬁi‘%‘ﬁ#ﬂﬂ’ﬁ%ﬁnﬁmwe cell.

for exanple in the treatnent of denentia (e.g. Parkinson's
di sease) or acute nervous tissue destruction. 22.

A
transpl ant conpri S'Agnkﬂﬂ;doﬂéwrﬂiﬂ#’ﬂae ng%f'l”lozg-whgeziin said environment is’S¢

of t'he popul ation of claim 20 for acture o

transpl ars f orfromea idifferent spécies & than dfsaidibiyst amdifferénitidted nerve cell.
the treatnent of denentia (e.g. Parkinson's disease) or acute

nervous tissue destruction. _
8. A method according to any preceding claim wherein enhancing the

replication is provided by use of a replication agent such as a growth factor.

9. A method according to Claims 1 to 7 wherein enhancing replication
- is provided by an immortalising agent. |

10 10. A method according to Claim 9 wherein said agent is an oncogene.

11. A method according to Claim 10 wherein said oncogene includes, or
has associated therewith, a control means.

12. A method according to Claim 11 wherein said control means is
ghsive to culture or environmental conditions.

15 13. A method according to Claim 12 wherein said control means is
responsive to temperature.

14. A method according to Clalm 13 wherein said oncogene is SV40T.

15. A method according to any pr;eceding claim wherein said environment

[
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24. An expanded popul ation neural cells, neural

precursor cells or neural prec r stem ceIIs for use in __
t r anspl amo6/14396t her apy, sai d ml'm Hm her apy PCT/GB95/02592
conprising transpl anting sai d et erm ned

| ocation in the central nervous system V\/nereat the neural cells

are stinmulated to differentiate to vyi eé a popul ation of fully
differentiated neural cells having predeterm ned m)rphol ogi cal

and/ or bi ochem cal char \Cter

At
conpri si ng SQMRTISES AL §XHaRL L theygsgf’m a region at, adjacent B’h(ﬁ’g ‘é&‘?@lﬂ}l at ed
| |1
reure < gt G4l o o A s pcitemaptorye sl T

for the is derived. - manufacture of a transpl ant for use |n ,
transpl antati on therapy, said franspl antation therapy
conprising transplanting said : : ceI I s into a predeterm ned
| ocation in the central nervqu tem whereat the

neural cel I16.ar ééﬂﬁmﬂaﬂ‘é@fﬂlé‘gdm Claims Lte 14 wherem said environment,j ¢| d a

DD deter o GO M P PAAcE et pbBilabion of cels physiologically "' "
characteri g &#zﬁécll 2 region at, adjacént; or fﬁﬂ@u@ﬁﬂ@"%ﬂ*&oﬁ}'a g%l \Aﬁffr&ha' m 24,

t ranspl ant se 0 >whereirn the
therapy corgjchhe first inditfef@rtiated nerve cell is derived. derrent- ia (e.g.

Par ki nson' s di sease) or acute nervous tissue . destruction.
28. The expanded popul ation of claim24 or use of -claim26 wherein ‘
31 _ |

17. A method according to any preceding claim wherein said
homogeneous population of cells are expdsed to at least one growth factor.

10 18. A method according to any preceding claim which further includes
transforming said first undifferentiated nerve cell with a safety feature gene
which is either constitutive or can be selectively activated so as to enable, in

either case, selective disabling or destruction of said cell-line.

19. A method for providing a nerve cell-line- which can be made to

15 selectively undergo apoptosis comprising:

immortalising a first undifferentiated nerve cell or nerve cell

FSic Fcell with an immortalising agent which includes or has a associated
therew1th a control means whereby the immortalising agent can be selectively

activated/deactivated.

20 b)  culturing said immortalised nerve cell so as to provide a

homdgeneous population of said nerve cells until confluence is reached; and
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the predeterm ned | ocation in 'syst em provi des an
envi r onnent Eiped in claim3 or cl - The inv
one of clai @%‘e wher ei n theu‘m w mmi’mﬂl S: F&i.k ;
corrprl se a safety feature as d and/ or
(b) - are honpgeneous with respect to the

neurotransmtter(s) secreted and/or recepgprs displayed;
and/ or (c) are serotonin, -acetylcholine or adrenaline cells.

c) activating said control means so as to remove the functional

effect of the immortalising agent and so bring about cell apoptosis.
20. Cell-lines produéed in accordance with the t;xethod of the invention.
21. A nerve cell-line committed to a fully differentiated pheﬁbtype.

5 | 22. A non-mitotic nerve cell-line.

23. A nerve cell-line that survives at low densities.
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