24 APRI L 2006 PROMOTERS TO CONTROL CELL DI FFERENTI ATION Field of the

I nvention The present invention relates to the use of spechhiaprir eaisl atory
pronoters to control differentiation in manmalian 5 cells. Background of
the Invention There is a grow ng awareness and understanding of the

i nportance of transplantation therapy to treat danage to tissues and
organs. Wi le organ HRONOSPRANAIIOYARDS GELle| BIFFERENIEATER, t her api es

based on th iLhan I at i _individual cells are still in a
relatively Slcllelallal el tqfo Fcal devel opnent. For exanple, there is
gr ow ng lrjecognl t Toe phasemthelmtelﬂ&hépl selaténr ofthauiusgnlof eBEFsLifto a
anage r ai , I
;{Edgﬁ%.ta ? Sél?g{?gégs o Eﬁxgtfxgg t 43RY e SENSIon™Ph RammBEhayi oral  or

psychol ogi ca by t mage. For cell-based therapies to
be usefuls, idelhsst be possible to obtain sufficient cells for

transpl ant atg%?rogﬁ@ BEaNS: Ok e8P84KiNg this is to culture
undi fferenti S under., condrtions which all ow repeated, cell
division and gr dRexe thed dHIIRM ?VaWQ?ﬁ%ﬁnéguﬂﬁﬁ???aeﬁ‘ ?eﬁh €cells is

that unregul giReteelce @IfVIt%baapmr&tatti@nste%aggi ebf creathaam@ge ototo or on

transpl antation |nto t.he patien revent unconirolled gro at the
site of trar&ﬁ%ﬁ% nor &’ha T”f%‘? YaPAR aﬁ‘éﬁtﬁ%é s éﬁn ggvel oped

to provige stidralled, Cethéripmrestraasedarﬁxat ithre. VYahspbgaradibo oéur al

footal cel f‘éﬁfﬁa&d‘ B 8 Cor e trnd: Topar Rl Y BhERELBEC occur,
and to subseglienidal |d|@damepmét0: differentiation in vitro, prior to

transpl antation. EI%e;:y\r,l&o}lﬁa l%nd \(:%L'E%:,ls re&g&gejx%h 5920idf Ofnadi gpkose the

use of epidermal “gro act or e’in vitro proliferation
of adult nouts:earmIallant@eIle ofmigitabdai cabl @ iovedat Hanaded haad Nt RGMght t hat

the cellgsco e;sir dr! nAuiced Oax@*ffs%El%BEr'yat GndtH0 apbhOEYdRS ane
neur ons. I nt at 1 onal Pat ent i catlon WO A- 94/ 16059 di scl oses a

t echni que f oPSYRITKQHIFiRAg afb?thr?arC?uﬁéﬂrB)ﬁa’I ezéam@ﬁﬂ 2006

For cell based therapies to be useful, it must be
possible to obtain sufficient cells for transplantation.
One means for ensuring this is to culture undifferentiated
20 cells under conditions which allow repeated cell division
and growth. One difficulty with using undifferentiated
cells is that unregulated cell division must be switched off
either prior to or on transplantation into the patient, to
prevent uncontrolled growth at the site of transplantation.
25 Many different techniques have been developed to
provide suitable cells for transplantation. With regard to
neural transplantation, one approach has been to maintain
undifferentiated foetal cells under culture conditions that
permit cell division to occur, and to subsequently induce
30 differentiation in vitro, prior to transplantation.
Réynolds and Weiss, Science, 1992;255:1707, disclose
the use of epidermal growth factor (EGF) to induce the in
vitro proliferation of adult mouse brain cells. Under
suitable conditions it was thought that the cells could be
35 induced to differentiate into astrocytes and neurons.
International Patent Application No. WO-A-94/16059

discloses a technique for maintaining a primary neuronal



2 cell culture in vitro by culturing the cells in a serumfree nedia

suppl enmented with at | east one trophic factor. Internati on%:#rﬁP g% 6
Application No. WO A-97/10329 discloses an alternative te %J , lei ng

conditionally- 5 immortalized cell lizne. This cell line conprises an
immortalizing tenperature-sensitive oncogene which, under ef; m ssive
condi ti ons ceMAi AUBENE HeurDep betildurdpgntiteices s lah%e'ﬂﬂrgl &t ent i at ed
state. Upon transplantation the, oncgereshs swdichedaetérdue to the
hi gher tenﬁ@@é@u?gpg?ewtteﬁebggﬁa%@blﬁy (370) an% th§ cgl_%;;/fidg%gr entiate
into the cell typesnategquialedPebertepAbplizatag® N¥pe XGvant 4ge’6f° using

t he oncogeng is that IS - i enedsi g theonditibhat Bnt i at ed
state unti |dlﬁ£§»ﬁ>§6 aarlll{‘}fej'tCe%Jna%l%eﬁé@lﬁtq@1 siilg .

ion, at which_point he .cel | s differentiate, in
responss t armertspecedi cedanalne 15 i HHé tﬁ%liahgr}%yp%omg’rnts% d%irlnaged or
| ost cells., USO %%%Qgg Al 50 S &le0sehs LEl Ve e qugeEs S wiyiah nown@RK- bi ndi ng,
t enper at ur "SI %’ in i i

a

ive T antigen. Nestin is an inter | ' nt

protein. Nestimissdvprewslidh oRgs %&Fadgédn%%oe?ék\?feegggg?%ﬁnglﬁggrg for stem

20 cells a”fn PERYERd OF SRk $at 8t BeEatent rapomet vansployd aehon ThES

down-regul at'i on of nestin in vivpo correla A ' pentifat i on of

neur al st eroroeddene S@nﬁﬁ#?cﬁ?dt chﬁ)‘\?eﬁtci %ﬁgTﬁﬁéég?%L}gen%ﬁrfﬁ&gnti on i s based

on the pnderst qg_g"\angoa§ {frate)t hedr epel edldrsy dlfdrpAntiatmi iGN ERS nestin
n

expression can be utilised to requl at. Si onry lhe abearst ect ed
Wi th oncogerrkl MR FSHPHES 19 rgg?paaégrp?g[{agg't hgniiéqnvagﬁaicgﬁ,b a

r econbi nantﬁlgﬂlg@tin&'fon@@géﬁés'fn; thagolkhauct bl iafe MRaptasye A
condi tional I y-induci bl.e_onc e r | fikedt ilon, t e wanbanseimtel ement
of the secowddthtsoil &PtFﬁesq%lgts ufqﬁﬁ Sghl\’e{?ﬂﬂor a funct | qnal c%r"?‘.%n;_gnt

ther eof . Acgge tield ¢ 0i Bf souriditas pberespopas |t SRBriREEItAC W& Tuct as
defi ned_above, A j i peetlodtheetbast ACEE8RE 92 he

i nventi & a?"étﬁ:s)ébe %ﬁgﬁ&%‘% ot @ﬁ&i}ﬁa{n@g@% e ac

0 Cco iona imortalise_a cell A i to a
fourth aspeglsot heiselbsedf €RélFnvENPFERASHIE uded r\%“?ﬁé%r%ﬁ%%@?ure of a

medi cament Lg&perature-sensitive T antigen. |
Nestin is an intermediate filament protein. Nestin
expression has been used extensively as a marker for stem
70 cells and progenitor cells in the central nervous system.
The down-regulation of nestin in vivo correlates with the

differentiation of neural stem cells.

summary of the Invention
. The present invention is based on the understanding
75  that the regulatory elements that control nestin expression
can be utilised to regulate expression in cells transfected
with oncogenes. |
According to a first aspect of the invention, a
recombinant construct comprises a polynucleotide that
30 encodes a conditionally-inducible oncogene operably linked
to the enhancer element of the second intron of the nestin
gene, Or a functional fragment thereof. |
According to a second aspect, a cell comprises a
construct as defined above. |
35 According to a third aspect, the constructs of the
invention are used to conditionally immortalise a cell.
According to a fourth aspect, the cells of the

invention are used in the manufacture of a medicament for



24 APRIL 2006 3 transplantation to treat a di sease caused by cell |oss or
damage. The enhancer is functional when the host cell is iy ABRIL 2006

undi fferentiated state, and so cell proliferation proceeds 5 by the
action of the oncogene. Wen the cell 3environment is switched to

non- perm ssive conditions, i.e.

) el evat.ed tenperature, the ogene is
not, or weakrynsehpitedden BAdETite % llseﬂisﬁfggléﬁ? ;i?}gs?eﬁhé’%g%hgﬁger is
al so non- fgnetdonal on differentiation, and this provides a further 10
mechani sm preventi ng

nregul.at ed expressi pn_ qf t eng. ; i.ef The
invention is desER$ @é’g‘aﬁﬁ: h e \é?‘éthlcpé’latslowgﬁ%%haecggﬁggcﬁé}%nggdl%\%ﬁ{r?gs,
wher ei n:  Fi gaEef feldntihe eaNessded/ tdndHpgr oEGFRdriderattomisiaceess a hunman
nestin pronoter contajnin e 714bp frag t n | NyseGandary
intron i & fBYI Bh%da%l?fh@gfl%ngOBFogﬁ‘ée' bar@%‘ &2\? ?Elj%rgﬁrr%itfebr with a
Hygr oEGFP gege saGitichgdasoa nanepertiss Jenesondict sl ekid ore &S Figure
2 is the pNes374/tk-HygrQEGEP tr.uc e h Ped@Sd idhdr onot er
cont ai ni ng Fﬁ@Pg’?iE'f)r T afgﬁﬁflc%%}i ellé %‘é’g?i %Pswe%%r} ar;wz?n?ron is foll owed
by the 160bphef ¢kl hdfifereiviatesyr onothe , eANAPGRBEGEP §éfe % as a

report gene, and a_ selecti sorFl QUEEL 31 & Sricha aesr al femttsdr uct of
pNes714/tk-%%cgﬁ’ﬁ@?sﬁ?&&gg?gﬁé e ll?fgt g%\ESISt rrut;sﬁi 0 f Large T gene is
driven HY tmechestsn greyent brg NB5TI4} aked FF‘?E’:‘?I%WPE 8?%8?%‘?%%%’ gene is

driven by aghong fggég'}g@ﬂioﬁeegaﬁéﬂ%m&i@s expression of the large T
Penporature - seRbei (TurERian déncler EHEdLIs SreEe RTRIT S 10 o Phe viral
Egpster_llj_ct eﬁ%%ﬁ%%%ﬁgﬁﬁ?k@%ﬁ%&ﬂme t[le U19ts¢\58 mut ati on of t_he
resigstange gene iFégaF?vErﬂyso§p‘Fheg %?I{gl%%%@%O%g%%a%&{#ﬁ%ggw{?ﬁggycI "
expressipn of hi:hen! @s0a nTppomdtaim cost atmtnpthed’ b fraggeRacsr yher onot er
of Nes374/t knc::asr{:dlna sseecrg)n%ra%urigf:régnﬂat Y81 oeep Pf c hoe1 kB sé#b8ihe

basic HSV tk promoter with a HygroEGFP gene acting as a

reporter gene, and a selection marker;

Figure 2 is the pNes374/tk-HygroEGFP construct where

50 a human nestin promoter containing the 374bp fragment of the
nestin secondary intron is followed by the 160bp of the
basic HSV tk promoter, a HygroEGFP gene acts as a report
gene, and a selection marker; |

Figure 3 is the viral construct of pNes714/tk-

25 I.;'I'U19tsA58 where the Ul9tsA58 mutation of Large T gene is
driven by the nestin promoter Nes714/tk, the neomycin
resistance gene is driven by a Long Terminal Repeat LTR, the
expression of the large T protein is controlled by a
regulatory promoter of Nes714/tk and a temperature-sensitive

30 gene of the Ul9tsAS58;

Figure 4 is the viral construct of pNes374/tk-
LTU19tsA58 where the Ul9tsA58 mutation of the Large T gene
is driven by the nestin promoter Nes374/tk, the neomycin
resistance gene is driven by the Long Terminal Repeat LTR,

35 the expression of the large T protein is controlled by a
regulatory promoter of Nes374/tk and a temperature-sensitive
gene of the Ul9tsA58;



24 APRIL 2006 4 Figure 5 is the viral construct of pNes7l4/tk- SVU19t SA58
where the UlL9tsA58 nutation of the SV40gene is driven by bhapRASHige
pronoter Nes714/tk, the neonycin- resistance gene is driven by the Long
Term nal Repeat LTR, 5 the expression %f the SV40 gene is controlled by a

regul atory pro er of s714/tk, and te rature- sensitive gene of the
U19t sA58 cont r(r;})gélqtf"r‘ee I g?gésT ot é‘f%a?ex%‘lgg%%@(?ﬁ; pf guPRe®’ 14/ tre viral
construct oBVPNesSHH tuherk) tBYULIDSARSs wWhar ibheo 1068 ASBs daurat ien of the
SV40 gene i§..4driv th estin_praonot s374/tk, the neomycin-

resi st ance gle‘%\géljils%gr %}aen t?/sI’}tJ%‘e Q%(?f&&‘? rﬁ#‘??awlel‘l EBeatt HerRe O Tex pr essi on
of the SVAOrgenelince @eneolibedrbyera by epul Bdoy yrepminBl eRepéa Nagi®/4/ t k, and

a tenperatu 1 it:ive n f Ul9t SA58 control s.the large T
protein gex%&es% gn; = g%‘r egg ietsh%t h%bgo ral - Cond¥r Lfcqnt&oﬁ&ﬁgs A%/ %-

LTULOt SAS8- FRES Z-qi)t Wemetehe alesties7pt dtiof eranles 214t tkperhtives- both a
nut ated | argend; @mpe g'e?;glgrf Stf}gt‘eae Lﬁ@gsﬁtﬁﬁ'%%rggsgﬂ?g’la%%teh tfaa).ioq:aelix{l bosome

entry site (IRES) s placed tween e tWO genes  an
neonyci n- r e8¥REFHECjene is driven by a Long Terminal Repeat LTR, Figure

8 is the viral qonsideuct of spNasB74/ik LILIE3ARS- bﬁgrsggégefggggfe the

nestin Eéom)t er Nes374/tk 25 drives both a nutated
LTUL9t sAB8 SV U AR ¢hgeRethanll thaddfamut pbbeomf &her V4P teene RES) s

placed betdeprer hbyt Whegenas ian b tRQONE 7l eR1 Strapce, ix?» driven
by a Long Term nal Repeat TR, Figure 9 is the viral construct o
pNes714/ t k- r%%liﬁﬁﬂ‘ftﬁ SRES. LR YnhBeelend TesstinalpRepetterLMes 714/ t k

drives bot htlee mebaredstiangeofl gere ETLEOtA8 a8d cshdhBEREQ OBpe.a an

internal ri r it | RES) ,js.placed beiween the two genes and
t he neonyci %gﬁ‘gl;gﬁs?t ncérégﬁge{-s °E§r il\{ﬁ?ﬁgﬁz‘t}é' LAY Tér nFREPSRRYEER " LTR 35
Fi gure 19 isendid ivier geneonStrhecUl6f sphesditirbls HIAMreASB- pRES HTERT

where the n lds Aot er Nes374/tk drives both a mutated large T gene

LTUL9t SAS8 and an hTERT
Figure 7 is the wviral construct of pNes714/tk-

LTU19tsA58-IRES-C-myc where the nestin promoter Nes714/tk
drives both a mutated large T gene LTU19tsAS58 and a C-myc

20 gene, an internal ribosome entry site (IRES) is placed
between the two genes and the neomycin-resistance gene is
driven by a Long Terminal Repeat LTR;

Figure 8 1is the wviral construct of pNes374/tk-
LTU19tsA58-IRES-C-myc where the nestin promoter Né5374/tk

25 drives both a mutated large T gene LTU19tsAS58 and a C-myc
gene, an internal ribosome entry site (IRES) is placed
between the two genes and the neomycin-resistance gene is
driven by a Long Terminal Repeat LTR;

Figure 9 is the viral construct of pNes714/tk-

30 LTU19tsA58-IRES-hTERT where the nestin promoter Nes714/tk
drives both a mutated large T gene LTU19tsA58 and an hTERT
gene, an internal ribosome entry site (IRES) is placed
between the two genes and the neomycin-resistance gene is
driven by a Long Terminal Repeat LTR;

35 Figure 10 is the wviral construct of pNe8374/tk—
LTU19tsA58-IRES-hTERT where the nestin promoter Nes374/tk
drives both a mutated large T gene LTU19tsA58 and an hTERT
gene, an internal ribosome entry site (IRES) is placed



gene, an internal ribosone entry site (IRES) is placed 24 APRIL 2006 5

bet ween two genes, and the neonycin-resistance gene is dragpPriby2086Long
Term nal Repeat LTR, Figure 11 illustrates the construct pNes714/tk-nyc-
ERt am where the nestin pronoter Nes ¥14/tk is used to drive 5 expression
of c-nmyc and an estrogen receptor gene ERtam and F| ure 1 |II trates

t he const r upétydes 374t genyse, Emiaghe\/\ﬁ@og‘yﬁhé IFf’essltEI ﬁ?or?o s374/tk

is used to drive r 1MYEp aad 1ar estrogen receptor gene ERtam
Descri pti ondﬁi‘v?rhe%{(%vg%??%mlﬁ pr esent inventign disg L:QSﬁ met hods
for preparing cléigtgra/mllchl]all*@t§éF?§bFEefSPnFY r]ipl%me’t at| Zr apy and
which are i gﬁ?ér[‘mwhlél}et fnd %s&hﬁ%ﬁmﬁ:é@m@ ant Atk oms. ubed gendrave the

preparation he'cells, including the i gpngonstructs
to be inél udeprésside of16-Tes pEd ﬁ%eﬁﬁgﬁg SSPwééér)lrél onai technlnques known

to those skilledp] c_{fhw}é"elﬁrlllﬁﬂrta@bbetmim heotst anet ap¥esHidddkoswd - |n
Sanbr ook et al i/b

| d A b
Ausubel et &Rta@uwf@(# I%E‘St%%%gpﬁom 3 S%X I@{g{iééghs?ﬁé%%)@r John W | ey

& Sons I nc. .20,-I88i 6! dB Bager didar @stlnegenmapcmrr agie rERigm
condi tional I y-1 nducj bl e Snioggne t!o lgle present. The term

"condi ti ona into refer to _oncogenes, the‘
expressin of whirké pﬁé‘sebﬁ: legehaied disddpsee dretdiadisc 5REI B P he

oncogene w | Ie#gndeggo gr eggw& eZSfa@e&a?,% qaht 86i pertieasdpye aaahdi ti ons

are applied® Soire” oncogenes are te eratnli ﬁ sensitive and
are only ewle&sedemztthel upnpertheurtdmsf of hefd 8hihBHt is below a

Certaln vaiue. THE SOGAANCENaRebaLLel o dnoke cent eguiraledingrithean be
swi tched on and of'f eperlding "on 30 t he envi ro%mnt aCIl cd%radl {lofxge in one
embodi ment qfrepheatinventi G8NEhe SHE%'QE‘h%tEi hat ?% tled™Ss

non- DNA ff ndidid.s, 4ETREGBLUGE- anmintlivaal mutehtiples hooBY. 50 FRPER

T-antigern gene ('U19tsASB) SU| alte wniand
i ncl ude t he Briddgeénélothe B tpol %f‘ aW?Ehg&é \%% %%ﬁe%l%gtl%ggs f

preparing " condiddornaét yailndweilbtelar oﬁ&og&m.s Ar @%Fﬁtq{%\/\/ﬁama?he art

and 1 ncl ude, (f5g9) and Ausubel et al, Current Protocols in Molecular

Biology (1995), John Wiley & Sons Inc. |

20 The cells according to the invention require a
conditionally-inducible oncogene to be present. The term
nconditionally-inducible" is used herein to refer to
oncogenes, the expression of which can pe regulated under
certain conditions. ' The oncogene will undergo expression .

25 when so-called permissive conditions are applied. For
example, some oncogenes are temperature- sensitive and are
only expressed when the temperature of their environment is
below a certain value. The oncogenes are therefore not
unregulated, and can be switched on and off, depending on

30 the environmental conditions. In one embodiment of the
invention, the oncogene that is used is a non-DNA-binding,
temperature- -gensitive, mutant of the SV-40 large T-antigen
gene (Ul9tsAS5S8). Suitable alternatives are also known and
include the oncogene of the polyoma T-antigen.

35 other methods for preparing nconditionally-inducible"
oncogenes are well-known in the art and include, for
example, the fusion of the c-myc oncogene with various forms

of the estrogen receptor (ER) gene. In one example



exanple, the fusion of the c-myc oncogene with various forns of the
estrogen receptor (ER) gene. In one exarrpl e 24 APRIL 2006 64 AbRil 2ome00d et
al . Nucleic Acids Res., 1995, 23(10) 1686- 90) , the human c-nyc gene is
f used with the 4- hydroxyt arri oxi f efi- responsive mutant nurine estrogen

recept or ene (nmyc-ERtam . The fusi o pr ot ei o] cti ed when 5
4- hydr oxyt ghbﬁ(ti‘éwp@% atr é%enltluc}l?fé: @ﬁ& Jets - Vsqéggrp ?gg@onl\égkeconbl nant

DNA or regpovi rgl—‘éve%@ér‘ ornc‘aylest rg@ﬁe uswgd tfaidedansdibe/ theect - the

cells. The ternms "vector" and "con uct" are.used

her ei n. ThéY@E@’t%?%m@?lf@&ngFF‘BB’P%”cﬁ“ m‘tlﬁ%r’tlﬁuFﬁI{}%ne[Stgﬁ fga rf%%?)g corrprl se the
enhancer ebegfBntmged- ERiﬂem)seqmdfumdropro&emhesnmly mogénetedvdeanhancer
and oncogene | i.nked sQ t hat the enhancer provides control

re o
over the eﬁp%gg?&ﬁgﬂoxﬂﬁé%ﬁéoﬁ’éﬁ% U%The enhancer is therefore preferably
| ocat ed upst r earhef ohbegémm:ogene:or@msechuence rRuemninantePNAs G ef erabl y

that correspondin Q the r r

enbodi ment r?ﬁﬁovéﬁﬂ% v(?é:FOFs Qpﬁg%?fgbkg t?r%k/g[; /1 gﬁ%ﬁrﬂgﬁemnt of
the 31 por tedbsof tf‘nélesetermim rftvetmc(of tanel hUﬁaﬁSWﬁ Qéegé%ﬁ‘ee These are
identified,in Loﬁl belél 3loreh o R &9%%08%411&:5 SO,

Sui tabl e enRYRES

scl osed |n Yasor sky et al Defvel opnent al
Bi ol ogyp 19&9;ant265 f3®9h321 ce?marwael @,heetenﬁqancggv@ Flt > 125 (16)

3087- 3100. 2‘8 go &Q&; gt é?&%e%‘cxh@e%?e pue %%hbﬁ@érlathd Bﬁcb@@xﬁ)@ por at ed

herei n by Fererence unctional fragnents of the enhan er el egg% are al so

wi t hi n t he ageoppestbiviel inkachtsothathehe P PRI tRTSHA esf F3Y nmeans

that a portdv%? ofhd hexrdd (63{ b6 RhESeRtogendi ch Tian sthddceaxeis a
regul atory eftec The usea?)& the 30 term™fra rren

substltutléﬁ@r&foﬁédﬁf’ie&% Yt hEPCaEGueRE 16t en%%ﬁl:ég Bggpe exanpl e,
S|nglelgas%eqﬁgagbltutlons may be nade W t hout alterlng the ability of
the abi 1ty to Ay FUFGITE the S SOMTeRERL of (RESaiaety Sequence
under stringean enhancer. In a further preferred enbodlment
enhancer is either the 714bp or 374bp enhancer element of
the 3' portion of the second intron of the human nestin
20 gene. These are identified in Lothian et al, Exp. Cell
Res., 1999; 248: 509-519. Suitable enhancers are also
disclosed in Yasorsky et al, Developmental Biology, 1999;
205: 309-321 and Muller et al, Development, 1998; 125(16):
3087-3100. The content of each of these publlcatlons is
25 incorporated herein by reference.

Functional fragments of the enhancer element are also
within the scope of the invention. The term *functional
fragment" means that a portion of the enhancer is present,
which can still exert a regulatory effect. The use of the

30 term "fragment" includes substitutions or additions to the
sequence of the enhancer. For example, single base
substitutions may be made without altering the ability of
the enhancer to exert a regulatory effect. Suitable
fragments will have the ability to hybridise to the

35 complement of the enhancer sequence under stringent
hybridisation conditions and also exert a regulatory effect.

The "stringent hybridisation conditions" are overnight

incubation at 42°C in a solution comprising: 50% formamide,



hybri di sati on conditions and al so exert a re

f _ on( ( al gul atory effect. The
stringent hybridisation conditions" are overnight iyncubat pOAPRIL Z008C in a
sol ution conprising: 50% formanm de, 24 APRIL 2006 7 5 x SSC (150 nM NaC
15 mMtrisodiumcitrate), 50 mM sodi urh phosphate (pH 7.6), 5 x Denhardt"'s :

solution, 10% dextran sul phate, and 20 g/m denatured_sh
sperm DNA,  5f Bl $3eld SBymMAeRLagl 3 MY £ 11 HI ArEFats) ’Séf‘ﬁ @?rsaggﬁl l gg?: 5

The cells 0. LSe.q | . .
Myc- ERt am Bho #’ﬁgtg- o 76Ul af abl Gerfisstiems akolneiorpr ol mexgweln. The

truct is the human c-Mc tein f i
4- hydr oxyt asetphaher expbrdi #é/‘ﬁ%t%ﬁﬁl\‘%%g{ ee%;]etdr (u%gg‘o}rqneéé‘g%rfmorgl\lp*fhe fusi on
protein is qnhy.,a88thyale8ingeme-fydeexyimamii kesse atpebeehces’CAddi t i onall

10 reqgul atory efjement Nes7147tk_or Nes374/tk w1 -he
, edy Upsd
the myc- BRt am geBBe FReIBUBRY cBHEP oFSHf agéﬁ%uy\ge%(aﬁl%ss%ﬁ%gnn%tpr ot eir ﬁam °

[rﬁgulzglt: gn A aleggséghrfﬁlr'it Lghte LpatERdam ebnsnrmoett dls $aei bamar ¢ el | s.
> .an ogenou ‘ I i ;
at | cast t nEsaeaPy (MBS B 14 DREe PBRRHE ES e v finaTdes
pgr;gﬁ&ogzt _,dé_ﬁ_»iggede&awoﬁygm irecepternor nihe cdneest PFOFELBr iSo ey
i de .intraqduced b int leer20d GhSdd [
?ﬁte u r2 gl ![ éj gﬁqwgaﬂﬁlﬁ’iagﬁﬁg 322%9%5‘3%% ng(gﬁ?/ﬁﬁ%: f’eegr:{J ?ge%ég‘l'éhré&é“its gﬁgi?g@;ﬁ} unit of
: atouypbiames: AfesTAAYE oha¥esichd tki 1 te
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endogenous polynucleotides. The catalytic sub-unit of the
70 telomerase complex is an enzyme that acts like a reverse
transcriptase, and is known in the art. The human sub-unit
is disclosed in GB-A-2317891. Additional regulatory
elements may also be present. For example, additional
promoteré may be located on the construct. A promoter may
25 be present to regulate expression of the telomerase gene,
or may be present as part of the construct to aid expression
of the oncogene.
Regulation of expression may be carried out by methods
known to the skilled person. For example, regulation may
30 - be effected using the long terminal repeat (LTR) promoter.
Alternative promoters will be apparent to the skilled
person. For example, regulation may be effected using the
cytomegalovirus (CMV) promoter. The CMV promoter is a very
strong promoter, and may be preferred when the cells are
35 neural cells, e.g. neuroepithelial stem cells.
Methods for introducing suitable constructs into cells,

are known to the skilled person.



35 neural cells, e.g. neuroepithelial stemcells. Methods for introducing
suitable constructs into cells, are known to the skilled péns&iL 2a06 APRI L
2006 8 Any mammal i an cell may be used in the present invention. For
exanple, the cell may be an endotheli& <cell, and may be used for the
revascul arisation of the leg, heart and other organs. Preferably, the
cell is a human Bngomedmmalieln , celD. nuymabeepiddiel iial shemmsddentwhich is
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skilled person Cpfeferably, the constructs are incorporated into the
cell during the early culture phase, usually within the
first 10 cell divisions.

20 The transduced or infected cells may be cultured under
conditions known to those gkilled in the art. It is
- preferable that the cells are cultured under non-stressed
conditions. A skilled person will appreciate the conditions
suitable for each particular cell type, based on

25 conventional culture techniques.

The recombinant cells of the invention may have use in
therapy. Methods for the preparation of formulations for
delivery to a patient will be apparent to the skilled
person. Suitable excipients, diluents etc, will again be

30 apparent based on current practice in preparing cell-based
therapies. The amount of cells required for delivery will
vary depending on the form of treatment, the sevéiity of the
disease/damage, and the need for applying multiple doses
over a treatment period. However, the skilled person can

35 readily determine the appropriate treatment based on
existing cell transplantation therapies.

The following Example further illustrates the
invention.



35 readily determ ne the appropriate treatnment based isti
transplantation therapies. The follow ng Exanple furtggr ?j?(zlt Z;szlzgizégl ![ he
invention. 24 APRIL 2006 9 Exanple 1In this Exanple, the regul ation of
Nes714/tk and Nes374/tk pronoters in peural precursor cells is provided
Nes7l 4/tk and Nes374/tk pronoters were constructed with 5 green -

fl uorescent oJlel 'En (GFP) acting as a reporter
. gene, and
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constructs. Pure_ GFP positive cell
for 3-7 daysemvsme(\m’tvhPe‘PmV\F%ﬁoutM]}OW&eu%fa?%?ntas’ ﬁefﬁéﬁﬁgi’ g?: E)lrjlred
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and Nes374/tk fragments into the blunt-end (Bgl II and Nhe

I sites) of pHyYgEGFP.
Constructs of the pNes714/tk-HygroGFP and pNes374/tk-
20 HygroGFP were transfected into conditionally immortalized
human neural precursor cell lines generated as described in
WO-A-97/10329 (the content of which is incorporated herein
by reference), grown at the permissive temperature, 33°C.
Trénsfected cells were subsequently selected under
25 hygromycin to generate human neural precursor cell lines
containing pNes714/tk-HygroGFP and pNes374/tk-HygroGFP
constructs. Pure GFP positive cells were cultured for 3-7
days at 37°C (with or without 10% serum) for a
differentiation assay and at 33°C (control). At 37°C, the
30 human neural precursor cell lines start to differentiate and
down-regulation of GFP in these cells was observed,
indicating that the pNes714/tk and pNes374/tk promoters are
regulated during the transition of human neural precursor
cells into the differentiated state. The Nes714/tk and
35 Nes374/tk promoters therefore serve as inducible promoters
that drive gene expression exclusively in neural precursor

cells, but not in differentiated cells.



cells into the differentiated state. The Nes714/tk and 35 Nes374/tk
pronoters therefore serve as inducible pronoters that dri\2e AgaRie 2006
expression exclusively in neural precyrsor «cells, but not in
differentiated cells. 24 APRIL 2006 10 A recent study has indicated that
no expression in CNS in vivo was, seen
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The construc e_dual I f m@ggesm on
via both a PBegTEi/0rK Lﬂp&ﬁﬁf‘% c{j%er atpg\?%%sgés?tl ve ation of
the gengs orlm@l@mﬁqq&}ws@abyymmmmagém h’II'BRTséﬁ@PéIQH%Y‘?‘ 5, two
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this case, i nmor ene while C rrz\@e and hTERT
function aﬁygemtsam\,hl (Ftigstrebi | 3 zeta hd 2¢hr o'ﬁ%%orﬁ;enef’l' LTU19

SVU19tsA58, C-myc, myc-ERtam and hTERT used in these

constructs are used as the immortalising genes. LTU19tsAS58
70 refers to the temperature-sensitive Large T gene.

SVU19tsA58 refers to a temperature-sensitive SV40 gene.

hTERT refers to the catalytic subunit of the human

telomerase reverse transcriptase. Myc-ERtam refers to c-Myc

fused with 4-hydroxytamoxifen-responsive' mutant murine
25 estrogen receptor domain.

The :onstructs provide dual control of gene expression
via both:a regulatory promoter and a temperature-sensitive
mutation of the gene or a pharmaceutically inducible gene.
In some constructs, two genes, e.g. LTUL9tsA58 and C-myc oI

30 LTU19tsA58 and hTERT, were used. In this case, LTU19tsAS58
acts as an immortalising gene while C-myc and hTERT function

as genes which stabilize the chromosome.



24 APRIL 2006 CLAIMS 1. A construct conprising a polynucl eotide that
encodes a conditionally-inducible oncogene operably |inkezd APRILIED06
enhancer el enent of the second intron ofjthe nestin gene, 5 or a
functional fragnent of the enhancer element. 2. A construct according to

claim1, mhngA@Mghe elenment is either the 714bp or 374bp el enent of the
3" portion o

€ second intron of the hu n truct
accordi ng tolany pr&eea8FReCl SPTRT FUhé P qﬁ@“@%ﬁ%?? ?%gggagoFéﬁggggotlde
that acts asaacBhaﬂeiéﬁaEEyiiﬁﬁudl&ng@meogénerpensblpct1ake®rdongheo
claim 3, wherein the pronoter

the HSV t.k, pr e n ct
accor di ng toeah?nﬁ?éc%ﬁ?ﬂﬁn%l%ﬁrﬁhﬁlﬁ&qﬂﬁd 1f§98§2§F|EPﬁgnF eggaégﬁgflc
sub-unit ¢f theat eloFEI&SEl chrggment of. tAecemsanaaxt ederendi.ng to claim 1,
wherein the (?)ncggengoméi%‘%%t[e "’{fceﬁ ;r&%lt uge éf?ﬁktl v%}{g{_telqrﬁt 8k Ul‘@mg}(éo .
| arge T- antFgen A7 r r |ng o an
wherel? 2? ggequﬁ@ge?aecompbpses %?prnﬁiama@@g@igfhslﬁA @@FF;@@nﬁf|S|ng
a construct according.tp a ell according to
claim8, whi ER®i §88° rﬁ&"ﬁ%’h &L(ralt%%f :hﬂfggﬁtlgg ecf? ureicpotent cell. 25 10. A
cel | accordipg toactanstBuctr adicindifg %hléhYIEI%ﬁP dinHiclPerent HaLBET

pluri pot ‘iBt humen, nedroen %&;ﬂ{d&'eo Gl Ehévl abrs8ld AGrUmdiced b€ any Of

claims 8°'to f@mpfbﬁln?her I C use. Use of a construct according to
any of cl ai mentéogen&, 30 to conditionally inmmortalise a cell. 13. Use

according {o,clai 1 I3, WRKEIRCbEAIGEl Lo I 3debhapelin i pirmdeer cl aim

10. 14. Use of a ce according to any of clains 8 to 10, in the
manuf act ure o AheedP¥aRer®rI™Ita&T-anspl antation to treat 35 a di sease

caused by cekl |ogscQhsai®I&ccording to any preceding claim, further
15 comprising the catalytic sub-unit of the telomerase complex.
6. A construct according to claim 1, wherein the oncogene
is the temperature-sensitive mutant of the SV40 large T-
antigen.
7. A construct according to any of claims 1 to S, wherein
20 the oncogene comprises a Cc-myc oncogene.
8. A cell comprising a construct according to any
preceding claim.
9. A cell according to claim 8, which is a mammalian
undifferentiated pluripotent cell. A
25 10. A cell according to claim 8 or clalm 9, which is an
undifferentiated, pluripotent human neuroepithelial cell.
11. A cell according to any of claims 8 to 10, for
therapeutic use.
12. Use of a construct according to any of claims 1 to 7,
30 to conditionally immortalise a cell.
13. Use according‘to claim 12, wherein the cell is as
defined in claim 9 or claim 10.
14. Use of a cell according to any of claims 8 to 10, in
the manufacture of a medicament for transplantation to treat

35 a disease caused by cell loss or damage.



