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of the Invention The present invention relates to the immortalisation of
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One means for ensuring this is to culture undifferentiated
cells under conditions which allow repeated cell division

20 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 technigues 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.

Reynolds and Weiss, Science, 1592;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 celles could be

35  induced to differentiate into astrocytes and neurons.

International Patent Application No. W0O-A-94/16059
discloses a technique for maintaining a primary neuronal
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to maintain tel SfeFras foun ronosomes €l i eved
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However, it is recognised that although human cells

expressing oncogenes can have an extended life, they still
20 stop dividing and eventually underge crisis (cell death).

It has also been proposed that human cells can be
immortalised by reconstituting telomerase activity BY
incorporating an exogenous copy of the catalytic subunit of
human telomerase (Bodnar et al, Science, 1998; 279: 249-

25 252). Telomerase acts to maintain telomeres found at the
ends of chromosomes, and it is believed that the gradual
shortening of telomeres during cell duplication contributes
to senescence and that therefore reconstituting telomerase
immortalises cells. Human telomerase has now been used to

30 immortalise many different cell types.

Countexr et al., PNAS (USA), 1898; 95(25) :4723-14728,
also discloses that ectopic expression of the telomerase
catalytic gubunit (hTERT) can allow post senescent cells to
proliferate beyond crisis to cellular immoxrtality. The

35 cells studied were transformed with an oncogene expressing
8V40 T-antigen. However, the authors conclude that hTERT
expression alone may suffice to immortalise cells, angd that



proliferate beyond crisis to cellular imortality. The 35 cells studied
were transfornmed with an oncogene expressing SV40 T-antigen, However, the
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of the teI ORET A58 Jlex Accordl ng to a second aspect of the invention,
a reconbi naymms ' <= ) ae®’t ruct conprises a gene that 25 encodes
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immortality under non-permissive conditions.

According to one aspect of the present invention, a
recombinant, or genetically engineered, mammalian cell
comprises a conditionally-inducible or temperature-

20 sensitive oncogene, and an exogenous polynucleotide
encoding at least the catalytic sub-unit of the telomerase
complex.

According to a second aspect of the invention, a
recombinant polynucleotide construct comprises a gene that

25 encodes at least the catalytic sub-unit of the telomerase
complex, and a conditionally-inducible or temperature-
sensitive oncogene.

According to a third aspect, a method for
immortalising a mammalian cell comprises incorporating,

30 within a proliferating mammalian cell, a conditionally-
inducible oncogene and an exogenous polynucleotide encoding
the catalytic sub-unit of the telomerase gene.

According to a fourth aspect, the cells of the present
invention may be used in therapy, in particular in the

35 manufacture of a medicament for the treatment of a disease

associated with cell 1loss or damage. For example,



the catalytic sub-unit of the tel omerase gene. According to a fourth
aspect, the cells of the present 1invention nmay be used in therapy, in
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cont ai ni ng both erature sensitive oncogene ncodlng
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be present,. The, term ¢opdifi Iz A Rdyci ble” is used 30 herein to refer
to oncogenes Mﬁ%ﬁn _ _
The following figures illustrate the invention.

Figure 1 is a schematic illustration of a

polynucleotide construct containing both the hTERT and the
temperature-gensitive oncogene encoding the 8V40 large T-
20 antigen; and
Figure 2 is a schematic illustration of an alternative
construct with the hTERT and oncogene in a different order
from that in Figure 1.
Description of the Invention
25 The present invention discloses methods for preparing
cells which are sguitable for transplantation therapy and
which are immortal up to the time of transplantation.
The cells require a conditionally-inducible oncogene
to be present. The term "conditionally-inducible® is used
30 herein to refer to oncogenes, the expression of which can
be regulated under certain conditions. The oncogene will
undergo expression when so-called permisgive conditions are
applied. For example, some oncogenes are temperature-
sengitive and are only expressed when the temperature of
35 their environment is below a certain value. In one
embodiment of the invention, the oncogene that is used is
a non-DNA binding, temperature-sensitive, mutant of the SV~



be regul ated under certain conditions. The oncogene will undergo

expressi on when so-called perm ssive conditions are applied. For exanple,
sone oncoyent3l’8t e tenperature- sensitive and are only BxpcEmassis when t he
tenperature of 35 their environnent isgbelow a certain value. In one
enbodi nrent of the invention, the oncogene that is used is a non-DNA
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i sclosed in GB-A- 891. e _oncogene and .t he, nucl eot i encodi ng the
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sui t abl e prdnbTEF* PRgFBA T T IS Cat a5 FTPH otf o *50 arda
sel ect abl e Temakerswihivchitnag @ésebesed g &@nRi-RP17HdLe cells that have
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out by met hoeg]zq known t o tfl:te ski IIedg rson. For ex | e, r]ggul ation may
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is a ver stron r onoi er nd ma e preferred when the cells are
y vectoéJJ% eac méyé%e com r?seg fh a separate vector. The

vectors or constructs of the invention may further comprise
a suitable promoter region to initiate transcription of DNA
20 and a selectable marker which may be used to identify those
cells that have undergone transduction/infection.
Regulation of expression may be carried out by methods
known to the skilled person. For example, regulation may
be effected using the long terminal repeat (LTR) promoter.
25 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
neural cells, e.g. neuroepithelial stem cells.
30 Methods for introducing suitable constructs into
cells, are known to the skilled person.
Any mammalian cell may be used in the present
invention.
For example, the cell may be an endothelial cell, and
35 may be used for the revascularisation of the leg, heart and
other organs. Preferably, the cell is a human somatic
cell, e.g. human epithelial stem cell, which is capable of



neural cells, e.g. neuroepithelial stemcells. 30 Methods for introducing
suitable constructs into cells, are known to the skilled person. Any

manmal i an celgo gigrde used in the present invention. For (%oﬁssssﬁhe cel |
may be an endothelial cell, and 35 may be used for the revascularisation
of the leg, heart and other organs. Preférably, the cell is a human

somatic cell hu ithelial ste ich i apabl e of. WO
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ost eobl ast and osteoc asts, bl asts and kerati no gt es referably,
the oncogene arRfiife M3 GRELULR Bi'%e anenBBF pbtMRE it 5°PAE CBFFLTRIYShg t he
early culture phase theuzeudbbyu\m tdliandsherétisdl keldel | cdokisannselIkhe order
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success of the thou erred that the telonerase is
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i ntroduci ng the tel precasebly) r&ﬂzeproﬂd:@l@&ebebhér tamumnoe«ef:aseacameevi ng a
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descri bed Turther ) o . . .
the telomerase is introduced firgt. This is because it has

been found, surprisingly, that introducing the telomerase
first provides better assurance for achieving a dipoid cell
line.

20 The transduced or infected cells may be cultured under
conditions known to those skilled 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 technigues.

The invention will now be described further in the
following Examples with reference to the drawings. The
Examples show that by transducing suitable human cells with
a temperature-sensitive oncogene and the catalytic sub-unit

30 of the telomerase complex, it is possible to retain
stability as the cell cultures are passaged in a suitable
culture medium.

Example 1
1. Isolation of mammary interlobular fibroblasts (HMF)

35 and mammary microvascular endothelial (MMVE) cells:

Cultures of mammary interlobular fibroblasts and

mammary microvascular endothelial cells were prepared from



foll owi ng Exanples with reference to the drawi ngs. The Exanples show t hat
by transducing suitable human cells with a tenperature-sensitive oncogene
and the cwoamgr’e sub-unit 30 of the tel omerase conpl expci/EBdod3ge®ssi ble to
retain stability as the cell cultures,are passaged in a suitable culture
medi um Exanple 1 1. Isolation of mammary interlobul ar fibroblasts (HW)
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i nt erl obul ar Bbrobl ast s an mamary m crovascul ar s were
pr epar ed frBP@W@?L‘/‘@l?@%SWHC(BOWW% ?efjrBFFréPnbr @é@?‘oftﬂr%%"d@ obt ai ned
Wi t h consentul tafepatafenistexihserigol nfiloossietste sweger wriepaddadt i0n

mammopl asty r rl.gbykar s fi blaast s e as
descri bed |%eit%%%%nﬁgtﬁ£éﬁto% & F'lz J. égl%? 5%331 ggg 2%? nai nt ai ned

with DuPbec?dds "Wuditeiisgdettdy HBHP%?O (DMERALL Siet| Emgreed WEJ#MO%fet al
cal f serum apMdEMANt Sinpst énent{gaenivditil | nost r Eptabycea)f Esdpideldml cells

frommcrov tic f_ pr ry
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As acontro R &P s were ‘cul tur ernine the point
of senescene®. D¥rkeeld s Lpske fHHﬁﬂntoReR?%ﬂﬂe ra &dPRur ebFL1e&pEkPDf bet ween
10- 16 populmﬁd@trhewblwmz\memm tegtabliizhe@Viahd ARidcdirRd amh

accunul ati OQGQ egﬂt “gr(ng%FE[_‘gﬁeﬂn the cytoplasm the 20 senescent cells
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growt hiso crisim a control, preparations of cells were cultured to
determine the point of senescence. The cells were found to

have a culture 1lifespan of between 10-16 population

doublings when cultured in EGM-2. Apart from an
accumulation of granular particles in the cytoplasm, the

20 senescent cells otherwise resembled their early-passage
counterparts, differing only in the complete absence of

mitosis.
3. Transduction of tsAS58-Ul9 and extended growth to
crisis.

25 Cell preparations from different individual donors

were transduced, while still proliferating at between
populations doublings 6-9, with the tsA58-Ul19 (Almazan and
McKay, Brain Res., 1992; 579 (s) :234-245) double recombinant
mutant of the SV-40 T-antigen gene in the pZIP vector

30 containing the neo-r gene. Transduction was carried out
using a helper virus-free amphotropic retroviral packaging
system (PA317, Clone B8) as described in Stamps et al., Int.
J. Cancer, 1994; 57(6):865-874. Polybrene at 8 ug/ml was
used as an adjuvant to improve virus uptake.

35 Transduction frequencies varied between 10-25% after
selection with geneticin at 0.25 mg/ml. After transfer to
the permissive temperature for tsA58 (33.5°C) these



25 Cell preparations fromdifferent individual donors were transduced,
while still proliferating at between popul ations doublings 6-9, wth the
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Transduction fre uenﬁl es X\?I’I ed "bet ween "10-25% after selection with
geneticin at 0.5mgAm CeAff Fea DeS SFr iRty SEFRFERFVES 1R 4G e f or
t SA58 (33.50) tiedre MOOE 27 REFASEBOG 033655 ° ¢ kadir @sover e passdded

further forg betmeen 33 and a6 PYPY)aL i Ry dauah§IS @l sdasPhisknr ath@ of

1:4. During this time all VceI | s”remal ned stringéently %g)rrpera't]‘ure-sensi tive
with little or 2HPSGFERFR ari36.250C4RAL abBYECSTH aPPds AREBEIMaRonSRdd

growt h event uahlogpheasgtiiesi tincihéingappeararce ofiuabreor naéterdarsies tgnd
abnormal cell .opr Yole] | udi ng | ABclear r ogenght\,

i ndi cative of é%é?gehggtgfagfﬂo%ﬁgot g‘I Eéég%ﬁﬁﬁ 109 cels_l Eﬁgﬁngfgo%%llﬁave
been passaged & &AtSils hayet healk RAEFIRPE 4D FhRtidhcd $Houspéntsdmedas:

i mort al i sat i onnkekngeobsersiethtanébis' i smidrteditnadbnt be imymbisereridt hel i al
cells, which atedl y i ooy tald fre apprexi ly 1 in
5 x 106 cells rIrr’gl?%t éﬁ%ne to crtlta%i.ts%%%afr?naan du tq":%%%lg lh-%%é%'g%q?x
subsequent i MBEPSRFSALY difmorsahi $6 atet HTBIFNGY SbRPPFOFANPLEEB A

Ear | y- passagedscgl be® fdeQmsoneifioaioied ransdised. wth the is T antigen

system ( MWE- Zh.mr%réHécg&eﬂ i o ﬁf‘%&’-“&%% e ALY i&ﬁ%@%%@%oﬁow of
the catal ytic sub-unit of. the uman tel onerase _gene in the pBabe vector
( Mor genst én 281 8RJTEEPRE 19 Ofe FERALY HRPRe SERMWER- 1990; 18: 3587- 3596)

t oget her with a hygranyeighddapesi skaheef ganeondisddiha tnmmducagphathopi C
packagi ng syst em, (Tk %Lgkaig“é&%}s%semo“(n&%[z) cl,0P& dr PAGKA0I M IaleE gVer €
used, having been sel ecte
with the full-length ¢DNA copy of the catalytic sub-unit of
the human telomerase gene in the pBabe vector (Morgenstern
20 and Land, Nucleic Acids Research, 195%0; 18:3587-3596)
together with a hygromycin B-resistance gene, using a human
amphotropic packaging system (TE-FLY). A series of four
cloned packaging lines were used, having been selected
previcusly for highest titres on the basis of transfer of
25  hygromycin resistance to a target human cell line (EJ
bladder carcinoma cells). Each was used to transduce, in
duplicate, the MMVE-2 ts T cells in the presence of 8 ug/ml
polybrene. Successful transduction was observed after
gselection with 25 pg/ml hygromycin B.
a0 Surprisingly, the transduced cells appeared to
overcome senescence, and continued to proliferate at
33.5°C, without any overt crisis or change in proliferation
rates, for over 40 weeks. The cells have so far undergone
>100 population doublings at a constant rate, and appear to
35 be functionally immortal.
When tested for temperature sensitivity by replicate
culture at 33.5, 36.5 and 39.5°C, the hTERT transduced



previously for highest titres on the basis of transfer of 25 hygromycin

resistance to a target human cell line (Ej bl adder carcinoma cells). Each
was used wowremeduce, in duplicate, the MWE-2 is T cetl/eBiomsisee presence
of 8 g/m pol ybrene. Successful transgduction was observed after selection
with 25 ,ug/m hygronycin B. 30 SurpriSingly, the transduced cells appeared

to Overw%n@seg*ﬁceenagﬁ%%nt g@fﬁdlstﬁgnsfol aéeé@ﬂseltaitve 33. abr1M t hout
any overt crisis or, change !Ln pf(ﬁ(;llferatgog Sﬁ gr over 40 weeks. The
cel I s have ®35faPeAndeiyoRBLY>K5 {5opul &P ﬁaﬁ%u 9 nge2bt ™ WEnshant rate,
and appear te@:peaﬁelde thecei gnal 1y teimopgravth Viien3 6 est@darfidrnomepatr at ur e

sensitivity, ySE?E fcaterpLubtyig @@ré*%éhdf@éoéaﬁm §%mé£%aihe MERT
t ransduced 1790 PCT/ (BQJQ 03588

cells, were
sur pri sisngl §¥M §§r§€n§‘fetr|evec%rl€éir Ko p?ﬁ%‘é}égég oﬁl 3}“%%1‘1“% el rary to
what m ght kentexpecs edyriteher of vasidtiltetllielgspet hf bt BEOWEE fndtovse at

39.5C, i.e. ﬁgﬁﬁﬁghésﬁ\é\ffﬁ cgggftlmﬁg_i yaﬁmﬁﬁlln’Alés Sy&iH tAL esg wer e

carried out L um cont variety o
endot hel i al F§fecthre Frowiing ddreortestipgcrh o?%glso Yoger \?EéFOPF@a% and
heparin, a50wel'lstaes£8/d' Iﬁﬁgwd}hmnamondnslg the testing of cells under

Sub- optjgral o 18! BESSH n@r&\@* :End! £bAs: ot ki E%E@-Qﬁdﬁ?&%e)(tent to

whi ch terrperature in arrest was_ | rreversi r obl ast
cultures mélr@wéﬁala'y?é&tué‘ﬁaﬁg %r(ﬂvﬁﬁébgﬁ?c L8eaf iPRoRhRER CHATEBEEDNY
form ng eff werenayalydgd mndeawmmmassaptlmhlmm@et cohsny 5% oxygen

at 33.50), F;&'ﬁtgngl féﬁfdlten% '?€é> 1%@‘ gé@é@{'rnn?é& SSindll 33p Emarhere was

a substantia uction in | tures was pro ortlonal to
the tine at CORE1IRBADPelDF s%’fXﬁ@nt é"r'f'pé?a?uﬁ:)e ?ﬁfe&néh&:ffeFﬁé‘t iedftures,
for exampl eoft herSiElaf aereds! days9ats®89. 5Crhémel daeppzedshbsté%b&l control

val ue, w th Qﬁﬁ&tg&k%% 20 RELO% S wbesawﬂléiwgé \bqropl;&tglsﬁ LS
denonstrate t progressive irreversi of the trans uce cells and
the time at the non-permissive temperature In one of the

HMF cultures, for example, the CE after 14 days at 39.5°C

had dropped to <5% of control wvalue, with most colonies

20 being small and abortive. The results demonstrate the

progressive irreversibility of the transduced cells and

show that this is due to the thermal inactivation of T-
antigen rather than a non-specific effect of heat shock.

The cells were also tested to establish whether they

25 undergo biochemical senescence upon inactivation of T

antigen, by staining cultures for senescence-activated acid

B-galactosidase. After 4-8 days at 39.5°C all the

fibroblast cultures showed varying numbers of positive

cells (1-10%), whereas no positive cells were detected in

30 corresponding cultures at 33.5°C (<0.1%). This compares

with a crises culture of T-antigen only HMF fibroblasts

where 53% of the cells were positive. This demonstrates

that the immortalised cells are dependent upon T-antigen to

maintain growth, and that inactivation of T-antigen causes

35 irreverisble cessation of cell growth, and entry into

senescence.



show that this is due to the thernmal inactivation of T- antigen rather than
a non-specific effect of heat shock. The cells were also tested to

est abl i sh wheigdwgpimhiey 25 undergo bi ochem cal senescence }Jéﬁ%oélﬁgé‘stl vati on
of T antigen, by staining cultures for §§nescence activated acid
R- gal act osi dase. After 4-8 days at 39.5C the fibroblast cultures

showed varyi ng numbgys eélpoaltau\&%s GekbSalds 1}9a@yoc Leas BQtQ?ﬁkLéve
cells were detected in 30 corresponding cul tures hi s

conpares W t h¥BeEPFEes t@ﬁl t Qréess ?ngnt LgBAGN| § HNIfeItFBP’éB‘F];a ejn?\/ner e
53% of the cel kganetecpis t iaffectbis denondirvabesmal hagtdthes | mfor tadi sed

macti vat i on of Coabeirg deAdhs 2R Tel Bra 1B AL A TR oBRs il of i,

i nactivation of en - caus [Treveriible cessa
and entry i5nt ochsenese®sk el46\Ove $/ PRy euCtRcBObR OMYER anth Hﬂ’\’ecéé”r

cultures were aésevgaryptymmﬁbdxﬁldgt 8bth ngenah edihreing htheoledel yapaaké m ng of

retrovival geng, Lramduelion ALLECtediheaehromman Rl clptu, ol Lie

resulting cell oi d or mnear oird no nber ronbsones
(46) was obser Wb@lnubp%taﬁnmr@wanr—mﬂwq guriggrihregaply inhasedutthg bot h
genes during tbﬁe%ﬁ&c}geﬁﬁaiﬁrsél .the \Wel Dk nwéke shickvat tdthawd la BliiMbgaDNS)

wth hTER‘Ii fi rg Wien bho tgkheggnes 8131 n%flgdﬂggg c.{lér&gg%%%%dgls&%%_ phase

with the Sncodeh®¥R%st¥” resovvntohv . _
karyot ype wi t hTheari ﬂjlapﬁérﬁraﬁwméaﬁd@éﬁr%lﬁi SegorpiEates THied gdéphoid

surprising fi nggpgs aadndwr@géﬁr@a titte bideitdvetel 18, Calobeify epar ed
nore effecti veI ’%/‘i r}iegm @g, glc S&Et th% %aﬁ%gﬁ%&% Ql tlngg‘) ;Er?l oner ase

first into the® e résu al ned show, “sUfpri sing,
that cells con‘p?lki ng the fuI I -I engt h gene encoding the telonerase
catal yticisub-unit ﬁﬂdsﬁdﬂﬁﬁyenﬂﬁ{éﬂltﬂésﬁ:l&%n&jHUa\iQedomwen%urbeﬂBnﬁg

condi ti onal fo%h%h ovle re%bllhst%n%glghse ngﬁam%@ ﬁgogﬁ%" the

t enper at ur e. em)ns rate
telomerase catalytic sub-unit and the temperature sensgitive

oncogene, remain conditional for growth, i.e. the cells are
not immortal at high temperature.

20 The above results demonstrate that separate
trangduction with a temperature-sensitive oncogene and a
catalytic telomerase subunit, can exhibit improved
characteristics compared to cells comprising only the
temperature-sensitive oncogene.

25 Although separate transduction shows good results, it
may be easier to construct a suitable vector having both
the oncogene and the gene encoding the telomerase.
BExample 2

This Example demonstrates the production of suitable

30 expression vectors co-expressing thermolabile T-antigen
derived from the non-DNA binding mutant of the SV40 early
region (Ul9tsAS8); the catalytic sub-unit hTERT of the
telomerase complex (cDNA) (Counter et al., PNAS, 1998;
95{25) :14723-14728); and a dominantly-acting selectable

35 neomycin phosphotransferase resistant marker (Neo) which
encodes resistance to G418 {(Clontech). The final construct
wag assembled in the high titre Moloney murine leukaemia



transduction with a tenperature-sensitive oncogene and a catalytic
tel omerase subunit, can exhibit inproved characteristics conpared to cells

conpri si nr@eiI79%he tenperature-sensitive oncogene. 25 pairiGaosigsbsssepar at e
transducti on shows good results, it y be easier to construct a suitable
vector having both the oncogene and the gene encodi ng the tel onerase.

Exanpl e 2 ThisrExarg endfioBakeat 86t e ANodusttanioh sektdb! §p3Q
expressi on v?ctors co- exf%resmag%t er no| abi Jlée T-antigen derived_fromthe
40

non- DNA bi ndf hgr FRARSHE A, HRFRY- rLOFoRSEEP Ot g)teadecat al yti ¢
sub-unit hTERX uwfed he comlerethseS\Ehnsiaeit y( cEHON (1®¢:@nv¢ruees adhat PNTAS,

1998;  95(250aldé723134744) . 1ahdea HOBRLE rhy aCAwg c%%g%%e@ge wargN€0nycin
phosphotransfsel%gﬁﬁefésl stant marker gygg encodes rﬁm stance to 418
(C ont ech) AR BnkEF dttosfa s’é‘?ﬁ)lAe eirr‘rvtaﬁévﬁlﬁ MG4%&d )\bl oney
muri ne | eukassirag \@Or0iLi21780sPLHCCEREO 03588 11 virus (Mo MILV) based
retroviral expresgioneMeibak. oPBaRe vd M IGRSECEOnSPE, , Supra). The
retrovirus |ifecycle was used to convert the SV40 early region into

Vi ruses that%ﬁaﬁé@i%a-l%/ the large T antigen. Al constructs were 5

assenbl ed in a r@&hik kosstfdSd-redlAuderaved i ire Fulg .MC106M$ Mulsi IR

anpi ci lhpn %q]aeqss@a\ £ V@r AL SR Ofarld) &R El S RN eds

Construct 1 This construct IS Iustrated in R 10 wa

used to dri WFSTERTITING PR é’\?‘z?@sééf*’l?n?)rlﬁﬂ)te n; inteERyl 11 hasope bot h
Ul9t SA58 ancerMery. sArtel MiIBEAAl was biostapratedt bytween theRER) 9S8l rhagr at ed

bet ween t he It 54p8s aﬂ@uséeolaerﬁ%n(ef USEdchl INedMEgd iyt hgoN%%g%%Oe) to

induce reinitialion of translation by_eukaryotic, ri bosones nstruct 2
Thi s const r di L HALAER; Pstéaa?%#%iﬁﬁnzbylvﬁu PR TIRRSAPSST to drive
Ul9t SA5S85 armbridre-us¥4@ early pronoter is used to drive hTERT and Neo. An

| RES sequence Wa%ﬂi@SQBESQruct is illustrated in Fig 2. Mo MulLV LTR
was used to drive Ul9tsA58, and the SV40 early promoter is
used to drive hTERT and Neo. An IRES sequence was inserted
between hTERT and Neo.
20 Cloning strategy
Each vector was assembled in three sections. The
vectors pBabe Neo-hTERT (hTERT excised from pCI-Neo-hTERT,
provided by R.A. Weinberg, Whitehead Institute), and pBabe-
Neo-Ul9tsA58 (where Ul9tsA58 is inserted in the sense
25 orientation in respect to retrovirus transcription) were
used to prepare the front-end of constructs 1 and 2,
respectively.
The cloning of the IRES and its fusion in frame to the
Neo gene was performed in the cloning vector pPolyIII-I
30 (obtained from D. Kioussis, MRC, Mill Hill). pPolyIII-I is
a useful wvector for constructing gene sequences as it
contains a large polylinker comprising many sites for
restriction enzymes recognising a 6 nucleotide sequence.
The third component was cloned from the vector pBabe Puro
35 (pBabe with a puromycin resistance gene).
Construct 1

A. Cloning of IRES:Neo




bet ween hTERT and Neo. 20 C oning strategy Each vector was assenbled in
three sections. The vectors pBabe Neo- hTERT (hTERT exci sed from

pCl - Neo- hTERgg g1B§RYi ded by R A. Wi nberg, Whitehead | nstidi&honaid PBabe-
Neo- U19t sA58 (where Ul9tsA58 is inserted in the sense 25 ori enta Ion in
respect to retrovirus transcrlptlon) wer €2 used to prepare the front-end of
constructs 1 and 2 espectively. The clo | RES and its fusion
in frame to the Negrﬁeﬁlgovﬁgq’ﬁ Y M7Ed 2R f'ﬂg ‘glbé'm%%& éBT‘OQh%F%II‘}%ﬁq -1

30 (obtai ned fr@hdRtaihdusesa,odVRC, T | kedd | Ehe pgREltl |lengtls af ugefeul

vector for consigugting gENE 3 AMGRCSR1§Schd NLPBLAL RS ragh8hoE RRdyl i nker
corrpr| Si ng nmany sites for restriction enz‘%/%réglrsn I’eco%gtetSI ng 6 nucl eot i de
t he

sequence. The 48f9%RP cofponePtEStHs crFefed 35
(pBabe withs a pnaeptialomgscstdutcias gene .(EGOhRNAEST ribnAcoGlmglmggxdn)

| RES: Neo WO 01/;217 0 588 .1 o, Saence twas anpl ifjed by
PCR fromthe pl_l%éNgl %%C IQ)\:‘)}]ectgrcl)ﬁﬁ :ﬁ?m%ehle he t ot gl \I!togngth oftIth

construct to aimifl ﬁanorﬂiﬂltoFi‘e Ne BN IR F‘eg“i’% ¥ 2668BH23 28688p 26t
pPLXSN) was USEansIh&oEBﬁbDBIBESa‘_n (vencepbatomwcadi bEspeiTEst ( BMI)chRNA 5'

non- oodi g o9L) ol BeAXaLl Ae T pRL! Be-daNPGRLREL OLn POLIEE L The

initiation region o cloning site at position 2918 and an
Nco | sitel@t 2925 &fF pErpeermenped fhag et Us 8T dRERERS Therdgi gn
sequence in frama al@ kkei Sus€@tameEpdRd tdathd origianAveqae NZeEss 4 336ki,Ng

their own AUG ve¥5§%£ﬂ1 WTE, é%q&hgrg&&é‘és %Ug’ A t%%ly? 5?&31%%0%""5"”

cutting with lefl eﬁp uces %nnl ng o n after
the AUG of thethsgr sfgoRc @ fterhithe; %ﬁ‘ei bf ST IS -

sequence wher e thhe isrsﬁcdtﬁ)aktaMea\fritﬁ{ tﬂ’iGEENéUGBde@eﬁuceTGhererﬂﬁErﬂfltxhﬂts
problem the 5, NeQrPLL e 4281 L% AMRY b¥elB5ndeR13°BYEEEN f QMM RLXSN,

was
Neo primer used to amplify the Neo sequence Lrom pLXSN, was

designed to recreate the IRES sequence between bases 2918
and 2929.

20 Forward Neo primer (SEQ ID NO. 1)

5' ...CC ACA ACC ATG ATT GAA CARA GAT G ...3¢
3' TRES 5' Neco seguence
25 sequence

To insert the 3' end of the Neo seguence into

pPolyIII-I, the 3' PCR primer was designed to include a Sal

30 I site and a Cla I site (for cloning from pPolyIII-I into
pBabe} .

Reverse Neo primer (SEQ ID NO. 2)
5' ,..CCGC TCG ACA TCG ATT CAG AAG AAC TCG TCA AG ...3¢

35
Sal I

Cila I
3' neoc seguence



designed to recreate the | RES sequence between bases 2918 and 2929. 20

Forward Neo primer (SEQ ID NO. 1) 5° ... CC ACA ACC ATG ATT GAA CAA GAT G
... 3" 3" wid81®b Neo sequence 25 sequence To insert thecBceeundssef the Neo
sequence into pPolylll-1, the 3" PCR pri ner was designed to include a Sal
301 site and a Cla | site (for cloning™frompPolylll-1 into pBabe).
Rever se Neo prinef ( 851 b1 e GPLEC ACA RREG AT MG AAC TCG
TCA AG ...3' 35 gal‘él%%%é\g%g)pﬁeglseauenge WO 017 21756 é 103588

13 1t was thBieRoFee fdsénpl 21 of clitsAEIPRESTF R PEISTE- 1456 th &b R and
Bal | (isoschigatershar eethsnde Mo | $hanHco| Rjatedt IBalsegueitess igt 0 t he

Eco R and Bgboly 1198 OfmePRALYLbbubned NEdRhictealpige uaSLpLANP! i 11 ed
fromthe 5 vectof p N using the previous %ﬂmantl_one orward an reverse
Neo prinErs ¥AGCeRePBXSY eyf bl obhe hBTPTFOWT o uREt tairedy §ervand 128k i or to

| i gation intpetbesBalied prfither@® and shees 'oktegPohybf | the | BRES. pFbdddiserti on
of ULl9t sA58 9 I sed .Ul As5B, €p i y P
Jat of Ludw ggrg‘l-' %Jfﬁh‘t?ﬁ%sagl ﬁgirgﬁcgg kie Egel{a?rog-ﬁ)lE))lt):%/J gh%a%g Ii éﬁé{ge%?ﬂaﬁd
inserted int8itee FamBAlydi€eIofRBPol yI11-1- IRES: Neo in the sense
orientation gn resPeciod @fr eiperasels transcription. 15 C. Final construct

LA, Lok, SO Lo LR d DL IR o) |
di gest ; P. Jat of Ludwig Institute for Cancer Research) by a Bam HI
digest and inserted into the Bam HI site of pPolyIII-I-
IRES:Neo in the sense orientation in respect to retrovirus
transcription.
15 C. Final construct
The final construct was created by the three part
ligation of:
(i) Ul9tsAS8-IRES-Neo excised from pPolyIII-I-
Ul9tsA58-IRES:Neo by Sfi I Cla I digest;
20 {({ii) the front of the construct provided from the
vector pBabe-Neo-hTERT, by digestion with Sfi I and Not I.
Left hand section required; and
(iii) pBS ori-containing fragment, acquired from the
vector pBabe-Puro, by digestion with Cla I and Not I.
25 Right hand side of vector required.
The final construct is as shown in Figure 1.
Construct 2
A. pPolyIII-I-hTERT-IRES:Neo
To clone the hTERT c¢DNA and IRES:Neo into pPolyIII-I,
30 pBabe Neo-hTERT was digested initially with Sal I, which
cuts at the 3' end of hTERT. The cloning sites of hTERT
are Eco RI (5') and 8al I (3'), hcowever hTERT cannot be
cloned into the Sal I site of pPolyIII-I as this is the
cloning site for the 3' end of IRES:Neo. Therefore the
35 hTERT sequence was first blunt-ended prior to excision of
the cDNA sequence from pBabe Neo-hTERT with Eco RI.
pPolyIII-I-IRES:Neo was cut with Eco RI, blunted and cut



20 (ii) the front of the construct provided fromthe vector

pBabe- Neo- hTERT, by digestion with Sfi | and Not I|. Left hand section
required, anq,c(d 2k PBS ori-containing fragment, acqui red @gss vect or
pBabe- Pur o, dl gestion with dal and Not I. 25 Right han

vector requi red The final construct is as4shown |n Fi gure 1. Construct 2
A. pPolylll-1-hTERT-I Rﬁe%Neo To,cl one the hTERT % | RES: Neo into
pPol yI I1-1, 30¥pBabEafch- HeTERFIRRLG JBES &FS mhtTrE§|T| §7% 1FESA=q ¥eFAi ch

cuts at the 3" ehdnotlad&RntEhehel oo IR sindeSadf IThFEREs @f eHedgIRI-£51)
and Sal 1 (3 ') joiHoNEVEE BTBLInCA0AS! ) Boac 0Bl eBhO 3t NETBRY Logl e Of

pPonIII-I as tHIS I'S cloning site Tor the 3" end of
Therefore the 35 ﬁ?Eﬁﬁ’osequence was first blunt-ended pri or to ex0| si on of
t he cDNA seguence frDhe pBabeniao- b ERInsdddetECy Rivolvysedl gl khreel BESt Neo

was cut with Ece ﬁg %E%d and cut Wc) 01/21790 PCT/ GBOO 03588 14 with
Sal | to excise't T hTERT and | RES: Neo were then cloned into the

Eco R and Sal | sitéb) of "¥RESVREP:Neo joGHiseg AroR BPRk¥IEhd 15RGS: Nen
bet ween 3' hTERItatke 55fi [IRESdNeRa b dJiwesssenbly of construct 2 invol ved a

th t | t i - >; f
POty 1 |11 -1 R Neo o) i) pEEaAdBRa0s SEHATACL oM scquized £rom ;4o
of construd® 2, theqifster PRahe- H%Ptmeet\?ééﬁorbﬁb@a"ﬁ@ AgDUNDER ABH Ipgnd

digestion with St t;anst Not |; and (iii) the right-hand side of construct
2, acquired fromth v%ctare ﬁ}e}c %lé(,l @idg' %eswgﬁt%gg gl qﬁggaesr gnI.

15 The fi nal constru ure regar
of the construcf-‘éomltthehéfﬁcbér ?ﬁﬁfee-d’egpr yl Eaesriegurath %i(?)rTes‘}‘@idoNO‘éf bot h

t he oncogene 1.

15 The final construct is as shown in Pigure 2.

With regard to the design of the consgtructs, it wmay be
more desirable to regulate expression of both the oncogene
and hTERT components from the CMV promoter. This could be
done by linking the components using an IRES sequence with

20 insertion downstream of a CMV promoter, in a retroviral
vector.

The constructs may be used to transduce suitable cells
to produce conditionally-immortalised cells that have
improved stability during passaging.

25 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
apparent based on current practice in preparing cell-based

30 therapies. The amount of cells required for delivery will
vary depending on the form of treatment, the severity of
the disease/damage, and the need for applying multiple
doses over a treatment period. However, the skilled person
can readily determine the appropriate treatment based on

35 existing cell transplantation therapies.



and hTERT conponents fromthe CW pronoter. This could be done by |inking
the conponents using an | RES sequence with 20 insertion downstream of a CW

pronot er, wowiaimetroviral vector. The constructs may becegaehdsssst r ansduce
suitable cells to produce conditionally-imortalised cells that have

i nproved stability during passaging. 2 5I'he reconbi nant cells of the
invention mayrfAawe use in therapy. Methods for the preparation of

formul ations _for _deliv 0 patient wll arent tq the skilled

person. Suitabl e éx%?'ﬂ'?%rﬁ‘? cﬁﬁ uEATBT P79 i F?n‘ggﬁr%a&éy -dppuFéhte pased on
current practincegeneprapdr ieng ealdensase Sy rivrdreagiide. diwdmpunthef cells
required for cdebi yen ¥ ?éhi)luni/@rdf @%@eeéi&qegévsé f}?orxﬂrege of treatment, the

severity o t he di sease/ and . eed for mul tiple doses
over a trseat fent 8e??%‘t§j ‘i—‘ﬁﬁ%@? EPh e YPBERLD ‘Ph‘?:é’ﬁ’-clogﬁaﬁl?n‘élet ernm ne
t he appropri &he exeaemprg pbéyedcmptﬂﬁa exesrtcmrgg:m& itraamepbaniAdnon

therapies. WRe@15£21790 PCT/ GBOO 03588 15 CLAIMS 1. A mammelian cell,

conprising a cond|t|0ﬂ II -i nduci bl e oncoqﬁne and an exogenops
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5 2. A cell aocogenagisctcetmnatirewhengititde oncogene and the exogenous
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to claim1l og claim? oncogene 1S Cenperat ureé- Senst tTve
4. A cell B?‘ﬂ?n@oT%t’a‘mF ecedl ng claim which is a human somatic cell.
5. A cell acBordihgcedlanycpréomlitnyy aglyvaipnecsdiial c3asm, neieh | &6 St romal

fi brobl ast Cﬁ!arhm&’hénm%héﬁ B SEQNASGUl aeeﬁfllor15a6 éa,g,ﬁ%li agcording
to any of clains is a human stemcell. cel T accor di ng

to claimé, %F’E‘P]V?iclélar Wi gh

15 6. A cell according to any of claims 1 to 4, which is a
human stem cell.
7. A cell according to claim &6, which 1is a
neuroepithelial stem cell.
8. A cell according to any preceding claim, wherein the
20 oncogene comprises the temperature-sensitive mutant of the
SV-40 T-antigen gene.
9. A cell according to claim 8, wherein the mutant is
tsA58-U1S.
10. A recombinant polynucleotide that encodes the
25 catalytic sub-unit of the telomerase complex and a
conditionally-inducible oncogene.
11. A polynucleotide according to c¢laim 10, further
comprising a selectable marker gene and a promoter region.
12. A method for immortalising a mammalian cell,
30 comprising incorporating within a proliferating cell a
conditionally-inducible oncogene and an exogenous
polynucleotide encoding the catalytic sub-unit of the
telomerase complex.
13. A method according to claim 12, wherein the oncogene
35 and exogenous polynucleotide are incorporated into the cell
within the first 10 cell divisions.
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neuroepithelial stemcell. 8 A cell according to any preceding claim
wherein the 20 oncogene conprises the tenperature-sensitive nmutant of the
SV-40 T-ant ngefisgepe. 9. A cell according to claim8, wheceidgssbbressrut ant is
t SA58- U19. 10. A reconbi nant polynucleotige that encodes the 25 catalytic
sub-unit of the telonerase conplex and a " conditionally-inducible oncogene.
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di visions. 111kkedbbé!dddodiakeMOsOdH 25190 1863/ 6BOS4MRE88 16 14. A net hod
according to claim12 or claim13, wherein._.th n n eptide is
i ntroduced int 6%t hePt®l RECBF 1% ¢ ecg%gggéﬁé.%T§¥g%§eQ%% gggélﬁﬁ%d%ording
to any of cl ai meutoemitheliial stemeceddnuf acture of a nedi canment for the

treatment of a disease associated with cell |oss or damage. 16. Use
according to claim 15, wherein the cell is a neuroepithelial stemcell. |
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