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CELLS Field of the Invention The present invention relates to the
imMmortalisation of manmalian cells for therapeutic application. 5
Backgiouingydeo t he I nvention There is a growi ng awar endasT/GRN/ABS8Rr st andi ng

- of the inportance of transplantation therapy to treat danage to tissues

and organs. Wile organ transplantation is widely practiced, therapies
based on the trangphwrtraoNan ghmMbBTAIN SATDAN OF ICEILLi® still in a

rel ativel é ear ! \ Ehgﬁe clinical devel opnment. For exanple, there is grow ng
r ecogn#f L= 11 \ antation of suitable cells into a damaged
brain may iy Qweessncaimenitiany sehgbey, teotthe beheviteddsatgion 15
psychol agi cal deficits u t e r; &8ldshased therapies to be
usef.ul ?,gi f“afﬂﬂ?tqlbaen pcoesl§?sol eqt (%‘)ho '{E;D%agggf nglzﬁelnlt CeT TS for

t r anspBaokatiosmd tOndheedmyentdiansuring this is to cul ture

undi f ferent| acell L aMu Ghn@d Ve helRert &F Gald division
20 and gromFﬁ%%é%gFf ?Fgﬂgtﬁé %\?fgﬂétﬂ?%% undi f f er ent ?at-eg@cel s is that

unr eguimpedtasce difitianerlant del @R LIRIPPH FCiIRAL pHRBAIEL &? on

{ ranspl A0LALLOBNNbOgHS . PATKEIL ot gat! e¥dilspIwerat 2bhed sghaddlal the
site transplantation. I\/ané dj fferent techni qL{_;as havg bgen .devel gped . to
provi REAGELEEEe cERPTAPIFESt r BASHRaNPR | &S W SARE RS 1 FeuPl
ty@nspl a9 80a1 eeelappireasitilas ivcen telaniimediyn emndl¥f phesei atfed f oet al

cel I's under c:[ll éurelcongi Ei ons that permt cell division to occur, and to
subseq‘g]e’rﬂ:l'fla ndG¥&-“BB=8rtferentiati on in vitro, prior to transplantation.
Reynol ds arifo¥\éiessmplei, erdere 902; 288709, nheedpibiophdhae &heepi der nal

0 S AL hESELk o el emas e i lpdatabanmegieniy e

be 35mowAN®dO0 EPFFEFENtATHE o SPRESESL r SE9EES andeRaYiGEal or

15 psychological deficits caused by the damage. |

| ' For cell-based therapies to be useful, it must be
possible to 6btain sufficient cells for trar;splantatibn.
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 un_regul-ated cell division must be switched
off either pridr to or on transplantation into the patient,
to preirent 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 s'ubsequently induce
30 differentiation in vitro, prior to transplantation.
Reynolds 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 technigque for maintaining a primary neurcnal



i nternational Patent Application No. WD A-94/ 16059 discloses a tgc%n 6%(320”[’
for maintaining a primary neuronal 1 2 MAR 2004 WO 01/21790 2

PCT/ @B901/03888 cel | culture i'n vitro by culturing the RIT/€BI0358&er um
free media suppl enented with at Ieastzone trophic factor. International
Patent Application No. WO A-97/10329 “discloses an alternative technique,

using a conditionall 5 Ilse cell dide~gRoprises
an i ?mo??&lll scflhgt’tl’éﬁ%ér”at‘ﬁjrngggeﬁgl £ \(E/letqgllnlcodgene v\%—@1 ® gl’!r]l ea!r per mngm ve

condi ti gpee meédlial ﬁappeumeﬂmamehm ateheaet | gnej hrophighdigdté@®ent i at ed

state. Upon tr Ia tatl LEisw hihedwel-ia die/ i@z dde higher
t enperat ure an gen??j;%i 2%8 t%]e cells di fferen/tlf;g,a into the

cel | tyaggcaeqm$eahtaolteenaatldanagéhml@lead\‘ﬂéﬁ%é‘ grndid oncogeng,

is Lhat_ the cel t in ihg s updifif eT enéi at@ppBises i |
tra1r’ispl LRpg ﬁ"onifs whi I g'ojlwr?\t t he ceISI S dlfferentlatgzpl n response to
t he spetmmortﬂwmetempﬁé‘atth@%fe@féﬁ%/ﬁéévﬁfoPﬁggﬁaﬁaQ’ D 1B Tel s,

US 5682$ 50 %g@%&@gl %&;ﬁg&&ﬁﬁb&ge@rdimlﬂﬂﬂllbﬂ.mlteg cells .
terrper ure senS| tive anti gen wever IS_rec oug
human céhl §h%x1$ﬂ@é§fﬁ§eﬁﬁé@3’€rﬁ%ss€3ﬁehavé}pé’ ex’f%ngéga?‘%gtlr‘lﬁe@ést i1l 20
stop diy dhghggr@dl@V@ﬁitl@héM wEderdie Cu:dn stise (bighedeaehipenatures off so been

t h b I
v ShE AR (T Cn THGENBIE Eogy of L RE ARy e SR € of

human t@épmer@speéBQ@mﬁnﬁéd alto Scepadw, dogge 27@'11924@‘2511259)“— 9fe| oner ase

acts to naint tel o t e S 20k FRReNRSHES . inthdt IS
bel i evedE+Hdt %#’ﬁﬂ'e coﬁérfé I% ﬂgﬁl tr-ih@ocetqhglg’orérlgr es éurl ng Cel:iug}locﬁél cation

)cont ri hah@s £ Feaesaniasved cstake t hmt%herré?%%’]r%‘&‘bﬁ‘é%?{‘ut i4g rase
| mmrtaglf#fﬁg ERk! gelljmgﬁ@@ﬁfgggebaianwaeﬁlsaJsed the sjedifiortal i se
many difterent cel ég Count er et alt fF iécps& 1 %%9% 195 (25)
AR 3- mage:allsféi:% ﬁO?@?QW%CPSpI O LT O of —F S oner ase
USs 5688692 also discloses cells expressing a non-DNA
binding, temperature- sensitive T antigen, :

However, it is recognlsed that although human cells

express:l.ng oncogenes can have an extended life, they still
20 stop dividing and eventually undergo crisis (cell death)}.

Tt has also been proposed that human cells can be
1mmortaliéed by reconstituting telomerase activity BY
:|.ncorporat:|.ng an exogenous copy of the catalytic subunit of
human telomerase (Bodnar et al, Science, 1928; 279: 245-

25 252). Telomerase acts to maintain telomeres found at the

ends of chromosomes, and it is b_elieved that the gradual

shortening of telomeres during cell duplication contributes
to senescence and that therefore reconstituting telomerase

ijmmortalises cells. Human telomerase has now been used to

30 immortalisé many different cell types.
Counter et al., PNAS (USA), 1998; 95(25):4723-14728,
also discloses that ectopic expression of the telqmerase \
catalytic subunit (hTERT) can allow post senescent cells to
proliferate beyond crisis to cellular immortality. The

35 cells studied were transformed with an oncogene expressing

§V40 T-antigen. However, the authors conclude that hTERT

expression alone may suffice to immortalise cells, and that



catal ytic subunit (hTERT) can allow post senescent cells to prolli 2epMARe2004

beyond crisis to cellular immortality. The 35 cells studied were

transforned with an oncogene expressing Sv40 T- antige MM%@S t he

aut hWQoEsl¥8Pude t hat hTERT expression al one nay sufflgg Inmortalise

cells, and that 1 2 MAR 2004 WO 01/ 23790 PCT/ GB0O0/ 03588 activation of hTERT

may be a critical step in tunour progression. Therefore, the general

teachi ng of t p | n t hat BTEEHiﬁicamemtlmd i¢al |samwek d be

i mor t &5 THR ?‘ln%%nst&lt hg?h%qﬁe rhé}(l s woul d be i,ah]36,¢ SokOreEe i N

t r ansplpndatriesss idrr apyThekefersre, iR 199 HeN F: e Y EEhRi ques. di scl osed

above nay, be sefath . dderHts SirERT at:lﬁaﬁd;fbmneldet he&iéSt owogbdaibecel | s

whi ch fetaraimortality prior to . trans iTEaWo%ri Y e dobe

|mmrtallmm9r§ra1 10 Thé\ﬁsﬁ\eﬁﬂsatt?% 3 Fy the nvent on The present
entign. lg_asggi ©PRah&el aRBhAL $ohi ohett'laaxy ceI | s transduced with a

conditional i nduci bl e onc. ene and, at heastbheigakal YdiscEede@it of the
t el oner ase 1%' %&earé’q r P&PYunder g%?mhsaswe&gondlt ions but |ose

i mor t aljdveUnESF mommf\url sstiereondi StdAd. SATERUIGRF Ssp8ct of the
present invention ant,q0r5 geneiqfal t ¥1 ePgi neprey memaral i an

cel | &ﬁﬁﬁ?‘?es 5 clta)]hsdl ti ona‘%kpy | n CI bl e or tenperature .2 sens 1rjl ve
oncogenﬁzaﬂgﬁlantsa@ganous pukynusdett de 1@AGodi mI™RE Hodacty the catal ytic
Stjn% uni t of%lt:> ase conplex. According to a second aspect of the

' ent ﬁffm reconbi nant pol ynucl eotide construct conprises a gene that
25 GHCWMC sub-unit of the tel onerase conpl ex, and a

-

condi ti onal I-y-hleng,wslélrft thbemieﬂﬁusr bassdnent the m%bg%ﬂ*éloﬁc‘é}é?ﬁl ng to a

third aspect, a iret or duI IR | of@bgEhs es
i ncor psrek gt rwa‘n“f%‘% étE‘r oa}l era {;anél '] an, cell e%\ocondl tionally

and at least the catalytic su unlt of the t

15 complex are immortal under permissive conditions but lose

immortality under non- perm:.ss:.ve conditions.

According to one aspect of the present 1nventlon, a
recombinant, or genetically engineered, mammalian cell
comprisés 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 polynucleot:.de construct comprlses a gene that
encodes at least the catalytic sub-unit of the telomerase
and a conditiomnally-inducible or temperature-

25

complex,
sensitive oncogene.
Accord:.ng to a third aspect, a method for

1mmortallslng 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 loss or damage. For example,



i nduci bl e oncogene and an exogenous pol ynucl eoti de encoding the gt @th et
sub-unit of the tel onerase gene. According to a fourth aspect, the cells of
t he Ry@®BEARI790i Nventi on may be used in therapy, in partirgicrooionssshe 3S
manuf acture of a nmedi canent for the treatnent of a disease associated with
cell loss or damage. For exanple, 1% MAR 2004 WD 01/21790 4 PCT/ GB0O/ 03588
neuroepithelial stemcells my ge used for_the.freat | ders
associ anedrwert Wied inavede c€1¢5 BpY ?WHﬁ%& #?rhgggggéﬁa?@%ﬁ% ?Eat cells
accor di g L@ dches HRRRat ddRIEH Grd fi adamaghi ghdl.evdizivdimendi | ity and at
non- 5 perm ssive tenperature re not.inmuort . This i hgi ng and

i nportant fiAd H@Sadsen ﬁﬁﬁ?ﬁftﬁg%e Sgé?eaFcﬁggggﬁgﬁg?héh%r%%Bért, for the
cel |'s tpnvheimich i pEBAiAl a dubgholekelr exbnstabifliidy oangdhét t BPBTer ase
activity. However, it appears tha WQ 4191t he gene encoding the

t el%oner BSEMAE Sddifs (FMGHA W He @ éelrgér#erase Goes ‘not act to retain .
imortality. THie isetembipnisingcmd tinpertapt hindingeasedtsvasildty,
makes the cells of t resent .baventd on gt abkgrt oclhe ReIFagedo seriallly
to deriRe f’%?e‘?cft‘fc{lhe Sg‘gdt r%sg gnﬁgﬁ on. 15 Description of _the Draw ngs
The foltewkng fiigumaatal | usdvat etohe theveisePStEEyeie™ if a EPfemati c
|11 ustrat) gp.of, 2 Al uAHG) eot hlfe¢aRst HuClaosh abnkhaotl theubRERT and

t he téﬁpera?ure-sen5|piv oncogene encodinqg%he SVA0. a£g$éT--g eantigen;
and Fi gune Zene g ex@eshisd cthE LR HARF RS Of AFE V& ¢onstFuct with
t he hTERT) 308,Q8600886si @t di féer e afeterin f riowmohaalikyri gur Bhe,

Description of the_lnvention 25, The_pre ' ' 2 0 t hods for
pr epar iFRECREEPE QAi CRRG BLEDA éBYeaggrfﬁggﬁé%?éﬁﬁga%néﬁi?ﬁtf Zﬁékgﬁd whi ch

"I’__jar e i M@Ké abelUPst of t tiee tpresehtt inviept dnnashdtablife teihe PrEBRPEd]
COﬂdItIégggéyiynggcagkgvgn%pggﬁq line for tramsplantation.
15 Description of the Drawings
The following figures illustrate the invention.
 Figure 1 is a schematic illustration of a

polynucleotide construct containing both the hTERT and the
temperature-sensitive oncogene encoding the SV40 large T-

20 antigen; and 7 o | |
Figure 2 is a schematic illustration of an alternative
construdt with the hTERT and oncogene in a different order

from that in Figure 1.

Description of the Invention |
The present invention discloses methods for preparing

25
'”) cells which are suitable for transplantétion therapy and
which are immortal up to the time of transplantation.

' The cells require a conditionally-inducible oncogene
to be present. The term nconditionally-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 permissive cor_xditions are
applied. For example, some oncogenes are temperature-
sensitive and are only expressed when the temperature of

35 their environmént 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-



to be present. The term "conditionally-inducible” is used 30 herfe ?ﬁ
refer to oncogenes, the expression of which can be regul ated under ce

condifjo Jhe oncogene will undergo expression when psqu&adolodskgPer m ssi ve
condi%‘@l&?"h applied. For exanple, sonme oncogenes are tenperature-

sensitive and are only expressed wheh the tenperature of 35 their
environnent is below a certain value. In one enbodi nent of the invention,
t he oncagenerddwtT-mmtigen genea (HoALBRASHI- ndiSkg.t ke St eFR2 S LHERL i ve,

mut ant of th sv 1 %@0’%%‘1\% %gggoﬁgﬁé%@o/@@% 4@al mLge

T-anti g&h Sy ternafives are also known and
I ncl udeat'zlttagmn:ogene of the polyoma T- antigen. The cells also require an

exogenous PolyuCLEt)dg1gb thahu HAc0dRs ellodests  polatatyeotidab unit of
the telonmerase conpl ex t erm_"exoge s used hereingin |ts nor mal

cons ext thatr elemcadsst hat pol §3ic| &dts dé:aqaﬁ’tlf%ﬂﬁc ntBifne®Eel FP%and

di sti ngi:'éi%n{)e&%[@@%‘rhbéleky PEE WSRO etstpgrooss psl ysadl keredasinThe

catalytic sub 10 unit of the tel oner sec | e S eaCts like
a rever&st r bt LI 1 knb %{"% aﬁ'(]’?é ﬁ@, hurraneéﬁg&umt is

di scl osgﬁtk@,c@re‘& 23te8%he 'Bﬁlqn@agismmﬂnghespolfmIreititlilﬁ%léﬁcodl ng the

t el omer ase ma co rised in a 85 r &l {QVEhBL vector
or cons‘E’FGE’F §OSAE, PO ™ %%#@éTﬁgﬁ?%oc(%%ploﬁnts gﬁé .
te

I ne@r pOﬁﬁh‘.edolfnn:cmeonelomeraee oomp&em A8y 2Fe SAFIHG SRt PEtEe

“vector._The 0 Ctgnef {HexhBwant 18N Uiy éh‘ttherTherrprl se a
sui tabl @ rom)f§é {ég%]?%%f?%é%ér# |§tngtranscr|$ j7gﬁ of DNA 20 and a
sel ect ahhmanalsmumﬂrltchsnﬂy-sﬁéOE% iy GRiht ¢ §7 dse cells that have

)under gone tr g.ﬂgdugltlb@@éﬁélf exid OBhe Rggmy&mcﬂnacnﬁlcwprmsodmngaytbe carried

out by et ho known tqQ the skilled pe.rson cHeR regul apion may
be ef f ceet@masAfs§ t Y| CFREETES epdht c"‘(L'II% prono g'r: gg AIItDernat i ve

PrigyInt erSe by lirae appsrent oo d:dsteslskul:ted:o pérzanedwee/ dRERETe, thegul ati on
may be ceél[f t.ed‘f’i'zsl 5hgomponents may be incorporated into one
'vector or each may be comprised in 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
ceil s 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
’) persbn. For example, regulation may be effected using the
cytomegalovirus (CMV) promoter. The CMV promotexr is a very
strong promoter, and may be preferred when the cells are
neural cells, e.g. neuroepitheliai 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
1nvent10n
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



cytonegal ovirus (CW) pronoter. The CW pronoter is a very strona 2 MAR 2[]-[
pronoter, and may be preferred when the cells are neural cells, e.g.

neur wp@oi/mbe al stemcells. 30 Methods for introduci ng gei/gGal@sgonst ructs
into cells, are known to the skilled person. Any mammalian cell may be -
used in the present invention. For éxarrpl e, the cell may be an endotheli al

cell, and _35 maﬁ be used for the r,eéiascul i sation }gf t he, | eg, tl1eart and
ot her dihERYEPEIALAR VGRS GHECIE G n-¥Bfati & PREFECUE2EIYhunan

epit hegﬁﬁéféi@éﬁcebﬂl W ch hemaapashecebpi? AR 2004t 0 841 2 14¥RDch
PCT/ GBOO

/03588 differentiation into a speci.fic cell type. ticularly

pr ef er MY ‘FIuis?dalﬁ’ur?ﬁ‘%r'b‘é?)‘??%g?ﬁag?gng)&nt@eﬁeg%ffhc%siﬁgsused in
neur al dy andgmantat izamd t ocoepact cédhawissuratl danagepsydhcbogical

behavi oural _or _psy. | ogi cal deficits.q, A te ive y be a*™
di ffer %f?lacfjé%s' ce#?gegga.%ltv gyR (t::(l}a)f%l tg%&fl .iriﬁpgé o%l {%’F\%ée?ﬁgﬁgékiggl tional
cel | s meylli,ne.gle the RBreshbs ¢f niglets ©f fengebbangabl Additbomahe

endocrii 4 |,nal I I : | $.0 dH eobl ast *
and osCasita ey LRENER, B, sfre GRE ELEEN To R SRS RE Cncogens
and t héreal ¢he afsinenadagsiant aptiradlt Aelds | urhigpreekbfty culture

phase, 3 jygyal byt hi 8sthethidst ARdCbst&b¥lakers. MmPeplades Aind
i ncorporating the oncogene and telonerase is not critical 15 to the success

0t 0t hekBERRAGFOHtHDugh it is preferred that the tel omerase is introduced
first. Thisprefachpbe,  tthas oheegeheunandurghe sitglymethas iant« oduci ng

e 3aeoretanad b of P et caTEa e thE) B B AR b bnai ¢ ons

" Jknown tsuahdyewsiibimdthe Fhesar 0 iells dbvesspmsl.e (The ardexwedfs are

fﬁgt ur 8- YPHB 2R L RS SEHCoSBRY! Lt e Yom&thEed iRSRAN aiéi'éiéé’i)r eciate

15 to the success of the method, although it is preferred that
the telomerase is introduced first. This is because it has
been found, surprisingly, that intfoducing 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.particulér cell type, based on

-~ 25 conventional culture techniques. ‘
~) 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-sénsitive oncogene and the catalytic sub-unit

30 of the telomerase complex, it 1is 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



conditions suitable for each particular cell type, based on 25 1.2 MAR 2004
conventional culture techniques. The invention will now be descri bed

further in the follow ng Exanples with reference to th | The
ExampPes018W t hat by transduci ng suitabl e human cells ﬁﬁ:f@%’ﬂ%ﬁs
tenperature-sensitive oncogene and the catalytic sub-unit 30 of the

tel omerase conplex, it is possible to retain stability as the cell

cul tures, ate Passaged iNssusii tbbheénedutitie crediemt Exemppatlients sol ation

of mammary 1 nterlobular fibroblasts (HW) manm G, cul ar

endot heMingle IMWE] cEPFESTLigy tsﬁlrr&e%‘f m&ﬁﬁé}sﬁ?%lg%tner [ﬁggwggh%s@ﬁ] asts and

MBNTTAT Y R 16 OVEs CWar iadelbbulalr cEibsobdesys eponsd DX@RAred MEF 2004 WO

01/ 21790 PCT/ GBOO/ 035R8 7 norma east W.§S5U& . 0bt a&f pedowalhh apnsent from
%ﬁﬁg?gcgljrfb %%é%‘f?% %%r%gfyg(r e&ﬂﬁ e o 280y

pati ent §€ ction mamoplasty).  Qul tures of
i nt er | oBwldar mbiibreinest swikhe Publpared’ &s MedsEipdedErglATemeshi Wt al, J.
Cell Sci,, 7:2931-29 ang . ai Nt.ad drede cogsrMuadi fdrptl Eagl es
medi um ¢ s%lb%?%%lﬁ%?ggdm 9%%0%?%?& f%\gﬂﬂ Egratl%pang, nti hiotics

(peni ci bhitiAsitateimeonipEnci Bridof sy eREORYERE) -f r FRIPERS éégleﬁ-‘se e

i sol at ﬁg gx.l ' td G t{ 591 a PEAP By MEmbhagRet i ks iseg thitgy QBEND- 40
nouse ASC! Onal” 10 ant | body against th

ronh lin, essentiall S
descri befl HAmrEKeCRl PSERS, I—IHﬁ&ﬁgRé'ﬂT%o‘??’Eﬁ-gggg EES 19581 B8R ot hel i al

| CUiquf eSnre LR Es i irhed larswaiodal bad essebEMZ e daamdeBicavithead aker ) .
2.

)

n vitro_culture of cells. to senescence. 15 . cogt -Arsepar ati ons
of cel | BYweP&3ES tlf‘re&‘otc‘g(' d %?Wneﬁgﬁgggdi’nt lg‘%é’enegégggg The cells

were fogRdothelliale eulmites ewkirkesparabl iskese eando ME6L pepinad of
par i ol B A PRE L (B e TeaR RO ctnt cal 1 oot horwi se resenbl od -
their early-gasvdgao culture of cells to senescence. :
15 As a control, preparations of cells were cultured to
deﬁermine the point of senescence. The cells were found to
have a culture lifespan 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 tsA58-Ul3 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-U12 (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 8) 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



counterparts, differing only in the conplete absence of mtosi sl. : yAR 2004
Transduction crisis. tsA58-1J19 and extended growh 25 Cell preparations

fromyghfipi it 1 ndividual donors were transduced, whil geidgbbozsss
proliferating at between populations doublings 6-9, with the tsA58-Ul9

(Al mazan and MKay, Brain Res., 19928 579(s).234-245) doubl e reconbi nant

mut ant of the SV-40 T-antigen gene in the pZlI P vector 30 _contai ni%[]% t he
neo-r gendtulredsere opasengesd r fagtdirr JQhgbeterper 39i raRdf

anphot r gni.¢ 1" i OLRgs s¥ILeMARAY bf @.ane Purdnhglagerd bed in
St anps é?b&lﬂ%%&égbﬂgﬁgebﬂ ?99%_; '157(6L: 865CE 874. Pol ybrer?ei. at 8 ug/m
was ustdmegs sl agpdanterdingsy SFE WIFERt LBt SREPeE TR e SRS e

frequengiep vpgtedhetvegn rAndh atiter 3ssei°ectamh abbkegenetinciallat 0.25,
ng/m. After trapsfer to the perm ssive t 'eraturefcgr ts 8(t§§.5C)
thdse 1C2SRER 20D2WEBETL/ 219908 PCRMERYT! 8 &iASN%es WAFE pasthged

furtherabpeabeinwen, o33 agBnbémapopuhatbetsdoubhdngsbatozmaspl i tceldtio of
o i DieerEnl 4 oA S S SR B S hetEB g el 1
growt h vépeasglifge cefisediwniish t Be tatppkarfinvetofl egisn dhwal WY @sild sand

ndi catiecsrad | ERYE BHT paSrHgLRY o e R A Y e

baen passsigerceo aff | ssponknaous ' aisvetalbsahipankeing obssFVATEouS'

i mor t gl $2t A B NG aPsgEveds dihtaky iSpLeRklAST (e TESTRRNIRR t hel i al

cells, Ich repeatedly inmortalise at a frequency of approximately 1 in

5 X l0Ferertefdvhimmadalsgg iadi & LXeasise RSP A dnd
. Ysubsequent 1ofmEéalsakiaraiteditd ¢etension of conditional growt h.
Barly-passaded cold 0 { % 4 d&NsdyEE4usht Nimmortalisation

15 with retention of conditional growth.
Ea‘rly-passaged cells from one donor transduced with
the ts T antigen system {(MMVE-2) were further transduced
with the full-length cDNA copy of the catalytic sub-unit of
the human telomerase gene in the pBabe vector (Morgenstern

20 and Land, Nucleic Acids Research, 1990; 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
previously for highest titres on the basis of transfer of

)25 hygromycin resistance F,o a target human cell 1line (EJ

bladder carcinoma cells). Each was used to transduce, in

duplicate, the MMVE-2 ts T cells in the presence of 8 pg/ml

- polybrene. Successful transduction was observed after
selection with 25 pg/ml hygromycin B.

30 Surprisingly, the transduced cells appeared to
overcome senescence, and continued to proliferate at
33.5°C, without any overt crisgis 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



the is T antigen system (MWE-2) were further transduced wth t
full-length cDNA copy of the catalytic sub-unit of the human tel o%eMéBeZUUlI
gene_in the 8Babe vector (Mrgenstern 20 and Land, Nuckgipfspdehskss Research,
1990VQ 82589 3506) together with a hygronycin B-resistance gene, using a
human anphot ropi ¢ packagi ng system GTE-FLY). A series of four cloned
packagi ng | ines were used, having been selected previously for {ui ghest
titres givihe hash cdifld nensé erswtp2EsFFHmMRT FeEST AR 195 ¥ ar get
human cell |ine. (EJ_ bladder i No Eachwhas umedhto be ansduce,
in dugpreasged hgﬁaw@?g?’i sc%agg'l snm&ﬁliéf&iesgn g.of 8 j igcg{em at
pol ybr eagpeSiteatsstherer amstubitbhewss Biderdfed &f er 88FediT6h Wth 25
pg/ m ggrgﬂgci n B 30, Sutpnits ngbye EBAdLtassdltedimeidrsadppeahbl over cone
e;

senesc rfd ‘conti nued to prolifergte at, 33, 5C. W ; Qert
crissi s oulcharge warpr ota¥Eiad d?PtréftlEg‘, TR %\?glr ’24\34“&\/\/%%". a‘%{le cel I s have

so far undEraq a %%?Q&gp@@@ﬁb&mﬁémmiﬁ@m@m fagkorand appear
to 35 BB“Fdncti ona GY I mort al . e tet%%(}r-&re radne sengstivity by
repl i catmcluding doaFCB3. YECIG, sTERg23875¢ e Eg#gtransduc,ed WO
01/ 2179908 . 1 2, PR\IF nd CTHEBRRLRITS V12 st sday | suleprtimal
surprisingly, as sepsitive @Sgea&gxlio?l%s_saged tsT only cells. Contrary to

r [

what nigt 'BET t SFECYHRr E°0as 'e growth at 36 5C and.none at
39.6C, i.e. tree dealdmnimes cthendiktintaltioy Wkt (APt U UHRAPES Tner e

~carried out g:oth Lhe E%éhif?giel&wibqré, o afABrabilastet gubtures

)

S

endot hed¥QrF e%’f’f?%tgrqvw actors, |ncluding. b-FEGF  VEGE, +£§nﬁ and
hepari nrepe wehllysedusimgs 2 HRNEFFHT iSTRe 18N Thg of ‘celT's uhder
sub-optj mal . ;3%&&3_51%@{5}, gramt)h ogpasli tdemmrmibedo weder ni eetiwdlextent to

whi ch t erature-induced rowth_arr i | beibibr obl ast
cul t ur esondé ta onfal S%&’&%?%ﬁ \é@cpca)’ri g%i*ﬁ?&%ﬁﬁ?ﬁ%ﬁ“t e (l:ol pny

f Qigni ng, £f i ebepRy diSR)stantdesornfled uihareopipfela substantia
reduction in CE in most cultures which was proporticnal to

the -time at the non-permissive temperature. In one of the

for example, the CE after 14 days at 39.5°C
with most colonies

HMF cultures,

had dropped to <5% of control value,

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 undexrgo biochemical senescence upon inactivation of T
by staining cultures for senescence-activated acid

antigen,
days at 39.5°C all the

B-galactosidase.  After 4-8 B
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
‘ ctivation of T-antigen causes

and entry into

maintain growth, and that ina
35 irreverisble cessation of cell growth,

senegcence.



condi tions (5% oxygen at 33.5C), after different periods 15 of ar gw hMAfs 2004
arrest at 39.5C. There was a substantial reduction in CE in nost cul es
whi chWite@l/Ji78borti onal to the-tine at the non-pern ssiReT/GRIPEIRBuUre. In
one of the HW cultures, for exarrpllﬁb the CE after 14 days at 39.5C had
dropped to <5% of control value, with nost colonies 20 being small and

abortive. eﬂggs kel deMRRSidat R dehe 1 & OBA L8 YD el ey easkRirnine of the
e

transduced C s and show that this is, due to_the thernal |nact|vat|on of

T- anti yhethefier Ghran arAeH- spaE filelBiPSct F hE&FrﬁVdc‘Ra ThEH s were
al so testethdpe6iah! i §bf%€ébertﬁ@e}’chﬁémb@@ﬁfaﬂ0 hitagbeni calf senascence
upon inactivatjon of anti_gen, y stainin res f escence
-acti vaF@@%H’lgFF%Jr%ctﬁsiia%@l A@’Eé?e%riﬁﬂﬁy §1agc "H’

II\,;‘] bg obl éhtrcﬁdﬁéc%th@§ $J§19Y\E¢ﬂa§abus@ﬁv@flngﬁrboﬁh DOSIE i aed  HME] sea;nsa;o% t
ereas _no ,posjtive.c wer e cted in r espondi yes a
33.5C (S§*d E’fé T}FIYSIB Séngwgf’%ﬁ gc?ﬁessesg"gﬁfgér %an |§ efonl y HVF
fibrobl aste. mm:s&‘}ﬁeoflrbe melde;l]/\ehsfmmns»)/ewiﬁhl bTEBfoAsm=dtes that.

the i t al [ P n e £H oW h,
and t hatPPRa bR, BEge s Pe el FFReER e AR S8 hEP0ak Ry, BRI WAl

eén causes irreversi essati on of ceI I
growt h, thadoamg)enmtﬁlrssenésk@en!eélﬂngMAR@m A odhaye2ar7bimegal

PAld CB00LRGaRTpENCy G Ehl Hfedl! Uge Lpeac P Onkaty ot ypedplio et fbdle  whet her

t he” or m ng retrovi ene _transduction ‘%Pfected t he
chr onmosBa&p éﬁa?u§ué1prt1ﬁén9r égadﬂ;aagaeél femoRSFETALRY BrahedtPddbi d modal

number @éllﬁhr@éﬁesws £ &ré/as nRfser ¥Ed eicit ihas Ty MidyE ahd;dﬂ%geldcs
Yiirst SOSEFF GAR GO FIPEE 11 St LaneR e F eres  REPe Bk f oduced
during ddiel early phase with the oncogene first, the cells were shown to
hqye a bimoda, 10, KAMPL VPRV ALY GhRLOnEANEhBRAT &HHARESNE, MDdes.
that cells comprising the full-length gene encoding the
telomerase catalytic sub-unit and the temperature-sensitive
oncogene, remain conditional for growth, i.e. the cells are

not immortal at high temperature.

20 The above results demonstrate that separate
transduction 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 goocd results, it
) may be easier to construct a suitable vector having both
the oncogene and the‘gene encoding the telomerase.
Example 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 (Ul9tsA58); 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
was assembled in the high titre Moloney murine leukaemia



This is a surprising finding and denonstrates that diploid cell STC?”MR% 200
prepared nore effectively by choosing to insert the catalytic subunit  of
telonerase first into the cell. 15 In summary, the reggidoaissgsned show,
sur prYQi®%3178t hat cell's conprising the full-length gene encoding the
tel onerase catal ytic sub-unit and tA8 tenperature-sensitive oncogene,
remain conditional for growh, i.e. the cells are not i mmrtab t high
t enper atyn&:s 20MIhauBbpVPased utesroehpabt eEPECETHO PBFRPE: PPERSduct i on
with a tenperature-sensitiye.on _angrge cakalaitieus el offecgadesubunit,
can exhiBIATISRFHYEY a%ﬂaigggér%g ?%z conpared to,cells .con%ri sing only the
t enper akae weansidc wenvertgehe. SYE0 RGN FHESEPRr 1BEC VARERTE 701 shows
good results, it be Lerp t @ne@hshruct Al3ui tahkerwedttsor wieaddi ng bot h
t he oncﬂ'ﬁé‘r?e é’ﬁ]til}'f ggylﬁenleggﬁééodi nq thg t el %rre ase, Ex%gplocg glc'{laieg)Exarrpl e
demenst matsesnb hed pimduaEoR -§OSSUIWWERr EC36 " SHr et dn vect ors
CO- expr essi ;El}g ) | ellecidgen derived fromthe non- DNA bi nding
mut ant &‘SJIY% 4%ggia.r y re ion\gugtsAS o CBF&%&&LC sub-unit hTERT
of the tel o@d@s@eé@@%xoﬁgﬁ@)? Nt er &t “ar ., - 1998;

95(25) : P4 72344428 ; and a domi nantly-acting selectable 35 neonycin
phospho erase resistant, mar ( | Cj gengodefyr puirst uTee to (418
(C ontech) . HEHeS fGINAL tﬁ&lﬁ?{v%g%?s%%edl?n t he high Eitre Mol oney
Mg gne Lakkaeséd to2dviRe20ERT 014z 70be 1 BVEE eREdY0 BB IFFhs o MILV)

- based retrayiral, expressko hals apBaRR o .( Mangenst ernaangibasdmeSupr a) .
The ret &GS P Hrflé}éeygﬂ?h &é\sé%&sed tao convert the SV40 Sg{:gxsge@r@p into

- Virusesentaty sike CIRESX Heas anferIralfd gRATYWRSD ddiet Y UEES Wer €

. Jassenbl ﬁ%oi NgBnkEe et (IS4 rFafe Acderthat iNeoofgenBiDe o  dodwge
ampici | T'rm sarection. Two versions ogytg&g%to%rié/\qﬁagggﬁgégct ed:

reinitiation of translation

15 Construct 2 -
This construct is illustrated in Fig 2.

was used to drive Ul9tsA58, and the §V40 early promoter is
used to drive hTERT and Neo. An IRES sequence was inserted

Mo MuLV LTR

betweexi hTERT and Neo.
20 Cloning strategy

Fach vector was assembled in three sections.
vectors pBabe Neo-hTERT (hTERT excised from pCI-Neo-hTERT,
provided by R.A. Weinberg, Whitehead Institute), and pBabe-
(where Ul9tsAS58 is inserted in the sense

The

Neo-U1l9tsAS5S8
) 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 vector for constructing gene sequences as 1it

contains a large polylinker comprising many sites for

restriction enzymes recognising a 6 nucleotide sequence.

The third component was cloned from the wvector pBabe Puro

35 (pBabe with a puromycin resistance gene) .

Construct 1
A. Cloning of IRES:Neo




Const

ruct 1 This construct is illustrated in Fig. 1. M MILV.LTR 11p

used to drive hTERT, and the SV4 O early pronoter is wused to drlve bot
U19twaB82tm98 Neo. An internal ribosone entry site (| RESI/GRAY0ISRR egr ated
en the Ul9t sA5B and Neo genes.(fused in frame to the Neo gene) to
e reinitiation of translation Dy eukaryotic ribosones. 15 Construct 2

constr #g{% hli ‘lglvﬁé%el;%}c%d wdk FA lf%dwg PR £ 088 tUse ]L]QS]Q“’I ve

bet we
i nduc
Thi s

200

6
f

rl

Ul9t sA58, a y prom)t tQ drive hTE r&i‘ Neo. An

| RES se¢quentedcial iveeroed b&c&/\e&ﬁeelPTERh&anG%@é é@nalté‘mﬂﬁ sth@t ecry

Each vector. .wa \@ﬁp@ﬁ eo- hTERT

( hTERTSERE &S rom%%}qﬁeﬁlﬂwr%y pI’OVI ded by Rg \ge ergeﬁ%tehead

| nst i t aB&pbraNd cpsabepméw U 9weA58 Ufifér-e ULOt J/isea t he

Se se gé B g{&f&h 9 é?flﬁ.@ige@h{lg REMCPVRNHSSHW¢@imgrﬁegmle) used t
par PRe ‘é constructs 1 and 2 respecctsi €¥ hg_ﬂgl oning o

the | RES aavaitlablsi ofrPR fhafe YGVPHED N % or t he

cl oni HIll) .

pPol y

cont ai B8SAtAFye Pt y‘??-ﬁk@’r’l Fstpdi S iRy 2ie

“? Yéﬁh%rlcﬂf’olﬁéqmﬂ 030 Kbt &tarwdafrBﬁﬂDIchdmm §RCe I\MI
P is a usef vector. for. co gtbgg g%@fg, QPE%HE§
r

restrlctlon enzynes

recognkshngeduaatlict @oihderseqghendereifre $hqﬂan§@rrp@némamﬁas cl oned from

reﬁtc? rlggatlj% g%?ﬁ’ &”‘f%ﬁ%?’%élwﬁé’qﬁz‘@qg% 01/21790 17° PCT/ GB0O/ 03588

the v

Ghst

The Ne@wﬁequesneecammequ ihi Edtame RER therviralphRENaY @%mecth 7 vect or.

keep
regio

15

the { \2%%' ch;@%ﬁ)%#&g%%%gﬁ%%@ a ge% raHg lggsmmgm
the f:.rst codon after the AUG of gn sequence.
This. is incompatible with the Neoc sequernce where the first
pase after the AUG is A. To overcome this problem, the 5'
Neo primer used to amplify the Neo sequence from pLXSN, was

designed to recreate the IRES seguence between bases 2518

-and 2929,

20

25

30

Forward Neo primer (SEQ ID NO. 1)

'§' ...CC ACA ACC ATG ATT GAA CAA GAT G ...3"
3' IRES 5' Neo seguence
sequence - '

To insert the 3° erid of the Neo sequence into

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

I gite and a Cla I site (for cloning from pPolyIII-I into

pBabe) .

35

Reverse Neo primer (SEQ ID NO. 2)
5t ...CCG TCG ACA TCG ATT CAG AAG AAC TCG TCA AG ...3!

Sal I

Cla I
3' neo sequence

codi ng

To



5 (encephal onyocarditis virus (EMC) RNA 51 non-coding region) isj aga'@g'?biﬂﬁ
fromthe Novogen vector pCITE-1. The initiation region of EMC has

cloning site at position 2918 and an Nco | site at 29é T?J: @%g -1, which
can PeOOHeF%o insert the foreign sequence in franme. 1 GI/GE omended
that foreign sequences |acking their 1:0n AUG are fused in frame to the
viral AUG at 2915-2917, however cutting with Bal | produces a G at the
begi nning of -Lh k phlee tAUELef t hBeIBBS ef gom qeefiERek. This
IS i nconpati b E ‘%a%h&t?%rg?ggas%%%gnc where the fir %5 Igg eI)af &4 the AUG
is A Tm:mkerqueRﬁhagdeéBI émiiere N5 r 3 et ﬁ% arrpll y t he Neo

sequenc QM. p desiigiied tnereauceam the |[RES Sequdmse Pkt ween
g hD: s¥en

bases 2 . For war d Neo £1C ACA ACC
ATG ATT};(EM)GAAIG&T GThe Ngs %eq‘r\EB nggélaz Lrgelql\iﬁéeln‘:‘;(]:ae %) " nsert the 3
end cof the Fﬁmclgsiﬂgo t}m?opyévb.ous-lyl menthongd pERIpELSe Seranfs
designed to I nclude

Sal 30 | &8 t f I diged rom
pPol yI | FAVEEES NESamILMGER 71 @ kleo %?' i ?r“fc:‘%“(amjlleéilrfDeh(e %RC I%B CG ACA

TCG ATTCQ%GM&ABQITQGPT%:AGCSSI&&U-OEI igtp {88 %heﬁw&mi SikpR 200 VIO
01/ 21790 PCT/ GBgO1 ig%B 7t therefore possible to cut the IRES from
pCl TE—lsJ\Elecsh efoPRPIZRA T4 T l-(\%a(asssoschi zoners are Ms |, Msc |) and ligate
t he seqeenamsatrbibhecEcUIRtsHRP Pal | sites of pPolylll-1. The Neo

_ seﬁgence was I}fggsgggl hedx ks apd &Qonv@;zlqi—w&Y\MJ n{ptdreigedbpus| y

| oned for reverse Neo rs_and_th eqi.o t PCR
product P. Jat of Ludwig Institute g ancer Rg ga%ch) g& q ﬁgm Uz

dlgest 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: ,
(1) Ui9tsA58-IRES-Neo excised from pPolyIII-I-
U1StsA58-IRES:Neo by Sfi I Cla I digest;

20 (ii) thé front of the construct provided from the

vector pBabe-Neo-hTERT, by digestion with Sfi I and Not I.

Left hand section required; and
(111) pBS ori- -containing fragment, acguired 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 cDNA 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 Sal I (3'), however hTERT cannot be
cloned into the Sal I site of pPolyIll-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



cut with Sal | prior to ligation into the Bal | and Sal | siteslol MAR 2004
pPolylll-1-1RES. Insertion of Ul9tsA58 10 Ul9t sA58 was exci sed from

PZi pwE 9i/ee$. (provided by P. Jat of Ludw g Institut @CToGBIN3688"
Research) by a Dam H digest and inserted into the Barn H site of

pPolylll-1- I RES:Neo in the sense orténtation in respect to retrovirus
transcription. 15 C. Final construct The fin 0 r d by the
three parith|$gat FohCoPXCiFR the: SHER: YeRs oRgxg?&sieg % o éoﬁé%gl -1 -

UL9t SAS8:-) BES=Nepelay iSftio ItHe iRed Rdi gesl ;2D Yisiteheof cmEObYIIlﬁeI

construct provided fromthe vectar pBabe-Ne b stp®nswi th Sfi
| and Ndtoininge@t nanfluBtét |edﬁlcr]€tﬁﬁ%r ed: angw?%ﬁqg Tgrhlq?cont ai ni ng

fragnentIR@gqNébed from t he vect or pBabe- Puro, by d| gestion with Ca |

and Not 1. 23 R equivedredhe, fichalecopgtruct is -
as $hown in FTBEr S_LSe %uccfonf\{:}q"t&lr?o?yﬁl T~ hTERT: | RES: NegﬁTo cl one
‘the hTERRE gNoand£fl:RES: Neo into pPolylll-1330 pBabe Neo-hTERT was digested

D

iy PP et QS Aol Erandopbl PTET- 1 ThengiRebng o fes

of hTERT are however hTERT cannot be cl oned
into theatSathe §fteIok (ﬂl;ﬂ I 5|1t§§ th| s is the cloni ng site for the 3
end of |RES N?&)Tle§éeiefe -hbed35ihIERT seasepcetwas fagibednfremded
prior to excisioh o uence, fr NQP_ E t Cco RI
pPaloy| | Ithe |@%o@%‘§ecﬂ?°\/ﬁﬁtg€68 RI bybﬁaﬁ?sﬁqg’ﬁd cu{ﬂ- g}% %8
0112179Q; 4 fCTAIQBOOI 03588 wth Sal | to excise the | RES:Neo. hTERT and

| RES:'Neo wer e | oned i a @&.dc@l bes Q(f: Qfgéal Ll-
joining at a (ﬂ’uﬁ I’F’g%}#] ](ﬁ)a%%ﬁg ?f J‘?’EﬁT S
from the vector pBabe-Puro by dlgestlon w1th Cla I and Not
I.
15 The final construct is as shown in Figure 2.

With regard to the design of the constructs, it may 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 -condltlonally—:meortala.sed cells that have
improved stability during passaging.

25 The recombinant cells of the invention may hgve 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 deliveg:y 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.



The assenbly of construct 2 involved a three part Iigation of : (1)
hTERT- | RES: Neo exci sed from pPolylll-1-1RES: Neo the Sfi and C1a1|23%M§?U
(ii) the left-hand side of construct 2, acquired fron118 kﬂg)&giﬁ
pBabevtia 119819t SA58, by digestion with Sfi | and Not T i % ii) the
right-hand side of construct 2, acquired fromthe vector pBabe-Puro by
digestion with Cda | andsp@ENTE LEREING nal construct is as shown in Figure
2. Wth regard to the design of the constructs, it nay be nore desirable
to rggﬂbgtﬁéﬁggybgsgiﬁyiegf bot h t he oncogene aﬂd hTERT conponents fronltge
pronot er S ing the conponents using an | RE
sequence V\ﬂch lfollflﬁtglg#lt ?oﬁ&dggmﬁ%%r géz;sn%ag?%a CW pronoter, in a retroviral
vector. The constructs nmay be used to transduce suitable cells to produce
condi<l2onatINPITHANRE IMMOREALIERTION ARtCEtYe inproved stability during
passagi ng. 25 The reconbi nant cells of the invention nmay have use in
t her ap%os Maidvedsahi®r the preparation of fornulations for delivery to a

patient will be apparent to the skilled person. Suitable excipients,
dlluents e{ LI again be apparent based on current practice in

y kn ! .
prepa iR Y YBase t herapi es. The amount of cells required for

dellvéﬂ}>vﬁqqo °§a}$ depending on the formof treatnent, the severity of

t he di sease/ damage, and the need for applying nultiple doses over a

t r eatkieod gzanireds.However, the skilled person can readily determne the
appr Qpeiat@dbreatient based on 35 existing cell transplantation therapies.
WO 01/ 21790 SEQUENCE LI STI NG <110> ReNeuron Limted Ludw g Institute for

Cancer Research <120> CONDI TI ONAL | MMORTALI SATI ON OF CELLS <130>
T )RePOE 3655 <140>(not yet known) <141>2000- 09- 18
<170> PatentIn Ver., 2.1
<210> 1
<211> 24
<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:Oligonucleqtide

<400> 1

ccacaaccat gattgaacaa gatg 24

<210> 2

<211> 32

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:0Oligonucleotide

<400> 2

ccgtcgacat cgattcagaa gaactcgtca ag 32



<150>99307405. 3 <151>1999-09-17 <160>2 <170> Patentln Ver. 2.1 <210> 1
<211> 24 <212> DNA <213> Artificial Sequence <220> <223> Descri pt iZoMARS 20
Artificial Sequence:digonucleotide 1 2 MAR 20 PCT/ GB00103588 <400> 1
ccacaaccat .gattgaacaa gatg 24 <210> 2 <211> 32 <212> DNA <213>
Artificial Sequence <220> <223> Deg®ription of Artificial
Sequence: A i gonucl eoti de <400> 2 ccgtcgacat cgattcagaa gaactcgtca ag 32 1 2
NAR Of oAl LAIMS 1. A mammal i an cell, conprising a conditionally-inducible
gEﬁE‘—aﬁd an exogenous polynucleotlde encodi ng the catal ytic sub-unit
of the telonmerase conplex. 2. A cell according to claim1, wherein the

d th | y.nucl eot i d nbi t
vect a3k AneBrRah Faling cPPH A CORGAARALS TIPS RIS Egene. | s
te”pea[r?d ‘é{rFe§8§éhb\.ﬁ\élepo@rn&l%@h'de%ﬁ@ééir{@ the c@ﬁlﬁi@%%ﬂ:&-’ﬂﬁa&'cﬁ“ﬂﬁe which is

a human somatic ce according to any preceding claim which is
a mareldmmerase complds.br obl ast ceII or a mammal i an m crovascular cell. 6. A
cell 28..CCOI’AZH ggllt %c%g}{dmg CJZO C alm tf Wh\éwgleicnh 1!hse aoﬂggggng t S t(:ﬁlel '

exogenous polynucleotide are comprised in a recombinant vector.

3. A cell according to claim 1 or claim 2, wherein the oncogene is

temperature-sensitive.

4, A cell according to any preceding claim, which is a human

somatic cell.

5. A cell according to any preceding claim, which is a mamalian

stromal fibroblast cell or a mammalian microvascular cell.

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 is a neuroepithelial stem cell.

8. A cell according to any preceding claim, wherein the 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-U19.

10. A recombinant polynucleotide that encodes the catalytic sub-unit
of the telomerase complex and a conditionally-inducible oncogene.

11. A polynucleotide according to claim 10, further comprising a
selectable marker gene and a promoter region.

12. A method for immortalising an isolated mammalian cell,
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 and
exogenous polynucleotide are incorporated into the cell within the first

10 cell divisions.



7. Acell according to claim6, which is a neuroepithelial stemcgl) 'MM?'Z(QL?‘
cell according to any preceding claim wherein the oncogene conprises th

t enpwpatipimoesensi ti ve nutant of the SV-40 T-antigen g&@a/GBao/0asssel |
according to claim8, wherein the nt is tsA58-U 19. 10. A reconbi nant
pol ynucl eoti de that encodes the catatytic sub-unit of the tel onerase
conpl ex_and a conditional |l y-i.nduci bl ogen pekyn i de

accor di %ﬁ'toAcl‘%‘?%‘i ,a?ﬁ?f%ﬂépgco%r?prﬁsafoﬂg gg S’é Je%]é%gf‘eggér keré:-\ygiteinﬂej and a
pr onot e¢ heeghageridus Apatyhad lieot iidenvrs al psrefuged séhifedhfarffd an cel |,
conpri sj ng _incqorporat]j Lthin a proliferating cell a conditionally-

i nduct blP%QBHf?o%&%e Oaé#ocpienﬁ%kogenou_s pol ynucl eoti de. encoding the catalytic
sub-uni15o0f Use tefl cmeratl eomeinddnd toAamdt fd GEEIMS; |Jrgg':tcb o &t 12,
wher ei n_t he do£x99 ugleotiHe alreatwmenpoidted into

t he® cel TP% {’L‘l"uﬂnﬁﬁ%ﬁ‘?‘?sf’@ﬁ B Sang e s 21790

PCT/ GB0ADS&688e 86spriakemtwbeh acedt diRFSt O IHNIS ‘or claim 13, wherein,
t he exoggnoutgsgolé/&kgfg%%;dq:éscilrgitirnodmsed whteetine cthel cdkloie tade
oncogene. " 15. Use of a cerll aCCﬂdi ng to any of clains 1 to 9, in the
manuf actenrcePikbeddiddafhfiMfofithe treatment of a disease associated with
cell loss or damage. 16. Use according to claim15, wherein the cell is a
neuroepithelial stemcell. '



