METHODS OF LONG TERM CULTURE OF EUKARYOTI C CELLS AND USES THERECF FI ELD OF
I NVENTI ON 1001] This invention pertains to the field of inmortalized cells,
and their use in experinental research, therapeutics and testing. This

i nventi on woavicdesya novel nethod of inmmortalizing cel p@righab o1 oys
proteins instead of nucleic acids. BACKGROUND OF | NVENTI ON
100021Conventional nmethods to produce transforned cells enploy the DNA or
RNA of E6/ BHEGHORS QRAAHREEERFEY LEY REOF EUchRY SIS K. oA NPAiHect ed
into a target cell. Alternatively, tiergene(s) may be cloned into a vira
vector, and the hybrid vector transferred into the target cells via viral

infection. In many cases, the gene transfer vector will be tagged with a
drug resistant gene to faciIitgﬂghgéﬁgéﬁﬁéﬁﬂgﬁbrk steps and selecti on.
Typically, the cells nmay be selected i mediately upon gene transfer using a

drug resi stant gemeinvéMibepuirahd Melicld enNQmRla S8l L ddlade m%x@l lowgad to
die, and the surviving cells inay be analyzed to determ ne their

char act er irskdr@s ik@peufisttn Rsihg € . THMERESr B XiSE 8ova &Q{EH@! tﬂnngdlnﬁ'@gdﬁor
met hod of producing cells in large quantities and | acking, or having

mi ni mel - unkanheeshaiAGHRLL Stigs: Risscancerous and transformed cells. There
is also a clear need for cell lines that inay be easily derived, maintained

in cultures and allbrd the ability of differentiating, genetic variation,
stabl e nmetabolism and consistent response to extracellular agents. For

clinical application such ag;sqaldrdigbRYINRAibRSUE engineering, it is pi
votal to have scal able quantTty of Ce&lTs of various organ on w thout

genetic myghif)i Catdn@fional methods 1o produce (ranslor mul cells en PUWBC\?ACJ: RRNVENTA: g\l .

16004] For the practice of the invention, 1t Is pro an i mortalizing
protein CQJW'{%&)&L&@I Therealter, a gene(s) may be translecled into a target cell.  Allernatively, the

gene(s) may be cloned into a viral vector, and the hybrid vector translerred into the (argel cells via
viral infection. Tn many cases, the gene transfer vector will be lagged with a drug resistant gene
to facilitate subsequent work steps and selection.  Typically, the cells may be selected
immediately upon gene fransfer using a drug resistant gene. Alternatively, the normal celis may be
allowed 1o die, and the surviving cells may be analyzed 10 determine their characteristics [or futare
use,

(003 There exists a compelling need for a method of producing cells in large quantities and
lacking, or having minimal unwanted characteristics of cancerous and transformed cells.  There is
also a clear need for cell Tines (that may be easily derived, maintained in cultures and afford (he
ability of differentiating, genetic variation, stable metabolism, and consistent response (o
extracellular agents. For clinical application such as cell therapy and lissue engineering, it is

pivotal (o have scalable quantity of cells of various organ origins without genetic modilication.

SUMMARY OF INVENTION

[0004] For the practice of the invention, it is provided an immortalizing protein complex (hat
comprises an internalizing molecule(s), a transforming polypeptide(s) and an endosome releasing



conprises an internalizing nolecule(s), a transform ng pol ypeptide(s) and
an endosone rel easing nol ecul e(s); in a preferred enbodi nent al

nol ecul es and/ or pol ypeptides may be operatively |linked to one or nore of

t he ot her polypaptiges I n anot her preferred enbodi nentpcfdpudentAainal i zati on
i s endosonem edi ated. In yet another preferred enbodi nent, the
immortalizing protein conplex further conprises a nuclear internalizing

mol ecul e( sjulant(sa kel gaard @pvba@mnciing @iy bRl )polyhdptid:s ful\h&tl*JOpru@in@Qfdl ment,
the internalizing function and the endosone rel easing function are
perfornmed bjed he osame nil) eculceodndydhpesrtor en thgndr fBI@&ﬂ:@' dnfdogheholgcul e and
t he endosone rel easing nol ecul e are of the sane, such as the case in when

viral partibehgiand vichdkoi@apsiddprofeianghed HRiuse dnRRORIA IR0 Rk l‘ilh/(mcw t he
invention is an imortalizing polynucleotide(s), encoding the i mortal i zi ng

protei n compliex(es)x uahdYBibdeVeRlR SRV RINAR LBXPE 1@5151L191ﬂu¥%9[t,9ﬂ(55) and
the polynucl eotide(s) of the immortalizing protein conplex(es); a cell(s)

that is transtRemad Mukdurtdhsodiydi @e \(ﬁ&ﬁc@ﬂh(@)[uncﬁonc%ldl 1hS hndb ARk ERREfSSES the
imortalizing protein conplex(es); a conposition having the i mortalizing

protei n cagphiex(@kiiorABdb@ e libe WOMRAL Hal BAEHLMN 1haﬂl’nal?ﬂm£cll&hﬂgm& he
immortalizing protein conplex(es) and/or a polynucleotide(s) encoding the

protein comlsesd RRhsi@NdhQuIArNYBRE QneXRELISINORasV GELALGSN SRSV fhe

pol ynucl eotide(s), and instructions for its(their) use to practice the
met hod forghqumsdiad izisg cells. 100061l n addition, another aspect of this
invention relates to a method of producing i mortal i zed cells or

ext endi ng @(hﬂ I Ao %npfol ALd Wuéﬁloﬁe#sl S QRIS rﬁgl nucleotde® n@‘&ﬁ anut he
|nnnrtaI|2|ng protein conplex(es of the |nveﬁi of Wth a arget cell (s)

under COnqhﬂnln@ﬂ%n@-n)%lurQ olﬁpl&?u, dﬁf)’tld tvLcnﬁ LEI ﬁp%”tlll %gﬂl )i Erul?ﬁn L?SBL;‘. to be

conpl ex(es) to be |nterna I zed the transto ypep

rel eased,; (ﬁ@ﬁluduollduf I) g# llh Wuﬂgid 9{( J’lqn%ﬁﬁﬁ{(nﬁf W‘LUQ«,)Q& qu 9}1(')1: "u( ][h h"lo ext end

the life of 'the cell(s) [ or d‘ercone ce overcone

cell sene ¢ [ e ] 1o L,s e Enk 74l 10url?ul;u 0.8 preter
$?ﬁﬂFﬁ,@ dio lﬁgng W&l ffﬁl?mgp l dﬁf% D P& |z|ng

II'Tp| enent ati on e net Ul’t er conpri ses reno

Dot e N SHPAENRFEAM DS, SR Ly LIS, dn@'d Bh lmﬁm\fﬁm%bn'imo(fonwggﬁ"Za“on

effect to obtai n cel g6i ng ful

el ates o R R4 PERERG T PR AR FUSRT B0 the

and/or a hybrid expression vector(s) carrying the polynucleotide(s), and instructions for its(their)
use o practice the method for immortalizing cells.
[00061  Tr addition, another aspect of this invention relates o a method of producing
immortalized celis or extending the fife of primary cells, comprising

contacting the immortalizing protein complex(es) of the invention with a target cell(s)
under conditions and for a period of time effective for the protein complex(es) to be internalized
and (he translorming polypeptide(s) 1o be released; and

allowing for the transforming polypeptide(s) © extend the life of the cell(s) andfor
overcome cell growth arrest and/or overcome cell senescence and/or prevent cell differentiation. In
a preferred implementation, the method further comprises removing the immortalizing protein
complex from the celf culture media 10 reverse the immortalization effect 1o obtain cells with
narmal phenetype and capable of undergoing {ull differentiation.
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above method. BRI EF DESCRI PTION OF THE DRAW NGS 100081Figure | shows a
sodi um dodecyl sulfate polyacryl am de gel el ectrophoresis (SDS-PAGE) of the
expressi on upon induction of the 1;6 fusion protein conplex according to

one enbodi memeot@bersdae i nstant invention. |.,ane M cont giciggRed@W;s0l ecul ar
wei ght marker; Lane 1 contains the sanple wi t hout | PTO i nduction |ncubat$d
at 37C for 8 his; Lane contains the sanple induced by 0.5mM I PTG at 37 "C

for 4 hrs. [(RGO0ITH: Pusreoalshomss @R «SDSBhRAGE; anthwest efAibLetof (e ES
fusion protein conplex according to the sanme enbodi nent of the present

i nvention. dkanecdosshows a Coonessie Bl ue stainecl NO fusion protein conplex
Lane 2 shows a western blot of the fusion protein conplex enploying and
anti-11/2 ant body; |ane Mcontains a |ow nolecul e wei ght marker. HENFi gure
3 shows a SDS- PAGN of an induced E7 fusion protein conplex according to

anot her enbodi ment of t higrizRweRtRANIONANeM: BRALANAE @ | ow nol ecul ar
wei ght marker; | Arne 1 53ﬁ?ﬁTﬁ?"Fﬁ€“§U5€?ﬁ5f5ﬁT“rﬁﬁﬁbed by 0.5nMPTG at 37C

for 4 his; joho 8San@192u,3 howswt he x&ll-l@ﬁrdﬂﬂ&@msu![ nudgf»@(qu%mQL THV' L{,f.ﬁg\ﬂ}%rc%fl 250 | br
5 hrs; Lane 3 shows the supernatant w thout TG i nducti‘on at

hrs. (SDS-HRGEYE @hdexpRONS: B0 rducfidsiran R L&) 190189 bty [)?Lfy)( {@h*(ﬁ"l{s‘ [(()almlq{t I On
|l oin an N -1 DA colum according to the sane enbodi nent

i nventi on dhhodin@nlol Slh(ﬂ%@mitlh‘@m@inm ]eﬁllu, f\/f @M‘]l an ﬁyw :Tlﬁ%laMw%pﬁm 1{‘&‘[ pi)‘mble\ill n
mar ker. 010121Figure 5 shows the separation of from resin

according &)Qminhﬁmsﬁﬁﬁa, m%dlflmﬂﬂul&tmr{ m@uhgt ((?qleﬂt’( 'tJ“‘ﬁPt i (?arflf,l‘?a%td%x llﬁont ai ns
a MV narker; | Sane 1 contains the wash fromthe col uﬁn ows a

Vestern 134@bl ki@l bis5ng (b1 @Y 16 Ef4fReci fic antibody. 10013fFigure 6
shows the regﬁoﬁs% o% Qeratlnocytes to IIPV 16 in the E6 and E, 7 fusion

protein ®O9L - Figure 2 shows an SDSD-PAGE and western blot of the E6 fusion protein complex
according 1o the same embodiment of the present invention. Lane 1 shows u Coomassic Blue
stuned 16 [usion protein complex; Lane 2 shows a western blot of the fusion protein complex
employing and anti-E6 antibody; Lane M contains a low molecule weight marker,
00t Figure 3 shows a SDS-PAGE of an induced F7 fusion protein complex according 10
another embodiment ol this invention. Tane M contains a low motecular weight marker; Lane |
contains the supernatant induced by 0.5mM PTG at 37°C Tor 4 fus; Fane 2 shows the supernatinl
induced by O.5mM IPTG at 25°C for 5 hrs; Lane 3 shows (he supernatant without G induction
at 37°C for 4 hrs,
0ot Figure 4 shows an 137 fusion protin complex alter elution (rom an Ni-IDA colunm
according to the same embodiment of the instant invention.  Lane | shows the cluled [ractions;
Lane M shows a protein marker.,
o1z Figure 5 shows the separation of 17 from the tag by Ni resin according to the same
embodinwnt ol the present invention. Lane M contains a MW marker; Fane 1 contains the wash
[rom the column; Lane 2 shows a Western Blot after using HPV 16 17 specilic antibody.
[0013) Figure 6 shows the response of keratinocytes 10 HPV 16 in the 16 and K7 fusion prolein
complexes according to another embodiment of this invention, (a) 0.75ug/ml Eo FP + 0.251/ml
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conpl exes according to another enbodi ment of this invention. (a) 0.750g/nl
E6 EP + 0.25ughnl WD 2010/007593PC1/182009/053 |I 12 F,7 UP;, (b) | pg/m E6
EP + 0.33pg/mL E7 FP; (c) 0.67 to 2pg/m E7 FP; (d) >2g2hul E7 I(e) 2 to

6u2/ 161 Ebwb2nibjoprsé#A) >oughnl 17,6 IT, (g) control. 10Q&%}ke¥beis objects,
advant ages and features O the present invention will becone apparent to
those skilled in the art fromthe M| ow ng di scussion. DETAI LED DESCRI PTI ON

OF THE | NVENTE ON 1 Q06 + b gl vE e @No.6r 098y/ki omia (@esiyier byt he 2
inventors to inprove on prior art technol ogy involving the use of priinary

celI's and wakdgnant; ancubmansferardneel | [ines for biomedical research. In
their own research, the inventors were faced with the problens associ at ed

with the yse4of nond-alicpE, ARhhg&ank $mtuha,to rﬂé%ﬂu@(ﬁf 2RtRL Red vapgw from fresh
cadavers and are difficult to maintain in culture. The inventors were al so

too fam | ixgfaroM bk da awkasks ol @[Tpsl/lﬁ)(é’(lhﬂgssml ignant and transformed cell
lines in the |laboratory, nanely their lack of ability to differentiate, and

the fact that they are prone to genetic mutation and aberrant metabolism
and many tinmes display an abnormal responses to extra-cellular agents.

1001611 trying to ovepponR.iierabea1oRi ATeARAMPACKS, the inventors
di scovered that enploying a proteéin for the cell Tnmortalization process

they coul diypsiodung: Gehlish Qbse q'l%t%'aﬂ@@c%%ﬂ,@g\gcﬁtof's% iRt B ‘af’i‘& 9 l&Hrﬁﬂ;U&t i es and
in a reproduci bl e manner.

involving the use of primary cells and malignant and transformed cell lines for biomedical rescarch.
In (heir own research, the inventors were faced with (he problems associated with the use of mortal
primary cefls that must be oblained anew from fresh cadavers and are dilficuli (0 maintain in
culture. The inventors were also (oo familiar with the drawbacks of employing malignant and
transformed cell lines in the laboratory, namely their lack of ability (o differentiate, and the fact
that (hey are prone (o genclic mutation and aberrant metabolism and many (imes display an
abnormal responses (o extra-cellular ugents.

[0016] In trying o overcome the above-mentioned drawhacks, the inventors discovered thal
employing a protein for the cell immortalization process they could produce cells of desired
characteristics in large quantitics and in a reproducible manner.

[O017) ‘The present method is useful both in vivo, ex vivo and in situ applications. Exemplary
uses include, bul are nol limited Lo, the production ol extended lile cells in culture, exiension of
stem cell and progenitor cell cultures and implants, extension of skin or other epithelial cell
cullures and grafts, (he expansion of mesenchymal cell cultures and gralts, and expansion ol
chondrocyte and vsteocyte cultures and gralts. Ixemplary stemi and progenitor cells, whose lives
are extended by the method of the invention include neuronal, hematopoietic, epithelial, pancreatic,
hepatic, chondrocytic and osteocytic stem and progenitor cells, among many others.  The present
method is also applicable in wound and burn bealing, and more generally in lssue repair
applications, as well as cosmetic uses. The present invention is also applicable to prolonging the
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It 0171The present nethod is useful both in vivo, ex vivo and in situ
applications. Exenplary uses include, but are not limted to, the
production of extended life cells in culture, extension of stemcell and
pr ogeni t orwoebhivnosbi ures and i npl ants, extension of skigu/@howiiser:
epithelial cell cultures and grafts, the expansion of nesenchynmal cel
cultures and grafts, and expansi on of chondrocyte and osteocyte cultures
and gr af t difeskxesrpl @nye st eamandisph 0gea binoh el SuscdMvd ealch We$oad, @neixt ended
by the nethod of the invention include neuronal, hematopoietic, epithelial,
pancr eat i ayne h@patd ync RO GhHIeEM il Gorand c0SEeRGYd ind oBl:elhabdi by fgaNLL;or
cells, anong nmany others. The present nethod is also applicable in wound
and burn heatihngd pandsnore generally in tissue repair applications, as well
as cosnetic uses. The present invention is also applicable to prol onging
the lifespan of a culture of normal cells or tissue generally being used
for research purposes, and in one aspect to nornmal cells enployed in

secr et i on @hietnREQPQULIIGIcAAGObNSIe@NMEr ci al |y significant proteins and
producN. Protein Based Cell Inmortalization Method 100181The inventors are

provi di ng i@pr ocgs svédhs HBpuliast Mpbg GehdnultNes; SHiih @bulﬁh]t e mQFoQ'LQQI cal
research and testing of foreign and endogenous agents that arose fromtheir

exper i ment gl wos. teslifly @Ih@m%ﬁ%ﬁ@&ﬁk)ﬂhuﬂ h&nﬂﬁ@ﬁ &Rk h(‘ﬁé@l@.ﬁl RRrinfnJENS MY be
expressed as a fusion protein using recombi nant net hods. The thus obtai ned

fusion praf @hdpro@Xd St D Grdidhi tflenRr ULSNL Iﬁ'dypll)’LOtx%"C[‘kquml (&fon ﬁgtmﬂrds gs an
immortalizing or transform ng pol ypeptide, an |nternaI|Z|ng or

transl ocati@nRek YRERH]. d&he erllld (%ﬁm@(ﬁ‘%ﬁﬁqﬁot&@ L,e}@s%lnggn %1&9% (Bl b OPL i Onal
addition to the protein conplex is that of surface receﬁtor bi ndi ng

domai n togasnﬁlbq Nedlisd nnferlmlomaméon. Qfund nﬁmg g&%b RO ﬁ%&y/sﬁh%,ce” The

protein conplex nay aIso be produced as a n"p ot ei n. ion

protei n may he. Generalad.. pmtmmnaﬁ m,u%n@ I}é R{qéﬁ@iﬁm&ﬁmpx)

he =
chem cal addition of the endosone rel eaS| nnnrta%“z i ng

pr ot _el n’ q)ng. [QRII]SQQ?J l'lc OF h(l%qugdlté !l{,q, L0 Itll’l(}[!g__hd()ll.l'ﬁ%q(pg 8 in IP(! EQFlln[hgﬂillcldj)gqu[hb" mce

obt ai ned, the pr teln co ex or rotein1s a

internali gﬁﬁjutll ['on h,(f\cq anlS p(Pl[l.lbt [‘F?H-'l Bl’lgm{::ganl% uQPEJ gtr(])ql:g{,lcélas Q/ bnlopdl n% to the

cell surface rec pto V|a a recep or e

internali Zlfflig '[uQﬂn hl%[tﬁ’l 1&1 hu EALP?aI m lumsu ?mn ()lt mm;ﬂf q}é the (,F 11 C a a(ldm

cell, the proteih conplex “or on pr ein’en osone,
m 1

i mortal i %'[ Y LRQ)I\ )MLpg]Q !no anL lo ?i!}]ﬁ‘(lﬁﬂ/l?%[go 1nh1nd <)I[%§0n tlg}i Lhe I?cl( lg)t (()) izlu n Or

continues to be boun eln si gnal

froe Fo eXartyaunear Hior For for g BF grs wﬁ%'%'w TP R D™ he-host
the iife of ML *?raﬁr'r??%”'t'a"tﬂcvﬁ.l“nﬂ'm m >rﬁL§ FEh atYw Wﬁﬁ@z Ll)w ehifbyi ng 5
protein or le rege 1{01 uuP) osls l\ il [l ml 111]1 ) t lg g L
|nm)rtallzat|on| ene RO nh%}¥§l Yanar é%F@HH“%%@pFWf %ﬂ HmbPKQH% cel I (s)
in cuItqu or H 1V g | % g S specific exanple is provided, the nethod
provi ded h@%’mﬁ“"“éf o“%JFF%% ”"W%&”u@@”%ﬁ%%‘bt %?“PHﬁH??ETﬂ%PHgm“

pol ypeptides and other types o cells. The benefits of cell 1ines devel oped
using the VAl ”Pﬁa@%@aydg e ‘I““Qélr“'“ R PhD POITOS BT et [0de Pl e

i nvention contain no yernanent enetlc alterations and, therel bre, best
resenbl e PIEbri 9 Rar OPFICHeFy e SeTs disrppe hp LRPos - E&Nﬁﬂé%“'sm@hﬁﬂﬁyed as an
exogenous factor to be added to a cell, whether in culture or in vivo, to
ext end t h8™EEl PR {167 §J%R F Srrekin e ORI s RIO0H PMPIEcBY Phidehoshi t el y.

It should be noted that the immortalizing effect may be reversed upon
renovad of“'t he protein conplex fromthe cell culture nedia Wien this is
done, the cells revert to their normal phenotype and may undergo ful
dlfferentﬂﬁfion’Th@“ﬁélW?“bWbﬁadht%ﬂ“ﬂsWﬂﬁ“TWePH#WH@@‘%%mth¥sCFHWthlon are
far superior alternatives to conventional cell 1ines obtained by

sti mul ati BHNPE i1 PivBitad feHilngPrralsing & aelesre prosieiang o gter ten AB0 ohave t he
endosone rel ease factor provided in the conplex. Mreover, when the cells
are propadXPedcqdiie Aedpos R EravEhe Reyliss & adint dlslEe frep ohtiranico é) |

t herapy and transpl antation applications. This ability makes the present
technol ogy extremely inportant for the treatment of netabolic diseases,
aut oi nmune di seases, congenital diseases, neuronal and nuscul ar

degenerati ve diseases, bl ood di sorders, chronic wounds and ul cers, anong
many O hers. Exanpl es of diseases that may be treated with the present
cells are diabetes, autism |upus, Alzheiner's disease, Huntington disease,
hemophilia | eukem a, | ynphonma, burn and chroni c wounds, anong ni any ot hers.




1002011 ' he invention wll be described by reference to one or nore

exanpl es, but is applicable across the board to many target cells and
suitable imorlalizing, transform ng or internalizing pol ypeptides or
proteins. WwheslldMse 1-16 and Fl 7 oncogenes have been emmlgyRsiasiexanpl es
of transformng proteins in the protein based i nmortalization of

kerati nocytes or keratinocyte Ii |'e extension. The gene products of F6/17,7

oncogenes @fiuryalih Qus. subbypesp@biduiafe Rapividc@neavidiMeesvid@Vile-a@nts gen,
Adenovirus Fla, and various growh pronoting/immortalizing genes such as

hunan t el QuRLRSE: LseWek S@ulihasa iR has s piRT BRIher [yRSs oMME. anid widperg in
conbi nation are also suitable for use with the invention nethod to achi eve

simlar regulits dodeRpdnBing HRMIBY LMol ard NG f USl RMPEOLELMAS bALS i1 VaYBAt | on
al so enploys a cell i nternalizing polypeptide, e.g. FOE receptor

recogni zi rrgmqgmza?nm afhN&hoRRRGQRR] farlemeoentr,qr.meo@% ARG, SR Ass shoul d
be enployed for the imortalization or extension of |ifé of other cells.

Exanpl es ofy, f)a%ﬁ‘?rpetogr'pl%\c ﬂn'@hpﬁ;) dd s GO UM:%&S W& l@[ﬁp aLMLLdllQE HIEGERALT [LRGQINI Zi Ng
donain that would be suitable |hr endothelra cells and snopot h nuscl e

cel I's; | Ggl;and, RILNLmrrﬁ ernthw\prmpgru&rurrg pAQIRN RS bhAkiRul dy Be, Ful.t abl e

for cardrac and skel etal muscle cells; kit receptor recognizing domain
for heamat,0p@eli k. fhHMUER: Bec argdbmmgh u&ﬁ%[?m ol h€ [8%'&1'115[& Mﬂﬁkn are
for neurons and astrocytes, anong many others known the art e fusion

protein of celt hrﬁlu'r “Yr‘é‘(m' QVQ&L@'[E%Q 9(%”[1(?%&[ ?ﬁnﬁllpuroru ﬁm ;ﬁ rqgﬁ)qnﬁd n%%/eaSI ng

si gnal such as the bean agl utinin pepti he i nfluenza Vi rus

entire vi rrﬂzlir_r&)afaﬁlcﬁll nglilﬁ)'nnil ru, v D>p‘i h@d% lfﬁc Mplﬁolﬁsoi 1?[1qu&1111% a p the
kn n

111W E6 protein I's own t unor suppressor gene

causes | t% L?IQJ d 1lgﬁl'gﬂ\a‘gat nL]g)prﬁllonhle (d,edqpnptsl n( plﬁrp WS S[idﬂlﬁill{t)nhu%\flJ reat ed

cell will growin initel or exten perro to the absence

of pS3 pr (?1 11?1!)1 lalJngiz rlhsl:ISC']’lﬁr}j/n E?luﬁ[ 9} le(l() rfol [91Qo th piupm) %p lplbaas‘p auf)r epu)vrc?c,d tll’hE]LpRl 3

tunor suppressor e’'ll2E
ee 11211

growth pr OITDt ! 19 I(/lag,tt)\% whpn L%r, S Sre Pi A m,? ) (y\E M 4 pnvrrongul,nl{] (,{ .ﬁ'CtL?_lréhigngrrET 75
se activ

cel l gromﬂH“mnd avords senescence | he |n l"'uence 0

oncopr ot ei neou qu.

i npor t ant hf“(l)lmn%’p%“’f Wé an( nsq')_.é)?r rondaq?lr)é(gﬁ%o !‘IO} ébrlﬁg mgﬁs ahprpu,spné 1Tf|)ﬁ>>}/< bbt ypes
have the abilify N p Lo, nd E pecti.vel Y. Nevert hel ess, since
the E6 and” E*f“’d/n““ 3 Lf‘héi‘ r%é“ 6%““ 8 a &"’frﬁme“br‘%‘d'“t“& t a8 | ve
tunmor suppressor e e with hi lher afflrnrtl nqn ghe {est t hese roteins
have t he g‘r“é“"t‘ (i) “r!tlar%%r rﬁgﬂ}‘rJ ”I‘”f’é““é%?t ’é‘n’é 8?f“éb| P S/Wi‘H‘ tUrture, as
described in 2000 2 (2) f Si Lar f shron t he
SV40 ant i d%*ﬂ“‘:a}%ﬂ“’f’%“Adé‘n‘Bk)r*r‘hé““ﬁ““éﬂ“‘é it ]Q‘é'r‘r‘“é ‘é‘“h‘r“%@“é%r é'rr ective

for inmmortali zi ir target cells by |nterfer|nq t he p53 and Rl 3
pat hway's ‘?‘b‘%lplﬂ?gi \//\é/lryrmu 5 difcase, [untrngjlon (irsp we, hemophiliaTieukemia, ]ymphomr Ourn

and chronic wounds, among many othess.

(6620]  The invention will be deseribed by reference to one or more examples, but is applicable
across the board (0 many target cells and suitable immortalizing, transforming or inlernalizing
polypeptides or proteins.  The HPVI16 6 and 7 oncogenes have been employed as examples ol
transforming profeins in the protein based immortalization of keratinocytes or keratinocyle life
extension,  The gene products of BEO/ET oncogenes  of  various  sublypes  of  haaman
papillomaviruses, SV 4G T antigen, Adenovirus Fla, and various growth promoting/immortalizing
genes such as human (elomerase reverse (ranseriptuse (WTERT), s, mye and olhers in
combination are also suitable for use with the invention method fo achieve similar results, In the

G



P022] The invention will now be described wth reference to the clahnsin a
first aspect, this invention provides an immortalizing protein conplex that
conprises an internalizing nolecule, optionally in the formof a protein or
pol ypept i dep 2awtonanst or m ng pol ypepti de and an endosong:-ifig:266h8as1 NQ

pol ypeptide nol ecul e that are operatively Iinked to one another, optionally
linked to one another in the formof a fusion protein. In another preferred

enbodi mentipmtahen @ret _Lit: ﬁ@ml 8% ifwstohero &Q[mrs s 1rﬂerﬁllﬂﬁlne@£ly|kmr@r nal i zi ng
nol ecul e and a tel omere extendi ng nol ecul e. 10023] In one embodi ment of the

present i nyanti@iy cb@nidikd &5, Il P dphBHrige Lr‘lr_@pl@rl Q@(}éhr')ing rRRSHekHLING,. Or
internalizing the protein conplex into the target cell(s). In one preferred

enbodi Wentunptr@@l_ thinhenRRHhZLNG HRLEGYH & 1iS m%ﬂ@&%&”ﬁxﬂ%@b at [@Qplmxelﬁd u,p anot her
preferred enbodi nent, the endosone- nedrated internalizing nolecule is

recept or - neglhiadiBe: al B @n@&t\ﬁm r&()erfrﬁﬁtr &8l lﬁﬂpﬁ)qjogﬁrlg suit € e E{ﬁ)’l’hnﬁ'll L.Zi,ng
mol ecul e(s) conprise(s) a cell-surface receptor bi ndi ng nol ecul e(s), a

cel | - sur f ageqhkehnal kak no: SUSTACTSTE [T 1@&%% rﬁsm\{lhrrd% \Q!uﬁdr, sé;rm{ﬂ@ﬁ)?pt or
nol ecul e(s). In a partrcu arly preferred e i ment he 1 nternali zing

mol ecul e rdlad hidd&Le VRN R G redd Hima OG04l a,lmeace e or
ul e( LhrafMrddn@Lic G enRnd &ﬁﬁh@&ﬁﬁ e%ﬁ&ﬂf[ﬁﬁﬂ&%”@é? K

| i gand, an | CE receptor recognrzrng reéeptor

recogni zi ng, ¥p4; @&lﬁﬂl@ &B%rh)rrg;acnﬂmmauuﬁg:mu%ﬁeﬁtiQ{uo{ﬁg‘p%ﬂ!n‘%Ingrgy ) a!r eEnl(u»ﬁl

l'i gand, a 131)017 receptor Tecogni zi ng nol ecul e or an i nsu

r ecept or i@ﬁl@glri.“ ﬁ’}'k, nlgl{)rl:[?ll()?(gfp )IQI {HVJRLQ‘P’[]‘-% L()l@i{)l r OY\A("](hH ﬂp(glq;%ng(]() SO IBL{SIB"

recogni zing nol ecul'e or ligan epat ocyte growt actor recepto

recogni zi n%n HQLL% U 18 ll@[um fugl?iﬁ'? ide Slhlﬁmhhﬂ% vu%gqpt anu r\%%PTgr 51¢ )1[} Lnrga) ecul e
or ligand, "an eryth ropore tin é%ep tor recogni zi'ng i nol of and, a
cyt oki ne rL%eRv%L regogni zing nol ecule or ligand, a cKit polypeptrde " ENV
Vi rus protern é and/or a | i posorme. 1002411 n anot her enbodrnent of the
pr esent ti 1 e fo pol ypept i > of fercom ng
present | VRN | o g (SANRLATA 19,8 YASRE LI 43 GRBaRheegh sLErRRT "0,

preferred r, LHP. lq PEi (EL% r{a gn \g 5 ??lﬁlﬁ%’rlmnpgl wpyos ¥lg,?igtslug§?dc£{l’[§f|do§§?81 «Q%lghdrmr €

oncogene(s) ex re i ng

ni ol ecul e(.s). cul ar pref er enbodi , ¢
oncogene( grjr L.lel]( ul élp%ﬁ)tl hillb ( g[) lb)iiﬁ%ﬁ%:b o{}%(ilgm\ﬁnr ali Enelrll OBZP{@[C@;@V&S@ bn

product (s one or nore of IIPV 1 X | PV E7, SV40 ntrgen(s)

adenovrrul’gr “d“%“pg eWHV“Pﬂguﬁr"m’NE§P@rh‘B§PWdUrPE§”m1%@' b?otern and
[NIP- | protein a d/ IluI ene expressi on product ( s) npri sing
one or nn#“mﬁrmmmgm59°%' @réaﬁﬁ%%aeﬁ%”é% P8§b®8ﬁnﬁﬁbﬁdBWW§§lw“Wh anot her

preferred enbodi tel oi nere ex ndi ng nol ecul e conpri ses ' | TEM
"al ong rmaf m’?ﬁ‘rr}‘renﬁﬂﬁﬁé\m‘”'ﬂ‘ﬁ"‘t‘ﬁe g : “%g%frr' i‘“')]éf“"éh'b‘tﬁ%’r‘ TEHBBATRERt of the

instant inyention, the endosone releasrng pol ypepti de pronptes and/ or
facrlrtaté‘m“h““#e‘@hs ‘bW“WW@“[P§H§IBrH¥Hé’6W'|nﬁﬁﬂ?% PPy Pngeigsl Nipept i de
fromthe en ferred enbodi nent, the endosone rel easing

nDIecuIe(53“%%ﬂﬁ%ﬂgeﬁmé%méﬁﬂé%ﬁke“r@peé§ﬂﬁﬁmgrgﬂﬁrmbﬁryﬁeﬁﬂkdé0§§'7ln a
partrcularhg exanpl es of endosone releasrnq nol ecul es
i ncl ude i Af ughfa“\/i"r\élﬁ @H\}B Vdﬁé’”‘#lﬁ&é“”é‘éP‘éhWP‘r‘Us“”&lﬁb‘é‘P‘dv‘f“ka‘d’éhléééSsocr at ed
Vi rus vrraI capsid, retrovirus capsid, and other viral and synthetic

encl osone 8I%eRa K bl ke PEkins hagode preserspmoralkhetthdic prasiar pdy ébodi ment

of this invention, the nuclear |nternaI|zrn%
culture, as described in 1 Dermatol, 2000 Feby 27(2):73-86.  In a similar fashion, the SV40 T

antigen and the Adenovirus Fla antigen are also extremely effective for immortalizing their targes
cells by interfering the p53 and pRB pathways, respectively.

[0022]  The invention will now be described with reference (o the clatms.  In a first aspect, this
invention provides an immortalizing protein complex that comprises an internalizing molecule,
optionally in the form of a protein or polypeplide; a transforming polypeptide and an endosome

7



nol ecul e conprises a nucl ear receptor binding nolecule(s) and/ or a nucl ear
receptor nolecule(s). In a preferred embodi ment, exanples of nuclear
internalizing nolecules include a steroi(l(s), a noi ety(i es),
retinoic asbdpwxiisagmin 1), nenbers of the steroid recept@fi:®upsinr ed noid
receptors, and vitamn D receptor, or a conbination(s) thereof. 100271l n
anot her enbodi nent of this invention, the telonere extendi ng nol ecul e(s)
conpri se( spleikimd pEREptidenmAROE har M@UQQQ Ldmemked LA LRlhoNBSnd) tigRding.mol ecul e
conprises N ERT tel omerase subunit, wherein the other two subunits of lin

and h'l AP-snbir@rie uganer al | Mlﬁl@%@i‘?)ﬁﬁﬁ@ldado@suallnl,lu@@ﬂ unht)ylpﬁﬁ mQMhhﬁw%hﬁr hand,
for those cell types that IfIR and Il1AP-1 are not expressed t herein, these

two subuniit@cEapbes b dQdHcadidRtedhe.ce!llis,ad mb»‘lh!zli? NAablk Y. | N one
preferred enbodi nent, the tel onerase extendi ng nol ec %e(s) conprise(s) the

t el oner asgquegt aliytin€ SBBYUMED () he MERE illchdit ’llu,l;lrﬁlc-’ll&a]'tAag, A1 dFRl 0, human
origin or other mamalian honol ogues. [0028 1A specific |nnDrtaI|Z|ng

protein comRli@XnOb: ut@@mlhﬂﬂ@ﬁhch%Mﬁu?%&hplg\olu)f(pefﬂt 'tcg&p nol§e li'llx e(‘)n Lf)ﬁ,@&lldlo at
| east one ot her pol ypeptide/nolecule to forma fusion prote

1002911An@tnh§nﬁ m@]@ p%t me natlnﬁ_ px'{(ﬁ%@@t s ([h\/%gﬂh]t Qﬂ(imlgd ayL[ rrvrgv{’o?hb \})ﬁf %il
pol ynucl eot i de that encodes the protein conplex déscrib

provi ded hﬁaf)&hlﬂuﬁ nlh@ hﬁdutngﬁcml&ltdiu% HMH{JU% ﬁlgﬁ, Qfic {5Sre or-f F(R (l&[szllx QR AIIY?Ct or
having operatively |inked thereto the déscri bed po ynuc

provi ded L‘I%YL,I{L he dnﬂ(\{ﬁmnpﬁﬁ 1'n§1 ni /9:%' Au)[uuﬁ{l?[(g?lwg \M hs& Pl e HXL, )Y{)[ qmel%Ct or.

[ 00301Yet "anot her aspect thi's invention pr é resslnb t he

i mortali zﬁ(ﬂgulp(g)(?g @dl@ur[acc inlernalizing molecule(s), und/or a virus binding receplor molecule(s).
I a particularly preferred embodiment, the internalizing molecule(s) further comprise(s) an FGE
receplor recognizing molecule or ligand, an IGEF receplor recognizing molecule or ligand, a VEGE
receptor recognizing molecule or figand, a FGIF receplor recognizing molecule or ligand, a PDGE
receplor recognizing molecule or ligand, an insulin receptor recogrizing molecule or ligand, a
growth hormone receplor recognizing molecule or ligand, a hepatocyte growth factor receptor
recognizing molecule or ligand, a chemokine receplor recognizing molecule or Hgand, an
erythropoietin receptor recognizing molecule or ligand, a cytokine receptor recognizing molecule

or ligand, a cKit polypeplide, HSV virus protein VP22, and/or aliposome.

[0024]  Tn another embodiment of the present invention, the transforming polypeptide is capable
of overcoming eell ditferentiation and/for cell cycle arrest and/or cell senescence. In a prelerred

embodiment, the (ransforming polypeptide comprises one or more oncogene(s) expression
product(s) and/or one or more telomere extending molecule(s).  In a particularly preferced
embodiment, the employed oncogene(s) expression product(s) may be a viral oncogene expression
product(s) comprising one or more of HPV E6, HPV 157, SV40 T antigen(s), adenovirus F1a and
adenovirus E1b, Hpstein Barr virus, EBNA2 protein and LMP-1 protein and/or a cellular oncogene

expression product(s) comprising one or more of ras, myc and sv¢ oncogene expression product(s).



conplex. 100:31 Iln a further aspect, the aforenentioned products inay be
packaged in the formof a cell immortalization kit, conprising, in the
alternative or all inclusively, an appropriate immortalizing protein
conpl ex orwbusi@mrspy otein for its intended applicati onp@nghRbuiENA or RNA
segnents encodi ng each domain of the protein conplex and/or a

pol ynucl eoti de encoding the entire protein conplex and/or hybrid expression
vectors, @RGRuERAMNKYIRG cAabhahel G aghdSeamBnt ereqdi G R0Ey BRIy Qﬁ%' de
and/ or a hybrid expression vector carrying the pol ynucl eotide; and

i nstructi gRgy hoks klcsnus®: f0r immortalizing cells. 1.00321lIn another ispect,
this invention al so provides a conposition, conprising the immortalizing

protein caompkiex 1@Ge hssicON RSB [lelnstdlﬂﬁin\lfcﬂl\ﬂ%nM: QrQEL)w\M.'Q 1'51'35:, 9&1 Jbﬁf(@”t
pol ypeptides may he substituted for each of the dif erent domai

100. 331Yety @Rk heloasReel: Qf okhe (,prh@%%mmlqnﬂvs.rmngnﬁnm.ﬁ @Fﬁ»ﬂdﬂl% gl.aimed in
this |nvent|on is a nethod or imortal |Z|ng or of Immortalized

cells or %M&&]QJ ng thﬁ[u (,Jl Qn%fxld%[;h n?r{t,yul%gx )Jn§’u,! ln {11&[(91&% Swﬁ]ﬁ aﬁes
contacting the |nnDrtaI|2|ng protein conplex o e lnventionwth a target

cell underun&)@%% M&»ﬂw’fe sﬁvﬂq&agghgm@&sr) O(q ﬁxrmlauzlmr[)? !uﬁ%tglnﬁ/)gdn;!u [ {B\h LRr()(Pt ein

conpl ex to he i nternalize t he trarsfor e Tel ased and

al | owi ng 9([03(; ﬁLethmPf tngallucgil,sngucgl{lu 15[ @t /B%m ng\nﬂ) l y[f%t Idg‘?}osthls N SJ‘Id the
life of the cel . and/ or overcone ce growt h ar or ove conme cel

senescencq(;g,glM){gqlupg,ﬁi\{qgﬁ, 6&'1(! lglt)\v‘ RI’ eg{) ad%d p}u ¥u 11 mcps hbllb L,nqo\()xm
npl ement at 1 on, conpr|se ta|n|n dh nortal i zi ng
protein cggghgxﬁgmu@ e conprising Il PV E6 operatlvely !lnked to at | east
one endosone rel easi ng nDIecuIe and t he other conpri5|ng |II VVI7

oper ati Vel()(?_ i nlﬁ?@llﬁ Qan(qﬁu )P?Lq rred u1eho{1:’1fm1qs(qnﬁ:sr lll?vl/n,%ﬁol r{gb nu(.] '“‘“H%‘”&ﬁd for a

1
|ncorpora I'ng both co under” &ont |t|o

period of t|v for th X xes to be internalized,
wher eby t H eo\o%mgngpg 5 4l nﬁcdw(t) 1u,xtpl01 bm ihe IL’H()R{,{S%QFM{ Ol ualég ul(,c,[fu#;vno[l%uk, hd || PV
E7 may be t he extension of the

I t n
hid of thg{g eﬁng WgFm%ﬁefégﬁwgdﬁ F&ﬁFgW%%ﬂ?Wb”ﬁ%ﬁvgéwwé%ﬁ‘ﬁﬁ ﬁ@r over cone
cother | A aagf a‘f"bghhspt‘ﬁégi%fHg‘aﬁaﬂe‘w’% Fstoogs Gbik S airar o han
|nnDrtaI|2|ngiprote n comp romthe ¢! culture nedia to reverse the
ZARR 15" %g¥é$ﬂmb8ﬁl%mVPﬂHmﬁHPth phenotype and capabl e of

i mortal i SAPTOR @ Fadd

ARSI B s oS LA i A AU A

WFERT. In another embodiment, the telomere extending molecule comprises RTERT wiomerase
subunil, wherein the other two subunils of BTR and WTAP-1 are generally expressed in all cell
types. On the other hand, for those celf types that R'TR and WTAP-1 are not expressed therein, these
lwo subunits can be indroduced into the cells additionally. In one prelerred @mbodinwent, the
telomerase extending molecule(s) comprise(s) the telomerase catalytic subunit(s), N'TERT, hTR,
TR, WEP-A, or TERT of human origin or other mammalian homologues.

[0028] A specific immortalizing  protein complex  of the invention may have each
polypeptide/molecule fused (o at least one olber polypeptide/molecule w form a fusion protein.
{0029) Another aspect of the present invention is an immortalizing polynucteotide that encodes

the protein complex described above.  Also provided berein in the (orm of a hybrid vector is an
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the present invention is effective in prolonging the life of nunerous
cells, and it may be enployed for the treatnment or any and all primry
cells as target cells. In one inplenmentation, the types of cells conprises
i slet cellwohepatoeytes, keratinocytes, endothelial cgld/fsieeih muscle
cells, skeletal and cardiac nuscle cells, nerve cells, astrocytes, and
adult and cord bl ood hemat opoetic cells. However, many others are al so

sui tabl e fL(BrnLﬁsfoﬁattﬂr(&mtwrbyo[hhﬁven}ﬂtnlﬂﬁdh&ttottllllhl@sd1&%%@!‘5 hLQQou(L,n ABSE Dl
preferred inplenentation, the imortalizing protein conplex is provided in
the form afy & ihicposeNE.cd rudRyn@nenol. RMYv.aher known encapsul ating
entities. 100361l n one inplenentation of the nmethod disclosed in this

i nvention,jodshie s h@iepispdciuds RentiPPhYPERL A8 SHGIRNE( %)mtmaluarm}’prgl@ﬁ or any
conbrnatron of elements of the imortalizing protein conpl ex may be

obt ai ned bymgmomnng feeder cells carrying a hybrid vector(s) expressing the
immortalizing protein conplex or any one of the imortalizing or

transl bri nimg pahypepti dess, uf alolowed by pr@t@r@ttx‘%g@ bl Guckdbea IMRY oy ¥BLLRT (S)
with the target cells. In an alternative inplenentation, the i mortalizing

protei n campbedizh®n ilrdRgfsi@nginestedit o, hﬁM@u@\«, ﬁgv\fﬂtlu Dakifg that

they will be secreted fromthe feeder cells to t |un1a d all ow
the prot eigru&GRIRLEX 5:0ueHt Sﬁ)u}nh@: Et@-rrg@r‘rtlupﬁ)lp!;c i ‘?nd)()@riﬁ\g\u& RURLE s
internalization approaches. feeder cells 1 nay be narntarne&’sepa rately

fromthe tt,ﬁ&)gﬁtt! Lgﬁltll)r%ttﬁg t‘uhﬁ‘t)lurnQ@mﬂglgﬁ%ﬁfor Qﬁ% qﬁtr’JHMt r)th umH Tn m,epr(?lun the

medium as is known in the art Fxanpl es eeder ce d |nclude

3'1'3, or L§r§tﬁ19)n§1{d/o@%g/l RE tan@!ﬁ‘)B Ve&LL al, & dfuyﬁuqsn%glﬁrgetad seg ent ¢h trtleng SE

t hensel ves may be pl aced in the sane ne nm as e tar such as
co- cul t ur i,pgp@fiad RESE. AR L R%%OJ heeeder cells
fromthe r{r)egg)b&r% Lmay le Qr{tﬁtce)}sf‘sa%r(f/n (,61[ (o} tLZm%thgol rﬁinp,(dtait,,t Hd m.st:u(,lr() P zt [Illil ng
protein C%GHlﬁMmHBMUﬁJ sQi;he required to be separated frontthe target cells
and renoved front medi um when (he target ceIIs are to be reverted to

their norqﬁﬁzphepo ypes 0 U i,npl eme der
cell's may be ]CO . (tlubre \pmp ﬁrz Hg n?rg‘r'] tis() 810 f | §ont O“lf{ﬂef'b]nlf'ﬁgf?f éder

cells arej, n froan. th et ce 0 that the feeder
ool | s rmy e)[?ﬁel?irg\’lgg&ﬁ] Btﬁrf)la%% l¥!’>l(dn %1( unloil]ﬁlé mwg{:ogr W%’H’lq Tréwﬁ BPVER of t he
met hod, hﬁ§11 stugsln.t L(ldtz)tactaclho)lm1]19ftlrlltuent JOITTYDI’ talizing protein(s) into the target

N4ANS .
ceII(s) ( be aj ectroporati on, ntcrornjectlon transfection,

and/ or rt and/or ech es known in the art.
Speci fical Ty | ?‘ﬁﬁﬁgﬂﬁa*rfrrer"ﬁw“ APng S ! BT e a8 e ot o coat ed
or conj ug ents of the i rtalizing protein
conpl ex. Lﬁ&lWM%mouﬁvméPegpﬁﬁ%JT%éﬁBBgVﬁg*BbWﬁé?H@@nﬂﬁtb”ﬂﬁ@“@étrs usi ng
machi cal for qun nman nuf actured by Il1oRad. [00: 38l The
cells obtarne@”%ﬁs“Henmu{ﬁ”&maeseﬁﬂﬂeﬂ 416 @8“&?8“@Uﬁ‘5@“'“F6WmﬁﬁHy‘uses
whether for experimental resgerch ae_g alternative to clinical testing,
for expansitn ofthe%% s Be ‘Héﬂ“ﬁ?‘ﬁ Py cEpqlige g pthy gpleRegopelsh @ 05 ssue

t her apy. T1 F 1 oyed by thensel ves or by neans or a device
or inplan?ltﬁl”e @rvl ﬁ@meF%bvéﬂt@Hkéﬁﬂ“%téWIWIWV” @h@“a@B@éW”ﬁ$°the

pr esent |nve tion is in reproduci ng organ or function specific
cel I's by OBt ”WP 8"%{“%‘5 t‘t@&“‘ét"géﬁ ‘Br‘h“f%'r‘rc‘t“r‘/tﬂrt}"gb‘é& |l gropviy gt wdir (s)
imortalizin or function specific cells by the nethod of the
|nvent|on°“’86 %ﬁmé%HngWﬁ@“fHe“‘HH?”WWHDH?%PP%@H‘@@FP@MMéﬁdhb
re-nortalizin the expanded cells by withdrawing the imortalizing protein
conpl ex oW“%ﬁ Wﬁh“ﬁﬁ%ﬁ%ﬁq¥”W%dﬁPCH@“WEHP”tHﬁ’FBG%@UEF%m&ﬂé*Pﬁpvemﬁﬁmatlon
the organ or function specific cells may lie nultipotent stemcells. In
anot her | HbYéﬁerrrav *M“l“*t‘ e B AR GO iR ekRope Bpeelef ind tselliescomaysitonpr i se
bone narrOM/nesenchynaI stroma cells, cardiac nmuscle cells, islet of

f, anger hel'hY é@lopaativeiyigreddepy lgust Pleapfospiag pelgasing moleeule, and incorporating both

complexes into 4 target cell under conditions and for a period of tine elTective (or the two protein
complexes (0 be internatized, whereby the imumortalizing or transforming polypeptides TPV F6
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nmuscle cells, skin cells, kidney cells, bone cells, stemcells,
hemat opoi etic cells, pancreatic cells, thyroid gland cells, hearing
associated cells, vision associated cells, olfactory cells, and ot her
cells. I n wetwanotsber inplenentation, the target cell spamyzeongise
dividing or resting cells, termnally d terentiated starting organ cells,
or the target cells may be transforned while being imortalized. The organ
or functi and$PpEdirfiug be elldis:diinaye cogpedisadaldwhogotsnann &l thogenetecgel | s as
wel | . roomAnot her aspect of this invention also provides a cell(s) obtained
by the netdhadr ofrdbhigionyenint@ncahethendst @ppbngcatsed-hen@nd /st gpverfngcel |
imortalization, or at the further anplification of the imortralized
cells, or caf ditixenreadi nortalization of the anplified cells. 100411"1bis
invention, in one aspect, also provides a nethod of transplanting cells for
organ regeneration, conprising transplanting normal, functional organ or
function specific cell(s) obtained by the nethod of the invention, into a

subj ect' s jangan isi & wpder GERALIARAS 1ef firalivernher (SeRkisNYes ek O\MLh and
allowing the cells to grow and regenerate the organ. 100421In yet another

aspect praovhdedi-heheidh dodip@x 1B hede@fuitiealih NG« R iR e @60 SR ML i,on
associated with an organ or function specific cell malfunction Such nethod

may conpricsRinbialini n@ﬁmﬁp[fcﬁ’(ﬁﬂﬁhﬁiﬂmﬁ@ﬁﬁﬁlm&le’l)llng ﬁl)lcf[f{,@m 4ibg specific organ or
function, immortalizing it(them) by the method of the instant invention

enpl oyi ng (§N1§ appE el @tie o MG LA GZ] RY NI PLEE G FQOREAS,, ANH. hLARsR! anting
the cells with or without prior re-nortalizati'on as descrlbed above. The

met hod of gdYirSed MERTh ARk MY mt?ﬁ)ltlmnplL aet (Qqudlqus h&ist {8 ALIBE ugsioﬂﬁny
di seases or conditions. Exanples, in one inpl enentation, are those di seases

and condi tih QRS dupak &Qlﬂ})rddsﬁ i zaa%/r(,?:ll@ﬁﬁgga![ Q‘&l@dln\Mm h Eﬁkﬁ?{ﬂln' Enﬂ %qgflses’

e.g. di hetes, heart disease, burns wouhnds, blindness, son te ypes of

hearing i rlpli%d'cﬂﬁaﬂﬁs%q islol Yﬁl[, lQbﬁ&@ﬁ@skuaﬂH;&lu ¢ oﬁuﬁh %elﬁs %ﬁooitghg%?._ﬁhdc hsor ders

i ncluding henophilia and neoplasms, anio’ng nany others e present

patent in sl@nrl,q}! hﬁ(f u@(ﬁ RQH’JSL[QI{.QMI IQ L@'”‘-schllll)(, “s SedG \f dﬁJ‘ER i%ln})d h n%m?)muSI ng
drtion. | T

cells obtained by the process o he I nvention. The tissue ce

originate czl[spﬂ(])\g;lvcz. I dﬂ?%‘h{:[tsxg%ﬁo QJ'L[aBi@qu%'cml%&ll l}) the %%[f%()(?(ﬁqgl‘l 1tr)1\eft,q1l;9‘ bOVE‘In

another preferred implementation, the imimortalizing protein complex is provided in the form of a
liposome or any one of many other known encapsulating enlitics.

[0036]  In one implementation of the method disclosed in this invention, the fusion protein or
potypeplide segment(s) of any one, or any combination, of e¢lements of the immortalizing prolein
complex may be obtained by growing feeder cells carrying a hybrid vector(s) expressing the
immortalizing protein complex or any one of the immortalizing or transforming polypeplides,
followed by contacting the hybrid vector(s) with the target cells. Tn an alternative implementation,
the immortalizing protein complex is (urther engineered o have & secrelion signal so thal they will
be secreted from the {eeder cetls o the growth medium and allow the protein complex 1o enter the
targel cells via various protein internalization approaches, The feeder cells may be maintained
separately from the target cells so that the feeder celis may be removed fron the medium, ag is
known in the ar(, Examples of feeder cells employed include 3T3, or stromal cells. Under certain
circumstances, the feeder cells themselves may be placed in the same medium as the target cells,
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1004411 n this context, the artisan will find sinple and conprehensive
guidance in this patent for obtaining cells and tissue transplants
conprising the cell(s) that are suitable for nany specific applications.
Yet in anovbeswaspect of this invention, a nethod is pravissadidi
regenerating an organ by transplanting normal, functional organ or function
specific cell(s) or cell tissue obtained by the nethod descri bed above,
into a subj@ct cinderincanilisé ivongeebf e, i el € antitdauedgrawhhne.angd
allowing the cells to grow and regenerate, or generate a Functional organ.
FUSI ON PRGNS =M Q¥ER: b Tk, BXAMRLES/idg Folchusih@tx B50N&I 1 1AN-Qoe Aci d
Sequence (SEQUENCE ID NO. 1) (EGER bi ndi ng domai n) (Human Paui | | oi navirus 16
(16 oncopmeisghmld from the target cells and removed from the medium when the target cells are to be

NI NVGYl GERKVRI X, 4\ 4110KI ZTAMFOOPCERPRKI , POLCI ELOTTI 1 DI I I, ECVYCKQQL1. 1212EV

Y DEAFROL GhVYRIXInNPYAVMEDK G & YSKI SEYRHYGYSL YUl TLEQQYNKPUI DI . LI RCI NCOKPF,
Cl PEEKORI i , OKKOL2171 | NI RGRWIHI 2CM SCI | RSSRI RRE' Rl , FFI Al AEFI EGGWEI @i | i f

EG ( Endosqmgy|r elrgasinngie $ih@adlnaice, BE ST QM RolebRuNiineAGl drosegpence
(SEQUENCE | D NO. 2)

I another, the (eeder cells are maintained separately Trom the (arget cells so that the [eeder cells
may be removed [rom the medium. fnoa prelerred implementation of (the method, (he
internalization ol the immortalizing protein(s) into the targel celi(s) may be aided by
electroporation, microinjection, translection, and/or nanoparticle bombardment, and/or other
techniques known in the arl. Specilically, in nanoparticle bombardment, the nanoparticles are
pre-coated or conjugated with (he necessary components of the immortalizing prolein complex.
The nanoparticales are then being bombarded into the cells using machical force such as the Helio
gun manufactured by BioRad.

(0038} The celis obtained by the method described above are suitable for many uses, whether
{or experimental research, as an alternative (o elinical testing, (or expansion of lreshly obtained
primary ceils, or for cell and tissue therapy. The cells may be employed by themselves or by means
of a device or implant (o preserve cell isolation and sterility.  One aspect of the present invention
is in a method of weproducing organ or function specific cells by obtaining a desired organ or
lunction specilic targel cell(s); immortatizing the organ or lunction specific cells by the method of
the invention; growing and expanding the (hus immortalized cells; and re-mortaliving the
expanded cells by withdrawing the immortalizing protein complex or [usion prolein from (he
medium.

(0039 Enoone implementation, the organ or Tunction specilic cells may be multipotent stem
cells.  Tn another implementation, the organ or function specific cells may comprise bone marrow
mesenchymal stroma cells, cardiac muscle cells, islet of Tangerheim cells, liver cells, brain cells,
muscle cells, skin cells, kidney cells, bone cells, stem cells, hematopoietic cells, pancreatic cells,
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(' GER bi ndi ng domai n) (I Inman Papillomavirus 16 E7 oncoprotein) N NGYIG
| RPOYRIN At H G YI PTLI 11 1YM, D1, QPF/ 11 DLYCY1 | OLNDSSEEFORI DGPAGOAL TOR Al
I YNI VI TI CCKCI DSTLI ZI f1 VOSTI | VO RTLEI Nl N\H ( Endosone rel easi ng signal)
REFERENCESv®bD#10@elshs. 2002; 13(3): 351-61. Dermat od 2( 0QiCTAR#R)1363r286. US
Patent No. 6,339,139 to Cu, et at. US Patent No. 5,635,383 |lo Wi, et al.
Pcr Publication No. WO 00/031238 US Patent Application No. US 201)5/0244969
J. 13iol. (ChemplafdQB88)alify 263i629):11462h+40400AbAHa-DY BoV@ener alll y
described this invention, the sane will be better understood by reference
to certai nn speaifid cn@xanpli@s ihe Wi Belaney ks udadidne beicnink QEspPUFReses of
illustration only

dilferentiated starting organ cells, or the target cells way be transformed while being inmortalized.

The organ or [unction specific cells may comprise autologous or allogeneic cells as well.

[0040) Another aspect of (his invention also provides a cell(s) obtained by the method of the

invention, whether stopping at the end step ol cell immortalization, or at the further amplilication

ol the inmortralized cells, or at the re-mortaization ol the amplilied cells,

[0041F  This invention, in one aspect, also provides a method of transplanting cells for organ

regeneration, comprising transplanting normal, [unctional organ or [unction specilic cull(s)

oblained by the method of the invention, ino & subject’s organ sife under conditions ellective for

continued growth; and allowing Lhe cells (0 grow and regenerate the organ.

{D042] In yet another aspect provided hercin is a method of freading a disease or condilion

agsocialed with an organ or lunclion specific cell mallunction.  Such method may comprise

obtaining a targeted normal celi(s) from the specific organ or function, immortalizing il(them) by

the method of the instant invention employing the appropriate immortalizing protein domains, and

transplanting the cells with or without prior re-mortalization as described above. The method of

this invention may be implemented in the treatment of many discases or conditions. Fxamples, in

one impiementation, are those diseases and conditions that comprise or are associated with

metabolic diseases, e.g. diabetes, heart disease, burns, wounds, blindacss, some (ypes of hearing

impediments, liver diseases, autoimmune discases, blood disorders including hemophifia and

neoplasims, among many others,

[LO43]  The present patent in another aspect provides a cell tissue transplant, comprising cells
oblained by the process of the invention.  The tissue cells may oviginate from dilTerent (ypes of

targel cells, as described above,
[0044] In this context, the artisan will (ind simple and comprehensive guidance in this patent
for obtaining cells and tissue transplants comprising the cell(s) that are suitable for many specilic
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and are not intended to be Iimting of the invention or any enbodi nent

t hereof, unless so specified. EXAMPLES Exanple 1: Subel oning of an E6
Fusion Gene into the pET15b Vector [00461An E6 fusion pol ynucl eoti de

( SEQUENCE w®20¥007393, that conprises fromthe 5' - to thempend;@ DNA
segnent encodi ng a pol ypeptide conprising an Ea' receptor recognizing
domai n, the LIPV16 E6 oncogene, and a DNA encoding an endosone rel easing
si gnal poliyprplohde yewasmahint:hesi o ads anchied, anBdhdinNg Bro®JREK!BR N8R QK
(Novagen, Cat. No. : 70755) at the Neo | and Xho | sites. The fusion

pol ynucl eotdagley wWaspiiiay hdled, hdibn@olksSortia@i@tsptdR Bt 8t RUS: ol fR471The
thus obtained hybrid prt 151) carrying the E6 fusion pol ynucl eotide was
subj ect ed pt @i BNACS @IUBDELIRG. 1R MEEjbdi Mndet &nSHBGNERGBve BEXRRIEI growty; and _

2: Transformation of Exoti BL21 [06481F|ve nanograns of the hybrid plasm c!
pl 1"t 151)Gakd td s REWIAE oSt QNoReLYRUCLEOLLIG Mere transformed into L
coli 13L2l and allowed to grow Thereafter, one colfony was sel ected, and
cultured in 4ml" 1,13 broth (100Qug/ mL Anp) and expression was i nduced

enpl oying 0.5mmolif, tyro the expression products were detected by sodium
(Jockeyl syki@i PrPAEYREEVIPREVED Mebmek&MpPRAOr esis, e.i. 15% SDS-PAGE. The
results are SAOWA TN I . 1 acconpa is patent. Exanple 3:Protein
Expr essi ond.E6 Fusion Protein

Amino Acid Sequence (SEQUENCE (D NO. )

(FEGEFR binding domain) {Human Papillomavirus 16 £6 oncoprotein)

NPVVGYIGERPQYRDL-MIIQKR TAMFQDPOERPRKLPQLCTELQTTIHIDILECV Y CKQQLLRREVY

DEAFRDLCIVYRDUNPY AVUDKCLKFYSKISEYRHYCYSLYGTTLEQQYNKPLCDLLIRCINCOKPL

CPEREKQRHIDKKQRFHNIRGRWITGRCMSCCRSSRTRRETQL-GLIFFEATARFIRGGWEERLITEG
{Cndosowe releasing signal)

2.E7 Fusion Protein

Amino Acid Sequence (SEQUENCE ID NO. 2)

(EGEIR bindig domain) {Thuwvan Papillomavires 16 £7 oncoprotein}
NPVVGYIGERPQYRDL-MUGITPTLHEYMLDLOPETTDLYCYRQENDSSEREREDEINDGPAGQALPDR
AHYNIVITCCKCDS TLRLCVOQSTHY DIRTLEDILLMGILGIVOPICS QK P-GLIFEATALTIRGG WL
G

{(Endosome releasing signal)

REFERENCES
Mol Cells. 2002;13(3):351-61.
3. Dermatot. 2000; 27(2:73-80.
US Patent Ne. 6,339,139 to Gu, et al,
US Patent No. 5,635,383 (0 Wu, et al.
IPC’F Publication No. WO 00/031238
US Patent Application No. US 2003/0244969
T, Biol. Chem. (1988) 15:263(29) 14621-4

{0045} Having now generally described this invention, the same will be better understood by

relerence (o certain specific examples, which are included herein for purposes of iflusteation only



100491A sanmple of the Eco/i 13[21 strain was cultured in 101, 1,13 nedia for
4 hours, and then induced with 0.5 mmol /I, I PTG for 4 hours. The cells were
harvested by centrifugation, and the resulting cell paste was resuspended

in 1000 mwbysivsetus fer and then sonicated on ice to oftt@iplndnsgld |ysate.
WO 2010/ 007593PCT/ 1132009/ 053112 Exanple 4:Protein Purification 100501After
s nication, the lysate was centrifuged at high speed for 10 m nutes, and

the preci pintt at@oicatdiect ed TR npsRE i ch@ing: W3S b 880l 8d chYu@s! so Sgccii'icd.
el ectrophoresis loading it with a 5x |loading SWhuffer on a 15% SDS- PAG A
gel, and the gel was then negatively stained. The target band was cut and
el ectroeluted as shown in Figure 2 acconpanying this patent. Me identity of
t he bands was verified by Western Blot. See, also Figure 2. 005.11The
buf fer enployed for the final sol ul¥eNEE 20nM Tris-1:10 (p118.0), and the
target protein concentration was found to be 0.633ng/nt. Abe total volune
of the lysate was 100m - Exanpl e 5: Subcl oning of the E7 Fusion
Pol ynucl eotide into_a pET32a PLagnidé%$0521 Abe 1:17 fusion polynucleotide
(S| AQ JENGEANRIS INO, Swlictonmg of am B ysion Seppinte e phiShivegordonai n- 117
ncogene- endosomne releasing signal -3') was synthesized and cloned into a
pi : 1' 132a [BF&s mike Po(NdRraaBauclegde (SINGU IS B) Nusi) ribpt ednerirgs fom taeridt gt |
enzyne recognition sites. 'Me sequence of the resulting hybrid .
pl 1T32a- 1,°1, %P f (P8 ofRePinaspdng ARes/Persirs eqreeising DA’ wequeedzniging Bxedipl e
6: Transformati on of E. coli 81,21

the HPV IO E6 oncogene, and a DNA encoding an endosome releasing signal polypeptide, was

synthesized and cloned into a pET15b veetor (Novagen, Cat. No. : 70755) at the Neo Tand Xho |

sites.  The fusion polynucleotide was provided with a his-tag at the 57 terninus.

(047 The thus obtained hybrid pliTESb carrying the 16 fusion polynucleotide was subjected

to DNA sequencing to verily ils sequence.

Example 2:  Transformation of F.coli BL21

(048] Five nanograms ol the hybrid plasmid plET15b camrying the 136 [usion polynucleotide
were (ransformed into 7. coli BL21 and allowed to grow,  Fhereafler, one colony was seleeted,
and cultured in 4ml. LB broth (100ug/ml Amp) and expression was induced empioying 0.5mmol/T
PTG The expression products were detected by sodium dodecyl suifate polyacrylamide gel

clectrophoresis, e.i. 15% SDS-PAGL.  The results are shown in [ig. 1 accompanying this patent.

Example 3: Protein Expression

(00491 Asample of the Lcoli BL21 strain was cultured in 101 LB media for 4 hours, and then
induced with 0.5 mmol/E IPTG for 4 hours.  The cells were harvested by centrifugation, and the
resubting cell paste was resuspended in 1000 mi 1ysis bulfer and then sonicated on ice to obtain a

cell lysate.



[ 0053] Fi ve nanograns hybrid pl 1T32-E7 fusion pol ynucl eolide plasm d were
transfornmed into E. coil 131.2 | cells.One cell colony was sel ected
cultured in 4ml, 1A3 broth (I 0Qughin Anp), and induced with

0. 5t unol/ lwdkekRbo7Ehe expressi on results were observed gftgroseparati on by
gel electrophoresis in 15% 51)5- PAGL1. See, Figure 3 provided with this
patent. Exanple 7:Protein Expression W 2010/007593PC17182009/053 112
10054 1 A sanple of the E coil 13L2 | strain was cultured in | OF LB nedia or
4 hours, and then induced with 0.5 mm1l/1, wo for 4hrs. The cells were

har vest ed gz cengrifggatgon and the thus resulting cell paste was
r esuspended2iRednoo PrAteir DWilkeaigh f er and t hen sonicated on ice. Exanpl e

8:Protein Purification 100551The sonicated | ysate was centrifuged at high
speed for [@BM nukesoni@nt. tikelysupesnahanieiashigoklectedoanduloaged.ont o an
1" Ji -1 DA colum for purification Sanples of the eluting fractions were
subj ect ed i@ipget cel-acd.r aphprapias ©8 115 SBSRAG0pRAS:; Gh@Wrie ik « TRe
fractions containing target protein mere_cor!ecteq and di al ysed agai nst
20MM Tri s-1b#dlng Gp3 bu@er Oh o 1EX3MBLIAGE: LY. eteahdeDv@astd Rikiand s SeRaT Rt 1,9

band was cut and electroeluted as shown in Figure 2 accompanying this patent.  The identily of

the bands was verilied by Western Blol. See, also Figure 2.

[0051)  Fhe buffer employed for the [inal solution was 20mM ‘Iris-HCL (pH8.0), and the target

protein concentration was found o be 0.633mg/ml. The total volume of the lysate was 100mil.,

Example 51 Subcloning of the E7 Fusion Polynucleotide into a plT32a Plasmid

[0052)  The K7 fusion polynucleotide (SEQUENCE 1D NO. 2) (57-EGF receptor recognizing
domain-1i7 oncogene-endosome releasing signal-3") was synthesized and cloned into a pl[32a
plasmid {Novagen, Cat. No:69015) using the Kpn [ and Not [ enzyne recognition sites.  The

sequence ol the resulting hybrid pl<132a-17 fusion plasmid was verified by DNA sequencing.

Lixample 6: Transformation of E. coli BL21

00331 Five nanograms hybrid pET32-157 fusion polynucleotide plasmid were transformed into
Locolt BL2L cells. One cell colony was selected, cultured in 4l L3 broth (100ug/ml Amp),
and induced with O.Smmol/L IPFG. The expression results were observed after separation by gel

electrophoresis in 15% SDS-PAGE.  See, Figure 3 provided with (his patent.

Example 7: Protein Expression
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100561200ng of protein was digested wwth 6(00 units of UK for 10 hours and
then separated by NI-11)A colum, the flow through was coll ected, the
colum was then washed with wash buffer, and elute(’' with elute buffer. The
target proweiznwfoousmd i n the washing buffer was yen Iieﬁnmgmeiﬁhn Bl ot
(See, Figure 5 of this patent. The final protein concentration was about 1
ing/m (in 20mMMIris, pH 8.0), and the final volune was 50nil. Exanple 10:
Cul tur e ofjodsmmora ahipeedtCel L@ Q0 SALNOL RFRu-hUREE . Kehatii 8O NILeS 1 ek
purchased 11rum G bco (Gaithersburg, USA, Cat # 12568-010). The cells were

i sol ated findiedavipad mebl/inel e rapnates finneaklNssed The.naeld:soWakiennrepagat ed
in conplete Keratinocyte SEM nedium (G bco, Gaithersburg, USA Cat #

17( 05- 042)psusuppligaent gdewptflcd in 100 di | tdu0a: 0f (peRhicddaloh e St r ept onyci n
((ibco, Gaithersburg, USA, Cat # 15140-122). 100581The frozen cells were
qui ckly thawed and grown in a 25cn2 culture vented flask. Wien the
kerati nocytes had grown to 80% confl uence they were passaged using mld

Trypsi n- EDfAngiegest pafein Badibhlish @ cell nonol ayer was rinsed with 4 m of
1 BSS (G bco Gai t hersburg, 1JSA, Cat # 14170-4 12), and incubated at room

t enper at ur@;swi t hrnd sodca@f TNy pai L@n[FQTQi ﬁgop‘%p}u& =1 hﬁﬁlﬁb%cgpm u%’nulgﬁt I f
25300-054) diluted with Versene Clalt her sburg, USA, Cat

15040- 066)wuatcoecdi LQd rl@itlup(mulgﬁ)a@llmQ@luﬁ}heioF bdiRaMer e%ﬂ@fu@%h%é fluifﬁg] the .
flask, they were neutralized with 2 ml of 111355 containing 10% calf bovi ne

serum ( (1 ifhe@ns Gaid hﬁr@l@(url(g {fndLl‘h%)ph%tl\ #)nzﬁSI/YQT)Q%)r! aq,q ¢ROLT 4 f Ug, d at 10

x g for 5 mnutes. the supernatant was di scarded, and the cell pellet was

re-sus pendﬁgldnnuﬁ@mg;@ﬁﬂl S5, L%mchu"ledhﬁ‘yséd & :1%8'2! EAR9HE ?(tpi 1%:0) )hO’l average
the cells took about I () days to reach 80 A)con°luence agal n, he

doubling time of the ceIIs bei ng approximately 5 days.
Example % Protein Digestion and Separation
{6056]  200mg of protein was digested with 6000 units of TIK for 10 hours and then separated by
NIE-IDA cotumn, the [low through was collected, the column was then washed with wash buifer,
andd cluted with elwte buller. The target protein (ound in the washing bulfer was verified by
Weslern Blot (See, Figure 5 of this patent. The final protein concentration was about Tmg/ml (in

20mM Tris, pH 8.0), and the firal volume was 30ml.

fExample 10:  Culture of Immortalized Cells

[0057]  Normal human keratinocyles were purchased from Gibeo (Gaithersburg, USA, Cat #
12568-010).  The cells were isolaled from a pool of male nconates’ foresking.  The cells were
propagated in complete Keratinocyte SFM nedivn (Gibeo, Gaithersburg, USA, Cat # 17005-042),
supplemented with 1:100 dilution ol penicillin-Streptomycin (Gibeo, Gaithersburg, USA, Cal #
15140-122).

[0038]  The frozen cells were quickly thawed and grown in a 2Sem” culture vented flask.
When the keralinocyles had grown 1o 80% confluence they were passaged using mild
Trypsin-EDTA digestion,  Briefly, a cell monolayer was rinsed with 4 ml of HBSS (Gibco,
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Exanple Il: Results fromCulture of Cells with E6 Fusion Protein
100601Cel | s were seeded at 2()% confluent and cultured in 5 m of
Keratinocyte SEM nmedi umat 3713 in 25 cnR culture flasks. After two nonths
of cul turewoacdos®syy esponse curve to each of the fusiomjmﬂQM@mmﬁgmas
performed on the keratinocytes. Surprisingly. the CO fusion protein proved
to be lethal to the cells at high concentrations. Al though being intended
only as a dwpetthesiisa, tchik ¢ efi7ect2)) nay ilb@aduen trooh henLeld:d weanpelli g with
FCE for binding to the FCC receptor. [00611Cell death was observed

i mredi at el 'yryfshetimextGiday dafinddaereC ORaentr atban-osas diaRawiOvekal G4 usi on
protein or higher. At a |lower concentration, e.g. at ahottt 2 gehnl to

about ong/ddihgrsbagl lisdleat hlvasobsanvedyo occur only after approximtely 5
clays. No cell death was observed at a concentration of or |ower than about

1. Sughti | @ f usinmPEOk &k, dben rthhenceki S SheWR IR RASEIMesh of QroranReri od of
nore than 4 nonths. Exanple 12: Results from Culture of Cells with E7

Fusi on Pr abgiiRing 006 201Gk |n§sdﬂﬁ1|i@rl&%e(dﬁ@{uﬁ{uluZQQ(?\C{@nﬁ#hHQUI(B@nQ(IQ&hlurt[h'rugd in 5
m of Keratinocytes SEM nediumat 37V in 25 cn2 culture fiasks. After two

nmont hs of .euh kurigs s Aikl@Sent eSRANESR VNG RE, Hiha.fushan RLaL Q&'leLnY@!Sm
performed on t he keratinocytes. Surprisingly, the E7 fusion protein also

proved to cbﬁplulL @itokl@J mdafunt & IQIerlzlﬁng?-ltuu(h '(Hh‘zv&@nQl%rl{,lﬁsqukoﬁ&{ 1%(1}@“ gady being
i ndi cated above, this may be due to the fact that the cells vere conpeting

w th [ GE feu cbz‘nlﬂldtk@ggdﬁnowhlh@u U B lﬁl@ﬁptll@[d]s RAR . F?arox&]hﬁiyﬁ lafusion protein
acute cell toxicity was seen at about 2ug/ni usi n-protein.

Example 11:  Results from Culture of Cells with E6 Fusion Protein

[0060]  Cells were seeded at 20% conlluent and cultured in 5 ml of Keratinocyte SFM medium
al 37°C in 23 ey’ culture (lasks.  After (wo months of cultuse, a dose response curve 1o gach of
the lusion proteins was performed on the keratinocytes.  Surprisingly. the 16 (usion proftein
proved o be fethal o the cells al high concentrations.  Although being intended only as a
hypothiesis, this cflecl may be due to the cells competing wilth EGE for binding (o the FGR
receptor.

[Bo6i]  Cell death was observed immedialely the next day il the concentration was about 6pg/ml
120 fusion protein or higher. At a lower concentration, e.g. at about 2 gg/ml o aboul 6ug/mi, cell
death was observed o occur only alter approximately 5 days. No cell death was observed al a
concentration of or lower than ahout 1.5ug/mi F6 fusion protein, when the cells were observed for

a period ol more than 4 months,

Example 12:  Resuits from Culture of Cells with E7 Fusion Protein

[0062]  Cels were seeded at 20% confluent and cultured in 5 ml of Keratinocytes SIWE medium
at 37°C in 25 emt® culture Masks.  After two months of culture, a dose response curve of Lthe fusion
profein was performed on the keratinocytes.  Surprisingly, the F7 fusion protein also proved 1o be
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Md-termtoxicity was observed at concentrations of 0.6pg/m to |ess than
about 2pg/mL E7 fusion protein. At concentration at or |ower than about
0.67g/mM N7 fusion protein no cell toxicity at all was encountered when the

cel I's werewobserwsd for a period of 4 nonths. Exanpl e d@sh@9gssIer m Cul ture
of Cells with En Fusion Protein 100641The foll ow ng concentrations of the

fusion proteins were tested in long termexperinents: lug/ 1111 and

0. 75ug/ il 1edal 61t ugls ANhipk ednediuERbiARQG M blinDind3Ma lv.aind Oy 20uQ/ il of E7
fusion protein, respectively. The results were summarized in Figure 6

acconmpanyingiaé asnpadiette b QORSHIN:FURYhe & ME1:KETRALIMNOCYt es wi t hout
treatnent started to senesce after 4 nonths whereas the treated

kerati nocyt®@s Wrhnpen ilseh Balfese L@floﬂujxll)?\(mlgbugﬁ a{%ll@l 9@]1}&@0&31{%%@%1& 0
propagat e up to 7 nmont hs A#ter 7 nonths their rowh was significantly

sl owed dowwig- [@M@ﬂn&l@%ghhst, h&i Q@tLlJL@Nutlﬁm)lr@ﬁﬂUMh ﬂhl.s@ lthEil?(Lh’?lgpqglﬂbllﬁxp time
was prolonged to IS days or nore and the ex pal nent was térm nate

Exanpl e 14310[&!1 Pl Do @b €1 DUGH S an A TLE6. %Un% '] ﬂgusHQ'pﬁ)?JM & LLQQ%QJW ﬁnOt her
aspect of the present invention, the imortalizing polypepti s "adapt ed

to be Iunkep;L&rwmuv@»ugah@%m@(,hmwbaiu@@}xultns. fyghgar receptor |igand or a
lipid soluble 1110i ety. The nuclear receptor ligand is selected based on

the expression of its corresponding nuclear receptor in the target cells.
[00671In this application, the Iipid soluble nuclear receptor ligand or the

l'ipid sol Ltb('m%pﬂ‘?'z et Moxw lI‘LImQZ'u u‘é%?caﬁ LR Tl gioﬁ\’slotur?ur face membrane,

bri ngi ng arong e imiortalizing polypeptides iInto the cytoplasn1of t he

t tar ge][ Cel[(')t)§4| SQ%C otl )\91"31 l%unym%ﬂs ('5 hﬁ 1&'1!%'p1€%§'i‘unsrvﬁ%i5{h‘a mn long um L,‘cpuuuum? Oyed
i W

lug/md and 0.75ug/ml o E6 fusion protein combined with 0.33ug/ml and 0.25ug/ml of 17 fusion
prolein, respectively.  The results were summarized in Figure 6 accompanying this patent.

[QO65]  In summary, the keralinocyles without (reatmenl started (0 senesce after 4 months
whereas (he (realed keratinocytes with non lethal dose of HPV 16 16 and E7 continued (©
propagate up to 7 months.  After 7 months their growth was signilicantly slowed down; even
though the cells remained viable but (he doubling lime was prolonged 10 15 days or more and the

experiment was terminated,

Example 14:  Lipid soluble nuclear internalizing molecule

[G066] I another aspeet of the present invention, (he immortalizing polypeptide is adapted 10
be linked or conjugated to a lipid soluble nuclear receptor ligand or a lipid soluble moiety. The
nuclear receptor ligand is selected based on the expression ol its corresponding nuclear receplor in
the target cells.

1067 In this application, (he lipid soluble nuclear receptor ligand or the lipid soluble moiety
will diffuse across the cell surface membrane, bringing atong the immortalizing polypeptides inlo
the cytoplasm ol the target cells, Specilically, when the nuclear receptor ligand is employed, it will
bind 1o the corresponding nuckear receptor in the cyloplasm, dimerize and translocate into the cell
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bind to the correspondi ng nucl ear receptor in the cytoplasm dinerize and
translocate into the cell nucleus. Alternatively, when |ipid soluble
noiety is used it will enter the nucleus fromthe cytoplasm by diffusing

| hmugh t hewoesloaarsosrenbr ane, and thus the imortali zi ngepahypeptide is
tagged along into the nucleus. [00681The invention and sone preferred
enbodi nents and exanpl es thereof now being Cully described, it wll be
appar ent tmclome Aofrmordynangy gk bdlublenmbibgas tusddhat wimeny: ehanges @ndihe

nodi fications can be nmade thereto wi thout departing fromthe spirit or
scope of tdyepluaventilioingasoset hd ikl [ﬁlﬁﬂ)ﬁinﬂ-amth:thUgh\nuﬁl‘mﬁzi@qi?ﬂ/ﬁclﬁﬂéﬁr i ption
refers to particular enbodinents, it will he clear to one skilled in the
art that tdiecpsiesens hnw@ntion may he practiced with variation or these
specific details. [fence this invention should not be construed as Iimted
to the enhadimentss isetioh @hd Rndr@ieM el QORIALEAN clNPlanCCur W ki Py

nol ecul es may be used sinultaneously as the transf O m ng pol ypepti des, as
in the cases@hed hewll BV aﬁﬁruﬁn@b {)W(JIEZrlelQllyYR@ptiri @RS ar A%y %klﬁ)h ’chzjngcsi shacl ear
that multiple expression vectors may be enployed to express the

t ransf or mmngiRelypeRbl Fe® IRARAKALE! (ﬁépzﬂ}lﬂ{g NS ‘slffk}rj[ _nlg%!(t)ﬁ%r lihm{[nti@rl ds2ing

protein conplex. O ains: 1. An immortalizing protein conplex,
conpri si Ngudt hd@AShieNen IRLEIEaLFiDY R 18 pMiiia b BASE:, PREI felRASE or m ng

pol ypepti de;
one skilled in the art that (he present invention may be practiced with variation of these specilic
details. Ience this invention should not be construed as limited o the embodiments sel [orth
herein.
(00691 lor instance, mulliple molecules may be used simulluncously as the transforming
polypeplides, as in the case of the HPV 16 and HPV BT polypeptides. As such, it is clear (hat
mulliple expression vectors may be employed (o express the trans{orming polypeptides separately

lor generating the immortafizing protein complex.
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at | east one endosone rel easing nol ecul e; and wherein said at | east
one nol ecul e or polypeptide is operatively linked to at | east one said

nol ecul e or pol ypepti de. 2. The immortalizing protein conplex of
claiml, further conprising at |east one nuclear internalizing nolecule and
at |east one tel omere ext endi ng nol ecul e. 3. The immortalizing
protei n cekphEx of any one of claims | to 2, wherein said transforning

pol ypeptide is capable of overcom ng cell senescence; and/or sai d
endosone rel eabi ng Ankrecuiteipnppmies coepleasenplissmai d t ransf orm ng

pol ypeptide fromthe endosone; and/or said internalizing nol ecul e

ai ds in transfai¢isnghedaicchaimmnt@bdidd;ng protein conplex into target
cell(s). 4. The innortalizing protein conplex of any one of clains |
to 7, wherein gadad dRtRHEBMNhAINS F@&ul e i s endosone- nedi at ed. 5.
The |nnDrtaI|2|ng protein conplex of claim 4, wherein said internalizing

nol ecul e is r&ﬁ%ﬂﬁﬂﬁmqﬁgdﬁﬁﬁﬂnkamlonkau ?ﬁilnnnrtaI|Z|ng protein conpl ex

of clains 5, erein saird internalTt 2|ng ol ecul e conprlses a cell-surface

;ﬁg/eg; O; 5: Pglsn II(I;] :sﬁlgiuz}tglé%%togg S T:cuésglr %o ypcpu E?sr ggetlai%\l/crll lin (,cfslo dle( s)

least one said molecule or polypeptide.

2. The immortalizing protein complex of claim 1, further comprising at
least one nuclear internalizing molecule and at least one telomere extending molecule.

3. The immortalizing protein complex of any one of claims 1 to 2,
wherein

said transforming polypeptide is capable of overcoming cell senescence;
and/or

said endosome releasing molecule promotes release of said transforming
polypeptide from the endosome; and/or

said internalizing molecule aids in transferring said immortalizing protein
complex into target cell(s).

4. The immortalizing protein complex of any one of claims | to 2,
wherein said internalizing molecule is endosome-mediated.

5. The mmmortalizing protein complex of claim 4, wherein said
internalizing molecule is receptor-mediated.

6. The immortalizing protein complex of claims 5, wherein said
internalizing molecule comprises a cell-surface receptor binding molecule(s), a

cell-surface internalizing molecule(s) and/or a virus binding receptor molecule(s).



7. The imortalizing protein conplex of claim®6, wherein the internalizing
nol ecul e conprises an FM receptor recogni zing nol ecul e(s) or ligand(s), an
| GE receptor recognizing nol ecule(s) or ligand(s), a VEG- receptor
recogni zi ng nol ecul e(s) or ligand(s), a RIF receptor recognizing

nol ecul e(s) or Ilgand(s) a PDGF receptor recogni zi ng nol ecul e(s) or

| i gand(s), an T.nsul'the rleme(ptftb!w%ecm@mnzmglprh@d eclulad(in) Gr whegand(s), a
growt h hornone receptor recogni zing nol ecule(s) or ligand(s), a hepatocyte
growt h f aoteoralizege ptodecutce cogpiizdésngn nBGEC wleep®) @codnigandaskeulaschenoki ne
receptor recognizing nol ecule(s) or ligand(s), an erythropoietin receptor

recogni zingnoh,equl@f spceplor] egamd(is) mABecI OKONBeARESPL OVEGRGOGRIA NG
nol ecul e(s) or ligand(s), a c-k t polypeptlde TSV Virus pro?g?n VP22

and/ or a LiPRSONE ($lecul (,(s) or 1i8andlie ol PORT fabdidl NEoRROLE! ﬁ\oﬁ:@ﬁ@d %0f any
one of claims 1 to 2, wherein said transfor ng polypeptide conprises one

or ore qeRge 61( Islb(r@)ﬁ?%@f)éﬁ_llg&g?l'[z?&“ﬁltogc%}l g«g%%di 2§, 2b. znsuﬂan tglQmer ase

reverse tran |ptase ni“?@|n conpl ex
of claim 3 in.said onco ex si.on _product (s) conpr.ise(s

a viral 6§%B§ené’é§%?8gq; M p ﬁﬁ§(§3*£% %l%?%’“%ﬁ@“@&”nﬁ?@ggF“EIPv ES,
14PV E7, SVA0 T ant. adenOV|rus 1 a, adenovirus El stein Barr
vi rus, EBW“%?((%} @il g’ﬁa(((ﬁ Wpitob}“bt?:é(i“ﬁ ’E% Few gseeptor recognidng H’I‘C’&t‘“u]@%éogene
expression product(s) conprising one or nore of ras, nyc and src oncogene
expressi o Peolidr (x)chemokine  ra@ptoThecperisng ahiokcals(Pr ot digandshprex of any
one of clains | to 2, wherein said endosone rel easi ng nol ecul e conpri ses an
endosome aghewsictig @pgnaiumogmpegtmdé@sm®)cml1$mdﬁhnnnmdhnaumgpmwoteln
conpl ex of claim 10, wherein said endosone rel easi ng nol ecul e conpri ses a
viral or rsynpuimtg mokrdesore lighédsingkitopegpdpa(s) HSP. Whe drowhr Vabp zi ng
protein conplex of any one of clains 1 to 2, wherein said nucl ear

i nt er nal iaatiRgamdbeetd(®. conprises a nuclear receptor binding nol ecul e(s)
and/ or a nucl ear receptor nol ecul e(s).

8. The immortalizing protein complex of any one of claims 1 to 2,
wherein said transforming polypeptide comprises one or more oncogene(s) expression
product(s) and/or one or human telomerase reverse transcriptase (WTERT).

9. The immortalizing protein complex of claim 8, wherein said
oncogene(s) expression product(s) comprise(s)

a viral oncogene expression product(s) comprising one or more of HPV E6,
HPV E7, SV40 T antigen(s), adenovirus Ela, adenovirus E1B, Epstein Barr vitus,
EBNAZ2 protein and LMP-1 protein; and/or

a cellular oncogene expression product(s) comprising one or more of ras, myc
and src oncogene expression product(s).

10, The immortalizing protein complex of any one of claims 1 to 2,
wherein said endosome releasing molecule comprises an endosome releasing signal

polypeptide(s).



13. The imortalizing protein conplex of claim 12, wherein said nuclear
internalizing nolecule further conprises a steroid(s), a lipid-soluble

nol ecul e(s), retinoic acid, vitamn D, nenbers of steroid receptor super
famly, nmenbers of retinoid receptor famly and vitam n D receptor or a

conbi nation(s) thereof. .. 14. The inmmortalizing protein conplex of
cl ai many one bf cl Hismmarglizingwirertieinncgapldst ef oname @t eheicing saidl ecul e
conpri ses hTERT. 15. The immortalizing protein conplex of claim 14,

wher ei n saiddsdned orfersengextodrdiengomptissud eibiliot hgnthednenisemeardl@koger ase
catal ytic subunit(s) hTERT, or hTR, hTP-A, TERT of human origin or other
manmmal i anmbleatit@gue. 16. A nethod for inmmortalizing cells,

conpri si ng contacting said immrtalizing protein conplex of any one

of claims 1 to2 Wt anhsra8ling ¢hbietnN8ShpcoN Hyons. ard. iRk f (gesiod of
time effective for said immortalizing protein conplex to be internalized

and said \%rl;c‘”i‘&ﬁf Qﬁdﬁnﬂﬁczﬁoin qu‘gf)ug’e n{q?eclagt %cﬁ%&?&??% n rl‘cg% ere%eéalt(rraﬂaihgi){\l‘gpg for

said transftform ng polypepti t 0 exten 0

over come L, aryest.. .and({or avercong eé# senescence and/ or prevent cel
differenfﬁg%%%%gfwmﬁmEnum&ﬁ%¥éﬂﬁokwgﬁ?ﬁf ‘nal i zation of said immortalizing

protein conplex is . endosone-nmedi ated and said transformng pol ypeptide is
rel eased once 'sai d eldBYHEiFRENeicHycomplee ol o d AupheerhaiCpgdesme.
17. The method of claim 16, further conprising renoving said imortalizing
protei n dBWPREXNE BAicEHE lvgher eeppiives freraidish 7 dipit-sdublhemplepietshl i zat i on
effect to obtain cells with normal phenotype and capabl e of undergoing ful
di f f er entrplatdioncid, vitamin 18, m¥méenyetthodrood redepiomsifer fimeteimerskdrs afar get
cells conprise keratinocytes, hepatocytes, islet cells, cardiac myocytes,
skel et al regecy teesptoefadolytreklaiitiméie Dl iscepsoreot hombmalien@efhibsof neur onal cel |'s
and astrocytes. 19. The nmethod of claim 16, wherein said
i mor tal i zi ng ipr ot kR ig@RlaBXing protein complex of claim any one of claims 1 to 2,
wherein said telomere extending molecule comprises hTERT.
15. The immortalizing protein complex of claim 14, wherein said telomere
extending molecule further comprises a telomerase catalytic subunit(s) hTERT, or
hTR, hTP-A,TERT of human origin or other mammalian homologue.
16. A method for immortalizing cells, comprising
contacting said immortalizing protein complex of any one of claims 1 to 2
with a target cell under conditions and for a period of time effective for said
immortalizing protein complex to be internalized and said transforming polypeptide to
be released; and
allowing for said transforming polypeptide to extend the life of the celt and/or

overcome cell arrest, and/or overcome cell senescence and/or prevent cell

differentiation;

b
(o)



Is contacted with said target cell(s) in the formof a |iposone. 20. A
nmet hod of reproduci ng organ or function specific cells, conprising
obtaining a desired organ or function specific target cell(s);
i mortalizing the organ or function specific cells by the nmethod of claim
16; growi ng and expanding the thus imortalized cells; and ‘
renortal i zi ng whteciax pandegrpdizatonpypiwsaiddiaworglizine pretedr t ednidéngispr ot ei n
conplex fromthe medium 71.A tissue transplant, conprising the cell(s)
obt ai ned doylosaicdmagdttedd aod  edidi muBGrming polypeptide is released once said
endosome releasing molecule disrupts the endosome.

17.  The method of claim 16, further comprising removing said
immortalizing protein complex from the cell culture media to reverse the
immortalization effect to obtain cells with normal phenotype and capable of
undergoing full differentiation.

18.  The method of claim 16, wherein said target cells comprise
keratinocytes, hepatocytes, islet cells, cardiac myocytes, skeletal myocytes,
endothelail cells, smooth muscle cells, neuronal cells and astrocytes.

19. The method of claim 16, wherein said immortalizing protein complex
is contacted with said target cell(s) in the form of a liposome.

20. A method of reproducing organ or function specific cells, comprising

obtatning a desired organ or function specific target cell(s);

immortalizing the organ or function specitic cells by the method of claim 16;

growing and expanding the thus immortalized cells; and

remortalizing the expanded celis by withdrawing the immortalizing protein
complex from the medium.

21. A tissue transplant, comprising the cell(s) obtained by said method of

¢laim 20.



