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transfer with commonly used approaches.

[0005] Non-viral methods like chemical-based plasmid delivery and
electroporation to introduce transgenes into hES cells have been tested for genetic
manipulation of hES cells. Although providing only low levels of transfection
efficiency and transient gene expression (Figes et al. 2001), these methods, when used
together with an antibiotic-resistance gene and drug selection, are able to produce

stable clones of hES cells with random chromosome integration of the transgenes.
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endogenous virus recombination, oncogenic chromosome insertion associated with
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transgene in the host ES cell. SUVWWARYCF THE | NVENTI ON
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IORHICET o Bgest thert Siabidfy FhleoRRBT AL Borcr
cheadtenvaditiyahe prentait dedth bﬂmamlﬁdhohhﬂ’ aPpEAAP 381y iyPE comprising
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m croscopy imge of nES cells infected with
[ i nanin ®futhensspeeisthetsis aravidey 4 iseornbifmntdeneloving emcleic

Ler 0, on day 3
%%P r\?\)}m?ﬁ ta?’ rﬁ}{g Ppe?% ?%E’O&WIEC?@ "over | appi ngs
of phase-contrast and fl uorescence m croscopy inmges

[001t)t ) anth ftlluofietheeaspectnihereds papydedrmagasbridieé stpmaklla

hES cel |
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[0015] There is also provided use of an embryonic stem cell comprising a
recombinant baculoviral nucleic acid for treating a disorder in a subject, the disorder
characterized by the premature death or malfunction of a specific cell type in the
subject, including use of an embryonic stem cell comprising a recombinant
baculoviral nucleic acid in the manufacture of a medicament for treating a disorder in
a subject, the disorder characterized by the premature death or malfunction of a

specific cell type in the subject.

[0016] Other aspects and features of the present invention will become
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bacul ovi rus contai ning the eG-P gene under control of

wWa b@eT97pr onot er at MJ of 200; [0020] FI GUREPGI/EG2006/000133
phase-contrast inmages kil eft) and fluorescence inmages
(appagmt)to grosgoherdinesy skild i1 Gaprtfupemreidagw of ths fllewingdescription

e L e R T SR

;ﬁ(gﬁreand subsequent replating onto fresh nEF feeder
cells; [0021] FIGURE 4 is phase contrast imges (top

ef t fluorescence |na ri ght) and overl appi ng
ﬁ%ﬁy ESCRIBIIO Ndf’ EH eﬂﬁp&)&hﬂé& grown from

hES cel I cI unp i nf ected with the hybrid bacul oviruses
00WIMO  ofn the figutes, FhiehélBERapoby tiay ©f bESnde bhly, ewbediments
ﬁ]a1 ect ed and regl ated on fresh nEF feeder cells for 6

8 efl?fﬁgﬁts‘nﬁﬂ'& {e and bottomthree images); [0022]
FIGURE 5 i s phase-contrast inmages of neurons derived
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[0020] phot oBIGPIRE dis phakecdilraPGRages @eft) i fMioresadco dages

A A e A P s
M&Qﬂcﬁz’iﬁs (:@tamhﬁqhé 8aEp %éﬁ@lhrﬂiep gorﬁﬁ)g SEH Q:EMgf %%%1 ? t MOI of
uce g

and Cct-4 expression in nock-tran
U)O ancsuhguensirelatingento feshdmbf foedcukcells;r al vect or s (E
and t he RT-PCR detectlon of the mar kers for three

| ayer
Wi“lt G ORR POt BSREE] fehdorssprpee images
@topil‘lﬁhtm aedlovaylappiag %Iiﬁa%dsi(’[op\lgﬂ?}éb sf ﬁEB cell 818ks %rb@ﬂ%rﬁ hES

ase-cont r ast eft) an uorescence (right

wap é‘éfﬁﬁFé th%@yhrw)ebaéﬁlpwm?é At a MOlafH nf&sThq &P

5&?&@2?%6“2 s‘e%ﬁse?%h&%e%%d S8 e R 0y or G and 7
daye duitkile ind hattansdivesiimgged)t h hybri d bacul ovi ruses
contai ning the AAV rep gene and | TRs; the

[0022] FIGURE 5 is phase-contrast images of neurons derived from hES cells
that have been infected by baculoviral vectors at an MOI of 100 pfu;

[0023] FIGURE 6 is phase-contrast (A, C, E) and fluorescence images (B, D,
F) showing the growth of a hES cell clump following transduction with recombinant
baculovirus carrying eGFP gene under the control of the EF 1o, promoter, and flow

cytometric analysis of the percentage of eGFP positive hES cells at 2 days post-



Rep/ I TR construct that directs transgene integration
is shown on the top; and [0027] FIGURE 10 is (A a
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enot ype I'ges € 2001). Usi ng bacul oviral
[0028] Embryonic stem (ES) cells are currently the subject of intensive

research, particularly given their the ability to proliferate indefinitely and differentiate
into all types of adult cells and their potential as a renewable cell source for

regenerative medicine, for pharmaceutical research and development, and for basic



vectors with a cell-specific pronoter for a type of
differentiated cells, genetic manipul ati on would all ow
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ES cells and the elimnation _of undifferentiated
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bacul oviral vectors (Ho et al., 2005). hus,
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rality. or popu] ation of Ils, i.ncluding in vitro,
%iﬂmpge. &ghe@é%ﬁuloygﬁﬁmkoga\% constitutive pron?oter from a
housekeeping gene is used, transient or stable transgene expression in both ES cells

and its differentiated progenies can be achieved.

[0032] The insect baculovirus Autographa californica multiple



vivo and transplanted in vivo, unless the context

clearly indicates otherwise. The cell is a mammali an
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ahadadadch drarRtingHasndliAal Weld ceFl %@f@u]BQHQ Ve olﬁqﬁg)set al.,

person, such as PCR and nol ecul ar c oning tec
%@5)exarrpl e, bacul ovirus can be readily nodified using
commercial l'y available cloning and expression systens

as th A u Ks.Expressi on
B Bl B sl R Gty Y et gk B3 mofegotes
ofigkeeést ire Iedlbfm)lnﬁﬁsjlétﬁ coly/inbehictnpethod|thd €EmBi§bAic¥Mne Edlls@re
%Eat(%s,dﬁﬁéredgéo be delivered to an enbryonlc stem
gqtedapih RRAFudev el Mediersicariginges the srclpigasid malecules.
bacul oviral vector, for exanple by reconbi nant

i ques Th@tehﬁ%ﬁ{ﬂr $de st@ﬁhQJeﬁ'&u@ﬁ'lféré@h@é&%ﬁaﬁ@ \91’[11 the
t he bacul oviral gene¥|c material. The nucleic acid

Wabmamngmythb ertaangurefees to wmddnffﬂr@mated pﬂlkraiot@m cddj solaged
r ot ej t hat cl,ude. a

B BT REE o P RESFLGrate v oo PRS0 SR8 s ven

@plﬁfaﬂity S1e@ipation b Sellst RluAUE River@ Gk Svelltls REUH Barl¥Biced ex
be or_include a transgene. The tern1trans ene refers

Yo andygasplgaiedrn vaos wilessdhe eantaxh elgrdy indieatesnitearwiseathe cell
b
b UmEHAIRLLomb bR SRGP 1D i RARGGSZ h&ﬁ?l?gmgréﬁgéﬁﬁegg 38.%% 2

2 bacul Ovi T us 0 éxpression o
patiailgrenttmdithentbthe gtlb s a nimagesmbreonit Bnt cdinsgene nay
be a therapeutic gene, a gene encoding a sel ectable

r or ene. encodi n a detectabl e reporter
@35 - or T GER baCHRGR X goar st %“I’%CHLRVITBF Bt Bassbeen
geﬁléﬂliéay@ REGinkEred &) &M BdGRYAA AR RLd LRt cEis) FithiPthe Jiral
ce in
genome, and is thus useful as a tool for delivery of recombinant nucleic acid
molecules of interest to a cell that the virus can transduce, meaning the virus can

deliver its genetic material into the cell. The term recombinant baculoviral nucleic
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whi ch the transgene is expressed, for exanple, that
provi des antibiotic resistance to a cell. [0038] The

WO 2001124922 apeut i ¢ gene or therapeutic transgeneCHSGUOM00133
herein is intended to describe broadly any gene the i
asig refsisite thedracylovihs egretie mateaiawithpwdhe @§m thmsai rapkaging

I [ h
T e R R
such an enbryonic stemcell, is adn1n|stered to

§ennflect, Bacllodiugs irerwaKampeandtcheatiEnd agdrieielotirgin
or anelioratign of a disorder, in the subject. Thus,

F\Céorts PHPERBRERR Gtnedragedtction. ipHadiagdin vse of ﬁaf%g@mg is
EPYERH BadFRE 1 SRR SR LRSS Oh lfhron

pmsrepdlbg@]mtrwlahy lsmtabltﬁplba&tnloedall \n:ca)r gorhjse did thif iawention, using

n ved i di. f erentlatlon to
BHSUR o5 AE RS Pt it of e Sasai L hfOT b A recombinan
BARUSNs $Rloke g&fondt 188 'B@ed RYQIEH ind1ddB e nuERAt e[E?cpltnofét:ule of
di abetes to |nprove insulin secretion or upta e,
intesastnion exahple dragisangiticstsd de express atttwlsgqmuxpsxabbfr lmked o a

rot tide
t%g?ogéésag gi‘iescHssF rPaSuIEYIZ'fﬁ Pe 9 m]oﬁ‘%lg Flgé éWdard
Cbehlhlq@és thit&vlﬁlﬁéﬂiyl@%&o 8skilled pbison, Rach & PORaAP GibldcRlar cloning
Lﬁct on the cell, or which effects a desired result
A¥est et exasmplehaculovisvs eaaibe regdalyzngdifted using poramercially
i BA
|nch%ggﬁ%¥$rans gﬁgbgﬁggéﬂyakﬁ : Q%Sggﬁgﬁgggor?a?ﬂovuus
BEppressidresystena(GibteBRADLHe ffaclkxatogldfsaUSAI)J ows for
detection or selection of an enbryonic stem cel

E th .
e " he Syt i oo BBt o SuEe GPQ AT P faat i

@esufea UobegdlFaRd tb 6f BRbHAK steH bl a8d RARARER e ﬂ{c%ﬁﬂ)rated into
fl uorescence proteln (eGFP), or that is detectabl

ibagrlp viFak Yesteh ieraxamplaii r@g@@bmﬂl@tﬁe@wms to laSQ;“ethle nucleic
2 | fRFRuBAShe B) u;fgy\ngg) %ér‘% orr{ag%rai%ﬁ?eé@cg&g g@ﬁ ﬁllg&g&ﬁé Bay

'S not norna e surfa
enbnydeit acidtnsotfeard that encolies asdgpepedobr propigsBitanit afay include
t he transgene, such as par ular maj or
H QI RIS 596 Ita/regmpssau VRSP o f gEqpReter region. Thus, the

AA&E hall mrdle &Qﬁbé bARRABE tfiﬁ&’geﬁ@c‘?li’@te?rnﬁfaﬁggf%n@ refbRto a
exanpl e an enzyne that can act on a substrate

grne drhdeh ig fm@lg@dg Ibaculéreitusi sucl dhascfon bxample.safidnge to expression

rescence. net hods or 0 i cal |
suctlﬁé%lqé&% uc:| fgggs a0 Wr%sﬁlgnéjﬁ’&g&wﬁ@’ﬁ{ 31 fgn t6 the
bacalosgeingneine 0d8s nhhigedeing bahliterepHian ¢etk, dreefdencoding a
fluorescence protein. [0040] In another embodi ment t he

wirctableamatkeroriogeds gheoding ¢ defeetable Wi%@i’tﬁbﬁrl%qﬂé or a gene encoding
4 ug@;&?ﬁﬁ{f ro'vf(‘i%g Eeq{s%c@ﬂy seletlGe Wfo%eﬁjtaﬁ @6rﬁﬁ"glon foracell in
eru nesg SucC % or

, as a gene encoding a gene pro
whioh diertrankgdneiiseimessbd; dol éxampies das pravides antibiotic ffrsmtance toa
t eatnent or a gene having a cell reqgulatory effect
is involved in disease prevention or treatnent.
The gene product should substitute a defective or

[0038] NgTHEReMRh&EMG]ic gene or therapeutic transgene as used herein is
intended to describe broadly any gene the expression of which effects a desired result
when an embryonic stem cell expressing the therapeutic transgene, or a cell

differentiated or descended from such an embryonic stem cell, is administered to a
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protein, or cell regulatory effect in the subject,

t hereby enabling prevention or treatnent of a disease
w@eooson@d7i i on in the subject. Therapeutic geneBCT/6G100600133

growm h factor genes_ (which include genes of fibroblast

gwa%tt,hmf» lyding rfmg@ﬁ@pﬂea ﬁr.eatylenh Prsyeniebo amgligeation o @gésorder in

gl%ﬁu{_)%ctﬁnﬁq H’t@é‘ lééﬁ@sthé(\ Lﬁirc%%&!?of @?}Ite géut%e[ga%sge?e qg]ﬁiltended to

Hewatiby )my g@ﬁéﬂiﬁ] eﬂpﬁe@ohwftvhﬁcrh ﬁ‘fﬂcwﬂ desiréd rekstile vwhH@ thﬁl c

aci d no ule may i nclude a_transgene that is a gene

_Frﬁ'@r%rleﬁéiloceﬁrpr dis {PF%HC% el ﬁtsl 1gplagedanEsybisFle ffgteéwmelé» § gene

o B el O e ER O p PR B (ot

peugencedlaor dgéecinecivedin the trpatﬂa:wagﬁ dmiyetemw napm@el énsalin

tra scrl n facto hat contr ol ressi on of

ST e GelES oo RaRaoT i FEpERES oL Trepegte Rgyein o

ﬁélﬁﬂ@ s &p ﬁitélﬁ‘ 8t p&ide! BhSkRen dRpRI¥EOnithe é}nﬁl‘?gﬁ% e Yell orin a

pat hway |nvo vedin or that controls or difect

giogpeyr eatk ofthe @tnbmnmhséer@ adll, )h@ma thegapenticedféct on t}m ll, or which

g}g tts lsarredd'fif ate tartlglly differentiated

T $YPE S [04 1§FW% YW%? Mt4¥e" nucl ei ¢ acid
nDIecuIe may encode an RNA nol ecul e, for exanple an
f0039jense Rhifs, Of a partioulbl ernbédmbey the gudRbibatididiégule includes a

nol ecul e. e antisense RNA or si RNA may be invol ved
rrﬁnsas%eqcegmg ardetrgtable neawena.mqlergﬂw & sceéﬁ@eabﬂf‘gmarker that allows
RILEORH0D, Bl Rl L BRI VAIL ol el
exangle, dbe irmsget me;asm:odc agesopduct that isdgenelenisadlynsy by
roduct |nvolved ion gr differentiafi
eSin i Rt ctich & P Shapo ot icanGUanEhT e bady that
& deRAiaBl: UsB IImARES A& Yechhiaked fér%xﬁm?fe%'ll%ﬁrﬁié@ﬁarker or
that the transgene is under control the pronoter

ather elpheges-omrened protain that arve nprnallyifownd erythelvarface of the
BE0BAS a0 BSGLREB Sk S SHAR by o et

ance VV|
mijolr &istocamipatilsiéityuemedeo (MEEY) nerletest Mdteraeivellypthd itfaagiene

transcrlptlon of an o erably |l inked coding r The
PEY ABTOdF 2pagfeiny @B cFpiEblsde eazyra%&ébwr 9n P b@g@tette pggfiuce a
RBRAME Tat ¢ EIEMble HRual SN NRNKER: b%ﬁu&e%ﬁécﬁﬂ&ﬂhg& or

sequence capabl e of increasing the transcriptional
mmlmwloglcaﬂ‘y surhay @rla@feyaselgnk@ dn pnoembedimefi0h4 4hnygene encodes

Lr | ej c aci uence is erablyllnkedvvltha
ok a3kcef A eRhincRT afes® HIRD® BirBHR! e Lequences ar e
placed in a functional relationship. For exanple, a
[00d0hg sedunenother smbpdinzht the huclkedcidomalepulo imleles af

he pronoter activates the transcription of the coding
Ti]éf&ﬁ%ﬁ@éran%%ﬂ igeludingany sepg hasiing¢linicah vasipiaasesuchag a gene

Qf&@ﬂiﬁg b¥ehd g}é ?tvg? %?ot&thﬁ F%‘ﬁ]&g{?@d iGik&R3e gl%véh n or treatment,

transéripti era sequence ancers
oreaygehe hetingn colh esgubdparedifeethitrio mvphvedin dissasapeevaation or

such, a . . .
fPeatment 2 The gene product should substitute a defective or missing gene product,

protein, or cell regulatory effect in the subject, thereby enabling prevention or
treatment of a disease or condition in the subject. Therapeutic genes include growth
factor genes (which include genes of fibroblast growth factor gene family, nerve

growth factor gene family and insulin-like growth factor genes), and anti-apoptotic



enhancer may be operably |linked to a pronoter but may

not be contiguous. General ly, however, operably |inked
wG@ewern®es are contiguous. [0045] In differentPCT/SG2006/000133

enbodi nents, the enhancer may be a heterol ogous

aanes{insiudingganenaf el gen %@ sequence which is not

naturally operably I|nked to the particul ar pronoter

i ch, S
fooain 1. 1ERNIRE ARGAARY dq Mo B SIFAARIRb frclude o
|tnan$$as thagistahgent imodwdi mthffuﬂamaaoﬁ b érhbryosiceantellsdnto a
refer tect abl e |n rease in the | evel of

d
PRAicukey 37&&111% ﬁe@fypap gPéﬁ’F%‘inH Pk densgefsaRREhe & BpfsarEel vedin
r
%gg?ltlalltg%@g ?%%?g:?r%tr gl;t?é? o{re]llgeltl g&’[ﬂwggstﬁ n: tn\g&éécg%{rﬂ?scrlptlon factor
shahndatrads exppesoni gftceaialgemsdayadved 0 @dfdredtiation, drhray encode a

Pisancirateay BB 6 e Rl B R i learin Bu e eSioldor
'dﬁ@étk‘ Qiffé@etﬁlaﬁéﬂ’ Hpﬂh% erdbbynid SterfRER infth & phRicEEP G RRESiated, or
stemcells, such as the oct-4 gene pronoter, or a

prdialy diffarentiatedsHdype ut i vel y active house- keepi ng
gene such as the EFl -a gene pronDter The pronot er

T e A R

smdedufe, forpxampleen, anfig@ié RYA hrBd srh&lﬁlrlﬁdfrmgm\IAfﬁmRNA)
S I to g particul ar, deveIanentaI stage in the
HFOZ%# es R e agHP AT VA AesiBNKY 81 Pe invobied i Flvwnﬁegulatmg or

ﬂﬁﬁl’)lﬁﬁg or I%Hﬁanééﬂsr@%ldﬁe(ﬁta nd ?r{]fﬁb e RhfY ?cr stem cell for example a

Al'ternatively, pronot € pronot e
gore mcadnpg e pradvet inmplizdiedtoe neiaNe;i npadmeawro;i drsbadec,e]r a gene

uman ovi .a fusion .
SR PRa R PRTR Yot ionr e stBige o Bstyy s stom
pélpnot er and/ or enhancer el enents such as a CW
enhancer/ human PDGFbeta pronoter for neuron-specific
Eé&gﬁgene expressi on. Depending on the deS|red | evel

pr essil8f tfélﬁsgﬁ%mﬂ“éﬁf‘s@ eqring fegionnnsiAbhelinkedyo p@remoter
Qﬂﬁachatltﬁé’ ﬁ!ﬂ.ns@&% LGfer c%ﬁtrblto V%lgﬁlo?er $hé Q{Eeﬁfcﬁ{%ﬁé
he pronoter “may be constit or
ben%nna wdnigeb by therpyombter. "ll"hle teera@mmetet B qsed herellnl ia accordance
enﬁhﬁonnental condj.tions r SI G@Is

047
SEAPRPD Yeage 4y thegatt, an 163514 4%&7 or §eqysaces that act

fdit R UGB pli GHASE AMRSPertibs) ﬁrﬂ@ﬂ%b@ﬂﬂg r§BHe ”Ph@ﬁl%ﬁﬁ)'t& May also
However, using a bacul oviral vector containin

epide o5 be Aperalals dinked wrisouharsea clgment At “eskdnser” ab a gucleotide
5%1[151%6 cgﬁelibﬁ@ é?’ %%Igcg.{igg Ehgcﬁ%:ng t1¥)8£‘ll a%tlélt[}? gi} e%ab? apnkeed

ecte manner ect
piomaegeri nocul um Wth such techni ques, the fornatlon of

stabl e transductants can be highly efficient, wth

(OB S e i o ol ot i pperasldoked Wish Agneond nucleic
ANEEQMEQ WD AEHERNS b pIH&ALRY fﬁE?cYmHﬁ ra%ﬁbmgﬁ Fr

transi ent orstable expreSS|on of codi nhg sequenc
eentpdd, nedding sequenaeiisiopemblyclinkedtd @ pranmterfif thegpramptee activates
t he enbr oni ¢ st | on

B SRS e o bt B SRR PR, SepromOeh aten PHgpGeE are
dpeatidy DARYdO hdnSthe efilaviBer ifcrbil@s ARl thansdMIBIOR o8 BFdtaBly linked

sequences. Enhancers may function when separated from promoters and as such, an

enhancer may be operably linked to a promoter but may not be contiguous.
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transgene encodes a sel ectabl e marker, mai ntenance of

sel ective pressure will assist in nmaintenance of the
whameh2err al vector and expression of the tranBgES€2006/000133

Such vectors may be suitable for in vitro

Ssperallys hoyveyer. iopetabiyi linked sqsiendes are esmtigndisyoni ¢ st em

cells that have been differentiated or partially

renti tdoft [
P E o B Pt dolcnfl A B Y DY QT Sh s
¢nhdreee nieaaing amuokeotiddseyosrice vitienis@et hauatlg operably linked to the

devel ppnent al bi ol Qgi cal research. . [0049] However, for
BER A PR R G Viheaito ORI BiRBa bR Escs erHabaAtptiona
'a§t1\t187 (g}qhéjblfoﬁrﬁﬁ&n tRe?ér@lﬂ)e 10 §nck@sin®h/t {I'%l?i ﬁft%ﬂa? Qét{vﬁ’[g%s meant
| owed by 1 n vivo 1 nplantation,” stable Tntegra n
(ﬁdi retf¢r€o oy Hetedakle urd:resasé m:ﬂhb dasvel mﬁ:ﬂrmﬂcm@cﬂl dflm@bmbly ladied
| ecul e cont ai ni ng.a, t into the chronosone
S?Q‘ieﬂ‘éeséﬂﬁlﬁ’f}’&? it herleysl @ fﬂ’éloaé’ seruetl With the pagtiquilar
PESHbENAIDR, ay ?% deﬁuteamétul%réﬁgﬁg%ﬂgﬁ&mﬁ Q%Eysd' rect
integration of the nucleic acid nolecule Into the

chronosonmal DNA of the enbryonic stemcell, preferably
iL90461si t e- Jhusithe prometeraray hﬁwceél%bmprcenoteﬁhat is typlcally found
I nvert
BAT PR, e O S LML Sl
dmbetonfredera cblVd) sudh dBaEbetﬁw Fons pasiecter, 3 & pEdnddtedfoy I US
(AAV) vector for site-specific integration in human
ggqlqtlgltl(vp]aq FsHeheysekeeping 89%) suclrgs gleaiﬁjr p@eneprogroter. The
A
RA ‘?ée‘gﬁa A #) ({t%r?cg%ttlg %%Qcﬂ% 0. r{fs%gt?ctufar (d1f§era% H%ecfj cetllhtype or
Bqadee/skipnﬁnmhmiﬁoq)rbmb&r andmﬁng’tﬁﬁit the gtdhﬁbt@f is BpuTEAT to a
nogg_éoc&}ed %E chronﬁsone 19q] .. In the present
Ldeverppgicatal siaghinghe grazaism %Wr@}lclv@etembrmq gemepell is
HEOiveaCkisd @s tRS A gérﬁ:‘ﬁli&@fér t ﬁ[tgﬂn@ﬂ{f Sh& ﬁfo%lcrtéﬂffé/}) lg%ga viral
the nucleic acid nolecule and t rep gene ca
133734 EI15) forleéﬁgplﬁeﬂlmlsmd@madm pm(bmater/ eatragerfeons boman ned
ejc_ac Lecule in hE due.to
LpOgBHILT bR b EBIE TPl aPier et g prpgmorter
Repyital Braystesid/ ciitahirte Db sih £30@RIM dihcer/human PDGFE-
g%CU|OVIrUS allows for incorporation of the AAV
P PIopROteR LT BRHIPRERECH G MR @IcEPIASHON Repending on thedesired
%G
R i S AT F
may/8e alstromgjmmottd‘rr (Tﬂne $)mmot&19may) he torstitigiveBtactiea ok itpAdst be an
of, a,transc tion un Ko et al. 199 [ 0050]
Bn@ole RO et B isSinee rbpbtar s Eomteitalcongiiont or enals.
nol ecule is delivered to the enbryonic stemcell by
[0042Tt | On BadulbvaraDacsidrd Yardab sieehROmERS & 1he &dcRROMR thus
Asused herein, the terns infection or 1nfected refer
medigie|trapgieyt gope exaressions Elogfever asige adrewoviral eétat cantaining an
I r r abI wi.th the
B ee B D SRRy B
emhsrgzemt ktenbaetld lcay bé saedtéd mraahisedbpedde@d th&@def with respect to
roduce V|r proﬁelns or infectious particles in

ORI UTER: eryBidues, e fprraatianon sisple nsduienipeanche
BERPeERlidnt Writh fbf%nBR SHEAYAY Flm4B6E Q5 to 1 clone in 39 transduced

cells (Condreay et al., 1999).

[0048] Therefore, the baculoviral vector may be designed for transient or
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may be perfornmed using standard bacul oviral
techni ques. For exanple, the infection may be

w@egoborayerl in vitro by contacting the cell in BCI/$6G2086/000133
with a viral preparation of the baculoviral vector, at
StAbippPERsFioR 108 CoRIng pesiupdes pospingd frethe ingeleicMeid) molepwle, for

, [ Q rat i e fro n . of
35 3plet gont fd SPRER L 8L TP S BBl eoor
Xis trainddinddGn thd cabaidithd Prodiot&fis adtbigtin #Rel! Whera bgtita
500. [0052] To inmprove the gene transduction i o
drappeene frgrdss 2 peledipldy magker; gyt celsetain rregsieg, will assist in
ffﬁﬁ:%ﬁarfég !ok ﬁ}e'@}fulg 1r£)§f%l:t8fj %’féspll%n\&f 'E]r%l trE{l’lrS]%ﬁil%F 'S8 vectors
at 1s, i he enbryonic stemcells are growh on a
fmagd&.rl sudiellt)Jlb faup Wm;]d aﬂ%ﬂiqnsgi&clﬁidﬁtgrsbﬁ?lﬁitidrlmﬁdﬁﬁ)ryonic gtem cells
exanpl es bel.ow, the, enbr ic.stemcell clums may be
Fﬁﬁg‘g‘éﬂgﬁAﬁ&?rﬁ%tl%@e‘?fé?af%a%éﬁffﬁrﬁaﬁ%t?%ﬁgﬁld@é‘ggf)fffﬁlﬂa ed
SHPREE §Bm LRORuIRE ar?cgfb\f CelMELIARE rQbarkh B FARGENABRA of
enbryonic stemcell may be used to create an I1n vitro

sophuy ¢ stematllsiadi developmichtat bid]ogial tdsedrtly. or
conpletely differentiated cells, useful for various in

j purpgses, including studying the differentiation,..

004 Do DS Teve, A o BhPRP th whieh e syl B Hemdleutis
&b bedifferaftiatal éxﬁbﬂea_ﬂﬁﬂ@ @M%ﬁtioﬁ%&blloxﬁzé@ﬁﬁfrﬁviﬂf inﬂﬂﬂ{t@tiidh?
on_the differentiation or proliferation of enbryonic

Stablp 1pteeration of theyiuglgia asid melecnleyingfudingm yustiicacid mplecule
. e: ,

o it R R0 e hu ISR o LR by A el col may be
tdegiresle [Thas, thebadubdvirat tetqrmadyi iheludé seajmemdes that direct integration of

ifferenti.ati on of. embryonic stemcells or other
b LY i ot e HmeBP RS of s sponic stem cel,
'p['\éféﬂdgl;y_rlﬁ a GGy KL CRBAAY. MR ERABIC! e BRENifaL vecor may include
popul ations of undifferentiated, differentiated or
ek inugtregl tennfinalreprat saquenasel Paloyybesind poldghesTinys devdieped a
g r}f(; B&ﬁgotlfgr?%-%a%?né a[%g tc(li;a %c} %/glgslr (égfy L{/led !tjo%:,f?l%i%ehs%eciﬁc integration
it bhrhdrecedls i(Paloinbo Bt £19U0e8)p rageipbriditlecor chmeiis APV inverted
differentiatjon is acconﬁl i shed by exposing. the

EBiRb Fipeas (ise and the AN rgaiaene fohtrecsiag angl isertimgragiene
Si5Bssich RRlelte ‘Ex’ﬁtb ?glgtﬁg%eglsoggﬁ%gfsrﬁﬁ é@_);(o% é&&?{eﬁ\,@ﬁlch&frmosome

Serum or grow
il P@l¥s3. e ln the présehi oetbods, m omnekhopldyy babidodddiveétondesfgned to

' t.ri ent h | ggi.cal ts, h
AR RTRAS E0e BR B BERS nbSBEL SR o v
AN e\ohi EQuééjﬂrfoﬁl@Hgﬁeﬂth@(T}ﬁ&lsion_to? a@ah§ 8 BbAAHEd in the
[ 0055] Once a desired |level of proliferation is

audieie geld mele@dpin S emlsoduede site-sesepfiedspmgsanpeintegration
to create a popul.ation of .
%{egfégb%?}?lé ggp/?glﬁlsl?sﬁg{}l '?l?eolaﬁg%ec?%nrmg G alci%r gf@a ufovn'us allows for

incerpapiohiof thes@A VRkp/HIROsitenOnt P4 SngletiasiilovialcaBtob & order to
n%?sured by.cell counts and by taking a subset of )
pengve targgted dutsgration elgwxogenous pEP 419 gsnowre of e embryonic

§t91¥1r9eg.i The @g@#@%‘&@l iPh@hn ER0R8LoA P Q%Hyd’%%%% Il%a;'sﬂlgpa?t ofa

cell derive m an enbryoni c stemce
transcription unit (Kotin, et al. 1992).

[0050] Thus, in the present methods, the nucleic acid molecule is delivered to

the embryonic stem cell by infection with a baculoviral vector described above. As
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undergone differentiation or partial differentiation,

and which is nore differentiated than the ori gi nal
wepdssarr stem cel . For exanpl e, an enbryoni BCHS@IM06/000133

cell may differentiate to produce neuronal precursor

seqd hereipythe tanms irfection qr@quct@@i trfer tpalelivaratby dheviogedithogenetic

aner.e ish Enbryvoni ¢c..stem
ifiorl P 305 R Rl bfbreiflab B WAL 1 bty g &
nasdducad inahe Mesdrd oot dhed g baculoaheiiC udbldtorepleatd &
of interest 1n accaordance with the above nethods, for

asodups wrg profeing peindectiony parglen i mammaligeeells. f or
-adm nistering to a subject for treatnent of a disease
sorde t
B%opﬂ]at | onITiol? iﬂg rﬁgfrag/l ooﬁl?}gal éS?l{ibe 1@2 lsf%{lp?eﬁla%t t]?fhe@aalﬁovual vector
newy betperfamedoasing gaidard bacullveraltedaiighes s Fosefaipld, die infection
errbr onic stemcel] thera i ch_enbryoni c stem
b€ pefprimadgaiiye b e der G GROT oA ek Gration of
ﬂéﬂiél,@&Q\E&BY'@
corrr?e%g ate for g e%ja};ﬁO éaﬁyﬁié‘g ?ho?itgé) f g?&\?\ﬁﬁc:(ﬁ[oc} 2) For
£xanaple.che prdpentaptratitremep e fiogun MPlaofdbswdsktoen MOI of

AR SEE orn b Rl Wt B TS B0 Thy CE R Bt avou

60, ex vivo for the purpose of transplantation into a
subject. That is, the cells are transduced as

escri bed above for exanple with a bacul oviral  vector
E%qi”rchu ng aleHepiyedhs sene transdystion etligieneyehbacuiavishs b
blﬂbf}' gﬂ@te@ﬁtzells-rﬁa% & d@ﬂ?ﬂ%g%g e%‘ﬁi& (l.mrfh S\;n%mn?&!tl 1. tIlﬂHtsis if
I ncl’'uding a reco I nant cuIOV|ra uel'eic acid ma

the eimhnycmin gtemicslingresuowin oak fmdbhod]ssmpoxbyayen jag dbscnbed in the

' nt Y a eCItgl gpéllrygglcasﬁ%ltlgﬂp " velr%%{rt :ﬁrgqn?){}ee gn(%lt e{‘mger

ralyélfa@fdetfmlbcmcedhﬂsdégérrs%rﬂ nto progeny cells, and such
progeny cells may be inplanted into a subJ ect. [0059]

The enbr ﬁonlc stemcells can be tested to determne if

[9053] un dderbavamethed ehttpadueing By embetanigsters cell ey be used to
gfié??%ﬁ(b’?wﬂr o R ﬁﬁﬂ opilncﬁﬁ‘plre}{ﬁﬁé& p%}t :I:l:g%‘f' c!)mgfete 1y differentiated

erenti ate ers or -exa
eallscusefin rforC\ellrlbas ev(\pnre parpobes, Mehtding sundyifg ihe Ziffdentiation

kers gnd shaul d ot express nelanin, CKkjt
BB RS BUSPS Al ShrteHR Gy Prsamgrbe aiksts qflrpegwamgwounds

EXeEBbR, orGRGtEInd 6n LS HERA iatfd (Llﬁ)r@l'ii%alﬁ'oﬂ ofBAbokid s"fem cells,
[0060] Thus, there is also presently provided a nethod

ﬁﬂdstm@ﬁﬁahglt:aomrgbuydmc stemaeelIstte pradude blgd/omcmteegmwth actors,

go%oﬁeso& ex 2 lfﬂlf oriecufles%g %geﬁ{bt? ylgpﬁgixes SYF%‘%@E“S é}ﬁ pr8},1feéatlon or

mfié@ﬁt‘ia!tldiﬁdﬂ eniHi!?dbmd: Stef delle 6LI6her pAeally dlﬁéreh’ﬁ@te@ peLtyipes and
cel ] type and which is prol|ferated by th
dspipelidmgdris aaesningwathods maceﬁawmla@ens oﬁtnvdtfqu@sﬂated

cﬂﬁ@f&nﬁétfefl Sfﬁﬂ{élﬂﬁ &ire e;ﬁtl%ﬁ%i‘?e@g? specific cell type,

a subj ec e ce 'S an ryonic stemcell that
has been transduced with a bacul oviral vector
[0054]  Thus, the above method can further include inducing the embryonic stem

cell to differentiate after proliferation to produce progeny cells. Inducing
differentiation is accomplished by exposing the embryonic stem cell to an additional
cellular factor, such as particular growth factors, by withdrawal of serum or growth

factors, such as FGF, insulin, transferrin, fibronectin, and/or by the addition of various
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as descri bed above, or is a progeny cell of such an

enbryonic stemcell, such that the cell has becone
w@emet2eal |y nodi fied to express one or nore PCT/SG2006/000133

t herapeutic transgenes or therapeutic proteins or

pupientes phampeelogisal igpgwis sichasselgaivar idgeamehasone enzyme

j Il I

PSR L 8] ooy TR SR b En 85 1 SRR el

specific cell type in an individual has prematurely

f0@5B] orOmdui cdesired levalgerproliferation ¢y acieded,fapvpiulation af cells

sufficient |level so as tg prevent the devel opnent of .

ERICRnghE Fagiechr sy Recised fherrtfamgprriaton of rpgerty qedy &rdn

Hir LIRTE IR DB thGaPRkit 'uFé*.'l e Qﬁ&?ﬂ Bﬁgl%gl?é?atmno&ﬂ%% measured

required to prevent  devel opnent of t I Sease or

by soll demts 4l &y thkiap alsybsen df «illd wad assavinh for the éwofgotation of the

el l. ]f%pe 1Woul gﬁ@g alive, including being in a

3&?&9 AP 88U% ctent state, and woul d function at a

| evel which does not cause disease or a disorder,

[0086]di N4 peagRhP sEll RG RIIRRFiVECHbANanIARySilic Bl &lRwhich has

required to avoid or prevent devel opnent of disease or

yndwgensrdiffaeatiationsr pertial didferrnsistion and vichos mdrerliffsgentiated

: [ I: eukem ol ogi,cal .dj.seasgs

e G S RS G G

Gifferérgiate thipsahse heurGi pilcotiBge célBs brishunghss P 1d@rodiRE Bancreatic

ig&gn anﬂ Miltiple Sclerosis, cardiac damage, |iver

8 §%¥‘F HNRAnGEeARG et Sellfer eat i ¢ danmage, retina

damage, intestinal damage, skel etal nuscle damage

[ouB7di nEmbiyssielsiin EMBUHAARRYe bdedEhnSRITBIBr AR ted with a
di abetes. [0062] ‘Treating a di sease or disorder refers

berudgvirappectercientapring b nuéleic agidoneletile phintaest desicostince with

sul ] di ng chinikcal results. Beneficial or. . .
glgseﬁ%f){é%mgi [ ﬁ‘ll”’g% CHED lllﬁ ts eEagﬁutﬂCntéarnﬁﬁ%[fe’ ?Jtﬁtusilﬁlieﬁ)ﬁ 8?mm15termg
td arsubgeett foR tre@inhedy b4 UBBaseor Ai¥Bide ! Bl padticu®ir, BB §réfuction of a
nor esynpt o or .conditjons,. dimnishnment of extent of
BPRYRaftoR of, i gemsslipthat inelude gurecoprbingn bagudoviral nucleic

RE& YR Ef Por BmidSiat gtg@il Rrapl HEIRER Fﬁgf%ﬁm QR s, or

spread of disease, y or sl'owng o I'sease
proggmesssis derivatefray eorbryimamitam cefls, dispaseled s sybject to replace

amelioratien o Iliation,of th | sease .state, an
Pl RitselnBftchuRts dfa g whiaoymot Nrcads rper Sahereby
féADgRAka & Ag@iag survival of a subject beyond that
expected in the absence of treatnent. "Treating"” can

&I so_mean inhibiting.the ﬁr ogressi on of disease, )
0&\%\1 ng t hEhyss Bgrialesiigphoighe ambamaic senpelt with|the baculoviral

; | ki L .
LD A b B DO R i gt
Thavjie the dells arpytramsdhjoed tis descfibed atgvey foreandpls oritierbaculoviral
racteri zeg bl¥ the premature death or. mal fupcti on of
dhptBuig draly whier

ch

g seryng a Wi dralpRentugditiaen mplantel igra fieRt. The
frdRaHd¥R Rinbrydifc Stk eAl tl‘ﬁ@YnclPlﬁiiﬁ%X rBmTRlant bfRalo¥HhNctic
manmal , particularly a human. [0064] The enbryonic

apidmag bb implanisd ogiog puigidal methods adby nijetien étto aopedific site.
ﬁﬂgﬁlgt&:\;ely, the stem cell may be allowed to divide and fully or partially
differentiate in vifro into progeny cells, and such progeny cells may be implanted into

a subject.

[0059] The embryonic stem cells can be tested to determine if they underwent
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by delivery to the site of the specific cell type
whi ch has prematurely died or which has mal functioned,
\Nmsmmgzmmahods known in the art, including by BCFr§Gza6/000133
| antation or by injection, f or exanple at the site
exertialaRy by tsting fabe prasancaer atisandejaf mbrypie stemsell or

I8 a For.,exa
PSP AT  LB  ARe ACEO yf
ahdRrigadd matkenramdehyuld @bt emss el ahing &-kit GBAPC&Rooth muscle
dlfferentlate to becone I sl et ceIIs and may be
S Afrhertpfhamenyj166+ Baanqﬁheaﬁxmgpléx cardiag n@cwaw«;qeélagre Lip and
gogiher exanple, if the disorder being treated is
cardi ac damage, an enbryonic stemcell or a progeny
cell that can differentiate to becone a cardi omyocyte
R8604je |”Hpisaheleds also prepentlyquiovideda hetiod ofteatisg a d1sorder

S B B e RO AL 051 e v
kdiHn@Neridg ésﬁ%rmbr?&h@ %h{h%hl op@lprogen§ kil @lat & a lfijé&h@c'ir%lell for the

muscl e tissue ef fective anount noryoni c
gne@rﬁca@llltxpecﬁndpvluglmwr@leﬂetasedamethaabmw@saﬂmﬂ mcthoche)r a

e
RSt i B AR T BB e SRR Wity et
The tdlhis an @EMSFERIYstéA call MU bdes tAaSiuced with$Wakulol@dl vector
npl.e, to treat the specific disorder. [0066] The
?’ﬁﬁ?Pé eSrabpye, &F ishpregan ellsf shstom grbryemy steal ¢all, sechijbat the

@éiﬁﬁd&'b%&&ﬁ@ eﬂ@tll:ehl Vrﬂf)dlﬁeﬁ ﬁp(?{}gésg %PQ Br {nllaFe tﬁétﬁsélﬂﬁrtra%sgenes or

di sease to De
dﬁnmmMsﬂan@ﬂmctmemmhﬂe of admi nistration, and the age
and health of the subject [0067] There is therefore

present prOVi i C m cel whi c
g P 8 *Ghonteibionteried e B guratit Beiaanalbinglionics
ip%@ﬂi&b:bﬂ aype” Dere! 16 Widisahse i @ik der € Lilidiayspbeitit REIN type in an
conprise one or nore therapeutic transgenes or a

indbiidat hascprempiyrely died, ervlioh ng langer, or neier did; enctipeat i ¢
g%fﬂ%ﬁ%ﬁéve‘? Ko Qse@ eﬂrg\?e% l{e%gél)plggnt%f Qh &}se%gg]op aléérﬁ‘é‘rt 5n%ﬂid1ng

ryonic s , Or a progeny
ililisuiﬂﬁeleahleveit eflexpressionfod a@ﬁhfc}dmﬂ gEnesér%Ehé grdductysigibed to

TRl IS s CRLE ¥ ki
ﬁiéé‘iﬁ@%bﬂ dﬁi% W(;Ull& behidfee mchﬁln?g lg népﬂlei %Lﬁé%%' el escdd? gaf% and

I'S provi arnaceutlca osition conprising a
‘éﬁ*ﬂd)f@mﬁ@n ot @lﬁVGJeWhICh deesanqp pwe dyseasel dr adhfofr@remludmgd

PERENHP R LR B Freiemurd G SR i deSrigpmprcet
dikaseracdisdriaalThy daoedn ieddhdes it Bemdt lindited th, rbéﬁégrhﬁ&]udlﬂ%
one aspect therefore al so i ncl udes such phar naceut i ca

levrRpy e nepenagieal disgasss pychy qsé”@rlpn@né Rjsesse.ablgheimer’s and ALS
@BQ"G%% 5 Tﬂ?equfayCNQ‘%la e Sl (és%?ﬁah 1 cQld i rrg'@h? bﬂﬂfl(/fuﬂ 1

a specil |c ce ype I ons
Snbarvsis, wapliar daaegn; livea Hinages kiinty bhta g paepéatietdanage, Qétmal

alt, .buffering agents, pre vatives and_vari ous
s, 4Py SKel gl aiuscle daags Tenudias MASFyar Gysophy,
1&&?&%&&&%m8ﬁﬁ%b&§" or progeny cell may be fornmnul ated
ina

[0062]  Treating a disease or disorder refers to an approach for obtaining
beneficial or desired results, including clinical results. Beneficial or desired clinical

results can include, but are not limited to, alleviation or amelioration of one or more
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physi ol ogi cal salt solution. [0069] The pharnmaceutica
conpositions may additionally contain other

W b@oap®rt i ¢ agents useful for treating the par€T/66G2006/000133
di sorder. Alternativel t he pharmaceutica
EYRPIOBISIOr spnditgnse diminishmgatfiextenkel Cbi?e@s‘b stabiizptipmef the state

LPEp852 b A6t RRRPL U YO NS

delay onslotvirg q:t‘rd(i@esfeyprogiehsmb delagel klenigdof disdaleoriset, e Of

t he .di sorder zﬁcfllf;hedge proportion and identity of

Pwsh%g%%@hlﬂqt@m 38R e candl emasstony (whaiberraiHaa total)
r f_adpi:ni Il

| 'Il"{/eehggzen{&n aﬁB eaﬂ g%le I{X% ggab #Bg&? ﬁ%}'frcglgtth&ﬂéxﬁ@ctté?l in the

@oneaccadi ty:atmd:m ﬁheertmgﬁ eart alsmfnealm imbdisitihg e pabgdressivm of disease,

formul ated with c onents th i1l pot kill or . .

S0y e BHREFSFSIOMEL ARoR R ASTBPRBY: Eldtoush dprur prederady it folves

halBg SEPry@BisforSIQRR §i8kdse peimpeRgeny cells. [0071] The

pharmaceuti cal conposition can be prepared by known

net hods for the preparation of pharmaceutically

Q6311 abihe subiepids pry srecs siffervigdrdrn disdndan |chamq1emzﬂd tyghe
n.effec uant

BIHESI8E R B EMelrIRoMDr 8 spEhs S0 BP 8hd i Pipipi of such
&daitrfeho Mitle sabjettBaBbdatyedt@al) inchiddsd @neBinal] arGeidiyned

n am xture with a pharnaceutically accept abl e

YRt e. Suitabl e vehicles are described, for exanple,
in Rem ngton's Pharnmaceutical Sciences (Rerri ngton's
'?Uﬂﬂaceﬂfe'eﬁﬁﬁ éﬁé ﬁ%%%ll o%ﬁ};%e E 1isSHé Qﬂﬂﬁﬁ?ﬁ&@@% the subject
aston, Pa I S” basi s,
by d‘?ib@r)t foghe sﬁcm;ﬂ ‘[h@i aqecdlcb@llttypmh]eh d:lbs,lpnemttyely died or which

RSB RERg s bl PRI Rl b B e Eninetn e

oiilamaedd o Byl InRESES fatdxam Ip]!&! dthePfIR oF'a tI¥BKeEor organ, such as the
yhar maceuti cal l y acceptabl e veh| cles or diluents, and

B"ﬁt RANFESES, |Cﬁrdwt15éve Seainof seal wprch Bor syarnple i therdlisprder being
[

e e T
dififojentititeitm becov@rﬁ Bley cells, bt nay de ﬂﬁpldhiég 0P thjédi&l in an islet in the
sel eCtegkfd‘ e of administration, as wll be
RATGERS ﬁg?r exraRle.df the disordes betng teated isrpaadiac damage, an

f [ [
SAMBRLH ANy o UNE T RERILEREY o,
Sodiomiyoerde m‘aytbh emplabted onigededmiabédrismoscld. ISémilarbyg émyther

Sl ety CURRRR sabsr e B g fhed Eelspetii B ae
lhbl‘i’é%’ehﬁéleﬂl@dsﬂhal%l s Pbrkelchl @RREN Hséyee to pr event

the gromh of mcroorganisns, and that will maintain
the live state of the cells. A person skilled in the

[8085hou e slizstivaraneums op praprioaicsisre apliseorfrspgany sellons
a%qﬂﬁf%}édotg %}ll %le d'l"ﬁeetér Iﬁ R éC[E QE ?glo ﬁﬁtc S ug)e ﬁ €ln means an
ection an par ation of sul orrru 1 ONS are

alhmimt efbeudive fan ﬂomgamaicbfor pend?smfm@mcsssalyatb ﬁal@eva the dksired

Sci.ences and in The Unit
result, 1r‘]or example, to treat &e specﬁe 1c disorder.

[0066] The number of total embryonic stem or progeny cells to be administered
will vary, depending on the disorder or disease to be treated, the type of cell that is

administered, the mode of administration, and the age and health of the subject.
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St at es Pharmacopei a: The National Formulary (USP 24
NFI 9) published in 1999. [0074] In different
wepwoededayent s, the conposition i s adm ni stered BPYI/SG2006/000133
ection (subcutaneously, i ntravenously,

|[ﬂb%lrru s Ehara s theregre also prasenth Lgro‘alsie@ A embmon@cst@n gell, which

RS b abU0BHE BRSNS S RS
dmslelccafmd ey Alitheneaspiise@ak ot aitpOtietdpeitid thaisgéries bPa Bcleic
used dep ends on the particular condition belng
@Pléa%lucu ¢ FREOdIZAIR 10y more theEapewifdpiotedns, ormratidasdi vi dual
subj ect paraneters including age, physical condition,

§0668ANATYRII9R Edm‘ﬂqﬁra‘%iikiﬁ A mE Gfés’nt de ann; og}a#)r(éeell

nature of concurrent therapy any
diffirentmtedatiori mhnesetmlatyomn smmlcedm; Iwérchs:omﬁrms 4 acbmbmahﬂw at

re.w.t hin . the know e and ertls of t he heal th
BRCHeYira BHaFiC cilo 8 PA Smied DR bR it g Bpcouical
Shinpbsitith, t Tieréote, 808 fizdR: Qﬁb@lﬁﬁ%ﬁts ffeeh %’w&‘&f‘d Pmaceutical
routine experi ment at i on. [ 0076] Al'$o presently

@@mp@ﬁmxa@cmprm@ arsesbrypnig mteemzﬂlly ona progemyreatkediffefentiated from
a

tct:}([)en(%% n'gﬁg% ? ms<9e lde:glc i} ogw%g e%%ﬁpﬁ%é%t&%%@gﬁr% nucleic acid, and
Optm{alllsmljﬁlaﬁnato%ﬁ@dmy@awptdw@dﬂ&ﬂt IBlhe iAW tRINGn 3 Shpeéior

trea},tl ng a disorder in a subject, the disorder
inglydessuch phsmagentigrlecomnesitions faralse inieeatiog aof

alséﬁegb%gaggog )?Ro/x&eplleﬂlaﬁﬂgd bﬁ&%ﬁu&%i} éc”f% 8@1% pe.

use o nic stemce P e
b compesitiorfsonayt noedndIn gorsaidi mmbuﬂldallg as@ﬁﬂﬂ:d conk&i@rations
remature_death or

dj ch { d b
LR L AE T 18Pt BReTaEs il YAropp Eompetilecastgge Bor al forms
bO@ARkryT B drﬁm?&hb SfRdnd 1ifds rphtg%hy eXe H%Iké'b(e GG ¥ed 6a

fol [ owi'ng non i mting exanples. [ 0078
Eixmpbogical splyedigtioder e we descri be hi gh- Ievel

expression of a transgene i n bacul ovirusinfected human

ﬁmﬂ% ﬁﬁ%% ruses

ar ggol ng t urr{ﬁl(rﬁca?é 41%\7? %Qﬁasddlﬁfﬂim?@g?&?m y O(te}garr 'y

therepeeinhageot m’sﬂﬁubfmttlteatlﬂg)the pheictlas dspelet edltshenvely Ithes
free medi um and, obt ai n hi gh transductl on

d
B P ST ST R it <BHGI BANE Geloih Gorellslon Hstors that
rARfipgt e8] SireRarsld 1ﬁdﬁﬁ§rolﬁ@ﬂl‘hbﬁ ef éfffe?&maﬁi)ﬁ Bf @Y &fhbBRnic

obvi ous changes i n norphol ogy and were a
gipmfceH en thegregenpicell mégn dakiver¢dEsDE sk TR Ais@rdAND
METHODS: [0081] Bacul oviral vector Preparation:

epor.t er
e e R BB S e BRRf u@?%ﬁ%% i is
ddt@mined by chosen route of administration, compatibility with live cells, and
standard pharmaceutical practice. Generally, the pharmaceutical composition will be
formulated with components that will not kill or significantly impair the biological

properties of the live embryonic stem cells or progeny cells.

[0071]  The pharmaceutical composition can be prepared by known methods for
the preparation of pharmaceutically acceptable corhpositions suitable for
administration to subjects, such that an effective quantity of the embryonic stem cells

or progeny cells, and any additional active substance or substances, is combined in a
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control of the human cytonegal ovirus (CW) imedi ately
early gene pronoter and enhancer was inserted into the
W e@nst@r2 pl asmi d pFast Bacl (G bco BRL, Life PCT/SG2006/000133
Technol ogi es, Gaithersburg, MD, USA). The pronoter was
inpigtwe withipabamessenanally anerpidbla vehilel Suwitablecrhiciente dmnbed

2555 Bl P AURSLA R Gl GRSt

iSeiepgdsalvack Publishivgy CHipAAYS BARSn, IPA., NESA ¢849)S Ondhis basis, the
reconmhi.nant pFastBacl was first constructéed b

y
CAREPLTioRs IB@P% apettmet exalesivedy, splpfiony ofsthe emhryonicestem cells or

SERF P LontstheRl RS0 I EAG B A ERE By
resoomatien withrude en amk plgarm%hcaﬂ}&éé%t@lﬁlb yéhisleg Badlilueatidand
t wo ’éﬁﬁi % ences at poth ends él et al., 2005)
SRRt P celtiqpswith  fuahle Pk and Kersawic Ry mhyawépgwal
FWupd, 111 in the above reconbi nant pFastBacl. A DNA
fragnent containing the full sequences of Rep gene was
lified frompSub201, which was digested with Apa I

{ L] movEhet phermasotival gompq&mmmay)be é:datplrgsieled émal subj ect 1n a
ested Wt

R P RS B R SR Ge  lerpERtg o i e

abdgitded breokd Bsllédtintthe a@NThé @cstﬁgosmdrpdﬁtﬁé {nQBntMr May be
respect to the pPol h pronoter 083] Reconbi nant

B‘é‘éﬁll%ﬁmﬂ sagically phby Huedkigniethe $1e0£1§ﬂ©n cassettes were
produced and propagated in Sf9 insect cells according

B, (R QL oV ER e By oA

prepangd én aphysmiog\lealéy §uifablerbadifet. hUndtgimrcan&yZ:omhmpm & storage

S| M ni por e, . Bedf ord, ore

3 i Tron iR B Ei S0 BRPRCBn BFTYRER | on
fHlicrdSrg@RicHs 20 18R wWill rﬂnan\flafn&he ped Lt@tte%f Wﬁa"&llﬁ eAﬁH’?@ﬁr&QﬁQd in
i n appropriate volumes of 0.1 M phosphat e-buffered

thelartisoyldRmyw haw to thegperd wteblﬁlf@tmﬂ@tm?er Sonventional procedures

RLAGHSIch Qg 19 PO GBI A SHERT AR 80

duseed ﬂhrey(gn_frl[())te ﬁilé«ﬂ}lmg{dnisn]l;hdﬁlﬁm&ﬁ}lﬁﬁ S&%cémﬂﬁﬁn The United
st re fro ri can Type
Sl S D aropaicihe Natipsa bRy (DEBIASTIE) piblicbedin 1999

routinely grown on mtonycin-C (Signm, Saint Luise,

mg;gf o3 TS AP U Ly S  in

@%WBGHWWGHO‘ZE@%m@ImFSCb]@ﬂVmc $ dirently(aF BS) desired site

e s ok Tt ol 0B R 05 R ced n o

dubjechi tory factor (hLIF) (Chem con, Tenecula, CA) and
50 U/m penicillin/50 nmg/mM streptonycin (lInvitrogen).

| ES-D3 cel | | | d b |
(OBGBE ndf shi<ifass bt Sormor Gendin eig Gbaehiapencs on

A8 b &S @IBFEShdBtbrl it Br &R R Rverity of the condition, the individual

subject parameters including age, physical condition, size and weight, the duration of

the treatment, the nature of concurrent therapy (if any), the specific route of
administration and other similar factors that are within the knowledge and expertise of
the health practitioner. These factors are known to those of skill in the art and can be

addressed with minimal routine experimentation.
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[ 0085] Human enbryonic stemcell line HES-I and its
feeder cell K4 nouse enbryonic fibroblasts (nEFs) were
wobiaiized f rom ES Cel | International, SingaporBCT/S&E06/000133

Passage 4 nEFs were cultured to Passage 6 using DVEM

&Q:Qu?@]u ni f§o pocenily cantemplated ere(uSﬂs/pf armgvelmomm eoFsd fand
?}%EEK%Q‘E‘?#B’% i la! slélgle]% I;%( 5“ lar o%rt) teg |13anse gapﬂgmyomc stem

el oontprisinga ?d’d:dni‘bﬁﬁhﬂb@dldvﬁﬁm&lel(‘h@&' fof trBating a disorderin a
(Si.gma) - precoated centre wel | an cul ture dish

@gﬂﬁto idisqedes pharpgtesized by thep re Heaih gr wakupgtion|of pepecific

ss%i aﬁ%%m{)no'%:ul%g ‘}QE‘RE{EO/{Z{?\?F rogelﬂﬁnl}{lclﬁ\%gl?ﬁylmthe

bgnufaatraief a h¥dicmsehti fnr treating hekigorder S b etithjeitt) the Hﬁbrder

%ﬂwtro ﬁ)/y) 0.1 th% rca toethanol and 50 Umnm
APAS e Rrpmature P@B?S Pwtwnr% a;spegiie celhtypea the
c@honi es were then subcultured every 7 days by
nechanlcal slicing and replating into fresh feeder
&3/ [ 0086] Transduction of ES cells: For rnES cell
Ht i on, Thsimenten Isduresr exéraphiiist ledthb yolipving eon-limiting
%gﬁgll nat| on and seeded 1 day before infection onto
‘plate grown with mtonycin-Ctreated STO cells.
Shortly before infection, the nediumw th serumfree
EXANEY.KSNVi trogen) was repl aced and concentrat ed
reconbi nant bacul ovi ruses were then added at desired
#g1p! i ci gk ¥pipfiection (MJ). After 1 h incubation,
he ceI | s were washed with PBS and further incubated
in normal ES-D3 nediumfor 1-3 d before observation

(M an i Hees wededcribe highderrd exm@mmnsg@@sﬁ]baw»@vims-

wer ed for tr nsdutl n of
RS REB el B3 Srieflontd SR04 WO fkd o Eisd pifbbiing
theflReteadywhesga v 1Iﬁ2ﬂﬁe<ﬂiElEEf eaBlyi Rhé YnhaEp/E6hber Weingect
grown fromcell clunps _and naintai ned on nEF feeders
ﬁlﬁp@?dgeéﬁteéwlbrla aﬁFfé‘Pb fregmeding andgbiaredsiish tragdustionso

B e e A by GRS
puddifatating, Meplased nd\bbepusichangesdu batrplariogy amisweete ahle to
gﬁ%«s V\4 t.n. PBS and change back to normal culture
Fhfiptedpiepe &XPPessi on was exani ned under an inverted
fl uorescence m croscope after 24 h. [0088] In the
[0080fHd pr oMDCTERIATESASE) METHOPS: i N suspensi on wer e
infected in order to elimnate viral absorption
ﬁ’f@g ts of nEFs., HES-|1 cells were maintained on
8ddr . At Begrdovirglyegipr PH‘&’W‘H@"p§§ﬁﬁ@atecha9‘#8§1f@f"e°t0fs with
t
yﬂa@bﬁéﬁge%e m@é&%@@d e ﬂQGPeIEEr%g &B{eﬁpg gﬁ%ﬂﬁbﬁA a&&@ﬁ&&d

mechani cal slicin For v tran el ght
¢ﬂ£1801: bilthp Suowen ey@mgdndiws (GMBDime OMEM eanly gefe ptomoter and

i ded 100,  Af .
GRS e Mg o e R e Rt 1000 Bt Liteesn
Tdhnblogis, rGaﬂHérstbhﬁg SASEUSA). %Ie@)goda@&fl{v@yirﬁé&metween Notl

containing the rep gene for gene transfer, cl unps
and Xbal, and the eGFP cDNA was between Xhol and HindIII downstream of the

promoters.

[0082] To generate baculoviruses that are able to integrate into the
chromosomes in hES cells, a recombinant pFastBac1 was first constructed by

inserting between the sites of Avr II and Sal I a fragment of pAAV plasmid that
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were treated with 10 ng/m of dispase (Invitrogen)

before viral infection. [0089] FlI GURE LEGENDS: [ 0090]
wo-e@anz912 Bacul ovi r us- nmedi at ed transgene expr EGEEGI06/M00133

ES-D3 cells grown on feeders. nES cell.s were

CARTAEY AFXRFISHOR ERSFHE mmmls&ém%wlﬁ Glonangriigi (MG, @ prporter

ggﬂ: e&%ﬁ%& WegP o @Wb Bly A oglgﬁ'cﬁ Can oy ‘Tgﬁ&génc@st at'¥olh ends

00. A or eséence I oS
Wase etan08s) Thd GMG mommgwmhemﬁsemi beswean KipyI 8nd Hind
fectlon wer e

@T—lt&ﬁflﬁlﬁ &%reﬁ@ab%fcpﬁzﬁ%%gbe% DN ﬁg@gﬁ%gntzawmmqfull
S&Jueficdd0P R %@né %Q%ﬁ lifi H‘f?oxﬂ?%ﬁﬁ 1, ShhONA d?g%sie%le\gﬁ{ Apal

were i nfecte |nan acuf ovirus contai nin
theeneee Fthggm:edmg dslueucmtbﬁ@ap gdne tahe h@u’bd pga:mnrﬁlﬂer@i geh{awas

r ing.of . phase-. r ast f orescence
g e R APk ang PiGREEThe Spebbeat i asisie te
(TRs In)th@ﬁnt?seﬁ@%rfeﬁtdﬂoﬁ%1%&63}5%& t@%{e% ﬁﬁbﬁfmbt&f ection
to show transduced cells. On the tom a high

magni fi cation of the hES cell colony to show
duced Reemnbiaptdapoyineses vithithe atjoyo gzpressigueagsaies were

BRRHbAY 5o ARAA B 0P 0N CEAARESS A b T 6B o

BAf@tRgultivirhs Eg@emmﬂ@@tenmﬁu&mmy 581121@8& air{ﬂéeﬁ ¢h thBensect
eGP gene under control of the CW pronoter at MJ 100
aetticyl %w medigmpwers fliesedthirogh pdetipm porhsige fiberMiatpore,

BIARE NikeUs ) BT SGERERALORIRA chhdfibaba Bl @ NS

ohy er ’in ion-wer
mammtrlfligﬁﬁc’ﬁi atllzsngg fér 60T S pelbxpwerege-aispendddas- |

cell cl nf th hybrjd bacul gvi ruses
emmreqﬁ%’ s oty M B A et s-p&g Pﬁsa T Sheiinfectious
JuB-fSHSRE S BW@% Hé‘c&%ﬁh@djb dx?gfgﬂcens.
ep ate

bacu oviruses at an 10 of pfu a ont o
fresh nEF feeder. Phase-contrast |nages (left),

fQ84 e s centdssS wedfeBS thﬂﬂ}’ Mwsmbﬂyamplsm petisdims ES-D3 and
{:_ilﬂxu igibofals SFEPuRAl hofi ARG ER WBE LU EandROR thrcc,

Nh]?aﬂsas; IVFAlS ESFEEC&IBdNéiEfDOuCI)mblySgrO\ah?ﬁE gn drﬁlﬁf;in}aﬁﬁ-e} ( Sygrﬁzﬁ |Sa1nt
nre n at ce s were ind
LN R aien S0 ThioBlasts i BRb o mmed st HegbmsdigdDMEM)
gﬁwﬁ%gén ¢laERS @‘At ltuémg ,Islaﬂelatteg%vlemro% gegg%wné QO3 (FBS)

ESULTS:. [ 0096 s were cul tur on no
@W@an@gfﬁ% |t kﬂ hgﬂ‘é Zamdr captagtbahod éhilvmdghn) 10 ng/ml human

OV [USES .CO orter a
SRS Bl P (B B ob ) Bha s0
Efmlr}ﬁﬁ&hmﬁ/%f ne/ResttdpRReEen gnm‘@ g@{)SFéﬁ/s%gc@f’uré" HI-BB cells were
infection, with a efficiency to 2% in nmouse ES

aliertsd by eentleytrypsingéion and mlatqcmre&‘nl?@ feadgnlsgersahat were seeded
PR bGPl N the feeder |ayer due to absorption of

viral particles was observed. No further increase in
eGP expression could be seen after incubation

[0085] Human embryonic stem cell line HES-1 and its feeder cell K4 mouse

embryonic fibroblasts (mEFs) were obtained from ES Cell International, Singapore.
The Passage 4 mEFs were cultured to Passage 6 using DMEM containing 200 mM L-
glutamine (Invitrogen), 10% FBS and 50 U/ml penicillin/50 pg/ml streptomycin.
Passage 6 mEFs were mitotically inactivated by using 10 pg/ml mitomycin-C and

replated into 0.1% gelatin (Sigma)-precoated centre well organ culture dish (BD
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up to 3 d (Figure 1). [0097] The sanme batch of
bacul ovi rus preparation was al so tested for gene
wo e@ndte@r2 on human enbryoni c stemcell HES-1. PECT/86G806/000133

beglnnb%g protocol simlar to_ that_ used in nES
e (13 TerslliSeks then ETOPEER ka3et i IPME guppleypented with

|

200008, Y A NG, E8ndol Uihfib ASIERHOR) (IRRGe 1D SARAERPL-
M]Eﬂtarﬂmeﬁm miwh(ﬁnagafeﬁnﬁse.lermug as) |(n1g'|1tt~dgenp oadmiyLd ity

of the vir r al nost . no

BiehaRtastigRo %ééﬁ? Hgg%eé@?mlrﬁt&ea@myw dhe sysuliing hES
Eélloﬁféb %reaﬁleﬁ ﬁlb%uftuﬂgﬁ e{?&'_yr’}’td By H2¥ndric EZ& %ﬁﬁgﬂting into
few cells wth transgene exp ession |n oni es,

freghr tesdaertlayeg no nore than 1% of the total hES cells
(Figure 2). Both infected nES and hES ceIIs grown on

RREC o on @Bt s 1 ORGP etn, BAPL R Sore

hhvested sl gaiRAryiphiRali®issidReddl BEES &ffo@ %Qfébtmﬁ &S 6B¥ell plate
the nouse feeders. [0098] To i rove ene

gmwﬁbm@w&ﬂfcctre@mﬁ cilbse Shasily fogml ¢rtips, the inedjum

nf ect
L L Do A Y o BB b
bmﬂmﬁmwm dnanmdded hnc@blraemqmphaﬁﬁoﬂhfdcﬂﬁﬁ vied). ERr 1 h
cel ressi on was observed as

Hg i ht ensi ve, eGP eé%

P %Pogst gslisiwegervgshedhWab EBerand Figagr ancbated fpnormal ES-D3

e P B 3o R ey R RS ehicho R fe
ositive (Figure 3). On day 3, new hES cells began to
EPQ&Z lout f’ufwmptrcbieccdewp@ruseéémdran@ducnha o€ bEDnsgl]s with

s transdugt rocess di
BRI b PRSI PY Mt BRREG ke Bh 88 of ik
Beivfty, &iES delie wetdHosingiah selMelufpk a8d hiaﬁit;ﬁﬂed)&i MBEFYebdess in
central part of the colony containing the original hES

er@ml celiurrplate 4in dexs aliep sulesarltung, B3twl BYIEN svasnSettoitoplace the

S aInD res ion in th

&%—co a%nn%g %18 13% 195 &ﬁ:gec&g@ aézplé)tvga {ngPlgﬁ gvag agée% at MOI
sm AfEdr @ int@tion Sikkd GRNRISWIhIHE A JIBHESRE t9Yormal culture
bacul ovirus or indicated that transgene coul d not be
wsdinme gGEY expressiemwanevimingbnsden e invars! Seorpscencrmicroscope

of eGFP-positive hES cells decreased over tineg,

probagfy because the non-replicating transgene was
diluted out with the proliferation of hES cells,
HIOBB]) ugh tlhghesesendpstodol, hES\/c&ﬂa:Ilumlm iy shspeghibn were infected in

ansd ced cells.in entr t he HES

POReLEEEy Sy rehighpecl; S mRhS THBET oPlvmps mamtained on

ﬁEFﬂ“éédfeptAﬁhhé’tlﬂn@ oF rdiiting %Mssde k%s%hn@itfﬁpénﬁafeﬁ%eﬁgﬁaﬁ hES

expression is required in many applications of
qplodes were |1§plam|by meghanizg] sliding Fovwirgdrrasducidn tapghthES clumps

VoS Spebfip P A DTS E R Chiiey opicht ot oes 4EBT R
MO UStef MEVDat&] RERM the diif §W@re'§é¥fa’[@5 %Hﬁ)rﬁ'e?sh IEF feeder. In the

responsi bl e for vi r al DNA i ntegration, and
case of using baculoviruses containing the rep gene for gene transfer, hES clumps

were treated with 10 mg/ml of dispase (Invitrogen)-before viral infection.

[0089] FIGURE LEGENDS:
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I nvestigated whether the vectors could provide
| ong-term transgene expression in hES cells. After the
w0 ndoeazdoon of | i ES cells with the hybrid viruseGI/a62006/000133
Rﬁé &f 10 E;u, no_expression _of eGPF was observed in
9% r st Figpred. Bogipvisrepedizisd 8aaieshe exmpssian in B3 cells

b B S A e
Abuteinittghtbe e6FPlgaté maler thieiral wfitterCMV @GHBtdp as MONFHONES

|1s increased over ti (Fi%ure 4). This differed
JHPToRFaRGY JPSHOPRAISP) BLEPARSESPRIach ORI PP A RIgmES pells on
¢ Yot e E8n Webd\@idlvnt e AAV el enent's, indicating
transgene duplication during hES cell proliferation.

The eGFP-positive cells continued to express the
{0@%Hgene Figure 22Baciigeirustmeditted trensgebdenytresaion in HES-1 cells

' 001 01 | ovi i nfecti .
REVEEN RBBL AR IS5 et b foelias S nfieie i eecoppinpnt
ahcudoiids cohita MEUGFPHeaE Lithr BERr AR kise CVSPHRYRFERPMOI
nmor phol ogi cal changes and proliferated in a simlar

w8y Querlappiag of BRasepeiEast and Bwaressen¢edgaged (right) and fluorescence
L& | ' ' ffact £$Si. f
%%L&?&?%?gég%?@ bEQ ﬂEglcgll @81%}1? OIFI) fel%% I1 %g?@ﬁi%{u&ggooshow

mar ker onIrc stemce
tremwlnedd afle.dO theRbitBIRA Aixh ésii fdatioh lo®tHei HES @maioy&ﬁ&o show

dat.a not_shown). \Wen the infected hES cells were
é%@&eﬁfﬁic‘gbdéﬂ’@&o O¥edi um for neur onal
differentiation, cells with |long processes could be

fooe2]ved ( Figitte 8. BaouldiRisGRddidted félﬁlﬁzge@é expPas nn1$ Pﬂé@ngl:ell

differentiation potency of hES c was ‘hot affecte
pympactiedViS el dlwhpg in spension 1624 infocddPivEh PecofbinanB)]

£ n fi.cien ene.tran met hod
R SRR ISP 00RD 5B Filer SEMEN PE R ITM BBieER aphor
bhahvanl replatedontefredhafiEF idedhr. Pahdesconwhit imbh g NS Bhd fluorescence
transgigsbggpre sion in up to 35%of hES cells. Using
1a20H FgRtht A h%ﬁ:;qllaqolwcﬁrgp depito & gfpnipdrgtion were shown.
adeno- associ ated virus (AAV) elenents to nedi ate

00037 speci frigaré Bl B@h@lehOBxplrBssHATR MEXN| QO §RlH§3rs 5 ct€ with

observed stabl e transgene ‘expression during onged
hteids ragnletirises eontpingid the AdtV tap. gelibeargidT® seXie BES belhclumps in

| | d..i E | | \ t [
ot BT B e e AT TR o ot pand re-
flaked Bamuralini Bl foddet Phideapata ifikes [RAYFRRtALEce images

@ﬁﬁ§lo iral vectors canr%%ng a_repoter gene, the
RAg gverlappm g imigeariddle) of iSeall qobarm) werernbownder

control of human EF- |a pronoter, the eGP gene from

[0094pr PEGRBuf 5.0&p5£ aﬁieraiﬁﬁ}iﬁ’rgﬁf g%ggvgg%ﬁjﬂf@&gd hES cells.

I nserted between EcoRl and Spe

Yanrdaiys plierenidal irfessionBFan MO afrid0 exfu, frfiSmef ERleremdbieslAo
Jdvi trogen) was ipserte et ween B and .EcoRl )
AR hetBRs SBRE i e bR Cel bR el RoE npwiies
Wt sdiovigener at e bacul oviral vectors with the eG-P gene
regul at ed by

[0095] RESULTS:

[0096] ES-D3 cells were cultured on mousé embryonic fibroblasts and
transduced with baculoviruses containing a eGFP reporter gene at MOI 200 and 500

in serum-free medium at 37°C for 1 h. Expression of the transgene was observed 24 h
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human cytonegal ovirus (CW) inmmediately early gene

pronoter and enhancer, the CW pronoter was inserted
whedwaes?7Not | and Xbal and the eGFP gene was | PGESGHEHUE6/000133

between Xhol and HindlI| downstream of the pronoter.

pBerintepiiomovigfemeffisicacy ot Lfwdtorinmayse Ercslls #féar lat wculstion.

trhgtce:lgs%gtfa% a%?e %%Jagsé&%‘%ﬂé’ ?e%ﬁ&rl tr?g% g(% érlb%c gn of viral particles

iwas ebservigl. bbtfmﬂbe‘r iAoteask lin 8GHP Saprebsici érsd Be §deﬁ9ﬁ€ﬂﬁlcﬁﬁatlon

PAAV, pl asm d that contains an expression cassette

HBFR %ldr{%%‘rea Daul tiple cloning site (MCS), a reporter

gene encoding eGP, a SV40 pol yA signal, and two

ted t
I3V o0, AR o tac i SRAENGE S e A0 e
ltmssfclt @dlthnmnbry&ﬁpm stenpeedl HESd . [Atlthé bedilvinglaopretocol similar

R e BT B Gin s e A s refomi B dgrlaver
‘(\jh' &R 1veeer ﬂif@&ﬁ)heﬁxaw thﬂxsﬁé?ﬁ %)fegmél? Ry 8b§eps%d‘m SRAEA%r mEF

sequence of gene and ed again. The Rep gene

welbs at pe MQ] @fe’ﬂlﬁd (Rigure 2?5$uggbstalgdh¢ gwqtaaty ofttbe vimes

n Fas out si.de
PR 2ty PR o R P EE TR 33 albepB i th region of
RESologfes af fhﬁlﬂinﬁ8b01|fiﬁ condhnathedeasdtt @\féw aklisRih @hSsgene
with the above expression cassettes were produced and

FERI PR B AESpolsmics; repessenting n@na@dbwl%g»fﬂ@ toteb hid eelky

?f‘ %laé@;o gcgtﬁ?%gg% gﬁ%cﬁd?}fssg%ﬂls r? S Eegg%rtcﬁ%)tlﬁmd a much lower
perceniage ofechinsgoneerprefdion mc&xrh;tahng usgﬂn thathf Zeatsr @edlseThis
size filter (MI1Iipor to re ntamnatlon

B bushbe e St el e B B B o eatons 000 g

for 60 mn. Viral pellets were re-suspended in

[QO98)pr i at Bo Viahteve shediend trhbheslatRRUES 8F BRAURALER in ES

(PBS and their infectious titers (plaque-formng
elist isedgsreghls Gaarke exeludedrwans vigal pafaefinn. Byssingarprefogol that

| lon:
i L R S O L8 LR o
edllsavith i2€GD6ve OB Pickprefded ens ckdelvedds emilis 8s ¢aybr ystiifection
(P i SEces kBl bepRise it QGORS FHERRY Fiahch in several
E81bibY, @2 tHRASIRAY @ol@n*‘fv'a@ ecPVEM{iL E’Fléﬁrgg n dgy 3, A hES

E’é\]{;pl emented W th lutam ne (lnvitfogen
Hegdo0ighew ouk fmm(tk@@ntqrmyg;bm nEthe cBlnyy suggesting the

BRSPS BB P SRR PR R

(Si gma) and repl at ed |nto 0.1%gelatin (Sigm)-

i9088pat ed HEWE‘&IT - the eGFBrsgpmalsovtrt wsaictddséia il B0 central part of
i osci ences), HES-I, ceIIs were then grown nEF | ayer in

BY, ppHaREng: the oviginal Bighsettump that s KiSpRSES brcRlgvirus
A Amsond0 AR s ERsenln WLl A g

Phisreray bptreletetl anthie tansient featyeenyf, gehd exjiradsion mediated by

baculovirus or indicated that transgene could not be carried over to the newly

generated hES cells. The number of eGFP-positive hES cells decreased over time,
probably because the non-replicating transgene was diluted out with the proliferation
of hES cells, although there were still several very bright transduced cells in the
central regions of the HES colonies by day 5 (Figure 3). The eGFP signals almost

23



penicillin and 50 ng/mM streptomycin. The hES col oni es

were then subcul tured every 7 days by nechani cal
wabiosiizgg7and replating into fresh feeder | ayerBCT/BGBR6/000133

10]. hES cel| clunps in suspension were used during

lt‘?%lll%g’é"clﬁ@ﬁ’?n order to elininate the effects of

nEFs. At the tinme of routine passage, hES cell clunps

00150l akephid Bh &5
l\g@? Vi raI trans%ﬁ%g?%n%xﬁgsght hE lr%mﬁ%@%h%mﬁégﬂ
gesgticaltieshodific8 ES| ce/ENE gerbrited hjflmd/bercalovlteb\trahtcﬁs tantd&ifling

PB re added at of .100. i ncubated for 2
fhe 25 28R e %@ﬂ%vqr@gu el eSS Tpeadepe gerosiated virs
(A/Y) %%&MM@W&V%J&M&%@ oﬁéﬁbﬁr}g M WM%& tion, and

efficiency of baculoviral vecto S, varrous
Mkestigates wisashir titneecttay cafld erovidednsghirxin tumsg&ﬁ%xpmbshon in hES

h spas
G 5 Bt BB kS BRE roror 10 p o
b pRSsion cTeGProvapdRestd il Be E@dtSday$f W%%k\é@FP'eQ re%&bstarted
PBS, the cells were analyzed with FACSCa I bur

Eproiateonviad end hemmeidhvinea Py iday 6t(ﬁ@“{ﬁe4’)c7€hft mé@t@f hES cell

f
o 07, B R R v

agllsiinueabed asadlmdﬂ (Bi Qlﬁe ARt Tiogldidfe sl st 1) Yrone Wbkt $Hsérved in

I e%Reubl nof f_, 2001). In brief, the hES cell
Hhereh BT b bhedovinasioedbasy s b §r ey edipainegranseene
dolicaBEK SuiHy Hrsedar ohﬂ%ﬁﬁmﬁ' $hd LGFp- §5§ﬁ§e Yifs Eontlnued to
uniformy whitegra opague appearance un
ebepressitheirahsgerer afteni2g d@mfmaltmmtlum amgnstlattion patcedures.
into small cell clunps. These cell clunps mere then

(9GPl s dorl A it if B

véllshB27 af h M(O]) of(QI()O\pfﬁ riageted. hER deltk ursglayécam ﬁl@ré)&%gdam

enicillin, m . streptomycin,
?‘tﬂﬂg‘?ﬁ wdrprolifs ez’n%nﬁgwm aIbWS(@S@rﬁO@dnijecteﬂfcp@fﬁol&mSt qsetle.
eI r
S o] UG L] Bhor Rl iR R i B cell
plrdpotamdiyn amde(nsvrgtraoed byR8CRi aEnld Whﬁemdﬂmtmg analyses (data not

iffer ced b e W t hdrawal r ow
fovinS Ees BB e B Wi e b s culir et 3 metronal
d)lff%feﬁﬁ@tiﬁﬂ aélisomith TonYipkdRised QoA HESIN MR RO Y, licating that

EBs%: hES cells were grown to formlarge col oni es ané

Hdeasbpramonsy difrengiation peigney ofdifiSiretls wa¥ het #ffestaddiyi baculovirus
skdippgs were transferred to a 15 m conical tube
containing 10 nl differentiation nmedium [80% knock- out
DVEM (I nvitrogen), 20% FBS, 2 nmM Lglutam ne and 0.1 niM
[QeAB2] and BXAMRIGE 20 settle to the bottom The

super nat ant was rermved The cell clunps were

PRSP ok Sy ool qibiueny Sy aghi g BacuToviral
veeRkBfor Bendhianiodificdidg oM Mblydn{d &5 (hES) cells with transient

differentiation mediumand cul tured for
tranpgges ¢rpressRpigrup to 35% of hES cells. Using a hybrld baculov1ral vector that

o

employed adeno-associated virus (AAV) elements to mediate site-specific integration
in human chromosome 19, we observed stable transgene expression during prolonged
undifferentiated proliferation. The gene expression was well preserved in hES cells

even after their differentiation.
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et al. 2000). [001 14] RT PCR Analysis: Total RNA was

extracted fromhES cells or EBs using an RNAeasy(trr)
wpaosfiggoagen) according to the manufacturer's PCT/SG2006/000133

instructions. Firststrand cDNA was synthesi zed using

00104 | pMATEREALS AN MIEEHERY hesi s Syst end t m for

RT-PCR (Invitrogen). 1 miter of cDNA reaction m x was

ted t . W
IRAGE, 0, Bl Pacsbn Pdbltiiolt 10 gD bR vidlys
REGRyiay alre;mta‘fgeﬂe thkeerﬂtancait gresn fhtiorSstentf proteth (ﬁGtFP?igene under

followi ng: 94C for 30 s; 55C for 3Q s; 72C for
ApntEadiof humam EEt keppromotercihe 60T8 genp figesvecks pEGER- CM@ontech)

R R
Jthed E€sLo. prémbtet €loin gI0F IV -Elis Avneitrogat)ashshdehted B&V@Bﬁi BamHI
f| X ?11%; room tqgnggrature ﬁ\n t h 4% par af or mal dehyde for

ﬁ‘F HRTUBER QESPER 2GR 1 thos9upsionrasssHe10 nin. The
ceI I s were then bl ocked with 5% normal goat serum for

y@1 and

m)nocl onal kat%?%%%?é th])gfgnal‘yg% réc??i{ﬁngl Sesz‘:(@ej 1jz;rn : r%é%ted by
homen bﬁnmeg@lmmhﬁd@wsammadla]ebzea&y(geec prwictbgw)ldfeuhancer the

t at 40C t G '
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7. Dose- dependant tTansduction effici ency
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1{% e E Faﬁﬁnﬁ%l‘lm% %/e I C%Lq%lt}t eagt Ely astBacl. A DNA
ani cal s

Cl Nng were rans i nan
ﬁagmbxmcbmaamg e fuihkeéquesceyof Ref) geme Wad aanlilﬁibdﬁtmn ipBub201,
ensi on aftehagls ase di gestion, Phase- contrast

W s qigaste vy rsaER the qnﬁaeag SeqUERtH 9t (P gepesand
ﬁg‘z{téd ﬁgct@ MheReh Aoy wal iieh diddRa e RN @?A@sét%ﬁ% tﬁ@
Dose- Yy acul ovira

endant "tTansduction efficlency
tﬂe@mbmnt prahEgc talutgde AR aimednymitisersh ovietatiorewith respect to

ﬁf@ %n} g of transgene expression in hES cells 1 day
PEPPEINSKcti on with recombi nant bacul oviruses at
various MJ. [001 19] Figure 8. Expression of

[a01O8YI ar Reddusisant badukS/ieg heGod it thbabsileQikipfedbion cassettes
vect or transduction. The hES cell clunps were

WERsisednced and proprasteshis ST scefells akpording tadhe AHHPTEHEC-
?%A@%an&gfus%ws&on %st&ﬂ ?In%gen). Budded viruses in the insect

cell culture medium were filtered through a 0.2 um pore size filter (Millipore) to
remove any contamination, and concentrated by ultracentrifugation at 25,000 g for 60
min. Viral pellets were re-suspended in appropriate volumes of 0.1 M phosphate-
buffered saline (PBS) and their infectious titers (plaque-forming units, pfu) were

determined by plaque assay on Sf9 cells.
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pronoter at MO of 100 and replated onto fresh nEF
feeders. Seven days after transduction, RT-PCR was
wais@d/12@7ret ect t he expression of nol ecul ar MaP&ESE2(06/000133
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Mledifa (ITS}‘?’(I&zﬁtrd(;gléh)'[@.l S hdrtdRoctddh®] FRPHLIER), 50 U/
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construct 't hat rects transgene integration i's shown

penieiflim andp0 it streptemycin.t Thel hdtS qolenies Wene dhanswbedtired every
' ' trate.th ' f eGP
0P R R R Bl PP B R o8y ST o,

[001 21] Figure 10. Neural differentiation of hES
[00119] st abhS telhclaips dsuspedsidarweke hisald@itigittinsdirtibe iborder

Th;. st ab|l¥ t ransduc 25 cells were directed to
9 $epi dhegtiects Al gniisy oot 1Ruting Basagce fle celhelymps were

RblatdaaraN 8E9 oM s By rﬁ%gli@cq%Iliéihﬁ.eFd?FvﬁaP?éB]%s&Aéan, eight hES

feeders for 4 weeks w t hout subcll ture.
¢lunps esoesuspendad gesS®fil DB EMland pharevigd nertats ¢l 56 pbABS veere

O] B DR e SRE RS RS0 A 31 e
AifFfesept i ati on from neural sphere derived fromthe

stable hES cells after plating for 2 weeks. (E & F)
Fl uorescence | mages of typical neurons derived from

k00147 api yFdFSrdvendesét Tommapilyl the wpasduetignreifipionot of baculoviral
By DRI IO SR IRAEAL Bk 083 T G i

clempaweadethed frog, the ndiiBgetisphledipestion eTheel fuhpe weteSvashed
C cul] ture.nmedi um and fransduced the clunps wth

B G e o T el gl e VersRacuth B e cells were
aliRE @ HEEBTHACSCHRIP 106 FRIMAEBeton DiBUhIdnp Fdrhd Yerdntage of
infection (MJ) of 100 plague-formng units (rpfu Tor

aGPihesllsr e repl ating on feeders. Driven by the human
EFl g pronoter, eGFP expression was observed as early

B3l BNl B PP s O b P G S
fadrn hESaklisiwas 4dhigetd ®aged ok (B} mefHd@ described by Reubinoff et al
(Reubinoff, et al. 2001). In brief, the hES cell differentiation was induced by
prolonged culture for 3-4 weeks on feeders. The distinct areas with uniformly white-
gray and opaque appearance under dark-field stereomicroscope were cut and dissected
into small cell clumps. These cell clumps were then transferred to low cell binding

six-well plate (NUNC) containing DMEM/F12 (1:1) (Invitrogen) supplemented with
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transduced hES cells kept outgrowi ng fromthe clunps,
resulting a colony with a central 'green' region
waosoeaded by newl y generated, eG-P-negative PEBSGHEI06/800133

6C.& D), The eGEP | th tral
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7). These "findings suggest that acu OV|ra vectors
are conpetent in nediating transient gene expression
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BN o 09 A B 250
etreh#§Bhe expression in hES cells after genetic
mani pul ation is crucial for the applications of these

[1s | LY i,.ci.ne that .requi
(3457, 7, K2 SCREDRIRLL IR LRy RS s or o
ﬁhmliga:iﬂ RN Aehsyra &itl(Qiged) acverliny toRRE AbhfgkabthRNSdRM i ctions. First-
expression, we constructed a hybrid bacul oviral vector
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RGP Rtk gt e DA SRt gy wa pitiec iR
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gecn‘lcmte gration at the AAVSI site in human

eyalesiagtef dmﬁtlgaeorq@t%fc tfyr ‘hoin hofebbwie §4°C for 30 s;
t t.al
%%???P s8R SR A e Bl Pister B /A 15 S was inelpged. Al

IIrOdMWEM&:l@GEﬁhcﬁwieel&ﬁi aUZ%Ialgaﬂ@@é Belundi fferenti at ed
and differentiated cells. Transduced with this hybrid

bacul oviral vector, hES cells displayed al nbst no eG-P

B ESST-POR Prihbg first 2 days. EGFP-positive hES
cells begun fo appear in soall nunber fromday 3 and

becang koswid Brimer/ day 7, by when theke eGFP-pokitive
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passages w thout transgene silencing, suggesting
chronpbsone integration of transgene nedi ated by the
whgsiizbovect or. [001 26] To further exam ne theCT/SG2006/000133

st-abi-hity—of tr_awc@%ne_e*pr-esekgn__meﬁ, l-nvestigated
whet he'a%f_WéfSé@“-‘P? pression coul d be |preserved |after
di f f er egidc@td @OAMTCRdRNRRIATRREA YRE of the 10

representative cells fromectoderm First, the|eGFP
Pesiini y&Fonwadddime) wer e over grown on |f e@@8bp for 4

weeks [ al spheres were

gener a éﬁ%@%%@%@gfgpmuiel I's by incubating i n3
suspens(Ruveisd Prineerpr esence of bFGF and EGF for [1-3
weeks i l. . The resul ting neura
spheresﬁﬁ&pﬂﬁr&rqﬁféﬁgé@gal uor ecence (Figure 10]é).
ARy o{mwggp}ﬁn@pl y-D-Tysine and Tdm Rpdpgoafed dish
and cu|tured i he absence of growth factors, |the

nt
neur al | SPHGEABCEPTaYe8GGHAAIC neur al di fferenti at fon
phenot y ' : ndi ng neurits and |expressed |bright
eGFP w gﬁev}éflstg?rlgi%ﬁ encing (Figure 10C-F). The
t r ans gl GO@PFEsTCIRABECKRCACAIGhed iin the neunons For

= 50—days—{ithe—endofthe—expertrept)—Bestdes
ﬁ%roneuiFgﬁ‘g?r‘dg%Wﬁrgnyocyt es, a repreg enlSZ?lbée type of
cell's [GAGAESATEAGTGETEATGR derived fromthegse 5
transduced hES cells during spontanequs
di f f er EYRYVEEF SHMPhport ant [y, these ¢ardi omyocyt es

r emai NeAGEAGOOSTIIGEA AAGETGThe difflerentiati on. [01
27} As! canbe understood by one skillled in thelart

fany npdiorvedtirgn®) t o the exenpl ary enbd84 bent ¢
descri ped Atef £-0GRITGHRASITNE@. The invention, ratheg,
is intended to enconpass all such nodification{w thin
its scp@everse Pasfetned by the clains. [[001 28] Al

documepn qu«‘ i are fullly incorporated, by
refer en%g ﬁéém(?kﬁgﬁgﬁ vari ous |enbodi nents 01?14
Ghobin nv@otwad Paineerdi scl osed herein, mang9adapt ati ons
and nodkfi | QN Wi thin|the scope|of the
i nvent |%ﬁbﬁ?é@é§%€§%meqhe comon gener al ]?
know eld@everke PHinse) skilled in this aft. Such
nodi fi [ Lncl h tituti on of known

equi va;f'@@f‘g&%‘?/ﬂ@éﬁ‘gé@é&@%e the inyention in|ordé®
Appacgﬂﬁ%ﬁwtra@rm resul't Tn substanttgydy, the sane
way. technical and scientific tefns used herein

have t/MaC4MECHehhitarASCd6hDnI y under st ood by oned of
or di narResdsd prilmryt he art of this inyention, upless
defi ngd ot herw se.” REFERENCES Ho, Y.|C , Y. C. | Chung,
et al .| GA6GCAAGLI S Yeid TEXIE essi on| and 16
differentiattTonm of—bacutovirus—transduced—htran
mesenchymal stemcells.” J Gene Med 7(7): 860-8.
Kawabata, K., F. Sakurai, et al. (2005). "Efficient
[§6A&5] r anslnenukavywchemiserydStindigohiBS cell colonies were washed with

PBS and fixed at room temperature with 4% paraformaldehyde for 10 min and

permeated with 1% saponin for 10 min. The cells were then blocked with 5% normal
goat serum for 30 min and then incubated with mouse anti-Oct-4 monoclonal
antibody (Chemicon) or mouse anti-SSEA-4 monoclonal antibody (Santa Cruz
Biotechnology) for overnight at 4°C. Goat anti-mouse IgG-cy3 antibody (Sigma) was

then applied for 60 min to visualize the antigens.
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stemcells with adenovirus vectors." Ml Ther 12(3):
547-54. Kost, T. A, J. P. Condreay, et al. (2005).
WO Bmenkevi rus as versatile vectors for protei nPCT/SG2006/000133

sion_|j nd manmal i an cells." Nat
m@ihnol F@égﬁsﬁﬁiﬁ? : Kotin, R M, R M Linden,
et al. (1992). "Characterization of a preferred site

[ODTTRN CR{RFPEOTRNSN tfa%%én@ 'éﬁ%r %619?1 HHS cells mediated by

adeno-associ ated virus DNA Dy no ogous
baubiriahetctas. (A-BhBdinde-ddid3)bse5aidn ﬁlowts@diES/celn-olMy 1(A,

Enalls. S0 P oty o5 ol onciitig wUTisR Rt baRyovins

VERLY SGIP @E&{Bkuﬁ%yth@%eﬁgml%%h@éﬁroégrcff 1OPRLe- cgntras{\EA, C, E)

l\/an|ott|, et al. (1998 Site-sp ic integratio
aml flreoremen@nneged @, i &) ateediotyy. €G)dowlvybmedric analysis of the

SRR ST LR e B (b))

Tr ansgene3| s by lentiviral vectors: lack of gene

001e8yi ng nguﬁam@bgeadepmfmsauawefﬁahh@ WIS’aculowral
prel npl.antation enbryoS." Proc Acad SCi

vartory withtho CHIV peamteionfhESRells:. (A-©) The ls@& gcihclumps aslolated by
ko DAL RERRERLA 510 L SRR SRR o
fEemelr @t1ion g)ﬁmmﬂlsmﬂsfontaeﬁﬂég&itspﬂe mgeaﬁmp I’B’ﬁasel-\&’it)htrbzﬁdmages (left)
200 7(113%( 1086- ﬁg Cer eset G ac

fi‘ﬁ%f%ﬁCP 'gpges ighwof hbw 0519/ 091@meéxhd|am §3§r tragsdystiayvere
%{Iél%. Medepeffah} trél?sdﬁéuon(éfﬁ% aﬁyby]&cgwmf‘ﬂ&e%&%’ﬁl hES

ay V\C ost TA. Transient
ellsr BASC analysis sherwaall thaperceitags torf a'asxgﬁneekpmsSfmnan hES cells 1
econbi nant bacul ovi ru Proc Nat | Sci
G LR Rt WS Vel Bbini hhpvaly SR ragis MOs,
Techni cal assessnment of the first 20 years of resear ch

[091119] nousEigafd8.yDpréssdhoMntdéduldr ntelers 2f B0 6&1s! after
2004; . 22( 7% 1168-80. Eiges R Schul di ner Dr ukker
haculpxiralcspetor tepsdustion. Aheibgsreel clusapmaesie segsdyced with

IR ed
EpAABhAR VB by s NG YT Ger Ll CBhlro! SRS LREY
I@leoteBla’oMOIZﬁG 00 lahq i’e))iat&ldnt& freﬁﬁmﬁlﬁ fBedetrs. Skeven days after
Bac Vi T manma |a ressian vector for .

§ %& @?fﬁ%ﬁvﬁ%md& &fL%?isgssSI%q mqlelar ypgysers g
rﬁodkl’erarﬁﬁﬂ&ﬂ HAS deis ﬂ?ﬁﬁﬁ IEES &lﬁgﬁhsﬁcecﬁﬁg bibloviral vectors (B),
Re| nhartz E, Gl un Reubi nof f BE. Stabl e genetic

Fgdmmupastaisinegp detestife expressn of Fsi’few@@mcy:tﬂynarkers in mock-
I T 2
I e e —
T, trdﬂﬂdhfcfed &aB cblls were also used to generate embryoid bodies. Seven days
after embryoid body formation, RT-PCR showed the expression of markers for three
germ layers in embryoid bodies derived from mock- transduced hES cells (G) and

from hES cells transduced by baculoviral vectors (H).

[00120] Figure 9. Stable transgene expression in hES cells mediated by hybrid
bacuolviral vectors. The hES cell clumps were transduced with hybrid baculoviruses
containing the AAV rep gene and ITRs and replated onto fresh feeders. EGFP

positive hES cell were isolated mechanically and replated onto fresh feeders every
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Ttbags RVl VacleReoBliERS 8 pioparetereen fryRtneat protingeSdP)
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onmson JA nol ogous nmbi na nin
btﬂbrqmap]atlng be lﬁaedezisl Brivédalyy i hiueah iBH1 o pi‘ﬂmater Z{(HP) éxpression

319- ark|? E era C, Petrg , Buch
PRy 8 Seﬁ‘Le 2 gl Eh6 B anRHpsugion apyd P@ngblryaﬁ@aw pich b,

HithMRdhBre&eiht !
bacul lgv?érllis -der |e %/ngé/év‘ge&gte%?glg%r‘@?\réhgtg HRM éﬁgurgcélA &R T.h ©

rapducaiAESgells kapaguagrawing ko vid dulBpsioeswtingScénlomy with a
D, Ede Y.
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(Feburs 6Cr& @)em YGFH sipasls @5the QM M GbNdedrEiRed BVERime and
enbryoni c germ | ayers. Ml Med. 2000; 6(2):88-95. WHAT
besagie AenEweakdy day 7 (Figure 6E & F). Flow cytometric analy51s demonstrated
about 35% of the hES cells in the clumps being eGFP positive at day 2 (Figure 6G).
Similar results were observed when baculoviral vectors with the human
cytomegalovirus immediately early gene promoter and enhancer (CMV promoter)
were used (Figure 7). These findings suggest that baculoviral vectors are competent in

mediating transient gene expression in hES cells.

[00124] Baculovirus transduction caused no obvious cytotoxic effects on hES
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1. A nethod of delivering a nucleic acid nolecule to
an enbryonic stemcell, conprising infecting the
wepsyorr stem cell with a bacul oviral vect orPCT/b&2006/000133

bacul ovi ral vect or conprisinﬁ the nucleic acid
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prugiab fagtheaapplioaticen lof theee hES celBhie regehbrativemedicaierth& require
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FRe e Pt eas e eGrescs M8 iR dhe SaFe o8 bt ector
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?%Ogag%ogzgaﬁ%g @?uasn(%ﬁ X Pfég{bgg&é’%gir"gé ?t:qag.] 1799\%1. Thd cqiirtnlélrei‘c virus
aglBtroetaslss iledmape\dRep-rhddtuted sitespeeican@ gFagipn geme A AVS1 site

The nethod of an];clgr(one of clainse 1. to 8 in which the
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abl
#dhesame gbyoundidey 7s By A these o0 EPwositivp pdlscran iia@gatec%/ by

Bl s A G P e
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passages without transgene silencing, suggesting chromosome integration of

transgene mediated by the hybrid vector.

[00126] To further examine the stability of transgene expression, we
investigated whether the eGFP expression could be preserved after differentiation into
neurons, one type of the representative cells from ectoderm. First, the eGFP positive
hES cells were overgrown on feeders for 4 weeks (Figure 10A). Then, neural spheres
were generated from the overgrown cells by incubating in suspension in the presence

‘0of bFGF and EGF for 1-3 weeks (Reubinoff, et al. 2001). The resulting neural spheres
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baculov1ra1 vector comprising the nucleic acid molecule.

2. The method of claim 1 wherein the embryonic stem cell is a human embryonic
stem cell.
3, The method of claim 1 or claim 2 wherein the nucleic acid molecule

comprises a transgene, the transgene including a coding region and an operably linked

promoter.

4. The method of claim 3 wherein the transgene is a reporter gene, a selectable
marker gene, a gene involved in differentiation of embryonic stem cells or a

therapeutic transgene.

5. The method of claim 3 or claim 4 wherein the promoter is a promoter specific
to embryonic stem cells, a promoter specific to a differentiated cell type, a
developmental specific promoter, a viral promoter, or a fusion promoter of a

mammalian promoter and a viral promoter and/or enhancer.

6. The method of claim 5 wherein the promoter is the human cytomegalovirus

immediate early promoter/enhancer.

7. The method of any one of claims 1 to 6 wherein the baculovirus vector further
comprises inverted terminal repeat (ITR) sequences flanking the nucleic acid

molecule, and a rep gene.

8. The method of claim 7 wherein the ITR sequences and the rep gene are the

adeno-associated virus ITR sequences and rep gene.

9. The method of any one of claims 1 to 8 in which the baculoviral vector is a

Autographa californica multiple nucleopolyhedrovirus vector.

10.  The method of any one of claims 1 to 9 further comprising inducing the

embryonic stem cell to differentiate.
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specific to embryonic stem cells is operably linked to a coding region or to a multiple

cloning site.

13. The recombinant baculoviral nucleic acid of claim 11 or claim 12 wherein the

promoter specific to embryonic stem cells is the oct-4 promoter.

14.  An embryonic stem cell comprising a recombinant baculoviral nucleic acid of

any one of claims 11 to 13.

15. A pharmaceutical composition comprising an embryonic stem cell of claim

13.

16. A method of treating a disorder characterized by the premature death or
malfunction of a specific cell type comprising administering to a subject an

embryonic stem cell comprising a recombinant baculoviral nucleic acid.

17. The method of claim 16 further comprising inducing the embryonic stem cell

to differentiate prior to administering.

18.  The method of claim 16 or 17 wherein the baculoviral vector comprises a

therapeutic transgene.

19.  The method of any one of claims 16 to 18 wherein the disorder is cancer,
leukemia, Parkinson's disease, Alzheimer’s disease, ALS, CNS damage, spinal cord
injury, Multiple Sclerosis, cardiac damage, liver damage, kidney damage, pancreatic
damage, retinal damage, intestinal damage, skeletal muscle damage, Muscular

dystrophy, lung damage or diabetes.

20.  The method of any one of claims 16 to 19 wherein the administering

comprises surgical implantation or injection.

21. The method of any one of claims 16 to 20 further comprising treating the

embryonic stem cell with an additional growth factor prior to administering.
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%2. J The ?netho% 0%%1311‘1‘1 21 whereln the additional growth factor is fibroblast

growth factor or a neurotrophin.

23.  Use of an embryonic stem cell comprising a recombinant baculoviral nucleic
acid for treating a disorder in a subject, the disorder characterized by the premature

death or malfunction of a specific cell type in the subject.

24.  Use of an embryonic stem cell comprising a recombinant baculoviral nucleic
acid in the manufacture of a medicament for treating a disorder in a subject, the
disorder characterized by the premature death or malfunction of a specific cell type in

the subject.

25.  The use of claim 23 or claim 24 wherein the embryonic stem cell has been

differentiated.

26.  The use of any one of claims 23 to 25 wherein the baculoviral vector

comprises a therapeutic transgene.

27.  The use of any one of claims 23 to 26 wherein the disorder is cancer,
leukemia, Parkinson's disease, Alzheimer’s disease, ALS, CNS damage, spinal cord
injury, Multiple Sclerosis, cardiac damage, liver damage, kidney damage, pancreatic
damage, retinal damage, intestinal damage, skeletal muscle damage, Muscular

dystrophy, lung damage or diabetes.

28.  The use of any one of claims 23 to 27 wherein the embryonic stem cell is

adapted for surgical implantation or injection.

29.  The use of any one of claims 23 to 28 wherein the embryonic stem cell has

been treated with an additional growth factor.

30.  The use of claim 29 wherein the additional growth factor is fibroblast growth

factor or a neurotrophin.

37



