METHOD OF DELI VERI NG NUCLEI C ACI D MOLECULES | NTO EMBRYONI C STEM
CELLS USI NG BACULOVI RAL VECTORS CROSS- REFERENCE TO RELATED

APPLI CATI ON [ 0001] This application clains benefit and priority from
U.S. provisional patent application No. 60/684,958, filed on May 27,
2005, the con : i i t.ed- her.ei ] e.
FIELD OF THE #‘m@%ﬁé\?ﬁ@w&%@ﬁﬁﬁh L’-\@W%iﬂiiﬁéﬁir ally
to delivery ofNAQIEMBRYQNIGHEEM £ LASSUSING BA CULGVIRAL

particularly to delivery of nucl ei¢E€TOR®! ecul es by viral vectors
into enbryonic stemcells. BACKGROUND OF THE | NVENTI ON [ 0003]

Versatile I f iaf i ei_ther transient
or proIongggigigggégﬁgﬁ&&igfhiajfﬁigyfﬁfbéiﬁﬂiﬁiéﬁgfﬂgering of
enbryoni c h&gg(ES) ells for the gurposes of , both regenerative

medi ci ne a si ¢ bi g Bplicationsylayers denetit ppd prigaityiem U nnsavisiondne | s
delivered tatedt sfpBEdtioR Mol 60/684,993SHiRH LR VB 9 Z%U'St ﬁlg-rcgﬁt!eﬁ@of \}VBE}[CL’aIIehe _
cel lul ar genome, chronosone integration at a defined genetic locus is
general | y prestrorstediheenpsraferends. random i ntegration for stable
transgene expression. [0004] Genetic manipul ati on of nouse enbryonic

stem (nES) F‘jgi -Beed ul enabling nmethod for researchers
t o understan fﬁ%s(?gﬁjb cfrﬁo ii(;aallg‘imrli\iti ons of nmany genes and genetic

basi s. of di sea ' tte 0 . Unlike use ES
cells, humtn etbr yon?@és r% emmk‘%%fggeg?t%ggeﬁ% Yﬁ"r‘%@%ﬁr"iwﬁ%ﬁﬁ to
gene tr ansfcdecules itio stemmell, yndisetcudnlyrio delhvesy of iiORE] achonelddlal by

nmet hods | i Q%alcvhcg{ﬁ caé - based. Itasn‘i delivery and electroporation to
i ntroduce tTansgenes ity TRFFS: have been tested for genetic
mani pul ati on of hES cells. Al though providing only |ow | evels of
transf ecti BACKGROUNY ORI HEISVENTIOMN expression (Eiges et al
2001), these nethods, when used together with an

ant i bi ot i c{0MM]St ancC¥ergidepstn GratlifeiOresBlatpitdlof BédEatRledhdroransigdue e
stabl e clones of .hES cells w th random chronmgsone integration of the

t r ansgenes PSS FXOLHICD 4t reqierit simehe SueinegERgof subrerie 1518 fERet hods

have gener adllsyfor 0¥ PiBbdes of boiMr@eRSartve N @e £HbhGE BRGEIdalstiMESR. and
tend to be_inefficient for _honol ogous reconbination in hES cells
(Zwaka andf 875, Wherpmgene is delivered to a stem cell for the purpose of integration

into the cellular genome, chromosome integration at a defined genetic locus is

generally preferred compared to random integration for stable transgene expression.

[0004] Genetic manipuiation of mouse embryonic stem (mES) cells has been a
powerful enabling method for researchers to understand basic biological functions of
many genes and genetic basis of many diseases (Downing and Battey, 2()‘04). Unlike
mouse ES cells, human embryonic stem (hES) cells have proved refractory to gene

transfer with commonly used approaches:

-[0005] Non-viral methods Iik_e chemical-based plasmid delivery and
electroporation to introduce transgenes into hES cells have Eeen tésted for genetic
manipulétion of hES cells. Although providing only low levels of transfection
efficiency and transient gene expression (Eiges et al. 2001), these methods, when used
together with an antibiotic-resistance gene and drug selectioﬁ, are able 1o proﬁuce

stable clones of 1ES cells with random chromosome integration of the transgenes.



[ 0007] El ectroporation, a nethod of choice to introduce foreign DNA
into nES cells, can be adopted for gene transfection of hES cells
(Zwaka and Thonmson, 2003). Wth nucl eof ector technol ogy, an

el ectroporati on- based nmet hod usi ng specific transfection solution
and el ect ri 098} amet dievever, clesniisedbagel! gewe trhnERstidnhathdde daveadeherally

nucl eus, a fransfection. rate .20% C d be achi eved.in_hES cells
(Laksbnmi pat xﬁéféd?oﬂ ge,ueflaﬁsigr'e %Vél}%geﬂéﬁt?li‘cgtﬁg’?é? %%t ocol s t hat
gi ve sati sf hahalogous fsaombiaefiondn hES @&l (sakd sdUBiealshy 20! i mental to
cells and hES cells do not survive the procedure well “(Eiges et al.,

2001). [000 ral t hods f.or delivery of transgenes to _ES cells
are al so beﬁ)hay expl orEgoPpiEgen, ayudhad qféh?lF‘?/ﬁor%‘lfo‘fg‘é%foé‘?‘&‘l REAdone

first viral m¥gesiny] saeRIOMEL o SenedRRELMHAldr KES RY] '
(Pfeifer et_al. 200 ) Lg%tti Vi rg‘falnle vectors havg %lesg%%lé o&h%%)%g?nﬁf ect

2).
hES cel I's 3408kt Witk n{nleqf?%«mt@nhﬁglogys B elgetronorationtbased negthddnisisgtspetiftel | s

and stabl e & i QP i W ferentiated
ol i orat | e aREABALRAESLR, Biirhads Rl QRGNS SR AEE °G o)
et al., 2008¥leughdwasiedtioalraty e£2036 sould be afutesvtdin hBSocetlih@ akdmiipgly eime
and are resjs ranscripti.onal silencin | | ow t abl e
transgene e%('p?(zdsz’ i %Iﬁw‘%‘ﬁf’eeﬁcé?&é?m&lp.mt%%sz, a@%%%@%&gp%%nf%@y Ma et
al ., 2003) .resutour\vetallydis@iniantat ev@leapitDGHn d6 nef hfgtssh@probldvrelwell
replication.n hu H V-1 based vectors trigger concerns over
their saf e&?lgeﬁetfag?@ﬁjé)'cl inical situations, namely the emergence of
replication-conpetent retrovirus. Al so, random chronbsone

i nt egrati orf0808] ent i Viralinethedsebr ddligerf iof kaizeidd SCES boRAke 4R RGRNESI S,

oncogene activati nd cel Lyl ar transfornption. Devel opnent. of
Ceukeni a | PP IV o el Birio™ e spfirabggoergmployed to

(Hacei n- BeygeAWichldy er@ineal hELLUS [P1BiRs cP4102M@0). - LEXLRASeMEsdhiEMhon  to
such a risk 0009 her viral vectors such as adenoviral and

adeno- assochABE HieFHES clit eificlivelharovidivg absenpereantage of widsied cels | s
have a nuchnd GMBIE thhssknedHxptB a6l flﬁrﬁfé%!roloﬁ@éﬁ%ﬂ%ieh gﬁgpﬁl_j%moﬁ in

transduction efficiencies were | essS satisfactor rica et al..

2003) . Al t W8t sidpnst Baweeki (el 20035 Goopn ¢1eba008): dlhesesdrabrestas e
si gni fi cantnteoGRMGE m%%o%gehﬁlé BB DBt doRGhicRalel X}leﬁ&ﬁ%,: a?l]lgﬁrllﬂgz

medi cal treatnents, especially on endogenous vrrus reco
oncogeni ¢ élablgtignizaee ¢xpressipn ifeifs sbali 200280Gwipplet 2., 2607 da éstrat.£200a).i on,

he vi ruses ot fEttieichdpdiet Ende Siaine) LBl SR BRI S B,
W t h r espedbesed yectors trigger concerns over their safety in fiture clinical situations, namely
‘the emergence of replication-competent retrovirus. Also, random chromosome
' integration of lentivirus poses the risk of insertional mutagenesis, oncogene activation
- and cellnlar transfofmaﬁon. Development of leukemia in two children after gene
therapy of SCID-X1 (Hacein-Bey-Abina, et al. 2003) has brought extensive.attention

to such a risk,

[0'009] | Other viral vectors such as adenoviral and gdeno-associated'wd‘
vectors _that have been tested in hES cells have a much lower risk of insertional

- mutagenesis, but their transduction efficiencies wete less satisfactory (Smith-Arica et
al. 2003). Although application potentials of these viral vectors are significant,
.concerns still remain over their safety profiles in medical treatments, especially on

endogenous virus recombination, oncogenic chromosome insertion associated with
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the size of insert these vectors can carry, my be a limting factor
for certain types of experinents. [0010] Thus, there exists a need
for a nethod for delivering transgenes to ES cells in an efficient
manner, which allows for transfer of a | arge volume of genetic
material , amddowhintdgrgionyiodesletibe cgfotdimtytandpﬁiﬁﬁﬁmgﬁﬁihﬁﬁéﬂeﬁy‘@nw
stable integra n_of t transgene in.the ost cell.  SUWARY OF
THE | NVENTI %ﬂfﬂf G YyUses, Bﬁléenggrgeg © CRpASHtigs P%t 5 W t% Wit pesRech fo
del i vering e b€ bfinSerttBdsd vedi®ih @éiﬂia%:yt Rayhe @H@It%%@é&oﬁ%@é@rtﬁﬁ@pes of
conprising infecting the enbryonic stem cel wth a bacul oviTra

vect or, the®BHEREMWYiral vector conprising the nucl eic acid nol ecul e.
[0012] In another aspect, there is provided a nethod of treating a

di sor der quG*I@_Ft eri zggk Bird ARty dﬁe@%%ﬁa@n&ﬁ&ffﬁr Qéhvgﬁ%% Hél}%één%‘to‘ﬁs a

specific c type conpr|S|ng a istering to

enbr yoni ¢ stebsrincas| effidientpenesirghich allsyeibi tremsfer ofralergeovlmead of gemstiei ¢
acid. [001 rovi ded

bacul ovi r al?ij]m‘lnlfﬁl Zz}nglwh&c!ﬂ%émﬁéeg%&- e'sﬂ-ih%lhi%'Iilglp lte%S?DDs?{egEq% éégr%g@h%%eom C
stenlcelIsiu@Qﬁmdprmmh@iEdeh further aspect, there is provided an
enbryonic stemcell conprising a reconbinant bacul oviral nucleic

aci d descri also provi ded use of an
enbryoni c mﬁvgﬁfﬁéw i nant bacul oviral nucleic
acid for tr, ng a disorder in a su t he di.sorder
characteriJQ@Lby theﬂb ﬁﬂFﬁ?QEHEﬁPﬁW%ﬁSﬁﬁ#ﬁ%ﬂ&?ﬁ@ﬁﬂﬁpgén?ﬂ@EPﬂﬁc

cell type infolédute oSt BinbGonicisRel défli EniERoOhfe@h Qﬁ@éﬁ(&s}brﬁc skaegel |
conprising a reconblnant bacul ovi ral’ nucl ei ¢ aC|d i n"the manufacture

of a medi caAHEHt 4%#”?@é%%?%ﬁwéwﬁﬂgﬁﬁﬁﬁﬁmﬁﬁﬂmﬁﬂ%m%@ééﬂdmﬁﬁgddlsorder
characteri zgfeddle. t he premature death or mal function of a specific
cell type in the subject. [0016] O her aspects and features of the
pr esent in\z- {#’Aon V\AJ@!@H come apparent to those of ordinary skill
in the art E‘B r evi B\fpcT 4geect: dhff%\lxﬁm@‘ﬂ%eésacmﬁb@d efirealing 3 giserden ¢

enbodi nent sh@bctédiRd bpuR éxﬂﬂurbﬂeﬁﬁ@fiﬁ@&ﬁd ﬂB‘n ¥t d el AL GRTPAMM
figures. BRI EF DESCR?PTI@’EO\I OF THE DRA ¢ éi)e HHE B s
administering to a subject an embryonic stem ce]l comprising a recombinant

baculoviral nucleic acid,

[0013] In a further aspect, there is provided a recombinant baculoviral nucleic

| acid comprising a promoter specific to embryonic stem cells.

[0014] In still a further aspect, there is proifided an embryonic stem cell

comprising a recombinant baculoviral nucleic acid described herein.

[0015] There is also provided use of an embryozﬁc 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 typé 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 prematuré death or malfimetion of & |
specific cell type in the subject. |

[0016] Other aspects and features of the present invention will become



[0017] In the figures, which illustrate, by way of exanple only,

enbodi nrents of the present invention, [0018] FIGURE 1 is a

fl uorescence (top) and a phase-contrast (bottom) m croscopy inmage of

nES cells infected with reconbi nant bacul ovirus containing the eGP

gene under apnint ti thode dfloalifeid/skill Gime et upén MAewel HGOlovA: Badyrigtion

following Lnfe tir%g; .&2019 FLGURE 2 is overlappi ngs of )

phase- cont P!{;?;PFC §rppigEats ot fhe Ve ip SR BYctioRaRBdhe acreyarany e d

fl uorescenggu@i.croscopy inmages (left) of a hES cell colony on day 1

after infection with reconbi nant bacul ovirus containing the eGP

gene under _control of the CW pronoter at MJ of 200; [0020] FI GURE 3

is phase-cmaEmTlQNt(gmem&& i mges (right) of a

hES cell colony fromday 1 to 5'after infection wth reconbi nant

bacul ovi r ufMdht ai nilnghe fignresorbicl Bhstraindorwaymfterahple bnly e toihents

pronoter a . . . and subsequent replating onto fresh nEF

f eeder cel Ffstw%nﬁg%]&%%@% 4 is phase-contrast imges (top left),

fluorescence images (top right) and overl apping i mages (top m ddl e)

of hES cel [0048] oni e FIGURH 1z ofiludidESence €lop) aldurghasendoptase (botbinl t he
ositive, hES cells

hybrid bac VI S at.a af .10 . pty. The.eGRP

were sel ec#ltkacgosjgo ’%6“36? g{rggg/?ﬂlsfwfgétﬁd ﬁﬁg r?cggg’é‘}a%l@ﬂﬂgv’f‘ﬁrco%t%tb‘e
days (mi ddé@FRgshe hoddreomtid) o€ e ONEY @sonmothQR RAD1 §fIsGhIRE day B Followin
—phase-cont{nges)gi i mges of neurons derived fromhES cells that have
been i nf ect’&G"#y bacul oviral vectors at an MJ of 100 pfu; [0023]
FIGURE 6 is phase-contrast (A, C, E) and fluorescence i mges (B, D,
F) showi ng[00l8] gr owHIGERER2 I¥ESefigipings bipinsé-0bdtRu /d flupReasect i on with
reconbi nant. bacul.ovirus carrying eGP gene. under the control of the
EFl a pronot & I RE Ig%‘f} GSEengR AYSrescepyimagr(god e REAGE! of
eGP _posi tdokdydEQag ¢ lakter idfec@ortp¥iSreBOEbindnt bhANSHMS bbRiiniSine d@P24]
FIGURE 7 is gha e-contrast Sleft) and fl uorescence 1 mages (right)
(for A-O%S%B congiol okige Bromoi SHMCEPERP:h r econbi nant

bacul oviruses carrying eG-P gene under the control of the CW
promot er J002EY i ous FPURHE 3 RPhdsctBnitDimidds aé@dandfﬂheﬁe/s&){&%géd c
anal ysi s of.ﬁé?e fﬁé&?e tage of eGFP positive hES cells at | day post-
t ransduct i Gght ?51 : cell colony from day 1 to 5 after infection with recombinant

baculovirus containing the eGFP gene under control of the CMV promoter at MOI of
100 and subsequent replating onto fresh mEF feeder cells;

[0021] FIGURE 4 is phase-contrast images (top left), fluorescence fmages
(top right) and overlapping images (top middle) of hES cell colonies grown from hES
cell clump infected with the hybrid baculoviruses at a MOI of 10 pfir. The eGFP
positive hES celis were selected and replated on fresh mEF feeder cells for 6 and 7
days (middle and bottom three images); '

[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 pi;

- [0023] ' FIGURE 6 is phase-contrast (A, C, E) and fluorescence images (B, D,

-F) showing the growth of a hES cell clump followiﬁg transduction with recombinant
baculovirus carrying eGFP gene under the control of the EFla promoter, and flow
cytometric analysis of the percentage of eGFP poéiﬁve hES cells at 2 days post-
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[ 0025] FIGURE 8 is photographs of the RT-PCR detection of various
nmol ecul ar. mar ker expression of in nock-transduced bES cells (A) and
hES cells transduced by bacul oviral vectors (B); the inununostaining
detection of SSEA-4 and Cct-4 expression in nock-transduced hES
cells (C, DyanshtittE&)cel | s transduced by baculoviral vectors (E, F);
and the RT-PCR detection of the markers for three germ layers in

enbryoi d bagg} deri ck-tran ed. hES cells (G rom
bES cells !r) sduce gi:%ng?fﬁc%'?ﬁ%é@#@ra}%d ﬁFﬁr?scf’W?@% e)ﬁﬁ@?]%éff‘g is
phase- cont ras) of hES dell calvaick havdassiantttreédmiiiin bAdREfSses SaARASIGEAL | ng
the enrichnent of eGFP positive hES cells in the colony after 1st,

3rd and 7tSRRHEEGEE eytrol el %@%Prm@@rémmp@hmls femHEts 10@ piusander e
produced by “;dr e AAV
Fep gone ang| TrRACiAN S of (he ke AU KbbHAF A ORL B Liibold

i ntegrati orﬁfaﬂ%iugmm),on the top; and [0027] FIGURE 10 is (A a
fluorescence i nage of the overgrowh of eGP p05| tive DES cells on

f eeders forggespeeks Iﬁt@g sgenge . J mge of
neur al sphgresélgner aif?'!ed 1§Pﬁ&b%vﬂhg%?3ﬁv\en§i’£%§ﬂ on? pHgus
phase- cont ipdeculai pratker eupes¢ib) oﬁmﬁh@hmmumﬂﬂwe (Af andyhBiSalls neur al

1 rent ! S QIR RTB S LS L LA NS ol
typi cal ne(ﬂcbﬂasxpiesslonadmbclotmﬁshﬁceﬁmsIcyllst(()@m e EEs B@@ﬁ@%&é&&d C]t\l h
DETAI LED DE | PT

eGP in bo ir cell di e rites.

[ 0028] Enb?’%‘ﬁﬁ"&a'g‘feéws(@s}g) ang @&?‘gf BOR drtpetion of Therraarern s direggerm
intensive layesemeshyoildolics 8l Yot MEIR- ﬁaﬁi@dﬂce&ﬂﬁS@le' &4 Yod BES
proliferate nde nitely nd differentiate into al types o#n ul t
cel I's and FHEtanssyecd by ber aglraévﬁﬁ?fé&ﬁbl e cell sour ce for
regenerative nedicine, for. pharmaceutical research and devel opnent,

and for bap0o26p deV&fIQIUIBDD&'é pREQLGLA PP M&%&sc&rﬂ@ (3 b Yest O
e these cells wusin ectlve nuclelc aci d

genetical |y nanj gh %EES
transfer stfHE %’qg cnsichnpnfiof pGFP pesitive h?éll? rthe kelonveattep bitind i al
of ES cel | gd RegstihRaneRehdd ?h@f:GﬁP'f&t&%’h%%‘c‘éﬂ%@fegﬁ%&Eé i ncl ude
controlling differentiation of , 1 solating pure popul ati ons
of specifi WWW @Sd@émlo‘d@lsfﬁs\ﬁ@ﬁta@@w@e%\f@nmgemdtliﬂj,&ﬁhe:l ty of
cells to onNgyER®, ol ¥elell¥ talion

medi ci ne, aﬁ{j proﬁ%{gﬁ%&eﬁc&g{)ﬁﬁl}%@g@s Wit Oﬁ]égwsrﬁf)unc& ontﬁllgl a%properu es

to combat [?)BS‘H fic d| seases in the course of ex vivo therapy.
FIGURE 10 is (A) a fluorescence i image of the overgrowth of eGFP

positive hES cells on feeders for 4 weeks without subcuiture; (B) a fluorescence

image of neural sphere generated from the overgrown hES cells; (C) a phase-contrast
image and (D) a finorescence image of typical neural differentiation from neural
sphere derived from the stable hES cells after plating for 2 weeks; and (E & F)
fluorescence images of typical neurons derived from the stably transduced hES cells

with eGFP in both their cell bodies and neurites.

DETAILED DESCRIPTION

[0028] Embryonic stem (ES) cells are currently the subject of intensive
research, particularly given their the ability to proliferate indefinitely and differentiate
ir;to all types of adult cells and their potential as a renewable cell source for

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



[ 0029] Enmbryonic stemcells, particularly human enbryonic stemcells
are recalcitrant to transfection with foreign DNA. However, the

i nventors have surprisingly discovered that enbryonic stemcells,

i ncl udi ng human enbryonic stein cells, can be transfected with

f orei gn DNAdewylopmémstalthioigpitdd studies.| Bhenbillty & aetithly hiadipulaitaBisetellshat
has been geneti calf#é.érmdi fied.to include a transgene of interest.

[0030] Thus'SIERD eSEElaRpelpin ol trapyier siplsgits epssniia) £ yeplies theremarieble
bacul ovi I al porehGELSHES &A1 1RSI Bt SshiiFdARld YadifARNAUGGLES Col | 5.

Dependi ng on the design of t vector, transient” expression of a

transgene d¥niRling ddfesntistionsd ESoplds, iselatnp parmbpulitivooofrpeific mesoif t he
et hods, - uSr g pagyr oo R A, of b Pl e oo™
cell - spéci frireblee fetrareplpntetioi medicifie, and epoidingrcell eh@carwitimennfuhdtiondli C
resi st ance engt.i n hgﬁ?fel ‘Iaiﬁegan be, used to separate undifferentiated
cells from 155 AT ERET SPeGibe ASPRsY indPecPusived x ViR LeraRYi | i tating t he
mai ntenanc(e[ of pluripotent ES cells with their undifferentiated
phenot ype ((6028]s et EmbryoRdGiin cdlls) pagidaRely oMb @hbryvEe kRiSccll 4B a
cell - s);;eci fi %%gr onPt er 61(\r‘;‘For a .%e,o%ag}ji ff}gr enti at erér cells, egeneti C
mani pul at | SFARSTAM g tonavitiorian BN Ao toyeyasthe dwerippehage cel | s
derived fr empHSinglgalidcsverdidthitRibe)dntd b bR, BEr@ns hivhed é&ﬁﬁl&@ﬁi@ﬁﬂﬁe'h' S,

whi ch are potentially tunprigeni'c _upon cell trarsplantation in the
body. Li kexﬁﬁl_i*e?ﬂlﬁ%?cf{ﬁnﬁfwﬁfhwg&@sﬂg by infesting the ¢eliowiticp haaulsiviral

di 11 er ent | atdt0M@nalBhc dctioly S5 EULH AL LYL BBkl XPT e5Si On
of a master gene that éncodes a transcription ctor responsible for
cdifferenti E‘Béﬁﬁ into_a specific cell |ineage. Wien a bacul oviral
vector wit onst i Tiye; herisrakinvertioelgica to the findirg tet basulgeingd | s

used, transtak o bSisdPlohitianfaRR ' [.n: . I and
its differenti atced.prsogeni_es;1 can bgdlgé Fg\él%d.%]fé&gg%%%e i sé’t?‘e '
bacul ovi r u¥eAeR Bepsiephexpeaatipt of nirgugmelas wolles sid-specifie dipopbmedid ovi r us
(ACNPY) - DagBiholRGHOF fie BERLLACAN il phidgegas a new type of

delivery vehiCle for transgene éxpression 1 n mainmalian cells (Kost,
et al. 200&?. Bacul ovirus has broad tropismin both proliferating
and non- pr B8 at i nHhusdnitheguesant methodssusinghbacylpritel vhdoswitor t of a
manal i an- 3hio¥s fi L &if:spd apab : j.clentl tr . ing
genes of iﬁ?eroest torﬂg’? vgrs-]sjée&ﬁrr(g%%%% ; F\eg%:l% Hdtlg%)og'%g ignmv(frtalra}l%1‘?i Jébﬁ(g}{c’l n

vi vo. The I#Sipiggcecgane axhidy celte candici mnd toetepsatb utdiffereniddtectogiis dom i t S own

genes from nsechn I fd eSqslhus, bacul oviruses. ar abl e
to repl i Catﬂé) anﬁ}ug )2/3@2&%%&&3%923?18%@ fe?cihtghngsthe Ratatenince o pﬁmpgteﬁ ook
- cells with their undifferentiated phenotype (Eiges et al., 2001). Using baculoviral
vectors with a cell-specific promoter for a type of differentiated cells, genetic -
manipulation would allow the selection of a desired type of cells derived from ES

cells and the elimj_nation of undifferentiated cells, which are potentially tumorigenic

upon cell transplantation in the body. Likewise, baculoviral vectors could be used td_

- control differentiation of ES cells by delivering and driving the expression of a master
gene that encodes a Tr'ahscripti_on factor responsible for differentiation into a speciﬁé
cell lineage. When a baculoviral vector with a constitutive promoter from a

* housekeeping geﬁe is u_sed,-transient or stable transgene expreésion in both ES cells

and its differentiated progenies can be achieved.

[0032] - The insect baculovirus Autographa californica multiple
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proteins in vertebrate cells, thus will not provoke inmune responses
as a consequence of in vivo expression of virally encoded genes,
reconbine with pre-existing viral materials nor assist the
replication of other viruses in the human body. Infection of

bacul ovi r usesldopolpiesivesirun (A QENP ¥)-babd etdioareirsdelyEinByduR gAY Gew type
1997). Another attract | ve

effects, eve Sho et al.,

advant age o‘?ﬁﬁ&%vg]é‘gﬁf%\?ia?i%ﬂe Q@WFW i cgly (Kog §f Al 0Pk i

the large cmaammus:mwaaxmgﬁﬁflﬁ béﬁ%r&lﬁerbﬁ:%g a}ﬂ%nJgfo*ﬁféfAﬁ 19@5‘&915’6‘9
whi ch may be favorably used deliver a | arge functional ene or
nul tipl e getelgands mﬂlélwsaunmrbof\ﬂenwalm—ac@t@mmpupe? capelle aefirientat ed

bacul ovi &l s SREe Ay ueeitto BVS LR AR A e b E B o .

provi ded a Thetvirgslcaf enthe maweaaliag cells butsannei@k gresmitse st @ﬁes fafm ifseas est
into enbryon c.stem cel l.s in i.ch nmethod.the nbry ic stemcells
are inf ectsgac@\ﬂrﬂmﬁge(‘:sul ‘}],Y]Y}E{?F%ﬁf% It 9ir W@tef”I"FgeWEﬁ?F?é’F@ aci d

nol ecul es. fr&6iddin x?aﬂeblwoan@ 2 W hét pEdvoltt G8hbnd 85 éjéﬁfé@ af'2 E&isByrleRee
accor dance qvtylth the wusual neaning in the art, refers to any

undi f f er entqt 4t BP ??‘FPE]‘?SFISBPEW{&”&@P?O %é#néﬁaéépomhaw@prﬁﬁmﬁimﬁgv%rt of
an ear|y- staaqiA i ¥ist ﬂeqeﬁzﬁaﬁaﬂ d}%&&éfi@ims@s 2 RO Soly. a&f%’ﬁ}:ﬁ of S @

plurality or population of cells, including in vitro, as wel
cel | s trandaciiedrusse in mapmmatiag c@llsm@psi anvisittle aytophthis, efiets.cven atradugh

context cl egpt éShb_]? ad é:\llatrilgéf?a 3?&%@&1&‘ ﬁh@ cﬁJ@gdr}r%%a%e of lin b%&gﬁﬁ%ﬁ an

embryoni ¢ stem ce nic s In a
particul ar oMoy ﬁemg‘?netdahvmwcnt& 1athhmﬁ1clenmbg yapacity whienced oY fits 130035]

The termb acul. ovi as been
geneti cal | 383%%4%‘%%%% o¥1€a aﬁorﬁlélﬁluﬁdqﬂ;%‘f?ﬁé aégcé“ﬁ% 8%8&hce(s)
wi t hi n t he muiliifdé gerge fromes, sigpietvdctort A memi?}ﬁfaatlhaﬁaer@nkméd the effdednt very
of reconbi nant ucl acid | ecul es i st to a cell that the
Virus can CRARSEHES %%%Fﬂﬁﬁeﬂt’"ﬁww@?%eﬁwtﬂhﬁ qQyipl yepigr eeﬁﬂg

mat eri al i @0ed)t he cell. The termreconbi nant bacul oviral nucleic 7
acid refers to the bacul ovirus geneti c materi al vm'thout the rest of

t he viral gi ng en s _that . lcal I

i ncor por at ransg et W%Ylg%‘fa me'?'@ﬁ)gg‘]ﬁﬁ Eimﬁlg@h%l I
known and oflmteaﬁt mitd @ﬁbtya:ﬁd steAcHllOMivwiadh mMBed %%m’ia@bni&%f&ﬁédﬂ@ @reg€ne
transducti g incl e use of Autographa californica are known
(see for eﬁ%jra%‘?% ﬂi%rck‘ﬁ’g atveﬁtPrs gycleipacidmplegdleher son  can
readi |l y const ruct any suitable bacul oviral vector for use in this

i nventi on, [A0S¥hg 'The term embryonic stem cell is used herein in accordance with the

usual meaning in the art, and refers to any undifferentiated pluripotent cell isolated
from or forming part of an early-stage embryo. The term includes a single cell as well
as a plurality or population of cells, including i vitro, as well as cells transduced ex
vivo and transplanted iz vivo, unless the context clearly indicates otherwise. The cell
js 2 mammalian embryonic stem cell, including a human embryonic stem cell. Ina

particular embodiment, the cell is a human embryonic stem cell.

[0035] The term baculoviral vector refers to a baculovirus that has been
genetically engineered to conftain additional mucleic acid sequence(s) within the viral
genome, and is thus useful as a tool for delivery of recombinant nucleic acid
molecules of interest to a cell that the virus can fransduce, meaning the virus can

deliver its genetic material into the cell. The term recombinant baculoviral nucleic
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known nol ecul ar .bi ol ogy techni ques. The bacul oviral vector may be a
reconmbi nant bacul ovi rus whose genone has been nodified to include a
nucl eic acid nolecule of interest, for exanple that is engineered to
express a trausgene operably linked to a pronoter as discussed

bel ow. The domlatfernvb thedactyyifde gotivadtcthegitiiut e red afflakilal phaaias ques
that will be kn mg to a skilled person, such as PCR and nol ecul ar

cl oni ng teﬁ?ﬁ??ifﬁﬁb & bepp gengiicatiy meodifipd {9 Insgippiate 2 ERSBRICOEHEISSY nodi fi ed
-using comrercially available cloning and expression systens such as
t he BAC TO{B#¥B] Bacubgvidvitbses BeRkaBELMA aBY SH-BBid P8R BBMovikdl f €

Technol ogi es, USA). [0037] The nucleic acid nolecul e may be any
nucl ei ¢ aciY8“!Asifidumangligagensirangductipn dnalusiingthel ubg aletusngramdaan

enbryoni ¢ sLem5 ' g%E eql %@& LAL O

bacul ovi ral @g}c}t%'rﬁ!re%g)r %@éaefr%e 3?%? géggﬁrr%l{%an ?g%(%@'qﬁesiscjﬂﬁig%pﬁrsr%lert

t he nucl ei ¢an xgedily epiterctdny sintahde bdvelobizad wbawi foalisegarids invemidh arsingl . The
nucl ei ¢ aci e a nuclei.c acid.nmolecul e that encodes a
pol ypept i décg%‘}rgﬂﬁlr%%?'gﬁrnb,q&%@'a@c qyep- hw’%cﬁe}"{?déf e‘?tar HEhke 2 TepEp g a
codi ng r egibasnlopes ahbsy gehdtkehbstbeetmpdigenioticlida ARleiddtibmolbdife of

nucl ei c ac;hg nglsfecul e 8 he or include a transgene. The term
transgene FBFETSOL GeRP eg}éfﬁés HEREArer & PRFET HR2sgeansrabbi linked togych
that, for exagK:Qs dekadRIRy. I TheDiRNSRRE By HRko ﬁloﬁ[‘fga%lgiﬁ Staftird

bacul ovirus refers to _expression of a gene’that is foreign to the

bacul ovi r afecHiAwEEhat wikbs kngrge askiffed paseonasuch es BERni solpenler clenigene
encodi-ng aiechBhest ki . [

oportor proTRaRe B RulBl Sleublicdh A8 REraRNP T o) SELARLELY

resi st ance?talalle ploging ved expréssion metires sudorndhe BAGSTOBAG™ EBdchlovitus whi ch

rosi ot ance tnog e SH T R BRI B PRl AN UL Goneor

therapeutic transgene as used herein is intended to describe broadly
any gene t H93&kpr es shhe rudd¢icwhid epolesutegnayshbeni entleedcidanalbdule tktdn an
enbryoni ¢ giem I ' I eutic.transgene, or .a cell
differentiated %?J_eélgg&c%éndgég‘h?glg glu'::cS %%ﬂea#g%cr%cgns?%ﬁ& 8#3,‘1@3

adni ni st er g beaylayirgl watop.dot sxaimpls hydkovgnimnt exlarpies fo insebtharnieic
prevention i Lon of .a.diserder .i.n.the subj.ect. Thus, the
term t her a%%%’%”?%%ﬁ%%? %?(he?v SLEPLC PrigHidl, dhe npde Cﬁ%lgﬁlf’«];\?f“{gdndy

- descri be aree gwieie dchbmebleprietnt arodds awblypbptilefor pidtein, b sd it ey frehidkt

sub] et rora Hiifing e soqinetloh B ROEBHH toarromp ses: L4 B8 o

provi de a meliqmeplibelttidamay booPiathuilcatrafsgdntP Eheterm transgene refers to a

: ' gene which is foreign to baculovirus, such that, for example, reference to expression
of'a ransgene by a baculovirus refers to expression of a gene that is foreign to the
baculoviral genome. The transgene may be a therapeutic gene, a gene encoding a
selectable matker or a gene encoding a detectable reporter protein or a gene encoding
a protein that provides resistance to selective environmental conditions for a cell in
‘which the transgene is expressed, for example, that provides antibiotic resistance o0 a .

cell.

[0038]  The term therapeutic 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 steim 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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progeny cell, or a gene involved in the treatnent of diabetes to
inprove insulin secretion or uptake, or treatnent of cardiac

di sorders. A therapeutic protein or peptide is a protein or peptide,
t hat when expressed in the enbryonic stemcell or in a progeny cell
of the enbeygni, encﬂufcﬁmg i@)ﬁb}laznﬂl@&embﬁt?p@fe@iﬁbh 6r @hdliofkioR bf 4 Migore@lih, or

which eff ctsadg reslt wi.thin the enbryonic stem cell
[0039] Thu e sphyect §‘ (fﬁra’r @ﬁﬂ?&&?ﬁ@fﬁorwpﬁwt@mﬁgewsanweém e

i ncl udes adesEﬁE’éhﬁ'@f‘gﬁﬁe ﬁ@@ﬂﬂé@ﬁn%f%fcﬁ%f@&é Eaésﬁl@@fe&lﬁfwﬂa}f feule or a

sel ectabl e marker “that all'ows for detection or selection of an
enbryoni ¢ Fasdcedicell endprnsegsin gelt iﬂemg]@nfed Imubjeefxﬁmpmenple,fa@ena ansgene

may encode; t det ect abl e | ly. 0

fl uor escenlc?‘gro]tg % c%fl@éﬁféé%%%% to Ow nanced Oé’f'ﬂé'ﬁ W@%&I&%’S OBr otein
(eGFP), or popaty cen,sord@mmadﬂlvei mshm@eanmm nf)al@fgatesad; g6 veinsil@s, for
~exanple a cel ?f surf zﬁe mar ker or surface- expressed

protei n t hiFHe ROPHS W&T*V‘@BWC@?’F I?Pé eé%r*f Seppgticiieendihr yoni ¢

stem cel | paptildIn a36ERGR quude@5t%%h eiapressea ﬁ'ﬁhé é@ﬂ?&ﬁ@ @cem%Hﬂ: Br 8%
particular _major histoconpatibility nol ecul es.

Al ternat i v@P%enthﬁ]é of fhaﬁ%’B’é’ﬁélc smyce@nh@@gqawm @ﬁw’f off e cetk anphishan
enzyne t halfean Reteddbsd vﬁfﬂﬁ E3hBroRicRtadige @ nolecul e that is

det ect abl e V|suaIIy, i ncl udi ng by fluorescence nmet hods or
|nnunolog|&ﬁ , such as a luciferase gene. In one enbodi nent the

transgene es tlhus, det petiadienhedinrotthe gadein atif pwlesslednides a
protein. @Qﬁf e bflcciHy ahﬁfecﬁm(}%h%pﬁm{egge Bf‘acée?éc&bﬁ%a‘}]héf%eﬁ GHs

i ncl udes a erapeutl c transgene, 1nc ene having cl1nical
usef ul nessfor éqjmﬁtoagr wlfljémeofaelrﬂmuwxgc ﬂetgeclée}@msiugthecgcnqar]i‘itel n that

col 11 ogui rary” &P FARReR BN bR, Bos AL s iR GRS °

treat ment . ﬂmcgsn&cbnqmbumm hunﬁhducsﬂ lg&h ﬂubxescanc(éq;fnﬂeihl(a@Fmr omth&si ng
gene prod L Ot el n. ul at eff he s ect,

t her eby eﬁgg?t?(ﬁ%le ?%u\/%]ﬁfrfnglr? °§i"°al eetg]éci %{’ cgjéﬁ CBP%ESJﬁBf tion
in the subjtiertell Shtrapeutsal geﬁ&sthhﬂi@h@tdﬁrrgﬁ@\db&d dnaké anfagesmse (Whi ch
i ncl ude gen%%of fi brap}]ﬁn&gt q%r ovvtE factor Q%Ee famly, nerve, grovvt h
factor gerd YA SiEHG PRI Ok B PISIRE 9T Tog fpigete Aardyas pagtigular

anti - apOptm)djmdnﬁocgﬁijﬁﬁbﬂﬂy%bip@xr@ﬂ%ﬁﬁ&le&ﬂesb@keﬁmﬂw theiddsyane [ 0041]

In a further enbodi nent, .t he Iaclelc acid nol ecul e may i ncl ude a

t r ansgene THAECT ad’r&@r‘i‘e O FRASERIG B PurYEefhad paact of 7 ibsErte BrmsPYusRRC

stem cel | sndledule Mat iPadtédbid ﬁguaﬂgshaa&fng 8y ubéREnceminsappl e, t he

transgene .may be a gene_involved in
immiunologically, such as a Iuciferase gene. In one embodiment the transgene encodes

the detectable enhanced green fluorescence protein.

[0040] In another embodiment the nucleic acid molecule includes a
therapeutic transgene, including any gene having clinical usefulness, such as a gene
encoding a gene product or protein that is involved in disease prevention or treatment,
or a gene having a cell regulatory effect that is involved in disease prevention or
treatment. The gene product should substitute a defective or miééing gene product,
protein, or cell regulatory effect in the subject, thereby enabling prevéntion or
f:rg:aﬁnent of a disease or condition in the subject. Therapeutic genes inclﬁde growth
factor genes (which inciude genes of fibroblast growth factor gene family, nerve
‘growth factor gene family and insulin-like growth factor genes), and anti-apoptofié :



regul ation of a particular differentiation pathway, or may encode a
transcription factor that controls expression of certain genes
involved in differentiation, or. may encode a signaling protein
involved in a regulatory pathway involved in or that controls or
directs di fdesseinthuding@nddfof bl gabralg).c stemcell into a particular -
differentiated, or partially differentiated cell type. [0042]

Al ternativ t he nucl eic acid_ nol ecul e .may encqde, an RNA nol ecul e,
for exanpl 3b§¥i$|1]ant is mbpdigpey In“?Iﬂf’é‘Féé?cﬁ?FﬁlW Inglpgeng)

nol ecul e. THagsperd thetelh & Berd Wy ddedSh RNBreRBMidAQ FeR¥Ro R tehl bells intoa
domnaregulatln% or .inhibiting or reducing expression of a gene in

t he embryomridticdlapdasized ¢ell tynsr Fox exepinte, the tigsasnemenbe mgeng ipobigdén *

i nmplicated s iy s &l j . . i ng
2" br oduct T TRrosar Y Bl 8RR AllilsS BLORY enclle PufSHbIoRRERE N0
stem cel | thaf oguB]s cRheestioreofsgeie gengs involyed m diffeiemiptiongir ey epaxdalal y

i nked to a. . .such .that t transgene .i s, .under, control of the
pr onot er a%ﬁggelgu %c§51f161}|v0 gedﬁ%re@f;@% yeavofyed B gt ﬁ\?t PR Chnot er .
The ter m pdirend diffefeatiatinn @f Helegibiyonit sRECENIdA0 Gartivulah difRRneRBRR USage
in the art ggqﬁ %%?a nuege'c aci d sequence or sequences that act to
direct traf PRptiEgT T ggtedss ably linked coding region. The
pronoter nmay al so include or be operably |inked to an enhancer

el ement. Aj0042phancelterhBivalyhe heddit 88d nPRIURRIES hodRlah @t

i ncreasi ng tg? transcriptiongl activity of an qgperably |inked .

promot er. [RIGARF: 8L pappie 1gq0ge BAPr 2 seghl ipterfering SHFYA) i nked
With a secabellyCiiBl sutisdib ANFEHUSNGE naR it HiveaSH HEREREuRlS: B aced in
a functional relationship. For exanplé, a coding sequence 1s

oper abl y | e o5 reduping gseressiqnrof g genein dresrdiyanie stomcelb forrarample a
transcript ,QR effod ﬁ@ﬂc?zhpﬁﬁ&ﬁ@ BS& olﬁdfhl'ﬁﬁée&e.o? dRLQEDLEL cgRd an
enhancer are operably [1nke en the enhancer increasés the
transcri pt Pesadisg a gpslpeiiinyolvadii eepulag emeratiffersntiatioh afithe esibryayicfstenct i on
when separghed from pronoters and as such, an enhancer nmay be
operably linked to a pronoter but nmay not be contiguous. 10
General |l y, _however, operably |inked sequences are contiguous. [0045]

In differel04éhbodi Mbatensgeprinelnisncedingrsgidreorerahst liked tupopromoter
enhancer, B aﬁ%£ ' ' ' t Iy
operably | ?ﬁ%@g{]?g% ﬁﬁg%?egﬁﬁtgt&lf gf;]%ﬁg%oggnahﬁ \?\ﬂ% %:Sﬁ{,a’gv(\%éh% SO
oper abl y |akeans if driven &y & womoter. diisderimpromntet is used herein in accordance

-with the common usage in the art, and is a nucleic acid sequence or sequences that act

to direct transcription of an operably linked coding region. The promoter may also
include or be operably linked to an enhancer element. An “enhancer” is a nucleotide
sequence capable of increasing the transcriptional activity of an operably linked

promoter.

[0044] A first nucleic acid sequence is operably linked with a second nucleic
acid sequénce when the sequences are placed in a functional relationship. For
example, a coding sequence i§ operably linked to a promoter if the promoter activates
the transcription of the coding sequence. Similarly, a promoter and an enhancer are
operably linked when the enhancer increases the trénscription of operably 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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activity of the pronoter. Reference to increasing the transcriptional
activity is neant to refer to any detectable increase in the |evel
of transcription of operably |linked sequences conpared to the |evel
of the transcription observed with the particular pronoter alone, as
may be det eGtrechily hosteserdapethbly biked séquen@nale cagtfpayss. [ 0046] Thus, the
pronoter may be a cellular pronoter that is typically found and

expressed | enb ic stem.cell, .includin pronoter that is
specific tol'B olé%lgryong% 1%15%58%0%1}@%90%&3 i aé%ie-ali’e&éﬂ%goﬂﬁonot er,

or a_pr onptepharicor, manifONEidldotitié ¥ahince Sihichas ARWSRrHOPLAByFBRE 1§ ¥eh as
the EFl-a gene pronoter. The _pronoter may be a prondter "that is

speci fi ¢ t PAEIPEF PIoEw9fes Andivhickyvidionisa OBeyalelis Linkedy jpereasss thejtemegriptional
devel opmentlivigReahd b:6mbe MrSEncE %&e{&gin% BRtahiG ﬁ&ﬁﬁ@éﬂ%{ {s3neant
P gan S ¥Fom

specific to a_‘particular developnental sfage In e organ
whi ch the dabgidmpey detestablsdhdredss in e ddvekaf rassedhtiersoftdperahlydinked gene

ter. ' ant b i ral ter, f
ampl o, t R ERAE EhiFirk 1R ATRE S b EaPer e il "

cyt omegal ovremder aloneEymdyehealefeuet dnstpidatbi@Ecrpabsd bsteys. of a manmal i an
pronoter and viral pronoter and/or enhancer el enments such as a CW

enhancer/h PDGE-- ~het ronpter f,or neuron-specific trapnsgen

expr essi on&%ﬂendi n_Eﬁ)“ShT%? E@ng)g%in?aé’djealcg&gﬁr Hf?m&‘?f#@%%’ﬁ _ ¥9°tuﬁ‘g

oG Pl om e T  Bo oy PoORIR! Bt isfecllow TR, P°
: y itutively ive, i

may be an © H’ﬂ&cﬂeé“ ‘fiﬁug’r‘?ﬂég”fs tf‘fho é‘sﬁ?&ﬁg@m@r’pﬁﬁtﬁf‘?}mﬁfﬁéﬁvi ronnment al

condi t i ONs c@MstifitigaR|astive hb@é%ﬁ%k]%iﬁggéﬁeos\ﬁbﬁ A the/ BFE Y Rnd ?faﬁmtte?. ghay

epi somal Iy .in the nucleus and thus nediate transient gene ,
expr essi onProaiEay, begdiromoter thafds sneeificsd a paticdar difereutiatddrgll gype, or

expr essi on{CARS. gg'fﬂgp : i.nant - Al ably

t ransduced1 e_nb?%%ﬁ?lgag?em er??lg{%?éﬂn&%gg%kg%ﬁ’g%‘%ﬁﬂgs g{sﬁec-ttgjépendent

manner wi t Retiedratsyvelppmenidl stage inrtbe oiganism \Woirhwiilks thetesrbiayrinipustem cdlhie

. formation : ‘ n ighly efficient, wth
frequency g%m%g’la%%aé%‘?ﬁ%ﬁ#g%]n%ﬂ%&fl%%& ‘%ﬁ%ﬁ%"?&’ %5 p{orn?ﬂ%%rd g8l | s

(Condr eay ptonwker, fol @8iple, fioGiRieditteandf promotérieahanaenstdn hinehn vect or - may

sequences. SrRerLERUEISF Bive Bk s terPeane B FPEEE PL e Btk arE: o

t r ansgene, aidvitahproamwtet yotibrceniireen dehénts §vh 285 ChONentAscdrhembaeptevi r al

vect or isberg&ai nt%'en dinthe cell and the pronpter is active in the
cel | . Vher & sHEeHE" ?rﬂlﬁwg’é“éﬁe@’%ﬁ@ﬁ%?eg’%‘é’“, Repcadingopdhe desived '

mai nt enanclevefof sxdresioh bLthe LiafpeE; thY frbmB&SingY bé Nbasal level promoter, or it

may be a strong promoter. The promoter may be constitutively active, or it may be an

inducible promoter in response to particular environmental conditions or signals.

[0047] Baculoviral vectors tend to stay episomally in the nucleus aud thus
mediate transient gene expression. HoWever, using a baculoviral vector containing an
expression cassette encoding a dominant-selectable marker, stably transduced
embryonic stem cells can be selected in a dose-dependent manner with respect to
virus inoculum. With such techniques, the formation of stable transductants can be

 highly efficient, with frequency of colony formation up 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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mai nt.enance of the bacul oviral vector and expression of the
transgene. Such vectors may be suitable for in vitro applications,

i ncl udi ng separation of enbryonic stemcells that have been
differentiated or partially differentiated fromundifferentiated
enbryoni ¢ sitfhle &@ldssion &F odinkWbfienddB CorfthiedGe e HidleldHoR HAGRR, &7 ON
differentiation of enbryonic stemcells_and devel opnental bi ol ogi cal
research. [OEDF aipsnEasas, I thsembgionigisivngsy) fog a3 loas es thp bagkloyhaliveetor
enbryoni ¢ s emesldd déﬁqg okl aﬁﬁh&g?o}rﬁ;’fe?@dcﬁ%@ﬁlrth@&llz %g]?e?é(su\éf?yto ,
applications followe y In vivo i nplantation, stable integration of
t he nucl ei clraaggede ensbdesul seleciable madiengnaintenapkeoisckctiv meshwre wilbassist in

containin . i nto.t.he chrgnopsomes t he enbryoni c ,stem
Col "B BaibieBREOGH e pa DRI ATES ORI e PinGS YiPfeths
Sﬁqueﬂces tmawtbled;bi'caﬂﬂfco'r mhﬁ@b appliestionk, indliding) lbﬂt'i@n @B?dnﬁ:f rfﬂlg%cﬁkfdﬂr!a_ gelisnt 0
t he chronos f.the epbryopic stemcell, refera in a

si t e- speci ftﬁ%%?rﬁ%#g? &ffﬁfﬁm@?‘gbﬂ‘dra@auﬁ’ Hé%%ﬁeé\ﬁioﬁh‘fndif@é@@?tegmy i ncl ude

viral 1 nverenfgydnRy SEnedlls e RRRte, SRAEIGESIRALRIRA oﬁa&fe&?&iét@?gﬂes have
devel oped a _hybrid bacul ovirus-adeno associ ated virus (AAV) vector

for site-spabrioie stom el and developmentalhilogieslireseiPal ombo et al ., 1998).
This hybrid vector contains AAV inverted termnal repeats (ITRs) and

the AAV regogsg]e f0rH&@é\%@,tfbf‘&r@i]ﬁlqRﬂu]{bﬁﬁtSﬁsiiﬂgvh?chgﬁ’é‘&nbrg(ﬁi’cf &7 bQlis

cassette into a defined region o uman g;noms | ocat ed on chronbsone

19g13. 3. | o béiffprentizient, ondr movive anphicasivas tlamell by rrevibeioiplantation| vect or
designed t %tablerﬁﬁgéfgtfﬂgiwgﬁﬁl @gcuﬁéa rn;ElLQﬁlllag.lJ %.g:?e% a?c(i]c{ %gfrél&ilg g the

nucleic acid nol ec ep dene C use ong-term
expr essi on coitalning mArassgens into theadhrmabsomes dfdhe eminlyenic stemicell may beul e i n

hES cel | s, te, Si i.f 1 hr onms i nt egration di at ed .by
the Ropl | TE oG S R ERER ! ety MRERE o U555 Bt s R B o
for i ncor fematlsracidfmdlamletifts tRe pirbmbomat DBIA sfth@edbrsbilgktem cell,

bacul oviral vector in,[ order to achieve a&ﬁgg e'ﬂf;\iéi?ﬁ:[e ration cif
exogenous fOH B 4 i SHEsiE raager- Zior g ac Yetqr mayHpeindacy
AAVS | in himienveerad mfkmﬁmﬁePéastquét&?'%gRﬂ(ﬁﬁo%gg]é % date &bfVﬁlaped 2
transcriptign.unit (Koti.n, et al. : 1uUs, i.n the present
met hods, t h% fﬂ%?@?@“ﬁ@#&ﬂ%ﬁ%@&@é @1@"5 vestedor gte-sperdficintsetasian c
stem cel | yhunitheslls @alowbbRe 2., 1999)| T hbrid/ f&tR totlEns AkEHvaRave. As
12 used herein, the ternms infection or infected refer to delivery by

the virus BPRECRakddiRs) apditbe AAY rqp@epnior dapsting apd ngpring s sepe
i nt er changeghdsyiodtdsBetichfiolalciBed 5088 SE1Glnh A beRbme IdcABS GY F]ﬁgmb%n_jteh e

present context, since the baculovirus is unable to replicate or
19q13.3._ In the present methods, in one example, a baculoviral vector designed to

include the AAV inverted terminal repeats flanking the nucleic acid molecule and the
AAYV rep gene can be used for long-term expression of a transgene contained in the
nucleic acid molecule in hES cells, due to site-specific chromosome integration
mediated by the Rep/ITR system. The large cloning capacity of baculovirus allows for
incorporation of the AAV Rep/ITR system into a single baculoviral vector in order to
achieve targeted integratiop of exogenous DNA into the genome of an embryonic
stem cell. The 4 Kb AAVS] in human chromosome 19 constitutes at least part of a
franscription unit (Kotin, et al. 1992).

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

~ the embryonic stem cell by infection witha.baculoﬁiral vector described above. As
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produce viral proteins or infectious particles in mamualian cells.

[ 0051] The infection of the enbryonic stemcell with the bacul oviral
vector nmay be perfornmed using standard bacul oviral techniques. For

exanmpl e, the infection may be perforned in vitro by contacting the
cel | in culised Bereinfthe @owd m&btumcﬂp'ﬁ[feaibd meferdb delivesy Byatherlipw of dle gegaticor ,
at an appropria C of, i pfection. . For exanpl e, the
vi ral conc z{t?r&{l? tﬁuﬁéfy% %%@chﬁf@ge%# é%ﬁgt%“% tragsdupiiouer o

about 500, tanacalinMd prebnaReiekt, améé)thaﬂa&mavuﬁé is AR tolBpIRkeRf abOUt

100 or of about 500. [0052] To i nprove the gene transdlthctl on

ef fi ci ency FEPdusa il pteinsoriipfectionp pyrtiplptingprammalapicells. f eeder cel |'s may
be excluded during viral infection. That is, if the enbryonic stem
cells are gpesq] on arThERABHo R he SHRPASE sttflﬁy;at mtﬁthegsga ﬁlshpﬂq%a@rt he

exanpl es bel ow, the enbryonic stemceée unps nay renove
t he feeder mﬂY&V@Plfwdtlﬁlagsfandﬁahbacnlwuslﬁmhslqum Hob e5ajple Itiea infociion

met hod of .create
a0 i vi tr o B HRR EGl RRAE R i p YR riab L
di f f er ent i dtedgicuioeldl sectarsafan bpfropriatamubipicitynofinfectonMPDSEs,

i ncludi ng stud t.h dlffe .entiatiqn t and rrec 1S
certain cel Tm?%j 3@5 ‘Qﬁ’g F‘?%Ejtagtb?)%oﬁ]égié{mg@ﬁﬁ%% tpean @h?
factors or apsunted, Fenoam Mmoﬂabfoﬁer &t MIDI 67 utRt 10 Rlof Bl P& @hbout
enbryoni c §Qﬁm cells, studying the ability of enmbryonic stemcells
to produce d/or secrete growh factors, hornones or extracellul ar
nol ecul es that nmay thensel ves regulate the proliferation or

di fferenti @mm of el’ﬁ)ﬁnmc(thesgdﬁb I&aﬁﬂh&t&n@fﬁ&éﬂé?bf@%!dvﬁ*h&ﬁi
differenti at d cell B:H%H% eet‘}and al so i ncluding dr screeni ng net hods

in certai n®HBROMS S Fcfells wag he pxrluded dudng viel infetinne dhais, if
partially d:lefefrﬂ'ﬁﬂld BdnB6b1IS Blel crbWR 88 o fdBORAT sibds laﬁep &s ﬁ&@ﬁﬁecﬁﬁtﬂpd

can further include inducing the enbryonic stém cel
di fferenti a%aéﬂpéef&b@ lovip g eppsiogic stasm el cr}w@mmwlm@gaew ﬁ@mrﬂ@ fegdetiuci ng

differenti. pag,b,%dmggéarmgﬁ ?Qﬁgnby exposing the enbryonic stem cell
to an additi onal cellular Tactor, such as particular growmh factors,
by vvlthdraw’aol s rum or %ﬁowth factors, such as FGF, insulin,
transferri ealovnmetind o6 ansguginganerryoninstemn ogl niag g used to
nutrients gtaw® E@fﬁ%@bﬂﬂla@i@ﬁ of ﬁfkgﬁéljeﬁhate?lugﬂﬁﬂ% &%bﬁgie differentiated
dexanet hasone, enzyne i nhibitors and oth npounds can cause
the cel | t¢liaivel Bavariousin Tie sBjposciaciadige sindyivg ﬂn\ﬂﬁermﬂ:latmn

proliferat)fRydys .AEREGUREMSs Bf KR c%h'tﬂﬂ:s Qhid 8 b#Sots of certain compouudé,

cell factors or proteins on the differentiation or proliferation of embryonic stem cells,

studying the ability of embryonic stem cells to produce and/or secrete growth factors,

hormones or extracellular molecules that may themselves regulate the proliferation or

-diffﬁrentiation of embryonic stem cells or other partially differentiated cell types, and
. also including drug sereening methods in certain populations of undifferentiated,

differentiated or partially differentiated cell types.

[0054]  Thus, the above method can further mclude inducing the embryonic stem
‘cell to differentiate after prohferatlon to produce progeny cells. Inducing

differentiation is accomplished by exposing the embryomc stem cell to an additional
cellular factor, éuch 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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expressing the transgene can be used to create a popul ati on of
progeny cells for in vitro use or for in vivo therapeutic use. The
amount of proliferation can be neasured by cell counts and by taking
a subset of cells and assaying for the incorporation of the

thymi di ne amadiengie phBmtidolofiohl 26sers, BUSOARYIBIRM, ddxBmBihsRhé, cHBmhd/ ed
froman enbyyoni C‘rl;fid n cell which has undergone_differentiation or
partial di fPEPETS B¢ phet compaungs vdiehican peee theicell trdifferpaiiséed  t han t he
original enbryonic stemcell. For exanple, an enbryonic stemcell may
di fferenti aessP POREHICERRAUERDBF ﬁ)t@ﬁﬁ%ﬂi’bﬁgacﬁﬁ{ré@a pﬂfuﬂa’ﬁ%ﬁ'ﬁ?é@s or to
produce pancreatic_ progenitor cells or pancreatic i'slet cells.

[ 0057] Enbr&aisrdnsihe trenssenescan hevsed 4y erepie @popwlatinadd pregenyr cellmfard ed
wth a ba g YA inLn i C id mol ecul e of

Mt or ost | nthe g ALortEShAieRARE 0t Fbbii Sl o e BT ila

t her apeut i dyteeBnegdswnd tartekinsefubket fobcelldndl nissging fonthe itcorgraishjoftd f or
treat nent a .di sease o sorder. In particular, the production of
a popul at ﬁ%ﬁng&e@ﬁ%f’%nﬁgﬂ}st emcells that include a reconbi nant
bacul oviral nucleic acid is useful for enbryonic stemcell therapy
in which erff086]ni cA ptepnyedlisa cal deripedfomyneaiblwnideicivet Wiicihas

enbryoni c stem cel . te. provided.to a subject to replace or
conpensat e uflg?rg?:tg’l @érﬁﬁfagﬂﬁ) H’éRf"émg %éger%}ﬁam= éFff which i AidtereaHated
properly, tihartebyrigibdl @abiydgicaic &HaFor Sfantls 8f B8bryodid A88ceil At t he
infection of .the enbryonic stemcell with'the baciloviral vecCtor may
be carri ed dfffentigteip pEpdues neupnmalregisios cells, ennsnops, antogwediee parcERatc

subj ect.  Phknitctcelid® paBibatic & cbfi@nsduced as described above, for
exanpl e with a baculoviral vector carrying a therapeuti¢ transgene,
and then i ted in a _subject. The transduced enbryonic stemcells
thus inclu a rEeBNpnERn cplisthrtdare ben tgrsdased or infeiedwifh be

i npl ant ed  YgdultguGl ik dbntERIDAGRCIBN: A0 thlb&ld dfOeleif aoRRRG FhiE
site. Alternatlvelt{, the stemcell may be- al owed to divide and
fully or p#eabayq etheds; fos exsmple o therapeviia transgane,arqusotss fy aduidisteringnd

such progemy, §8ldcBrol ey | 473 ' | e
enbryoni c staem #ceﬂ Ios c%m Bﬂe@é%?%sg%%gﬁg@%r@%ﬁ&?ﬁ@&g‘%ﬁ%‘lﬁ%}e}m 14
di f f er ent i aenuaioppr embryionig steoy cellh trapinckide & cecombialys daoeovital ewdbeiy oni ¢

stem cel | Qb4 i diskf LES R ] QI . exanpl neyr al
pr ecur sor C'él-l I[ S Sex pfrgogs;él'btglﬁgﬂlﬁ%g{ %#@%ﬁf rW}%c% e@ﬁﬁfgﬁ cg#dors houl d
not expr esprogenyasilnderel ifiom €@bAPynisstemtchlisyuegh@rided to a subject to replace

or compensate for cells which have died or which do not function propetly, thereby

treating a disease or disorder.

[0058] Thus, the infection of the embryonic stem cell with the baculoviral
vector may be carried out ex vivo for the purpose of transplantation into a subject.
That is, the cells are transduced as described above, for example with a baculoviral
vector carrying a therapeutic transgene, and then implanted in a subject. The
transduced embryonic stem cells thus including a recombinant baculoviral nucleic
acid may be implanted using surgical methods or by injection into a specific site.
Alternatively, the stem cell may be allowed to divide and fully or partially
differentiate i vitro into progeny cells, and such ’piogeny_cells may be implanted into

a subject.

[0059] The embryonic stem cells can be tested to determine if they underwent
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actin or neurofilament 160. In another exanple, cardiac precursor
cells are Lin and GCkit+. [0060] Thus, there is also presently
provided a nethod of treating a disorder characterized by the
premature death or malfunction of a specific cell type conprising

adm ni st er idif@erétiaBEHefnG fSiliBdhefhbte @abRnbd STy GRS dterh Baforl S 2
precursor cell for the specific cell tyge and V\/mch is proliferated

by t he abovdfedigied pelbmparkersodor exemale, jsuisd prepursen dells prareshitie Neetin

differenti The
cel 1 5 an mrErsABEOREald Bl FEl b Rt O LRAP, SiGINTHe

bacul ovi r alactire@rtnenrofisieniclsdr loawbiteb emaepley cartlme argpreganils weLin” afd such

an enbryomd:1 stem cell, such that the cell has becone genetically

nodi fied to express one or nore therapeutic transgenes or

t herapeutic proteins or peptides. [0061] A "disorder characterized by

t he premat mﬁﬁ&]eaﬂhumhemb hhnptes@jﬂy@fov&led&mhéd of teeatidg 4 difederr ef er s

toadlsea5ﬁocE dli& i n_whi.c cific cell yp in an

i ndi vi dual “HREPEE H?W%ﬁeﬂ Qr IW%‘EIB??IW flash LYRESOBPIIFNG

function atdmisteing beshb elsteﬁ&eﬁ%rﬁ UBéI%Vc%Htthétlftea gleuplPpuBRE mef the

di sease or dlsorgﬁgwelnc ding insuf C|ent | evel s* of expression of

a particul Speciies geshwhigh éﬁd%ﬁ@lifeﬁa@éby thecabpye-deseabadinetendved opment  of
the diseas ﬁro%i@nafdieﬁ AR be!eﬁ‘d1 el ﬁ'c{t&chté beafiheind gﬁe'clﬁcscléﬁ , 1o %@ﬁgbg’c' c

cell type wou be alive, |nc elng in or senescent
state, andThewslligar emkyodnstan Gall ﬂ@t/@ls b ma’msm& wilbta baaﬂmaﬂves@as e or

a di sorder |cuI pro
required t%s %eg%bgﬁ hﬂg’g’rogéﬂﬁ l%gé@gcle@ Ofr%%%l S8 S% ltégjrﬂg%w The
di sor der i eallhadbecomeigenstisaltyomodifiad be:dplbss oneamﬁmte ﬂhﬂﬁbwﬂib ﬁgnsgbx&u ke a,
neur ol ogi C@e agéu%,% S Scl)JCh as, Par ki nson' s Di sease, Al zheiner's and

ALS (Lou i 6@353) NS damage including spinal cord injury
and Ml tiple Scler05|s cardi ac damage, |iver damage, ki dney damage,

pancr eat i cl0f§thgeaA “rismdmactharad‘anagﬁqy thmpmmhtureadlmtlﬂﬁfﬁ@funsﬁcﬁlo@aal
nmuscl e da ar _dystragph un mage, and
di abet es. ”%8@%5?&%616?%5@% Ss?asgs?gal ?fggf%é’fhb“élr &8?%F§gf%pealﬁaﬁpproach
for obt ai nmdglduhidmememaajrelpﬂled,e&iWMﬂodsmgetSornbﬂ@rldiﬁjﬁﬁﬁu@i dtni cal
results. al, or desired.clinical results can_i but are
not |ini te %en%riivFlég\‘?laﬁ 9 BRYY, Fﬂlﬁﬁﬁ‘f Q?P?P)F ‘Eﬁﬁ%@w?ﬁ’ﬁ%%@%@? ‘ﬁ
synpt ons ansufﬁﬁdﬂtl&vels F exfirtisioh SR APMtic10fr R%E 6Ndend brdhuEie8gifred to

of di sease, preventlon of . devel opnent of

stabilization
di sease, rﬁrg‘(f'@ BIHP‘B?nté’%ﬁ@&éFeW g fisedere In a healthy individual, such a

specific cell type would be alive, including being in a quiescent or senescent state, and

would function at a level which does not cause disease or a disorder, including
expressing a particular gene or protein required to avoid or prevent 'development of -
disease or disorder. The disorder includes, but is not limited to, cancer including
leukemia, neurological diseases such as Parkinson's Disease, Alzheimer’s and ALS
(Lou Gehrig's Disease), CNS damage including spinal cord injury and Multiple
Scletosis, cardiac damage, liver damage, kidney damage, pancreatic damage, retinal
damage, intestinal damage, skelstal muscle damage including Muscular dysixophy,
lung damage and diabetes. '

[0062]  Treating a disease or disorder refers to an approach ‘for obtainihg
be;neﬁcial 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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delay or slow ng of disease progression, delay or slow ng of disease
onset, anelioration or palliation of the disease state, and rem ssion
(whet her partial or total). "Treating" can al so nean prol ongi ng
survival of a subject beyond that expected in the absence of
t r eat ment . sympleatsion gonditimns, dirgioishment dfekieti dfidisepst, seabilizatderestshashtof

di sease, | h rogressi on of.di sease t orarily, .al though
nore pref er%gg'\%agg’ipﬁwi%ﬂ@)& ggveﬁf?gfef‘?ﬁfg‘g?eﬁﬁ Bl}eﬁegﬁ%gggf%eagfowﬁﬁsﬁi sease
per manent | yielay 6088¥inglhedisey @ofrebsion dylap bidil®ihg SEdiERd fed OM a

di sor der charPct erized by the premature death or malfunction of a

speci fic c@Pelergiien orpalliafien qrdhs fseqarsiaterand srepission @detharipartiatpetoelbj ect
b g i 0 j 1 . tic . 64
may be any “Rbdigl”cah Bl h&@élﬂﬁoﬁn@iﬁg%v?ﬂﬁfa ﬁ&%%ﬁﬁgﬁ@r@@%a %’3{1@9 ]

The enmbryonic stemcell or "progen S are‘a
subj ect ~ bybsgase afdiegtment. t Freatiief eanpdlsq mearsipkibiting theqebgressiopef distash) has

premat ur el qg@ql L& functi oned, .using nethods. known in
the art, i ﬁlg I 'udi r%g15 ‘S%E%Jr}‘g‘% c%?a@n%?goﬁ%gﬁ %tﬁo%ﬁh %?fe%hﬁg%@q?’dﬁlfw&%‘?s
exanpl e at haltig Sietpeogodssian bf the disease patgastlysuch as the liver,
pancreas, cardiac tissue, brain or spinal cord. For exanple, if the

di sorder bgj t I i tes...the_enbryonic stem cel r

progeny ceﬁda%;y E@gg‘ﬂ%@t%aﬁ%g%%?%’gﬁﬂﬂeﬁlﬂgﬁgpean%%‘aeécﬁ a %%ﬁbyglﬁ i sl et

cel I s, andpraptvbeddatipdranidfdetion of BjspeifckelRypRind $ihetis inhebd\6f suglancr eas.
treated i s cardi ac danmage,

I n anot her _exanpl i f.the djsorder hejn :

an enbr yoﬁf’%ﬂlgﬁeﬁ?l%@? echiay Eb?%’gaélﬁyac’&cli ding gmmapyppl partifaEia ate to
becone a hatdi. onyocyte may be inplanted or injected into heart
nmuscle. Simlarly, in other exanples enbryonic stemcells can be
di fferenti. in cells.specifjc for lung, kidney, liver, .

i ntesti nal'ﬁj\t}ﬁﬁl , &g? FIEYORiE tEREPH PLPTOgRY Qe 4rp admististqreshigdie syject

ef fective Byauliveryab tRishe yOhé SpesifiePell 8/pkSyHdh HAE PREIMIrAS Hled oRbich
adm ni stered to.the %ﬂb]s'e(:t' The term"effective anount' as used _
her ei n nea]i‘?'ﬁn?imn% psipg pgthops knovey ndbrsarg éneluding Wyokrgiest i ods of tine
necessary inglatdiof bebf MR cHAS FhedampRIMIE sitd O a EXM T Faant the
speci fic djsorder. [0%6%]C_The nuan%gr_of ﬁ)t aIa enbry(g_)n a(l:1, gltc%%?%%
progeny celYes PEBCTERS: Grfadissiee PR onipital gasd.y Forgaprapldi ifi thealisordeebeing

di sorder OfeaflldSEAaetdsOMhb ErabfyBAlc§fbm LdR ]

adm ni steer Qeg, t he mode of agr%n' ni stra%ﬁgﬁﬁgﬁﬁéegﬁgga%%}%y&hﬂgﬁ th of
t he subj eclifferegiftoRdronknkiskt colst frelpdobecimplatedpr asemndd iy apisiet ik an
enbryoni c C i.C coppri.ses, a r.econbi.nant .bacul ovir al

nucl ei ¢ acl d. gL%neoé%gP ST hke P W’F%ﬁmgm@e{hs Cardias damage, an

o

* embryonic stem cell or a progeny cell that can differentiate to become & -
cardiomyocyte may be implanted or injected into heart muscle. Similarly, in other
examples embryonic stem cells can be differentiated into cells specific for lung,

kidney, liver, intestinal wall, retinal or skeletal muscle tissue.

[0065]  An effective amount of embryonic stem cells or progeny cells are
administered to the subject. The term “effective amount” as used herein means an
amount etfective, at dosages and for periods of time necessary to achieve the desired

result, for example, to treat the specific disorder.

[0066]  The number of total embryonic stem or i:-rogeny 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.

16



nucleic acid may further conprise one or nore therapeutic transgenes

or a nucleic acid nolecule encoding one or nore therapeutic proteins
or peptides. [0068] To aid in adm nistration, an enbryonic stemcell,
or a progeny cell differentiated fromthe enbryonic stemcell, which

conpri ses J006ontThasyit thekefist bIBY preadntlf uedvRicd af einbiyofiB ¥teRiell, omuﬁ ated
as an ingredient in Wghar maceut | cal  conposition. Therefore, in a

further enmSOUPHIESE recopbmant sowpviv awdpinagy aT%@mthbacﬁl@ﬁﬁ@m tion
conpri si N nafeid ARH YN fGrisk € r ated
from the errb?lyonl gtpdss}t em celllgﬂi P%ﬂ m@reﬂ{eQ Eﬂ%ﬁ%ls%eng%& aq{ut%d
bacul ovi r alacidmlesils caeoding ensdr mmth@alaﬁlutlypmt@tma‘rrpapi&lam cally
acceptabl e diluent. The invention in one aspect therefore also

i ncl udes s har td Idﬁ@! i e in treati;ng a

di sorder cgar aagt er@%ﬁfﬂb Sﬁa%%gfﬁpgﬂgw S?eﬁn ok %Er%eg?'f:%lﬂ of a
speci fic cdifferanyipied ﬂofﬁrthe cfnbmmﬂc stexnres]lvehich mMprisad HreComiiigdnt
Bgent s, - pr AR GEBRAE, a BEGERLBRY A P e it har bRl 1 or
of deliver yompdamoarrmem 1154 Sith&Inbo@indaE, TRHREM gﬁﬁhded ApYakficeutical

formul ated in a,. \B/%ql Ql.ogi cal_, salt sol ut i on.

phar maceut FWOSE’SEﬁ PRI FRlFY Hste 6RHAIOF § p&gﬁm dﬁf‘ﬁ@l}’flated from,

t her apeut i ﬁle%ﬁﬁﬂﬁdﬁlclb‘e‘&ﬁ S, HfchlchiS ?ﬁée@grécﬁﬁlbﬂﬁﬁitﬂa%!)ﬁfal QL 684 and
Alternatively, the pharmaceutica osition may contain gr owt
factors or RiOPplly apharmaqeytically ﬁmeptabladﬂufmt alke wﬁhosulme\ﬂawecand i nduce
proliferat y@ReRE a1dd I or the
progeny cell when delciﬁlr\clleregEP ﬁ&hné#goﬂﬁ;}?@ 0%53 éls()ré 70] The
propor t i ondiserderichaetetizeddly thdmelpdttawnb&thm mﬁ’uﬁqtloaoﬁemeeﬂﬁbeemtylpaent is
det er m nedy tratio th live
cells, and P%/(:anrﬁggiﬁgnsrlﬁé&%%&fé |°(1:1 a ﬁ}agg?(ieg éauééiﬁ% %13]1% ﬁ?ncteﬁtéggons

phar maceut dfalt, hu@iapwagentsnpmewaum andl omtnls abegatibild dantepaTivr el fanishat
wi 'l not ki nlflcant r the |oI |cal rooperties of
the 1 1ve eoasey bt B8R Hoh ol R ihetn) Selliiey P8 pmrding

phar naceutphyaxblogmatmﬂlsbﬁuﬁmcan be prepared by known nethods for the
preparation of phar maceutical ly accept abl e conpositions suitable for

~adm nistr ch an e cti ant | of the
enbr yoni ca@ g‘ ce esp%f)':rﬁ‘ll%irl%cg compc?@ﬁ P%S m%ﬁ{d; ]&H%ﬂ ?‘y active

subst ance therasutis a@mtsasc;:ful for d:e:rttmg nigChairiicudar Hisofdex t Mﬂt@na\ﬂvﬂ? e

phar rraceutl caI I tabl . vehicle. Slé@% bl e vehi cI es are_ descri bed,

for exarrpl PORAEN BAR PRRLER §F9VHA Fackrs enfelular freipisibaton’ s

Phar mac eutﬁmhdate cell survival and induce proliferation or differentiation of the embryomc :

m

stem cell or the progeny cell when delivered to the site of the disorder.

[0070]  The proportion and identity of the pharmaceuticaﬂy acceptable diluent is
determined by chosen route of administration, compatibility with live cells, and
standard pharmaceutical practice. Generally, the pharmacentical 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 coxﬁpositions 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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Sci ences, Mack Publishing Conpany, Easton, Pa., USA 1985). On this
basis, the conpositions include, albeit not exclusively, solutions
of the enbryonic stern cells or progeny cells conprising a

reconbi nant bacul oviral nucleic acid, optionally in association with

one or mor enjxtied WHE & Yhar@iabducAlyGeRbableeeRi Shsmloverstlds i icsarinamd
contai ned | buff@r solutions_ wth a suitable pH and iso-osnmotic with

physi ol ogi &Y exampls; Renpingiow’s PiarmapmytieahSeiennes (Rgmisgiops Shainseeutieal be
adm ni st er eglid,QssanS 0P BGikRi ri e i.ng.op the
sel ected route gf ac_ll‘?nﬂ> n?lg]%ﬁrlggl&gﬁ%ﬁé%%\%% f ?J"oﬂé@&g%%%i ;q?‘ gg%@%ﬁs? fose
skil | ed i n copgosifians inthalecadpgitomit exadusively, sdheions viiht embrywaig stee cells or
adm ni st er ' Ly.or by inj.ection.to the desired.site. [0073]
Sol uti ons gjgogt% ﬁ%géé%gﬁ e as%%?ﬁln@gﬂttbacﬂ)’}ovfrﬁlemﬁlreffgaé’ OREYY May be
prepared i nsacitiyswith gl oaldry platmbeatiel dédepable WoEiRles 8f @uB@E, Yand
conditions of st .rg@& and. use, these preparations contain a
preservat i \?8”%3%?1 R Sofyhieng vEhe suikble B dden-epmatisyath plsiologiaal wi | |
mai ntai n t WRidsi ve state of the cells. A person skilled in the art
woul d know how to prepare suitable formul ati ons. Conventi onal

procedur es @&j i ng\r edients for the selection and preparation of
suitabl e f&9FA at 15/ ghasmaceutigal cpmpesitionrany beagministereil tp Remieatinen’ s

Phar maceut g §pﬂoﬁﬁgc&% i i ﬁ'ﬁ%fg ei a: The
Nat i onal For rrut%/ ary (US B2_4 (!I’:I{L%%-Q%?J%%alrgﬁggfl n 36%}6%%%@3? In

di fferent éﬁ@féﬂ?qglmﬂé?seﬁh&efbmﬁb@@ttmomwﬂm ofi the Brvedlidpynayeect i on
( subcut anegQgsin¥sterdd byt S .y, etc.) directly at
t he desi reg Si tgeré{%{egﬁe ?%gﬁ%éﬁ'?cgl%#ggy%%#%f%{r%mt urely died or are

non- functi i)nal are located in the subject. [0075] The dose of the
phar maceut [¥31 c o Aplgtiensiof thet anehrygnic stem bellsws éw pdegrap dsllsoney ltehe

particul ar ,GoRek i ' e erity of the candition,
t he indivi léugl ‘ ﬂsluag%ﬁg%tgfog%?ﬁjn%?%@g bllnf’]f%l lljjg]? %rgd’rgﬁgiéy CBH@‘E?%S&’?S‘SE?%& tion,
si ze and wLdjHE, thesh eregaratdrisenntain a révervatieab pesvent thégronali off € of
concurrent t [ it h cific . ro 0 dm ni st.rat.i on
and ot her rgitlérg‘l&{r%‘?ﬁs{éﬁt%ngﬁg%z‘%ﬂalﬁmg?ﬁeﬁgﬁetlﬁﬁsrsita{ oclf tﬁen??&]f'e §r38’?1§“1(i%€rti se
of the hetikett wonkidtnowilomen preparseititdefoanslatom, Knawshibenl blvoskidf
skill in the. .and.can be .addressed .with mininal routine :
exper i rrent%ﬁ%%dl%gs foﬁg’féfﬁﬁogoang%?ﬁp?%ogﬁﬁ?@ﬁ%amo%@ uses of an
enbryoni ¢ &seihedebt exaniple, in Rahing@n's PHSRCHARKall Stichos il §€The United
Parti cul arétxt CPﬁlt enpl at i.§ use 1;of gln enmbryoni c stem . '

es Charmacopeia: The Nattonal Formulary (USP24 NF19) published in 1999.

[0074] In different embodiments, the composition is administered by injection
(subcutaneously, intravenously, intramuscularly, etc.) directly at the desired site

where the cells that have prematurely died or are non-functional are located in the

subject.

[0075]  The dose of the pharmaceutical composition that is to be used depends on
the i:artiw.lar condition being treated, the severity 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 skiﬂ in the art and can be

addressed with minimal routine experimentation.
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cell conprising a reconbi nant baculoviral nucleic acid, for treating
a disorder in a subject, the disorder characterized by the premature
death or mal function of a specific cell type in the subject. Such
use includes use of the enbryonic stemcell in the manufacture of a
medi cament [6@76]t r eglks ﬁgse%ﬂf nglﬂatea Eke%sélb@h@&{qbryme sééh&%n‘%&f
characterized by the premature death or malfunction of a specific

cel | type igatinge diggidiréce subﬂqct)?Pp}ﬂcn&ﬁély’cnufempla@d if usefofiant tm’oryomc stem

cxee! L1 b g LM AP L T S0Pl S SRR (0070

transgen e 'mejdzractheb dn\qmrﬂm‘a}hamctém&w ﬂtupm*ﬂatar&dlem BV3 B <3010 3115 0) lf LspBtiften
cells. bacul ovi.r uses harb n .cyt omegal qvi rus

i mredi at eI fie g@?f’ﬁﬂ %J%ﬁréﬁééﬁ?lﬁ? {]tge FrRPrEeyic 5@8?5"6@ @6 stem
cells in anﬁﬁﬁﬁé&ﬁd@‘% lﬁaawaﬁhemadmmlgta aﬁérdal ﬁﬁsﬁﬁjé’dﬂstﬁélﬁffsb:@&
efficiency of in, human enbryonlc stem cel he"i nfected stemcells

kept prol Flfaé*?‘céﬁtl'{zﬁ by theppmanag d BW?]@H@UWW@E@IﬁmC%mﬂ@IT@y and
were abl e tiecdi fferentiate into neurons. [ 0080] MATERI ALS AND
VETHODS: [002'31] Bacul oviral vector Preparation: To generate

bacul oviral_ vectors W|th a reporter gene, the enhanced green

f1 uor escent?d it ei n ThedrmptienmAnthen exemmigied bythe follovitg novelinifiman

cyt onegal og}tag o CW) |rmed| ately early gene pronoter and enhancer
was inserted into the transfer plasm d pFastBacl (G bco BRL, Life
Technol ogi es, Gaithersburg, MD, USA). The pronoter was inserted

bet ween NoEXANMLES , and the eGFP cDNA was between xho 1 and

H ndl 11 downstream of the pronoters. [0082] To generate -
bacul ovi r ul38] hat #RAMIBLE lto i ntegrate into the chronpsomes in hES
cells, a recombinant pFastBacl was first constructed. by inserting

bet ween t h @gLes Of 1Y fye WeRAH: I{ﬁgﬁ-lévefexltp&:@%‘i?gﬁa @%Pgé%]é}eél 540 Mgt hat

19 contain an Xpressi on casset con ning a nu oni ng site

(MCS), a rigfsicddnmag enbmevre ctibrpnisGRe) cdlsSWAqudjaylﬂom@asa]haxbmg t Wo
| TR seauenfienu i Bablcpiiins A0S ch o2 Rhoer MmN Q01 o VS

then inserte
suspended stem cells in a serum-free medium and obtained high tlansduction

efficiency of in human embryonic stem cells. The infected stem cells kept
proliferating, displayed no obvious changes in morphology and were able to

differentiate into neurons.
[0080] MATERIALS AND METHODS:

[0081] Baculoviral vecior Preparation: To generate baculoviral vectors with
a reporter gene, the enhanced green fluorescent protein (¢GEFP) cDNA under the
control of the human cytomegalovirus (CMV) immediately early gene promoter and
enhancer was inserted into the transfer plasmid pFastBacl (Gibco BRL, Life
Technologies, Gaithersburg, MD, USA). The promoter was inserted between Notl
and Xbal, and the eGFP cDNA was between Xho1 and HindIIl downstream of the

promoters.

[0082] To generate baculoviruses that are able to integrate into the
chromosomes in hES cells, a recombinant pFastBacl was first constructed by
inserting between the sites of Avr I and Sal I a fragment of pAAV plasmid that
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[1l in the above reconbi nant pFastBacl. A DNA fragnent containing the
full sequences of Rep gene was anplified from pSub201, which was
digested with Apa | to renove the encodi ng sequence of Cap gene and
| i gated again. The Rep gene was then digested with Rsr Il and

inserted i noftainh® kBTN AdRle RRBHIRAL Multp dhdsy éit&gléqu},%% %@e!'r he
antisense orientation with respect to the pPol h pronoter. f 83]
Reconbi nant2eha@erdng eGERS S 40mobiesiznsbwad sxplldsssqusncesss bethieads wer e

d d | I ' h I
b “BAC. To ALk PBARY, 18 ARSIy BT B 4 L AR
vi ruses i n [limthe abeetrecomdtitantpifatiBael . AeNANfagetent dontatréngetie iy ough a
0.2 i fLht M ni 'y . D \,. USA) t
cont A hat FETRER b Rk oS FBRLRY ot Py Deb b it R deed PBaEd0g
for 60 m n.toMirost theeht®tiss 66lRcd &csa?ge@mﬁﬁ%) q%giaﬁd a@d?ﬂfl@ﬁ'ﬁe?k@nev\%su nes
_ an

of 0.1 M phosphate-buyffered saline therr infectious titers

(pl aque- f oftfitipediai péth Rsy Hpndaisated dita tharaenmtiyang pRegiRac howtsidedhe Sf 9
cel |5 [ 00R inTRES 8o bideo Wil Btk (B SPaTRENAY, C Stem cel | s

line ES-D3 and nouse fibroblast STO were merican Type Culture
Col | ecti oné JCC, Manassas, VA). ES-D3 cells were routinely grown on
it omyci n- gma, gepmbinapihagdovinsys withethe abovs FRpesshmeiasatitssvare

Dul becco' s ifai i Vi , CA
05 suppl ot ap R A LR hoooldify o ) SACHRS | C0h,
um) | ng_. 1 nﬂAQTﬁBﬁ@_d@\tmtfthior(dymgGﬁ@e ;}ﬂﬁL%mudgﬁd ﬂ‘i_ru%miﬁﬁ]_?e insectl

reconbi nan em a..i nhi bi t.or act,or | cop,. Tenecul a,
CA) and 50Ee %e[%eﬂlwﬂef#%ﬁydﬁ%?%h%g&éﬂB ériz?]%{]c}r P¥§en). For
subcul t ur eBedfedDBIA; €19/5) toedove@fy tadedndflatidy, ARINoh&niki®sy Nati on and

repl ated on, STO, feeder | s that were seeded 24 to 48 _h before.
[0085] Hu a%eﬂﬁﬂﬁ 0 a&f%‘fﬂr"éé?ﬁ D tpifeV ¥ peHea Hare Tp-SupRRASAn ol | K4

mouse  enmbappedtiriatelvolaaloZ 911V RS dte- RS o @ RilRE (ESE) 60 ek Surba dus

I nternational, Singapore.  The . Passage 4 nEFs weré cultured to
Passage 6 E@?Sriglawe%%ﬁﬁl&}fwﬁ@wwegﬁwﬂmd@maam peay(amSPeelbgen) , 10%
FBS and 50 Um penicillin/50 g/m streptonycin. Passage 6 nEFs were
mitotical | [OBARCt i vakkslalay hBS Caluiife: Mttse BinbRAYRistnicells tne ESP33Qd

into O. 1%%el atéiikn Si %) -precoated centre well _organ culture dish
(BD .20 Bi'GSEFEREbSt STRsrere em pnspisr T neerrlgrobellevim (AR, in DVEM
?:Jpp! ?”Entlﬂdnaégdg,gV%@ﬁLﬁﬁﬁ%ﬂs%e}e MNP aroRR B GHhy ATERGicAG] Sind NEAA)
- (I'nvitrogen), -

g f&se, MO)-treated STO fibroblasts in Dulbecco’s modified Eagle medium (DMEM)
{Invitrogen, Carlsbad, CA, USA) supplemented with 20% fetal bovine serum (FBS)
(Hyclone, Logan, UT), 0.1 mM 2-m§rcaptoethanol {Invitrogen), 10 ng/ml human
recombinant lenkemia inhibitory factor (hLIF) (Chemicon, Temecula, CA) and 50
U/ml penicillin/50 pgfm! streptomycin (Invitrogen). For subculture, ES-D3 cells were

collected by gentle trypsination and replated on STO feeder layers that were seeded
24 to 48 h before.

7 [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 (Fnvitrogen), 10% FBS and 50 U/ml penicillin/50 pg/ml streptomyein,
Passage 6 mEFs were mitotically inactivated by using 10 ].L'g/ml mitomyein-C and
replated into 0.1% gelatin (Sigma)-precoated centre well organ culture dish (BD
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glutamne, 1% insulin-transferrin-selenium(ITS) (Invitrogen), 0.1 nM
2 nmercaptoethanol and 50 Um penicillin/50 g/m streptomycin. The
resulting hES colonies were then subcultured every 7 days by
mechani cal slicing and replating into fresh feeder |ayer. [0086]

Transduct i Glowfenks). GESL SeellE Werd tash £8Wh mEH 185 HODMERPshRidfhted Wi €
har vest ed b% entle trypsination and seeded 1 day before infection
S 01gp Gy

onto 6-wel I npilpsentigliionipe idsldsWEA 4D davigren 00 :mMEhor t | y
before inf ' b di i _nvi trogen)
was repl aced %%g'e’(}o/bnlgsedr@%g#g%ﬂﬁe%% mgﬁjﬁﬁ%%&phf%i were then
added at dessireaptdetand gl ULy pehicilif/BE pg/om sitd@@nycinAfThe resdltibg hES

i ncubation, the cell.s e.washed with PBS and further jngubated in
normal ES- B3°%f% Fﬁ?m@%%@% “pay ﬁdrdtétysolgsrﬁ?cgﬁ?lf’% ﬁﬁ%@rﬁﬁatﬂg\}’é@t ed
f 1 uor escendesinfeedeptgape. [0087] Two protocols were used for
transduction of bES cells with baculovirus. In the first protocol,

bES cel ls i nfecled when mEkR Briefly, hES cells were
grown f ronm cl un%g" g’%&rﬁ'ﬁ?ﬁé& Qﬁﬁ“f%':?fﬂf ghiqns Ef D3 %ﬁ@‘éﬁ‘i’e
cul ture pl ak®estddbydiile/tr@fsingfioSafiCdéded ] Qlay lggtgrelinﬁéﬂt:éﬂ NES6-HRE Blate0

replace the serumcontaining medium 250 | reconbinant bacul ovirus
in PBS was Begtet bmitapyein-Sereamd SO qelly Sheglydelareinfeationgbemediemcel | s

w th PBS aggihchangs- Qj}ﬁﬁ_}@}{@ Jedi L on
was exam ned under gn inverte ‘EF!&%E%&%%% e T c?gé%cgg@&aﬁ%b@ h.

[0088] | n baraloyEussawersiibinowsided atriESradahultipicitnof infestion §MORs AGer Mer e

infected i Ader. L bserpti.on.eff.ects o S.
S 1 cel | o SUEhLLDARS i P RS Rl Bly R e RS e
passage, chgdipm fof 1-§ddefoieosatvatorechderdd iavdred fubfeSencomiviisespener e
i sol ated by nechanical slicing. For viral transduction, eight hES

clunmps we spen 0L . bacul.Qvirus.in PBS was
added at l\}(‘]d%?]ljoo. iﬁ& eﬂrrgﬁogééﬁ%’g%%%?gﬁgﬁ?&toﬁgggﬁgﬁ% V\"/Lllg]re replated |
ont o fr eshbaeEPvires tethe fifshpitolreol, bAS eclisfwars infigtddachen@rowniaeREEoONt ai ni ng
the rep g ransfer, hES clunps. were treat wi.th 10

i ot CaoaeR hEd B o EBBhR o  GiebPP e i o] ShEF seeP iF cLre
LEGENDS: 2drgfuD@®fife gritgOreday. 7 dBae shtaMinitl 2500 DA wdsaB&06 Rplace the
expression in ES-D3 cells grown on feeders. The nES cells were

i nfect ed WETHRPRUGRHE msAtn: a6 & HbiAcrabinans baguwgviup ip P weerdedatMOUnder
control of 54, Ree MY RLOARA SinsBd I Ln2Meh PAS and change back to normal culture

medium. eGFP expression was examined under an inverted fluorescence microscope
after 24 h. '

[0088] In the second protocol, hES cell clumps in suspension were infected in
order to eliminate viral absorption effects of mEFs, HES-I cells were maintained on
mEF feeder. At the time of routine passage, clumps of undifferentiated cells from hES
colonies were isolated by mechanical slicing. For viral ﬁ'ansducﬁon, eight hES clumps
were suspended in 50 ul DMEM and 50 pl baculovirus in PBS was added at MOI
100. After incubated for 2 h, the clumps were replated onto fresh mEF feeder. In the
case of using baculoviruses containing the rep gene for gene fransfer, hES clumps

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

[0089]  FIGURE LEGENDS:
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fl uorescence mcroscopy (top) and a phase-contrast (bottom inmage of
nES cells on day 3 after infection were shown. [0091] Figure 2.
Bacul ovi rus-nedi at ed transgene expression in TIES-1 cells grown on
feeders. The hES cells grown on feeders were infected with

recombi nantjopdigc ul ovll\rléﬁe f-%gﬂbmgnécﬁ%ﬁeﬁgg&ﬁ réb'é‘%ﬁ O &5 Of

the CW pronoter at Overl appin ase- con rast "an
f | uor escendOWiheiyesders. (IhhmESaalds Were irfedebwitierccominas bepjovimmges

{r anstiuced At oG S nil ool Bl Chel BrofRler AMEB SO0 s cel
colony to éhomscehcanmhm@ﬂ/ (tolparcied pifasd-contrae (5lo8!) ¥nade @B BAS deligbk e 3.

Bacul ovi ru.f,i t transggwe expression in HES-i cell clunps. The
hES cel | ﬁ’g% “Rere infected with reconbi nant

bacul ovi rus cont al ni ng the eG-P gene under control of the CW

pr onot er at[ﬂl'Mfﬂ] 100Figngt 1. @abmﬁﬁsmmtédrmsgeﬁggxﬁré%ﬁh HES 1 cells
Phase- cont r ast ‘Eﬂ??f %eft and fl uorescence (right) of a
hES cel | c&%‘ww S dye i efllggwneqnfwﬂe@cw@wf emﬁmwmbmepmogs]

Figure 4. Biamsaedon®xih ﬁm%'e@i@‘P'gQ?]e dderconfibl ot TS é&%&%ﬁ%{@e bES

hybrid bacul ovi ruses contai ningt AAV rep genes a
cel | cl unpg00- @vedappinerafipbrsewentzast anfddbiosdcante im&ghia(rigkrﬁ)amﬁﬂuorescence

bacul oviru otofrehnEF

f eeder . E‘E‘% %o a?gg%@gogéh%%e LW)%I Ioﬁlod;)ggc?gt ]'Bpftﬁfﬁlgt8§ %right)
and over| a‘p@Sd@ed nd@e@n(ﬂm edtbm) a high hiaGnidiedtionefkietibSelMeslont ahbw

[ 0094] Fi O déced%!ﬁ? .9 Smthdl errentl ation of bacul ovirus-infected hES
cells. Ten ays a Va1 1% ection at an MO of 100 pfu, hES
cells were induced to differentiate into neurons. Phase-contrast .

i mages of E98PR] cl umﬂigwet?shBhamhgrhuemeﬂiamﬂ traneese dpesssion (nJIOSH RESULTS:

[ 0096] ES- o tured on.nouse c fiproblasts and
transduced@\%ln ﬁ&égc SVT ¥ IB&B%@SE%’R{"%?%W%#@#W g‘é‘imgene at MO
200 and 50@culboninsenuntsfingihe B@HP gmeamdamnﬁarofﬂlelamxﬁ@@ﬂ Anmof the
transgene yas bsi%éecg tzgr sglfrgé:zfafit infectiqgn, with a efficiency of
1 to 2%in mouse Up & P %%B%Waﬁﬁmagqsﬂﬁgh@ﬂ?%%j@ﬁe
expr essi oniniagest(tight) eLLBES bey@lon§dRdnt QiyaldS O d¥let BfecQbn %bl%@hmp@rt icles
was observed. No further increase in eGP expression could be seen

after inc U[Bﬂéi]o nhu @’1gure§ ’Prargs expresgmn in HES-1 cell clumps infected with
hybrid baculoviruses containing the AAV rep genes and ITRs. The hES cell clumps in
suspension were infected with the hybrid baculoviruses at an MOI 10 of pfis and re-
 plated onto fresh mEF feeder. Phase-contrast images (ieft), fluorescence images

(right) and overlapping images (middle) of hES cell colonies were shown.

[0094] ‘ Figare 5. Neuronal differentiation of baculovirus-infected hES cells.
Ten days after viral infection at an MOI of 100 pfu, hES cells were induced to

differentiate into neurons. Phase-contrast images of cell clumps with long neurites

were shown.
[0095] RESULTS:
[0096] ES-D3 cells were cultured on mouse embryonic fibroblasts and

transduced with baculoviruses containing a ¢GFP 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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[ 0097] The sane batch of bacul ovirus preparation was al so tested for
gene transfer on human enbryonic stein cell - HES-1. At the begi nning,
a protocol simlar to that used in nES transduction was used to
infect hES cells grown on feeder layer. On day 1 after infection,

mass trans i | f F s at an
o or 0" aeaep KRG el be Ayl Rl gs SRRl BnedBldy 2

pr epar at i oflepe enagene exprassion mchefepden fykidnedd alssGitionas vicd petivies! i n
th i j L hi i int. d .th
2 Few el 1 PRI B nBtact B Sots BRrRBobenf Br e sfiritiBBRL | ng

no nore thaptd YdFigtbe).total hES cells (Figure 2). Both infected nES
and hES cells grown on feeder displayed a nuch | ower percentage of

transgene ssi on,as co i ith that of feeder cells. This

i ndi cat ed iﬁ@y ssi v e&ﬁ?ﬁ%&%?%%}’%‘%ﬁmrw%‘yn%ﬂlf%t?éfédf%&éer s.
[0098] To inegsferva hiuhen &@BGokit 3REMIHEIRY1. eAf ih6 beNAYinS a JPR6sH OMliktISES
in ES cells, feeder cells can be excluded during viral infection. By

using a pr & Beigise RSRES Tapsgetion viaEwed & infast ik eclisrever emisedeataypredi um
a high per ¢erapgea8finf-B{LC hiack t&ﬁ%&n@%@réssi\% s'oﬂée?\% 'ir\t( ﬁe?e%ﬁ%&EF
expressi on was observed as early as y 1 after 1 nfection Igure

3). The tr &#lsgbaeMOl of 86 pidhRispecirmggnsties b gboligality afdhe Ervand, in
| i oS t | P it Ei
3y Con day PP, FRERE 08 p 0O &b B PY QR Bl RE bt ol 201 o1

of the col bEycoleniespd ¢itis tige phiet. Guaday D) tera weie ndow dolll wignpsgaess did

not affect proliferation of hES cells. [0099] Howey he eG-P
si gnal s vve?éﬂf%glg Hh(fés‘ea%??%ffsyre?ﬁs? gB‘éﬁ’tOFeaﬁhL‘?)g(“t e w@r@%@h% ny
cont ai ni ng(Higee 2). BoihriafectbERBSaint hERK walls drb@h o JdEPdIqREed & fuch lower
bacul ovirus__ i fec%i on. There was al nost no eGFP expression in the

peri pher al PP&FIAEE P1 THTEEEG CoRyssionpgcapaineyth ptafdepderrelln dhisr ansi ent

feature of ingrRaed thepiessd GtaltRgbasdslihy bPREUhANE Fdédeer | Ndi cated that
transgene could not be carried over to the newy generated hES

cells. The daggter o] eGFP—g sitive hES cel |l s. decreased over, tine,
probabl y. b[acau. e t he °HBRY &ei%‘?ﬁ?v'ﬂﬁ YGHIR & CH&: b%?WWHS BES with
the prolifedlgtieder cellf cdiF? exehli€d duding RAHOREERGH, ByWRMEG aShdtbdol BBV ET 2l
very bright .tr ﬁﬁguéfﬂ cel]s in the central regions of the HES
col oni es blﬁfeﬁﬁg Gl GHmEs ByserupyEepnppbugy; ¢ high pergppes offeqtedt Y y | ost
by day 7. {00#0intSisABlETPARSSRNByRBESHS RRall af BHY JFRHintGERNY
appl i cations of enetical | yﬁ%rmdi fied hES cell sf Ve g_ener1at eg&ﬁybri d
bacul ovi r &FEED oFke tragpacae ¥nyession became more obvious on day 2 and, in several
colonies, almost the whole colony was eGFP positive (Figure 3). On day 3, new hES
cells began to grow out from the center region of the colony, suggesting the

baculovirus transduction process did not affect the proliferation of hES cells.

[0099] However, the cGFP signals were restricted only in the ceniral part of
the colony containing the origihal hES cell clum;p that was exposed to baculovirus
-infection. There was almost no ¢GFP expression in the peripheral part of the colony.
This may be related to the transient feature of gene expression mediated by
baculovirus or indicated that transgene could not be carried over- to the newljr
generated hES cells. The number of eGFP-positive hES cells decreased over time,
probably because the non-replicating transgene was dﬂutéd out with the prolife%ation
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
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the rep 78/ 68 genes and inverted termnal repeats (I TRs) from
adeno-associ ated virus (AAV) elenents, the two AAV elenents in
responsible for viral DNA integration, and investigated whether the
vectors could provide long-termtransgene expression in hES cells.
After the imbreioksy Qf7hES cells with the hybrid viruses at a MJ of
10 pfu, no expression of eGPF was observed in the first 2 days. Wak
eGFP expreSS| on started fromday 3 onward and becane obvi ous by day
6 (Figure 4$0108]lc i nfiable tansgers %@IQSSIOIEISEIWS‘G@WW@WM@IM ot day 7.

After the r { S . ce

i ncreased (%@rér ?%}‘rrlggd(@;ﬂﬁzrsg&g? e‘i"‘rﬁéne?agf CfTD er e:'ia%lwar%E Y6ty @P%*W%at
observed i fhe 1eh@3/6% parecs mr&hhserteslmmﬁnhmpbﬂyﬂ'mge‘ﬁm&/\&deh@la’ésohh@d AN

el enent s, in a upli.cation i ng hES cell
proliferat ﬁ%%l\ﬁ?% &t@féf’ %@ﬁgﬁv‘% e@ﬁ’%r"%‘?ﬂs} Hviral DN gtegaadionspnd
transgene afvesizafQ vilather t8é vesidrk bid ok lie l}BngE%EHh @ﬁllsgeﬁt QBRI AGRHES €s.

[ 00101] Bac‘glfow rus i.nfectiagn caused no obvious cytotoxic effects on

hES cel | s e it thy injeytiog ol BB celts with fh? bwidyimes abeMQ dil8 pflaged no
nor phol ogi g ressﬁﬁl%@g@lsF ado Eﬁleél femakads !d%rsa V\?é ?P e )éssg)% slanas e

non-i nfected control hES c 's. Baculovirus in 1 On af f ect

expr essi onfigm desBloaperdiasd becaeyadmious by dap C@lidure 43)1 Ting jofdced GES cald

chown) . wenm e rER e AP A o E bR RRR B SRRl S um

f or neur oneglls intirdafet emt fiae (Elgure élThis diffedad bieikigelp fRGEFESDbeRWIdn be
observed i ndi t neuronal .

di ff er ent fglt ?géenf)% ené’?g uh E?IVT”@‘ \‘Rg‘i‘ ﬁétq’s%l??l%’;ﬁ é‘Hia‘ﬁ\}m%gﬁi‘EWi rus
i nf ect i on. dyri0&RR)duEXANES EelPorbBRA]. TGRS oHesE R 8ommsd fol Ci ent .
gene transfer nﬁ}? od gﬁfciul oviral vectors for genetic .

nodi fi cati GW Of :me’é‘?% RYsQt SHitp prehowt apy selectipR Bropedyresi ent
transgene expression in up to 35% of hES cells. Using a hybrid

bacul ovi r aj008¢} or Haatlovianphfeyirs @deH a0 A5G Fobckiy bifstss VM)

Tor wo obsabed-et aona! b MG eeehhESerllndalme g poovonged

undi f f er endhandes dnprolifet@édiia@iniladRieyde RS sOYH B %S0 Bosl he8lcbis,
preserved %ﬂﬁ ES cell sonftgven after their differentiation. 24 [00104]

MATERI ALS B 2ot Tesheprestipn af magkers &y embeyprmicatenaeell To
~generate Qﬂﬁﬁﬁdbéﬂcj},&:b d¥REARER] b RITL vcngn@we%&tb%ﬁlﬁgeé}ﬁlysémaﬁ phanced

green fl uoEJescent protein (eG-P) gene under
own). When the infected hES célls were placed into a culture medium for neuronal

differentiation, cells with long processes could be observed (Figure 5), indicating that
at least neuronal differentiation potency of hES cells was not affected by baculovirus
infection.

[00102]  EXAMPLE 2

[00103] - Herewe describe an efficient gene fransfer method using baculoviral
vectors for genetic modification of human embryonic stem (hES) cells, with transient
transgene expfession in up to 35% of hES cells. Using a hybrid baculoviral vector that
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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control of human EF-1 a pronoter, the eGP gene from vector pEG-P-C 1
(Cdontech) was PCR anplified and inserted between EcoRl and Spel

of pFastBacl (Invitrogen). Then EF-la pronoter from pEFl V5-Hi sA
(I'nvitrogen) was inserted between BanH and EcoRl upstream of eGFP
gene to thqoergaessi VA TERIAES WD MIGIREDS. To generate bacul oviral
vectors with the eGFP gene regul ated by human cytonegal ovnus (CW)

i mredi ateliqtla@rh]y gene pronpter and enhancer, the CW_ pronoter was
i nserted belQRV&h NotBacsinyirahbactox duenmeioveip g@w@e beeglavisalsiesists

bet ween ) (RRryinh f!:g!i{'ef‘%éclelthg gfegﬁﬁg? ool Oﬁ#_r oict LEEED) eg%g%glﬁer To

generate bacul ovir tors t at I tat
chr onos one conitod gf latnrenrEF- by, pootHy; ﬂmeﬁFIpEamthﬂectMpEGFP-ﬂl (Cdmsdch)J cted

o asm a1 nite BORepREe it esepfllerin Hoall i S P Rpng v Rore ol o

cl oni ng si Ther BACH). prototd B SHF1YSIEsAREALY ( Ig_?% Wi Rertél beBV4D IAYA

signal, and two_inverted term nal repeat sequences at both
ends (V\ang, @@%PPﬁemlﬁB@FPEWéOWWWWS%S then inserted

between Kpn | and Hind 11l in the above reconbi nant pFastBacl. A DNA
fragment cowi@si ng wnéﬂielba&ﬁmp%ﬁowwﬁ% HeR ARl b1 €d from
pSub201, which was di gested h Apa Ito renove the encodl ng

sequence oRVIESNELYHERREaloNMuS qu\ﬁ\é)c@dned@éﬁl}ﬁ eariyhgenRerymyéat andenhandesrthe
di gest ed wehfy T%fno{ek waB hsbEPetuRbn NBHCR8 a1 afiE ﬁ:%gt}??gg ensg%%g?t%d
outside the |

In an antisense orlentation
pPol h pro@@?ﬂnmméﬁlﬂﬁﬂdn’bnﬁQmmdﬁdmprmoﬂeal vectors with the
above expression cassettes were produced and propagated in Sf9
i nsect cel {gp18gpor di hO: getg s tRa WIM | ovirus
Expr essi ont sys?gm (Ir[’r?\g/glet rggen Bud e%frw rus%gﬁlén ealﬁﬁtggct cell
cul ture nedirymespmednttibiar, edecombmaqrpFastBan waxﬁm@ossmzmteﬁ bl irgserting

M1 Iipor ntratedb
Gt racent rIF A BTPER LY EEREAELARE RRAVIRR R Bt Y,
re-suspe nd@drasmlapqgsaﬁprcpntammgmlmﬂ’e}s{e oIonﬁngsﬁN[MﬁS}; ahqtcﬁer gmfaf ered
saline (P fetloustl rs. uef its, pfu)
wer e detger%):n?ne%% Ség@é’ féé%n 5311 E‘& ‘19 ES Cel |
E:ul t gr e ? ][Hﬁqﬂémmgd b@ﬂuemm (deo gpGuedstial, )20?5)(:55& EM\ﬁﬁbbm{et ﬁi@s thelrS- 1

Reubi no Pera et : s fgeder ce MOuUSe erbr oni c
fi brobl ast®® Pﬁ% e?ﬁzl,ﬂ’en ﬁ?ﬁ% @%@ﬁ?ﬂ%ﬁ?@eeﬁqo PBhat D Y

Si ngapor e. ﬁi@hﬁnﬂ&:&&ﬁﬂﬁg the full sequences of Rep gene was a.mphﬁed from pSub201,
which was digested with Apa [ to remove the encoding sequence of Cap gene and
ligated again. The Rep gene was then digested with Rsr I and inserted into the
recombinant pFastBac], outside the ITRs in an antisense orientation with respect to

the pPolh promoter.

[00108] Recombinant baculoviral vectors with the above expression cassettes
were produced and propagated in Sf9 insect cells according to the manual of BAC-
TO-BAC™ Baculovirus Expression system (favitrogen). Budded viruses in the insect |
cell culture medium were filtered through a 0.2 um pore size filter (Millipore) to
remove any conta.mlnatlon, and concentrated by ulh‘acentnfugatlon 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 S5 cells,
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4 nEFs were cultured to Passage 6 using DVEM (I nvitrogen)

suppl enented with 2 nML-glutamne (Invitrogen), 10%fetal bovine
serum (FBS) (Hyclone), 50 Um penicillin, 50 ig/m streptonycin.
Passage 6 nmEFs were mtotically inactivated by wusing 10 Ag/ml

m t onyci n- P(('ISBP M8) ROCHEC)BB Gl Qﬁﬁzs@uc}w/?z gﬁﬁrﬁﬁxg &1@1&9&% Al Bgoat ed

center-wel|l organ culture dishes (BD Bi osciences cells were
then gr omﬁEﬁﬂF(Rle&‘S}mff uPnramVEm@Qmsn@m@@u cell Khmpooerdgon®. 1 nv

Non- Essent S 1%
insulin-tr EﬁﬂgP g(’b@ﬂ%E?\dﬁf\}l roge dﬁ”fﬂz Sg]glip5ﬁ§/|ﬂa %QS&% ’
2- mer capt oémﬁhMereE]duﬁ\meﬁ ltcomse)gf: G%m@mr?IEMqa’gmmgeh) smgpl&deﬁ&lﬂ@]ﬁ.‘? o
strept onyci T ES _col on en subcul t ur ever 7 days by
mechani cal m@ﬂ‘ﬁ?‘ﬁ@‘nlgﬁg Y@BE%P& W%ﬂ?ﬁl OY RE¥HTR g@iﬁr{ﬁV%)%ﬁgﬁs% Wab110]
hES cel | chenigisinj 30 |SUEPERBIoAY cMEP st SdnKiy Wée nlito BRI Yedctipfed By Or der
to elimnate the effects of nEFs. At the tinme of roufine passage, hES

cel | cl unpsvrg ¥ ug/@bma@@ﬁcmﬂﬁ&m@s apdreplateddntp . 1o gtlati (5@11@ i ci ng
For viral vere s
DVEM and bac 1c ogulég‘%t Pl ?9123‘%1%?% Sh%‘ R Biciiefces), ?%ggld e?l Stg?n 100.

After inc ugraWeuhERiayeE MIDMBM su;iplﬁmmtedamt‘h 20pFBS 1)l oM Doh-Besehtial vEF

f eeder. 11 Y, u ify the ans uct n.efficiency
of bacul ov‘%z?%}olmi}‘gﬁgﬁg gE@F?gM\%‘ NH T one day
after tran&t&uﬁiﬂ C!TIIS) (afsSraeh), 0. Iﬁhmmﬁlemlﬁ@etﬂﬁoﬁgﬂﬂﬁoédh protgl nEFs by
di spase dllg3 he c unps were EJE‘% BS and tr psinized to
nmake si ngl & ngn lfgé‘i“ RGO eplonipgwerg thea s eIy zed
wi t h FACSCAlidyouy nfetiowicadieietad oBems oo Budkias: or the percentage
of eGFP+ celyb y [6001102] D{gilgl vafl on %f (I)\Ieur ons ?%ﬁgl LES Cells: The

deri vati °Qgﬂ1 {geur OE%%&%{ m hES cell s was achj eved based on the
met hod des@Pit¥d by ﬁBmPS @ysuspension WEigRFstoturing gpnssuctiongyoyler | n
brief, theoRESiae the Sfdlser diHsahl B8 MRS tAHHE BRsdR¥, hﬁy&hnﬁﬂﬁfé v&% ture

s on feeders. The distinct areas Wth uniform

for 3-4 we
gray and dﬁfg%fﬁ% from b8 calqaies hnmeehamisakslicing) Fpravrek tamsdction ¢ éhﬁﬁer e cut

and di sse TS r hen
transferrgt'ltljlgjtc"ﬁ(])'S é(g%/vglg ({ﬁlﬁ%m&ﬂ Lh s%)&%gpﬁéﬁl#%ﬁkﬁwﬁgﬁt‘gl %n ng
DVEM F12 (a_t_ldqy at Mtalnftlﬂ@géeﬁhe)r lmubﬂib@ﬁeﬂﬂ:eﬂlewimﬂpsz’fer&ﬁlated onto fresh
(1:50) . (I ny&k g%g 2 MM L-glutamne, 50 Um penicillin, 50 g/m
st rept orryC| n, ng/ m hEGF (Chem con) and 20 ng/m bFG- (Chem con).

After
[00111] FACS Analysis: To quantify the transduction efficiency of baculoviral

vector on hES cells, various MOI were used. One day after transduction, hES cell
clumps were detached from the mEFs by dispase dige'stibn. The clumps were washed
in PBS and trypsinized to make single cells. After washing with PBS, the cells were
analyzed with FACSCalibur flow cytometer (Becton Dickinson) for the percentage of
eGFP+ cells. |

[00112] Derivation of Neurons from hES Cells: The derivation of neurons
from hES cells was achieved based on the method deseribed by Reubinoff et al
(Reubinoff, et al. 2001). In bfief, the hES cell differentiation was induced by
prolonged culfure for 3-4 weeks on feeders. The distinct areas with uniformly white-
gray and opaque appearance uudér 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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culture of 1-3 weeks, round neural spheres were formed. The spheres
were then plated into poly-D-lysine (Signma) and |lamnin (Signm)
coated di sh. Neuronal differentiation was induced by the w thdrawal
of grow factors fromthe culture medi um [00113] |zES Cell

T A T e L e

di spase. Thtepi@syar!20 ng!mlrhﬁﬁf"vﬂé)hanicom)msﬂ €0 mebhltbd Ga (([:EenmhorgQAﬁ@:al t ube

containin |ff enti,ati di um [80% knock- out M

et roga s 1Sl Bk Bt b ReRce vl bR TR SR e BRAPIEA o

to settle tifto bhlﬁ-m%mylgﬁﬁﬁalﬁq A6HEABHMa) chaed cﬂ1§ilmé%nal Hieer&fiation

clunps were resus%fé‘grql in differentiation nmediumand transferred to
I

a Petri di 9RSofHes & wilkdrawal of sevidasiog dipnpihe calsrasediymnal f of t he

mediumwith fresh differentiati on nedium and cultured for 1 week

(1 tskovit z{601Q eﬁmbezzﬁ@ﬁe@émmh%ﬂ#}nﬁom éﬂﬁlybﬁalb%mes? mah, RNA

was extracted fromhES cells or EBs using an RNAeadym kit (Q agen)
accor di ng 0B cells wein goRete fam large P@@lrlqumﬁchqdlhywmgolsmg/md cDNA

was synt he%isgﬁg HRIRG P,Eﬁxﬁg Weféth'#fe%{%{osc{[ rﬁ@i R ayid &%&hﬁﬁ%ﬂ entm

for RT-PCR (1nvitrogen). Ion mX was s ect ed
to PCR anpil differcatinigm mmmnmsom@k@nomm (nkizrobert)) 208 RBS, Datnel 1.

Reacti ons ter turation at
e tor s HEER A BRNEAs] afPulous W Sefeedhd Bodo B SHBRRR; %o
s. An extemss mmosecbﬂ“haf:ewéiﬁinﬁmefé 1ezuspem mﬂfﬂ‘w@ﬁdmon%émmﬁmﬂuct S
were el ect gor 0/ r ble 1. - Prirrers
For war d Pr{Ingg ﬁ%&;@;a@ Oﬁgﬁ? %?%%i‘?@fda?f eRiRRing © ct -4

(Forwar d Pmeﬂimn)wﬂlﬁﬁeshmfféﬁ THekid Faddei h Gl oty edk stWI@:EGOr
bp

Primer) CT GGGITTCGGECA 9 Nanog (Forward Pri rrer) 426
GCGCGGTCT GC 2 27 (Reverse Prinmer) GCCTCCCAATCCCAAACAATACGA
10 '

[00114] RT-PCR Analysis: Total RNA was extracted from hES cells or EBs
using an RNAeasy™ kit (Qiagen) according to the manufacturer’s instructions. First-"
strand cDNA. was synthésized using SuperScript III First-Strand Synﬂiesis System™

* for RT-PCR (Tuvitrogen). 1 pliter of cDNA reaction mix was subjected to PCR
amplification with primers shown in the following Table 1. Reactions were subjected
to 30 PCR cycles after denaturation at 94°C for 4 min as following: 94°C for 30 s;
53°C for 30 s; 72°C for 60 s. An extension step of 72°C for 5 min was included. All

products were electrophoresised on.a 2% agarose gel.

Table 1. RT-PCR Primers

Forward Primer/ _
Gene Reverse Primer Product Size | SEQ ID NO:
Oct-4 | (Forward Primer) 169 bp ‘
: CTTGCTGCAGAAGTGGGTGGAGGAA 1
| (Reverse Primer)
CTGCAGTGTGGGTTTCGGGCA , 9
Nanog | (Forward Primer) 426 bp ‘
| GCGCGGTCTTGGCTCACTGC -2
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(3-actin (Forward Prinmer) 200 bp CGCACCACTGGCATTGTICAT 3

Primer) TTCTCCTTGATGICACGCAC 11 PAX6 (Forward Primer) 309 bp

CGTCCATCTTTGITGGGAAATC 4
Neur oD (Forward Primer) 576 bp GAGACTATCACTGC_'I’CAGGA 5

204

Laaak-)

(Reverse

(Reverse

(Reverse Primer) GAGCCTCATCTGAATCTTCTCCG 12

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

Pri rrer) GATAACCCCETGCAAACCGTH F—¢€ ( For-ward—Pr-ret Z 04
CAACCACOGET GRAACTAG B ]%rﬁg?ﬁarse Pri mer) CCGCTATGAACTGG(EI'CTC 14
"d obin (Fgrward PGCGECﬁCMOﬂEAMCm@QCCATCATTG 7| (Rdgerss
Primer) TG 3 ATACCACC—5—AFP—{(Forward-Primer)—675-bp
AGAACCTGT(‘ﬁCﬂ&R’@C% BIPHBE o r se Priner) GACAGCARBERGAGGATGTC 14
[00115] | mmunocyl OGOACCHCAGERIATUTETCANES cel |1 col oni es|wer e3 washed
with PBSfand fi X@tqcl at%&;oom tenperature wth 4% par af of mal dehyde for
10 min and per neRFEd Gt Lo saponin for 10 jmin. The ¢ells were then
bl ocked with 5% HDT@EB(ECT’Q(@ATGﬁfeAmde 30 min and thenjincybated with
nouse ant ik peRecl-onal clon) or nolse anti-SSFA-4
nonoc! onal PAKE; 0@9“‘@%%3’7@ uz Bi ot echnol ogy) ¥8bPover ni ght at] 4C.
Goat anti{nouse I(g@f@g&r@m@m‘y}dm was | then applied for 0 mn
to visual jze the ntlsgeP
Sverse 1111161'
GAGCCTCATCTGAATCTTCTCCG 12
NeuroD | (Forward Primer) 576 bp
GAGACTATCACTGCTCAGGA 5
(Reverse Primer)
GATAAGCCCTTGCAAAGCGT 13
T (Forward Primer) 284 bp
CAACCACCGCTGGAAGTAC 6
(Reverse Primer) '
CCGCTATGAACTGGGTCTC 14
Globin | (Forward Primer) 397 bp
GACTGAGAGGACCATCATTG 7
(Reverse Primer)
_ TCAGGACAGAGGATACGACC 13
AFP (Forward Primer) 675 bp
AGAACCTGTCACAAGCTGTG 8
(Reverse Primer) _
GACAGCAAGCTGAGGATGTC 16
[00115] Immunocytochemistry Studies: hES cell colonies were washed with

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 anﬁbody (Sigma) was

then applied for 60 min to visualize the antigens.
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[00116] FI GURE LEGENDS: [00117] Figure 6. Transient transgene
expression in hES cells nediated by baculoviral vectors. (A-F) A
ti me-course observation shows a hES cell colony | (A, B), 3 (C, D)
and 7 (E, F) days after transduction with reconbi nant bacul ovirus

carrying e 16ene g}@ ]ﬂg} trol of the EF 1 a pronoter.
ast f E;

Phase- cont uor escence images (B, D, F) are
shown. (G Fl ow cyt onetric anal ysis of the percentage of eGP
posi ti ve hif8138 | s dfl“@edaymﬂwﬁranﬂgamfswmsmmnm }@S&tﬂﬁ}lecﬁatgdubje 7.

Dose- dee fficienc bacul ovi cto wth
t he CIprr orromtowgl%g&ﬁésf‘iﬂ?ﬁ% (&u@%ﬁ% °&S|ah?$§%§&fj i *ed by
mechani cal BB |(e; Dyanter @&, Fy days dfierednwlition wilorbebinint basitdvivs r uses at

various MJ s %ré'glto 100 pfu in suspension after dispase
di gesti on. Caﬁwalg SricReWider PPEQ@@TO(‘ P%ﬂl?)%Flwaomqt%PI@g%msh(ﬁa@e@

(D) OBob o rmdRoR B che ) duﬁ%ﬁ9%¥lg| cl e&Ggl&@G&gﬁg OVI § LB ors

(D) Dose-dependant tran vectors in
hES cel | spereABg: Qf@%w@ltshbﬁédeHS%Zpeymt-‘mgﬂ@cuﬁnt ransgene
expression in hES cells 1 day after transduction wi th reconbi nant

bacul ovi ruaeHdl Vals 7Mlce dePiihThihl AN, SrcEROLESaLANA

nol ecul ar mark rs in acu ovira t'or
t r ansduct i atorsTwigh the SENE Iptomﬂterrm §ESweelis. (A-G THebES call cﬂﬂmpsr]miﬁambm ant

bacul ovir e und nt he.

oot or | dRech b AR e e A O o SR o ol o Mo,
days af t erfront i ans@lusfuiosuspdRfioR@Rentispastsdigestion. @ﬂﬁﬁ&bn&d& By @gni on of
nol ecul ar .kers in . nock-t hES. ceiciq and hES cells
transduce#@?uﬁlgﬁﬁ?%‘?ﬁfaﬁ?s %@S{@@ﬁ@;ﬁ colagiry 1idqy 6@{3 URHMGYEE det ect
the expr eshowi (D DoSEApAn@mersinchioNBIHRNSy bybdtlbkale@padusrg hES

cells (C, D ES cells transduced by bacul oviral vectors- (E, F).
The transd‘ﬁﬁsegggﬁgn@é(?‘ﬁ@%déheaﬂ’%@n@g‘é‘tp fignsgepeepressienin BN @lpddi es.

Seven day Siay aftér@faniHefifPvEh RREVLIW A TRk M RmsR tr PLRus hayed the

expressi on of mar kers for three germlayers in enbryold bodies

derived fr8 @ tansduced hES cells (G and. from hES cells
transduced @1/ acul {Fore . Rrprssyps of tpplecylganarkyes in ifresllaties; ap) e

transgene bemmv&wt@nﬁﬁ&&ﬁﬁh@h&?@&m&ﬁﬁpmer@ﬁ%d&ed%ﬁyol viral
vectors. The %ES cell_ clunps were transduced with hybri

“bacul ovi r G&E8 “@Bﬂ?a&mﬁw qopeinipehe aGFY) sene vader GIDTHIT-%l Oﬁﬁf@ GMHI ated onto
fresh feegginfoterEADOI F¥A80 bhyRplhikea oﬁﬁhl e el feSRESSE] MRENARE Cal |y and

replated onto fresh feeders ever
transduction, RT- PCR was used to etect the expression of molecular markers in

mock-transduced hES cells (A) and hES cells transduced by baculoviral vectors (B),
and immunostaining to detect the expression of SSEA-4 and Oct-4 markers in mock-
transduced hES cells (C, D) and hES cells transduced by baculoviral vectors (E, F).
The transduced hES cells 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 AAYV 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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week at the tinme of normal subculture. The Rep/| TR construct that
directs transgene integration is shown on the top. Phase-contrast
.(left) and fluorescence (right) inages denonstrate the enrichment of
eGP positive hES cells after 1st, 3rd and 7th selection. [00121]

Fi gure 10. ' Ly 1 d by
hybrid bac "IY\%IS :é?% %\H}EE 00?121%1 #h&lﬁﬁ P@ﬁ%@% (S:%%c%ﬁﬁédl%%ﬁﬁ%g%%%e
directed t antegtatidngs grtwinanehd mpxPhaema:cmtrsst (leA) and fluorsacedse Giphe) inapge of

t he overgr GFP . posi.t ES, cel feede 4 weeks

u thout - SubEpehis T arieRi bh Rl ERuER e el SET M e pher o

gener at ed Ekglegiohhe overgrown hES cells. (C) A phase-contrast inmage
and (D) a fluorescence image show typical neural differentiation from

neur al sp erived fromthe stable hES cells after plating for 2
weeks. 2&@1 FI uotiguedfch e‘ilﬁlacg@%re’étfaﬁt)?/ﬁf IR C%é@@ﬁé‘—%@ﬂ?‘%ﬂéﬁ from

the st abl Y Wy Bl e Gicht DEeRorS, eme%tabgd ﬁﬁs&%ﬁﬁmcéﬂ%g ethch%cfed bodi es
and neurites., [00122] RESULTS: 23] We isolate ES cel cI unps of

BBS- 1 | i ned{prontiatamp aerons) (4i uore@g@q@emdmfttmtwergmw@rainﬁf? ee hES
cell cultu ul ovi r al
vectors Coﬁﬁéﬁﬁﬁeﬁi%@gﬁé‘en é%?@%%%gl%%rﬁh&%ﬁ%gg%l@e Eﬁ%ngﬁlefce%) gene
at a nul ti phageiof yewdl sphefregdnemted(MobDhe fovégdwal RFuells gCiAndaseriohisast pf u)
for 1 h b ng on feeders. ., Driven he human EF 1 a
ot or , etk Sl A AdoReils kG ShM b Gl iy By ppura
transduct i ephesenddribeicfeome tiaisgibl eﬁiﬂ&ﬁeﬂmsﬂa‘ 1aahg2ﬁ2hweekchf& TLI ght green

fl uorescenﬁﬁ%@overl n the whole clu Figure 6
transduced SEERPY Wages Al tARAL PERRTS e’fIY qnh@l@@ﬁbh&ﬂﬂ%@%ws #Ysa

col ony wi tﬁltaeeppmimitheﬂeaeﬁomé%a%uﬁwrounded by new y generated,
eG-P-negative bES cells (Figure 6C & D). The eGP signals in the

central ec ver time and becane very weak by day 7
(Figure GEﬂigqg?f S%SSE{L metric anal ysis denonstrated about 35% of
the hES cells in the cl unps being eGP positive at day 2 (Figure 6G).
Si mi | ar ref00M28] wer avohsleted GES whik olubnds of RS- dine b9 cheRhignioM éifdidghe human

cyt onegal OVI ru diately e y ronot er ,and enhancer (CW
pr onot er) g%@% %@ %E‘gc?lﬁé‘g@ﬁ? AP gad gaﬁsﬁé‘éftdt?%%‘mps
bacul ovi r amwmmv&alamomamﬁﬁgtam dAhari¥Blirdél MbrédceRShétbh (
expression_in hES ce 00124 Bacul ovi rus transduction caused no

obvi ous cy¥GE 85 ’8“1@?}?%%@ %FFWE@’[%“E 100 plague-forming units (pfir) for 1 h

before replating on feeders. Driven by the human EF1¢; promoter, eGFP expression
was observed as early as 6 h afer transduction and became highly intensive ai 24 h,
with bright green fluorescence covering the whole clumps (Figure 6A & B). The
transduced hES cells kept outgrowing from the clumps, resulting a colony with a
central “green’ region surrounded by newly generated, eGFP-negative hES cells

| (Figure 6C & D). The eGFP signals in the central region decreased over time and
became very weak by day 7 (Figure 68 & F). Flow cytometric analysis 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 baculovital 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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cells, even at an MJ of 1000 pfa. Infected bES cells displayed no

nor phol ogi cal changes and proliferated in a simlar way as those
non-i nfected control hES cells. Baculovirus infection had no effects
on expression of markers for enbryonic stemcell pluripotency such

as Cct-4, =4 i j e.the expression gf the
repr esent at§ ?\Eﬁb ‘%ﬂ%ﬂ%} 12@%? ! (ﬁqgjﬂ? r#g%g%gfjér]ng#fé?@ g?efqgg@a@ﬁg}ag X6,

Neur oD, gl olringes adgrdiftafeHigusimila) wayTsithose hsginfatddannirsldiBsakgs t hat
bacul ovi ral, i nf ecti. does  not ffect the plurjpofency and
proliferat Bafo E%Q?%@Pﬁ@# ng %fé“f%s’}l RGN qurr{éﬂ%fgf’g & eRpyPREsteBreelln
hES cel|'s ahtipbte@SNaER & OB, DY AU 08 nhifog £l WEd @) ifiBle thi'ExAfiRlbh 6At | ONs
of these hES cells in regenerative nedicine that- require” long-tern

expr essi on thSfeRTFsEpiEE e aarkers fordhe threg zemme lageisdneluding PactsaNairol; glabin
vector = ' : ' . ri.d
bacul ovi ral /ey oo AR AR Hchis s PRARMMI LI dBDhOr

t er mi nal r eifesithe phTiRptepequdnrdFehtionof iferts.associ at ed vi rus (AAV)
(Pal onbo, Monciotti et al. 1998). This chimeric virus construct

t akes adva of ' .fe-s LfLe d.ntegration at,.the
VSl ot ol1as] 0 R bR 15 sl SR bR B ous
r econbi nat $roeial fhiMb€applicatiats ofithessERdells Thegaensie udicive that aghirwe CW
pr onot er sed in order to observe P expressiqn.in both

indi 11 or entTETEE SRTSUM FrORERsh o0 HEn] €° draton ol JBedovieg FIFierhi o
hybri d bacubdisted ahnsgeet sxpresdids webhstrubics Bhgvedb-alg0vsl veGoLssFP
expression,_in. the fi ??/t 2 days,, EGFP-positive hES cells begun to
appear in ﬂﬂ‘lhpgﬂ%?rfﬁ% p? aepesianr imveried derpinal rrpeds KNIR sedugreed Spuy | by

when t heseadefd=Rspelsted bires @AV)PYBRBo, MOAASE gt Y1998 TRAMM AR icShlET NY
and replated on fresh feeders. The nunber of eG-P-positive hES cells

in the col GBSt akesadyaniaeagiRspasdistadsitagpesificipiemativeal the ALYSlistn and

after 6 tOpBuseh G ¢ t le. ! eGFP
positive (Fiq%glr_te 9)i_n@%me@ii@g?@gﬁ;%&g‘g@ﬁ?@%@Eﬁﬁb@%&ﬁé@g@oe s_nconti nued
to expressMoberty Ak gatre. Therconstititivalytactive ChBSpagets: was hedtn ordansgene

o | EnCl 1, otSU00ESHE BB AIPOMEnd L ERE AL Q) FHhered - ARSORAIEALA]

by the hybrid vector. urther examn €'s
t ransgene ipthisdwbod baguboviralmectot,ibfScells dikygltyed minhdsene GEFP exgpessivaiion

Che. repr oonrnet B8soabPE ol MRS ot Pifer PR ERERNS08R 12 “hes
cel I s ver endbengreahmioonat dag dchswharthebe woSFRp oVl Wetdolaith ey, _
o Saspondisiais Bl SRGRARES on o sbaten R A pF 01 el HEA™ ™ 1
( Reubi nof fegllseit tlad col@dipcreabbewitlk sachrbui@ dTeuwcRdnidaPS8dclsn and afier 6 to

8 selections almost the whole hES colony became eGFP positive (Figure 9). The

selected eGFP positive hES cells continued to express the transgene for at least 10

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

-of bFGF and EGF for 1-3 weeks (Reubinoff, et al. 2001). The resulting neural spheres
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31 renmi ned intense eGFP fluorecence (Figure 10B). After plating on
poly-D-lysine and lamnin coated dish and cultured in the absence of
grom h factors, the neural sphere displayed typical neural
differentiation phenotype with extending neurits and expressed
bright eG-R -F) .. The transgene

expr 551 on haadt lshie e dEARELNE dbI0D vifer Bbisd B kLR he
end of the laxipardonied t:'h)sh aucBaEﬁuﬁGSn tha ebseaty aifipBowth dctors TORYiae Sphee

representatLv fromrre oderm . were al so derived from
these trandk %3%‘%&1&_%& E’Lclh GFEP‘FP@“’&B Q’REB‘G@ cgiepdiag asHtitsandon.

| por tant | yx 1’6&%%&1@1@6@1@%%‘&@&%&5 ﬁﬁ:ﬁbﬁﬁéhﬁﬂsg&e%%xﬁsmﬁlhe
differenti atl on, .[00127] As can be under st ood by one skilled 1n the

art, many WEaRRIGEddR Semsutonhior aileashdhdays &b ontl ofidhe expadment). bed
herein ar e pROIS M LeuroliS: tﬂéfrﬁfﬁ g@g e r%y%[agéﬁ{ah&é %P !)Qé @Q ﬂ?ﬁ ntle(go en%o npass

all such nodification wt
[00128] Al Wettodsordsrived ﬁ@ﬁélesfetﬂaﬁsdudaéhﬁs nelhrderﬁgxkﬂo;atmmﬂif&t@h&ﬁbnby

ref erence. h various e nvention are
di scl osed $6I najglﬂrlf"'é\‘3 ae 8 P ?S(fﬁ@ma?fg&ﬁﬂjd?qﬂ%ﬁﬁﬁﬁﬁé %eﬁ%a%de

wi thin the scope of the invention in accordance with the-comon
general knf1@dpe ofAtdmnde us&arétbc&ﬂayl onetskiiled Arthe aifuehy nivdifichiiaatié ons

include th stituti,o kno ui.val ents f any aspect aof the
i nvention ?lnseg?na@?lyt 8“"8@%% (761‘3?‘;\#5 ‘i F’@ﬁ?ﬁlbll:gfh?d’bg@g?ﬁ’ Fepge S ¢ he
sane way. Midnded weodmemis Ahsheb elo@ifchiidronitieh B sdep8ds HemplinyRave t he
same neani ng. as commonly understood by one of ordlnary SKI|| in the
art of thi ention, unless defined otherwi se. REFERENCES Ho, Y.
C., Y. C Chung, et aI. (2005). "Transgene expression and

di fferenti[a0M@8] of Albgdthments uFertddan hekdiege RUNRLORRSAETHYEREenss. €M
cells.” J Gene Med 7(7): 860-8. Kawabata, K, F. Sakurai, et al.

(2005) . Ef/ etran.sfer tom) rrb ‘oni ¢ te cells
0|ru vect

with aden gu gk Yapiou sr'ﬂ:&l? ”§3 fonppsediscloped heremnyy ~ p
Condr eay, wmtnyeddapth@E3ahd moBiculicN infastDe amdy Qﬂitﬁﬂatthé &oﬁ@ﬁftﬁé ﬁw&ﬁfon in

protein ssion i nsect and an cells." Nat Bi ot echnol
23(5): 56 Ayedantg ’ibﬁge GQmIRpn gﬂ“ﬁ”&ﬁi%ﬁftheﬁe lled in gypart. Such
" Char act ermmﬁﬁtrﬁi@n@fmﬁd&ﬁﬁfsﬂﬁshﬁﬁoﬁ of o etquﬁaﬁan@ 50D 2. QITB: ok R f OF

i ntegration of, adenqg-assqci ated virus,_ DNA ty
invention in order to achieve the same result in subsfantially the same way. All

technical and scientific terms used herein have the same meaning as commonly
understood by one of ordinary skill in the art of this invention, unless defined

otherwise,
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conprom sing the three enbryonic germlayers. Ml Med. 2000;
6(2):88-95. 34 WVHAT IS CLAIMED IS: |I. A nethod of delivering a

nucl eic acid nolecule to an enbryonic stemcell in vitro, conprising
infecting the enbryonic stemcell with a baculoviral vector, the
bacul ovi r&AHA/RIS OLAGMIEDY ISsi ng the nucleic acid nolecule. 2. The

met hod of claim1 wherein the enbryonic stemcell is a human

enbryoni cl. st ednetidd ofeliérmgmietedc afid aloddcnielo an embeayjoricktaheelein t he
nucleic acid nolecule _conprises a transgene, the transgene including
a codi ng ¥&gi GRPESEES ee%%sﬁvﬁrmseﬁem ﬁ?]éﬁ%t?éirmamﬂf)vﬁﬁé?eﬁt@{aﬂ?f‘d of

clai m 3 wheniglRaltyiof E&Hﬁgﬂﬁhﬁ%&é‘iﬁc‘%ﬁ hflecglgne, a selectable

mar ker gene, a gene I nvo erentiation of enbryonic stem
cells or a therapeutic transgene. 5. The nmethod of claim3 or claim
4 wher ei 2.t he Theonethed of Jaimn pwbasincthe spbeydnicstern eeld oy lppmdncenshrgomic
cells, ﬁegﬁrom:léer specific to a differentiated cell type, a

devel op Tar it pecific pronoter, a viral pronoter, or a fusion
pronoter of a mamualian pronoter and a viral pronoter and/or
enhancer .3.6. TR m@héDEf Qfincl ot fhin PhGRAIiNtHeR@cRIcHRE @bletslet he hunman
cytonegal ovirus i1imedi ate early pronpnter/enhancer. 7. The nethod of
any one dPmPriseswstransgence thefensgdre infduding & reing treiapend gp opgiablydinked
conpri se r&g&%f_t ed term nal repeat (I TR) sequences fl anking the

nucl ei ¢ &ac nol ecul e, and a rep gene. 8. The nethod of claim?7
wherein the | TR sequences and the rep gene are the adeno-associ ated
vi rus | TR. seqUigheaesthahdf ¢clam 3 eherciOthe Tilaesgret sadrepdricapgng neclettableai ns

110, e BReH Ll Bl B A ESP e o2

clains | th&algeufﬁghtaﬁ%ren@_orrpri sing inducing the enbryonic stemcell to
differentiate. 35 11. A reconbi nant bacul oviral nucleic acid

conpri si nsg a pronoter specific to enbryonic stemcells. )
. 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 pr'omoter 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.

2 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 ¢laims 1 to 9 further comprising inducing the

embryonic stem cell to differentiate.

35



12. The reconbi nant baculoviral nucleic acid of claim 1l wherein the
pronoter specific to enbryonic stemcells is operably linked to a
coding region or to a nultiple <cloning site. 13. The reconbi nant
bacul oviral nucleic acid of claim11l or claim 12 wherein the

pronot er IgpeciA rotmdirRrbbacoivialsteBie&did Sorhpridilica peimcterpedtit & . 14.
An enbryonic stemcell conprising a reconbi nant bacul oviral nucleic
acid of <ffyyHesem s ms 11 to 13. 15. A pharnmaceutical conposition
conprising an enbryonic stemcell of claim 14. 16. Use of an
enbryoni st emitSelonRAfRE bakiliAl hRIAERLARLIBAGY WU dRthdHGhEIF
acid for treating a disorder 1n a subject, the disorder characterized
by the prspesficteembizanio sem el ivomtibinlickeddo spedingiregicr bt totappeltiple t he
subj ect . 1.17.. USF of an enbryonic stemcell conprising a reconbi nant
bacul ovi % %ic acid in the manufacture of a nedicament for
treating a disorder in a subject, the disorder characterized by the
pr enat ur g 3deatTheqecoiihand badudsvid nacl&ipagidforelagflll ok ¥REN 1D wheb@n the
subject. 18. The use of claim 16 or claim17 wherein the enbryonic

st em cel IPr¢fagtepasgificdp prmbp@aid wiem gellsis theppe-/psemefer.any one of cl ai ns
16 to 18 wherein the baculoviral vector conprises a therapeutic
transgeng, 20.5.T. one. of i 16 -t : i

di sor der Eii4's C%%ﬁ?%ﬁg% een?rlg%l, uﬁ}g}xﬂn@&%&%ﬁ%ﬁ%&gggﬁgﬁ zﬁlg?lﬁ%ra‘tcgje()f

di sease, aAlSne GNJamt@anEge,13spi nal cord injury, Miltiple Sclerosis,
cardi ac damage, |iver damage, ki dney damage, pancreatic danmage,

retinal mage, Jntestinal damage, skel.etal nuscle. dama scul ar

Gyst rophylo- o PRARGIG qapafiat compris pen FERVERATE CHLOAE ai
16 to 20 pherein the enbryonic stemcell is 36 adapted for surgical
i npl antation or injection. 22. The use of any one of clainms 16 to 21

wherein the enbryonic stemcell has been treated with an additi onal
growt h f dét or Use®f argabrpgaicotters call pemprisipgd egcampianglpsntaviakiuctpiowt h

factor i g f4Mf QQAtﬂ%ta B5Hd:Rn afs@t% E&,r th8'disBrd2f Uﬁa%crtgr%h rﬂ)y the premature

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

17.  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.

18.  The use of claim 16 or claim 17 wherein the embryonic stem cell has been

differentiated.

19.  The use of any one of claims 16 to 18 wherein the baculoviral vector

comprises a therapeutic transgene.

20. The use of any one of claims 16 to 19 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
damiage, retinal damage, intestinal damage, skeletal muscle damage, Muscular

dystrophy, lung damage or diabetes.

21.  Theuse of any one of claims 16 to 20 wherein the embryonic stem cell is
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37 SEQUENCE LI STING <110> WANG, Shu ZENG Ji em ng <120> METHOD OF
DELI VERY OF NUCLEI C ACI D MOLECULES | NTO EMBRYONI C STEM CELLS USI NG
BACULOVI RAL VECTORS <130> 93231-114 <150> US 60/ 684, 958 <151>
2005- 05-27 <160> 16 <170> Patentln version 3.3 <210> 1 <211> 25
<212> DNAdapted s srgical ingpnlentatipersinjedd B> synt hetic prinmer <400> 1
cttgctgcag aagtgggtgg aggaa. 25 <210> 2 <211> 20 <212> DNA <213>

SHIEE S T e .

been treated with an additional growth factor.

23.  The use of claim 22 wherein the additional growth factor is fibroblast growth

factor or a neurotrophin.
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<223> synthetic prinmer <400> 3 cgcaccactg gcattgtcat 20 <210> 4
<211> 22 <212> DNA <213> artificial <220> <223> synthetic primer
<400> 4 cgtccatctt tgttgggaaa tc 22 <210> 5 <211> 20 <212> DNA Page
1 <213> artificial <220> <223> synthetic prinmer <400> 5 gagactatca
ctgctcagga 20 <210> 6 <211> 19 <212> DNA <213> artificial <220>
<223> synthetic prinmer <400> 6 caaccaccgc tggaagtac 19 <210> 7
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<210 1

<211> 25

<212> DRNA

<213> artificial

<220>
<223> synthetic primer

<400> 1
cttgctgcag aagtgggtgg -aggaa. 25

<210> 2

<211> 20

<212> DNA

<213> artificial

<220>
<223> synthetic primer

<400> 2
gcgeggtett ggotcactge 20

<210> 3

<211> 20

<212> DNaA

<213> artificial

<220>
<223> synthetic primer

<400> 3 :
cgcaccactg geattgteat 20

<210> 4

<Z211> 22

<212> DNA

<213> artificial

<220>
<223> synthetic primer

<400> 4
cgtccatett tgttgggaaa tc 22

<210> 5
<211> 20

<212> DNA
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<220> <223> synthetic primer <400> 7 gactgagagg accatcattg 20

<210> 8 <211> 20 <212> DNA <213> artificial <220> <223> synthetic
primer <400> 8 agaacctgtc acaagctgtg 20 <210> 9 <211> 21 <212> DNA
<213> artificial <220> <223> synthetic primer <400> 9 ctgcagtgtg
ggtttcgggc a 21 <210> 10 <211> 24 <212> DNA <213> artificial <220>
<223> synthetic prinmer <400> 10 gcctcccaat cccaaacaat acga 24 Page

2 <210> 11 <211> 20 <212> DNA
«213> artificial

<220> . .
<223> synthetic primer

<400> 5 '
gagactatca ctgctcagga 20

<210> 6

<211> 19

<Z212> DNA

<213> artificial

<220> . .
<223> synthetic primer

<400> 6
caaccaccge tggaagtac 19

<210> 7

<211> 20

<212> DNA

<213> artificial

<220> : .
<223> synthetic primer

<400> 7
gactgagagg accatcattg 20

<210> 8

<211> 20

<212> DNA

<213> artificial

<220>
<223> synthetic primer

<400> 8
agaacctgtc acaagctgta : .20

<210> 9

<211> 21

<212> DNA

<213> artificial

<220>
<223> synthetic primer

<400> 9
ctgcagtgtg ggtttcggge a 21

<210> 10
<211> 24
<212> DNA
<213> artificial

<220>
<223> synthetic primer

<400> 10 ‘
gcctcccaat cccaaacaat acga 24
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<213> artificial <220> <223> synthetic prinmer <400> 11 ttctccttga
tgtcacgcac 20 <210> 12 <211> 23 <212> DNA <213> artificial <220>
<223> synthetic prinmer <400> 12 gagcctcatc tgaatcttct ccg 23 <210>
13 <211> 20 <212> DNA <213> artificial <220> <223> synthetic
primer <400> 13 gataagccct tgcaaagcgt 20 <210> 14 <211> 19 <212>
DNA <213> artificial <220> <223> synthetic prinmer <400> 14
ccgctatgaa ctgggtctc 19 <210> 15 <211> 20 <212> DNA

<210> 11

<211> 20

<212> DNA

<213> artificial

<220>
<223> synthetic primer

<400> 11
ttctecttga tgtcacgeac ' 20

<210> 12

<211> 23

<212> DNA

<213> artificial

<220>
<223> synthetic primer

<400> 12
gagcctcatc tgaatcttct ccg 23

<210> 13

<213i> 20

<212> DNA

<213> artificial

<220> _
<223> synthetic primer

<400> 13 '
gataagccct tgcaaagegt 20

<210> 14
<211> 19
<212> DNA
<213> artificial

<220
<223> synthetic primer

<400> 14
ccgctatgaa ctgggtcic 18

<210> 15

<211> 20

<212> DNA

<213> artificial

<220>
<223> synthetic primer

<400> 15
tcaggacaga ggatacgacc : 20

<210> 16

<211> 20

<2172> DNA

<213> artificial

<220>

<223> synthetic primer
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<213> artificial <220> <223> synthetic prinmer <400> 15 tcaggacaga
ggat acgacc 20 <210> 16 <211> 20 <212> DNA <213> artificial <220>
<223> synthetic primer Page 3 <400> 16 gacagcaagc tgaggatgtc 20 Page
4 ' :

<400= 16
gacagcaagc tgaggatgtc 20
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