WO 03/ 056019 23 JUN 2006 PCT/ AU02/ 01758 METHOD OF TRANSDUCI NG ES CELLS -
FIELD OF THE | NVENTI ON The present -invention relates to nethods for
genetically altering enbryonic stemcells. The present inventi®g JANS006

rel ates twoosllseoland ani mals that have been genetically shtgygdoMsd N9
“lentiviral vectors. BACKGROUND OF THE | NVENTION The ability to 1ntroduce

genetic nodifications intgo.cells via the netic 10 manlpulatlon of
enbryoni ¢ stem (ES) cel | M ERILQ*INGHEBI:@ EbkSi ¢ research of the
- function of many genes of interest. A large proportion of rTesearch in this

area has been directed to the genetic manipul ati on of nouse ES cells,

since genetically mani pul at ed FiBLBEOEFHEINVERTIONSed to alter the nouse
genonme and hus of f i rect approach to the understanding of gene 15

a
function i thrqsﬁpgd{“f I%Fela'@@n@t metheds jon aenelicady alteriag @sbowinis nay
be al s» i gah waitke T p F’%rﬁth‘&% e usef ul
for many other applications s ﬁgé %ﬁg?%] Ve @p%ﬁtér&q H{Vg’a"g?éﬁﬁfﬁa‘f%eases
generati onbeah gepedtalicaizsed elsingdentiviesd vpetogeny, the use of human ES cells
in gene therapy and others. 20 Wiile nouse ES cells are anenable to
genetic mani pul at ion by a few approaches, it is known in the art -that the
bi ol ogy of marine and humemaEREROUND &FeTIgH! ent in many respects.
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mouse genome and thus offer a direct approach to the understandmg of gene

15 function in the intact animal. Genetic mampulatlon of human ES cells may be

also invaluabie for the study of gene function. It may be aiso useful for many.
other applications such as the deveiopment of models of diseases, generatlon

of specific ES cell derived progeny, the use of human ES cells in gene therapy
and others

20
While mouse ES cells are- amenable to genetic manipulatron by a fewr ‘
approaches, it is known in the art that the biology of murine and human ES ceils

( ' ~are quite different ln many respects. Accordingly, methods that are efﬁment
| with mouse ES celts may be unsuitable for human plurlpotent celis.

25 .
For example, the .cytokine leukemia inhibitory factor (LIF) can support
Undifferentiated proliferation of mouse ES cells while it has no. effect'on hﬁman
ES_ce_lls. The differences between human and mouse ES cells were further
noted in attempts to provide delivery systems for the franéfer and expression of

30 foreign DNA into ES cells using both viral and non-viral vectors. Non-viral gene
delivery systems include electroporation, microinjectibn and cationic liposomes.
These systems have a reiatively low transfection efficiency and general[y allow
only transient expression of the fransgene, Wh'ilef elec’:troporafion is the method




These systens have a relatively low transfection efficiency and generally -
al | ow onl(); transi ent expression of the transgene. Wile el ect rogdrﬁm o i s

t he met hdMOWHPHBID56019 2 23 JUN 2006 PCT/ AU02/ 01758 of ebwiate/fosst he
~transfection of nouse ES cells, it ha& been reported to be -inefficient

th huna I I.n 0_non- ¥ir al deI r stens,, viral
veetors malEMRES, Ik " pERGRRAR of SrdlRR: Ecfeie Sbh 3 GRS b
Ret r ovi r alnefigséngith Wuhedh E8fee@t. only dividing cells, have been used for

gene delivery. These vectors integrate into the host DNA and thus enable a
stabl e transgene expressi on. However, such vectors have probl enms when used

with ES ¢ 0 atlal C of the , transgene in '
nmouse ES g*né&g%'rﬁ tb%&' WAI% 3%‘%&@ e@?ﬁil\’r"@" nLPF?o it PIyegdo b &t ed by
de nov® neffieidnttosifoplehd &randict IRl @fraY VeSSBS, WKl IFEERH Y aﬁr‘idrﬁ@ceifs
transcri pt i onal repressors. H V-based lentiviral vectors ¥h have been

devel oped hae bgenyused o aemgydelivery of hesa vecors diegrate Rletor’lht?.rhna’t r¥As, the
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- have beenpﬂdhdwmstwhdamarmdm&h\t?e&b@ﬂ&db&‘ﬂ@sccmﬁpiéfd bSPeﬁde@éﬁQn gnsiupens and
hepat ocytes, in vivo and in vitro. A LIF dependent feeder free culture

system P'E!W‘?'le Hotmeyse Esheadtiae qﬂ}ﬁanThﬁog@@ &llengngvigshaughf -t be
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~ Applicant’s tory have 1 ndicated tire

nodi fi cat trammfptﬂmnahmpﬁésmb] s with a VSV-G lentiviral vect or sim I ar to
the one that was used for the nouse systemwas |ow. 25 Lentiviral vectors
have a further problemw th regard to biosafety. There is a danger that

t he i nt r oHpEbia88d EnthILS ScvRifd @it Haltk Hedih @é\}é'l@rbedr?é/cerrﬁ Wik d %5@%}1,3

reconstitution of productive viral particles inside ar C|p|ent
order to Of ifilisene ke dsatrevipuses, theclentviris vealors éntegrae setoethal host
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virus. Setcemiljrabvebioeshplaseed sweehad teysHate various types of cells rncludfng
neurons and hepatocytes in vivo and in vitro.

A_L!F dependent feeder free culture system, which is not available for human

20 ES cells, was used to transduce mouse ES cells_ with the V8V-G Iéntiviral
. vector. Results from the Applicant's laboratary havé indicated that the
efﬁ¢ienc;y of genetic modification of human ES cells with a VSV-G lentiviral
vector similar to the one that was uséd for the mouse system was low. '

25 Lentiviral vectors have a further problém with regard o biosafety. There -is a
' danger that the introduction of these vectors into an animal may result in the
recortstitﬂtion of ‘productive viral particles inside a recipient cell. In order to
improve the biosafety of the lentiviral vectors several modrficat[ons have been
introduced into them. First, six viral genes encoding probable virulence factors
30 were deleted from the wild-type virus. Second, a three-plasmid vector system
was constructed, separating the remaining genes into three different piasmids
to prevent reconstitution of Aproductive viral particles. Third, a self-inactivating
(SIN) HIV-1 vector with a deletion in the viral LTR that abolishes its promoter
activity has been constructed. The SIN vector can transduce neurons in vivo as




was constructed, separating the remaining genes into three different
plasmds to prevent reconstitution of productive viral particles. Third,
- a. self-inactivating (SIN H V-1 vector with a deletion in they¥ij§l7il6TR

that abol wihgHodsh® pronoter activity has been construct edict/ig2phNgvect or
~can transduce neurons in vivo as WO 03{ 056019 2 3 JUN 2006 PCT/ AU02/ 01758

efficiently as a vector with full-length LTRs. Its efficiency with ES cells
and its pfdenilalasta veeionydthstulidergthdnlBs.| lnetigiengy ity Esncells apd itgenes
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| entivirugngei.- The prior has also failed to disclose a nethod for
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undi fferenti ated propagation of human ES cells. It is therefore an object
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The odt “Torouidra sethes T dheitabis gersiametisptiod stes Chts Trna el ont | on
provi des an, cel'l . that has been genetically nodified by a nethod as ‘

descri bed herein. In another aspect the present invention provides a
protein produced by a cell genetically nodified by a method as descri bed

‘herein. 30 DESCRIPTION OF Tgh, i @&RESE THE INVENTION

15 Inone aspi—:gct the present invention provides a method for transducing a hLi_mén
emb'ryonic stem cell, said method including expo.sing'the _embryonic stem qél! to

 a lentiviral vecior.

" In- another aspect the present invention provides é m_ethod fb_r treating an
20  animal having a deficiency in a protein, the method includipg the steps of: ' |
: 'transduéing.a human ES cell according to the métths deséribed herein,
engra'fting the cell to the anirhal,-and

( " allowing the cell to express the protein.

.25 In another aspect the present invention provides an ES cell that has been

genetically modified by a method as described herein.

_ In another aspect the present inventio'n‘providés a protein broduced by a cell

. geneticaily‘modiﬁed by a method as described herein. '
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DESCRIPTION OF THE FIGURES

FIGURE 1 shows a schematic representation of the lentiviral vector construct

pRLL.cPPT.hEF-1ap.eGFP.WPRE.SIN-18. '




FIGURE 1 shows a schematic representation of the lentiviral vector _
construct pRLL. cPPT. hEF-1 ap.eGFP. WPRE. SIN-1. 8. WO 03/056019 4 2 3 JUN
2006 - PCT/v@ng%%@s FI GURE 2 shows FACS anal ysi s of transductibhtél liEs
cells with 10% - concentrated reconbi nant viruses. TransducBETVAEPYUTREr e

anal ysed 7 days after transduction fot fluorescence intensity and conpared
to control cells. The 5 | evel of spontaneous differentiation anong the-

transduced and control human ES cells was determ ned by the anal ysis of
t he proporRIGAUREBf 2c ehbwst FAC Svearelysismoh dressductien wift hEBheel®nuith ohex

i body GCTMR i bog: . th the TRA-1-60 ES cel |- surf
marker) | BROCEpIEed FtRaNaNt REuFEner PRNRCod AS AE TRprat ook

d. ff . . . : R - ! !
T ansduce s o e T e e T

transduced hES cells; ,
| ap. eGBP. WPREL. &l dparBaneals Wiflerentidtion: amesd UbedratsdhcpRiandcemirdl friman

.eGFP. WBPRE. SIIN-18.  FI. GURE h E _ Si f 1 ES s 45 d
(5 passagdsy GFeras AStEILRed 3t fon AWPDRS Ho TSR Tl Sdstohat werd® Gvs
PRLL. cPPT.ihfuh sk e wiliRRe Thbhddon&iAtinaig| GSTMARM Sleiidy that rewctef the

| evel of spontaneous differentiation were ﬁerforned as -described in figure

2. Fl GURE witls Bond Rb-fith i SESllcsuirfaceoneners  dag sipaet ghipiyd Higelowshdighd| | s

Mntense o iRRLERtnreheRd® i hehdieroi iR Bl bR T Eused HBS 0 5
days abt ercdiles (rN&i transisesl BEBatel$0(B) hE8 Tt GaREdGeahond pikids BEEoNt r ast

e eb UpTRE e 57 el b e R °

pRLL. cPPT. = Ei$SIN 18. A sphere cultured in serumfree nmedi um
S AP o

suppl enented W th " EGF(A, B).and 9 30 days after plating onto ani_ -
adhesi ve surface and culture in the absence-Qf _ ‘

FIGURE 3 shows FACS analysis of human ES cells 45 days 5 passaQES)—aﬁer
15  transduction with the lentiviral vector pRLL.cPPT.hEFi—,1 ap.eGFP.WPRE.SIN-
18. FACS analysis and determination of the level of spontaneous differentiation

‘were performed as described in figure 2.

- FIGURE 4 shows. a human ES celi colony 6 days afterpa‘s‘sagé.- The_cells were
20 transduced 4 w_eeks earlier. |

(scale bar 100pm).

FIGURE 5 shows an intense expression of the transgéne within an embryoid (
body 3 weeks and 5 days after its formation (scale bar 100pm).

25 | S
. FIGURE 6 shows phase contrast appearance and ﬂuorelscen'ce mi_croscopy
analysis of eGFP expression in a neural progenitor.sphere derived from hES
cells transduced with - pRLL.cPPT.hEF-1ap.eGFP.WPRE.SIN-18. ‘A sphere
cultured in serum free medium supplemented with bFGF anf EGF(A, B).and 9
30 days‘ after plating onto an adhesive surface and culture in the absence of
growth factors (C, D). Diﬁerentia’fihg cells that are emanating from the sphere

| (C) are expressing the transgene (D). Scale bar 100mM. |




growth factors (C, D). Differentiating .cells that are emanating fromthe
sphere (C) are expressing the transgene (D). Scale bar 100mM WD 03/ 056019
2 3 JUN 2006 PCT/ AU02/ 01758 5 FIGURE 7 shows coexpression of tBd JNaiggene
and neur avon®oieerss denonstrated by indirect inmmunofl uor epeenrgeySLE Ni Ng.
Neural progenitors, 12 .hours after glisaggregating of spheres and. plating
on adhesi ve substrate coexpressing eGP and nestin (raw A), N CAM+ (raw
B), and AIBARE aW Ghows Gudxpregsioh dof $peayieasgere nandomguralaM@KE t ubul i n

d d eGFP d f i f
neur al  progeared oy mared renigiRRcBhos siAhfiE, R iR 2 O
growt h T g¢d,p¢ Saﬂéra\mdaﬂg;a@wgefdf SOhAIED &fd i SIBORS S OoNGh@das esubstititeast

‘m crographs.of the ce . next colums show green and red fl uQrescence

Hrages of caehrprassing eCddpandi vestin (ran0ARNrCAW: gavt Be @F@e‘?ﬁ%(ﬂr%g: :
EACS Snal Gl YEREF skl TREHELRLRE hBHEE B b Gl EBhBBexplestolTEaR R hoN

KnockQut B 4&hdHBRARREIN &S d@g@ haften qRiPdt oSaeurl Rephasitors oni adhadiee
-lentiviral vector pRLL.cPPT. hEF-1lap. eGFP. WPRE. SI N-18. FACS 15 anal ysis and
det er ni nagubsiratsf ang sulteresh the abssntapbePy B fagiarehdvd?)-on were perf or ned

‘as descriped, i i QuUr e 2. .. l%‘lﬁﬁl . ‘ ells
“that wer eﬂﬁleﬂ%@g'ﬁ' o‘r?nao'%s wee {pﬁ%%?ﬁ%%%%@%a%ﬁ%ozEt?égégnd_%é

det er m natéx@ohimihehdwuptenbndpodtianescsnce 20agkd bbthentelistrespecively.
performed_as described in figure 2. FIGJRE 10 shows. ' Sout her.n.pl ot . anal ysis
Phat Has xpiaionr B drerrmas 880 figiesorics magvem Sy amobetrteap (e Hetllcen

hES cel | s, f;t panel: Genomic DNA was prepared from nontransduced (| ane.
- 1) and transduced (lane 2) hES cells and 25 served as a tenplate for Alu
(PCR. anpl i FIGIARE B stvowis FAGS/nalgsguwditengn Ffeeelisan dlayseatter ransdupReNpr i mer .

For quantificatipn of the numher o i es, of ..i viral PNA. the
anplifi edp%?%m%f@ @B?‘e"&i%ﬁ”ﬁ?ﬁ-’éﬁ SLBB%mﬁ%%”%‘I %{“8@{%?58%%?%3 %’R h WPRE
probe. Right fenedntiviranorddtoDWRItLherPThE o1 @paGiP WPRE.SIN-18. - FACS

15 - analysis and determination of the level of spontaneous differéntiation were

- performed as described in figure 2.

FIGURE 9 FACS analysis of the transduced cells that were maintained for 36
“weeks in culture. FACS analysis and determination of the level of spontaneous,

20 - differentiation were performed as described in figure 2.

FIGURE 10 shows Southern blot énalysis that was carried out to assess th_é

(3 " integration status of the transduced hES cells. Left panel: Genomic DNA was

‘prepared from nontransduced (lane 1) and transduced (lane 2) hES cells and

25  served as a template for Alu PCR‘am.p'lification with the Alu sequence primer

| and the.. viral WPRE primer. For guantification of the-number'of copies of

integrated virél DNA, the ampliﬁed products were subjected to,_Southerr} blot

_hybridization with WPRE probé. Right panel: Genomic DNA that was prepared

from nontransduced (lanes 1, 3) and trénsduced (lanes 2, 4) hES cells was

30 digested with EcoRV (cleaves viral DNA once, therefore detects integrated

‘virus) (lanes1, 2), or with EcoRV and. EcoRI (cieave viral DNA on both sides of

- the eGFP, therefore defect a 1.56 kb internal viral fragment shared by
integrated or nonintegrated virus) (lanes 3, 4). The'digested DNA was subjected




-

from nontransduced (lanes 1, 3) and transduced (lanes 2, 4)- hgS gg| tffﬁﬁ was -
3.0 digested with EcoRV (cleaves viral DNA once, therefore detects .
i nt egr at edwovisroaed9 (| anesl, 2), or with EcoRV and. EcoR - ( dlcaam2wiirssl  DNA
on both sides of the eGFP, therefore dgtect a 1.56 kb internal viral '
- fragnent shared by integrated or nonintegrated virus) (lanes 3, 4). The

" di gest ed DRASashembblet hridicitiey B @GF R proke. Sinhetvatic trksenthliong of te i on
ith eGFP 10 TR | j f the int ted viral DNA and
the posi 11 SeaRateHIASTRILE RS BREREHOORT i ool Reste SHERL AP EAGS anal yoes

~of transduced -hES. grown in culture for 1, 2, 5 3 and 4 weeks without
passagi ng. FILGJRE 12 shows coexpression of the transgene and. .nesoder mal

(nuscie adtBNRRANT shows BAGSsanaly$e) pf tiadsdinedddr srgrovn imtulture(f@y 1, Row
nmol ecul ar i i D))..markers by cells from di ssaggragat ed
EBs, NE?@&%@QW{%%S@?E@@H%&&%@Q.i munof | uor escence staining of the
markers (red) and direct eGP fluorescence (green). FlIGURE 13 shows o
~_coexpression of _the H}ansgene and neural markers. Four: weeks old neural

‘Spheres gefidPHd ¥4 Shrws FRpiRioESf dbe kanggese1 andlineegpsiesyal daysicle ed

and i mrunost.ai f r e Of Rl i It oderdn [nestin (

PSA- NCAM ( %)Eﬁh gﬁg ’ /KQ-B%%D‘?\%"%'PEIW 45, é%@g%@ﬁﬁﬁ@gﬁ‘ﬁ]@ﬂf o B&&gé}ﬂ‘?‘gﬁéf ver e
“induced t owdiigliteceiokertin ())pinatkary ion cetis fappr dipsagiragsieds EB2L qvie

-rermva{ of . m-togens. .Expression of markers of neurons [b-tubulin II1T (E)],
mat ur & heulTBAGST RRAIGIET Mol eHesRanes BNy thomestersHgd) anridirect
astrocyt es oL bfHscRse frdBhed. Merged images of . indi rect '

i mrunof | uorescence staining of ' the markers (red) and direct eGFP '

fluorescence (green). FIGURE 14. shows eGFP expression within teratonas
50 D ce: IEPRELE SiawERbelpidiRiin. o 416 RHSHRR cthpeuidl statiess Teur)
LI enkars! smenaghe sl yeABIcd 0D SINCARSES I S Sl
fol | oviithg fisgggeagated | Aatashs@sicni igmunostaimed  feGrpnatke(s) of primitive
* neuroectoderm [nestin (B), PSA-NCAM (C), and A2B85 (D). (Ed) The
- transduced neural progenitors were induced to differentiate by plating ‘on: an
 appropriate substrate and . removal of mitogens. Expression-of‘ma’r_kers'_of
o ﬁeurqhs [b-tubulin l_ll-(E)'],'.mature neurons [MAP 2a.b, (F) glufamaté (G), NF-
20 160 (H)), and astrocytes [GFAP (1)] was examined. Merged images -of indirect
- immunoﬂuorescénce ‘staining of the markers (red) and direct eGFP .

fluorescence (green).

FIGURE 14 shows eGFP expression within teratomas 'produ'ced. fi"c:fh_ the
25  engraftment of transduced cells in the testis of SCID mice. H&E sections of
Cartilage (A) and glandular structures (C,F) within the teratomas. The celis
- within these siructures are expressing eGFP as demonstrated_direcﬂy' in the
ﬂUoresce_nt images (B) and (D) or following fluorescent immunostaining'with anti
. eGFPin (), | |
_ 30 -
-DETAILED DESCRIPTION OF THE INVENTION
In one aspect the present invention provides a method for tranSducjng a human
embryénic stem cell, said method including exposing the embryonic stem'ce!{ to
a lentiviral vector. '




_30 DETAILED DESCRIPTtCN CF THE INVENTICN In one. aspect the present
_invention provides:a nethod for transducing a -human enbryonic s ﬁnpﬁghk
.said nethod |ncIud|ng exposi ng the enbryonic stemcell to (ﬁé%ﬁ@ J
vector. WYO¥BY10 7 2 3 JUN 2006 PCT/ AU02/ 01758 The neft &8 i bed
“herein have been discovered to, be powérful and efficient. tools useful in
the transducti on of human ES cells. 5 Wiile the use of lentiviral vectors.
.is known in the art for the transduction of cells, successful transduci ng.
of hunman E"Eh@ahbfhdm&s ldesugbetmdfmemebam deasss drs@Dveneéptﬁr thed powerig éncherei n

the term "transduci ng" s .to the.progcess_of etically altering a
host cel | Q@Fﬁ@t@%h‘s? {b tﬁf@db’wﬁgj’é ﬁ@ \Ee%fg%ps system Stem cells of

all species have a uni que bi ol ogy, being very different 10 fromother cells
in_the body, Stemcells are undifferentiated cells which can give rise to
_a successi hief thentise efflantitiied vattarelis &nower inetagnpitdor e hrenﬁtl@%ﬂﬂrepf c stem

- cell may glverlset of the di n
~di fferent | 3815 SHEGRRP @3# dug‘lngpcgih g‘ié%'t %éﬁépq%sgﬁé%ﬁ@é%% é&t&%éh\gasé HBF yoni ¢
stem (ES) used herahnideheeme reaneatisivgnirefess @ Bl bioceskens to
. any cell fﬁjg)'eﬂreldve Sfrom g%rrenbryo and belnng ptl%’r |rpoten thEs possessr ng

the capabi génstically dbednmp ipst neel HFNL I”%r@é’h%’f"’t@hé"ﬂd%‘(wsegn"%? 84n, or
~tissue. The uyni que,bi ol gay f he

i rect apptVE ot LRl % Baldid LRy Pibef pEMoNAYRIMErent 10
- that hpye poryemeridaistinvitie2fodyn Stemgeslist are mdjffénemateaﬂncerfs whidhecamt i at ed
cell's. There.is the further caonplication that hu n]a%gls |1s are %wte

di fferent gyeESisecdp| @ GUCEERRPN sPbcMelire AlYHIIGYHR Sstludfy SEMRIEs P ES

cells pr Ovbgﬁ%@&r@@% Em ‘é@ﬂ’?@aﬁ{j@pg rRQ tbNghydbf ther aféient wésqff teRARGH

manmal | an anmat i ¢ erencesin primaie and nouse devel opnent
of speci fi dificrerstizied Hioad cslis.hd\ spsablitihesof stemotaleiseBecenby/omic giemdel - of

'_ human devel i mat e enbryos r t t he
timng of @;8%} @ d%/b eldaﬁergﬁg't%”&ergn emb\‘yomcc,I Sl ceﬁf“'%te%' tbaénﬁ' ckft
o 15 derived from an embryo and being pluripotent, thus possessmg the capabﬂlty of
developmg into any cell type of the body, an organ, or trssue

The unique bic)logy of these primitive cells often prevents the direct application
'of standard transduction and transfection technigues that have proven effective

20 ln the genetic modit" cation of differentiated cells.

~ There is-the further complication that human ES cells are quite different to ES
cells of other specles Although the study of mouse ES cells provides clues: to
{understandlng the differentiation of .general mammalzan tissues, dramatic

: 25 differences in. prlmate and mouse de\reiopment of specrf c hneages limits the -~
| usefulness of mouse’ ES cells as a model of human development Mouse and
‘primate embryos differ substantially in the timing of expressron of the embryomc

genome, in the formation of an egg cylmder versus an embryonrc disc, in the -
proposed derivation of some early lineages, and in the structure and function in

.30 the extra-embryonic membranes and placenta.

“In addlt!on growth factor requrrements to prevent dlfferentlatton are dlfferent for
human ES cells compared with the requrrements for mouse ES celis. In

- culturing mouse ES cells, support’ from the feeder layer can be replaced by




genone, in the formation of an egg cylinder versus an enbryonic disc, in
the proposed derivation of sone early |lineages, and in the structure and
function in .30 the extra-enbryonic menbranes and placenta. In addidliNoii(s
growth f I¥PI¥0F8Yi rements to prevent differentiation arePETASREHSS f or
human ES cells conpared with the requdrenents for nouse ES cells.,

I n '
70 03/ 05 &P T5RsERs W HRO8 . 8 eVl e Phon Al ebRReShTCh
can preveigntiubligreralifarbiion Rafenconbé@rationensi @ignesl RIP! fafl efoapievent Lar ge
concentrations of cloned LIE fail to prevent differentiation of human ES

cel | |i nediffergngiation efhwynan ESteadlinesaand seamebrypaipdityoblast faesieniavedst o

mai ntai n e Iy pAt ; | | L.f. ' hes | s. The
use of 1Ry 86 BAReCALA? ol Boblifiohs PoferskBRIR 1ES <.

t he sgemglls| sSTHehate af eeatldriceliets idwn tdheause/g@blems Rvthuihedrensduction
characteristics of human ES cells manifests as a difficulty in transducing

t hese cel®fdhe gerapeliethal 3ye quiftised WHB th@Rk of Hamaguchi” et al 10 (2000)
denonstrates the stable transduction of nouse ES cells using a VSVG
pseudotyped 'lentiviral vector. However, Applicants have shown that a
simlar vigaiar thesunigekf chErederisiics behtmandthicello marfifdstaras abdiffieltysn Thus,

di ff erences bet ween hunman,k and, non- human emcells coupled with. the K 15
further | Ao noRe RELS AR e PR RC S viarh i HEmAdeNh Shelcal s

| eadggt 0 '@)@9? ahitnétraban il SRBRY trAfsd R igRIrhEase ESTedid MSJSPTWWV(ES cel |

by transduction. The ability to genetically nodify an ES ¢ I s desirable

because tpreugotgad lerdigirabwedtor aHaweveanfpriicants hevg shewrathasd siikar _
progeny cells.. Thus it.is sible.to netically,modify every cell of an_
or gani sm‘ﬁ% “'\%A’%é‘ﬁ%'ﬁe?‘(‘/lé‘dm%ﬁg sgiug’pﬂ%pgﬁu@@pﬁ&gﬁ.em cell. Lentiviral ( ;

vectors are known in the art for their ability to transduce sone cell 25
types and have the advantage of being able to produce a stable insertion of

a gene i ntlus Hiiffeiescee datwgen divenarcare nopthuhan stemmelisiarupiss withdheme t he
15 further differences between embryonic stem cells and differentiated cells leads
{0 uncertainty when attempting to genetically modify a human ES cell by |
transduction.

' The ability to genetically modify an ES cell is desirable because the genetic
20  modification can potentially be passed to all progeny cells. Thus it is possible fo
genetically modify evéry' cell of an organism that was derived from a singié

altered stem cell.

Lenﬁviral vectors are known in the art for their ability to transduce some cé!_l

25  types and have the advantage of being able to produce a stable ihsertibn ofa

" gene into the host cell genome. Once integrated Jinto the hoét genome the

provirus behaves like a resident gene, and expresses a foreign protein inserted

into the viral vector. Ler}tivi.ral' vectors are supérior to other retroviral vectors

since they do not have an absolute requirement that at least one cell division

30 occurs in the 24 hours after viral absorption. Human (HIV) and animal (FIV, SIV)
| lentivirus vectors do not Have this limitation. However the genomes of these
viruses are complex and some producis (e.g. the protease) tend to be toxic fo

host cells. Thus, while lentiviral vector systems have been a. great adVance in

fransducing cells, there is a high level of unprédictability that such vectors will




provirus behaves |ike a resident gene, and expresses a foreign protein
inserted into the viral vector. Lentiviral vectors are superior to ot
retroviral vectors since they do not have an absol ute requi rer’rﬁﬁtJUtNr?ﬁQ at
| east one alosEli¥i sion 30 occurs in the 24 hours after Vipgegjatabepispti on.
Human (HI d anr mal (FIV, SIV) leptivirus vectors do not have this
limtation. Hovvever the genones of these viruses are conplex and sone

product s %g RefdiFer B QchagRls ineadiven Spediex| ar dwosmall speties foragvemhi | e
lentiviral vector systems have been a great advance .in transducing cells,
there is eelhtygk. | evel of unpredictability that such vectors will WO

03/ 056019 23JUN2006 PCT/ AU02/01758 9 be useful for all cell types in a

glven speC|es or across all species for a given cell type. Even in

consi der at.i on.of the pr.ohl I r té Bapes have
successfu Nﬁna\'bﬁPPeﬁeF%l?El Q?qﬁ%w@g%'?%f{ﬁ%db%\%{a%g p'ngF £ ﬁeAP ?lg%%sﬂductlon of
hurman E&dsfullyl Bpptidd refnﬁmwrdvécmomanhnbm@ymlhredtranmlurcecno:rf hBROdes a
centra poPypurl ne tract (cPPT), or functional equival ent thereof. As used
Herein thES eells "central 10 pol ypurine tract or functional equival ent

t hereof' means any DNA sequence that is requi red in cis for the nuclear
inmport -of the viral genone into the nucleus of "the host cell. An exanple,

of such ajseguensted Sorhhef #i2 rbt&ﬂmcbﬁlerverﬁ@‘fr inchislga encentral malmEinedrastyi r al
-pol gene discl osed by Zennou 15 1n nDre e t of.

Ito he ?ret horﬂt;PPlH)e @Pﬁgqt'@nélerelq#lg’d‘?? ofhereeh \;\s 15eg, {}Bbeﬁ't'% ﬁ-rgene
- fmor.e - ngﬂgnrﬁnre't?aét%:funcﬁtoﬂ%[ec{lﬁldalEahPfﬁe@ediﬂ ¥hehnspey llONAe;eqM@ate it er ably

the c sequence as disc by Genebank accession nunbf NC. 001802
(nucl eot i @eseqlafher #e8)for THeenucieaniyedrt @ﬁ the viralgenanmer intp dhe Muc erltsoo he

vect had. bl ffect
_ el?l(‘:l glr en?;ﬁ gf r‘?esrtrgééguéﬁl %ﬁ"‘ e’%ﬁaﬁ@&b’&ﬁ %Jeﬁunalﬁnﬁrgeggl asezg) be furt her
i nproved %qmenglféllrﬁlgqé leptiviekd | o=l geneu&clcm‘e‘detm Zemfolf €996). f i brobl asts on

transductio Iciency. In a preferred formof the invention: transductlon
is carried out on ES cell clunps that

15 In amore preferred eémbodiment of the method the cPPTis denved from a HlV— '
| 1, SIV or FIV. pol gene. Yet more preferably the cPPT is derived from a HiV-1
] “pol gene Most preferably the cPPT is a sequence as disclosed by Genebank
~ accession number NC_ 001802 (nucleotides 4303-4480) The mtroductron of the
A lcPPT element lnto the vector had a remarkable effect (at least 3 foid mcrease)

- 20 on the eﬁ" 0|ency of transductron

7. Transduction of human ES cells can be further :mproved by mtntmrsmg the

i ‘deleterrous effects of ‘feeder fibroblasts on transduction . efficiency. in a

: preferred form of the mventron transduction is carried out on ES celt clumps that

25 were transrently plated on low densrty feeders More preferably the feeders are
present at a density of less than 70,000 cells per cm?, most preferably the |

seeding density is about 10, 000 cells per. cm?. immediately following

" transduction the ES cell clumps were transferred and further cultured on
| feeders that were prepared according methods described in PCT/AU99/00990

30 and PCT/AU01/00278.

| Short transduction of 3 hours was found by the Applicants to be as efficient as |
overmight transductlon Immediately following a short period of transduction the .
ES cell clumps were transferred and further cultured on feeders that were




.25 were transiently plated on | ow density feeders. Mire preferably the
feeders are present at a density of |ess than 70,000 cells per ggg@l &o
pt ef er abl WQ&Z @gedi ng density is about 10,000 cells per cnR. | N @Iy
fol | owi ng hedction the ES cell cl urrps wer e transferr REHABOFUTISher
cultured on feeders that were preparéd® accordi ng nethods described in

 PCTI ALOS1909900030 AR4RET! ARIHOA2T OgcShBEY | 1ANSEYAQBORoBONOrS s

found by cants t as efficren overni gh ransducti on.

| mredi at eRCT/AL0MDBR7& short period of transduction the ES cell clunps

"~ were transferred and further cultured on feeders that were WO 03/056019 23
JUN 2006 * PCT/ AU02/ 01758 10 prepared accordi ng net hods described in

PCT/ AU9Y/ W%%ﬁé@@red’ (;@tsmmrn@aaz cP 'e'Fﬁc.‘r"’erRﬁé‘g hdE bR Irﬁé{guctlo i on

efficiencies | nprove 5 carryi'ng out tra for
short @err:edsmgrmEtSramduct:burﬁqa@hmritprmmxdstdequeﬁGuMmm wﬁthedemelsa;mrwt In a
preferred 0 nt of the invention tran on is .carrie out oV
~about 3 hBﬁ:’%’e ef 8"$réf‘e"r‘ ‘?f "eﬂo%lBPBd'm%{ﬁsﬂﬁdbﬁ igKention: fapsductiogyfs over
~about 3 helffed At bWttty REFSUCHbRNpRfer ]Eﬁﬁr RubR frandAliBUSS chdticd
additional 1.5 hours transduction wrth fre super nat ant contal ni ng Vi rus
10 parti cbgtovehebdoli botisadddindisi drar‘aopcmr:f frfpihoviesd i<t Frdloteainbyd ot i on

efficienc 5 referred enbodi nent - .of .t he .net hod,
The et v brBtioABEL 5 Relrd, NedhellibhGT with e SR e el T e
pr ef et@bl partidss.| MHe VddimleV @@hstudtionU SEshréBoiit infpreRBE eihé atrhA8d@étion
approximately 108 TU/ nL. Viral vector concentration and the ratio of the

total anpgHtcisteyy aPoutHQ%t i ous units and the total number of ES cell had
a si gnlflcant effect on the efficiency of transduction. Wen the viral )
supernatant was concentrated 10 fold to a titer around 2x108, the i

t ransduct iroa fughér prefargd iembaisedt 3f thet meﬁ&)cplthérﬂ:rrﬂw;rél vadiof B Geddar ease
when. the total anpunt of

el i ot ek eaRimorE el TG WS shio oo e Al v Ges 0eR i )
15 at a concentration of approximately 10° TU/mL. Viral vector ooncentratron and
‘_ the ratio of the total amoun.t of viral infectious units and the total number of ES
-~ cell had a significant effect on the efficiency of transduction. When the viral -
| supernatant was concentrated 10 fold to a fiter around 2x108, the transduction
-efficiency increased 2.5 times or more A two fold increase in the offi iciency of
20 transduction was observed when the total amount of V|raI lnfectlous units was

- doubled (o 25ml vs 0.5ml at a 2. 58x108TUImI)

In a preferred fornﬁ of the invention' ’_transduotion-Is- carried out in a serUﬁ‘i—free (\
me_diUm.’ 'Applicants,have found that the uee of medium Withou’t- serum
25 improVes transduction efficiencies. In a more highly preferred methocl-
-transduction is carried out usmg KnockQOut DMEM medium supplemepted with |
SR The medium is added fo the cells (293 cells) that produce the \nral particles
‘ after transfection, so that the viral particles are collected .in this serum free
medium. The serum free medium containing the - viral particles is then
3C subsequently used for the transduction. . '

- In a preferred aspect of the method the cells are plated on fibronectin. 1t has
been previously. demonstrated that the efficiency of lentiviral vector transduction
of hematopoietic stem cells may be improved by infecting the cells on




tn a preferred formof the invention transduction is carried out in a
serumfree nedium Applicants have found that the use of nmedi um without

. serum 25 inproves transduction efficiencies. 1n a nore highly pr2fdtheps

- met hod, wbru@,msmgtlon Is carri.ed out using Knockout DVEM@EAUuMMIT5S

suppl emented with 'SR The nmediumis added to the cells (293 cells) that
produce the viral particles after transfection, so that the viral

parti cl es florenedin precedtadndishes (Meritmeft ale'eggaied?r@maﬂngaof;mmaﬁﬁ%wlthedl um

' h 30 |
Cransduct Lilomn o pPESki ciSTopdtn orreshgd nbenBareaette BERT Ry MBed on
Fi bronect iflymbh E*eaéenshﬁﬁﬂvd)fcﬁ&(msdsveorﬁ&%@a% m%)eﬁloWé%r tteecﬁa‘ntresaseacy of

| entiviral vector transduction hemat opoi eti ¢ stem cells may be i nproved
by i nfectithg lekel oé|d[f£erenttmr03/speeeme \r@trehmbmcqmtrat@nsmoﬁb!@ﬂ?s 11

T et e D e R R o T T et
Wi th humutl’é%@eetswm ahmoaplvﬂae(rﬁ%meeﬁrméeﬁhtm WA um\mmle 50%al so
increased the level of differentiation especially with hig

concent r atweigsGET M3 pegitiee when Toropeip Riesdafingnyas Bebyears @dS'PH'@r effgpk gene,

30-40% wer. e ctin
D ecoat | naianotGelyFB it S8kt GRSV IR St P Bckacts sie

- precoat i ngepienain ubed prételri rndrar oéféekératanassmplsaiteX&uandmn Retiipbatect | n
(The GCTM2 npnocl onal anti bod %%H rf)géoc%i! Pthe gro n core of a
ker at 48 s@%f&@'ﬁlﬁéﬁ%ﬁ*m‘mqtﬁﬁg g i %‘@ |GeisdFefmet 2l eogl ycan
found in human EC cells (Pera et aI , 1988). In: a preferred formof the .

met hod the vector further includes a post- transcri ptional regulatory
el ement orinf tmqirefmmmd éqtmvaf ghe mﬁh@@fthewen@rumqﬁemluﬂa%@ tRosh

"post -transcr Q UI val ent . t her eof '
neans anyqﬁf\W‘gQH %J@ %leielﬁen{ r?g? élphal ‘?%%gﬁﬂbem pressi on
post-transcriptionally either by increasing stability of .the nRNA or by
“facilitating the nuclear export.of the mRNA to the cyto | asm _An exanple is

the WSodchgdieerchriein e rRestiwsectplions regilatangiel @r@am at dinctignghent

_ “d| scl os ed e qu:vatent thereof® means any DNA sequenqecapable of i tncreasmg transgene

expression post-transcriptionally either by increasing s.ta‘_bilitydf the mRNA or by
3 .faei:litaﬁng the nuclear expor’t' of the MRNA to the cytoplasm. An example is the
- -Woodchuck Hepatitis B virus post-transcnptlonal regulatory element disclosed
20 by Zuﬁrey et aI (1 999)

~“In a preferred form of the invention the post-transcriptional regulatory eiemen't‘_ is
(] " from Human or Woodchutck Hepatitis B Virus Post-Transcriptional Regulatory
' Element (WPRE). More preferably the post transcriptional regulatory element is
25 from the Woodchuck Hepatitis B Virus as disclosed in Genebank accession
| number J04514 nucleotides 1093-1684. -

-The level of expression of a transgene after transduction was increased by the
inclusion of the post-transcriptional reguiatery element into the vector. Where
30 the element is WPRE this modiﬁc’aﬁon can increase the mean fluorescence '
i,htensity of expression with the construct that contained WPRE by two fold
com;l)are_c‘l with an unmodified vector. Hence the benefits of the additional post-

transcriptional regulatory. element can be easily ascertained_.




20 by Zuffrey et al (1999).. In a preferred formof the. invention the -
post-transcriptional regulatory elenent is from Human or Wodchuck .
Hepatitis B Virus Post-Transcriptional Regulatory El enent (WPRE).JUNE

pr ef er abl YOt08®83¢88%t transcriptional regulatory el enent isp2¥/Avtonitshe
Wbodchuck Hepatitis B Virus as disclosgd in Genebank accession _
“nunber . JO 1093-1684. The | evel of expression of a transgene

1:514 nl%ﬁcl %)éi de,‘rs? _ / ,

after trandgGeeri¥n YOPIRE 13 REGRRATEY Trara a plaemid vesiobpysies comprising at

post - t r angedst BivbPAEmiRI WRED Y ik i » idiectof N€

el ement i s WPRE Sﬂhi smrmdi fi caP ?{egﬁll, c nmlen\}cé}tégrs%@fgﬁggﬁrénh ?%%@g gl\ger%%"l '

i nt ensi t y systesx poryyising thred plasemidanst ruct t hat cont ai ned ‘WPRE by two fold
conpared wi th an unnodified vector. Hence the benefits of the additional
post transcriptional regulatory, elenment can be easily ascertained.. WO
03/ 056919 |? a3prbidirad Wnb & Ot | ) SIS e G S
prepared f roﬁjpa ‘plras m d v@{e@%{;st em c%??p??lg Fr%ﬁgamq/g%i\pgﬁe\%\g&p‘ﬁi%rﬂ ds.

. More pref delgbiop inHbewisd &R thad ebolishesf kopromeeasotivityy aatior hasystiegst

conprisin hr. I Lds. 5 In a preferred enbqodi nent, the vector is a
sel f-i nacgp%é{'rﬁﬁﬂp?%%%m\ﬁee&”&mwr?ﬁ'oé{egdfé PEIST R IMRrQUfethe: Biasafetyrot e

abol i shes vittor.PKRIBREREBYY bl WirufHbeOBchis 4t ré%%? iR f %rﬁ{?ﬁﬁf factor
sequence renoved in order to inprove the biosafety of the “vector. ﬁbre

~ pref er abl Yiosafetyyi Mesinereferablyortbe avestoreisodedvéd fanddiv-0. | nBefore the

bi t . P ' is derived from HV-1, Before the

10 pr L npratpl e e effcictfey &SR vadiefSlantEs vansiuskan ot Esertls i on- of

ES cel | s anddhéingiotemtitl ¢otiiduce stabloner® spddaleeiBssibh %lrﬂ%gsﬁgﬂéﬁv%son of
e

transgenes was unﬁqo . .The Applicants have surprisingly nst rat.ed th{e‘
ef fici ent U8KRAMR-  Big ARMICENIschRva) stmtisinglic demenstrateshthe: Bfficissitistablet h SN
vectors. B4 henasifeictl8farR ' i TR ctor is H V-1 based,
pseudotyped with the v%ﬁgg{:ﬁﬁg %%ﬁﬁ@@?%@%'@%@ﬁ pr ot ei n. _

Pseudotyping of a. lentiviral vector with VSV-G offers two advantages: (1)

It brgadeps_the host-cell range of, .the virus since VSV entrance into host
cel | 51%? S H‘b? tfw’gtb%rrﬂ;%q?r?%c’]e é’gji"f'?-ﬂt' the vector is HR/.-'l %ase , pseudotyped with

- the vesicular stomatitis virus G (VSV-G) protein. Pseudotyping of a lentiviral

- vector with VSV-G offers two advantages: (1) It broadens the host-cell range of

the virus since V8V ent:fance into host cells is not dependant o'n'spec;lﬁc
- receptors. -(2) 1t allows fbr concentration of the virus by -u[trabentrifugation.
20 without loss of infectivity t_;recause the VSV-G structurally stabilises the virion.

Preferably, the vector further 'inciudes, a marker. Ce]ls -may be genetic,allly
. quiﬁed at any stage Qf differentiation with repoﬁer- or selectéble markers sb Q/
- that the markers are carried through to any stage of cultivation. - The markers
25 may be used to purify the differentiated or undiffereniiéted stem céii‘pqp'ulation'
at any stage of cUItivation. The use of constructs containing 'marker gehes also
enables monitoring the fate of the modified cells after further in vitro or in vivo
manipulations. | ‘

30 The véqtor may further include a selection or reporter marker gene under the
cont'rol of a cell type specific promoter. Such a c_onstrubt will be expressed only
in a specific cell type and will allow genetic selection for the spéciﬁc cell and the
-establishment of a pure population of a specific type of cell. Any cell type may




receptors. (2) It allows for concentratioon of the virus.by.
. ultracentrifugati-on. 20 without | oss of infectivity because the VSV-G
structurally stabilises the virion. Preferably, the vector furth#d JUNdllides

a narker. wealsloSedi®y be genetically nodified at any stagepgijauezorss
differentiation with reporter or selegjable markers so that the rrﬁrkers

are carried through to any stage of cultivation. The markers 25 may be used
to puri fybeheelm&édarbyut uaingd tois apgidaobr éncliidingd undéffarentiated peplls abron  at
constructs containing nmarker. genes

any stage c
al }s/os e%aﬁl?%é #@ﬁ?% alafaﬁgeerﬁogelg{ypphe nodi fied cells after further in

vitro or -in vivo manipulations. 30 The vector nmay further .incl ude a
» selection or reporter marker gene under the control of a cell ty
speci fic pyanoewan fgthen prefesiest embodiment. afghe xpetbodeiBeosojor ’Fﬁ"-\ﬁ'%p%cr fic

| d | | I t I ‘ th
. eotabi ¥ SnigREroseRe pSC SRR AT 4 STk ST pebSr yRERE G e TE )
type may WRASHBEEDIo2the JEbo?08Rd mhA@O%quariréai%rotatheb@esnadegbaétuby usi ng
‘this approach 1 ncludi ng undi fferentiated cells or _ djfferentiated cells of

a specifi onagificatioppef. thenhest cellenThaugene Uspd de raneticalib ey the &S call
el D eRess a5 PASEE it HEefRadERBodfite Ho6R BEgidhoolile herm

forelgn geneé t IS I ncorporate he vector, and

- which is bﬁﬁélrr gt fpvevdriie tile sifferehtiztiontofcan ES0cdll sadhi es thé peheghostincel .

- The gene used to geneti call di f the S cel |- encode any pr.otein.

" prei@rr@@?é’r‘ﬁj@ﬁﬁ%rﬁe"ﬁ’ﬂét%@ B BESTEAtGR Giskich enGP TR ReRieY FIRe

di 17 er ent iglia: Ghe2RefSopficht YChufied hﬁnd?ﬁér@nﬁ@tee BB 11t peplrisaAsES cell

system GEhet catlon usin pem gene nmay. al so acr litate the -

devel oprrerﬂhroughrtherlﬁtredumtmh off erctonsi exprasEity GeDend SPGPENDch Protely Biath t he

i ntroductiqn of v rs_expressing a gene encoding a protein that wll

prevent dl"‘f'#]BFeé’rﬁnl gfff)e(gelntla?% Human ES cells nodified by vectors having

genes that direct differentiation as well as reporter or sel ectabl e marker

- genes may have |rg)roved efficiency of derivation of réfred go ul ations -
of a $peciHursar &9 celpErodiindby ypeicst havsg senes that dirdct ifferentiation as -

well -as reporter or selectab}e marker genes may have rmproved effi crency of

* derivation of punfied populations of a specific cell type. Pure popu!atlons of ES

) derived specific cell fype will provrde an- unlrmrted supply of cells - for.

o -transplantatlon therapy '
20 - : , g : S
o The gene may also encode transcriptional or other fa_c’tors that will' direct

~ differentiation of the host cell. The differentiation of human ES cells may be
L forced towards‘ar's"peoific'lineage or cell type by the 'introouction of vectors
. ‘encoding stich genes. For example the overexpression of human Nurr-1 gene,

25 . . which encodes a transcription factor of the thyroid hormone/retinoic acid nuclear -
o re‘ceptor 'fami!y,‘may be us'ed fo generate dopaminergio:neurons (Wagner et al
1999). Accordlngly the vectors of the present mventron may comprrse a gene

encoding a protem that controls the dlfferentratron of the host cell.

- 30 The skilled person will understand that for the gene to be expressed, the vector
must include a promoter operably Iinked to' the foreign gene. The promoter may
be any of a number of sequences well known in the art that is capable of
rnrtratlng expression of a gene in a mammalian cell Preferably the promoter -

may be any strong promoter of a "house-keeping” gene. More preferably the




derived specific cell type will provide an unlimted supply of cells for. -
transplantation therapy. 20 The gene may al so encode transcri pt If?%h % o
other factors that will direct differentiation of the host cellZ3PHY 206 .
di f fer ent wad d3m3eed hurman ES cells may be forced towards acapegizfoiessl | neage
or cell type by the introduction of vegtors encoding such genes. For

-exanpl e the overexpression of human Nurr-1 gene, 25 which encodes a .
transcri premofeicisrthef human molypeptider ebay edangatioo fantar rec|(B&F 1-@ecept or

fam |y, ) d M ner.ai,G. rons. (\\agner ~199.9).
Accor )éi ngl yozﬁ)ﬁgeur\sltggpgﬁs@%? 8®§Le?pr @gogﬂtpr?frﬁgée%f Eﬁ% Pﬁ%@“@%ﬁﬁgﬁ‘? '?e%q%éém? : )
encodi Nng acBoRfIKY Mot Bahebank raicestion Aumber eI0BaY | e Ganeblak asdeseRid .- 30
The skilled person will understand that for the gene to be expressed, the

vector mismberdV{ide5& nyeleptides 14 abl y 1inked to the foreign gene. The
pronoter may be any of a nunber of sequences well known in the art that is.
capable of initiating expression of a gene in a mammalian cell. Preferably

the pronotile meay forasyeride ipbendityosios eell Afanddiibsd sethkg eRCRE cagraigingVor e
preferably the WO 03/056019 2 3 JUN 2006 PCT/ AU02/01758 14 pronoter is

t he humanth@igppepior gieem diupresceny Rretsin paerebly linkethiortheah EF pe diremstteor  hPGK
pronoter. Mst kabl y.t.he o) er_has.a sequenc Lng 1]
Genepank 1A SURy Rt st ol A h lsrtB2nbonRRaiss he Y BhobPMmetsss

nucl eot i deurthebrhbre, The tredutlicroefisisicg evasialeo slighthohighet Klith the #FEFeced
wth a vector containing the gene for green fluorescent. protein operably
I'i nkelOt o PIOBOIATF| a pronoter was -slightly higher than that of a vector .

i ncorporating the hPGK pronoter. . Furthernore, the transduction efficiency

was- al so slightly higher with the hEFla 10 . promoter. Wen a concentrated
| enti vi r alWhertarcdritehtrates] Ueeiilitahevdtidr tisatpineiogselr the WERE 1angrdrhetes PPT éf» E

e rent B PR AT o, SR e Mh P BRESE18
' -Figure 1) was used fo transduce human ES cells with a modified protocol as
15  detailed in the Examples section, 24% of the hdman ES cells expressed the
- transgene (Figure 2). Seventy percent of the cells that expressed the iransgene
Were undifferentiated as indicated by immunoreactivity with GCTM2 antibody.
‘Similar proportions of cells were immunoreaétive with GCTM2 in - control
' hontransduced cells indi_dating that the -transduction profocoi ‘did _nét induce.
20  differentiation. By using a KnockOut medium transdugtion efﬁ-ciehCies reached
. 44% (Fig 8). o | |

By mechanically passaging regions that expréssed eGFP the pbpu_lation of hES (3
- expressing eGFP has further increased. Fluorescenbe mii:roécopy anélysis of
25 | hES'.“ceHs 28 days after transduction showed an intense :exp'rés-sibn (Jf-tlftéj
B transgene by the majority of the hES cells (Fig 4).' This was conﬁf.med_ by FACS
analysis of transduced hES cells 45 days after transduction (5 passages)
demonstrating that 81% of the hES cells expresséd high levels of expression of
the transgene (Figure 3). | |
30 |
In-a preferred form of the invention the-transduced cells are capable of being
maintained for 36 weeks without a substantial loss of transgené expression.
This has been confirmed by FACS analysis of the iransdt:céd; cells that were
‘maintained for 36 weeks in culture (Fig 9).’ |




15 detailed in the Exanpl es section, 24% of the human ES cells expressed . .
~the ..transgene (Figure 2). Seventy percent of the cells that expressed the
transgene were undifferentiated as indicated by i munoreactivi 2\ N H0b

GCTM2 antywB@dMseo1sl M | ar proportions of cells were i mmunopepayhyg 7 th
GCTM2 in control nontransduced cells 'hgdi cating that the f?ranﬁsjdyd’cti on.

protocol did not induce 20 differentiation. By using a KnockQut nedium
transduction efficiencies reached 44% (Fig 8). By nechanically passagi ng

regi ons that expressed eGP t he popul ation of hES _expressi GEP has
further | Hoh dher DIENEioPd SEWREISHANS SRR Visaleplrdniseraiss s the diost 2

the. mj or (T o PREHEUTERIRe a0 S ey e e s RO ol

of transdintegtatias fetHes privirdsyistoathieehostr AN Wmplicants (Berperssal eslithern

de ting that 81% of th S [ 1. hi gh | ' [ '
Cof iR T blah gy wi dishonds DHA miEBaiste FeRt BanraisrrelsondBh BB the o
tr anwuc?ﬁn&%i@re@é?lé%ﬁ%‘? kg ehtilelifg v_ee&irmaghpgg]ra@d B wRekestedifout a

~~substantial Tloss of transgene expression. as been confirned by FACS
anal ysi's aifid t that t then $rneducerk MES taedit pepviationi eordained Bomagtnueelos Hn

culture (Fig.9).. WD .03/056019 15 2 3 JUN.2006 PCT/AU02/03758 In a furth
pref o r edntsiBts PSSR T provis Brh Al dER? Wan iy paeges s to defiory T "
.cell.. To pagesfadtiehfifiied R Shalihe BXMRESuMRtdratcdde DINARNTHEsE reesitsts from
_integration of theh{)row rus into the host DNA, Ilcants.gerforrred '

| . . Appl i forn
“sout h} n suggest thakihgsyisal oecips i stana igegiied inte teenhoshhbduealls thes) s
(Fig. 10) onJiX ‘ | - ' ' | r had
ot egr at ey P2 {5 Efoles fE8 féntdile Of¥F IS pEfods GRCUIMBRER, .
oFuI ation contained a. maxi mumof 5 integrated copies of the provirus per
cell. There was. no evidence that the vector had renmi ned as circul ar
~or linear [ﬂjﬁﬂﬂ%@{jP&?’}éﬂr_eél\ﬁpe?ﬂB‘gs@er%@ﬁ?’?tsm‘i@“éjbm%@é’?eﬁwgtdqer%-"' j i c'ftvect”or
DNA ‘st abl yhd plofshirh &t dlisOtd BeI-RaAsdw dral BRIl P vitro.  Applicants have
15 shown 56% of fransduced cells were immunoreactive with t_h‘e GCTM2 antib()dyr :
at 36 weeks after transduction (Fig.9). Hence it appéars- ihat the transduced
undifferentiated cells that express the transgene retain the property of self-
renewal and proliferation in vitro. ' D

20 Ina preferred form, the method does not induce d,ifferenti,ati-dn' of cells. Most of.
the cells were undifferentiated (according to morphological criteria) at the time

“of transduction. However, 30-60% of the cells were diﬁerentiafe’d as indicated
( ‘ " by the lack of immunoreactivity with GCTM2 antibody a We_ék:'later. These _c;ells‘ ‘
' , -probably underwent spontaneous differentiation during the week of culiure. This -

25 level of spontaneous differentiation is common with currently used culture
o ‘s‘y’s‘terr}s_. Since the proport_ioh-of differentiated cells was similar among cells that |

- expr,e‘ssed‘olr did not exp'ress the transgene, ‘it appears that the process of

_differentiation did not induce silencing of the tranégene. '

30 -.In a further preferred form of the invention, the 'expressi'on. of a transgene -

- included in-the vector is not silenced upon replication a-nd/dr differentiation of
the céll. ‘To examine the éffect of differentiation on fransgene expression the
tfansducéd hES cells were cultivated 3-4 Weeks on feeders without passaging.
We ha—Vé previously demonstrated that under these culture conditions hES celis




enabling themto express the transgene over |ong periods of cultivation. In
another: preferred aspect of the present invention the nethod doe 3n '
~affect the potential of cells to self-renew and proliferate in vitr IN 2006
Appl i cant wdweewsedtd shown 56% of transduced cells were | nmpovosRiotysd W th
the GCTM2 antibody at 36 weeks after 4 ansduction (Fig.9). Hence it
-appears that the transduced wundifferentiated cells that express the.

t r ansgene differantiateddnier extes egbsyonieland sasnaticaprogesy gReubineffatiad 24aP)vi t r o.

col 5. NoEPGH arasaectavefr el i FRaRIRh LA EkPIRREE BARIEIS g1 ca
criteria) igh HBARsity B cQ{tur‘géaigééjﬁ]ﬂiei"[e?ﬁmilai"]?@{@w@rpmp&ﬂoﬁQ%:Qﬁufbls roelrl s were

differentidated as i ndi cate y ack of imrunoreactivity with GCTM2
anti body domsbiertl pedpds.THbselavels ©f iFrrEGENSy SARRSSINN BRYEhtAG eWAFOUS

~differentiation duri t he. foculture. This 25 level of spontaneous
di ffer8nti% RS W@rec%ﬁfg?ﬂéﬁs\‘/ﬁvﬁﬁk%ar1r)‘ent |y used culture systens. Since.the
_proportion of differentiated cells was sinmlar anong cells that expressed

or di-d not_express the transgene, it _ap eara_ hat t he proces Qi . ‘

di f f er ent iTd petepiial elthei trRnsebiced e cREP BY ﬁ%e W*%%%@Wé? aingh Sflhrefain ¢ her
referred I | F ' oL | ; ~ g ded in

Phe veot ot ieORfip aPfessfRbs drind B MREAIRI A fo@pbiaR BFRancddeed e, | 2

“cell. To é&E8riduist withiaf Eatryaitl bodiesr @Bs)at i2dndays tafenstpengersmationsobn t he
transduced hES cells_were cultivated 3-4 ﬁ%el[%s on feeders witholtlt ,
passadPng.emiRyoith POdjsse\iNisHse  SXRIRBHED Ot NP (IRDSIBHG YAt Hcumehied Ry

condi ti Onﬁlu%g%ceﬁﬁé"ﬁi%&gfﬁ@@&r% B3 PNUAREP exBRA IR e Aature

differentiat Into extra onic and somatic progeny (Reubinoff et al
2000) . FABS eoniajrs differentizééd dell bragariies froopihet thoze embegric ggpndageisg celil s

in the high densit ll,.cul ture i te. sim.l ag. e ortion in
cul tures S"?Q)ré/%ﬁgr 2l ygdgfd % ﬂ@%}a Egﬁg‘”{’r@ﬁég@%@éﬁﬁ%@sﬁ% anong
the vari ougbiciibd 46 amm@ichistbsiGerpisty amal(4is gDiffekdntidiog quiis agtiekpressfing he
transduced hES cells to differentiate in vitro and still retain transgene
expr ed6i oreGRE angr mesedesnatimadkemutmugclaiactiarant desmienFie- 12AaR3 agcuel -

- as. endodermal markers (laminin and LMW cytokeratin) (Fig. 12C, D) were

- observed.

~ Transgene expre'ssion was not silénced througﬁout neural differeﬁtiation ln
20 vitro. Neural progenitpr .spher_es were derived from transduced hES cells and ,
| propagated - in - cuiture as- previously described -V(Re'ubrinoff et al 2001).
Fluorescence mibroscopy analysis revealed an -intense expression of eGFP
: withi_n,ihe neural spheres (Fig. 6). C_.ells froi’n 4 week old spher-es co_-expressed (J\
the reporter gene eGFP and markers of primitive neuroectoderm (N—CAIVI‘_,
25 nestin, vimentin and A2B5) (Fig 7). Furthermore after induction of differentiation
of the neural spheres by plating on an appropri‘a_te substrate -and removal _o.f
| .mitogens-(Réubinoff et al., 2001), the expression of transgene was maintained
in differentiating cells (Fig 6) inc,!ud‘ingr neurons, mature neurons and glia cells
as evidenced by the demonstration of eGFP positive cells that displ'ayed' the
30 morphology and markers of early (8-tubulin Il and NF-70) and mature neurons -
(MAP 2a,b, glutamate, NF-160), as well as glia cells -(aStfocyftes GFAP, Fig7
“and Fig. 13). ' | -




WES cells wthin enbryoid bodies (EBs). 21 days after the generation of 10
enbryoi d bodies, -intense expression of the transgene was docume_gt eﬂ 226
fl uorescence mcroscopy (Figure 5). To further exam ne whet her 0 e

EBs cont ajvig @Blokdogs enti ated cel | progenies fromthe three A erm
| ayers, expressing eGP, 21 days ol dQI;Bs were partially. g?g/:)g?is)% gpl at ed,

~and subjected to imunohi stocheni stry analysis. Differentiated ceI | s

coexpr essiApplidante BeReaneviveslycismahstrasd eist wensEBearacdrigrafied into the
desmin) (Fig.12A, B) as well as, endodermal markers. (lam nin. and LMV
cyt oker at flﬁ?ﬁt*s( of gsevm canbipgd dmrBuadafisient 154118y hicee fiR¥% JATB nDSRIEN not

Si | encedv\g%%(j‘ggé"fﬁ af Cotlt tAih é’%ﬁ%ﬁ; d&ﬂiégB lal'ﬂd st ter‘etsrBen’\@d%?'aIiRﬁﬁge”' tor

spheres rrve mtrans propa In culture as
previ ous| yhréesgemb e)efRembilinbff ettal 200807 test Whmlnexsthenkrmsdmedslmlf)ﬁy

anal ysis reyeal ed an i ntense ressi on of thin neur al -spheres
- (Fi gy F'e;) ceﬁwgamt-f—mn 'newﬂwpeﬁ%ﬂp%fp%}eegal b vlbget@tmtﬁq ﬁiatﬁeséﬁssﬁ nge
eGP and g&pfe'es rPf:np\D.'W‘ rcluﬁg%égfdfreﬁaaﬁemmegw euaéd WSE i Balls Etl n and

. A265) (Fi urthernore i nducti o rentiation o
neur al spleegesftdayind the tegtis of Noaﬁpmpmeam nsio® $10F4x eeumnpecbtmawmaﬁ

t Reubi th f t
i el ne O WaBk? ot PagraRg ki e "BrRiR R uBmey AL AR e Rl e
- neurons a'llﬁsﬂidq?cél%Ha%rs:@?e@é‘lét?ﬂfe@%@)ﬁer‘a‘f@nﬁ@%ﬁﬁiﬁ@d U%r@ﬁhﬁ@&%éﬂ@s' tive
cells that dis he 30 nor ogy and markers of early ((3-tubulin Il

and NW?OPndnﬁrmﬂUEﬁSedﬁé{ﬂdoﬁgm rogy elmbrgwsmmawﬁy%ope lagvilinl  as

don acoe, SRS e RS e 7 (U Bl SRl in i Brelr et e B pE°
are engr afifshtiont ¢he HmnedeedehEB seller etdinnveire puripoiesiefih oot a68CI D)
mce they formbenign teratomas that contain a variety of cell types and

- structur edrangapng syPsssign 'Sﬂﬁ’és"qf?ﬁeéefowlﬁﬂI@Wﬁ@“?%’ﬁr‘ﬁ@ﬁ”@t’”%vozoom
To. test whether the transduced hES 5 cells maintain their pluri potency
potential while still retaining stable transgene expression in vivo,

cl urrp‘i;5 of Genaticf medifinaiien ethyt ﬁa&riumiadhel dleESIopmere of\mwf ed undlfferentlated

ES cell populations through the use of vectors expressmg a selectab}e marker
“under the control of a stem cell specific promoter such as 00’(—4 The sequence
of t_he Oct-4 promoter may be found .m the Genebank database under the
~ accession number Z11900. The Genebank database can be accessed on the .
. 20 Internet at the URL -http:l/www3.nc_:bi.nlm.nih.gov!Entrez/nucle_oti‘de.‘htr’hl._'

' Otﬁer'stem cell-specific promoters t.hat'can be used are (1) the promaoter of th_e
(0 " human growth differentiation factor 3 ("GDF3), a member of TGFOsuperfamily.
. The sequence of the region upstream to the transcription stari:point is available
_25' . (Genebenk accession number. AC006927). (2) The promoter of the human
' "-transqriptional_repressor HFH2 (termed also Genesis), a member of the winged
helrix tranet:riptiona'l_re‘guiatory family. The human" homologue of. Genesis. was
-cloned and sequehc_ed (Gehe_bank accession number AF197560).

- 30 Sbme differentiated progeny of ES cells may p'reduce products that are
| inhibitory to stem cell renewal or survival. Therefore selection against such
1 diﬁerentiafed cells, facilitated by the introduction of a construct such as that

~ described above, may prbmotestem cell growth and prevent differentiation.




engrafted into the testis of NOD.scid mce. Al mce (n=4). devel oped
teratomas. Eight weeks after engraftnent the teratomas were renoved and
anal yzed. Histological analysis revealed that the teratomas contained

di ff erent WQ &@P56@EP| s 10 and structures derived fromthe three enbryonic
gernminal layers.. Cells within these1{$tructures expressed eGFP (FiZgl JUNI006
"Hence, in_a preferred formof the inyentjion the transduced hES, cells
retain t hgis_r csllsy "t é}?cﬂﬁ”ﬁ“%l o n&?faﬁe@r%ﬁﬁg %"Sem?geﬁlﬁ)/oga?'gﬂﬁ)tth?il enced
fol | owt NgefinfleRicAn dr A @felelisidic EANISNaltél FrankplaFRAtRhl CTHIBdaCael on My
facilitate the devel opnent of purified undifferentiated ES. cell

popul at i oashieied ughtrahsdustnofitly ectors exprgssing angiicidakmackerbirderatheer

under the control of a stemcell specific,pro r . such .as, Cct-4. The -
sequence CBF{}?L%# @@I@ﬁ Cﬁﬁ’(ﬁ?ﬁf’@? PHRIORRE SHGHRP %*‘?.héﬁ%%}%lﬁ%ﬁ%ke%ﬁfﬁéﬁ'é’&e under
the agcegsipay ;a@w ZA840the TBSNFEINGL ANt AR ERIP PR iR hBfdREC aRaewilon the
20 I‘n{af{ar ngf ngt ktaﬁ UISE éttp:&/vwwg@. ncbi . nl m ni h. g%v/ EnD:F ez/nucl.eotide:htnl.
~ Ot her st efadiiate spaaiid eimpnation thyrignatnothesapyoe atbeddestaictive agestpi@yot er of

the -humap growh differentiati factor, 3, (hGDE3), a nmenber o . :
Terpsuper PaniagH meteed Sk dfe stlddH ot T Mgt Tpey e et Blsthi A pt i on
start poi Bfmildy rﬁaﬁhéﬂel@in%ﬁat@%&hwﬁé@ﬁaﬁop&mﬁgb%m AOPRBRR ) vivi2) The
pronoter of the human transcriptional repressor H2 (terned al so - :
Genesi s) , by usinglincage/eeibtyne sgedific pepinptarsanscri pti onal regul atory fanily..
The ht{?mn honol ogue of Genesis was cloned and sequenced (Genebank .
accession nunber AF197560). 30 Sone differentiated progeny of ES cells may

produce plipdiriitert Bapedt the iprdddnttinueniion sirevides!d methedator aresting iaral .
Therefore sel ection against such differentiated cells, facilitated by the
i nt r oduct PENBkhayiRgAstefigiancy iitA Pasteirhdbe nirtbed inrdeding dhe SteabgyPir onot e stem

cell growth-an £ Lak i : / A h2 ES -
cells may be ggﬁ@% ﬁggﬂpyéjh%@%%b%%g&? g‘rg\sqgttﬂgtnq%gga g%lg?l tate the

el i m nati on of engdiffihg tiestelbtocticEDimel, [s8daf t er transpl antation. This nmay be
achi eved by t:ragsduct*i on q‘ﬁith vect or s eﬁ%ﬁessi ng a suicidal marker under

the chhtrol of 2HOWNGINEGa! 10 GXPI&SSINE IR such as Oct-4. Alternatively,

expression of marker genes under the control of a stemcell specific.
- pronoter that will facilitate specific elimnation by inmunotherapy or
ot her desGellstnpdifiggeitt xpigps a foreign protein can be implanted into an animal

where they are able to produce a protein in.which the animal is deficient in vivo.
The cell may produce the protein before or after. engrafting the cell to the
20 animal. The modified ES cells could3_ be used to produce in vivo factors and
| enzymes that are ‘deﬁcient' such as in metabolic disorders. such as
Mqupolysacchafidoses or immune deficiencies such as SCID Methods fér
engraf-t‘ing‘ cells to ar}' animgl are known in -the. art; with. some prdtocoté ‘ { /
. described in Reubinoif et al 2001.
25 N | | o o
“In another aspect the present invention provides an ES cell that has been.
genetically modified by a method as described herein. It is contemplated that
gells of the present invention may be cultured in vitro to produce a desired
protein that may be extracted and purified from the cell culture. Alternatively, -

30 the transduced cells may be engrafted into an animal as described above,

In another aspect the present invention provides a protein prbduced by a cell
genetically modified by a method as described herein. | '




be used instead of the suicidal gene. Vectors may be al so constructed. in a:
~simlar manner to elimnate specific differentiated cell typ&ibﬂjt\g min vitro
or in vivo by usi ng |ineage/cell type specific pronoters 7rq her -

aspect t invention provides a nethod for treati figral
havi ng arkggf 'Cl ency in a protein, the 5et hod i ncl udi ng thg@gtg{e}(pzs/ o?

"transducrng a . human ES cell accordrn to the nmethods descri bed herein,

engrafti neéﬁwceﬁbdﬂ]ﬁbatsdmef BERIES a8l Wil Idveoavbraad faggeeadflapplicatignsess t he |
protein. Cells nodified to express a foreign protein can: bl@ﬁonrﬁ'ggnted i-nto
t

an ani mal Byveeretqaﬂheynemreuetrne the IpmesES gelsy Etwsll PS ROSH HeSmal is

def t f
rorot ¢ ngtBRb stelCa EobugRn ROl e LG AEhER AR iRl |
to produceurd syeriQCellf pedudatioranaill lmmallmabtett’oatheaaaalgierelofrgmm wbssaem n

met abol i ¢ di sorders such as rnucopol ysaccharl doses or . nEnJ e fi.ciencies
such &% sSenpfunetioibdyringthe @W@f&ﬁaﬁl?ﬁ@ hEMag §raPRRIGRSHE! F s ﬁt?\)(/ﬁ“ n the.

art, wth, g\olnﬁ_leorq%(o&% Ofdﬁgﬁlrgggeglgagn %@%d; rth atﬁtL tglq@éean%f’elaﬂ anot her

- aspect th@"pr esent I nvention n- genet ically
nodi fied l@tyff@enﬁttmdamtcﬂasalyz@gdnberrmolvedl in cteyelopmee‘rhailfaﬂle“dst hat cells of’
the present invention may be cultured in vitro to produce a desired '
protein that may be extracted and purified fromthe cell cul ture.

Al ternati weley coRB1ibAC of frb%‘ijﬂéﬁ?%eﬁl‘i" 6B diftfeRfatPRILAT 4 eghddifco tidk asfi Brl as

descri bed ‘a ove I'n another aspect the present invention. provides a protein
pr odut@d lniyfferenﬂﬁed geh\emayalbley lm@dﬂ&bl@dfobyﬂ@ siucho f adiffgeerdiatioad ther ei n,

23 JUN 200 3/ 056019 PCT/ A1J0 | f human'
23 2el' 2O Ranthaah 80 s e R Heintenat FEASLIRY i ege @

rani pul at iiRerabBatie WRented siehl as ihdwitioh Sferayesetdiive pr@cpeeehroeddrﬁonéier pur e
stem cel | popul ations or to select for a certain path of differentiation.

Pure stempti@mapewiifadt eEalipns E@Vvﬁlq}&iﬂ &he ofreaHen afhI Y sE‘%ﬁayéeF%r

expr ess| O'toxroology and drug discovery, such as high-throughput screens for
15. . neuroprotectrve compounds Furthermore, generation of ce[ls of a specﬂ" & type
by genet}c modifi cation of human ES cells in vitro may serve as an unhmlted

. source of cells for tissue reconstructlon

".Genetic constructs may be inserted to undifferentiated or d.ifferehtiated cells at
20 any stage of cultivation. The genetically modified ceile may be used after
'transpiantatron to carry and express genes in target organs in the course of .

'gene therapy

' ‘.3Genet|c madification of ES cells may also be utifized to. create in vitro models of-
| - 25 “ dlseases "These models may rmprove understandmg of the pathogeneels of
| various human diseases and serve to develop new therapeutic approaches and

drugs.

. Genetic modification of ES cells mayr also be a highly valuable tool for the
30 functional analysis of known and n'ewly discovered genes. Genetic modification -

' os'ing vectors that will OVer express. or modify the expressioh of genes may

"~ allow the determlnat:on of a possible role of the trans-acting’ genes in induction

_ of plurlpotency, regulatlon of stem cell growth, survrval and drfferentratron :




and function during the early stages of human enbryogenesis. Further, they- .
~will allowthe discovery of new genes associated with pluripotency and
early differentiation and to anal yze genes involved in devel gﬁnﬁlﬂt

fai | ures. WPHEASM8cti on of a certain path of differentiat |RﬂTf@ﬂ02ﬂ)1§§eC| fic
type of a 10 differentiated cell rrayfrlﬁ]e i nval uabl e for the study of

i ch may e, SHVIER VSR prsi6R aR, Rho T8 1onBaCS; AMeRRLRE o chneiel Ve

pr ocesses maoiiddtiornad thefbadsmiaget eelycnipfibedlidseNSn Wréféﬁé&é@peéthﬁle
creation of new assays for toxicology and drug di scovery, such

hi gh- t hr oftheds sdesaihed diereis meay dif disest ito eCvanplsuritie. effaet: Wér me

generatio [ [ I opn .of shuman ES
Jer et n BrBresSiar Sc RlodHicaBh dr cptedfon et FEL MR ih 156 ey st

reconsd r ughi thie. g@\ﬂﬁt sandei Hndidifferertiatiba. dfrESrdetid. t PheinAkthbes anby ajeed or
differentiated cells at 20 any stage of cultivation. The genetically-

. nodi fied HEHJ0 @xPrens h@@%ﬂemsew therfeﬁgglrSathﬁhwﬂbmnr@veéhe potendiabiobihsr ess
Or"ES cor (S 16/58BBRr e REMERDOCRRRR SIRFAN ESTEOR. WieMBRNENE S, (00
o, Tt e bt e oyt ot e o
" Genetic H?‘Fii ﬁ'ﬁ ﬁg&?"%‘?t'e%%ncgf F Eé cgeilsbt@wgr §neReqitis Gabitype. ogt I§or the
so funst i eRAlendatets t8atOfhe ?ﬁ%@{erﬁ%eﬂ%\ﬂeynﬁ%@?ﬁ‘s’@e@? tcwm.cgﬁ; exF{‘FVe'ssi—on

nodi fi cation using vectors over e _
of - genes mderaltbowptrhes desaleniabla gene dhakispesgiinetefor gemetit sellection of

trans-act ti pl uri potency, regul ation of stem cel I' -
grow h, fﬁ%\??é{é%gﬁgeﬂ E&@%@ﬁ&?ﬁ%n WO 03/ 056019 2 3 JUN 2006 {
PCT/ AU02/ 01758 20 The lentiviral vector systemwas shown to be a powerful .

tool for genetic nodificatjon of the feeder |ayer enbryonic fibroblasts.
In a pref Brwlipasieacto theskilpginasaen datdhe heesertriaventian wilkhawe use for

evalugje [)B& £hh&SiptioRhi QY silencing (PTGS). Inthe last few years; it has become
clear that PTGS occurs in both plants and animals and has r'ol.es in viral .

. defense and transposon silencing‘mechan‘isms PTGS and, in particular, RNA
interference (RNAI) — PTGS initiated by the mtroductlon of double-stranded
" RNA (dsRNA) ~ may be used as a tooi to knock.out expression of specific

20 genesina vanety of organlsms '

The present invention will now be more fully descnbed with reference to the

foliowmg examples It is to be understood that the examples are provided by

a
\
Mgzt

way of illustrataon of the mvention and that they are in no way hmltmg to the
25 scope of the mventlon
EXAMPLES
The following materials and methods were used in the following Examples:

30 | VeetOr plaemid-construct , .
The basic transgene construct that'wés_used for transduction of hES cells is
_pRLL.hPGK.,eG_FP.SIN-18 (Zufferey et al 1998, Dull et al 1998). This is an HIV- |
1 based vector containing a large deletion in the 3' LTR, whie.h .ebolishes the
LTR promoter activity. It expresses eGFP under the'_ transcriptional control of the




.expression or-nodification of expression of candi date genes in the feeder
. cells, 5 on the growh, survival and differentiation of ES cells. The
. methods nay be wused to express transgenes by the feeders: th?t3 NI 005
i nprove, \5/8%3}3 c#o?sﬂt'al of the feeders to support undiffe @i‘?ﬁ
proliferation o uman ES cell s. Alteé atively the rretho may al'l owth
generation of genetically nodified fe ders that will di rect the
di ffer ent PR Aot MbdRRafieht $Fial/8 WeRSInRoGRARS Iﬁtd:thtse\béctmyipeordbr tés 10.
contenpl ate at the present nmethods may be used to genetl %% dify
 feeders timgopedssparfenianceail)dhghiiSK paempter vepuiepiaged ovity gh?e E-1& ection
of . feeder d end uman ES cel person -
that t he B'foé'g ?giletﬁf’l BHSt qﬁcrlﬁgggélu£%4iétowle§étﬁ tﬂ%rn?a@(?r% {nggﬁm gene

si | enci ngH(eEEﬁQ virbB-WheH a8k iheayedaionnsireahmo uecm]mrtelre;mﬂet LEVRUZ:JES
occurs in | ants and ani mal s and has rol egq({n vira ¢ gaense and

o ranSLﬁ)sonelstralep@lypgnmémh,(@ﬂgﬂ PrEsVahavasi reipk chﬁl'a’fo NEAEREt er ence
iy be usbl d h d dsRNA
Enay b)e usgascfgelﬁl Edoatf‘ug Ial?# 1y Erd t{eP WC bRBmAfic %H@s@n@lbﬁngﬁ%e R (dsRNA)

- knoc expression specl genes in a
variety ofoRét@ddti REL.CHRT. hEESI@pteCBﬁPeNPREiSIM—HB laqw&es*.mltednlrefgluﬂel 1
described with reference to the foll ow ng exanples. It -is to be understood-"

that. the exanples are provided by way of iIIustration of the invention
~.and that - ordr hE‘tlcﬂ‘P way limting to the .25 scope of the invention.
EXAMPLES materials and methods were used in the foll ovm ng

- Exanpi@s: Vagtdreavere picdsined bgdrmemﬁtconaésSMDc qfrtla"ﬁeg:éarem%ri@tq 48871t hat

d for t duct | ] f f
1 S0l Jesa Baer BRAAE 4ol Togd on BEEK/RERE, Shéhjopirest ferey
(arge del elghqncdiR \hée ﬁratédTBn 102t pleado bhg hemsfduted thmthodm; asingcthievi t y.

I't expresses - eG-P under the. transcriptional control of t S’EaJUNZOOG WO
03/ 056019 FRGEMECR/Tanskction Reegenp(Besbe Molgsdicr Biaghesnsalfia '

e oS gt Goh Wil 3668 of POS i Biasld BIR! W8 bPUREEARSOBO pisrhl) e
- 15 -~ pMD. G, 6. 5pg of the packaging plasmid pCNIVARB 91, and 10pg of the transfer ‘
- fvector The medlum was. replaced 20-24'h after transfectlon Wlth the medlum for
'-;'hES cells, but containing 10% fetal bovme serum or with KnockOut medium
! supp!emented with  20% KnockOut SR (serum replacer) (GIbCO -BRL,
' Galthersburg, MD) The condmoned medium was collected thce after 24 and -
2'0' - 48 hours.(48 and 72 hours after transfectlon) and filtered through G 45 um filters ‘_ :
(Sartonus Goettlngen Germany) '

(\ " | The control elemenfs that were inserted into the SIN18 vector are as fdllciws"
- The sequence of the hPGK promoter is found. in genebank accessmn number
R 25 M11958 nuc!eotldes 1-516. The gene bank accession number for the EF1- -
) cnpromoter is J04617. The promoter was amplified by PCR from plasmld pEF-‘
BOS. E |

| The ¢PPT sequence is found within the complete genome sequence of the HIV- -

"30 1 (genebank accession number NC_001802 nucleotides 4303-4480. The ¢PPT
B fragment was amplified by PCR from a plasmid containing the HIV-1 pol gene |

~ {pPCMVARS. 91). The WPRE sequence is found- |n the full- length sequence of

- the Woodcuck hepatms ‘B virus, Genebank accession number J04514. '




pronoter. (2) the post-transcriptional regulatory elenent from V‘bodchuck _
‘Hepatitis virus-WPRE was inserted downstreamto the reporter gene. t he
central polypurine tract (cPPT) of HI V-1 was reintroduced i ntg?JtJHb ZE]UE

t ransgeneWOgA¢MdAam t o t he hEF-1a pronoter. A schematic’ re'mreﬁmmmmson of
the final construct, pRLL cPPT. hEF=I 2p. eG-P. WPRE. SI N-18, is presented in

-figure 1. Vector prgo Vect or s. we P, b

cot r ansf eBHEIBAL ‘Qﬁ£ th%ée' %ﬁ?‘gs nﬁd‘é’aﬁ rﬁrﬂplf@ﬁ'%yc%&%% dﬁ@ﬁmlcgi'h-‘gg@l"l Mrer
(Nal di ni . at 1998). Briefly, 1x106 293T cells were
pl ated on %((gjim ﬁgt@e%‘ﬁg' Fﬁ%nsfect ed the next day using the FuGENE 6

Transfecti on Reagent (Roche Mol ecul ar Bi ochem cals, Mannheim Germany) with
a total o{ 20‘% of-. BI aﬁmd DNA: 3.5g of -the envel ope plasmid 15 pVD. G 6. 5pg
of the pa CWARS. 91, and | Qg of the transfer .vector. The
medi urg Wagyir,e NACEShedhited b@«fdrsécér&emssﬁsﬁ WPB Ihi/A msdémlswrﬁetmooh ES

cells, but containing 10%fefal bovine serumor wth KnockQut nedi um-
~ suppl errent:emi:rlﬁngeh 2 @06 HrespaB30 SRinging buclr%pbtmeat)SQQ@Q)(goa C, for 1.5h.

R e ook shRlinugHor 3¢ PRl Sos T EPRIARS o Q55F thd Wlfie BB, 0 G0
pmfil ters::{;aﬁarteémdlﬁan@ehremnnGehEsnxﬁledﬂihe mﬁré&nc@nﬁﬁﬁ@ll)s tthat were

~inserted into the SIN18 vector are as follows sequence of the hP&X
~pronot er rencesuiraled viigsuan Hred dasssiasaly it gapdastion eosered flogeniates .

.1-51 &8 gene bank accession nunber for the EF1-. apr onot er is JO4617. The

pr ono er s anplified by PCR fromplasnm d pEF- BOS. The cPPT sequence is-
found within the-conpl ete genone sequence of the H.V- 30 1 (genebank

accessi on_nunmber 'NC_001802 nucl eoti des 4303-4480. The ¢PPT fragrrent was
Canplifi edMﬁj‘;E@.nﬂEﬁ_‘ﬂr_a&t_@m d containing the H'V-1 pol gene | {;
(PONATE, 88 e JEERENRRER 8 B0 i i ©f
03/ 056019 candenitdted 00ts umwwemaremas?semi cells/well) in the presence of 5i:lglml
| 15 Polybrene After incubation for 24h at 37°C the condrtroned medlum was -
-, _removed and fresh rned;um was added 4 days after transductron the
percentage of the eGFP—posrtwe cells was measured by FACS analysrs The -
E ,-rv;ral titer (Transducmg unlts per milliliter- TU/ml) was calculated by multrply:ng
- the percentage of transcluced cells by the total number of the cells (1x1 05) and

- 20 " then dlwdlng it by the volume of the v1ral supernatant used for transductron

%transduced cells x total number of cells I volume of the condrtroned medium ,
=TUml. L I )

25 Transductron of ES cells _
- Human ES cells (HES-1 cell line) were cultured on mouse embryonlc ﬁbroblasts ‘

as previously described (Reubinoff et al 2000) Clumps of. undﬁferentnated cells |
- were isolated from 7 days old hES colonies by mechanical slicing followed by

_ drspase digestion (10mg/ml). 10- 14 clumps of the mainly. undrﬁerentlated ES.

30 cells were incubated with the concentrated virus in the™ presence. of 5|Jg/ml_ '
- Polybrene in 35mm nontreated tissue culture plates at 37°C for 1 5h. Fresh

| , concentrated virus was then added and the incubation contlnued for another_ :
1.5h (“double lnfectron”) In some experlments the plates were precoated with

' 1pglcm Retronectln (TAKARA Blomedrcals Japan) accordrng to manufacturer -




-and. 20 t

‘ nucl eotides 1093-1684. It was arrpllfled by PCR from pI asm d HR - CW-
CXCR4- | RES- GFP WPRE. Concentration of virus 5 Virus was concentrated by -
ultracentrifugation in a Sorvall nodel Discovery 100 cent r-pume. 20060 .a
Sur espi n {3Qs/050N0i ng bucket rotor, at 50000xg at -4C forp
'centrlfugatlon%mhe pel l et was resuspepnded at 0.1 of the vo %02 1%ﬁte
original conditioned nmediumin hES um.(10x concentrati on) The

Concen“ b&afLationds MRS 4RE Uincipagb Rt Bky thaBdidansdest icell - olumpsonvestef r ozen
at - C. Measurenent- of viral titer 293T cells were transdyced with

seri aI d.douectedsand replated om mowserfegdantayer. Measurasierinpt AR \'E?toﬁls in
12- wel | t. 1x105 | 15 Pol yb
A tor | naifbEnGhEST At il BPEADS Audis Pl EREMrdfansiaemn. 2 o P! Ste

fresh nedl um was added. 4 days after transduction the per cent age of the

eGFP-positive cells was neasured by FACS anal 5| s. The yiral %ﬂ]h"t
( Tr andducTragsdustion eldviouse pmbiryeiic Tipgbigsts &ME &&‘Iaé‘tﬂaé't' OUpys SpI yi ng

the. percﬁ\@};%g%?% t éaﬁ @‘t@)tj?%t&ﬁh%cﬁuﬁz’e & tch%'% 8 an Ofo bR pr6loce! (1X10) |

the v evira rnat ant used f

tr anSdUCt(lReubu%ff enammmm) Cthe selis tvetaincabateer wit thmbd:mdntramedr weusin t he
conditioned nmedium=TU /. 25 Tr anFsTg tion of 'ES cells Human ES cells
(HES- 1 celhe preseycaeterd/ml Palhiens a Oé%?'QB ic fibroblasts as
previously described (Reubi noff et al 2000). O unps of undifferentiated
cell's were isolated from7 days ol d hES col oni es by. nechanical slici ng

. fol |l aged pg(csﬂaﬁm@g di gestion (10rrg/ m). 10-14 clunps of the mainly
undi fferentiated ES 30 _cells were i ncueé;g\t ed with the concen‘té{ %]ed virus in
the presehbe, Proposigyy of calls| {ist PrPress ﬁt‘r?ntﬁﬁ’ﬂ%g@é{’fae&’aﬁ eogu- :

plates, ap\@&e Ly L emFr(B%Emrﬁemeﬁémt UbYIdiNG ¥R Sqickn m@meamd the

| ncubat lL.on cont1 nued Tor another doubl e infect | on™)..In sone
“-exper i menemigshen. pNahEenscmoedplnlwaatES wllshwel:.e Uipgd dﬁﬁsﬂeﬁﬁoh’e‘étgfﬁu'(lcfAKARA

F Bi onedi Ca)evel ofat}?u r}esgecn%%r # r%dtuced TR w%?e %8&2%&9%&?99&&1& mtensnty .

‘15 Vand compared o control ceIIs The level of spontaneous dlfferentlatlon among
the transduced and control. ES cells was determined by the analysrs of the '

. :proportlon of cells. that were |mmunoreactrve with the monoclonal antibody
- GCTMZ2 (an antibody that reacts wrth the TRA-1—60 ES cell-surface marker -
. : Reubmoff et al., 2000).
20 L | |
For FACS analysrs the transduced hES  colonies were- treated wrth drepase :
_ ](10mglml) washed. with PBS and then trypsmlzed to - obtain -a smgie celt
( , _' 4 suspensnon The ceils were centrifuged at 1400rpm for 4 min and the peilet was

_ - incubated wrth the GCTM-2 antibody on ice for 30 mln The cells were washed'j

25 with cold hES medium and incubated for further 30 min on ice with PRE—CyS»

| Antr-m_ouse _tg.G antibody. Then the-ceils were wa_shed and .the pellet was

| res_uspen‘ded in FACS buffer. - |

. Detection and quantification of integrated viral DNA
30 © Genomic DNA was’ prepared frontnontransduced and transduced hES cells
o ‘using PUREGENE genomic DNA isolation kit (Gentra, MN USA) 100 ng of the
- DNA served as a template for Alu PCR amptrflcatlon with the Alu sequence
_ primer -_(5’ACTGCACTCCA.GCCTGGGCGAC) and the viral WPRE primer -
(5’ACGCGTCGACAATCAACCTCTGGATTACAA). The cycling conditions were:




2 3 JUN 2006 PCT/ AU02/01758 23 instructions. After the incubation the
transduced stemcell clunps were collected and replated -on nouse feeder
l.ayer. Measurenment of transduction efficiency was carried out?RyUFA®RS
anal'ysi s WO{S6@Pt er transducti on. Transducti on of Muse PETIXTIQMWITSS
fibroblasts (MEF) was carried out as pgllows. MEF were treated. with

-mtonycin, C and cultured according to aqur profocol (Reubinoff et al.

© 2000). Théerarationak o ie i8¢ 8es aMaaing Rkt PR dBiny BN SXtensipRat
presence ﬁ“cf%:‘“? {1 ]JB 92:90 Ieg‘?ﬁop‘fﬁl anticion 4Pk ﬁlﬁiréflsb?\l/\-rbtﬁe

proportion of "cells essed t he-transgene. mas a zed on a
FACSCal i bamnpified. em:;d(rﬁeqnem:— Skpdeatesioo) 136 cyaniosw geb. tgmsmrrefd tmaesylont

Tovel of METEEEeABEnoSCiRRT U, cBT sﬁ%&z%qigr@@e@ R
i1 ovbnt MEREHABARE St 3B HERaISE N T T .

by the angaysiss @re Qred ﬁbﬁpﬁbhﬂr@fﬁsd)fcededarhds ttahstivoet GESTOUIIEEEIINA W t h
t he nonocl onal anti

(an anti bo that reacts with th -1-60
Ea o] -sWﬁﬁéB@e%ﬂk‘élﬁ% EquRi aieaYesral DNAZS) orSo-EeoRK A BA0N: < ¢ he

t ransduce n e 1 ) S wth
- PBS and t t ryps\:a?nllbDzﬂz;\d\%j{)de:'bl{ci }f}ﬁsg as*i trtligef cejé(%e Tgésﬁgﬁégggni}%e{a@gl S

wer e centm;ﬁargmtl eh ma(gamse‘ gel, ransferreddo taheylpe hiermbraas, andrd:rybade:edvm th
" the d I.C mn he cells were washed:: .25 " with

cold E%#ﬁ&fﬁﬁwj@ Q'%Qf"ﬁam r 30 mn onice wth PRE-CQy5- -

Antl-m)use | gG anti body.  Then the cells were washed and t he pell et was
- resuspended in FACS buffer: Detection and quantification of .integrated
viral DNAIrBr@ruﬁehmimm@N&tm/ﬁumeepar ed from nontransduced and transduced HES

[ 1 CENE | ati nt MN USA 1.00 f
Che D MRl FRTETRS niia: Sareoror irpen B el cbiiies, Ahd peuaed g "9 ©

sequence culture in the presence of bFGF and EGF as previously descrlbed (Reublnoff et

15 _ al 2001). Immunohistochemistry studies were conducted after 4 weeks of
| propagatzon In genera] for the rmmuncphenotyprng of dlsaggregated neural ',
progemtor cells and- dlfferentrated neurons, fi xatron with 4% paraformaldehyde '
- for20 mlnutes_at room temperature was used uniess_cth_emrse spec;ﬁed. lt was
followed by blockirig and bermeabiri'zation with 0.2% Triton X (Sigma) and 5%
.20 " heat inactivated goat serum (Dako) in PBS for one hotr. Samples were
| “incubated with the primary antibodies at room temperature for 30 minutes,
washed, incubated. with the ‘secondary antlbodles for - the same trme
| counterstamed and mounted with Vectashreld ‘mouniing solutron with DAPl - (\/
_ .(Vector Laboratones Burlingame GA). anary antlbodles locahsatlon ‘was
.26 performed by using mouse anti rabbit I9G and goet antil. m_ou_se IgG c_onjugated
to Cy3 (Jackson Lab. West Grove, PA: 1:100). Proper controle for primary and
secondary antibodies revealed neither non-specrf ¢ staining nor antrbody cross

reactrvaty

30 Sphe'res were disaggregated into single cells that were plated on coverslips that -
were coated with poly-D-lysine (30-70 kDa, 10p,glml Slgma) and laminin |
(4pg/mi, Sigma), fixed after 4-12 hours and - exammed by _rnd:rect.__ |
immunofluorescence enalysis for the expression of N-CAM (Dak_o, :Carpint_eria,
'CA; 1:10), nestin (rabbit antiserum a kind gift of Dr. Ron McKay; 1:25), A2B5




',.Innunohlsto

primer (5" ACTGCACTCCAGCCTGGEGCGAC): and the viral WPRE pri mer

(5 ACGCGTCGACAATCAACCTCTGGATTACAA) The cycling -conditions were:
. 03/056019 2 3 JUN 2006 = PCT/ AU02/ 01758 24 denaturation at 9 @ﬁ 0’30 sec,
. anneal in t or 1 mn, and extension at 72C for 7 ycl es.
For quant 03%?'53% of int egrat ed viral the .anmplifi g‘dETﬁﬁgzucfg wer e
“separated on 1% agarose gel, transferr to a nyI on nenbrane (GeneScreen
Pl.us),. andATde,i diagdsaud, h \iﬁa32IPlO)dC5FH | ibintiad (ﬁleYM%R@lf Ifiﬁgﬁimﬂtwﬂﬁ@mtt hern
hybri di zati on was al so perforrred Wi th genom c 5 pared from

nontransdmmeeﬁdlzetlansduB@dﬁeE@laeepsucs metrem Qeﬁgiedﬁéﬂést 1#0kcorV
| E | bot h
SFdee’or 1HeMonslyitgEGcton vidh FRANEE "y EARng, SR Gelintedl idaP" P

transferr qﬁog@nmr@ydn@ rcoversipa ateh drith yduty-O- lgre:dielé)nd\nldrhlrﬁmﬁ'? s@jum free
dCTP-1 abel'l ed. eGP fragnent.. | munohi stocheni str

u ur al eres

_ were déri vag mmmmhm%ﬁuede@mtaw ehgwtaﬁaciisaf% g%"t Y% Di eYWﬁep$n t he
presence o F r %&ﬁ. ( 2001) .

ct.ellﬁe\%%e?rﬁﬂalg %@smﬁggpménc ed a tee 1?ﬁaweeksE)TL%S%FOnggfpf:j{{geat I on.
_I'n gener a|foiléwrngt hﬁrkemunmok[emneylmﬂi@neht grateiggleat ¢150) nenar fitubinolEni t or
‘cells and differentiated neurons, fixation with 4% par af or nal dehyde for 20
nminutes at(Sigom {d%9%r at ure was used unl ess ot herwi se specified. It was
foll owed by bl ocking and perneabilization wi.th 0.2% Triton X (Si'gma) and 5%
20 heat inactivated goat serum (Dako) in PBS for one hour. Sanples were
i_ncubatoed %:Taltbmhéomaum'rm SOID hick.es at room terrperat ure for 30 mnutes,

~ washed, ated. th th
e ear ot it b8 v oF e snsae v M LAP e s e, R B b a0 Qe
{ Vect or aﬁ%’%fs‘ﬁ\hﬂ’i 'aﬁsundiﬁﬁfén'tlﬂ&%“ﬁorﬁﬁ&egf WEF@ﬁMn@@fécp%Heiﬁ écfé‘cﬁin't@ ?ﬁé on was

5 perfor by usi hg nouse anti rab Rgoat ant i ouSe | gG
" conj ugat edtestis 0fGHi3 weeks s N&D/LU@ZICB%BPEMC& (NOTosyid) mileeHagdRt r ol s

_ for pri rrar r%%%lgpbgggw gg cﬁﬂﬁbg Bgf' Fe%ué)e‘ée?zl ﬁgeﬂg Iétg?fhéﬂ'l%guﬁ?@cth“o rs _

stai ni ng nor
- 15 ”were removed To detect eGFP expression directly, parts from the tumours '

_ 'were fixed in 4% paraformaldehyde frozen, and sectloned on a cryostat Senal
_ frozen sect[ons were exammed by fluoresence mlcroscopy or lmmunostamed
with hematoxylln and  eosin for hlstologncal examination. For
-nmmunohlstochemlcal analysis of eGFP expressnon sectlons from the tumours '
20 , were ﬂxed in 10% neutral. buffered formalin, embedded in parafF in, and -
'_examlned by lndlrect 1mmunoﬂuorescence for GFP expressmn Bneﬂy, the
"samples were incubated at 56°C- for 1 h, and then deparaﬂ" mzed by Washmg
( ' with xylen. The samples were washed with PBS, foliowed by block;ng and
o permeabtilzatlon with 0.5% Triton X (S|gma) and 1% BSA in PBS at RT for one’
25 ~ hour. Samples were incubated with the pnmary ant:bodtes (Santa Cruz biotech,
R Santa Cruz 1: 100) at 4°C for48 h, washed ‘with PBS, and lncubated with goat
~ anti rabbit IgG conjugated to texas red (Jackson; 1.100) for one hour at RT. The
-samples were tharﬁ‘l counterstained and mounted with Vectashield mounting’
solution with DAPI (Veetor Laboratories). | -
- 30

Example 1: Efficient transduction of human ES cells by a_lentiviral vector.

“The pote'ntial of lentiviral vectors to genetically ‘modify human ES cells was
initially evaluated by using the SIN 18 vector (Zufferey el al 1998, Dull-et al *
1998). The vector included a transgene that was comprised of eGFP under the




reactivity. . 30 Spheres were disaggregated into single cells that were-
pl ated on coverslips that, were coated with poly-D-lysine (30-70. kDa,

- 10g/m, Sigma) and laminin (4g/mM, Sigma), fixed. after 4-12 hpgriNanmd
exam ned BYOPHBASPECt i nmunof | uorescence anal ysis for the RBXEAESHIGSS Of

N- CAM (Dako, Carpinteria, -CA; 1:10), #8stin (rabbit antiseruma kind gift

| Gt rare bR SR by, G AR el 0o i a0 *0

per meabi | i glasivids. we':!ﬁm*eeg@leﬁ@mwaot@" s Betviean 43BEI0P o 43107 ¥®KmIL: 20) .

" Neuronal differentiation was induced by culturing di saggregated neural -

progenitors on coversllps coated with poly-D-lysine and lam nin in serum

free 5 nmedj t I a f ' or 3: ays, -
Differentia frt’mdﬁ\él Qﬁésnr\ﬁ,\e&ﬂg gn bsgg B%fPCI @?&e?ﬁt% gf’ft@'rgpegg 'ﬂ%s%r t he
expr es$i onewbrydric ﬁbmblm mcdmimgatcmuﬁ Qi pretacol WwbamRubAafL &Vernt

1:50) . andl3tubu|1n||| (Si gna, 150%: 10 Teratoma formation in CID

moce. At tWihiGansitgnedgnediym ﬁﬁ@%egé eifal vedak dotesgerepressior ofdhanps of

about 200 a r g and
I nj ected m?@éé é""\%vggt?g gﬂéét{e? \;\q@{erL d%@%ﬁ %e%é%my %f%s

( NOD. sci d)emrees@Hawbambsejmdmaﬂhmnthé LES(de!H d&GorieenTs. emiﬁa@étpca;)slblg 12
weeks Iater Pe resultin unoyrs, 15 were rem)ve To detect eGP -

“expr essi ondAPHREIQUSy STt BE the dJfareiiastsurbutne traps therﬁCFﬁW% we have
par af ol fiekels. EST 8P Bunfi that 356t %ﬁgleﬂﬂyg)lé’téﬂoéﬁ Gbw Jehdif) redddgen

sections were exam ned | uoresence m crosc py or 1 mmunostal'ne
hemat oxy| i {1 0:0Q0 isdead 0670 BDQtoollogec am kﬂmnm&rhmtebrrfollﬁmmg transduction the

I mmunohi st gghem c si an sectlon ffomthe tunours
20 were i RedPh AUBBR AU ARt g, B0 TRl FH Gb R0 Eed (ERaMaTR, ard
exam ned byrepagsd aooorumgmc&drlmma@ﬁ@tofc@r .GFP expression. Briefly, t he _
sanpl es were incubated at 56C for 1 h, and then: depar af fi ni zed by washi ng

w th xyl en. The sanples were washed with PBS,. fol | owed by bl ocki ng and
15 Overnight transduction of hES cel[s with this protocol resuited in the expression

~of the transgene by about 2% of the cells. Additional transductlon the next
"mormng (double transduotlon) :mproved the transduction efflcienoy by two fold
. (4%) |

20 Tofurther éliminate possible uhwanted 'effect of thé feeoero we have. developed -
' a protocol where double iransduction is conducted for short perlods (1.5 hours
each) on ES cell clumps that’ are lncubated without the support of feeders
_ Immedrately following. the shor’t perlod of infection 3 hours) the ES oeli clumps E (\
are further culiured on feeders accordlng to our usual protocoi '
. It has been préviousiy démonstrated that the -eff oiénoy of lénﬁvi'rél veotof
| transductlon of hematopoietic stem. cells may be lmproved by lnfectmg the. celis
ron fibronectin precoated dlshes (Morltz et al 1996) Precoating of the plates-
with 1nglom? or ZOuglcm, fi broneotm mcreased the tra.nsduotlon efﬁotenoy with -
30 -ﬁu'man ES cells by two fold (8% as compared to 4%). 'Howévér' it also increased
the level of differentiation especially with high concentratlons of fibronectin.
) Among cells that expressed the transgene 30-40% were: also lmmunoreaotlve' "
- with the GCTMZ antibody when fibronectin’ precoating Was used wh|le 50%
were GCTM2 posntlve when fi bronectm precoatlng was not used A s;m:lar effect _‘




permeabi l i zation with 0.5% Triton X (Sigma) and 1% BSA-in PBS at RT for
~one: -25 hour. Sanples were incubated with the primary antibodies (Santa
Cruz biotech, Santa Cruz; 1:100) at 4C for 48 h, washed withy PBfy ipd

" i ncubat edyidsas@qat  anti rabbit 1gG conjugated to texas n;
'1:100) for “oneaﬁ]gur at RT. The sanpl wer e than countergﬁgﬁne%&lghd

" mounted with Vectashield nounting sol?ution with DAPI (Vector.

Labor at or iuef) oh86rvEdanith Rétrorfgiclin (TREIGCTMIS fiopbicnabbntibodyndeBctehhs by a
lentiviral vector. The potenti-al of lentiviral vectors to,. ger_l@%i cally
modi fy hufRiors &8 |thewgoteimiagre ol avigratane Pulghateigippgrolim suiphates

. fl.ere Ak ~ Al d
. {7 anegene RGP TyaE el prtdGeoighen ifipd T puliep ., GHIE (NG el TOBBPCC P

human ES cel | colonies that were cultured on mwouse 5 embryonic fibroblasts
~according_to our usual protocol were incugat ed overni ght wi.thnc%ondit'ioned

. medi unv confital MegiPR RRNsANtEAtiop cndothe 131iceAk e iginkarioyft 6f virgkinfecionsgene
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transductirgly ifieeads ifaht gﬂﬁbi@ﬁéyp‘b?ftﬁaﬁsrd%ﬁcirﬂv{i@éj obadnkdr When mgg(daapd on

feeders that were 2 3 JUN 2006 CT/ AU02/ 01758 26 control of h

pronofl@r . amouy tefandiabninfediouansindst was sloublegl c@).25mbi v Bmdeat a _
plasm ds. g W ﬁ' rated vector titers between 4.3x106 to 3:4x107 TU m ,
pr epar ed % | ;{gﬁ “our standard protocol. 15 Overni-ght transduction of
hES cells with this.protocol resulted in the expression of the transgene
by about 2% of the cells. Additional transduction thei, next. WD 03/ 056019
mor ni ng  (dcUMUETRIRYER FPPEIYING theriEnsducien ProfRSe/RRIGANT have BIRENfiesy  wo
fold (4% 5?.8 srTm 1YNENRraPUEEOP R fRods it Sertimaiiced (Bfthe PO dribmdigeder s
we have. devel oped- S : : ' o L
- 15  was replaced with the hEF-1a promoter. (2) the post-transcriptional regulatory - -
B ‘element from Wt;odchuc_k Hepatitis virus-WPRE was irysertegi-doWnstreahj fo
- the reporter gene. (3) the central polypurine tract ..(‘cPF"T)',‘ df‘ HIV-1 was
- reintroduced into the transgene Upstream ‘to the promoter.- A ‘schematic
 representation of the final construct, pRLL.cPPT.hEF-1ap.eGFP WPRE.SIN-18, *

20 is presented in figure 1.

| *Insertion’ of the WPRE element into the SIN-18 vector did not increase thé |
( 't.rénsauction_efﬁciéncy-; however the"mea‘ri fluorescence "inten.sity,-_(MFl) of
o -f.eXpression with the construct thét.con.tained WPRE was two fold higher than
: 25 " the-original -S-IN‘1‘8vect'or. | | o o
;Replac':ér'nént of tﬁe— hPGK 'promoter'with a _208bp-fragment containing the
- hEF1a promoter SIightIy increased the MFI of the iransgene. Furthermore, the
| _transduction effibiency was also slightly higher.
" The introduction of the cPPT element into the vector had a remarkable effgéct (3
- fold increase) on the -efficiency of tfansduction’._' Moreover' the MFI of the

transgene was also increased.




a protocol where double transduction is conducted for short periods (1.5
hours- each) on ES cell clunps that are incubated w thout the gup mﬁVﬂMPf
feeders. Inmediately follow ng. the short period.of infection (3 hours),
the ES ceMO®¥368 are further cultured on feeders accor diCTgAU®/0@T88 USual
protocol. 25 It has been previously depgnstrated that the efficiency of
IentiviraIH@ector t ransductjon_of hematopoietic stemcells nay be inproved
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differentiation especially w i gh concentrati ons-of nmong
cel I's t hat deailed abeder 24%tofdhe deman BS-otlisewpressat te rtmnugeme(alégureeZ) vvr th
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(The -GCTM2 nonocl onal anti body ‘detects an epitope on the protein core of a
kerat an suf4tak &7¢ fangeueityPeroephef e qrlisithal exprassedthe rapsgemoyieyean

found in h 1988 tor. cqQnc ation
and the ra ﬁ@iﬂg&%’nﬁ%c{ ot dguqéﬁeﬁg}yaih}m%nergeetfvrw&r l? g‘{g\/’ﬁgrﬂ'\tg ¥m§lf'H It ot al
nunber of Eﬁpoetidn obcells wewirﬁmcmbte&irf/@@\trthoed'ﬂmzﬁ Ebﬁﬂr@lr\%htﬁgnsduced
trans Lba g‘% en thﬁ‘pfglgr super natant was:concentrated 10 fold to a
titer s 'QQ’?@%”'Q te froauduetiashpretaqot dishest 'ﬂﬂwﬁedﬁmiﬂlﬁlmr mes or
nore. Atw fold increase in the efficiency of transduction was observed.

when the total 10 amount of viral infectious units was doubled (0.25nl vs
0.5m at aMOBt stﬂ'fﬂ)sw mieye rﬂmlrfﬁeren&atetl;(ammrtlmg’rw mdrpigololizal bﬂf@?ﬁw%ﬁl on{

prot ocol - modi ed th | ent vr r al ctor. to |rrprove
its perfor B8 ﬁ»@ 03aMaEt the e %arsrmlﬁerew@ar@tasa |
pronot er . M}catétﬁb qsta rtaerareﬁthmnd?eéén\ﬂ‘@%krﬁewmzeéﬁm?ﬂy & hpgaepgchuck
Hepatrtrs vi rus- WPRE ‘was inserted downstfeamto - ,
15 These cells probably underwent spontaneous differentiation dunng the week of-
: culture Thrs level of spontaneous drfferentratlon is common with our current
cuilture system Since the: proportron of drfferentlated cells was srmilar among'
: cells that expressed . or did not. express the transgene it appears that the
process of drfferentration did not mduce erencrng of the. transgene
20

Example 2; Lentiviral vectors promote stable expression of the transgene

The transduced celis were ennched for cells expressmg the transgene by
selectively passaging cell clumps that expressed the transgene 28 days after
transduction (after 4 selective passages of the cells performed at each
-25, - consecutive week) an intense expression of the transgene was \nsualrzed by
" fluorescence m:croscopy (Fig 4). FACS ana[ysrs of the transdticed cells 45 days
- after transduction revealed that 81% of the hES cells mamtarned hrgh levels of
‘expression of the transgene (Fig 3). FACS' analysrs of transduced. cells’
propagated for 12 weeks in culture showed that ~00% of the hES expressed
30 'high levels of the transgene The transduced cells are now berng malntamed for
36 weeks without any apparent Ioss of transgene expressron as demonstrated, -
- by FACS analysis of the transduced cells (Fig ‘9). Thus the transduced hES: .A
cells maintain their ability to express the transgene over iong periods of

o
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t-he reporter gene. (:3) the central polypurine tract (cPPT) of H V-1 was

. reintroduced into .the transgene upstreamto the pronoter. A schematic

. representation of the final construct, pRLL.cPPT. hEF-1lap.eGFP. ViPREUKING 13, -

- 20 is pregqﬂg dedi9 figure 1. Insertion of the WPRE el ement, Jnt SIN-18
vector did 3(}‘tﬁ_f"dr{?:r-e-ase t he transduc?’s n efficiency; homggg}}l@ﬁ@%rr%an

“fluorescence intensity (M-l) of expr ion with the construct that -

cont ai ned: ifREtivms Movedver dhbi pifiectet hamdifférantiatedr icgilahaSkiibfessedt die

Replacenent of the hPGK ‘,E)r onoter, wi.ith a 208bp fragnment containing the

hEFla prorftRE9eNS igiringd thapropedy of selfupnewal andprohigrali@hid. VI t her mor e,

t he transduction efficiency was also slightly higher. 30 The introduction

. of the cPPT elenent into the vector had a remarkable effect (3 fold

i ncr ease) bm - assessf Whitkerc jheofstablensatprassion  dibtheotmnstbre Mdsultt fioen

t ransgene was al.so ingreased. ..WD 03/056019.2 3 JUN, 2006 PCJ/ AU02/ 01758
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- det ai | ed disyesled2tt die entirehvirad veEBrdeid integrptessinial thehbost celisgand thek gure

- 2). 5 Perf ing { he transduction.wi t h KnockQut -medi | emented with
chockout. <DPITRAEIEY et i it adhbRRa e  fco RFe etpies
further (d5e [rodingd -pebasedintWepfie@NhoObyvilBRcE ahh® thd alectP DRSS eikad he

transgene were. undifferentiated as indicated by inmunoreactivity wth -
TV 18nt i IeEBINe G, Gitgular oF dperk ijntegrated DNAnEhese rasulis sogoest balither ccTwve

in control,:hgn 15 . A 0 ' 1t I ans on_ protocol
ara ot |+ ndl YEGRRTMAR R0 irebiated PSR KBS ARS el Ruld BAIAG R B 0
. {accor di ngexpresnilphtrbosgenal over ildrey pajiody of dldvatione of transducti on. _

However , -30-60% of the cells were differentiated as indicated by the |ack-
- of imunoreactivity with GCTM2 anti body a week |ater. ' - .

Example  3: The expression of transgene is not silenééd‘r'u_poh_

15 differentiation in vitro

L To.examine the effect of differentiation on tfénsgen_e' eXpréssidn the frénsdﬂcerj
_hES'cells wére 'éultivated 3-4 weeks on feeders wi‘théuf péﬁééging."j'Wé have
- previously dem0n'straftéd ‘that under . these culture conditions hES cells
differentiated into extra embryonic and somatic progé.n’y (Reubiribff et al 2000). -
20 _'FACS.analyses revealed that the’ perrcentag'e of eGFP ,exﬁréss.'i'hg_' cells in the . .
~high density cell cultures was quite similar to the proportion of eGFP+ cells in. |
) '-cuItUre_.s grown for short periods. The'leveis_ of tranégene exprés’sion amohg the '
" . various cuitures'wefe similar (Fig. 11)." B o -
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25 The potential of the transduced hES cells to differentiate jn vitro and: still retain -
o transge'ne expression was further examined during ‘differentia‘tioh of transduced
- hEScells VWith-in‘ embryoid bodies (EBs).‘F!uorscér'iée microscopy analysis of the
5 and 21 days ‘o‘l'd'embryoid ‘bodies_ revealed intéhse expression of eGFP within
~the -embryoid ‘bodries (Fig 5). To furthér examine whether the- mature EBs -
30 . contain differentiated cell progenies from the three embryonic germ layers,
éxpressing-eGFP', 21 days old EBs wére partially_dispérsgd_, plated, and |
"_.subjécted to immundhistdchemistry.' analysis. Differentiated cells coexpressing
eGFIF_’ ahd mesodermal markers (muscle actin and‘ desmin)(F’ig.12A,_ B) as well




15 These cell's probably. underwent spontaneous differentiation during the -

week of culture. This level of spontaneous differentiation is ﬁg@) vmth

~our current ‘culture system Since the proportion of differenti

vias si-mi | X0 0¢0R609 cel | s that expressed . or did not. exprEmsU@w7ss

. transgene, it app‘ears that the procesggof differentiation di d -not - i nduce

-~silencing. of t tras e 20 Exa | e | raI pr oot e
stabl e expfBsEh Qﬂm! aﬂ?‘%{ﬁ ¢rEvipinTqg tLMﬁg&Y(g‘g@ é ﬁ?)i WREB for.

cells exprggsémggt he transgene by - sel ect i vely passagr ng cel | <clunps that

- expressed the transgene.. 28 days after transductroﬂn (after 4 selective.
passages of the cells perforrred at each 25 consecutive week) an intense
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of the transgene (Fig 3 anal ysis of "transduced propagated for,
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o oS Ol Biod SR YEREehlln S BB R RS s gy TR
anal ysi s oprdpagdis@niucaitireeldss pré&vieudly - dEberbddeReubissticald HES006%! I's

~maintain their ability to express the transgene over |ong periods of 2 3
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rovirus into.the host r | ot -anal ysi s of, genom c_
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the entire Haade the'
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enabl i ng tbﬁén éd¢lls as evidenced by the demonstratron of eGFP posrtwe cells that -
' _dlspiayed the morphoiogy and markers of eariy (B-tubuirn ill and NF—?O) and

7

.mature neurons (MAP 2ab glutamate NF 160) as: well as glla cells
o -'(astrocytes GFAP Frg?and ﬂg 13) R

T Thus it éppéars that"tréhsducﬁon‘of hES cells with the SIN-18 lentiviral vector ~
_'-Ieads to expressron of the transgene that is not srlenced upon drfferentlatron :
Moreover the. transduced celis retam therr p!urlpotency pOtentral .-n vrtro 7 (

95 . -Exémp!e 4: The ‘expression _of. .transigené”is f nc:)t-. Silénced up on
- differentiation in vivo - : o -

- —:We have prevrously demonstrated that when hES are engraﬂed rnto the testls of'- B
| severe combined |mmunodef cient (SC]D) mrce they form bemgn teratomas that .
. ~ contain a varlety of cell types and structures, derived of ali the three germ layers
30 '(Reublnoff et al 2000). To test whether the transduced hES cells mamtarn thelr”. ‘
E } plurrpotency potentiaf whr!e still retaining. stable transgene expressron m vrvo
clumps of undrﬁerentlated transduced hES cells were engrafted into the testis of ) |
- NOD.scid mice. All mice (n=4) develeped . teratomas. Erght.weeks aﬁer' B
engrafiment the'_teratomas nrere.removed and analysed for €GFP expression.




- 5 and-

express the transgene over |ong periods of cultivation. Exanple 3: The
"expression 15 differentiation in vitro To .exam ne the. effect of

- differentiation on transgene expression the transduced hES cells wer e

- cul tivat edBoshswaeks on feeders without passaging. Ve have,. %ﬁsf( llﬁy
~deronstrated that under these culture nditions hES cells eréntiated
into extra_enmbryonic and somatic progeny (Reubinoff et al 2000). 20 FACS
anal yses r Eledewiomast CQﬂ’lelnpdrdlﬁﬁtWetedf cd@?né@n&ﬁmagﬁemﬂeﬁsfmm tHee high
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expr essi onvif@$Fig i her exani ned during differentiation of transduced hES

cells ?l thin enbryoid bodies (EBs).. Fluorscence m croscopy. -anal ysis of the
1 days ol d enbryoi d bodi es reveal ed i ntense expiession of eGP"
rmg&ampeemet her the, mature

~wi thin thExampiey5i Gemeticanodfication of feclders b
EBs 30 co Rﬂé&hfferentl ated ce 6&0 enl es fromthe three enbryonic germ
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neur oect odgdBylenki Nneage 5 was exami-ned in neural progenitors and thelr
differentiated progeny. Transgene expression was al so not silenced.
{ hroughout neural. differentiation in vitro. Neural pr ogenl tor spheres
were derived fromtransduced hES ropagated in cul ture as
- previ ousl y descri bed .(Reubi nof ¥ eﬁfé\%€§€@%E§

Barry SC, Harder B, Brzezinski M, Flint LY, Seppen J, Osborne WR Lentmrus

15 vectors encoding both central polypurine tract and posttranscnptlonal regulatory

N -element provide enhanced transductlon and transgene expressu)n Hum Gene E |
: 'Ther 2001; 12(9) 1103-8; .

Bartz SR, Vodicka MA Productlon of high-titer human mmunodeﬂcnency virus

20 type 1 pseudotyped with vesicular stomatltls virus glycoproteln Methods 1997
12(4) 337-42

O Blomer U, Naldini L, Kafri T, Trono D, Verma IM, Gage FH. Highly efficient and
: ‘sustained gene transfer in adult neurons’ with @ lentw:rus vector.- J V[I‘Ol 1997 '
25  71(9):6641-9 |

" Cheny SR, Biniszkiewicz D van Parijs L, Baltimore D, JaeniSCh R. -Retrev’iral
'expressmn in embryonic stem cells and hematopOIetlc stem cells. Mol Cell Blol

: 2000 20(20) 7419-26. '
30 ‘ .
Dull T, Zufferey R, Kelly lVl Mandel RJ, Nguyen M, Trono D, Nald:m L.J A third-

'generatlon lentivirus vector with a condltlonal packaglng system J VIl‘Ol 1998
© 72(11):8463-71. ' '




.Fl uorescence m croscopy analysis. reveal ed an intense expression-of eGP 10
within the neural spheres (Fig 6). Cells from4 week ol d sphergs3 JUN 2006

. co-expressed the reporter gene eGFP and narkers of primtive neuroectodeirm .
(N-CAM . Me@039560Mi mentin and A2B5) (Fig 7 and Fig 13). ) pdmustémsimsye
after |nduct| on of differentiati on of 32he neural spheres by plating on an
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. human i nmuno

~vivo (Fig 14). Exanple 5: Genetic nodification of feeders by lentiviral
‘vector The lentiviral vector that was used for transduction of hES cells.

. proved efficient for transduction of the nouse feeder |ayer which supports
- the grow {ycpfsdsb@ohES cells. Transduction of the mtotlc Clryzliogé%&ug ated

- mouse fi-broblasts over-night 10 with Ox concentrated virug Pted in
30% of fibroblasts. expressing the tramisgene. REFERENCES Barry SC, Harder
B, Brzezinski M Flint LY, Seppen J, Gsborne WR Lentivirus 15 vectors
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; 3. A method according to claim 1 wherein the transduced cell is capable of being maintained for at

least about 36 weeks without substantial loss of gene expression.
4. A method according to any claim 1 wherein the transduced cell retains pluripotency.

5. A method according to claim 1 wherein expression of the gene is not silenced upon replication
and/or differentiation of the transduced cell. '

6. A method according to claim 1 wherein the vector includes sequences derived from a virus
selected from the group including HIV, FIV and SIV.

7. A method according to claim 1 wherein the vector includes a lentiviral central polypurine tract
(cPPT) or functional equivalent thereof.
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8. A method according to claim 7 wherein the cPPT is derived from a HIV-1 pol gene.

9. A method according to claim 1 wherein the vector includes a Human or Woodchuck Hepatitis B
Virus Post-Transcriptional Regulatory Element (WPRE) or functional equivalent thereof.

10. A method according claim 1 wherein the vector is a self-inactivating (SIN) vector.

11. A method according to claim 1 wherein the vector is HIV-1 based, pseudotyped with the
vesicular stomatitis virus G (VSV-G) protein.




Zufferey R, Donello JE, Trono D, Hope TJ Whodchuck hepatitis virus 15
posttranscriptional regulatory el enent enhances expression of transgenes
delivered by retroviral vectors. J Virol 1999 ;73(4):2886-92: Zufferey R
Dul | T, Mandel RJ, Bukovsky A, Quiroz®®, Naldini L, Trono D. SBBTAIN 206
inactivating lentivirus vector for safe and efficient in vivo gene

del i Y2rA methodigogbrdir@ to eBém 72¢12$in Ay Ger80is aFpregdrigenet is to be under st ood
that various other nodifications and/or alterations nmay be made w t hout
departing fromthe spirit of the present invention as outlined herein. 25
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enbryonic stemcell, the nmethod including the steps of providing a human
enbryonic stemcell, exposing the cell to a lentiviral vector capabl e of

i nt etit.afhi mgthadt acdondingdoost@mofl whererelte, gehe enecdasr a protdindnatgpreventedse one

gene r abl i to a pronoter, and maintaining the transduced cell
undegﬁggeﬁ‘g?{!%oéﬁqstﬂé;?%%w ng expression of the gene. 2. A nethod according to

claiml1l wherein the transduced cell is capable of being naintained for at
| eas 2 s W thout substantial .loss of gene expression. 3. A
et 63 ACEIIT RO A T I o s 3Teel cet I s capabi e of bei ng
mai ntai ned for at |east about 36 weeks w thout substantial |oss of gene
expressi on.,. 4 hod .accordin 0 any claiml wherejin the tr C
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expr ¢m$ dioecto tifferentigiiomeofitse ogll  si |l enced upon replication and/or
differentiation of the transduced cell. 6. A nethod according to claim1l
{wherein the vector includes sequences derived froma virus selected from
t he ¢r.cumeithoed astbriing-o\dlaiml Mvisardin$hd/profmotéy ismatpnardotec ooa tHourg-teepligagemel
wherein the vector includes a lentiviral central polypurine tract (cPPT)

or functional equivalent thereof. 8. A nethod according to claim7 wherein
t he ¢®PA methatbacoceding toomin Hwheteipdie penmterds séeoet ot tecavap ingludingcthai m 1

wherein the vector .includes a_Hyma r dchuc patitis B Virus
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t her pafmoter, the human growth differentiation factor 3 (hGDF3) promoter, and the human
transcriptional repressor HFH2 promoter

19. A lentiviral vector for stably fransducing a human embryonic stem cell, the vector including at
least one gene operably linked o a promoter.

20. A vector according to claim 19 wherein the vector includes sequences derived from a virus
¢ selected from the group including HIV, FIV and SiV.

21. A vector according to claim 19 including a lentiviral central polypurine tract (cPPT) or functional

equivalent thereof.
22. A vector according to claim 21 wherein the cPPT is derived from a HIV-1 pof gene.

23. A vector according to claim 19 wherein the vector comprises a Human or Woodchuck Hepatitis
B Virus Post-Transcriptional Regulatory Element (WPRE) or functional equivalent thereof.

24. A vector according to claim 19 wherein the vector is a self-inactivating (SIN) vector.

25. A vector according to claim 19 wherein the vector is HIV-1 based, pseudotyped with the
vesicular stomatitis virus G (VSV-G) protein.




10. A nethod according claim1l wherein the vector is a self-inactivating
(SIN vector. 11. A nethod according to claim1l wherein the vector is HV-1
based, pseudotyped with the vesicul stomatitis virus G (VSV-G protein.
36 2 3 JUN loos 12. A nethod accordi to claim1l wherein the QenaN AR
foreign gene. 13. A nethod according to claim 12 wherein the foreign gene
is an antibiotic resistance gene. 14. A nethod according to claiml wherein
t he n ' r L ol entiation of the cell.
15 B A o B e ol P L hem gene, 16, A
met hod according to claiml wherein the gene encodes a transcriptional
and/ t i I Ak : cell. 17. A nethod
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gene. 18. A nethod according to claim1 wherein the pronoter is selected
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di ff ef thetdelit i on factor 3 (hGDF3) pronoter, and the human transcriptional
repressor HFH2 pronoter 19. A lentiviral vector for stably transducing a
human enbryonic stemcell, the vector including at |east one gene operably
| i nk@é. Avectopacooting (o @Aim 28 weatibrthageons diaygerhgeoe.ai m 19 wherein the vector
i ncl udes sequences derived froma virus selected fromthe group including
HV, FIV and SIV. 21. A vector according to claim19 including a lentiviral
cent Bal Apetippacianding taching ¢ PRReredm tifeugertel @ralies a qanyalpéonaltahdioe other Bi2torA
ectqr..accardi o.claim?2l wherein the cPPT is derived froma H V-1 pol
,g—éne%aégfreﬁsgg@?e({ftlag%%frtﬁ% ﬁ@“'t o claim 19 wherein the vector conprises a
Uman or Wyodchuck Hepatitis B Virus Post-Transcriptional Regul atory

El engnt , (WPRE) _or .functi.on ui val ent thereof. 24. ector _according to
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vector according to claim19 wherein the vector is H V-1 based, pseudotyped

wi th,the vesicular stomatitis Vil G (VSV-O protein. .37 2 3 .JUN.2006 26.
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human polypeptide chain elongation factor 1a (hEF1-a) promoter, the hPGK promoter, the Oct-4
promoter, the human growth differentiation factor 3 (hGDF3) promoter, and the human
transcriptional repressor HFH2 promoter.

33. A human embryonic stem cell stably transduced to express a gene product.

34. A population of undifferentiated human embryonic stem cells wherein at least one of the stem
(“ cells has been stably transduced to express a gene encoding a protein that inhibits differentiation.

35. A population of undifferentiated human embryonic stem cells according to claim 34 wherein the
gene is the pem gene.

36. A human embryonic stem cell stably transduced by a method according to claim 1 and/or by
exposure to a vector according to claim 19.

37. A protein produced by a human embryonic stem cell according to claim 36.

38. A method for treating an animal having a deficiency in a protein, the methed including the
steps of :

providing a hurnan embryonic siem cell according to claim 36,

engrafting the transduced cell to the animal, and




27. A vector according to claim19 wherein the gene is an antibiotic

resi stance gene. 28. A vector according to claim 19 wherein the gene
encodes a protein that prevents differgmtiation of the cell. é%ﬁ‘fn i/ﬁctor
according to claim 28 wherein the gene is a pemgene. 30. A ve 0l
according to claim19 wherein the gene encodes a transcriptional and/or

ot hearlldwing e cdlhaexpesetheprdieint erenti ati on of the cell. 31. A vector
according to claim19 wherein the pronoter is a pronoter of a house-keeping
gene. 32. A vector according to claim219 wherein the pronoter is selected
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r epr gsholes HMIeptlwmtnxencéSBapa@slémfrmian@mg)ﬂmcgune stemcell stably tr ansduced
to express a gene product. 34. A popul ation of undifferentiated human
enbryonic stemcells wherein at | east one of the stem cells has been
stably transduced to express a gene encoding a protein that inhibits
differentiation. 35. A population of undifferentiated human enbryonic stem
cells according to claim34 wherein the gene is the pemgene. 36. A human
enbryonic stemcell stably transduced by a nethod according to claim1l
and/or by exposure to a vector according to claim19. 37. A protein
produced by a human enbryonic stemcell according to claim36. 38. A nethod
for treating an animal having a deficiency in a protein, the nethod
including the steps of : providing a human enbryonic stem cell according
{{Q claim 36, engrafting the transduced cell to the animal, and 38 all ow ng
he cell to express the protein. 2 3 JUN 2006 39. A nethod for post
transcriptional gene silencing in a human enbryonic stemcell, the nethod
i ncl udi ng exposing the enbryonic stemcell to a vector according to claim
19 wherein the vector includes a nucleotide sequence capable of silencing
t he gene.




