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| NVENTI ON The present invention relates to nethods for genetically altering
enbr yoni cwo33es@m cel | s. The present invention al so rel at @ETiAT0e®I158 and
animal s that have been genetically altered using lentiviral vectors.
BACKGROUND COF THE | NVENT, u netic nodifications
into cells via the genet+te anéEIfRAﬁSbﬁélﬂlg %%(SEEE'C stem (ES) cells
marks a maj or step in the basic research of the function of many genes of
interest. A large proportion of research in this area has been directed to
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study of g ne func so,useful for many other applications
such as th egréggpsbﬁ%[}taliﬂre%g]gsleg#vrrﬁl VBSOS | generation of specific ES
cell derived progeny, the use of human ES cells in gene therapy and

others. 20 While nouse ES cells are anenable to genetic manipul ation by a
few approaches, it is kmﬁACKGRQUW OFR THE INVENTINgY of nurine and

that are of PPorely (' uhfadise Slie) MoliRpobBEREG T paflt 3% ol et "0

pluri ptd ent’narﬁﬂdlatror?%fl-_@ﬁbmm)b%m t(ES) cdliekmacks @umamrastbphhbrhbowsufcact or
(LI'F) can support undifferentiated proliferation of nouse ES cells while

it has no Eseakeh f Wendiinctien eemany geresiaft iptetasles Adagse aranarien Hfd
mouse ES CRldeardPi? il diB8 has BE&H airBc@b! 8MRESd R AMhASIARN §Ffbusust e

for the trans expressi on orei gn nto call g using both
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15  function in the intact anlmal. Genetic manipulation of human ES cells may be

also invaluable for the study of gene function. It may be also useful for many
other applications such as the development of models of diseases, generation
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 manipulation by a few
approaches, it is known in the art that the biology of murine and human ES cells
are quite different in many respects. Accordingly, methods that are efficient
with mouse ES cells may be unsuitable for human pluripotent cells.

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

30 foreign DNA into ES cells using both viral and non-viral vectors. Non-viral gene
delivery systems include electroporation, microinjection and cationic liposomes.
These systems have a relatively low transfection efficiency and generally allow

only transient expression of the transgene. While electroporation is the method



only transient expression of the transgene. Wile electroporation is the
met hod WO 03/ 056019 PCT/ AU02/ 01758 2 of choice for the transfection of
nouse ES welB®s560ie has been reported to be inefficient wPCh/AwwaITSES
cells. In contrast to non-viral delive&y systens, viral vectors have proved

to be a nore, 5 efficiepnt tool for gene nsfer.. Retrovir s, which
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vect ors i n&ficiahewiththendeEBasdIsDNA  and thus enabl e a stabl e transgene
expressi on. However, such vectors have problens when used with ES cells

due to conplete or partial silencing of the transgene in nouse ES and EC
cell's. Thi j NG A.S; : [
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vivo and imoblemsowhanLuseddefibrids mells skbgeto comelaialarurastighsitasindnel 81€ i s not

avail abl e for human 20 ES-gell used . r s wth
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with a VSV-G lentiviral vector simlar to the one that was used for the
nouse systlEaASEEBLIPRArePeSERMR: | vi ral vectors have a further problemwith
regard to biosafety. There is a danger that the introduction of these
vectors into an animal may result in the reconstitution of productive
viral par tHidM-essed kindigiral vextorsi that haeg been neyetbpedtrecentipasya subgrdlipsaf et y

of the lentiviral vectors several i fications have been, introd into
them Fi rsqf,reb'pxlr%q% &@n@gmé/rl{eﬁ qﬁged?%@" %Se\’?ﬁq?r&l 18%%(311%@{%'1}? %@gg\er e
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was constructed, separating the remaining genes into three different
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sel f-inactiyabhf8nd hepatocytes, in vivo and in vitro.

A LIF dependent feeder free culture system, which is not available for human
20 ES cells, was used to transduce mouse ES cells with the VSV-G lentiviral
vector. Results from the Applicant's laboratory have indicated that the
efficiency of genetic modification of human ES cells with a VSV-G lentiviral

vector similar to the one that was used for the mouse system was low.

25  Lentiviral vectors have a further problem with regard to biosafety. There is a
danger that the introduction of these vectors into an animal may result in the
reconstitution of productive viral particles inside a recipient cell. In order to
improve the biosafety of the lentiviral vectors several modifications 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 plasmids
to prevent reconstitution of productive 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



(SIN H V-1 vector with a deletion in the viral LTR that abolishes its
pronoter activity has been constructed. The SIN vector can transduce
neur ons iwWOwWBM80as WO 03/ 056019 PCT/ AU02/ 01758 3 effi ci erCinatag/owsgect or
with full-length LTRs. Its efficiency3with ES cells and its potential to

i nduce stapl e non- S|Ien ed si gn transgenes in E
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geneti cal FMten’Fﬁﬂtd md@ee%tmavdbrﬁsﬁléﬁleb &Praghich beRahkgenss WeESOEellsTBe pri or
has al so led to disclose a nethod for efficiently genetically nodifying
a feeder Liakmownhat supports the undifferentiated propagation of human ES
cells. It is therefore an object of the invention to overcone or alleviate
a problemof the prior art by 10 providing nethods for the stable genetic

nodi f igat Tendafe, BReChlidrs atshag atndibslosed anv effictars. mStAGARY GeEndtitally
| NVENTI ON 15 I n one aspect the present inventjon rovld S a . ne h d for

t r ansduci MPAYMenaRUMAREY $8ll LSt mluiMiIrus YecierndtRdyqr stﬂ:]?“h SI ng
the embrygpi ?ds%t aMgthbd T Rr éﬁlh%ﬁlgvﬁgéﬁé’uc‘éﬁ?ttﬂBdlf}hHg aQotRekr agpecihathe
present invention provides a or treating a ani mal " having a

defi ci enc;upporas M@UBduffererhmterépm;liagamohu:dlhn@amESsc@bs bfis therefoamdiuci ng a
human ES c rd| n e net hods d SGLI bed_ herein n f t he
cell tot Hgle&hl e q thI %{Moxarcpﬁbe (%Ia\ €Y'3 er‘?ré’EL el tB?onﬁgq b gl%
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genetically nodified by a method as described herein. In another aspect the

present i neeiors.on provides a protein produced by a cell genetically
nodi fied by a method as described herein. 30 DESCRI PTI ON OF THE FI GURES
FIGURE 1 shows a schematic representation of the lentiviral vector
construct pRLL. cPPT. hEF- 1 SUMMARY\GIREHE NVENTION

15  In one aspect the present invention provides a method for transducing a human
embryonic stem cell, said method including exposing the embryonic stem cell to

a lentiviral vector.

In another aspect the present invention provides a method for treating an
20 animal having a deficiency in a protein, the method including the steps of :
transducing a human ES cell according to the methods described herein,
engrafting the cell to the animal, 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 invention provides a protein produced by a cell
genetically modified by a method as described herein.

30
DESCRIPTION OF THE FIGURES

FIGURE 1 shows a schematic representation of the lentiviral vector construct
pRLL.cPPT.hEF-1ap.eGFP.WPRE.SIN-18.



WO 03/ 056019 PCT/ AU02/ 01758 4 FI GURE 2 shows FACS anal ysis of transduction
of hES cells wth 10x concentrated reconbi nant viruses. Transduced cells
wer e analwyeadoFeodays after transduction for fl uorescencePChtiagngoi?ssand
conpared to control cells. The 5 | evel4 of spontaneous differentiati on anong
t he transduced and control human ES cells was determ ned by the analysis
of the proporti on of cells that were inmmunoreactive with the nonocl onal
ant i body %]E iPgRCEh hal §8CbF traMdductibe JRAEB 6RIIESwetwl ogur f ace
mar ker) . e upper right and t ower right quadrants represent the
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S ce b 'days a passage. The cel
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i ntense expression of the trans thiin a i bod and 5
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neur al “ progeni tor sphere derived fromh cells transduced w
PRLL. cPPTmﬁlécsian&BRE&WRES&(&)1BESA0§B$1e?r@nSd5me@urVM leée@F’ﬁmTthe% medi um

suppl enment ed G-(A, B) and 9 30 days after plating onto an
adhesi ve é&ﬁ%@%‘gé&g%ﬁﬁ g in the absence of growh factors (C, D).
Differentiating cells that are emanating fromthe sphere (C are
expressing the transgene (D). Scale 0 /05 019 PCT/ 2/ 01758
P ?—' GURE 3 sho%vs FA&S) analysis of%uman gg“éellw% (% passages) a UR
15  transduction with the lentiviral vector pRLL.cPPT.hEF—1ap.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 cell colony 6 days after passage. The cells were
20 transduced 4 weeks earlier.

(scale bar 100pm).

FIGURE 5 shows an intense expression of the transgene within an embryoid
body 3 weeks and 5 days after its formation (scale bar 100pm).
25
FIGURE 6 shows phase contrast appearance and fluorescence microscopy
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). Differentiating cells that are emanating from the sphere

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



5 FIGURE 7 shows coexpression of the transgene and neural markers
denonstrated by indirect inmmunofl uorescence staining. Neural progenitors,
12 hour swafiseseodd saggr egati ng of spheres and pl ati ng on adhedioge17s8bst rat e
coexpressing eGFP and nestin (raw A),5N-CAM (raw B), and A2B5 (raw C). 5
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1.56 kb i peeormakd asrddscribadirefigurehar ed by

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 analysis that was carried out to assess the
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 amplification with the Alu sequence primer
and the viral WPRE primer. For quantification of the number of copies of
integrated viral DNA, the amplified products were subjected to Southern blot
hybridization with WPRE probe. Right panel: Genomic DNA that was prepared
from nontransduced (lanes 1, 3) and transduced (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 (cleave viral DNA on both sides of
the eGFP, therefore detect a 1.56 kb internal viral fragment shared by

integrated or nonintegrated virus) (lanes 3, 4). The digested DNA was subjected



integrated or nonintegrated virus) (lanes 3, 4). The digested DNA was

subj ected WO 03/ 056019 PCT/ AU02/ 01758 6 to Southern bl ot hybridization

wi t h eG-Pwprodlosso1schemat i ¢ presentati ons of the integrat @edmauwab1BBIA and
t he position of the probes are shown @n top FI GURE 11 shows FAGS anal yses
of transduced hES rown in culture for 1, 3 and 4 weeks w t hout
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neur al 5 splyes @ 4 §RNMaLigtb Ut basshgingsduced hES cells were 15 di saggregat ed
pl ated and i mrunostai ned for markérs of primtive neuroectoderm[nestin

(B), PSA-NCAM (C), and A2B5 (D)] (E-1) The transduced neural progenitors

wer e indu t a e and

r emoval ?? %%grégﬁ@%rdggé( (r)n (ﬁ* el tﬁ%rtggho%%nﬁe%&%%@éﬁog&eﬁﬁéu?Ws’%h (B)],
mat ur e newctins(A) MaRusae Weshfin (B)DltmmdbﬁkrmﬂF(laﬁmlrﬁﬁO(C()H)lbw ote@gar ocyt es
[ GFAP (1) S exa ned. [$/§ g?ﬁﬁ i ndi rect i munof | uor escence

st ai ni ng ev%ecﬁté’ REFtE d?‘ S W@@ SJ@fP’ dipagsragaiedc EBsgrdersed FI GURE
14 sh I t ft ment
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(A) and glefsfdiflaerescencs (green.C,F) within the teratomas. The cells within

t hese structures are expressing eGP as denonstrated directly in the
fluorescent imges (B) and (D) or follow ng fluorescent imrunostaining with

anti  eGFRIGURE)3 SRoWwk bdkkbfedeipCot e %@eﬂ@%d%&b@l%ﬂk@r@nﬁo@speﬂ
the present invention provides a nethod for fransducing a hunman
weeks old neural spheres generated from transduced™ hES cells were
15 disaggregated plated and immunostained for markers of primitive
neuroectoderm [nestin (B), PSA-NCAM (C), and A2B5 (D)]. (E-l) The
transduced neural progenitors were induced to differentiate by plating on an
appropriate substrate and removal of mitogens. Expression of markers of
neurons [b-tubulin I (E)], mature neurons [MAP 2a,b, (F) glutamate (G), NF-
20 160 (H)], and astrocytes [GFAP (1)] was examined. Merged images of indirect
immunofluorescence staining of the markers (red) and direct eGFP

fluorescence (green).

FIGURE 14 shows eGFP expression within teratomas produced from 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 cells
within these structures are expressing eGFP as demonstrated directly in the
fluorescent images (B) and (D) or following fluorescent immunostaining with anti
eGFP in (F).
30
DETAILED DESCRIPTION OF THE INVENTION
In one aspect the present invention provides a method for fransducing a human
embryonic stem cell, said method including exposing the embryonic stem cell to

a lentiviral vector.



enbryonic stemcell, said nethod including exposing the enbryonic stem cell
to a lentiviral vector. WO 03/056019 PCT/ AU02/ 01758 7 The net hods

descri bedwbaesmsdihave been di scovered to be powerful and prefrfAtoRemsst ool s
useful in the transduction of human E@ cells. 5 Wiile the use of lentiviral
vectors is known in the art for the transduction of cells, successful
transduci ng of human ES cells by using these vectors was not reported. As
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altering a ﬁost ce using a non-replicative virus-based vector system
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are quite different to ES cells of other species. Al though the study of
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the extra-enbryonic me nes and placenta. |In addition, growth factor
r equi r enemtevetapimy e mnydiellfgpeeat ihathasty, anergan fasrtissues or

The unique biology of these primitive cells often prevents the direct application
of standard transduction and transfection techniques that have proven effective

20 in the genetic modification of differentiated cells.

There is the further complication that human ES cells are quite different to ES
cells of other species. Although the study of mouse ES cells provides clues to
understanding the differentiation of general mammalian tissues, dramatic
25 differences in primate and mouse development of specific lineages limits the
usefulness of mouse ES cells as a model of human development. Mouse and
primate embryos differ substantially in the timing of expression of the embryonic
genome, in the formation of an egg cylinder versus an embryonic disc, in the
proposed derivation of some early lineages, and in the structure and function in

30 the extra-embryonic membranes and placenta.

"In addition, growth factor requirements to prevent differentiation are different for
human ES cells compared with the requirements for mouse ES cells. In

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



human ES cells conpared with the requirenents for nouse ES cells. In
culturing nouse ES cells, support fromthe feeder | ayer can be replaced by
WO 03/ 0560093@EDAAU02/ 01758 8 suppl enentation with LI F wirCEmwan1738 event
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pseudot yped l'entiviral vector. However, Applicants have shown that a
simlar obthemsteinscalisdhat aiectiitured Wil theMnsduct i on of human ES cells. Thus,
di fferences between human and non-human stemcells coupled with the 15
further differences between enbryonic stemcells and differentiated cells
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by transducti on.
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Progeny Cﬁ]dcm dBPHénétFaté§ ﬂﬁ)@%ﬁdﬁ% erahedu@Resi ﬁn@'uls& POy veker i \@d/da of an
organi sm that ‘was derived froma single altered stemcell. Lentivjral

vectors apeeudatyped ﬂ\emth/erahwedfom Howeverahipliegnts aveashamie thaiamsingiddn 25
types and hayve.t he_adv I r ce a stable insertion of
yp g’t isingfiicje én g%{w@%ﬂ%ﬂ oefti)]u drPEBI Y

a gene i ME6Y ce in egrate into the host genome the
provirus behaves like a re5|dent gene, and expresses a foreign protein

inserted _into the viral vector. Lentivi raL vect gr s arF r| or. t other
r et r ovi r all huec diffiesencasnetwessyhypan dndmRshymanRism, tel Sr%‘?j'& %%Wt hat at

| east, o QUi affePantidie@lcendfidat i on.
Human ‘% \)?r?@éndﬂﬂ g%ﬂe?&gﬁg(b%%«%@‘é{%%drﬁgﬁyf (\e/r%f%é; vectors d% not ﬁave this
limtatiofo Uimestedttytwhegeathenaptiog tohgeeetically 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 to
genetically modify every cell of an organism that was derived from a single

altered stem cell.

Lentiviral vectors are known in the art for their ability to transduce some cell
25 types and have the advantage of being able to produce a stable insertion of a
gene into the host cell genome. Once integrated into the host genome the
provirus behaves like a resident gene, and expresses a foreign protein inserted
into the viral vector. Lentiviral vectors are superior 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 products (e.g. the protease) tend to be toxic to
host cells. Thus, while lentiviral vector systems have been a great advance in

transducing cells, there is a high level of unpredictability that such vectors will



viruses are conpl ex and sone products (e.g. the protease) tend to be toxic
to host cells. Thus, while lentiviral vector systens have been a great
advance iWO oBlsdsduci ng cells, there is a high | evel of umprediochetss! ity

t hat such vectors will WO 03/056019 RLT/ AU02/ 01758 9 be useful for all
cell types in a %ven species, or across_all species for a gi ven. cell
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Appl i Cantc?elﬂ?é% 5 successfully applied lentiviral vector technology to the
transduction’of” human ES cells. In a preferred formof the nethod the
vector includes a central polypurine tract (cPPT) or functional equivalent
t hereof. As used herein the term"central 10 polypurine tract or
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formthe Egﬁlléi ral pol gene disclosed by Zennou (2000). 15 In a nore
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preferred e iment of the nethod, the cPPT is derived froma HV- 1, SIV
or FIV pol gene. Yet nore preferably the cPPT is derived froma H V-1 pol

gene. Mbs referably th PT 4 : Sé‘éFﬁ Kk
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increase) 20 on the efficiency of aﬁ.rl?aﬁq ductf,j on. Tran tion of quan ES
cel | S0canpolypriing tréct Phisinsliealigauiyale 'E?rr?@ t REANG AN SEVERTR LY of
feeder fifr lu?r%[ﬁ s Fdrafs WA RNt & Bi_CYiral lgen8mePingd @he adcleasrafol t he
i nventi on™tramaduction 1's carried out on ES cel I” clunps that 25 were

transi ent the ploat eliorin ewadgiesidfystcedesequanes iprtbe Pddgse: pairf eBdédrs are

present at a densjt f less than 70 | r st preferably the
seedi ng dBRIYENCS ”%‘btgﬁtle"iU,'r@gﬁo&qqés&ggf)g%%? 4‘1“?&%‘8@@9 8?8 fol | owi ng
transduction the ES cell clunps were transferred and further cultured on

feeders that were prepared accordi n% met hods des ri1b_ed in P(%T/ AU9 {\?0990
30 anh PCIH Auapreopef@red embodiment of the method, the cPPT is derived from a -

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 introduction of the
cPPT element into the vector had a remarkable effect (at least 3 fold increase)

20 on the efficiency of transduction.

Transduction of human ES cells can be further improved by minimising the
deleterious effects of feeder fibroblasts on transduction efficiency. In a
preferred form of the invention transduction is carried out on ES cell clumps that
25  were transiently plated on low density 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
overnight transduction. Immediately following a short period of transduction the

ES cell clumps were transferred and further cultured on feeders that were



Short transduction of 3 hours was found by the Applicants to be as
efficient as overnight transduction. Imrediately follow ng a short period
of transdwotmBosoihe ES cell clunps were transferred and fPamtAwme/ocdst ur ed
on feeders that were WD 03/ 056019 PCT/I@\U02/01758 10 prepared according

met hods descri bed in PCI/ AU99100 nd .PCT/ AU01/ re red
aspect, tPreRamREt | BRCYAING; eW@T ma eFer tf"%iirt he&y %?@3&%‘&@9@9@ cékﬁ!rayl ng
out transgpgyAQBqfgo7ghort periods on ES cell clunps w thout the support

of feeder F’ayers I'n a preferred enbodi ment of the invention transduction
is carried out over about 3 hours. Nbre pref erably, double transduction is
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increase in the efficiency of 20 transduction was observed
Wnen the eficigncyrimuabowtf56for al i nfectious units was doubl ed (0.25m vs
0.5m at a 2.58x108TU/mM). In a preferred formof the invention
transduction is carried out in a serumfree nedium Applicants have found
that the ysg mftheﬁgrefmrwtémb@dlmenumtheSmetrmob\tm |enmmadvmrto|om used at

efficiencies. In a nore hi ghI prefe&(?gd met hct{ h 3? duc Cg IS carcgl ed
out usi ngaKHQER@PPW%{jl@ﬂQ/ﬁ‘H—p & Peefelaly the WH@ Yﬁe PLIR Y %dded
to thescells &?n%% ‘Er%kll:ﬁ)ofte{;ﬁ)‘r ﬁh%f’é! 90" he/MiL! aVirBevddist @sncedtia@bn and
trans ectlon at th particles are collected in this serumfree
medi um  Tiiee sammf tireetotaleatinommiconties! mfagtieuseunity and jjbg total Bsmpbsr ohES

cell had a significant effect on the efficiency of transduction. When the viral

supernatant was concentrated 10 fold to a titer around 2x108, the transduction

efficiency increased 2.5 times or more. A two fold increase in the efficiency of

20 transduction was observed when the total amount of viral infectious units was

doubled (0.25ml vs 0.5ml at a 2.58x10°TU/ml).

In a preferred form of the invention transduction is carried out in a serum-free
medium. Applicants have found that the use of medium without serum
25 improves transduction efficiencies. In a more highly preferred method,
transduction is carried out using KnockOut DMEM medium supplemented with
SR. The medium is added to the cells (293 cells) that produce the viral 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

30 subsequently used for the transduction.

In a preferred aspect of the method the cells are plated on fibronectin. It has
been previously demonstrated that the efficiency of lentiviral vector transduction

of hematopoietic stem cells may be improved by infecting the cells on



30 subsequently used for the transduction. In a preferred aspect of the
nmethod the cells are plated on fibronectin. It has been previously
denonst r awed3wb@to t he efficiency of lentiviral vector tramsdwatoromssof
hemat opoi etic stemcells may be inproved by infecting the cells on WO
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increasing stability of facilitating the nucl ear export of

the NRNA to the cytoplasm An exanple is the Wodchuck Hepatitis B virus

oo I e B2 e R, PSR AL o gl

(1999). Ina m" of post=transcri ptional

r egul at or trgdseAptidnalgegiilasry israsnb or Wradiohalcdquiegiant thesedd. Vi r us
Post - Transcri ptional Regulatory Elenent (WPRE). More preferably the post
transcriptional regulatory elenent is 25 fromthe Wodchuck Hepatitis B

ViTusq3s di Lih FROehaNk AaGeFsbaRtion TEGlIatld BHémBHE beFhdiRhal
1093- 1284%%?1}38?2%&*9 oﬁ%(;xpr e:%(?sqon%g% g&tlor ansggne a?t er transduction was
i ncr eased dnyuivdlent thecdaf® nteansf anyhBNfosequareeseapable ohmicreasing freosgenrs enent
into the vector.. V\herte . : . . -
eXxpression post-transcriptionally either by increasing stability of the mRNA or by
facilitating the nuclear export of the mRNA to the cytoplasm. An example is the
Woodchuck Hepatitis B virus post-transcriptional regulatory element disclosed

20 by Zufirey et al (1999).

In a preferred form of the invention the post-transcriptional regulatory element is
from Human or Woodchuck 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 regulatory element into the vector. Where
30 the element is WPRE this modification can increase the mean fluorescence
intensity of expression with the construct that contained WPRE by two fold
compared with an unmodified vector. Hence the benefits of the additional post-

transcriptional regulatory element can be easily ascertained.



30 the elenent is WPRE this nodification can increase the nean fluorescence
intensity of expression with the construct that contained WPRE by two fold
conpar ed wotod/osmiunnodi fi ed vector. Hence the benefits of PChaA@dd1158 onal
post- transcriptional regulatory elengm can be easily ascertained. WO
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plasmids. 5 1n a'preferr , the vector 1s a self-inactivating
(SI'N) vectsystemh chmprisihgl tbtéeoplasmidshe viral LTR that abolishes its pronoter
activity, and/or has at |least one virulence factor sequence renoved in
order to inprove the biosafety of the vector. Mre preferably, all
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Pseudeg ypwg&téﬁt ifvé Ry, thé %Hicé%%;&ﬂsw VBotYRYrdp tRE RfrsdlithoReY &Y agRs: (1)

|t broade he host-cell range of the virus since VSV entrance into host
cells is mod thepepudantialda ingins $table neceinses ex@ession aifitansgboes was

concentrati f t Vi L US ltracentrifugation, 2 it hout .l gs

ofect vi tiRBai, s SherAbniZonts Held, BBGMNdY iR el e Haipdhtale

Pref er abl wndtdvh-yiesiced tfandduetion BEhues ES eBKgith SPNlJeztdy be genetical ly
nodi fied at any stage of differentiation with reporter or sel ectable

markers so that the markers are carried through to any stage of
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undi frerentiate em cel'l” popul ati'on” ‘at ‘any stage o ron. The use
of constr tlte vyesmutai stomgtitanres @ ev/-&1) qurotedma P ssudobypingrof reg ldntigirbht e of

the modi T8 & ShitroVBULE orfetd WIS advAntageS (13 it broadens the Rostef tamge of
the virus since VSV entrance into host cells is not dependant on specific
receptors. (2) It allows for concentration of the virus by ultracentrifugation

20 without loss of infectivity because the VSV-G structurally stabilises the virion.

Preferably, the vector further includes a marker. Cells may be genetically
modified at any stage of differentiation with reporter or selectable markers so
that the markers are carried through to any stage of cultivation. The markers
25 may be used to purify the differentiated or undifferentiated stem cell population
at any stage of cultivation. The use of constructs containing marker genes also
enables monitoring the fate of the modified cells after further in vitro or in vivo

manipulations.

30 The vector may further include a selection or reporter marker gene under the
control of a cell type specific promoter. Such a construct will be expressed only
in a specific cell type and will allow genetic selection for the specific cell and the

establishment of a pure population of a specific type of cell. Any cell type may



30 The vector may further include a selection or reporter marker gene under
the control of a cell type specific pronoter. Such a construct wll be
expressedwonBgseoin a specific cell type and will allow gemetmriavogzeizgti on
for the specific cell and the establi3hnment of a pure popul ation of a

specific type of cell. Any cell type . 3/ 0560 P 7 13 be
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di {1 erent difbpshifaidd S ofa SpeGhié bel gl type. In an even further preferred
enbodi ment of the method the vector ‘includes a 5 foreign gene. As used

herein, the term"forei gn gene" nmeans any gene that is incorporated into

the vector, and whjch i Lr / i ty b fd I on of
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facilitat ﬁo%%a‘%ﬁ%f%%sft Al PUiHd h&fk WREHfth&caiakicahye thdaRy aBEIED@RYI ati ons
through the T ntroduction of vectors~expressing a gene encoding a protein
that wil mayr emende dirfyf pragaini atlin gn praferiednambegineent] hengene i erasiesvact or s

havi t hat di i ff tiati t t abl
mar ket geREReagFah BrvaR fov ditecr A S Tl pBd PERe i BpBd ™ ©
popul #§ i oftf RfoLBeIPS Welli ystth! Ghiigts nfodifcapionulsig twes pein Gshe deyi aled
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di fferent unman S may owar ds “a specific |ineage
or cell twikepkyehbdiffierdéntedioat i on of vectors encoding such genes. For
exanpl e the overexpression of human Nurr-1 gene, 25 which encodes a
transcription factor of the thyroid hornone/retinoic acid nuclear receptor

ngg‘o'r 1 nﬁf%n‘?ﬁn ERL e IO RRITRIBLE vESRATHARhEI derReURaNdiréMedifigrentibtioh as1999) .

gly the vectors of the present invention may conprise a gene
well as reporter or selectable marker genes may have improved efficiency of
derivation of purified populations of a specific cell type. Pure populations of ES
derived specific cell type will provide an unlimited supply of cells for

transplantation therapy.

20

The gene may also encode transcriptional or other factors that will direct
differentiation of the host cell. The differentiation of human ES cells may be
forced towards a specific lineage or cell type by the introduction of vectors
encoding such genes. For example the overexpression of human Nurr-1 gene,
25  which encodes a transcription factor of the thyroid hormone/retinoic acid nuclear
receptor family, may be used to generate dopaminergic neurons (WWagner et al
1999). Accordingly the vectors of the present invention may comprise a gene

encoding a protein that controls the differentiation of the host cell.

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

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



encoding a protein that controls the differentiation of the host cell. 30
The skilled person will understand that for the gene to be expressed, the
vect or nwetosiomoiude a pronoter operably |inked to the forerguogenss The
pronoter may be any of a nunmber of sqguences well known in the art that is

capable of initiating expression of a gene in a na l'i an celb Pr%ferably
the pronoPEIMOlRRyishdhenhueenoRgVpEsHBE efhap glonggticia- i g ( ERé:Dnor e
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Most pr ef acediding e Geostdrde acasssios egunebere JO4STOradi Ggnebade msdsgagion
accessi on nunber  J04617 or ne accessi on nunber ML1958 nucl eoti des
1-516. 5 ?H@%%ﬁ%@dﬂé@%@%@ f'??ﬁénsi ty of a cell transduced with a vector
contaiming the gene for green fluorescent protein operably linked to the

hEFla pronoter was slightly higher than that of a vector incorporating the
hPGK pr ondher meapfluckesaance, intemsity radres aelt trrppdegad witbre yegs cangniegi ght | y

hi gher wi th th sy
hat 1 nol HR oo ety lsRBBA brotgBeib B RRBLR,AE, el rombrerect o
(PRLL. cPPT,EEidraR. AGFEr WRER. tBubicta veidguneorborimsy isehROK! prnsetsee human

ES cells with a nodified protocol as 15 detailed in the Exanpl es_section,
24% of t hEURhiREROES the rresdygicaseffgienpe wasraler glighly gher with the BEFdgt y

per ce OE érﬂgte?el | s that expressed the transgene were undifferentiated as
i ndi cat ed By Irmrunoreactivity with GCTM2 anti body. Simlar proportions of
cells were i munoreactive with GCTM2 in control nontransduced cells

i ndi cating that the transduction protoco i.d t ipndu

i 1 or ent THSDrR BPCEE A IR BYEHdiNam PPAAEEUT TSR BIRRIREs
reached {PREFIMHdBIhe BIPIECERMERS Id@ma@mmFr-mp.@@m.va@mr\:eqs&ed eGFP
the popul ati on of hES expressing eG-P has further increased. Fluorescence

m cr oscopyigurel Y)swes afsed2® Hiassdisel Burpenday welis tth ermadiiedt proteeh@ted an
I nt €NFs SYRLAIRY ﬁ?'nnth%f E&Qreﬁples 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 immunoreactivity with GCTM2 antibody.
Similar proportions of cells were immunoreactive with GCTM2 in control
nontransduced cells indicating that the transduction protocol did not induce

20 differentiation. By using a KnockOut medium transduction efficiencies reached
44% (Fig 8).

By mechanically passaging regions that expressed eGFP the population of hES
expressing eGFP has further increased. Fluorescence microscopy analysis of
25 hES cells 28 days after transduction showed an intense expression of the
transgene by the majority of the hES cells (Fig 4). This was confirmed by FACS
analysis of transduced hES cells 45 days after transduction (5 passages)
demonstrating that 81% of the hES cells expressed 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 fransgene expression.
This has been confirmed by FACS analysis of the transduced cells that were

maintained for 36 weeks in culture (Fig 9).



transgene by the majority of the hES cells (Fig 4). This was confirmed by
FACS analysis of transduced hES cells 45 days after transduction (5
passages)wodafndst rati ng that 81 % of the hES cel |l s expregsadingivsBevel s
of expression of the transgene (Figung 3). 30 In a preferred formof the
I nvention the transduced cells are capable of being naintained for 36
weeks without a substantial |oss of transgene expression. This has been
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s to self-renew and proliferate in vitro. Applicants have
15 shown eaabhng theam éelexprese éhe tramemene aveinonea Aeripge ohbulbvatien. GCTive
anti body at 36 weeks after transduction (Fig.9). Hence it appears that the
transduced wundifferentiated cells that express the transgene retain the

property @f afiter prefeeisal asvedt pf e hressaht Pentioy tHe metift Hoes npt affectr ed
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cell's V\er&%m’fﬂéﬂt@* et pellsetp palbvenad rind HreMeriel e grika éPP'ﬂféﬂt%l%aafte t he
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|nd|ca ed I munor eact 1 vit anti body a week
| at er. Thes&6cekkks after transduction (Fig.9). Hence it appears that the transduced

undifferentiated cells that express the transgene retain the property of self-

renewal and proliferation in vitro.

20 In a preferred form, the method does not induce differentiation of cells. Most of
the cells were undifferentiated (according to morphological criteria) at the time
of transduction. However, 30-60% of the cells were differentiated as indicated
by the lack of immunoreactivity with GCTM2 antibody a week later. These cells
probably underwent spontaneous differentiation during the week of culture. This

25 level of spontaneous differentiation is common with currently used culture
systems. Since the proportion of differentiated cells was similar among cells that
expressed or did not express the transgene, it appears that the process of

differentiation did not induce silencing of the transgene.

30 In a further preferred form of the invention, the expression of a transgene
included in the vector is not silenced upon replication and/or differentiation of
the cell. To examine the effect of differentiation on transgene expression the
transduced hES cells were cultivated 3-4 weeks on feeders without passaging.

We have previously demonstrated that under these culture conditions hES cells



probabl y underwent spontaneous differentiation during the week of culture.
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11). The pahsgénakbxpfession Waammﬂwmahmseatdurlagtdn‘feieﬁﬁmrcﬁnoﬁ tsaresducedi t r o

d still t t h dd
G111 or ent NES! GRIGWENASEGAIN MERSS APESTvi ¢h SR80 HobonaeioRes 21
days gt e%ﬁﬂ?ﬁﬂﬂ%@&%&' ‘i’rﬂeﬁfse 1(9(p‘?é@§ PRIt ﬂ%dtrﬁﬁsgéﬁé W@ﬁd@é%@ﬁﬁédﬂbyo‘c t he

transgene was” document ed by | uorescence microscop ure 5). To further
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observed.

Transgene expression was not silenced throughout neural differentiation in

20 vitro. Neural progenitor spheres were derived from transduced hES cells and
propagated in culture as previously described (Reubinoff et al 2001).
Fluorescence microscopy analysis revealed an intense expression of eGFP
within the neural spheres (Fig 6). Cells from 4 week old spheres co-expressed
the reporter gene eGFP and markers of primitive neuroectoderm (N-CAM,

25 nestin, vimentin and A2B5) (Fig 7). Furthermore after induction of differentiation
of the neural spheres by plating on an appropriate substrate and removal of
mitogens (Reubinoff et al., 2001), the expression of transgene was maintained
in differentiating cells (Fig 6) including neurons, mature neurons and glia cells
as evidenced by the demonstration of eGFP positive cells that displayed the

30 morphology and markers of early (B-tubulin Il and NF-70) and mature neurons
(MAP 2a,b, glutamate, NF-160), as well as glia cells (astrocytes GFAP, Fig7
and Fig. 13).
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Hi st ol ogi cal anal ysis revealed that the teratomas contained di fferentiated
cells 10 dmebessiruciutasesxpressed eGirdrFidhel4) hHescenivr § greteriper ivinmadf theyer s.

Cells within th t d.eGFR (Fig. .14) Hence, |
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differentiation in-vitro and in vivo. 15 Genetic nodification may
facilitate the devel opment of purified undifferentiated ES cell

popul ati o ougn: ' C 4
under heQ?:%"ﬁr#iﬁcorﬁgg%fkgﬁosﬁjE%@gcwﬁ%%g@ ?fcféé’@ip orr%r?gorfa%tﬁg eﬂa&sﬁ%ﬁeﬁﬁ {%{e
sequence ES ctheoPuolatiénytiomogértheaysebef Yectod expressinGensbdlantabimteshse under
the accession nunber 211900. TP]F Genebank dat abase can beTaccessed on t he
under the control of a stem cell specific promoter such as Oct-4. The sequence
of the Oct-4 promoter may be found in the Genebank database under the
accession number Z11900. The Genebank database can be accessed on the

20 Internet at the URL hitp://www3.ncbi.nlm.nih.gov/Entrez/nuclectide.html.

Other stem cell-specific promoters that can be used are (1) the promoter of the
human growth differentiation factor 3 (hRGDF3), a member of TGFsuperfamily.
The sequence of the region upstream to the transcription start point is available
25 (Genebank accession number AC006927). (2) The promoter of the human
transcriptional repressor HFH2 (termed also Genesis), a member of the winged
helix transcriptional regulatory family. The human homologue of Genesis was

cloned and sequenced (Genebank accession number AF197560).

30 Some differentiated progeny of ES cells may produce products that are
inhibitory to stem cell renewal or survival. Therefore selection against such
differentiated cells, facilitated by the introduction of a construct such as that

described above, may promote stem cell growth and prevent differentiation.
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may be al so constructed in a simlar manner to elimnate specific
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type specific pronoters. 10 In another . aspe . t J tion

provi des Q”Wlﬁwlq%? d%?'@&f‘%ﬁ' RO, r@er P’l?i@?%ﬁﬁ%@fﬁ% Seﬂﬁ%%?h a protein,
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kit B TR TR S B A
Cells modified to express 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 could be used to produce in vivo factors and
enzymes that are deficient such as in metabolic disorders such as
mucopolysaccharidoses or immune deficiencies such as SCID. Methods for
engrafting cells to an animal are known in the art, with some protocols
described in Reubinoff et al 2001.
25 |
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
cells 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 produced by a cell

genetically modified by a method as described herein.
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specifrc type y genetic nodification of “human ES cells in vitro y serve
as an unl ibyi gerktic modification of human ES cells in vifro may serve as an unlimited

source of cells for tissue reconstruction.

Genetic constructs may be inserted to undifferentiated or differentiated cells at
20 any stage of cultivation. The genetically modified cells may be used after
transplantation to carry and express genes in target organs in the course of

gene therapy.

Genetic modification of ES cells may also be utilized to create in vitro models of
25 diseases. These models may improve understanding of the pathogenesis of
various human diseases and serve to develop new therapeutic approaches and

drugs.

Genetic modification of ES cells may also be a highly valuable tool for the
30 functional analysis of known and newly discovered genes. Genetic modification
using vectors that will over express or modify the expression of genes may
allow the determination of a possible role of the trans-acting genes in induction

of pluripotency, regulation of stem cell growth, survival and differentiation.
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in viral clear that PTGS occurs in both plants and animals and has roles in viral
defense and transposon silencing mechanisms. PTGS and, in particular, RNA
interference (RNAi) — PTGS initiated by the introduction of double-stranded
RNA (dsRNA) — may be used as a tool to knock out expression of specific

20 genes in a variety of organisms.

The present invention will now be more fully described with reference to the
following examples. It is to be understood that the examples are provided by
way of illustration of the invention and that they are in no way limiting to the

25 scope of the invention.

EXAMPLES

The following materials and methods were used in the following Examples:

30 Vector plasmid construct

The basic transgene construct that was used for transduction of hES cells is
pRLL.hPGK.eGFP.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, which abolishes the

LTR promoter activity. It expresses eGFP under the transcriptional control of the



defense and transposon sil encing nmechani sms. PTGS and, in particular, RNA
interference (RNAi) - PTGS initiated by the introduction of double-stranded
RNA (dsRNWP 03/0s@y9 be used as a tool to knock out expressi @eTofUosperssfic 20
genes in a variety of organisns. The pfesent invention will now be nore
fully described with reference to the fol]ow
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pronoter. (2) the post-transcriptional regulatory elenment from Wodchuck
Hepatitis virus-WPRE was inserted downstreamto the reporter gene. (3) the
5 cent ral Vesiofiipdueian act (cPPT) of HIV-1 was reintroduced into the

transggney st e $rodubéd 'Bgﬁralqs%rﬁr&ﬁ@hefectiénsﬁhm&t plasiRiy BEe 203t on of
the final ~construct, pRLL.cPPT. hEF-1ap. eGFP. WPRE. SIN-18, is gresentsed in

figure 1: ceNeasodegurmdceattiar (Naldiitairal $09% Brb@l@d 998)+ BEREY.ehx10

: ; ; fth I : . ; .
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Transfection Reagent (Roche Ml ecul ar Bi achem ¢
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vector. The medium was replaced 20-24 h after transfection with the medium for
hES cells, but containing 10% fetal bovine serum or with KnockOut medium
supplemented with 20% KnockOut SR (serum replacer) (Gibco-BRL,
Gaithersburg, MD). The conditioned medium was collected twice, after 24 and
20 48 hours (48 and 72 hours after transfection) and filtered through 0.45 ym filters

(Sartorius, Goettingen Germany).

The control elements that were inserted into the SIN18 vector are as follows:

The sequence of the hPGK promoter is found in genebank accession number
25 M11958 nucleotides 1-516. The gene bank accession number for the EF1-

apromoter is J04617. The promoter was amplified by PCR from plasmid pEF-

BOS.

The cPPT sequence is found within the complete genome sequence of the HIV-
30 1 (genebank accession number NC_001802 nucleotides 4303-4480. The cPPT
fragment was amplified by PCR from a plasmid containing the HIV-1 pol gene
(pCMVARS8.91). The WPRE sequence is found in the full-length sequence of

the Woodcuck hepatitis B virus, Genebank accession number J04514
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of the origi 'nal condi tioned nediumin hES nedium (10x concentration). The
concentrated virus was used immedi ately for transduction or stored frozen

at - 10 88& Sl\/éasurteﬁn'? I%I viral titer 293T cells were transduced with
serial di , | supernatant or the concentrated virus in
12-vel | pbasescdiidx48 Gahsdiosal Withiseribheilutioesestciaeotirab isuigemataritSorPiiiey br ene.
After incubation for 24h at 37C the conditi ?ned di um was
concentrated virus in 12-well plates (1x10° cel s/well{rﬁw the presence of 50g/ml
15  Polybrene. After incubation for 24h at 37°C the conditioned medium was
removed and fresh medium was added. 4 days after transduction the
percentage of the eGFP-positive cells was measured by FACS analysis. The
* viral titer (Transducing units per milliliter- TU/ml) was calculated by multiplying
the percentage of transduced cells by the total number of the cells (1x10°) and

20 then dividing it by the volume of the viral supernatant used for transduction. :

%transduced cells x total number of cells / volume of the conditioned medium
=TU /ml.

25  Transduction of ES cells

Human ES cells (HES-1 cell line) were cultured on mouse embryonic fibroblasts
as previously described (Reubinoff et al 2000). Clumps of undifferentiated cells
were isolated from 7 days old hES colonies by mechanical slicing followed by
dispase digestion (10mg/ml). 10-14 clumps of the mainly undifferentiated ES
30 cells were incubated with the concentrated virus in the presence of Sug/ml
Polybrene in 35mm nontreated tissue culture plates, at 37°C for 1.5h. Fresh
concentrated virus was then added and the incubation continued for another
1.5h (“double infection”). In some experiments the plates were precoated with

1pg/cm2 Retronectin (TAKARA Biomedicals, Japan) according to manufacturer



removed and fresh nedi um was added. 4 days after transduction the
percentage of the eG-P-positive cells was neasured by FACS anal ysis. The
viral titwoogds@mnsduci ng units per milliliter- TU m) wasPcalaawkatzs by

mul tiplying the percentage of transduyged cells by the total nunber of the
cells (1x105) and 20 then dividing it by the volunme o
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undifferentiated cells were isolated from7 days old hES col oni es by
mechani cal slicing followed by dispase digestion (10ng/m ). 10-14 cl unps
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( TAKARA Bl'h%;@r@béﬁééef Sagra P oNistendian7t® ovennfgact urer WO 03/ 056019

PCT/ AU02/ 01758 23 instructions. After the incubation the transduced stem

cell clunps were <collected and repl ated on nouse feeder |ayer. Measurenent

of tr nsdggtison !ef.fi ciency was carried out by FACS anal ysis 7 days after
trand n sduction of Muse enbryonic fibroblasts (MEF) was

carried opfeagropeticivef cé‘MEFthmrexriree%@dhw transgenenyaEs a@aa/rzedcght ar ed
according to our protocol Reubi pof f et al b‘?OO) The cel e
i ncubat edFACS{aliper csyiem Pigkensen) 13EofIRd e iR eIEETS qﬂ ?—%‘? br ene

at 37C ngm gt Nom?ﬁéso%e@nﬁh%% SE§hé‘el%r ARes tsen tof seettes bhbiRgroaxgr essed

the trans € Wds ana on a ACSCa I bur system (Becton-D ckenson)
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the transduced and control ES cells was determined by the analysis of the
proportion of cells that were immunoreactive with the monoclonal antibody
GCTM2 (an antibody that reacts with the TRA-1-60 ES cell-surface marker,
Reubinoff et al., 2000).

20
For FACS analysis the transduced hES colonies were treated with dispase
(10mg/ml), washed with PBS and then trypsinized to obtain a single cell
suspension. The cells were centrifuged at 1400rpm for 4 min and the pellet was
incubated with the GCTM-2 antibody on ice for 30 min. The cells were washed
25  with cold hES medium and incubated for further 30 min on ice with PRE-Cy5-
Anti-mouse 1gG antibody. Then the cells were washed and the pellet was

resuspended in FACS bulffer.

Detection and quantification of integrated viral DNA

30 Genomic DNA was prepared from nontransduced and transduced hES cells
using PUREGENE genomic DNA isolation kit (Gentra, MN USA). 100 ng of the
DNA served as a template for Alu PCR amplification with the Alu sequence
primer (5ACTGCACTCCAGCCTGGGCGAC) and the viral WPRE primer
(5’ACGCGTCGACAATCAACCTCTGGATTACAA). The cycling conditions were:




15 and conpared to control cells. The | evel of spontaneous differentiation
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guant |cat he anplified products were
separ ed 2%8?[{ se b%tgggeﬁéﬁt?%eg to a nylon nmenbrane (GeneScreen
Plus), and hybr| dized with [a32P] dCTP-| abelled 5 WPRE fragnent. Southern
hybri di zat i on was al so perforned with genomic DNA that was prepared from
?olntransd '- ghistecheama sUHES cells. The DNA was digested with EcoRV

cl eaves eAnon both
si des of Nﬁb Id@@ r é}%@érg%g}gegg %ﬁIA ctsé:e‘_gglflgp (Iac(rﬁ%fé}iié/o abg?%ie n
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dCTP—I abel | e GFP fr
al 2%061) Immur%rﬁes%chemlstry studies were conducted after 4 weeks of

ng at

propagation. In general, for the immunophenotyping of disaggregated neural
progenitor cells and differentiated neurons, fixation with 4% paraformaldehyde
for 20 minutes at room temperature was used unless otherwise specified. It was
followed by blocking and permeabilization with 0.2% Triton X (Sigma) and 5%
20 heat inactivated goat seru‘m (Dako) in PBS for one hour. Samples were
incubated with the primary antibodies at room temperature for 30 minutes,
washed, incubated with the secondary antibodies for the same time,
counterstained and mounted with Vectashield mounting solution with DAPI
(Vector Laboratories, Burlingame, CA). Primary antibodies localisation was
25 performed by using mouse anti rabbit IgG and goat anti mouse lgG conjugated
to Cy3 (Jackson Lab. West Grove, PA: 1:100). Proper controls for primary and

secondary antibodies revealed neither non-specific staining nor antibody cross

reactivity.

30 Spheres were disaggregated into single cells that were plated on coverslips that
were coated with poly-D-lysine (30-70 kDa, 10pg/ml, Sigma) and laminin
(4ug/ml, Sigma), fixed after 4-12 hours and examined by indirect
immunofluorescence analysis for the expression of N-CAM (Dako, Carpinteria,
CA: 1:10), nestin (rabbit antiserum a kind gift of Dr. Ron McKay; 1:25), A2B5
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kDa, 10g/m, Sigma) and lamnin (4g/m, Sigm), fixed after 4-12 hours and
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1: 50) and viSret fixedl |nn4%lparaformaldehyde frozen, and sectioned on a cryostat. Serial

frozen sections were examined by fluoresence microscopy or immunostained
with  hematoxylin and eosin for histological examination. For
immunohistochemical analysis of eGFP expression sections from the tumours

20 were fixed in 10% neutral buffered formalin, embedded in paraffin, and
examined by indirect immunofluorescence for GFP expression. Briefly, the
samples were incubated at 56°C for 1 h, and then deparaffinized by washing
with xylen. The samples were washed with PBS, followed by blocking and
permeabilization with 0.5% Triton X (Sigma) and 1% BSA in PBS at RT for one

25  hour. Samples were incubated with the primary antibodies (Santa Cruz biotech,
Santa Cruz; 1:100) at 4°C for 48 h, washed with PBS, and incubated with goat
anti rabbit IgG conjugated to texas red (Jackson; 1:100) for one hour at RT. The
samples were than counterstained and mounted with Vectashield mounting
solution with DAPI (Vector Laboratories).

30

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

The potential of lentiviral vectors to genetically modify human ES cells was
initially evaluated by using the SIN 18 vector (Zufferey et al 1998, Dull et al

1998). The vector included a transgene that was comprised of eGFP under the
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Laboratories). 30 Exanmple 1. Effici ent, transduction of human ES cells by a
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control of hPG&K pronpter. Using transient cotransfection of 293 cells with
three plasm ds we have generated vector titers between 4.3x106 to 3.4x107

:;gﬁg‘e%' N lrhightt t2NRENEIBINGSHES ¢&RE Wit R profiPRéfRftebNAtthdRkpreadidiir ed on
of the transgene by 4about 2% of the cells. Additional transduction the next
morning (double transduction) improved the transduction efficiency by two fold
(4%).

20 To further eliminate possible unwanted effect of the feeders we have developed
a protocol where double transduction is conducted for short periods (1.5 hours
each) on ES cell clumps that are incubated without the support of feeders.
Immediately following the short period of infection (3 hours) the ES cell clumps
are further cultured on feeders according to our usual protocol.

25
It has been previously demonstrated that the efficiency of lentiviral vector
transduction of hematopoietic stem celis may be improved by infecting the cells
on fibronectin precoated dishes (Moritz et al 1996). Precoating of the plates
with 1pg/cm? or 20pg/om2 fibronectin increased the transduction efficiency with

30 human ES cells by two fold (8% as compared to 4%). However it also increased
the level of differentiation especially with high concentrations of fibronectin.
Among cells that expressed the transgene, 30-40% were also immunoreactive
with the GCTM2 antibody when fibronectin precoating was used while 50%

were GCTM2 positive when fibronectin precoating was not used. A similar effect



5 enbryonic fibroblasts according to our usual protocol were incubated
overnight wth conditioned nedium containing the viral vector. Intense
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i ncreased the transduction efficiency with 30 human ES cells by two fold
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monocl 0na|e|@mbhb¢r®m debedtisucknHepatitis virus-WPRE was inserted downstream to
the reporter gene. (3) the central polypurine tract (cPPT) of 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 the
transduction efficiency, however the mean fluorescence intensity (MFI) of
expression with the construct that contained WPRE was two fold higher than
25 ' the original SIN18 vector.
Replacement of the hPGK promoter with a 208bp fragment containing the
hEF1a promoter slightly increased the MFI of the transgene. Furthermore, the
transduction efficiency was also slightly higher.
30
The introduction of the cPPT element into the vector had a remarkable effect (3
fold increase) on the efficiency of transduction. Moreover the MFI of the

transgene was also increased.



epitope on the protein core of a keratan sul phate/chondroitin sul phate
pericellular matrix proteoglycan found in human EC cells (Pera et al.,
1988) . 5 woroalosepert or concentration and the ratio of the troralUoanmidst of
viral infectious wunits and the total mmber of ES cell had a significant
effect on the efficiency of transduction. viral_ _supernatant was
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vector did not increase the transduction efficiency, however the nean
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a promoter slightly increased the Ml of the transgene. Furthernore, the

transduction efficiency was al so sli htI aher 30 The introduction of
t he cPPT dVigrkat thehpgllst were apdiferaaiip ﬁd éﬁ%r el W%‘&Q'%@m foleda) @ér ease)
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15  These cells probably underwent spontaneous differentiation during the week of
culture. This level of spontaneous differentiation is common with our current
culture system. Since the proportion of differentiated cells was similar among
cells that expressed. or did not express the transgene, it appears that the
process of differentiation did not induce silencing of the transgene.

20

Example 2: Lentiviral vectors promote stable expression of the fransgene

The transduced cells were enriched for cells expressing 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 visualized by
fluorescence microscopy (Fig 4). FACS analysis of the transduced cells 45 days
after transduction revealed that 81% of the hES cells maintained high levels of
expression of the transgene (Fig 3). FACS analysis of transduced cells
propagated for 12 weeks in culture showed that ~90% of the hES expressed
30 high levels of the traesgene. The transduced cells are now being maintained for
36 weeks without any apparent loss of transgene expression as demonstrated
by FACS analysis of the transduced cells (Fig 9). Thus the transduced hES

cells maintain their ability to express the transgene over long periods of
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" previously demonstrated that under these culture conditions hES cells
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differentiated into extra embryonic and somatic progeny (Reubinoff et al 2000).
20 FACS analyses revealed that the percentage of eGFP expressing cells in the
high density cell cultures was quite similar to the proportion of eGFP+ cells in
cultures grown for short periods. The levels of transgene expression among the

various cultures were similar (Fig. 11).

25 The potential of the transduced hES cells to differentiate in vitro and still retain
transgene expression was further examined during differentiation of transduced
hES cells within embryoid bodies (EBs). Fluorscence microscopy analysis of the
5 and 21 days old embryoid bodies revealed intense expression of eGFP within
the embryoid bodies (Fig 5). To further examine whether the mature EBs

30 contain differentiated cell progenies from the three embryonic germ layers,
expressing eGFP, 21 days old EBs were partially dispersed, plated, and
subjected to immunohistochemistry analysis. Differentiated cells coexpressing

eGFP and mesodermal markers (muscle actin and desmin)(Fig.12A, B) as well
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mature neurons (MAP 2ab, glutamate, NF-160), as well as glia cells

(astrocytes GFAP, Fig 7 and fig. 13).

20
Thus it appears that transduction of hES ceils with the SIN 18 lentiviral vector
leads to expression of the transgene that is not silenced upon differentiation.

Moreover the transduced cells retain their pluripotency potential in vitro.

25 Example 4: The expression of transgene is not silenced upon

differentiation in vivo

We have previously demonstrated that when hES are engrafted into the testis of
severe combined immunodeficient (SCID) mice they form benign teratomas that
contain a variety of cell types and structures, derived of all the three germ layers
30  (Reubinoff et al 2000). To test whether the transduced hES cells maintain their
pluripotency potential while still retaining stable transgene expression in vivo,
clumps of undifferentiated transduced hES cells were engrafted into the testis of
NOD.scid mice. All mice (n=4) developed teratomas. Eight weeks after

engraftment the teratomas were removed and analysed for eGFP expression.
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according to claim1l wherein the vector is a retroviral vector. 3. A
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5. A method according to claim 4 wherein the cPPT is derived from a retroviral
pol gene.

15
6. A method according to claim 4 wherein the cPPT is derived from a lentiviral

pol gene.

7. A method according to claim 4 wherein the cPPT is derived from a HIV-1, SIV
20 or FIV pol gene.

8. A method according to claim 4 wherein the cPPT is derived from a HIV-1 po/

gene.

25 9. A method according to claim 4 wherein the cPPT includes a sequence as
disclosed by Genebank accession number NC_001802 (nucleotides 4303-
4480).

10. A method according to any one of claims 4 to 9 wherein the transduction is

30 carried out on ES cell clumps transiently plated on low density feeders.

11. A method according to claim 10 wherein the feeders are present at a

density of less than 70,000 cells per cm?.
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about 3 hdur & MEgthad acgomtinchiodricene @f AGIMs 1aay Yoviersin biedransduction isy
wherein t . i I: I sduction. 16. A nethod according to
any one o%%é{'%ﬁgégg&%ﬂog?g}'%gfgﬁ%ﬁ hé&{%énti viral 15 vector is used at a
titer10f approximately 107 TU nL. 17. A nethod according to any one of
claims | to 15 wherein, t | entivi vect [ t ti f

applr OXi mat@-)/\ mhqﬂaﬁq;_qrdpn% toeannyl grluar g]l clalvrr?sc1% 1|4$wfl1jesr%9n the t?ans!c}urcﬁoﬁ is

double transduction.

16. A method according to any one of claims 1 to 15 wherein, the lentiviral

15  vector is used at a titer of approximately 10" TU/mL.

17. A method according to any one of claims 1 to 15 wherein, the lentiviral

vector is used at a titre of approximately 10° TU/mL.

20 18. A method according to any one of claims 1 to 17 wherein the transduction is

carried out in a serum-free medium.

19. A method according to any one of claims 1 to 18 wherein the transduction is
carried out using KnockOut DMEM medium supplemented with SR.

25
20. A method according to any one of claims 1 to 19 wherein the cells are

plated on fibronectin.

21. A method according to claim 20 wherein the plate is precoated with

30 fibronectin at a rate of from about 1ug/cm? to about 20ug/cm?.

22. A method according to any one of claims 1 to 21 wherein the vector
includes a post-transcriptional regulatory element or functional equivalent

thereof.



20 18. A nethod according to any one of clains 1 to 17 wherein the
transduction is <carried out in a serumfree nmedium 19. A nethod according
to any orwooB/osdoad ns 1 to 18 wherein the transduction i s PCarAtoed17s8it usi ng
KnockQut DMEM nedi um suppl enmented wit h3%R 25 20. A nethod according to any
one of clains 1 to 19 wherein the cells are plated on fibronectin. 21. A
nmet hod according to claim20 wherein the plate is precoated with 30

fibronectin3al retiriccacdorbiihgnoadiaint 22 Wr@h‘?tﬁeop@ekmtans%p@ém&egﬂl&ior&
met hod according to any one of cla 1 wherein the vector. _includes
@&'Hﬁht"'%

a post - traﬁ?&ﬂ@ t'ﬁofﬁ%ﬂn FHeganagoMye atitign? tVitea P ostylirangceptional

t her eof . NARTE®) l%an{ WONSS 37 23. A nethod according to claim 22
wherein the ost ranscri [Stl on regul atory elenment is from Human or
Woodchuck Hepatitis B Virus Post Tr anscriptional Regulatory El enent

WPRE t hpd 22 in th t
'EransZ:rl pt ?%nalm g?cg)?r ing P Z?H@"?rfnﬁgbth& 'gcrégh[]@ﬂ,s@ﬁ?ﬁ%?sﬁltrﬁgu%?féfchuck
Hepatitis BeWidnts imfudel Saclségaén@é/ e Bk \eeaessdkoHepHTRS" B V4kd as

(nucl eoti des 1093-1684) 5. A nethod according to any one of clains 1
to 24 wher @isglosge hye@eaeba% a%ﬁWWb@W%ﬁﬂl%@#ﬁ@W@@ﬁ 3098y Hithn
including two plasmds. 26. A nmethod according to any one of clains 1 to 24
wherein the vector is derived froma plasm d vector system conprising

t hree 10 asabdg. miih@d .acorditdad amcondidsfgclbmnﬁrlytoom whediritthe vectar 86
wherein the vect is a self-inactivatin ctor 28. A net hod
accordi ng PERAE ‘gﬁﬁ%a\m%?@idr}’qcmi %Isf‘@mr'ﬁqq@éi@g t‘é(o E?’%W' BTR having 20

reduced pronoter activity, and/or having at |east one virulence factor
sequence renoved or nutated.
26. A method according to any one of claims 1 to 24 wherein the vector is

derived from a plasmid vector system comprising three plasmids.
15
27. A method according to any one of claims 1 to 26 wherein the vector is a

self-inactivating (SIN) vector.

28. A method according to claim 27 wherein the SIN includes a viral LTR having
20 reduced promoter activity, and/or having at least one virulence factor sequence

removed or mutated.

29. A method according to claims 27 or 28 wherein, all virulence factors are
removed or mutated.

25
30. A method according to any one of claims 1 to 29 wherein the vector is HIV-1

based, pseudotyped with the vesicular stomatitis virus G (VSV-G) protein.

31. A method according to any one of claims 1 to 30 wherein the vector

30 includes a foreign gene.

32. A method according to claim 31 wherein the foreign gene is a marker gene

or a selective gene.



29. A nethod according to clains 27 or 28 wherein, all virulence factors
are renoved or nutated. 25 30. A nethod according to any one of clains 1
to 29 wheweion/osdee vector is H V-1 based, pseudotyped w trCrhogesisgul ar
stomatitis virus G (VSV-G protein. 3138A nethod according to any one of

acoor ding b ATReE R enad B Rlime oo WERI 4G oRuF huPBfs £ hmdiy ™ o
sel ective m@nprewatga@&&aa&maﬁahwaalesaés 38 33. A nethod according to
clainms 31 or 32 wherein the gene encodes a protein that prevents the

differentiation of an ES cell. 34. A method according to claim33 wherein

the gene 541 Re,HABY QSrdlnqr’té)’aalrﬁ‘ﬁ%erfiﬁ%O%éHéqg th@ %ﬁ?@ﬁe?’l or 32

wherein the gene enc anscri ptional ot her ors that direct
differéntiation of the ES cell. 36. A nethod accordlng to any one of clains

ﬁét?}gd?)gc\(,:%‘?ed%\ E‘ g%ﬁﬁ?@%ﬁ@r@'@ﬁ%?%%’p‘?r R%t é(vhqrgln Q&&P%wee{)feqc'?d@§atl ng

expr essi OntrQﬁséﬂh{ﬂl%ﬁgl hid/8r BERRdiars 1Bt Hirediifdrenfiatittt H0GhedES @i Ng to any
one of clains 3 36 wherein the foreign gene is under the control of a

cell type specific promoter. 39. A nethod according to any one of clains 36

to38vx/ner Nt t t f - keepi gene.
20 40. " rit i ELREE FERGS 16,erE RS BIIEITR 31,48, 35 yIRIRE HRTBERE ©
pr onotiér i sperably Ilrrmmomobmmqitm de chain elongation factor |a (hEF1-a)

pronoter or hPGK pronmoter. 25 41. A nmethod according to any one of clains

36 to 40 wherein the promoter includes a sequence as disclosed by Genebank
accessi on gENReRethBAGECORIINg to claim 36 wherein the promoter is capable of initiating

expression of a gene in a mammalian cell.

15  38. A method according to any one of claims 31 to 36 wherein the foreign gene

is under the control of a cell type specific promoter.

39. A method according to any one of claims 36 to 38 wherein the promoter is a
strong promoter of a house-keeping gene.

20
40. A method according to any one of claims 36 to 39 wherein the promoter is
the human polypeptide chain elongation factor 1a (hEF1-a) promoter or hPGK

promoter.

25 41. A method according to any one of claims 36 to 40 wherein the promoter
includes a sequence as disclosed by Genebank accession number J04617 or

Genebank accession number M11958 (nucleotides 1-516).

42. A method according to any one of claims 1 to 41 wherein the transduced
30 cells are capable of being maintained for about 36 weeks without a substantial

loss of transgene expression.

43. A method according to any one of claims 1 to 42 wherein the vector

integrates into the host cell.



Genebank accessi on nunber ML1958 (nucl eotides 1-516). 42. A nethod
according to any one of clains 1 to 41 wherein the transduced 30 cells are
capabl e ovOlgiosgi19rai nt ai ned for about 36 weeks without a sabsttanwiza8 | oss
of transgene expression. 43. A nethod &8cording to any one of clains 1 to
42 wherein the vector integrates into the host cell. WO 03/056019

PCT/ AU02/ 01758 39 44. A nethod according to any one of clains 1 to 43

wherein t he4nAtrhethddb@@30rdimg to wryt g ohtlaimafiftecs3 whergiotiedimethodidocke
transduced cell to self-renew and/ or roliferate in vitro, 5 45. A nethod

accor di ng Dot swstantially; affgciithe thqrg'aJl@PWﬁeFréf‘ﬁ yorsl erlt toselfsnew ApE/arnduce
substanti a cﬁ“fé tion of the cell. 46. A nethod according to any one
of clains T rfﬂafgémlpgl n the expression of 10 a transgene included in the
vector §s not silenced upon replication and/or differentiation of the

[ ansduced BSR BROY rerdRe g oy AES RIS vboP Sl Jhs FEERE doPEnsgene

expr essi Onnbtsmﬂgbe slbsgintigngiferdriibtiononthedédlf erentiation in vitro and in
vivo. 48. A nethod according to any one of clainms 32 to 47 wherein the

pronoter is Qct-4. 20 49. A nethod according to claim48 wherein the

sequence Ofgt t se under
he acceserSrnrn s aoprBHg B ey o R 18 A R B P B SRR

t he prtﬁmtartrans@m@sndudaﬂuenhe ve&os a$ audteslildricech tpen gepligatiorclandiorg t he
pr onot er o he hyman differentiation factor 3 (hGF3) (Genebank
accessi on "e‘?“%@@(ﬁ%@fe the pronoter of the human transcriptional
repressor HFH2 (Genebank accession nunber AR 97560). 30 51. A method for

treating an animal having a deficiency in a protein, the nethod
47. A method according to any one of claims 1 to 46 wherein the transduced ES

cell retains pluripotency in vivo and in vitro and transgene expression is not

15  silenced following differentiation in vitro and in vivo.

48. A method according to any one of claims 32 to 47 wherein the promoter is
Oct-4.

20 49. A method according to claim 48 wherein the sequence of the Oct-4
promoter is according to the Genebank database under the accession number
Z11900.

50. A method according to claim 39 wherein the promoter includes a sequence

25 selected from the group including the promoter of the human growth
differentiation factor 3 (hGDF3) (Genebank accession number AC006927), the
promoter of the human transcriptional repressor HFH2 (Genebank accession
number AF197560).

30 51. A method for treating an animal having a deficiency in a protein, the method
including the steps of :
transducing a human ES cell according to any one of claims 1 to 50,
engrafting the cell to the animal, and

allowing the cell to express the protein.



including the steps of : transducing a human ES cell according to any one
of clains 1 to 50, engrafting the cell to the animal, and allow ng the
cell to ewpriesssoihe protein. W 03/056019 PCT/ AU0O2/ 01758 P¢@/AAD2/038ES cel |
genetically nodified by a method accordOng to any one of clains 1 to 50. 5
53. A protein produced by a cell genetically nodified by a nethod accordi ng
to any one of clains 1 to 50. 54. A vector for transduci ng a human
enbryoni ¢ 52eAndes Icell Weerticallyt thedifiedthyra meathbd desomirePRTany ohe s iciahmal

equi val ent ,thereof. 10 55. A vector according to claim54 wherein the
vector is 4P oviral vector. 56. A vector according to claim54 wherein
the vector is alentiviral vector. 15 57. A vector according to claimb54
wherein the cPPT is derived froma retroviral pol gene. 58. A vector

accor dilng 69. Al prioteibprothesasi by aieellgRPikticallydarddifed! by armatoeinacodrdial topol
gene. 20 \5/3 A ve tir. aCf/Prg(:)ng to claim54 wherein the cPPT is derived
froma Hi -'_:'LY ong ]y GH'MEy Qp " gene. 60. A vector according to claimb54
wherein the cPPT is derived froma H V-1 pol 25 gene. 61. A vector
according to claimb54 wherein the cPPT includes a sequence as disclosed by
Genebank  aetedsyesionfpdeansdecngiB fnaiuembsienie stameell, whemin the veetora
vect or accfidd 4 PR tYo R t%na?leah{\‘;‘éle%tﬁé)regf wherein the vector includes
a post-transcriptional regu?atory el enent or ftunctional equival ent thereof.
WO 03/166019 PCT/ AU02/ 01758

55. A vector according to claim 54 wherein the vector is a retroviral vector.
56. A vector according to claim 54 wherein the vector is a lentiviral vector.

15  57. A vector according to claim 54 wherein the cPPT is derived from a retroviral

pol gene.

58. A vector according to claim 54 wherein the cPPT is derived from a lentiviral

pol gene.
20
59. A vector according to claim 54 wherein the cPPT is derived from a HIV-1,
SIV or FIV pol gene.
60. A vector according to claim 54 wherein the cPPT is derived from a HIV-1 po/
25 gene.
61. A vector according to claim 54 wherein the cPPT includes a sequence as
disclosed by Genebank accession number NC_001802 (nucleotides 4303-
4480).
30

62. A vector according to any one of claims 54 to 61 wherein the vector includes

a post-transcriptional regulatory element or functional equivalent thereof.



41 63. A vector according to claim62 wherein the post-transcriptional
regulatory elenent is from Hunan or Wodchuck Hepatitis B Virus

Post - Tr arworofpsdoonal Regul atory El ement (WPRE). 5 64. A PeTtAdr2actssr di ng
to claime62 wherein the post transcri p#ilonal regulatory elenment includes a

sequence fpgpampth t Lrus a L.scl as y Genebank
2ccesston DanterCobh BEOHY: FEERIRS? elhe PostaRelRina =a B ang < o
any one of etdmenﬁmsSﬁOmOHﬁmamer WdibddmjckelaépzﬂtltlssB \lilug PeReTethSoriptibAal
plasm d ve tor mi ncl\t/J\g:FFE)[tV\o plasm ds. 66. A vector according to any
one of cla 'Ey ee & he vector is derived froma plasm d vector
system conprising three plasmds. 15 67. A vector according to any one of
claims 54 to 66 wherein the vector is a self-inactivating (SIN) vector.

68. A Vect 64. é}cumtd'r _Rgcomling o clab? Ghevharaint the ersN t'remslcupimsnml regukstoly TR

having re er activit nd/ [ ast. on rul ence
fact or squ ci%\peée(gper%?a %%%W‘\BEE @%%F'& Eg\(%'%'sclaél m 68
or cIaImG&SMwealby @bheMaﬂiWh@cELfs%ldrﬁﬁlﬁMbéré‘@%M wefidas 1mebagh) 25 70. A
vector according to any one of clainms 54 to 69 erein the vector 'is HV-1

based, pseudotyped with the vesicular stomatitis virus G (VSV-G protein.

(bl baeeCt 85, AR MhcbRiAHo Iy Bhe CoLilne b4 b A2 WREMT hd MRAGROT |

includes a forergn gene of "accordin

f or ei g0 geperepased froan keylagreidevewmtor sa;/swhemmdlaggwoqalaéﬂﬂd@B/ 056019

PCT/ AU02/ 01758 42 73. A vector according to clains 71 or 72 wherein the
gene encodes a protein that prevents the differentiation of an ES cell.

74. A vectgs, ACQBER HECHRIiIGY 3bMnS oWB eSS B40R841 Bhafeh REERRMSH is O

derived from a plasmid vector system comprising three plasmids.

15  67. A vector according to any one of claims 54 to 66 wherein the vector is a

self-inactivating (SIN) vector.

68. A vector according to claim 67 wherein the SIN includes a viral LTR having
reduced promoter activity, and/or having at least one virulence factor sequence
+20  removed or mutated.

69. A vector according to claim 68 or claim 68 wherein all virulence factors are

removed or mutated.

25 70. A vector according to any one of claims 54 to 69 wherein the vector is HIV-1

based, pseudotyped with the vesicular stomatitis virus G (VSV-G) protein.

71. A vector according to any one of claims 54 to 70 wherein the vector includes
a foreign gene.

30
72. A vector according to claim 71 wherein the foreign gene is a marker gene or

a selective gene.



75. A vector according to clains 71 or 72 wherein the gene encodes
transcriptional and/or other factors that direct differentiation of the ES
cell. 76.wAo0ms@sdoeyr according to any one of clains 71 to 7PCrlnne1rsshe gene
is 10 operably linked to a pronoter. #2. A vector according to claim76

rmal §an 481 P vk gbSot BB Tae. 17l Wi e 520 Wil FRRigi”

wher ei n ththa‘tqurevmsghealﬁaenﬁmrdwoftdleEsm@uroI of a cell type specific
pronoter. 79. A vector according to any one of clains 76 to 78 wherein the
pronoter is a strong pronoter of a house-keeping gene. 20 80. A vector

accor di ng 7. AecRiCaorGhgHdlalif ﬁ@wﬁgrﬁ%@ﬁf&g?né OB ARGBhe S the  human

pol ypept i de chain el ongat act or ronoter PGK pronoter.
25 81. A vector according to any one of cI ains 76 to 80 wherein the

pronoter Lpcluydes a se ence ISC ebank accessi on nu
Bog61r or Toerinieetn o QUiies I a6 e, 43S 168 ) Snaicn

vect or accaafsagpticharBYidnetiedr fﬁbt@rﬁha%hrb@t @iﬁevém@ﬁbﬂ of hife mecder 30
integrates into the host cell. 83. A vector according to any one of clains

54 to 82 wherein the vector does not substantially affect the potential of

037 056015 Eer nar819eg iy §i UL BE oS RS E bt i 9PRe 8 s 54
t o 83 1her eperatielinmesd tir a gomnotenot i nduce substantial differentiation of

the cell transduced by said vector. 5 85. A vector according to any one of
clains 54 to 84 wherein the expression of a transgene included in the

vector is nppt AS\Véc%:Céécd#Hf?ng tbed%.hpaslv%rémd!h%r romdctérelé)eléé?aﬁé f‘n atﬁ"n cel |

tranduced by sai d vector A vector according to an ne o 54 to
85 wher ei nexpressicanefialgede irsa mampalliancellai ns pl uripotency in VI vo and in
vitro and transgene expression is not

15 78. A vector according to any one of claims 71 to 76 wherein the foreign gene is

under the control of a cell type specific promoter.

79. A vector according to any one of claims 76 to 78 wherein the promoter is a
strong promoter of a house-keeping gene.

20
80. A vector according to any one of claims 76 to 79 wherein the promoter is the
human polypeptide chain elongation factor 1a (hEF1-a) promoter or hPGK
promoter.

25 81. A vector according to any one of claims 76 to 80 wherein the promoter
includes a sequence as disclosed by Genebank accession number J04617 or

Genebank accession number M11958 (nucleotides 1-516).

82. A vector according to any one of claims 54 to 93 wherein the vector

30 integrates into the host cell.

83. A vector according to any one of claims 54 to 82 wherein the vector does
not substantially affect the potential of the transduced cell to self-renew and/or

proliferate in vitro.



silenced followng differentiation in vitro and in vivo. 87. A vector
according to any one of clains 85 to 86 wherein the pronoter is GCct-4. 15
88. A vecwornsas®er ding to claim 87 wherein the sequence offCrhao®ot7s4
pronoter is according to the CGenebank4dat abase under the accessi on nunber
Z11900. 89. A vector according to claim78 wherein the pronoter includes a
sequence 20 selected fromthe group including the pronoter of the human

growt h di 84 eAevddtat accortimet torardy 6hEldFI)aifsedhe ba gl wheews tivectobeloes
A0006927), the ronpter o upan %r anscri ptional repressor HFH2

f the h
( Genebank aefdaégg%ﬁubﬁ@f%alrdif&ﬁ%nﬁamy.tf@scejbtr nSdused &y s Vaeisr-

transcriptional gene silencing in a human enbryonic stemcell, said nethod
i ncl udi ng exposing the enmbryonic stemcell to a vector according to any
one of &l aBosAdéctar 8Fomhiog ¢d mny lmevefctlaims b4 lta ddswhereuttieeexprdesisaqpience

capabl e Ofast'rflslﬁsngcénrég i%&ﬁdgoqu'théovector is not silenced upon replication and/or

differentiation of a cell tranduced by said vector.

86. A vector according to any one of claims 54 to 85 wherein the transduced ES
10  cell retains pluripotency in vivo and in vitro and transgene expression is not

silenced following differentiation in vitro and in vivo.

87. A vector according to any one of claims 85 to 86 wherein the promoter is
Oct-4.

15
88. A vector according to claim 87 wherein the sequence of the Oct-4 promoter

is according to the Genebank database under the accession number Z11900.

89. A vector according to claim 78 wherein the promoter includes a sequence

20 selected from the group including the promoter of the human growth
differentiation factor 3 (hGDF3) (Genebank accession humber AC006927), the
promoter of the human transcriptional repressor HFH2 (Genebank accession
number AF197560).

25 90. A method for post transcriptional gene silencing in a human embryonic
stem cell, said method including exposing the embryonic stem cell to a vector
according to any one of claims 54 to 89 wherein the vector includes a

nucleotide sequence capable of silencing the gene.

30



