| SCLATI ON, SELECT]| ON AND PROPAGATI ON OF ANI MAL STEM CELLS; GENETI CALLY
MODI FI ED ANl MALS AND ANI MAL CELLS, AND CONSTRUCTS FOR ' THEI R PRODUCTI ON.
This invention relates to nethods of isolating and/or enriching and/or .
sel ectively propagating animal stemcells, genetically nodified aninal
cell s*andjanimals for use in said nethod, transgenic animals providing a
source of SutW cells and sel ectabl e marKer Gonstructs for pr oduci ng

geneti cal | y nodi fi ed cells and transgenic aninals. - Stemcells are
brogeni t of SLATION: BEMBCIION APFROFARATION OFP ANIMAEWTEM ¢ELLS;
differentiate into mature somatic tissues. Enbryonic stemcells are’ the

archet ypal GENETHCALLYeMOQPIFIEROANIMAILS AND ANIVALGELDLS, AdDN t he whol e
garmut of cel ' . ' e iml . Such stemcells are -
descri bed aéﬁ#ﬁ@ﬁfﬁﬁ ?Qﬁﬁﬁgaﬁ%@%@m e of differentiating into
many cell types: O her types of stemcells, for exanple bone marrow stem
cells and epidermal stemcells, persist in the adult anipal. These stem

cel |'s have dhisdpgentioa elates (ymethiods of isolating and/pepraipling angypr selegtivelner o |
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be isol ated ti'ssue sanples Dy vari‘ous fractionation procedures, but
even after ozidahethod; drgnsggniciapimal$ praviiding g seurce pfisuch eells pnd selectghle pearkeri ons
consi st of 1 Whi ol i ncl ude high
o oport i ons CpirRAct plnAaf BRtANY GoBch THAFaPncBb B Sl | "% o
cells. Furthernore, nost stemcells cannot be grown readily in culture
and when attenpts. are nmade.to cul ture stem cell the cells being cultured
(i oo o TR S B tparton S VAT e g, PR o pelectbcl it 18
di fferent rafifsemitile fite Matiet kématdPiisihys. become over grown by non-stem cel |
types. An exception is that enbryonic stemcells fromtwo specific strains
of mce (129 and Black 6) can be cultured in vitro. Thus established |ines
of enbryoni gl ' | bbb RedbRd b/ difrdlelibtingdioe
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the whole gamut of cell types found in the adult animal. Such stem cells are described as

pluripotential as they are capable of differentiating into many cell types. Other types of
stem cells, for example bone marrow stem cells and epidermal stem cells, persist in the

adult animal. These stem cells have a more restricted capacity for differentiation.

In general, when required for research purposes or for medical use, stem cells have to be
isolated from tissue samples by various fractionation procedures, but even after careful
segregation of cell types, these stem cell preparations consist of mixed cell typcé and

while enriched for stem cells, include-high proportions of differentiated cells which are not

categorised as stem cells.

~ Furthermore, most stem cells cannot be grown readily in culture and when attempts are
made to culture stcr.ri cells, the cells being cultured (which ordinarily contain a mixed |
population of cell types) grow at diffcrcnt_ rates and stem cells rapidly become overgrown
: by non-stem cell types. An exception is that embryonic stem cells from two specific

strains of mice (129 and Black 6) can be cultured in vitro. Thus established lines of

.....

embryonic stem cells can be obtained by culturing early (3% day) embryonic cells from

murine strain 129 and;BlaCk'G,- or Hybrids thercof



-2- There has devel oped a pressing need to isolate and maintain in vitro
enbryonic stemcells fromother nurine strains and nore especially from

ot her species including other |aboratory animals (e.g. rats, rabbits and
guinea pigs), donesticated aninals (e.g. sheep, goats, horses, cattle,

pigs, kQirds, fish, etc.) and primates. Sigilarly, nunerous nedical
applicatibng for other pluripotential cells such as haemat opoietic stem
cells al soygenrRdd ddveloped & Phakbin@hedd €b Holatd iRl mBinvdik i vitro IMQURIC shint REIL O
the probl ens associated with producing cultures of stemcells”including the

pr obl em of fomb@ther ﬁglr@e|srra1a5;mﬂ Juore espesially fxom othes spesies ipcludingditheree of
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. conti nui ng goawshorses, ofittle,cpips)ibirdd) fishs reax) amk prilnates. |Simylpdy, mandrowst mediesle can
cause elimnation of stemcells fromthe culture by .inducing their '
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t echni que RQeiPiioftioh Rad *hRaR R Mdaned probl ems can be overcone. Accordi ng

to one aspect of the invention there is provided a nethod of isolating
and/ or enriching-and/or selectively propagating ani mal stemcells, which

conpri ses I nt ai ni sourGge of id .cel r culture conditi.ons..
conduci ve 0 CeIt ﬂ%‘ﬂ‘%‘f?&?‘&ﬁ";"gﬁ‘ﬁaﬁ%‘r&é’ e‘§’t+ ﬁ%gﬁgtﬂgl“seggfEtgnb?c“téémggdmg
i ncl udes ceahé probleih of prodgcingell popalations ol X satisfdetozily low degeb be heterogeneity -
differenti al expresTi on_in (a) stem cel l% and (h) cel,lf gl%her t han t he
desired st @idht poblagp of arsrerivith dn sultyrg of MpBrRIUEPQIntpells have aef heen spived.
mar ker res i ' | ' : I ' kaui gl of
he. desi  od® Briellal pRURGE Bidobire S U Cring prodehes Y oorl (er S O
cel I’ i s i nypasdedhat shesericam causelelintimition| of stdnh sellsefpmcthe ichiljure fbyriadwaing their
speci es, i n"Ltud'tn . human cells. lE(Tﬁ% |l es of stemcells include both
uni pot enti at - and ‘%P&ﬂ’;?&?%‘ﬁ‘t“?‘éﬁd &l g;gl | s, enbryonic stemcells, gonadal
stemcells, somatic steniprogenitor cells, haematopoietic stemcells,

epidermal stemcells and neuronal stemcells. In carrying out the nmethod
of the i nveWeilghe npyiexelgpedea frchaigue dy welich Hie afgrementipncdprablems|can be
overcome. :

According to one aspect of the in\fention there is provided a method of isolating and/or
enriching and/or selectively pfopagating animal stem cells, which comprises maintaining a
source of said cells under culture conditions conducive to cell survival, characterised in
that the source of cells includes cells containing a selectable marker which is capable of
differential expression in (a) stem cells and (b) cells other than the desired stem cells,
whereby differential cxpressioﬁ of said selectable marker results in preferential isolation |
and/or survival and/or division of the desired stem cells. In the context of this invention,
the term "animal cell" is intended to embrace all animal cells, especially of mammalian

species, including human cells.

Examples of stem cells include both unipotential and pluripotential stem cells, embryonic
stem cells, gonadal stem cells, somatic stem/progenitor cells, haematopoietic stem cells,

epidermal stem cells and neuronal stém cells.

In carrying out the method of the invention, the source of cells may include pluripotential

cells having a positive sclectable marker and expression of the said marker is used to



cells having a positive sel ectable marker and expression of the said marker
Is used to ' - 3- permt

i sol ati on and mai nt enance of the pluripotential cells. Aternatively, the
source of cells may include a negative gelectable marker which is expressed
in celfs ot?her than the desired pluripotential cells and is used

sel ect i vpknymit isolatjoheind miintenance of tid ploeipbtentid] celé.| Altarhitielyt, tiensdulae: efesi r ed
pluripotential cells. The sel ectabl e marker .may, for.exgmple, be a
Porei oo SRty TElhde ¢ apeaan sclsriabia BATKTOYBER & Flrresph iR el niiersliomes 1 or
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sel ectabl e marker may be a grow h stinul ating gene, for exanple an

i mor t al iothen ghapethe desiredopluripetemtiabicells. gene coding for the polyoma or SV40 T
antigens or derivatives thereof, or the sel ectable narker nay be a gene
coding for a growh factor or a growmh factor receptor or a signal

transduciThg selictblé Maker fayPiop eihfipleNbé alfoRidiSgair] b celdlhgene or AnQiAdibiotic
particul ar _enbodi ment the 1solatjon and/or enrichnment and/or selective

pr opagat iTetistarce geae guch pofer sramplsdhe hagtenial nspmycingresistancragane. on t he
presence of cells other than the desired pluripotential cells and the

‘si mul t aneous mmi nt enance of both cell types is dependent -on expression of a
sel ect ablAlterpatively, therselenmblermarker majbe acgbwilpstimulating geneyfioradxamplecapabl e of.

rescuing .cells.that do not express the rrar ke{H E“Jt i ch ng' Eblgur_cel S
whi ch do [RAFELSPE£eRS AMANCOEH Orea G Ofingir L pAlYS of VA o antigens o e
mar ker Megérivhtpfes SKEHN, Or tHeSseldetblyRerken iy R aogefc&hﬂiﬂgbm ¥l gréw B aBloR OF a
(HPRT) gene. I n anot her enbodi nent the Sel ectabl e narker hay be a gehe

encodi ng goWtofagtor regepton or & signal trapsducing melecule pprimolgaethet blegks cethich i s
condi tionglhy active in conbination with a suicide substrate. An exanple of
such a gene product is a herpes sinplex virus thym dine kinase (HSV-TK) in
conbi nati on with ganciclovir. Expressi on of the selectable marker may be
achi eved by operatively inserting the sel ectable marker into, an expression

const r uctiedRH I Fmodireent she isglafinn apdior engthment angoysrleqtive peepagation

expr essi Gt b dbiRAESdARIaP o i HepErdent 51F Hie! prédeilt bl Eellsnithd s RN Of

either a stable or transiently i nteSrated construct. Alternatively,

expr essi oiesised plygipetendalicglis end the simultaneous maintenance of both cell types is
dependent on expression of a selectable marker, in one or the other cell population, which
is capable of rescuing cells that do not express the marker but which neighbour cells
which do themselves express the marker. In this instance, the selectable marker may, for

example, be the hypoxanthine phosphoribosyl tranferase (HPRT) gene.

In another embodiment the selectable marker may be a gene encoding a product which is
toxic per se, or a toxic gene product which is conditionally active in combination with a
suicide substrate. An example of such a gene product is a herpes simplex virus thymidine

kinase (HSV-TK) in combination with ganciclovir.

Expression of the selectable marker may be achieved by operatively inserting the
selectable marker into an expression construct prior to introduction to the cell source, in
which case cxprcséion of the selectable marker can result from the introduction of either a
stable or transiently integrated construct. Alternatively, expression of the selectable

marker results from operatively inscrting the selectable marker into an endogenous gene of



mar ker results fromoperatively inserting the selectable marker into an
endogenous gene of , -4- the
cell source. Various neans of introducing the selectable marker may be
enmpl oyed, .including introduction into the eells by transfection,
| i pofe€tion, injection, ballistic mssile, viral vector or by
el ect r opothgtGedlrsourceThe source. of the cells may be a single cell such as a
fertilized oocyte, or it may conprise a mxture of cells, such as cells
derived froman enbryo, blood or somatic tissue of a normally bred or
tr ansgeni Yasiousraleany of inkroduding the! selectable mbiker magR drfiglofed, Hlwihe nar ker
may be incaorporated into the transgenic aninmal's genone,  Mst preferably,
in carryi H&"@HF“?%B“?TQMS&V tramsfertions Aipptsstion. jaisction, bgHistic missijaeyiral
- oper at i vekyethi 8K cfe@tr@ﬁlﬂatfcﬁﬂm ating expression of the sel ectable marker-

I s/are associated wth 'a pluripotential stage of cellular devel opnment. Such
a gene or gene fragnent may be active in pluripotential cells of the

devel opi ng, enbryvo, ecially in the inner cell ss.and/or primtive
ect oder m g%'? S _%ﬂ?ﬁé‘gﬁ(ﬂ&?e‘“ﬁ' F’%B&P"cg?%_ ﬁ?‘hcg!alss’. fe%ﬁ?dpﬂnéﬂ&r‘?fn'@ M2y SQAmREISe of
cel I's for aufifnird o C6HN, 43A1EEs ¥illsMickied EOMLR ERBryd) 8l driBmbid W a
protocol s may advantageously be- adopted: - Introducing 1nto a source -
of cells agmallnbreg ositmasgeaiq animal exetediclings| ko thadattar case the selectabie rmarker
wherein sai r : hS. ted to operatively link to
an endc')ge?l% sﬁigﬁg&%tﬁﬁggl\%ug@&ﬁ{ 5‘|aﬁ§%g§%‘al ‘expr essi on, or

- introducing into a source of cells containing stemcells, a selectable

mar ker r?%gnsaﬁyuct, wherei n said sel ectabl € narker construct has been
pr evi ous| Y5 RREEEPly, in carrying qut the meshed glthe InYGOR # EengIr Eanp fregneet sai d

di f f er ent ipRbrafivély TmkED W qu ' Q.
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and/or primitive ectoderm, or may be active in adult stem cells.
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In preparing a source of cells for use in accordance with the invention one of the
following protocois may advantageously be adopted: |
- introducing into a source of cells containing stem cells, a selectable marker
construct, wherein said selectable marker construct is adapted to operatively link to
X

an endogenous gene which provides said differential expression, or

— introducing into a source of cells containing stem cells, a selectable marker
construct, wherein said selectable marker construct has been previously linked to

one or more gene fragments which provide said differential expression. -

The genetic marker preferably comprises a selectable marker operatively linked to a
promoter which is differentially active in the desired pluripotent cells (c.g. primitivc.
ectoderm). By "sclectable marker” is meant a selectable gene which may be a foreign
genc or a ccllular gene which is not naturally expressed, or such a gene which is naturally

expressed, but at an inappropriate level, in the target cell populations. This gene in use



gene or a cellular gene which is not. naturally expressed, or such a gene
which is naturally expressed, but at an inappropriate level, in the target
.cell popul ations. This gene in use : - 5- : acts as a
sel;ection marker by adapting the phenotype of the target cell population in
such a ? way that cells with £hg so-adapted phenotype nmay be
enriched or depleted under particul ar culture conditions.

| n t he casacts abarselestienmasier by aadeptingothy phenotypd Ofsthettangst eatlepaputatidntih atck he

sel ect abl e er . . s . gperatively lLinked to a,pronpter which is
G 1§ or ont WAPIEGAL s it the speadaplod ety Ty e ehiiched o aepleled prder particatar *
pri nor di akyléifte Pofiditibss. and non-stemcells. Pronoter and ot her

cis-regul atory " elenents nmay be included in the expression
construct prior to introduction into the.cells or by targeting

pr onot er - r1LC [ Cl ] : | | fi

P ecombi nat B, S8 et ' Riig i GbyblicIEAE B P bretbh i SRERle deectaple patiey o
upon for sebgmeitively liskedabiaopromioter which is differeptislppaaivedn seim (g, anitived st em

cells, including narkers which are, designed to protect the .
desired c éFt_Pge% mnquglai Bf'8t F"thgfm% _Pro’i"r?g_ﬁ“b icFlasn g&“&lﬂtg r"’_‘"ﬂ_r%% reis-regulafary
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exanpl e, be an antibiotic substance . _Inhibits growh or
r epr oduct bypriangetingiprogrotei—tses tenstmets intespecific ggnasthy sjterape¢ific accopshihationt her
than the desired cells). The selectable marker (e.g. HPRT) nay al so provide

protection - both for the desired cells in which it is expressed
as vel | ag\ efdeevariehy 6£ Edneiibduditainag beatlicd upon for selectiveyisslaidisasd net abol ic
rescue. . Alternatively the S_el ectabl e marker_ may sel ectively
pernit t h@pagaion of the desiredetter cells, inclu

ing markerg pthich ar¢dsepiged tocpmisck e may
encode a Qeawldeeliadond theagf&rc&%éhﬁl g’?i;r?gﬁl}% ﬁgﬁﬁ) Pdsent’in the culture é-l%chuem.g In

transcription factor, an immort ncogeni ¢ pro
t enper at uthds swstemict, the inhibiting factor canyrfarrexamples bd Gn Bntibiotigsnhstance which

Al ternativel.y. the selectapl maL ker m e a cell surface apti oy ot her
gene proddibits bxdwel Sr SAGHRCRonpr sifurt Frify ot PiressREsbp e (- GB otber”™
expr essi nghdpethk Yefitdd @NIPTEe Seled¥ablé inideke?'(e.g. HPRT) may also provide protection -
fluorescence-actjivated cell sorting (FACS). The invention thus ‘enables stem

cel | both for the,denired jcglis in which ibistaprrstpdnas welhasm othen slosely assosiatedseadlst or y
degree of bgqﬂgzlng%\f'metabolic rescue, ' ' .

Alternatively the selectable marker may selectively permit the growth of stem cells. In
this instance the marker may encode a growth factor, a growth factor receptor, a
transcription factor, an immortalising or an oncogenic product (e.g. temperature sensitive

simian virus 40 T antigen).

Alternatively, thé selectable marker may be a cell surface antigen or other gene product
which allows purification or depletion of expressing cells for example by panning or
fluorescence~activated cell sortihg (FACS). The invention thus enables stem cell

populations to be obtained/maintained having a satisfactory degree of homology.

Alternatively the selectable marker may be a conditionally toxic gene for instance herpes
simplex virus thymidine kinase [HSV-TK]. In this instance expression of the selectable

marker is directed to cells other than the desired cells and not to



Alternatively the sel ectable marker may be a conditionally toxic gene for

I nst ange her pes sinplex virus thymdine kinase [HSV-TK]. In this
i nstance expression of the selectable marker is directed to
cells other than the desired cells and not to stemcells. Cells

ot her than t he desired phenotype may -be” s&lzcti vel y depleted by addition of

a lethal substrate . 0, nci ¢l qvi.r),. The genetic,narker e .\
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i nj ection, f X pirdl 8GbdtRke (é_g’_p%?j,@inggy_, el ectroporation or- by infection with
t her, the

a viral vector. Fur source of cells may be produced by
transfection extenporaneously, -or the source of cells may be derived froma

t ransgeni c..ani mal.. e f. ' ' LRl O ' t
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i nt r oducedirichidéng infectionctrinsfection lipvsttion,| electropbration s dyninfection withsa vitali s
possi ble for the marker to pass down the germline and eventually results
in the pro¥ed®%:on of progeny, fromthe tissues of which (especially from
the enbryonic tissue) the required source of cells can be derived. Thus
according to further aspects of the invention, there is provided an ani nal
cel | capabFarthér, thei sogreeuifiastle dnayristeprodysed dyyr transfection extemperangdusly, or the
conditions so as_.tq,enable jsolation and/or. enrichpent selective
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sel ect abl e ;AR F anhiairRalrat dakf Bheadestbr 6K WhithYia6hadfthé hforadmtiohebpenetiar ker
in (a) the desired stemcells and (b) cells other than {he desired stem

cel | s enabmaskerdnweducyd injp dtsrasnefic compleaenty Ja sych trapigenic anigals it is possible

i nvention i | 3 Is nder
sel ective fgtj}lr @E?xéarg%rgt& ;%E%géwg gﬁeagaj?loﬁgér lcl)nv(vi: g‘?@tﬁ%ﬁ%&?ﬁ%ﬁ%ﬁ@?i dsfed I n
that sai d peddenycivomeahe tissuesnof athich @speciallyi frgn ahgembryopiatisske)rthe wquireby a
gene product assgciﬁ\t ed w h.tge genetic marker is produced and whi ch under
sai d cul t uP@UIERRECEHLFAD ke drtedsel ect i ve survival and/or division of the
desired stemcells to occur. - : '

N

Thus according to further aspects of the invention, there is provided an animal cell capable
of being cultured under appropriate selective culture conditions so as to enable isolation
and/or enrichment and/or selective propagation of stem cells, characterised in that said cell

contains a selectable marker wherein differential expression of the selectable marker in (a)

the desirgd stem cells and (b) cells other than the desired stein cells enables selective

growth of the desired stem cell to occur.

The invention further provides an animal cell capable of being cultured under selective

~ culture conditions so as to grow as stem cells, 'characteriscd in that said cells contain stem
cells containing a genetic marker, whereby a gene product associated with the genetic
marker is produced and which under said culture conditions causes selective survival

and/or division of the desired stem cells to occur.

The animal cells according to this aspect of invention are preferably characterised by

possessing the preferred characteristics described above.

The invention further provides according to another aspect thereof, a transgenic animal



The animal cells according to this aspect of invention are preferably
characterised by possessing the preferred characteristics described above. .
The invention further provides according to another aspect thereof, a

transgeni c ani mal - 7- having genetic characteristics such that it
or its progepy, during enmbryonic devel opngnt- or later life, constitute a
source of animal pluripotential cells as defined above. Such transgenic

ani mal may Haeingrgedetie chaasteristics guchathathie or its eregeoy, dyringrembryonic dgvelograestarc
marker intq a fertilised oocyte or.an enbryoni l1,,Qr an enbryonic stem
cell in vi ﬁ?‘&‘,’ h %goﬁsé‘fﬂ‘gtf iacs°Hé:FlP§ra“Hﬁ%}ipﬁb“?‘ﬁ%“qgﬁﬁﬁgc?eqﬁ?@?gégwfef i ned above,
and utilising the resulting transfornmed oocyte or enbryonic cell as a

progenitor cell for the desired transgenic animal.  Vectors for -use-in
produci ng dSuchrtranggenicanimgbmayide pipdired pegasdiag fte thainventigndyst inpdegiag a -

I nvention. Tk | ' LAV LS of I .
geneti cal I.feﬁ%tg‘?ﬁl?% ‘%’S 1ﬂ§ﬁ?ﬁ§f§fthf§gﬁl F)géégggg’? £ g‘ﬂ{ﬁ‘ u‘\écgp’:o?gﬁsﬁng &‘38865'9\ %cllm
sui t abl e f ofitrosthe agnétivemarker having theathamctenisticshdefined labave, @ahé utikising theabove,

said vector cqnprisi a first genetic .conponent coLres di tQ gaid

sel ect abl e REHIRS t’ﬁ?ﬁrﬁlg%“"*ge%ﬁﬁ ‘8&5@?‘?"&“‘8 Bﬁérﬂmmteﬁ°ﬁﬁp‘lrﬁggﬂ%w§ai cally
nodi fied ani etB€hhifnal. 1) results in the said differential expression of
the sel ectable"marker fromeither a transiently or stably integrated
construct or (2) enables site-directed integration of the sel ectabl e marker
into a speq,fic ne_ so a oyi.d 7=} SAVAC) ' |.ect abl e
mar ker Wi tﬁvfﬁ?@ggﬁgsceﬁopgé%&ﬁg@%éﬁ':S} g@ﬁf’%‘ﬁ’g’r yabé?%ﬁ%rh{]g'ﬂheggg%e%ggg s
may be in tiagedtidhm of expression vectors in which said second genetic
conponent includes control sequences which are differentially activated
(a) in stemcells and (b) in cells other than the desired stemcells.

Thus the invention further provides vectors for use in genetically modifying animal cells

so as to produce transformed cells suitable for use as the source of cells for the method
referred to above, said vector comprisihg a first genetic component cdrresponding to said
selectable marker and a second gcnetic component which in the genetically modified
animal cells (1) results in the said differential expression of the selectable marker from
cither a transiently or stably integrated construct or (2) enables site—directed integration of
the selectable marker into a specific gene so as to provide opcrafivc coupling of the

selectable marker with targeted endogenous gene regulatory elements.

Such vectors may be in the form of expression vectors in which said second genetic
component includes control sequences which are- differentially activated (a) in stem cells

and (b) in cells other than the desired stem cells.

The invention covers vectors which when used to transform animal cells become

integrated into the animal genome as well as vectors which do not become so integrated.

The expression vectors referred to above may comprise a DNA sequence coding for the
afore-mentioned selectable marker operatively linked to a genetic control element, or
sequence enabling targeting of a promoterless marker to an endogenous gene which is

exptessed differentially in the said stem cells and in cells other than the desired stem cells.



The invention covers vectors which when used to transform animal cells
becone integrated into the animal genone as well as vectors which do not
beconme so integrated. The expression vectors referred to above nmay
conprise a DNA sequence coding for the afore-nentioned sel ectabl e marker
operatively linked to a genetic control elgnent, or sequence enabling
targeting of a pronoterless marker to an endogenous gene which is expressed

di f f erent i afdrythe pehdratiGrrbUplutipoteatidlleibayshic Bemetdlis the Bagredsivarconbteudtesi r ed
stemcells.’ - 8- __For the generation of pluripotential enbryonic
stem cel | s preferably cemprisma LIVA sequense goding forsaid sedsrtable magkepperativel dinked
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devel opnent developinend priof foediffietentiatiomofopluripetentiad embrycmic esilsr \Wost prefetrably the
Most preferably the genetic gontrpl elenments .derjve froma gene _
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more detail, the presenf invention has resulted in the devel opment of
expressi on ewbyor uct s which direct specific expression of selectable
markers in stemcells and not in differentiated cell types. Having
i ntroduced an expression construct by transfection or via the generation of
transgeni ¢ Biinged detaib!thenpeesthtsinpentionrhas vésuhed imihe eldvelopmentagileixpiessios can be
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transcripti gﬁnipmaaﬁ ithebglehrd ebidiions he 4- and 8-cell stage in the

devel opi ng nouse enbryo and it is highly expressed in the expandi ng
One example of a gene which displays a suitably restricted stem cell expression pattern
and therefore may provide suitable "stem cell specific” regulatory elements for the

expression of a selectable marker in accordance with the invention is the Oct4 gene. -

Octamer binding transcription factor 4 is a member of the POU family of transcription
factors (reviewed by Schéler, 1991). Oct4 transcription is activated between the 4— and
8—cell stage in the developing mouse embryo and it is highly expressed in the expanding
blastocyst and then in the pluripotent cells of the egg cylinder. Transcription is dowh-
regulated as the. pr‘irﬁitivc ectoderm differentiates to form mesoderm (Schéler et al., 1990)
and by 8.5 d.p.c. (days post coitum) is restricted to migrating primordial germ cells. High
level Oct4 gene expression is also observed in pluripotént embryo carcinoma and
embryonic stem cell lines, and is down-regulated when these cells are induced to

* differentiate (Schéler et al., 1989; Okamoto et al., 1990).

Selectable marker genes under the control of the Oct4 promoter may, according to the
invention, be applied to the isolation of embryonic stem cell lineages. Furthermore,

reports describing low level Oct4 expression in some adult tissues (Takeda et al., 1992)



bl astocyst and then in the pluripotent cells of the egg cylinder.
Transcription is down- regulated as the primtive ectodermdifferentiates
to formnesoderm (Scholer et al., 1990) and by 8.5 d.p.c. (days post
coitunm) is restricted to nigrating prinordial germcells. Hgh level Cct4
‘gene expressi,on is also observed in plur@petent enmbryo carcinoma and
enbryoni ¢ stem cel | lines, and is down-regul ated when these cells are
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resi stance mar ene expression as
lack of selectablc marker gene expression in the support cells.

The second approach utilises the endogenous Oct4 gene locus, and therefore the associated |
Oét4 gene regulatory élements, to link resistance marker gene expression as closely as
possible with the endogenous Oct4 gene expression profile. This may be accomplished by
high efficiency gene trap targeted mutagenesis of the Oct4 gene in embryonic stem cells.
This approach'providcs more tightly regulated control of sclgctable marker gene

expression by avoiéing random integration site effects which often result in unpredictable

expression patterns of randomly integrated constructs.

The invention will now be described in more detail in the following Example, with
particular reference to the accompanying drawings of which Figure 1 illustrates the
structure of plasmid Oct—4—_Nco_—BS, Figure 2 illustrates the structure of plasmid Oct-4-

Neo—-f3fos and Figure 3 illustrates the structure of the plasmid Oct4-tgtvec.



possi ble with the endogenous Cct4 gene expression profile. This may be -
acconpl i shed by high efficiency gene trap targeted nutagenesis of the Cct4
gene in enbryonic stemcells. This approach provides nore tightly regul ated
control of selectable marker gene expression by avoiding random i ntegration
site effects,which often result in unprediig abl e expressi on patterns of
randomy integrated constructs. The invention will now be described in
nore det ai | EXAMPEEfIol | owi ng Exanple, with particular reference to the
acconpanyi ng drawi ngs of which Figure 1 illustrates the structure of

plasm d Cct-4-Neo-[err]S, Figure 2 illustrates the structure of plasmd

Cct - 4- NC@: [ er {dol fionBIOETH Préinctet SLdtehéRl €s the structure of the plasmd
Cct 4-tgtvec. -10- EXAMPLE

1 1. | sWeasdrcmedfa 0129 noose gerdotjc iamuls: libruryswitie 81330 bp S$OcHi cDNA9 -
nouse genomc | anbda library with 330 5' 4 ¢ .fra nt . ver al

cl ones wer e TPEBFRY Sﬁvczi-ﬁld‘:lg%c:ée ?{Sds@%‘fa%‘fgﬁfﬁwoﬁﬁ?ya‘ﬁ%ﬁ%a lssﬂﬁsﬁ%‘ﬁ\c_ | ot
hybri di zat i gbt hbrdiatidh. BaM.4kb Band HIL Hind TH0fBhet @0hRkihE thel O&t4 ??é]ﬂotcr
pronot er el enen &O(azawa et al 1991) was isaqlated from clone and

li gat ed i nt slepmnt(Qlazawe ef pl.KkY91) wasisolated,fram clors §@nd ligeted jmorpBluescript I
enom c). & g(g%% td | S, enerate the Cct4-Neo
gr onot ea corlét(-r')u&Stts B@%i%@%ﬁ?&%ﬁﬁ#ﬁ"?@i gt ance gene (neo), designed

to provide an Nco | restriction site at the translation initiation codon,
was isolateq fro BﬁZINé ﬂ,itas et al., 1991) as a 1.1 kb Xba I-Sph I
fragnment encéonpa R i carditus virus internal ribosone entry

site sequenqy derbfalé the - 1R ploafotét conbtructsL AP dngindedeDNediaPcif Gelisthce gene
sequences and cl oned into pSP72 (Pronega Bi ot ech%l. The Kpn ' |-Nco |

EMCV- | RES s éepedndesigned to ppsvidecan Nie  restrictivnisife @t the tmnslatioa initiatiemeeron, was

I solated fr ( By ' K| n etl al o |

restricti on%(g;?agée:as:#é1 03 - @&?%?y?‘aﬁﬁgp ?%?rl]slulg?%?(% E%Iﬁg nelrnl(;kr:l) and

SV40 pol yadenydmpassing eacpphaioasyovsrditus sinisaihtetnad sibascme’ eltby Spdsdquénce (EMTCV-

from 6P-1RE -Lerr]S and. ligated, into the Sph | site to gener

Cut 4 Neo- [ oTRES Bhrses oty 19999 gl henbpocending eivencrt end dloprd 590 eShE Rremess

(Figure 2), Bibeédt 4ﬂ{\den%>ﬁ $LNEOSI ;EMEvﬂ-IﬁEsage%eﬁce! WaOfcpRicad with 4 08 Kb

pronoter, neo gene and the rabbit [err4] -gl obin intron was inserted 5 to a

huhan c- f os P§EReaT Eragment isolated from pOct4 (5'genomic) by Kpn I and subsequent partial Nco I
restriction digest. Neo3'-coding, rabbit f—globin gene (intrbn) and SV40 polyadenylation
sequences were isolated as a 1.7 kb Sph I fragment from 6P—-IRESNeo-fBS and ligated
into the Sph I site to generate Oct4—Neo—-fS (Figure 1). To generate the Oct4—Neo—ffos
construct (Figure 2), an Oct4-Neo-BS Bam HI fragment incorporating the Oct4 promoter,
neo gene and the rabbit $—globin intron was inserted 5' to a human c—fos genomic _
sequence. This 1.7 kb genomic sequence (Bal I-Sph I) encodes human' c-fos mRNA 3'
coding and non—coding sequences previously associated with mRNA destabilization

(Wilson and Triesman, 1988), and, the c—fos polyadenylation sequence.

The Oct4—neo construct (Oct4-tgtvec) is designed for targetted integration into the Oct4
gene (Figure 3). The Oct4 targetting construct contains 1.7kb of 5'Oct4 gene sequence
and 4.2kb of 3'Oct4 gene sequence. Following homologous rccombination.this construct
incorporates a lacZ-neomycin fusion gene (Bgeo, encoding a bifunctional protein,
Freidrich and Soriano, 1991) into the first intron of the Oct4 gene. Splicing from the

splice donor sequence of the first exon—intron boundary to the integrated IRES—Bgeo



sequence. This 1.7 kb genom c sequence (Bal - 1-Sph I) encodes human c-fos
MRNA 3' codi ng and non-codi ng sequences previously associated with nmRNA
destabilization (WIlson and Triesman, 1988), and, the c-fos pol yadenyl ati on

sequence. The Cct4-neo construct (COct4-tgtvec) is designed for targetted
I nt egrat:d on i,nto the Oct4 gene (Figure 3). The Cct4 targetting construct '
contains 1. 7kb of 5' Gct4 gene sequence 4. 2kb 'of 3' Cct4 gene sequence.
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Splicing fromthe splicé donor sequence of the first exon-intron boun ary
to the i ncistpontofdhe QE&—[SQW fugian transcript is facilifated dyyctée jinclysien pf thetBMOY t he

i ncl usi on | i eptor sequence (Skarnes et al.
1992) i mwég#gtlgmedéﬂa? I%g%[ogﬂ' s% %gquence Transl ati on of the
[err]geo cistron of the Oct4 [err]geo fu3| on transcript is facilitated by-

thelnclu5|on of t he EMCV- S {H;e 5" to the [err]geo coding
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cel l's wer r%xgmweﬁu begudpesidal ati KOa{1H aiig/mbds PBS. SPBujlosving 0 hpuisncuttutd 1w fresh
nmedi um an and resuspended at 1.4x10[ gr l/m_in_PBS: fg |m'red|ai1t e,
tr ansf ect i Bediumegeatropfluerd Ex,cellsiwere |¢SP§{§§<§ Mémﬁnﬁago?nvf?é edysegyentiallydn pna

cont ai ni NG fatb:AfinPREH PRSCAPRREBHAY: 106801 30858 Br LRREIAR USi ng a

Bi orad CGen ser an 4 tcm cuvettes. Transfections were plated on
gel at i ni sewmarsfection. Routinely, @7mhof celt supensiol way nixed with 0.1 ml PNbAtdentainingim

Lorri /i (atipogbdcsSaropifiits 0 RYoind ZBT5H BEnga RORRRl Tl 2pd ) om
post - t r ansgRettb NTRARSEIGRSIRE philed On delatinisal Bssuecaltié diehet at 5s$xle“/em¥ fir e
pl ates for further expansion in growth nmedi um containin ZOO%Rerr] / m 418.

Cl onal cel gropith aedisem forkp hopss eaputq\@s -addition of splgction me 3iping 20
constructs é/fxﬁf(%tfv@fi G428 Wigma). Single colonies were picked 8-10 days post-transfection
and transferred in duplicate into 24 well tissue culture plates for further expansion in

growth medium containing 200 xg/ml G418. -

Clonal cell lines bearing the Octd4—Neo—-BS and Oct4—Neo—Bfos constructs (referred to as
Oct4-Neo cell lines) were grown for two days, washed twice with PBS and the medium

replaced with fresh G418 medium with or without DIA. Cell lines which grew normally
in the presence of DIA but did not survive in the absence of DIA were selected for

expansion and further analysis.

" Clonal cell lines bearing the Oct4—~tgtvec targetting construct (referred to as Oct4—targetted
cell lines) were expanded in duplicated 24 well plates. Once confluent, one series of cells

were frozen for storage while the reminder were analysed by Southern analysis.

4. Further characterisation of Oct4-Neo and Octd-targetted ccll lines:

Selected Oct4-Neo cell lines were assayed for ES cell growth and dxffcrcntlatxon in DIA



Oct4-Neo cell lines) were grown for two days, washed twice with PBS and the
medi um repl aced with fresh 418 nediumwth or without DIA Cell I|ines
which grew normally in the presence of D A but did not survive in the
absence of DI A were selected for. expansion and further analysis. Cl onal
cell lines begaring the Oct4-tgtvec targetipng construct (referred to as
Cct4-targetted cell lines) were expanded in duplicated 24 well plates. Once
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positive by genom c Sout hern anal ysis were anal ysed by | acZ staining and

grow h and differentiation in DI A suppl enmented or non-suppl enented nedi um
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culture dishes to enabl e adherence and expansion of the aggregates for -
anal ysi s of absemreroftfa418 gEmbryioid hedies werel thempelested anddransfomed do galatinisedied
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Sel ect ed Ccéchtiifingedell tipaseAllvemnbrysid bodiesi wiere inbintaiixzicfoc @ ddys G it dbséncé of
days prior to emryo_injection as previously described (Nichols et al.,
1990). Bri &%,ﬂ%‘%‘@#&iﬁ%ﬁg I4SPFCY9%: ecti on were col lected 4 d.p.c. from
C57BL/ 6 donors, injected with 10-20 cells and -

6. Production of chimeras from Oct4—Neo and Oct-4 targetted cell lines:

Selected Oct4—-Neo cell lines were cultured in the absence of G418 for 7 days prior to
embryo injection as previously described (Nichols et al., 1990). Briefly, blastocysts for
injection were collected 4 d.p.c. from C57BL/6 donors, injected with 10-20 cells and
allowed to re—expand in culture prior to transfer to the uteri of pseudopregnant recipients.
Chimeras were identified by the presence of patches of sandy coat colour on the C57BL/6
background. Male chimeras were test bred for transmission of the Oct4-Neo transgene.

‘Transgenic mice were then crossed onto different genetic backgrounds.

7. Results

The Oct4-Neo—BS construct generated approximately 50 colonies/10° cells transfected
while the Oct4d-Neo—ffos construct generated approximately 10 fold fewer colonies.
Three clones were selected on the basis of their differential survival in medium containing
G418 (200ug/ml) in the presence or absence of DIA. All three celi lines displayed
appafc_ntly normal growth rates in DIA-supplemented G418 containing media and died

when cultured in the absence of DIA in G418 medium. Cultures maintained in DIA



allowed to re-expand in culture prior to transfer to the uteri of
pseudopregnant recipients. Chineras were identified by the presence of

pat ches of sandy coat col our on the C57BL/ 6 background. Ml e chineras were
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presence of G418 contained high proportions of ES cells. The feasibility of isolating stem

cells from differentiating systems is thus confirmed.

8. Summary

ES cells capable of germ line transmission have previously been established from only 2
inbred strains of mice, 129 and C57BL/6. Combining the Oct4-neomycin selection
scheme with established of ES cell isolation and propagation procedures (Evans and
Kaufman, 1981; Martin, 1981; Nichols et al., 1990; Yoshida et al, 1994) should enable ES
cell line derivation from previously non—-productive mouse strains and other mammalian

species in which Oct4 is differentially expressed.

Selection against non—stem cell phenotypes in mixed cell populations may be
advantageous for several reasons. Firstly, selection against differentiated cells in mixed

populations provides a method for extensive stem cell enrichment. Secondly, selective



8. Summary ES cel|ls capable of germline tréansm ssion have previously .
been established fromonly 2 inbred strains of mce, 129 and C57BL/ 6.

Conbi ni ng the COct4-neonycin selection scheme with established of ES cell

i sol.ation and propagation procedures (Ev. Es_and Kauf man, 1981; Martin,. :
1981; N chols et al., 1990; Yoshida et al; 1994) should enable ES cell Iine
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sel ective ' ' - 14 - renoval of
differentiated cells prevents their overgrowh in the cultures. Thirdly,

el i mi nat i EXAMBLEB 2erentiated cells may enhance stemcell self-renewal due

.to the loss of differentiation inducing activity associated with
differentiated cells. EXAMPLE 2 RESCUE AND RECOVERY OF PLURI POTENTI AL

STEM CELL RESTWE ENDERECOVERYOOF BCORBPBOTENFIADSTEM ICELLS GROM @S CBIE ES
cells were rou%\el mei nt ai ned in medi um suppl emented with Differenti-ation
Inhibitin ' @ﬁw as described by Smth (1991). Enbryoid bodies
were formed by aggregation of ES cells in the absence of DI A The
aggregates were produced by plating dissociated ES cells in 10[err]l or
30[err]1 dMethwdsf nedi um at a density of 100 cells/drop. Arrays of drops
were plated on the lid of a 10cmtissue culture dishes using a

1. Cell Culture

ES cells were routinely maintained in medium supplemented with Differentiation
Inhibiting Activity (DIA) as described by Smith (1991). Embryoid bodies were formed by
aggregation of ES cells in the absence of DiA. The aggregates were produced by plating
dissociated ES cells in 10ul or 30pl drops of medium at a density of 100 cells/drop.
Arrays of drops were plafcd on the lid of a 10cm tissue -culture dishes using a
multipipettor. This was then inverted over the base of the dish, which contained 10ml of
water in order to maintain humidity, and the hanging drops were cultured at 37°C in a 7%
- CO, atmosphere. |

2. Histology and f—Galactosidase Staining

Embryoid-bodies were fixed in Bouin's solution and embedded in agar. Paraffin sections
were then prepared by standard procedures and stained with haematoxylin and eosin.
Alkaline phophatase staining of embryoid body outgrowths was carried out using Sigma
Kit 86-R. Histochemical staining for p-galactosidase was performed with Xgal as
described (Beddington et al, 1986). |

Results
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selection results in the complct'c_eliminaition of these cultures over 3-5 days. Rb40 cells

are a derivative of CGR8 which are constitutively resistant to G418 due to expression of

neoR directed by the human B-actin prdmbter.

4.  Formation of Embryoid Bodies in the Presence and Absence of Selection

against Differentiated Cells

Production of embryoid bodies by the conventional procedure (Doetschman et al, 1986) of
detachment of clumps of cells followed by aggregation in bulk suspension culture results |
in a mixed population of aggregates, heterogeneous in both size and differentiation status.

In order to obtain more uniform and consistent development, embryoid bodies in the
present study were formed by aggregation of defined numbers of cells in individual drops

of culture medium (see Methods). Aftcf 48 hours in hanging drop culture, the aggregates

were transferred en masse into suspension culture in the presence or absence of G418.

Under G418 selection against differentiated progeny aggregates still formed from both -
Fos11 cells and the OKO clones. Although some dead cells appeared around the

periphery of the aggregates, the bodies themselves increased in size during the culture
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M o1 LY Clog Gkl dbveiBphiBfioma e hovaf Of uRt@thihaal GaiR! es appeared heal thy and -
vi.able and there was  no evidence of necrosis, although occasional pyknotic
nucl ei, suggestive of apoptosis, were seen. Enbryoid bodies formed in (418
were noticeably smaller than.their, gounterparis,formed.in.the absence of
sel ecti on, owe\yéfs.‘smr‘WFs_Of yrinptential S?cﬁh'.cﬁ@é)f’bﬁg’bg@ﬁ’g?ﬁg{ef.(gmefilf Tl ack of
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Persi stence of Pluripotential StemCells in Enbryoid Bodies formed under
Sel ection against Differentiated Cells. The absence of any

undi f f er entd. at b 0. C r ! ' i s had 4
ani kel yt R SRR 80 i oA beriet B S dTRule iy bilpiod habllvas
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possibilit yrion—gi\eg\r/e%rti’ating aggregates. In order to exclude definitively this possibility, however,

and also to facilitate quantitative determination of the effects of G418 selection, a
modified protocol was used which allows assessment of the behaviour of individual
aggregates. Cultures were initiated in 30pul hanging drops in the presence -or absence of
G418 aﬁd maintained in drop culture for 7-8 days. Embryoid bodies were then
transferred individually to gelatin—coated 96—well tissue culture plates and the media
diluted 6-fold with media lacking G418. The stem cell maintenance factor DIA was _
added at this stage to allow expansion of any undifferentiated ES cells which were present.
The cultures were allowed to attach and outgrow for 48 hours then fixed |

and stained for alkaline phosphatase or for f—galactosidase as appropriate.

The data summarized in Table 1 show that in the absence of‘any selection undifferentiated
stem cells are almost completely eliminated from gmbr__yoid bodies within 7 days of
suspension culture. Outgrowths contained a variety of morphologically differentiated cell

types, but areas of cells with ES cell morphology were not observed. In the OKO cells
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These findings demonstrate that the selective elimination of differentiated progeny results

in the persistence of pluripotential stem cells in ES cell aggrégates.
6. Stem Cell Extinction in Mixed Aggregates

The implication that differentiated progeny may be directly responsible for stem cell
extinction in embryoid bodies was addressed further. The behaviour of OKO cells was
assessed following formation of mixed aggregateé with Rb40 ES cells which can

~ differentiate in the presence of G418. Rb40 cells express necomycin phosphotransferase
constitutively and G418 selection has no discemible effect on their differentiation,
either in monolayer culture or in aggregates. Hanging drop cultures were established
using a 3:1 ratio of OKO cells to Rb40 cells. Paraffin sections of mixed embryoid bodies

revealed that they underwent extensive differentiation in both the absence and the presence



These findings denonstrate that the selective elimnation of differentiated
progeny.-results in the persistence of pluripotential stemcells in ES cell
aggr egat es. 6. Stem Cel |l Extinction in M xed Aggregates The
inplication that differentiated progeny nay be directly responsible for
stemcel }l extinction in enbryoi d bodi es waggaddressed further. The

behavi our of OKO cells was assessed followi ng formati-on of m xed aggregates
Wi th ‘Rb40 EDfas4iss T effectivg eiidihfionrdfividifforéntiated tére SeliS endir bothlSondith®
cel | s express neonyci n_phosphotransferase constitutively and (418 sel ection’
has no di scewas eanimaed by Xgal-staiping ofjoutgrewthsi@abled)- ei t her in nonol ayer
culture or in aggregates. Hanging drop cultures were established using a
3:1 ratio of KO cells to Rb40 cells. Paraffin sections of m xed enbryoid
bodi es r evedllisl résakttprovides direde evidencecthatethe ipresentief dfadifferentisted progeny ddduceshthe
absence and the presence . . T e . '
"l of - Gaelminhtion. ot Bluriposential stem gelis, ThS implisssthl, ceraindiffareatiated stery gell
under both C;S}B%é&y' £8% s08ce GINhAIRE sihaXGAlict bihdd iRdret fudtied dffdrEitiatidRbE ©
1). This result provides direct evidence that the presence of

di f f er ent i atrethapring)stem ¢elld pr possibly indyoeithemite gnisr apantesisot enti al stem
cells. This inplies that certain differentiated stemcell progeny are a
source of inductive signals which either instruct further differentiation
of remai ni ngCeh¢lusiorl | s or possibly induce themto enter apoptosis.

Concl usion  Aggregation induces ES cells to develop into differenti ated
structures known as enbryoid bodies. Pluripotential stemcells rapidly
becone extin ' j ' oy i g
difrorenti attgee %ﬁ%‘*ﬂ‘éi’g‘éi biy S8 5 Vadp M6 diifertiifs %%gﬁﬁgﬁ@\ggﬁg?g &xiPryBid
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However, if differentiated progeny are specifically eliminated from the aggregates using

methods according to the invention, the stem cells persist and can be propagated. -

The findings detailed above constitute a clear demonstration that through the use of a stem
cell-specific selection system according to the invention it is possible to recover stem
cells from conditions which would normally force their elimination by either

differentiation or death.



The findings detail ed above constitute a clear denopnstration that through
the use of a stemcell-specific selection systemaccording to the invention
it is possible to recover stemcells fromconditions which would nornal |y
force their elinmination by either differentiation or death.

-19- Tabl e.1. D sappearance or Persistenge-of Oct-4 Expressing ES Cells

i n Enbryoi d Bodi es. Cul ture A18* No. Drops No.
No. Xgal % +ve " Qut gr owt hs
Sve TQ&} 3 Dlsappw or(Persmtence ;of Oct=4 Exprggsing %@ Cells 124Embry01d Bodies. 4
96 OKOL60 . 30 30 0
0 C]<|Q1ﬂ____+____ 30 30 _ 30 100
CKC&GO:Rb40r——_ 2D 0
OKOL60- Rb40 ~Culture G§88* No. Drogs, No. oNo. Xgal %) +ve
*500[err] g/ ' Outgrowths +ve . ‘| Drops
OKOS8 - 25 25 0o 0
OKO8 + 25 = 24 24 96
OKO0160 - 30 30 0 0
| oxoieo 4 30 30 30 100
OKO160:Rb40 | - 30 29 0 0
OKO160:Rb40 | "+ 30 30 0 0

*500pg/ml



- 20 - EXAMPLE 3 PROCEDURES FOR ESTABLI SHI NG EMBRYONI C STEM CELL
CULTURES FROM MOUSE EMBRYCOS Lines of transgenic mce were established in
whi ch t he neonyci n phosphot ransferase gene conferring resistance to 418 i s
expressed with the specificty of the Cct4 gene. The [err]S21 |ine harbour
the Octdneo[err]S transgene whilst in the20KO | i ne the neo gene has been

I ncorporated into the endogenous Oct gene via gene. targeting wth the
Cct4-tgtvec construct. These mice were outcrossed for two generations with
MF1 outbregggégb%giggce and with inbred CBA mce. Neither of these nouse
strains pr | | s using standard procedures. Four preferred
procedures for isolating stemcells are described. In all cases the enbryos

| tured tandard ES |t di d with eith
Bi 1 or ent | RROVEDNRES FOR EASaRMSH SRR YGRS SEEM GELAT Uk n 6 i s

sol ubl e i nt g et al, 1994). (418 is added at
g[{ err] g?%ﬂﬁm‘ﬁ?s :

concentratlons o) Procedure 1 Bl ast ocysts are
flushed on the fourth day of pregnancy. Goups of 4-10 bl astocysts are

| t d 1 I f]
o G TG0k bR en st vt Bt DIy B wEikh Juf REGEY4IR bup bR iR A8 .
al, 1990) aé&rﬁérrﬂlg@eﬁﬁ&&e' 16 G418t isleRp ﬁﬂéidr\ﬁﬂ{ tleaspetificyi 6igthe Owed péne. GRHSES21
sel ection is maintai ned. Col oni es W|t t he characteristic norphol ogy of ES

cel I's whi chlisphahpus the QrtdneoP® dransgens avhilshin the, QKQAing4he nep genn basdreand
ded :
expande U“ﬂl%a?g%néa BHOYUR gé;}oh Oct geid aggép %e&ng’}éltlﬁﬁﬁcﬁ&ur%ﬁyexcem

t hat bl astocCys are put 1nto<rnp ant tion arvesti
ovari ect onycarfstrutte Thise miice Wore oﬂtcnoslseddyr ofo gcmgatims witlBMIEt athyred sltine
flushed 4 dmy ice and with inbred CBA mice. Neither of these mouse strains produce ES cells using

standard procedures.

Four preferred procedures for isolating stem cells are described. In all cases the embryos
are cultured in standard ES cell culture medium supplemented with either Differentiation
Inhibiting Activity (Smith, 1991) or interleukin—6 plus soluble interleukin—6 receptor
(Yoshida et al, 1994). G418 is added at concentrations of 200ug/ml — 1mg/ml.

Procedure 1

Blastocysts are flushed on the fourth day of pregnancy. Groups of 4-10 blastocysts are -
cultured in 1cm tissue culture wells under G418 selection. Outgrowths are individually
detached and dissociated with trypsin as described (Nichols et al, 1990) after 4-6 days in
culture and replated in single wells.' G418 selection is maintained. Colonies with the
characteristic morphology of ES cells which appear in the cultures over the next 14 days

are picked and expanded under continuous selection.
Procedure 2 -

As Procedure 1, except that blastocysts are put into implantation delay before harvesting

by ovariectomy of the dams on the third day of pregnancy. Blastocysts are flushed 4 days



- 21 - after the ovariectony. Procedure 3 Post-i npl antation enbryos

between 5.5 and 7.5 days post-coitumare isolated and the primtive

ect oderm separated by m crodi ssection and/ or protease digestion. The

prinitive ectodermis gently dissociated into clunps of 20-50 cells which

are then cultured as in Procedure 1. 'Rr@aedure 4 Enbryos prepared as

for Procedures 1, 2 or 3 are cultured in-hangi ng drops. under (418 sel ection

for a peri oaftexfthe ovaniksyampef ore transfer to tissue culture wells and

subsequent mani pul ation as in Procedure 1.

- 22 CLAIMS 1. A nmet hod of isolating and/or enriching and/or

sel ecti vel ypryceage®dt i ng ani mal stemcells, which conprises nmaintaining a

source of said cells under culture conditions conducive to cell survival,

characterised in that the source of cells includes cells containing a

sel ect abl e PRoKpliithich ribrsBE BBWeeR's.shdd £5%ab Bbot C0HuEP 8eWotkea GRA the
primitive ectoderm separated by microdissection and/or protease digestion. The primitive

ectoderm is gently diésociated into clumps of 2050 cells which are then cultured as in

Procedure 1.
Procedure 4

Embryos prepared as for Procedures 1, 2 or 3 are cultured in hanging drops under G418'
selection for a period of 5-7 days before transfer to tissue culture wells and subsequent

manipulation as in Procedure 1.



stemcells and (b) cells other than stemcells, whereby differenti al
expressi-on of said selectable marker results in preferential i sol ation

and/ or survival and/or division of the desired stem celts: A-Tret hod
according to Caim1 wherein the said desired stemcells m
uni potential stemcells, pluripotential stem cel | s, enbrum“ mn‘mammm
gonadal stemcells, somatic stenfprogenitor cells, haematepm etu custem *
cells, epidermal stemcells and neuronal stemcells. 3. A net hod
according to_any. hreceding claimwherein the source of cells includes stem
cel l s havi ngc—!:éi@t I ve _sel ectabl e marker and expression of said marker is -
used to permt isolation and/or enrichnent- and/ or nmi ntenance of the stem
cells. 4. A met hod according to any preceding clai mwherein expression
of a negativke selécmqm%ommgng iand/or enriching,and/emselectively fuepagating animat stems
Is used to se I e I e (. than the
desired stent él\éﬁ cXgn%?Bés 'h% af’ﬁo%gaggrgfg)}r?é%t&ﬁg%‘d%r%é%? %‘g’%“f%‘g

wherein the cﬁﬁh@ﬁt'ahi eelnurivil, icharactbfisddeid thatahe sodroe of gellsuimbladesacetiel | ul ar
gene and an antibiotic_ resjstance . gene. A net hfd accordi n to Claim

5 wherein t HOTERING AcElcgtaplesnarksh ¥ lfgelﬁgawagﬂq H’éd’Sf& ndial exprensiom ai(p)-desired
resistance gsl%}ﬁ cellf( 4nd (bg ARUEBIHP thaACiah %ﬂg WiRrédpY differdntial EpreksioRl of swfaer ei n
t he sel ectabl e marker a growt h stinulating gene.
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gene is an oncogene or lderlvatlves t her eof .
esired stem cells

2. A method according to Claim 1 wherein the said desired stem cells are selected
from unipotential stem cells, pluripotential stem cells, embryonic stem cells, gonadal stem
cells, somatic stem/progenitor cells, haematopoietic stem cells, epidermal stem cells and

neuronal stem cells.

3. A method according to any preceding claim wherein the source of cells includes
stem cells having a positive selectable marker and expression of said marker is used to

permit isolation and/or enrichment and/or maintenance of the stem cells.

4. A method according to any preceding claim wherein expression of a negative
selectable marker in cells other than the desired stem cells is used to selectively deplete

the source of cells of cells other than the desired stem pellé.

S. A method according to any preceding claim wherein the selectable marker is

selected from a foreign gene, a cellular gene and an antibiotic resistance gene.

6. A method according to Claim S wherein the antibiotic resistance gene is the

bacterial ieomycin resistance gene.

7. A method according to any of Claims 1 to 6 wherein the selectable marker is a

growth stimulating gene. .



9. A met hod according to Claim7 wherein the growth sti_nulating gene is
SV40 large T antigen or a derivative of SV40 large T antigen.

nmet hod according to Claim7 wherein the gromh stimnulati ng Iecte
froma gene that codes for a growh factor, a gene that co Wm
factor receptor a gene that codes for a.sr.gma.l t ransduci ng fol ec N

gene that codes for a transcription factor. 11. A nmet hod according to
any of Claims 1 to S wherein the selectable narker is an imortalising
gene.

d .accordin aim 11 wherei imortalising gene
i s sel ect ed8f ro 8198&98%&’% a*F‘Cée‘T‘nléFmﬂ t€€ Hé‘ [ating gepeIs| atyyeat h
and the bcl pRedpRA€ or derdvitives thef@@fhod according to any of Claims 1 to 5

wherein the isolation and/or enrichnent and/or propagation of the desired
pluripotential cells is dependent on the presence of cells other than the

desired pl ugi pot %Heﬂlodca%ﬁm%wg &gy eréxf}qg? g?ovaﬁ sg&%i]a?iﬁg%gé gbé)%{lqafarge

types is depende on expression of nar Ker

ot her cell mogitigehiopa, deivative ¢fssv«pmgeTtﬁnngexﬁcu1 ng cells nei ghbouring
t hose cells which do not thensel ves express the marker. 14. A net hod
according to Claim 13 wherein the selectable marker is selected from HPRT,

a gene encodpng  hiztica &e&an%}m aafnw&h&aﬁqug?m mmam ghne is se ected

conditional |y active in conbiffation with a suic strat a herpes
si npl ex vi r fikom h)@@dlhﬂéckﬂqségea(grmhmytog@wne that odes hrraegrhwch mctmlrchepg)rt )

?ng 4pf ecedi ngg %le ?ﬁaq]co & f%'r 9 s&gbn%l gransdlsxcﬁ:xg rx]rtnﬁécrtlxlé ‘¥Rd Séegle%gttﬁglcoderga ol§ F

transcription factor.

11. A method according to any of Claims 1 to 5 wherein the selectable marker is an
immortalising gene. '
12. A method according to Claim 11 Wherein the immortalising gene is selected from

the polyoma large T gene, a gene that blocks cell death and the bel-2 gene.

13. A method according to ariy of Claims 1 to 5 wherein the isolation and/or
enrichment and/or p_r(;pagation of the desired pluripotential cells is dependent on the
presence of cells other than the desired pluripotential cells and the simultaneous
maintenance of both cell types is dependent on expression.of a selectable marker, in one
or the other cell population, which is capable of rcsculng cells neighbouring those cclls

which do not themselves express the marker.

14. A method according to Claim 13 wherein the selectable marker is selected from
HPRT, a gene encoding a toxic product, a toxic gene product which is conditionally active

. in combination with a suicide substrate and a herpes simplex virus thymidine kinase
(HSV-TK) gene.

15. A method according to any preceding claim wherein the cells contain two

selectable markers.



16. A net hod according to any precedi ng cl ai m whereinmexpressi on of the
sel ectable marker is achieved by operatively inserti ‘ ﬂm
mar ker into an expression construct prior to int roducﬂm“m“m ‘E\m

sour ce. 17. A met hod according to any preceding:claintwheréins *

expréssi.on of the selectable marker resul 24 fromthe introduction of a

stably integrated, episonmally maintained or transiently majntained
construct. 16.18. A mathedageprdingds gy W@g‘nﬁrﬂalﬂrﬂg‘gﬂﬁ PE‘fsﬁﬁoﬁﬁﬂg? $igtable

expressi on Qf s&l; : ' i shilg t he
sel ectabl e grrlgfliegﬁs ?érlﬂtl%fegﬁ@e Jgg{é)ré\@{}é‘ g‘ggﬁ h%f %éﬁgﬂbgﬁaﬂgﬁxﬁtg)éy &B%%%M A
met hod accoeshstgct pricrty ipreduetiom¢p theaiethsaheeei n t he sel ectabl e nmarker is

i ntroduced into the cells by transfection, |ipofection, injection,
ballistic mssile, viral vector, electroporation or any other neans. 20.

A met hod. acger di ROmethodtcortiREadisng prtceiingVdisiewherelicexpatisivn offthe edlbctable

selected froma single cell or cell line; a fertilized-ooc a _transgenic

| te;.a,
ani mal ; a naovarkeraesilis fram she introduction| of ajeably dptegrated, sPisURRIY, maintaipgshior

somatic tissue;. . 0] {H] cells. 21. A met hod according to any
pr ecedi ng C?ISP 5 elflg}nﬁlﬂl{%d;&glg ecctt able marker is incorporated into a

transgeni ¢ ani nal . 22. A net hod according to any precedi ng clains
wherein the sel ectable marker is operatiyely linked.to a gene n
fragnent redfi at “hGeOdcedig Wﬁ"g't{’rﬁ‘@ﬂ@go‘}ia‘&bw e‘fe?‘h'é’ffgﬁ%qns()fothe ggif’gtable
di fferentialld@GebiR frdin TpiRtitdly indRinyl @)seRktable markér into &n ERddgefous gene of
according to any preceding claimwherein a gene or gene fragnents

operativel y the edlbspures. and regul ati ng expression of the 'sel ectable marker
is/are associated with a pluripotential stage of cellular devel opnent.

19. A method according to any preceding claim wherein the selectable marker is
introduced into the cells by transfection, lipofection, injection, ballistic missile, viral

vector, electroporation or any other means.

20. A method according to any preceding claim wherein the source of cells is selected
from a single cell or cell line; a fertilized oocyte; a transgenic animal; a non—-transgenic

animal; cells derived from an embryo, blood or somatic tissue; and a mixture of cells.

21. A method according to any preceding claim wherein the selectable marker is

incorporated into a transgenic animal.

22. A method according to any preceding claims wherein the selectable marker is
oﬁeratively linked to a gene or gene fragment regulating expression which gene or gene

fragment is differentially active in stem and non-stem cells.

23. A method according to any preceding claim wherein a gene or gene fragments
operatively linked to and regulating expression of the selectable marker is/are associated

with a pluripotential stage of cellular development.



- 25 - .24 A-nmet hod according to Caim23 wherein t _

fragnment is active in pluripotential cells of the develo .
A met hod according to Claim23 or 24 wherein the gene orﬂlmm uHMlIJH S
(0] ] |

active in primtive ectoderm 26. A met hod accordi ng any. o0
22-25 whereim the gene or gene fragnment 4 @saldl or part of the Cct4 gene.
27. A nethod according to any of clains 22-26 wherein the gene or gene

fragment is24.he Acméthpd aoesrding to Q&im 23 Avherdil et gene or gieng fragmentyis petdveciti Ng
clainms wherein the sel ectahle ker is the neonycin phosphate transferase
gene. 29.P1““A°§?B'('ﬂcf&ﬁ%18g31‘o4na{ EFMPT¥P O ai ns 22-28 wherein the gene or
gene fragnent is active in pluripotent haematopoietic cells. 30. A

met hod according to Caim29 wherein the gene or gene fragnent is all or
part of the28D34Agmethod ac@iding té\ Glainh23 on 24 ovherein theogeneyorgese &ragmgnts|isi m
whi ch includes t.he step-of introducing into a source of cells containing
stem cel | s, 3Gvednprmifive cgtad construct, wherein said sel ectabl e marker
construct is adapted to operatively link to an endogenous gene which

provi des said differential expression. . 32, A met hod accordi ng to any, of
dains 1 t0260 wé Bxsthodacerrding:taany of Claims; 2228 gvhersig the, sene-oregsue faggrent is
cel I's contajpi aﬁt&r{hgﬁcltﬁg £ Sel ectabl e marker construct, wherein said
sel ect abl e marker construct ehas been previously linked to one or nore genes
or gene fragnents which provide said differential expression.

27. A method according to any of claims 22-26 wherein the gene or gene fragment is
the Oct4 promoter.

- 28. A method according to any preceding claims wherein the selectable marker is the .

neomycin phosphate transferase gene.

29. A method according to any of Claims 22-28 wherein the gene or gene fragment is

active in pluripotent haematopoietic cells.

30. A method according to Claim 29 wherein the gene or gene fragment is all or part
of the CD34 gene.

31. A method according to any preceding claim which includes the step of introducing
into a source of cells containing stem cells, a selectable marker construct, wherein said
selectable marker construct is adapted to operatively link to an endogenous gene which

provides said differential expression.

32. A method according to any of Claims 1 to 30 which includes the step of
introducing into a source of cells containing stem cells, a selectable marker construct,
wherein said selectable marker construct has been previously linked to one or more genes

or gene fragments which provide said differential expression.



-26- 33. A net hod of selectively isolating and/or enrtchingand/or
propagating animal stemcells, which conprises introdugj \ ; e of
cells containing stemcells, a selectable marker const ﬂmnmml mmmﬂmﬂ
operatively links to or has been previously linked to genes ot gene *
fragnent.s -whisch provide differential expression of the selectable marker in

stemcells and cells other thgin t_he (;Iesi red stem cell s and whi ch 'under
appropri at S%ul tAmeethedhdf séletivelynistlnting ansl/encenrichingsasidari pyopagating animal stem

enri chnment and/ of. propaagati.o f .the desired st cell.s. 34. A neth
accor di ng. by RhisR s3RRRRLRfofieitd Bro E3BRE of PR Fortasting. et colls § el
to a gene .%aﬂeﬂeoﬁstxﬁmﬂkh Fo@éxfatiﬂély ks X bLHSS Bden Wi@ﬁsiﬁﬁﬂﬁe@fo %‘i&@@ or gene
fragnent is differentially active In stem and non-stem cells. 5. i

net.hod accofregments whishprayide differential cxpressipmel de sgleptablermatkenin stemiaels apd 4
pronot er. i Andle : [ aj - | e

sel ect abl e cneglr§ l?(tal#eri S tﬁgqr%gg%yégi&ﬁ (%E%s p%g{?%ch?én%ﬂé ?@%@‘?ﬁ%ﬁ'&m%@?ﬁ"w/x :
met hod of seablesiselettjve isalation angd/emelirichment amdiompropagition of tixpdesired senacélisal
stem-cells, which conprises culturing a source of cells under selective
culture conditions, characterised in that the source of cells includes stem
cel I's cont aifli NJAGmERHE hécordiBg k6 Claitd 133 Ma¥reth BRNeleRMBRUGArkeS KSPepltREIyW t h
the genetic _nmarker is produced and which under said culture conditions
causes sel elénkeddo @cgams f Eene fagmentHegulating expression, dighsgeng osgene fragmedt is

An ani mal C@Hefe%?‘gﬂﬁ%&g%fip%nmgﬁ?é@ﬁ% i ader appropriate sel ective

culture con I On 0 €ena on and/or -enri chment and/ or
propagation of stemcells, characterised in that said cell contains a

sel ect abl e rker wherein differeptial, K expresgion of the sel ectabl e narker
in (a) the Hesi - Adquelhd aecording é‘hgﬂ?w) L’c&’l“?@“bﬁﬁeﬁenﬁ PR.§°R%, Fagraent 1§ dhes Detrh
cel I's enabl gomvedrective survival or growth of the desired stemcells to
occur. 39. An aninmal cell as clainmed in Caim38 and including the
characteristics of a.cell as referred to in any of Clains 1 to 37.

36. A method according to any of Claims 33—-35 wherein the selectable marker is the

- neomycin phosphate transferase gene.

37. A method of selectively isolating and/or enriching and/or pi'opagating animal stem -
cells, which comprises culturing a source of cells under selective culture conditions,
characterised in that the source of cells includes stem cells éontaining a genetic marker,
whereby a gene product associated with the genetic marker is produced and which under

said culture conditions causes selective reproduction of the desired stem cells to occur.

38.  An animal cell capable of being cultured under appropriate selective culture
conditions so as to enable isolation and/or enrichment and/or propagation of stem cells,
characterised in tt;at said cell contains a selectable marker wherein differential éxpression
~of the selectable marker in (a) the desired stem cells and (b) cells other than the desired

stem cells enables selective survival or growth of the desired stem cells to occur.

39.  An animal cell as claimed in Claim 38 and including the characteristics of a cell as

referred to in any of Claims 1 to.37.
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-27- 40. A transgenic animal, other than a hﬁdﬁf_grl}e/lrﬁ,_mwh—%ﬁrrpri ses
a source of cells Sditable for the isolation a pr opagat f stem
cell's by"a method according to any of Caims 1 to m‘w nsgenl C
ani mal , other than a human bei ng, generat ed u3| ng““\“\ by a

met hod cl ai med in any of Clains 1 to 37. At afisgéni ¢ ani mal ot her
than a human bei ng, accordl ng to Caimi4l E VI ing cells which incl ude t he
sel ect abl e marker. A transgenl c ani ot her than a human bei ng,

accordi ng - to Clal 41 h qi MH:@F eriﬂq&; u@ﬁl&p 1864 aDlsBurce
mar ker . &éﬁnﬁé use' I N genetica bbg&lfyl ng ceI I's so as to be

suitabl e foroﬂé@lﬁssﬁil%bi@tﬂ'dietlﬁ Jﬁeialtiod@‘ddvad propagayic ofl‘stems callsobg ia
sai.d vector conprising a first genetic conponent correspondlng to said

sel ect abl e neathed amydrdingetmroy Rfn€lai@mscbiffodént which in the genetical ly
nodified animal cells directly or indirectly results in the said
differential expression of the selectable marker. 45. - A vector as
clai med in Glai m Adransgdnieadinah) athernthenpa dewém beieg: generatafiuginga gell -
second genetlc conponent |nc ude ontrol ence h are

di f f er ent | al P3radped bEt2 gefhpd @%@Y?éﬂ#”(’ﬁ)ic‘a P *other than the
desired stemcells. 46. A vector -as clainmed in Caim45 wherein the

control sequence is the Cct4 pronoter. 47. A vector accordl ng to 9 aim
46 wherein t4% sechAdonsginic aaimabrother sthanan thumri hedngs 1

having cells which include the selectable marker.

43. A transgenic animal ,other than a human being, according -to Claim 41 the
| cells of which do not include the selectable marker.

44. A vector for use in genetically modifying cells so as to be suitable for use as the
source of cells defined in any of Claims 1 to 31, said vector comprising a first genetic
cémponent corresponding to said selectable marker and a second genetic component which
in the genetically modified animal cells directly or indirectly results in the said differential

expression of the selectable marker.

45. A vector as claimed in Claim 44 in the form of an expression vector in which said
second genetic component includes control sequences which are differentially activated in

(a) stem cells and (b) cells other than the desired stem cells.

46. A vector as claimed in Claim 45 wherein the control sequence is the Oct4

promoter.

47. A vector according to Claim 46 wherein the selectable marker is arf dntibiotic

marker.

48. A vector according to Claim 47 wherein the antibiotic marker is neomycin

phosphate transferase.
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48. A vector according to Caim47 wherein the antW@r\rs\

neonyci n phosphate fransferase. .

-28- 49. A vector according to any of d ai ns 44- 48 f”l n the
genetic nodification of cells for. use |n-tze fret hod of any of "Uaﬂ 1to
37 is not integrated into the genone.. A vector according to any of
Cl ai ns 44- 489. i n AWwedthr aedoctling toamy g@ﬁhmé 44of$ yrhish when nedda the gemstice s

whi ch enabl e a ast ortion.of,th r

spect 11 cal | yuodipenioa;ospofi R a8 g Ao ot apd Ut B9 378 hof Secfatcd oto
of Cains 4%%@}5{, 50 whi ch addi ti onal I y includes recogniti.on sequences
eg lox P or sites, which allow susequent excision of t he' i nt egr at ed

construct via SI te speci fic recomnbi nati on. 52. A nmet hod of preparing a
transgenic Whih R scOpP phdtiad 2
source of c s vf%%f g@%&‘ﬁgﬁ@ sgfeél?%%qgﬁﬁé’?gé o;glagat I on .of gtem cells

i ncl udi ng:  componenth€ludes uc’hcbd whichasmble at least a portoni ofithy fisstigeatticel | s
according to any of -C ai ns i ntroduci ng the animal cells into
t he bl ast ocyomponent to b%?ﬁﬁﬁ?@*ﬁﬂ#@‘%‘%“ﬁ?géﬁm “to a recipient; and
all owing an enbryo to develop to a chinmaeric aninmal to enable gerniine
transm ssion of the sel ectable marker.

51. A vector according to any of Claims 4448 and 50 which additionally includes

recognition sequences, eg lox P or FRT sites, which allow susequent excision of the

integrated construct via site—specific recombination.

52. A method of preparing a transgenic animal, other than a human being, said
animal comprising a source of cells suitable for the isolation and
propagation of stem cells including:

prbviding a blastocyst;

providing animal cells according to-any of Claims 38-39

introducing the animal cells into the blastocyst;

transferring the blastocyst to a recipient; and _

allowing an cﬁbqo to develop to a chimaeric animal to enable germline

transmission of the selectable marker.
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