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| MVORTALI SED FEEDER CELLS Technical field The present
invention relates to immortalized feeder cell |ines,

wo b@enssad t ure nedi um and the use of these cel PET/ADR006/000220
their mediumin culturing stemcells, in particular,
human enbryonic stemcells. Background Since the
successful isolatj I temcells
(hESC) fromt hewwgﬂ?‘?%'el:é%%%%iﬁ‘pl antation
enbryos, it is now possible to culture

undi fferentiated hESC i ndefinitely in vitro and
Techninakfeddg potentially provide a starting source of

The (8550 kel 5B SR Sy 449 o EOMe mociu
and thBUge loftthaee tdehs amd theld nfeuivianini emddring stdR®Celibein particular,
mai ntai ned directly on feeder |ayers as co-cultures

humaarembresic steedelts. have been derived either from nouse
or human sources [2-7]. Mre recently, hESC have been
successful cultured under feeder-free conditions.

Backdpeiugd the cells are grown on extracellular matrices,
such as matrigel and supplenmented with conditio

Sinceniigi SHACEERH! 15O e@dRIMARYRIPRIYPBICo teMREg T m%%@fgpm the inner
ool 5 BEE R RPAESoREB gLP T, Kl TRTBIG TroUs aorentare
hESCGeinatefihibely pn iviter gndl dlecleby prdaentaily yrbeide d siarény source of material

appr oxi.mat el - sages, before the cells senesce. .
that AR PR e BT T BB PSRV oG ST BRTLt b used in
regerfer&fi !tﬁ’@raBgsw @B EEhtiERYI ¥, eRERT idte BRbMiaihBd Pat&dlly on feeder

vari ation. Furthernore, there are al so concerns that
layerpashogenbiuresyang thesa deedersdhdven ipeehedérivede eidhero frone mouse or

hESC. One ssi,bl e _sol uti obt aining_a
UM SO R IR - VBT S ) st e REel ceiftegssiu! cultured under
feeddrgr@eesndifibnd. Neereultheircellofarb Epewnesp estrakbbluldOmatrices, such as
scale-up, is the imortalization of primar

Al Ge e RBIERTHSh AVt Beailioees roesmuy, (8in fgh Tooder Tayers [6.9].

. sl P .
megal % bPler P40 6, el RS AR T A RS S e nave o
Iimiteﬁi Iifegpary i lLtlﬁJItﬂifb._( W@Xﬁgﬂaf priimgazizeiéedé'\r/g usar( oBY) tblenoultured for
uman apl omavi r us - . re recen ,
apprcgqiraawévprﬁeepa$%a@aseas§qr@>ﬁheh&fellﬁ HREePes - éﬂ@;ﬂc@ssfr%wy@@tches of

feedei?%a@lé"[ﬁéb% ?r%&ﬁzﬁ %:Pb%'iiﬁ@ BdFOWHi P hsLresikERTbABS to batch

so ab
variation. Furthermore, there are also concerns that pathogens may be transmitted

from the feeders to the hESC.

One possible solution to obtaining a sustainable, validated and consistent source of
feeders for the culture of hESC, especially for scale-up, is the immortalization of
primary feeders. Several methods have been previously used for immortalization and
these include the transduction of normal cells with genes from DNA tumor viruses
such as simian virus 40 (SV40), Epstein-Barr virus (EBV) and human papillomavirus
(HPV) [10-14]. More recently, groups have also reported that the over-expression of
the human telomerase reverse transcriptase, hTERT was also able to extend the
lifespan of somatic or differentiated cells [15,16].
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i fespan of somatic or differentiated cells [ 1 5,1

6] . Description of the Invention In a first aspect the
WEe@smO84353 nventi on provi des an imortalized ferdBAUL®6/000220

line. In particular the present invention provides an

imortalized feeder cell |ife derived from an

enbryonic fibroblast. Mre particularly the
M—ﬁﬂ-@%ﬂ?—@@d[)escr n UOer cell line is derived froma nouse
In a ﬁ@?bﬁﬁé‘étcthfe' @r"e@@htaﬁven%’rﬁ %r@\ﬂﬁéé(‘éﬂ mhimYriblfed feeder cell line. In

imortalized feeder cell I'ine is derived froma nouse
partlcelamrtyemr@sentwn\cﬂﬂtlagtprbyldeaearblmrncrtellzﬁd i¢edenaalt line defived from

an erétg]rﬁf)ﬁ%?’f)pgﬁg@rg IS'(PODé ?\é{l{i’@n e| |rﬂ@rg$@ﬁl{5eg:§ g%gﬁg@el? ine is derived

from degsadaémpryapiic fiblobldépr ®drargariduigy thel irtmbamiddaicededcell line
feeder cell line is derived froman enbryonic

is defivast EBMagtMpyse mrmtwgerpu fgoblest kg & ahmEe @‘éﬂ%’aﬂaﬂﬁﬁ of the
f E e\ d :

pes [, SuebllS Potns DR ERy R TR EPreplipatiibon o

telomb%sieﬂé?raﬂ:degradfatlbn foé RV |Mcue pec;mwarﬁy mlﬂumgﬂmffééﬁer cell line

. n enes rom r er t he { he

s deridy Eomom erveBC iasPbiRet By S ERdisiinaahe BosRaIE? dnes from

HPV1d, fﬁ%b@n% B8 558 EF @éﬁes.t S Cal rbﬁb@c%]d B}/?t‘%{n%abbt‘ftfh Preferably

l'owi ng i nfection Wt etroviruses.
the embey(emakjibyoblhet iseinfedtea egthd cetrmirusecanter st emmdingethe E6 and E7

after i talization Peer I [h vivo
genes [oF HISVTH o TPl EDT e B HoMelpels pittNisdapisglarate beyond
their ﬂ@FméEﬁfésbahnaW)aréaﬂe‘%ﬁ%rﬁ fd”éﬁfl@lo%eéblé@ndwwﬁ &8 following
injection. Cell lines of the invention proliferate

infectipsy with the @tr@mresmser@@@@blwt@f eell ddegadd npt hesomie tumeorigenic

after | a@mﬁg[%l'lzgaglioﬁr Eﬁéjeﬁm |p'd/2\ﬁc?/ 'dﬁtﬁ%rgh:g%(@sp mf%%ﬁ%sqcﬁﬂgsceﬂg ?nto SCID

does hbsresrnmentah9rpaﬁomﬂ>@mmbr’é$@em1@bveeR@rattenu@edt@nrml ntain
characteristic undifferentiated norphol ogy for >40

passages both in coculture and in feeder-free cultures

. n t t e ;
Cell Irﬁlggﬁifg nr'ti\?ér?fwél% e;;} %t%o%yo@égq é’o?%(a fs}%ggg Prefered cell lines
of the8mvennd>rkeﬂ>mnferatb0$rphmraslae)mmdi M phasages ramdralo not gain any
kar yot d wh ted into SCI D . :
tumonGTe GHRGOWPEN G4lSWRSCDt B BEmiaR i oPaT ESCaWhICh: continue to
I 0 ty i -
SIS TLhNEI Sy ABkboERr LA A BEEIAON i co
cultureeart liry feeldetiree culiees $mdementaddwithi Ghaicontihee to express the

pluripil RareEE G OE A Ficader trar GBOCIruIr Bk kel ebeshfaigse and
mamt‘éﬁﬂh'rﬁ#ﬁﬁl kQ eesaﬁdp\k/H@ﬁq’rﬁjééﬁed'\'ﬁfd(StﬁD rhizel fefthnBratomas with

ra-1 -60, Tra-1 -81 and al kal i ne
tissues representatlve of the 3 embryonlc germ layers.

The cell lines of the invention support undifferentiated hESC growth. hESC lines
readily adapt to these feeders and maintain the typical morphology of undifferentiated
hESC cultures both in feeder and feeder-free cultures. The hESC also continued to
express pluripotent markers, including Oct-4, SSEA-4, Tra-1-60, Tra-1-81 and alkaline
phosphatase. Preferably after 25 passages, the cells retain a stable karyotype and
are able to differentiate to form teratomas in SCID mice. Preferably, RT-PCR analysis
of mMRNA from hESC feeder-free cultures confirms that the cells remained positive for

Oct-4 but negative for E6 and E7 antigens.
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phosphat ase. Preferably after 25 passages, the cells
retain a stable karyotype and are able to

waledobessnt i ate to formteratomas in SCl D m ce.PCT/AU2006/000220
Preferably, RT-PCR analysisof nRNA from hESC
feeder-free cultures confiris that the cells remained
positive for Cct-4 but negative for E6 and E7
anti gens. The invention provides primry MeEF

The ihVBRIchahrlotRG s rFﬁaWEW|%m8ﬁ§IF&%§WQH 119 oVEﬁeﬁ@re@@i@nEﬁ‘ the E6
anti gens In a red enbodi nent the cell |line is

and BE- anF_thea@ Heraumet&rseﬁ icpelondimieat gbe| cel IHGGDE- NEFVNdrs as herein

coscfFRES 178 1, R AETIEE Vol BB A RAEILAN e cutur

Collettisreromtuneaal thReprgiidnoofofne [BudappesiTregly on the International
Mcroorganlsms for the Purposes of Patent Procedure.

Recognidoa&p dse tDepesitraiddicerrgamgms2ivsshaiuraeseg aklaians Procedure.

e YB35 105 AT BByBhat AV 6 75,

Amer i can Type Culture Collection under the accessi on

nunber -6705. The inventiaon fu t her vj des
The myeptier % 0 aRMQViRRST 134 |"Z‘§%°rfag'é8€r Qeder E‘?ﬁé'”@f dteﬁés'ted at the

AmerldahSt oysp%séﬁh?ﬁr.e' IPeg%Hh%%Ftr‘FéJéé d%d%ﬂéraﬁ?A 705,

conp tron inc I'ng an |nn0rt eeder ce I'i ne
of the first aspect in a SU|tabIe carrier or dlluent

The iggeiioh (DL BB daomeGHoTR A o7 AR TRIGH IPF SR Latp! the firs
aspedehl al dutRb® clligrd Mediumsasgta chRposaidmi Fricﬂ.l%ﬁﬁ’g dirdMortalized
may be used in conjunction with extracell ul ar

feedermgell liseof thaulitst asperitin agwlitablencagriendr dilugspect t he
i nvention provides a nethod of culturing a stemcell
i ncluding use of a cell line of the first aspect as

Ina s‘e@@d@ra Ng@bﬂ the iMveitRInaploviddeecaHdiiv el metking phredtRsadsi &M growth
re preferably the stemcell is a human

of an éﬁﬁ}oy@ﬁ?-%d gqe@mr@@llﬂlnep,ﬁt@e f'@uﬁﬁﬁe@spect the invention
provides a nmethod of culturing a stemcell including
use of a conditioned nmedi um of the second aspect.

The dénelftienalinjedibm stagrbecasdd inscenjonictiom witle extratélluldvometrices, such
referably the stemcell is a human enbryonic stem

as m%tggqal The nethods of the third and fourth aspects
i ncl ude scal ed-up quantities of undifferentiated hESC
in culture vessels such as cell factories. The scal ed

In a thipd qepextithe éwemtipnipeovided@ roethios!. of omlturing aastenf a;eHI including use

of a %Iplfrﬁatr gﬁn\ﬁyP rg?%gg%%thg%? Gl‘?é cels ovﬁre?eragly t%%rgtgm cell is a human

stem cell. More preferably the stem cell is a human embryonic stem cell.

In a fourth aspect the invention provides a method of culturing a stem cell including
use of a conditioned medium of the second aspect. Preferably the stem cell is a
human stem cell. More preferably the stem cell is a human embryonic stem cell.

The methods of the third and fourth aspects include scaled-up quantities of
undifferentiated hESC in culture vessels such as cell factories. The scaled up
quantities may be >10° cells.
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third or fourth aspect of the invention. Preferably
the stemcell is a human stemcell. Mre preferably

wo b@esssns cel | is a human enbryoni c stem cel | . PEXIAER006/000220
enbryoni c stemcells (hESC) 4ar e pl uri potent cells that
have the potential to prollferate indefinitely in

In & (3BEhIELRTeBAN, RYGTLTPIRILS 3 S 6P Bulfied hagmethod of the

third SERfArhUASHEE Df rtlﬁ?éHH\Ie%tléht P?éfef&ﬁﬁﬁ{éste‘ﬁn deN §sh r‘ﬁﬂﬂéﬁ“sttem cell.
or conditioned nmedium (CM fromTeeders. The nost

More poeherably the siemvtelf sealbumansempbiyeaioysteouedll. enbr yoni ¢
fibroblast (MEF). In this study, we investigated
whet her we could extend the proliferative capacity of

Humdi efiryorVErst@ht &dlisi (WEST) e piukiPotedh rcevis 1that N&&d e potential to
encodi ng the E6 and E7chenes fromHPV1 6 beyond its

prolifergierind Inﬁ@yp@rﬁ:uﬂthraua stillrredaip\teeir Sapaeiy fandiierantiation into a
wide ggrié)[&%feéerﬂs.cﬁliﬂ?\%% L@ﬂ?éé &ﬂ:elfﬂje éﬁ%rﬁég’déﬁéqﬁrdlrect contact
sup , as we ion of

pressor prote ul'a
or conditipne@xpedian (ml\/larfrbm Heeadersl Vel mnsbbotr@cmnsr)a&m bf fleeders is
7]. On the other El;essed E7 protein binds to
prlma(h@ql@@,q{glgryggtcd‘%ogllag{g\ﬁ )pRo resulting in the
degradation of pRb. [ 1 8]. It has previously been
shown that the expression of both E6 and E7 can
In thiefstudy, eme ligvestigatachivhzéharoweradoultalestend meobrcéiﬁ&rative capacity of

primaly NG & 5fE0tpf i e alli 4EF G5 Phemige: e GheAnd £7 genes
from PPVIRMBeyMr i rﬁ&rﬁd]qfif@éb%h |ﬁWF@Sﬁ1é36vé}fe>¥dF§s§§n @n@heEEe protein
antigens. The imortalized MEF, D EMEF, conti nued

causgs the f@m@tlm of ithe nﬁé/mmorr@upaw@géspramm t &% swell @s the up-

requifi GE Ve i hele T and B8 RePABRYy IBHHESE 7L, Qndhe other

hand O8xgressed E7Melotéihtdieds e tHee estidiodladtorhaastetein, sRb resultlng in the
conditions readily adapted to DEVMEF. Morphol ogi ca

degradaéion e5ERbe itl]nEdasievicesiigan sowndhaidhe |9%9@533tQ5‘ Y f both E6
and @%Béﬁ%ﬁl&&’it[ﬂ/ M}ﬁ{bﬁﬁl elh%t"i"ﬁalarﬂﬁn tflb tuhﬁ J@Fﬁhellal cells
of plu ur e

characteri ot enc
and fbs&mm&dratmmpﬂesk[anym yzm szlef werrelcdccte@sfullgmasnonalii@denmary

nodels. In this st mortaljzed a
MEF ik e RueGexprosaion ehinaiEtand i Aen sy She gratasiaisas MEF, AE-
MEF {d%itikGed s g@lffﬁ%&eﬁﬂ Jifr8'MelBXd 76- %a-géﬁgéérﬁﬂgttﬁls didi RBt result in the
DE- MEF, was able to pr oI iferate passages,
cells ghiinir@ any mmmprigerhlbqafmmaqme In mh‘iiltiwms bihSExlirersderviously grown

on prihais B B85 BB r EoHRSOp e 154 HALF G fe 2l afipaied to AE-

MEF.continue to nmaintain the characteristic
undi fferenti at ed

Morphologically, the hESC remained undifferentiated and continued to express both
intracellular and extracellular markers characteristic of pluripotency. The hESC
cultures also retained normal karyotype and formed teratomas in SCID mouse
models.

In this study, we immortalized a primary MEF line by infection with retrovirus vectors
encoding the E6 and E7 genes from HPV16. The immortal line, AE-MEF, was able to
proliferate beyond 7-9 passages, while primary cells senesce, and have an extended

lifespan beyond 70 passages. When tested for its ability to support hESC growth, it
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nor phol ogy for >40 passages both in co-culture with

DE- MEF and in feeder-free cultures supplenented with
w@r0ob0835DE- MEF. The cul tures al so conti nue t oPERADR®S/000220

the pluripotent markers, Qcty- 4, SSEA-4, Tra-1 -60,

Tra-1 -81 , alkaline phosphat ase and mai ntain a nornal

t . dd th hESC wh '
was &80 HHBE RGP Fedontinte ofbaTaNAN; a8 | SRarrElsT BtentafHpentiated
morpﬁ’cﬁlob?%?’ ﬁ'@b&@é‘égé&%fﬁ iR Sultuk Skt AEMPRSIR $P feeder-free
denbnstrat ed t hat is possible to scal e-up

cultures guippleraented et CM gomp AR fldneecuiusies dlsoESDtNLE O8XPress

the pIfGopEh BBl R, ks, S At AT 785 EkRER Fitphatase and
maintalfimarriohial Rdr)fo@ﬁdﬂﬁflﬁ RN, AME S h&E I Mdiedit iR et thto SCID mice
repr oduci bl e source of feeders for hESC expansi on and

formadeicaioptRsawtih tikgdes earseapniative sl H@%Smbry@mcf@wn layers. Lastly,

it wage%gﬁ[éem%&?%t‘ég lt||¥ O,BE%CS e%%nlhcant quantities of

ere COﬂtI nue to expre

undlfflerérttmed IHESC amcl8 &)dlls)amingIA’fr MEF keraulthanasselsi smrc as cell
The hESC cul tures al so retai nor

h
faCtorlkeaSr Mgbﬁg%ﬁblé%ét reHagess thal '@@I@%ﬁ@ée‘?éjf‘dél@” provide a
cons@rehffanlpma)?tégf AR s8firdelsr @QGQ%EWE% e&%&ﬁﬁé FrdWeSearch and

zation of primary curve
thus ldveMitFadvdrdage dver ptimaey feedersis expr essi ng E6/ E7
(DE- MEF) at passage 7 (D) and passage 45 (D) or MeEF
infected with control retrovirus (DC-MEF) at passage 7

Morplﬁdl nglc%tﬂhé%EsﬁmeﬁﬁalM\@cﬂ enbiffer8stiR6d d d’orﬁmﬂle@eﬂo' express both
ers 'were determ ned using Trypan bl ue excl usion

lntracetbl)llar RINGPCRieasellylar smidters hehaiagtasistit oaf giluniparemey.afile hESC

cuturdialsp BAMRh MpBaG kebRiin S dokdid Braleloer (SR movse

models.and 3). Anplified products were resol ved on a 1%
agarose gel. MW 100-bp DNA | adder (Pronega). Figure
2. Mor phol ogy of the hESC |i ne HES—3 cells cultured

on Mat hgel
Brlef(BJs%l‘?@tVo EJIRVE\Aa ?(Eggoﬁrtyl'@ﬁ a fromD E- MEF
Flgurér‘i gIMmpaalﬁa)nonF@rppﬂmm MIIEEe( )nﬁgeawtbfcwm of dVIBRi m$ected with
K 4 f
retrovgﬁaeqr;(plflél nr?@%@il{-ﬁé&&d@%ﬁ%a ope o g(%é@ n| Is%%te 4?5 A or MEF
Al C(RAIEF ( a88pl
oo BSOS e A R IBs v
harve3tde @aiflycaynobnelt nyméaeed yeiedeterinimachiesng fﬂrmaerhJGZEXlChJSIon (b):
EE es 0{1 f eeder 8 ?)H : :
RT-P analy3|s or the expression of 'HPV-E6 and HPV-E7 genes in E6/E7 infected
cells (AE-MEF, lanes 2 and 4) and control virus infected cells (AC-MEF, lanes 1 and
3). Amplified products were resolved on a 1% agarose gel. MW, 100-bp DNA ladder

(Promega).

Figure 2.Morphology of the hESC line, HES-3 cells cultured directly on AE-MEF (left
panel) or on Matrigel supplemented with conditioned media from AE-MEF (right
panel). Representative images of the colonies taken using a stereomicroscope at 40x
magnification (a and b, scale bar = 400 ym) and phase-contrast microscope at 40x (c
and d, scale bar = 300 um) and 100x (e, scale bar = 100 um) magnifications.
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or feeder-free (e-g) cultures. Single cell suspensions
of hESC were fixed, perneabilized and stained with a
woweossanl anti body agai nst Oct-4. The | abel ePCT/alR®6/000220
were detected with a FITC cqgnj ugated anti - nouse
anti body. The shaded hi st ogram represent s staining
Figure gpllglggvewtgg*%grtyﬁ%?ﬁg :*?@chilu%g\chH E%sﬁf‘"ﬁnes on feeder (a-d)
or fe%ﬁférﬂ%‘é' Q%ﬁf &mhressursr.@grs %@ﬂk§0§p@rﬁbrbﬁ%33oﬁoh|§sbt W&d fixed,
with D E- panel )" or CMfrom D E- MEF (| ower
perm@atmbzed asdarstalne@I mthcelmenwlorhalseﬂﬂaoﬂy( agaiept Ontd- iThe labeled

cos §pbptde TG s o Bl AAPHCDEGPIBERNE 55 shavec

histogre e a@pestdnys sétainegl with htHE-reyativg atentrsleemadapen histograms
anti body. For AP, positive activity was characterized

repreggntzstaiangywidle Qet14am@bt hat 1 uor esces usi ng t he
rhodam ne filter. Scale bar = 100 mm Figure 5.
Section of a teratoma derived fromHES-3 cells
Figureul. tExpeebs‘im ol échaasagesndrkeroh HESB cof @slesd fwitbeAE-MEF (top

pone 5 b AL S s ST 5 SN 4%, e
60 bCii)"rTfr‘aJ il (gcdlc; ) 8hd aﬁ&ﬂﬁe&a?%sgﬁ&t%%@ @ah). FO@%&“ gh@"\’fr -1-60/81,

togene anal'ysi's erentiate
colonrasl WerreesUkmequeetlye istqiagd arithf IéEdmnijgaeed cbromdaargiantiondy. For AP,

st s SPBLrFALBHIRE 5% Kk BB488 T BlediE Wing e
rhodaemﬁéem& B baPY-19, |yrhiPV- E7 Cct-4 and b-actin in
DE- MEF (a) and HES-3 feeder free cultures (b).

Amplified products followi ng RTPCR were resolved on 1%

Fiouf e SR TS Bro@MEHevbp @b KIS TR R Beaenoes 70

PD) usdérdfdadep!ired lcankitions suphlebhtddaalitr rz:M omThe- MEF Gut like
shaded hi stogram represents staining with the negati

epithelisi (D) NaHE @péhelmrgﬂe)gmle%w,e% lagst(d anﬁ@orrﬁ Scale bar
— o0 &t - 4 mAb. Best Method of Carrying out the
nvent i onMATERI ALS & METHODS Cel | Cul ture Human
enbryoni c stem ceII lines, HES-2 (46 X X), HES-3 (46 X
. X) 8n |-1ES-4 (46
Figure '6.Cytogenetic analysis of undifferentiated HES-3 cells cultured on feeder (a) or
feeder-free (b) conditions. Normal female karyotype (46 X,X) was observed for hESC

from both cultures.

Figure 7.RT-PCR analysis for the expression of HPV-E6, HPV-E7, Oct-4 and B-actin
in AE-MEF (a) and HES-3 feeder-free cultures (b). Amplified products following RT-

PCR were resolved on 1% agarose gels.

Figure 8.Flow cytometry analysis of intracellular Oct-4 in HES-3 cells expanded on
AE-MEF using triple flask (a) and cell factory (b). The shaded histogram represents
staining with the negative control and open histograms represent staining with Oct-4
mAD.

Best Method of Carrying out the Invention
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X, Y) were obtained fromES Cell International. The
cells were cultured at 37C/ 5% C02 either on

worRaoe/yssn- C i nacti vated feeders (~4x 104 cel | BETARL006/00220
gel ati n-coated organ culture dish (co-cultures) or on
mat ri gel - coated organ culture di shes suppl emented with

(feeder-free cultures). Media used for
MAT%‘A%QMEE%@ Yas KNOCKOUT (KO nedi um whi ch

Cell GiMifr@i ned 85% KO- DMVEM suppl emented wi th 15% KO serum
replacer, 1 mM L-glutam ne, 1% non-essential am no

Humare etbryenic GtameelRlinas: d’@iaé’et%akm ), &HS-B- Gy ki and I-IES-4 (46

xv) RS Erlifed e 57l IrePlibar aB6EHB Rk sl o70rov

C02 &l on htldnopiinC RRRYVEEHfeble! m&tm‘swrsmgw gelatin-coated
descri bedlﬁg‘:l Cul ture dishes for feeder-free cultures

organefdture c gisit el§0=aUItlRS) ovsr BiNgHPatiaehcaaleri qwpag Bsetieie dishes

supplgirwgégébzg\%nég/t Hﬁfé&aﬂi&?% é{%}-%:\é%tg deﬁ\)/hglléa %tﬂﬁsa%r culturing
hESCPr wasr y KMECKEUT i ¢kiOat ededliuom twrdcH etcuatﬁsn@d r1138943(1 KO-DMEM
t he et hod

/Sv) m (d 5
suppleggeeﬁé&&at%ﬁ%&? ReBimeterace o1 T Loghiaaper 6 non-essenia
erinG S ) (AT ol SESRER st ot
factor=¢linvibnsigen) ti\:mmmnw,ascemarsagemrdailweamd:rthd gultured. @88% passaged
weekly LBV BioeTATALG FERTRRR Bes oo sl S &R dishes for
feede@ffre%o%lﬂwfé\é hivete Qhé'@@a@d HOYa 685, o@éﬂ?vﬂlgjhtg‘vxh%a%éﬁlge%(Becton

l(j"penl cillin and 25ng/ M streptomycin (Invitrogen).
chklr@snnt) letesbidiontd KesDdfaMde B0 dludoniedi um 24h after

seeding and allowed to equilibrate for an additi onal
24h before adding hESC or collection of MEF-CM For

PrepdyEffoodt MEF hind ®/1EF Steslitiveice Megidad 'th 1. 4 X 105
cells/cn?2 of mtonmycin-C treated Me

Primagy| MEE é@r@wépl@t@hﬁr%ﬁt@ﬁ i@@ﬁﬁ_ﬁdlounﬁaﬁag/ﬁwéﬁ'cien(%)’t A8.5 post
cmturﬂ\} p EmgTHSJﬁE/L onacﬁééghséﬁﬁy( IQPB%%%HOH ?%g%ﬁﬁlhun&m%& Psd?:f primary

MEF {pdusalkabtwereont!turécod oonfﬂdenuytartcgtreaitedEsltiabbl sdimemtitomycin-C
talized Feeder | ne,

for 2§00 CRpIcinG (1 4HEeRy el Ewiere BeiRher i 158 o IySINERTA and
seed%’“@elgpt;t‘nl J\)A@‘éﬁ LLe E@?Eﬁ;ﬁg ‘ég%éﬁva@)t%ﬁ Adbve iIRVEMNIERN Mebial Tis media
consists of 90% DMEM high glucose, 10% FBS, 2mM L-glutamine, 25 U/ml penicillin
and 25ug/ml streptomycin (Invitrogen). Culture medium was changed to KO medium
24h after seeding and allowed to equilibrate for an additional 24h before adding hESC
or collection of MEF-CM. For MEF-CM, culture dishes were seeded with 1.4 x 10°
cells/lcm2 of mitomycin-C treated MEF and CM was collected every 24h after KO
medium was added into the dish. The CM was filtered (0.22 um) and supplemented
with an additional 8 ng/ml of recombinant human basic fibroblast growth factor

(Invitrogen).

Establishment of Immortalized Feeder Line, AE-MEF
Primary MEF (3 x 10° cells) at passage 3 was seeded into 75 cm2 T-flask and
allowed to adhere overnight in F-DMEM medium. The cells were then transduced with

sterile filtered supernatant containing retroviruses from PA317 LXSN HPV16E6E7 or
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sterile filtered supernatant containing retroviruses
from PA317 LXSN HPV1 6E6E7 or PA317 PXSV packagi ng cell
WO 200em8PBERL- 2203 and CRL- 2202 respectively, ATEO/AUZ006/000220
the presence of 8 ng/m of pol ybrene (Si gma- Al dhch)
for 8h at 37C [22]. Foll owi ng that, the nedium

o BB B o el TSl TR S 85 ey, Ac) i

t
the p@s@ﬂﬁg‘tﬁ@ u?ﬁhi 8f }/Srérfée(‘s A?ﬁl'ﬁgﬁﬁjﬁggr Fb1r4é}? 35?33@7199] Hollowing

that, @@trabdlt@mednmagrthee vites w[asaavmamhand oeplaeed with fresh F-DMEM

d E- M i bi ot
and EbatECto} o ANl Sy do0thbaladE b naBiachel Selepea n e
presenateas aud bofi Ga181(BRFNSIANGHich) def H4sdgRe Thicossiabiished feeder
MEF and hESC were harvested dai |I¥ (days 1-6 after

line, A@M@Famqgnyowtmqlb\,qqﬁgrqq ét EIMEN npediupsygthout antibiotics and
stocks c)éﬁ)%r@séj@%@ﬂba%f—' (?}_rl?fﬁl blue excl usion was

ermnet € viable Cce nunber and viability
for each sanple. G aphs of viable cell nunber versus
time were plotted in order to estimate the specific
gromh rate of cells during the exponential growh

Growﬂhf\éﬁﬁs fﬁd’ﬁbhﬁhrgg Tk‘ﬁ'@? doubling time (td ) was

ated usin ol lowi ng equation, td =1n(2)/m
Singlevrsilesuspensidres spedEFi andridv@ watee hahvested daillyl @ays 1-6 after

inoculRlipBl Tolgwipharediiard it 025 BHeSm el T SN dESesT. Trypan biue

excluSiehvas LSed EPEeRPRINAHONEDNES RARBESAS Ii?bélblllty for each sample.
i mrunof | uorescence using flow cytonmetry. Cells were

Grapihaol webledcellsnumbemnygreus éime wakpplegiedns otdariig astigsie the specific

arow & fEat BT R kBl GRAR Pkek oERyr RS te gpubling time

(td ) W&aabalaulatet Lsial the Iolkfidg leduagon, tdeld t( Wpewhbﬂtﬁﬁ is the speC|f|c
washed \4v|th 1% BSA/ PBS, and i ncubated in the dar

growty rates@ Mi | uti on of goat a-nouse anti body
FI TC-conjugated (DAKO . After incubation, the cells
wer e agai n washed and resuspended in 1% BSA/ PBS f or
Flow @lyairysﬁrysAnalyalst’i@ctam EBestston Di cki nson FACS Cal i bur).

Expregsiag Voo “Z@Er%%&@ﬁ%ré&%g&?pt@bf%&t"q?eb@t“ﬁer " HESGppRulations
were 59%3%%\% @g@rﬁgggﬂlﬁ%&?p%ﬁg'ﬂo dyﬁb‘r@@ﬁgt @glibgﬁrﬂe?é h¥rvested as
a singlecpt saspersiéms ugdisgritywpsamdixed, permeablllsed (Caltag Laboratories) and
incubated with a mouse monoclonal antibody to Oct-4 (Santa Cruz) at a 1:20 dilution.
Cells were then washed with 1% BSA/PBS, and incubated in the dark with a 1:500
dilution of goat a-mouse antibody FITC-conjugated (DAKO). After incubation, the cells
were again washed and resuspended in 1% BSA/PBS for analysis on a FACScan
(Becton Dickinson FACS Calibur).  All incubations were performed at room
temperature for 15 min. As a negative control, cells were stained with the appropriate

isotype control.

Immunocytochemistry

Cells were fixed in 4% paraformaldehyde at room temperature for 45 min and
incubated with antibodies to SSEA-4 (neat, Developmental Studies Hybridomas
Bank), Tra- 1-60 and Tra-1-81 (30 pug/ml, Chemicon) at room temperature for 1 h.
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i ncubated with anti bodies to SSEA-4 (neat,

Devel opnental Studi es Hybri domas Bank), Tra- 1-60 and
Wae@e/289381 (30 ng/nl, Chemicon) at room t enper BETIAE2§06/000220

1 h.Localization of antibodiges was visualized using

goat a-nouse antibody FI TCconjugated ( 1 :500

Luti o Al kal i.ne Phosphat ase tal ni

Loca'idataﬂ.ﬂ %’ﬁ at‘a%é’%%s SYIsYalizRg Ws% Hﬂtg%n%ﬁ“bOdy FITC-
conjuy8Edon SRFdifitent Dakdosphat ase Substrate Kit |

Vector Laboratories) according to the manufacturer's

protocol. Briefly, hESC were washed once in PBS

tion in the dark with Vector Red

Alkal'ggtéﬁo:gﬁﬁap%gr‘ﬁ%ﬁﬁ%ol ution for 45 mn at room
AlkalihepeEphiiaee stilAmyVAS peneiad usimgaWsctenResi AlRalfid PRéSphatase

were used to visualize the reacti on product. RNA

Subsiraiel it | f¥ieelat Lreo@teiesiagretdingto i PERU{aRIUBCR)DIFInCA]. Briefly,

e B B0 POT EHpa8) AR, LRI vecor o

substrdte rvm/rkmlgetolamttdrmﬂﬂmtmaetdom tsshpacaug. IFHmeiasr&ne excitation and
traPscrlﬁgélon reactions erformed with 1 ng total

emisgigIRSHETS Usgs 1l VigHalize eé UCRARIBAVEY reverse

transcri ptase (Pronmega). The PCR was carried out with
prinmers specific to Cct-4, b-actin, HPV 16 E6 and HPV
RNA MIﬁbn(a'rabRever)se 'Frrlaescrypilqm@CBa(mrfﬁﬁét s used for

Total gL wa nSaRfed 31 kS i, M i NheRpBREN FRYA ! Kit from

MachfetéWNa@éI R @@arﬂtﬂe&zbﬁ Jlt%wéI@t o8 ctrdpieotd iyl 'Stﬁndard reverse
product’s were visualized % agar ose gel s and

transgridiong@agiions wers aerltcnﬁnmctawttbd HEEIMBI RDWsesing@dpe dbvermers and

mpr ) B0t S EREREIFTAcbed o 3B NRa Saidd RED wihgprimers

specifi€ab t:&mmmgs@bﬁn ofHRV WegkE®| ghdreHRVSEBDEM @Eablénl)rmtrfe cycling
whi ch devel oped tunmours (~9- 10 weeks after injecti

paramgiees yged ifel @@@"B@ﬁi'%@%@ﬁ@tﬁ@'%@%%lCésf.@rct‘ éﬂ'narfﬁ@"C f)or 1 min
and 7fé°ée¢$ Nk %4 QTR 'f(ﬂto EH”’B%“ 2f] t§ﬁ§t8ﬁ'%tdiq°6 for 10 min. The
d'Exa hIS y arter

dectTonad ol ogi cal
ampluheaimrodud:tsnN&eeosuah&toalom % agatrqset yels ngndKatgingy piitty ethidium
nal ysis was perforned by the Cytogenetics
brom@ﬁboratorl es at the Dept of Cbstetrics and
Gynaecol ogy, NUS or KK Wnen's and Children's
Hospi tal .
SCID Mouse Models

AMEF and hESC were enzymatically treated and ~4-5 x 10° cells were injected with a
sterile 22G needle into the rear leg muscle of 4 week old male SCID mice. Animals
which developed tumours (~9- 10 weeks after injection) were sacrificed and the
tumours were dissected and fixed in 10% formalin. Tumours were embedded in

paraffin, sectioned and examined histologically after hematoxylin & eosin staining.
Karyotyping
Karyotyping analysis was performed by the Cytogenetics Laboratories at the Dept of

Obstetrics and Gynaecology, NUS or KK Women'’s and Children’s Hospital.

Scale-up of hESC Co-cultures
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Scal e-up of hESC Co-cul turesTo scal e-up the quantities
of hESC, co-cultures were expanded on tissue culture

WO b@sks33¥5, 75cnmR) , triple flask (TF, 500 cn@Cy/Aa2b6/000220
cell factories (CF, 632 cn2),(Nunc). The culture
conditions used were simlar to that described above.

To sgia Qoo e ilFRiol HESGr e EULlies Wik xhaReEeIap esierqafure flask

C e R | (O I
(T7s, %M t:/ﬂmbt% hﬂ%éhko(sa,#Fthagtﬁcg)r {:)rﬁf ? Zarngdﬁgla@?%z@% (( PBGS)@ R )'Ric). The

cultu remqr@meh;sedwwaltmsmlﬂr 0 that@lessribed ppsove. Nitarycinogangctivated

reecel? el eflie B SLRTTE Kt BBt R 4 x 0° cetisiom”

for aldbgsasdAtrR f&sagmbl etlls W svdshedientth @hogpRateeisuffered saline +
fter which SI n was neutralized and

(PBSEhggwng @Vu%@b%@%wlth&@%a@a yPEiMt dnwikeage) &1 Aidz &dn at room

tompdlafHEL T Tcicle; BRHdAER, Horby B RsR; o, [y %na further
dlssoblatmi tcﬁbmaﬂtdrh MEIFF?;Rr byegentivEepattguhppaging3 Afferewhich, trypsin was
W retroviruses si

f ect , | t aneousl ncodi
neutralfagg %n%éhercw clgmps WeIg o6 iwt@sﬂeﬁéﬁf@é 29 ﬂeﬁ;s seeded
with |ﬁ§ctﬁ’/aﬂ$9%te'd\é?s S0t of £8l 1S were infected w t h a

control retrovirus containing only neonycin resistance
(DCVEF) . Four passages after infection (-1 2 days

RES Of%l nfection, P7), DE-MEF continued to proliferate
@F la) with an approxi mate doubling tinme of 19.7 h.

Estatiidhin@Rt AR8 EhdraGefz QW of IirRoaledauBF ng time of
DE- MEF was conparable to prinmary MEF at passage 4

PrimaryAEE &) pagsagechmesetinfectdd withnietovisdsed simuligmeously encoding

for HEGRETER, oV e Bl Prbr LR BRI e UER): A Pefeive control,

cells WGreyIrﬂ@d:t@dG/ﬂtH argomeer ﬁetbeUstdmﬁtaldm@tcbrﬂy’ﬂne@n@@m ReYidtadce (AC-
la). After 45 Eassa es 1 65 popul at

MEF) dEQIdT pagfsa)gescafb_erwm‘rec ot Qaﬁ BOFIN Célpﬁ EMA%WIEF continued
to prcﬁ.‘f&r\ér{é“ 9”?5 urgﬂfg@@g 5@8%%% t?néF 99 71ﬁ) Faﬂﬂellrﬁore the

ren assages VVI
growtdecateaaadldmhlmbl tumeabf v&Ed\AIEEcwas (:@iaparamé tshpmm)ary MEF at

m D n F at passage 7 was isol aje
paSS%G?dAfe{fé\W%@g %CWV%RC?D(E 'rt‘fﬁgte@lx}ﬁ’n‘tg 'Eieo?Pero't"rﬁ%’SE{{lg MEF) at
passﬁ@ﬁ%ﬂo%@es? hbf SRS nRS b%céﬁ§%ltﬁer%fwé§‘ﬁo rﬁﬁéérﬁ?nncrease in

he ret ovirus. FromF was appar ent
viable belt nﬁrribemzﬁvemmee@geticalIﬁ}daﬁmrlbdr(Fig)tﬂa)EAftandS passages (165

pOpul%E§$29§L@nHﬁegS,%§ Zglgiééﬁr esﬁﬁctﬂﬁyw&g%_)mamtam similar growth kinetics
compared to passage 7 (Fig. 1a) and is currently cultured beyond 70 passages
without any decrease in proliferative capacity (data not shown). RNA from AE-MEF
and AC-MEF at passage 7 was isolated and examined by RT-PCR for the expression
of the E6 and E7 genes introduced as a result of the infection with the retrovirus.
From Fig. 1b, it was apparent that AE-MEF expressed the mRNA for both E6 and E7
genes (lanes 2 and 4 respectively) whilst no expression was observed in AC-MEF

(lanes 1 and 3), where the cells were infected with control viruses.

In order to determine whether AE-MEF was capable of forming tumors, following
immortalization with E6 and E7, 5 x 10° cells were injected into SCID mice. Animals
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(lanes 1 and 3), where the cells were infected with
control viruses. In order to determ ne whether D E- MEF
woweosgsbl e of formng tunors, follow ng PCT/AU2006/000220
imortalization with E6 and 1F7, 5 x 106 cells were

injected into SCI D m ce. An| mal swer e exam ned
rs were observe

peri adi aI [ ) aﬂ al pabll e %{ FD en]c ’
Were gegng 61 ”ng?HFB WROSr WeHe AOeFI'E 8&?% after 16
weeké‘%lloﬁhﬁ@m ect@rpéﬁthe%'éﬂs Mpste e egywRl. hESC in Feeder

and Feeder free Conditions Using Imortalized MEF
Human ES cell line, HES-3 was routinely cul tured

Growfl, /] A0 eTElok B LG 1, Féal (F b PSR GR Rgitions Using

Immoptalis@d WIENEF cul tures (feeder-free). To eval uate
whet her the immortalized MEF |ine, D E-MEF, was
Human, ESugaioine. tfefp 13 was retintaby Cylwirdieitier igirscily plewgnary MEF (co-

consfE SRR PR PO R 5 i
culturee€ftdiepfitee).DFo MEEIUGX@WManrahd mmmairmIlzedIMEFelme\(\ME[ MEF, was
able BosypRATS DnAEraiEies Srwii of BERSS S brels WaTt saadrhgnto the
respe&ﬂﬁﬁ@h&ﬂb%u%ﬁﬁ%E %ﬂflﬁr}%tgﬁd Mor phol ogi cal 'y, hESC

In the co ies remained tightly clustered and
mai nt ai ned a high nucleus to cytoplasmc ratio (Fig.

For oGUILIE, QHESES 55 hiser Bl E3rsl BB PEoET: X HaAnd formed

coIonFé%nWhﬁlétobﬁghlﬁgdaélﬁe CtﬂBt foRidRek. t'PhlfsodjéK)éj'tﬁé 'd@)‘l‘dmé@% very distinct
onpact colonies simlar to hESC cul tured on feeders

borde(rraf @lbrcmiaetmcem)surraur@hr@thmmlyme@u (Figr2enancé el Morphologically,

nESClyR BB ES el Bty SRTEE Ty BEHBIEEEs Witfunucieus o

cytoplé%ﬁﬁctrdtl@{gF'gh o8d E&® leedepfresi dAiMurés ad¥dpite! the sassenparddeeders,
o hESC ) Under both feeder and feeder-free

NESCeonralasle sum§rr1)e®te,<évwlte DEMER geaditignaginmadium continued to form
cistin 8 E8h AR 2RI AESTH PRS0 fifodlbRab8he N, 4 and 20)

passa i on doub
Intere%tlngllyadlffremrnme@gb&mlammkeaieﬁs meejbeed/e‘dowrﬂ)undlng the borders
1; onal SC | i.ne HES- 2I§nd HES- n fee@s and .
of thef é‘@%ﬁr$rﬂt@ée @OlQies howevRb @ﬁ&ﬁ'tﬂ %%15@ g glgnificantly

less %&?BHW@%EQG‘ QdQSi ‘Uhdetrl%tﬁ 'aﬁdgéé’d\é@fréé‘kﬁn&ﬂgns HES-

Ing tinme 3 cellsin ese two culture
3 cellsoauﬁtmedgovmamtmormﬂféé:‘eetlatedbhESQ}) manghatogy éxpgredést than 40

contlmLE:qEJalss!s%Egg &é{(ﬁ E{)S]mgl np@ %ﬁo&ﬁﬁ r]1gﬁ m%@%r‘ rzn%trf)ﬁ)oqogles were also
observed for 2 additional hESC lines, HES-2 and HES-4 in feeder and feeder-free
cultures for more than 10 passages (data not shown). In addition, the specific growth
rate and doubling time of HES-3 cells in these two culture conditions were
comparable (Table 2) and corresponded to published literature [4,23].

Characterization of Markers Unique to Undifferentiated hESC

Undifferentiated hESC are characterized by the expression of a series of markers
such as the intracellular transcription factor, Oct-4, and surface markers such as
SSEA-4, Tra-1-60, Tra-1-81. Using flow cytometry, we compared the expression of
Oct-4 in all 3 hESC lines in both feeder and feeder free conditions (Fig. 3). Like HES-
3 cells cultured on primary MEF (Fig. 3a), >88% of HES-2, HES-3 and HES-4 cells
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Undi fferenti ated hESC are characterized by the
expression of a series of markers such as the
WO ndocag®sE3d ul ar transcription factor, Cct-4, anPCHADR®G6/000220
markers such as SSEA-4, Tra;d -60, Tra-1 -81 . Using
fl ow cytometry, we conpared The expression of Qct-4 in

(Fig. Jon ity ABRs3 EPgoedsveR dulufes By REEMe SHiinefietpsisve for Oct4.
Slmlliﬂy 'Wﬁéh M%Fntélﬂeﬁi m&@ede??r%%/o&fndw%% @/ith"dﬁ@ @orﬁnﬂEl‘lﬁﬁF4>97% of

I s(Fig. 3c, 3b a d respectively) cultured on
cells m IBESSE hne@d/vqgr@qusltv@ fion Oated (Fig. Bp-3).drunhermtose, HES-3 cells

cuturgB\HAELGR (50T o o) SRR c) P 1088 Bre) stained

positif@for&ESEA-4 FFFDg 4@6& gTra IFLHCIdﬁg I, elf) FﬂE§13813@F S4c 4g ) and had

cul tured on , top panel) or

nigh kalie AosRbAERSesaRbLY (EicafiHeATpos & ve for SSEA 4
(Fig. 4a, 4e), Tra-1 -60 (Fig. 4b, 4f), Tra-1 -81
(Fig. 4c, 4g) and had hi gh al kal i ne phosphat ase

In orchertfovevaludtiel the gotentill) to fornpdifierenttated dissabe it hevo, HES-3 cells
ferentiated ti in v

mamtﬁ%%%gér'éiwiern%n mgglh geqwl thé%%lH?'”Sriéizégrw$rlee'é‘lec’[ed into SCID
mice. C‘F’éﬁ We%%s‘*?llt?\ﬂm\%l Jge'}fﬁgn Wl St LR o'b@éﬂleé%%lg’gﬁﬁdltlons The

Ten week I'njection, teratonas were observed
tumoiisnwerlel sexbinded iankisexahhiaed lhmjol@gmilya lsreo trensectend, representative

tissugiu iy KSR PVEN( 8o diiesS e CBREiSbriREU A g gpithelium
(endd&%ﬁﬁ 'F‘i@méh;i #éhral réHltHQ!uﬂﬁ @étoddrie FRPISHY e MusBles, cartllage and
(endoder m . neural epithelium (ectodermFig

bone gmesoaearel Eig, 5@5&& )i Fagbewnerensiitogemetio ¢xeminatian was carried out

on HE§r$ ecégs Eﬁ:{rﬁ Lh]e({tﬁgrgggerc éf@ gfggsé nff%%)(%q] é@%g%tri]%{#agfter at least 25

contirfier@epabsagescel 80 IORDID)H(&IQ 0ps aid &b aéswcaﬁ/bg/% Results from the
cont i nuous passa 8 130 PD) (Fig. 6a and
H%ﬁl t

a”a'yﬁ@wqq/@aifihe cgllp ﬁ@ﬁ{lﬂ%t%ﬁaawt@irsn@mbé@ry%me (46 X.X)
undeﬁ%h@y Iﬁ%ﬁ%)ntl nue to maintain normal karyotype

h culture conditions. Lastly, since
retrOV|ruses were used to imortalize the primary NEF
was inportant to establish that viruses

LaStlyp %@éroﬂy UBLEWRES USGH LR fMBETINEHZE e PrIFaEY Wﬁ%—'ﬁét Wiegdmportant
to esiiblifh g FRisRBAvEL ARG biY % n‘giﬂéed R~ RERgi=d vﬂ'ﬁ’éh egulﬁcﬂhehhﬁfect the

expression of both Eb6 E/ antigens in
hESC wikiéhe fErGemabEmantmnaf RérP4R @dmméecﬁﬁhg exptdssion of both E6

d f t-4 t ect ed )
and R 2GS, EiEsy 31 ER0nRte culliidscatnal Fretedss tigg 7opgnstead.
the @xpﬁ@%bﬁ' of R@c‘?@RW éét%@téé?%&ﬁﬁﬁ%%nth@f e IGESQ: remained

7a). Here, expression of both E6 and F7 antigens é/
undlfferﬂptteé@cueﬁ\g avspetrgktREtRER buas rdso performed on AE-MEF (Fig. 7a).

Here, expression of both E6 and F7 antigens by the feeders were detected but not
Oct-4.

Scale-up of HES-3 Co-cultures Using AE-MEF

To demonstrate that AE-MEF could be used for the scale-up of undifferentiated
hESC, co-cultures were expanded from organ culture dishes to tissue culture flasks.
Cells from tissue culture flasks were then used as inoculum for hESC expansion into
triple flasks and cell factories. From Table 3, the total cell yield obtained after 7 days

in these large culture vessels were approximately 2-3 x 10° cells. It is also apparent



10

15

20

25

30

35

Cct-4. Scal e-up of HES-3 Co-cultures Using D E-MEF To
denonstrate that DE-MEF coul d be used for the scal e-up
wo@Rooanslsfss erenti at ed hESC, co-cul tures were expamnadeenos/000220
fromorgan cul ture dishes _tx|33t_i ssue cul ture fl asks.
Cells fromtissue culture flasks were then used as

i nocul um f or hESC, expansi on into i pl asks .and
that deBPfe A INsrFas g SURAP eh LY RO 28R Toryriglegfiask and ool
factorgbrSdpRdvall,t @bmpafey Sto Mart NR§8en | BlillfeCHlshT eV @2RelEnsity was
- \Wwere approxwrately62-3x 12()3 Cells. It 1s also
maintajsear aint@.8Zt0.4é pi @ ecellsécrnncr Masgover, 89% S6% af expaeded hESC

08x .an 3 I i,pl e S nd _cell f.act :

opuidtiaf IR trd iR sk Rel S8 e il RUMAFboshEs 181 a4 (Fio. e
and 8&lrbsplsdiivelyy. Tagefatogbionethade résudié- Sudggest thab it is possible to

cells/cm 2. Mreover, 89% -96% of expanded hESC N
expasbpdifferasiiaied hESH en AEaNMEFagrtcaliynesfta sidhrficans avantiies.

to stain positive for Cct-4 (Fig. 8a and 8b

respectively). Taken together, these results suggest
Tabletthat it is possible to expand undifferentiated hESC on

. - VEE CcO-culdu to significant quantities. Table 1
Prlmegﬁe%ggné%sq@gﬁlgééﬁor RT- PCR Primer Sequence (5 -3")

PrimePr oduct Si z8euognceRE$3’) HPV1 6- E6- F Product Size (bp) Ref.
GTTA PVl 6- E6-R
HPV 1 R O AGT O AR %%G%Cﬁﬁﬂpw 6-E7-F 2% [11]
HPV1 6&&B3BT CCA GGETTTIGACAHPVL 6-E7-R 234 [11]
TTAA t-4-F
HPV1 wﬁéﬁﬁ%ﬁ@@wﬁ Cct - 4- R 143 [11]
HP V1 8/&BIBCCCCA Q&GIJTZIC b-Actin-F 143 [11]
CCACACCLE Y in-R
Oct-+E AT T W%G%%A%ﬁ% 2. spefttic 2l
Oct-44F owt h r at e AAGRGCOGBAGRY TAGACATEETT@eder s, hESE [2]
.cQ-cul tures ~ I ESC Li ne eder
AR o & SR AR A T ST A BRI ARS Ti mer t (R - e )
B-Actigf) 0. 049 BCACAGCTTCTCCTTAATGTCACGC 396 [2]

Table 2. Specific growth rates and doubling times of feeders, hESC co-cultures and
feeder-free cultures

hESC Line Feeder Specific Growth Rate/p (h™) Doubling
Time/tq(h)
MEF (P4) 0.049 20.4
AE-MEF (P7) 0.051 19.7
HES-3 AE-MEF 0.022 31.8
HES-3 - 0.021 32.7
(Feeder-free
AE-MEF CM)

Table 3. Total cell yield and cell density of hESC co-cultures in different culture
platforms
Culture Platform Surface Area Total Cell Yield Cell Density

(cm?) (x 10° cells) (x10°cells/cm?)
Organ Culture Dish 2.4 1.0 0.42
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DE- MEF (P7) 0.051 19.7 HES-3 DE-MEF 0.022 3 1.8 HES-3
- 0.021 32.7 (Feeder-free DE-MEF CM Table 3. Total
W@ eiok/0§4363 d and cell density of hESC co- cul t ur BGT/AN2006/000220
different culture platforns leture Pl at f orm Surface
Area Total Cell Yield Cell Dénsity (cm@) (x 106 Cells)
1.06 cells/cm Organ Cul tur sh 2.4 1.0

T'SSU%éH%‘F 55k CuItu?%‘OFI ask 75.0 2689 0. 30 Tri pl e9%Pask
Triple303k0 187.5 0. 375aebl Factory 63876 295.3 0.470.37

DI SCUSSI ON Feede l1's are an ntial conpopent in
Cell F fH8Ycul ture of hé%%s Unli ke nou gggrrbryoni c st @%9

cells, hESC are grown either as co-cultures in direct
DISCEJ & wth feeders or in feeder-free cultures
nted with feeder-CM Under these conditions,

FeedBESE!IS Ukl ANCad<@niBI RbAigdn@At WRChES BHIRME! 8t BESC. Unlike mouse
phenot ype. However, a nmgjor limtation is that the

embryeyd eat@mc@eIISerhE@C LATEdQNOMTh BIEEMES kcrediutes | lne;ﬂrefqt @@ntact with

h
reeach GBI ekl TogcionBrety PRI er W oo S8 Oier these
condlﬁd;lthé URESE@ndomiinle wrﬂﬁélﬁﬁanﬁlférﬁfun@hffelr@mﬁaie@mefot)iﬁe However a
i cations. The transduction o mary cells with
maJorthwa@orEes dhat te éﬁﬂdegérwrmlyu&ado @h&yci ekt agddetied from
primal p%ftﬁﬁﬂéé‘ #fe {Hémoué@[o‘Pbrlngﬁén Cs%lul{ﬁesbeﬂgrﬁ%n%gp somatic cells, they

oubI
have ddimoitext hfaspah imatlturbeand Wwitlsgemesoé a}fter E(EfrwteNEEnlombepllcatlons

The t%é%ﬁﬂgfgrbé BORaNY 55 SES?T’%Y&E AT rieone e dasshown to
exten@zth ﬁ@f@%ﬂfl%b%ﬁﬁel é¥1 ﬁio@gégﬁl%ﬂén%bﬁh%gs [19].

con has previ y report
that ceIIs |nnDrtaI|zed usi ng genes such as SV40

I thi gy, EBsEeee ot T iathd HEBRREl GRarkATEF Hhgoe ExBhded from
7-9 p‘é@é‘égéélffb eydhd i r pe8s@ied RI@PbBplikeoh ABULIALSZ B¢ ifRIction with
HPV16 E6 and ]E7 The expression of both E6 and E7 antigens were confirmed by
RT-PCR. It has been previously reported that cells immortalized using genes such as
SV40, E6/E7 enter into a crisis phase where the majority of cells senesce. From this
population, cells that continue to divide go on to form the immortalized cell line [24].
Interestingly, this was not observed with AE-MEF. The bulk of the cells continued to
proliferate beyond their normal lifespan and was resistant to antibiotic selection with
G418 following infection with the retroviruses. In vivo, intramuscular injection of AE-
MEF into SCID also did not result in any palpable tumors even 16 weeks after
injection. This confirms that AE-MEF has not become tumorigenic after
immortalization. In contrast, an equivalent amount of hESC injected formed teratomas

of approximately 1-2 cm in diameter 9-10 weeks post-injection.

The major concern for the use of E6 and E7 antigens to immortalize cells is that
although immortalization can be achieved by the degradation of p53 and
retinoblastoma proteins, it has been reported that E6 and E7 may also affect other
pathways and cellular functions in the immortalized cell. Murvai et al [25] observed
that HPV16 E7 also repressed the activity of the transforming growth factor-p2 (TGF-
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Interestingly, this was not observed with DE-MEF. The
bul k of the cells continued to proliferate beyond

w0 b@ic/089363 mal | i fespan and was resistant to anPChaUR(06/000220
selection with G41 8 followigg infection with the
retroviruses. In vivo, intramuscular injection of D
EMEE i nt also, did not result in_an

2) prdwies T OURo18 B HimaR ereyiss. i PubEeRTersign of E6 and

E7 rsféd fh %1 NEErcBas indhe REGAERISHBPNEENRS ARNK and the secretion of

immortalization. In contrast, an equival ent anount of
biologiesy actjvect 6ff-p2i{26d Qﬂeﬂm othes hainda i\ X6 elignificantiyrinduced

tne abflfL A8 s Rl RelP S e A S B T8 Bbiype speci
and wa‘ﬁm’ﬂz@bséﬁ/e@iﬂh ltige fibrdoet calls baabt insprheRlicedsi[2r). can

be achi eved by the degradation of p53 and
retinobl astoma proteins, it has been reported that E6

€ Bl TRy P14 5O SRBLUENG, 508 914t 1 iy of
AE- I\/kEsztU \sadpdbﬂnalndﬂ%r‘énﬁatEa RESC gremtlesWesl obbervectt that 3y hBEC lines

t f h f - TGEb2 t
reaciy FOGPERLPI dheter RGHER ke ?r.rnamnég ipheuBical morhdlogy  of

unduff@Ke a3 HESSE Yt Pfei%go@{‘%mg&ﬁ hd §8edid}- f?eé’%'itﬁ?e%e THe hESC

expressi on o the secretion of
also bomtinugidcd eypaastsi plerlmﬂ”eann{ame}s iGoluthney Qidhdr, 3f0A;4, Tra-1-60,

v B BT, B E oS T8 s
karyo%ib%‘:aﬁdj WeR8 G0 BMcYeRIe tY §6kmh ferafinhs M @@I@%ldée“ﬁ @&ddition,
but not in epithelial cells [27]. In the context of

RT-PCH gnalysigyof rEBNgaEroRy HE&ﬁrfeadelz&eemlthw eonfiralegdeihad the cells

remabg8 Sl tor e BUbTGabN e pllE T e fhEPL B ater resuit i

&gmfﬁ;@ﬁpbé@bds@ |t esesitRedREMBRds gaigforiuse vitheESErrthihere is not a
hal og undi fferentiated hESC cultures both in

risk of deasternAll (hesai@nligpes [ (1hpeeedere hise: hirge. In our efforts to

prod@%@ﬁﬂ@%&@uﬁﬁ@%ﬁ %Tér%ﬁﬁﬁ%ﬁ @Eié ﬁg\%a?éﬁﬁhgf?él%g that it was

feas@bm}sbalbajxecoébttewes?cﬁ HBShgels, usihg AFEMEF relbsganedltae vessels,
st abl e k ble to diff tiate t
such 5, oAk B bAaE 3 16 ST doBSHite BednETegise IRTaus@gee area by 208
2 865% | ﬁe d f | I |
63Xconf|a:‘rlr?§dfq rﬁw é’c’thEesrcgsr,m ﬁe 5%0@‘?%’@5 #OuorO%m %omparabe
densibes ohéf3C aftef Grddyd ahculiire avithaye compromidiag toer theeguality of the
is significant because it proves that D E-MEF is safe
‘for use with hESC and there is not a risk of transfer
of these antigens fromthe feeders to the hESC. In our

efforts to produce significant quantities of
More uregientlyr @nf | godp hESGIspesdeaasabilly atnemortabzed 3 viman foreskin

fibroblast (hF) lines previously shown to support hESC expansion using the methods
described here [4]. Like AE-MEF, the immortalized hF line, AE-Hs68, retained its
ability to support the proliferation of undifferentiated HES-3 cells in feeder co-cultures

cells

(>26 passages) and feeder-free cultures (>16 passages). The doubling time of the
HES-3 cells were 34.5 h and 36.4 h respectively compared to 33.3 h for HES-3 cells
on primary Hs68 co-cultures. The hESC also continued to stain positive for Oct-4,
GCTM-2, SOX-2, SSEA-4, Tra-1-60 and Tra-1-81 (results not shown).
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feasible to scale-up co-cultures of HES-3 cells using
D E-MEF in large culture vessels, such as cell factory
WO 2@6/08985308 cells). Despite the increase in sSPCT/AT2006/000220
area by 208- 263x conpared f@_an organ cul ture dish,
it was possible to obtain conparable denS|t|es of hESC

In cofigFiony tBFS4 eSS FiduaRs Ay EonfRlEing el eipt e Bnd E7 is
gener’r’é §9at%‘g9‘%ﬁ§tscf:éH bé dopned tt@'bbﬂ?ﬁwo%s@‘ﬁfﬁﬁhurﬁéﬁ?réécﬂbrs The ability of
brobl"ast (hF) lines previously shown to support hESC

feedees(i:;apmh(fﬁrat@baypndwmaumwm lifrspani autlyéleiedain4he abiliketasupport

hESCEb%v%apﬁtoB 'é%‘?@%‘hggﬁ]ﬁ% flgrvg Dgwlﬁbg]a%e {h%t aHe%%d fé)l’t Sfrequent

prepaiatorid ef métyetﬂeédﬁﬁs'SWﬁé |c%nlsrstérﬂeééurcéooﬂLféédlér%swnl facilitate
(>26 _passages) and feeder-free cultures (>1 6

reprog@@btﬂ g resutie egerMiRing therasatg-up 9é hESS & belhl feegder and feeder-

oo sty Wyt Ao BEES e B Sod B o bt

variatioontin nigedet Qqusillq: nMoosovary ehtss iGrherdal E2dr2lineS0%els can be

SSEA-4, Tra-1-60 and Tra- results not s

SCVGGBGEA 4P GESBe thaﬁ&eey Aesliee Q%Qaﬁ?ﬁ&!@ { PRRQOENMEY %P@&bﬁdramfermd
I [ E7 is a generic strategy that can

from @% fg%%?r%etgq{]gﬁbot mouse and hunman feeders. The

ability of feeders to proliferate beyond their normal

i and yet retain the ability to support hESC
REFLA&%&ﬁE@n is beneficial because it will elimnate the

need for frequent preparations of primry feeders.

Thi s consistent source of feeders will facilitate .
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CLAIIg, V1 6 E6 oncoprotein stinulates the transform ng

owt h factor-beta 1 pronoter in fibroblasts through a

1speq\rﬁ |rﬁm@ﬁartéd1fe°e%\a@ep?ﬁne\f rol ogy 1997;228: 190-1
99 M5 1. An immortalized feeder cell line. 2. An

2. | nndm anmpétallze;bte@dec eell ling derived freadan eorrgonic fibroblast.

3.1 GRSl ol uAE AR ) £ RolEEbnfpfic ghyobiast

4.1 MK @hindeid]iz&e tsdet el Ilhert%rﬂ@dlﬂ/cﬁﬁ d rotisa drbisenic fibroblast
enbryoni c fibroblast by one or nore of degradation of

{ he BY58N€ aoMose 9 rdegsaratinno pbithe péarf@@mrawnme@ﬁor protein, up-
& Sl)é.%ﬁ%?fcorﬂﬁ%%%g}es%ndno'&cﬂv?t Igﬂ%&?@& g@dan degradation of

degragatl on o
l'i nepRlri ved from an errbryonl c fibrobl ast by
| nt roducti on of nes from HPV

5.i ot AN '?%@J@?d%%PP" g@@o‘i‘%ﬂ fremt AR M VX%‘& @PF&"aSt by
t he iERodid oﬁ%fﬁﬁ??ﬁ Qrﬁc?E'? drfd acco&ﬁﬂ HBY/{6.ansducti on. 7.

Anlmmrtalze eeder ing to claim6
6.wherAx nmtrivetadinbd yfeeder Celblaobd)ralmg tes claifnebtwldenairt the E6 and E7

retrovirus vectors encodi ng the E6 and E7 genes from
HPVHHESEre Arrlltr‘?(ﬁ'f'ﬁﬂdt r?'é%&fcigﬂer cell line according

7.to %@'lmﬁorvﬁﬁ%élféebéﬁ c@lﬂ'a{ﬁcefdlﬁdﬁ%c@élm @Wh@réllclethboembryonlc
proliferate ond their nornal Tifespan and are

r esifiorelbplast is la ted withgedevisds veetors encadingghe ¢i6 amil iy genes
|nf3g E_BDW h the retroviruses. 9. An inmmortalized
fee ine according to claim7 wherein the cell

8.1 i nesn thamdetalibes fyeRick BB Iihg eldteroiid wclaWWﬁéﬂleﬂtHeObUIk of the
10. An imortalized feeder cell |ine according t

cl aiGells cpAbRES fo Proli{arate beyanciRgsaarmal litgsean 2ol ase resistant to
the &l siid sréi%cti%g\mtﬁj@%ﬁ WBHO\K/?@%%C iBn Ah R BRBlifuses.
I'nj ecti on.

tunor s even
9. An immortalized feeder cell line according to claim 7 wherein the cell lines

do not become tumorigenic after immortalization.

10.  An immortalized feeder cell line according to claim 9 wherein in vivo,
intramuscular injection of the cells into SCID does not result in any palpable
tumors even 16 weeks after injection.

11.  An immortalized feeder cell line according to claim 1 wherein the cell line
proliferates beyond 7, 8 or 9 passages.

12.  An immortalized feeder cell line according to claim 11 wherein the cell line
proliferates in vitro beyond 70 passages and does not gain any tumorigenic
phenotype.

13.  An immortalized feeder cell line according to claim 1 wherein the cell line
supports hESC which: continue to maintain characteristic undifferentiated
morphology for >40 passages both in co-culture and in feeder-free cultures
supplemented with CM; continue to express the pluripotent markers, Oct-4,
SSEA-4, Tra-1-60, Tra-1-81, alkaline phosphatase and maintain a normal
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11. An immortalized feeder cell line according to

claim1l wherein the cell line proliferates beyond 7, 8
wWor0o0g/ogBssages. 12. An inmortalized feeder cel PCT/ADR006/000220

according to claim11 mherp%@_the cell line

proliferates in vitro beyond 70 passages and does not

' { [ i ¢_ph t 3.. ' tali d . ..
P eediaaiubF: F1nan BPAg b Sl TS ToRErDlara R uith tissues
| i ngeprRAttRcFHe BERBry oRRNGerRYRybRs. Tai Nt ai n
characteristic undifferentiated norphol ogy for >40

14 as Saydvmestatized feederutaliuline aadording taegkaimf + aherein the cell line
cul t yr upp} nt i ontinue to express the
pl urﬁ%g’?’g%tbpr@gfﬁgg%ﬁgﬁéﬁ: -4, Tra-1 -60, Tra-1

15.81 An @hkwdridliged 1o6ddratsis Bn@ R@comiimg # léim 1 wherein hESC lines
nor mal karyot ype; and when injected into SCID m ce

f or rfeadieradapivel® e roall Y8eeand epeisiaint e VPRl TherpBology of
enbrm?ﬁf&egﬁét'éhlr‘ﬁé’setlf%ult&%s h'if %?'a'na%ge{i&@f?&é chftlires.
r erarm i ne

line"according to erein e cel
16 uppa iremontdlitée feaderatelt limdSCcardimg ho cldim A8 wherein the hESC

imortalized feeder cell |ine according tq claj
wher@MHNHESECXPIRSS RIRAEYE RHRIS1 'BCWH%QC§PF'41 égg%éﬁdﬂa'1 -60,
mai L1 A y of undifferentiated

hES?:ﬁ%u ?E:@g %g%“ i%ﬁgg@ géréégnd feeder-free cul tures.

1716. Axm immotaliabd Zeddee edlrlineehtcdrdimg & ctaiohi 1§ wberein after 25

B3Rk SRR SO DSl RSB 57 i tpaeron

- 60,10 Toin lerafnad@th stkalips. phosphat ase. 17. An
immortalized feeder cell line according to claim15

18aherfd nmatartalized fpadengel linehactEdDor ta glaimalstwingrein RT-PCR

kar yot ype d..ar I i §f ng.i o fakF
(2 RUBE RSN RS s RS AR U8 Al e e oot
cel lrehidne pasiaos €ormQct 4 bot Aegathe fohEeeirtl BT dn@fens.
analesl s of NMRNA from HES feeder-free cultures
|

1% onfiiimat MEF tinenedalized: withi e Sypt-pyRressionoet thepké and E7
negaéri%?ngor E6 and E7 antigens. 19. Primary MEF
i mor I'Zed with the over-expression of the E6 and E7

2ant igensell &t AEREESehd héiehedEEerMeld. as herein

210.Iesc'&ri] lzl)r%(rjlriortalized feeder cell line deposited at the American Type Culture
Collection under accession number PTA-6705.

22. A culture of an immortalized feeder cell line according to any one of claims
1 to 21 in a suitable culture medium.

23. A composition including an immortalized feeder cell line according to any
one of claims 1 to 21 in a suitable carrier or diluent.

24.  Conditioned medium produced from growth of an immortalized feeder cell
line according to any one of claims 1 to 21.

25.  Conditioned medium according to claim 24 used in conjunction with
extracellular matrices, such as matrigel.

26. A method of culturing a stem cell including use of a cell line according to
any one of claims 1 to 21 as feeder cells.

27. A method according to claim 26 wherein the stem cell is a human stem cell.

28. A method according to claim 27 wherein the stem cell is a human

embryonic stem cell.
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