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"HUMAN- EMBRYONI'C- STEM-CELLS (HES) AND CELLS ASSOCI ATED OR DERIVEﬁ‘THEPE#RéM
5 The present invention refates to methods of .isolating sub-populations of
viabl e Human Enbryonic Stem Cells (HES) in particular to distinguish
“between - Waosmpesent and differentiated cells in a HES popu@tAcioasst t o
provi de cell populations conprising substantially pure populations of the
~ sane.cells in elther a plurlpotent or dlfferentlated fornl The invention-
~al so provi des. dj, : : : rinotent or
differentiated c¥ ' ' Ak
BACKGROUND amanmmom sca_m_s S)smmlrba:ems%somheﬂ bR DERIVED
derived fromthe 15 inner cellT mass of the Human bl astocyst (Pera et ar., .
2000). HES cells may be serially culTHEREEROMdefinitely in the prinmitive
enbryonic state whilst retaining the Kkey property, of the cell's from which
t hey were derived: this being .pluripotentiality or t he ablllty to-. _
~ di ff er entd at Ehéemptresant investior rélatesf td htetlamtw of isothting Q'utepeptrlabmhe@f wigisdle

make human . e ni tem.ce te rful 20.techn

pl atform forﬁBE{a&i %W%Wﬂrﬂc h%{‘?ﬂh ﬁé% t@'f#aﬂ % MQ ar Qg déSt@QHng‘e%%l’e%Bl | s
for.. therapeprwnpotmﬂlamtdrﬁ@renﬁatéte cbuehﬁl @fHEegpaputatheaﬁ@%Cpﬁaeldé %eu
order to fulf t he potential of HES cells in research and ther.apy, IS

desi rabl e toPORIREPRS CPH@rl%wqguhaiaemantgemul?élom qfihe sgmeecallsrtmelhea
| arge scal e, ti C C ‘
differenti atgaﬂqn ele&}?flgg?lgﬁ%%lt?&)gggﬁf rgﬁ?tﬁ\ﬁerﬁ%ﬁné%gr?l cu arasnn?h cell
fields di0 gapepwations dedygd fitinathe phisipatent or differentiaieg cell iopiutations e well
cability to i e endodermal precursors which give rise
" to gut, i ve%gbgﬁ%rﬁp‘ggﬁ\g%{he%ﬁ rg"llvoul d be a very significant ‘advance. 30
Several attenpts to obtain pure. popul ations- of ‘ES cells have not resulted.
~in suitably honogeneous popul ations_with thﬁ result that insufficient cell

nunbers retained in a pluripotent t been ideal for satisfying .

the requirements for research. anpd t her aj Furthernore, pure popul ati ons
of cell g PCTVIH) Gfgyonic stem (HES) cellsp%re cultured cell Ilneg derrve from the -

16 ~ inner cell mass of the human blastocyst (Pera et al., 2000) HES cells may be

senally cultlvated indefi nltely in the pnmmve embryonic state whllst retamlng the
key p__roperty,__ of the cells .fro_m .w.hrch_ they were derived: this being
pluripo_tentielity or the ability to differentiate into all the ‘ce'll"s of the adult body.
' Theee two feat‘ljres'make 'hum’a‘niembryonic stem cells a poten’tialljr powerfui -
20 technology platform for research into human health and disease and a sourcef
-of cells for therapeutlc appllcation m the f eld of regeneratlve medlcme In. order |
‘1o fulf | the potentlal of HES cells in research and therapy, it Is de51rabie to
7 develop the- means to culture HES cellsin d pure form on a large scale and to-
7 | _ -obtain pure populatlons of specifc types of dlfferentrated or plunpotent cells
_ ;257 from them In par’ucular in the felds of gastroenterology, drabetes and -
resprratory medicine, the abllity to |solate and cultrvate the endoden'nal '
'precursors which give nse to gut liver, pancreas and lung, would be a very .
“signifi cant advance.

'3,0' Several attempts to obtam pure pOpuIatlons of ES cells have not resulted. in
surtably homogeneous populatrons with the result that insuffi cient cell numbers
retained in a piunpotent state have not been :deal for satlsfylng the

: requrrements for research and therapy Furthermore pure populat:ons of cells




- 2 .which are not dependent upon f.eeder |ayers woul-d be desirabl e ‘
~particul'arlyfor the purposes of therapy as the preserce of feedep layers*ﬂ-J
particularl'y of non_human origin would be nost desirable to-avoid any cross
" contanmi-nation. 5 Recent: attenpts to refine the basic cell.culture system
and apply W@ O¥8408% turi ng.  HES. have still required feederrareAtozioaysar s.

. Advances usi ng grow h factors and varying conditions or cell culturing -
have not "drastically inproved HES cell @ultivati-on and ‘seri al cultlvatlon

_of human ES \ﬁmbhsalra%t%ea bhmgef.lfaaas gggewa&rd%"e 8@§.r9alefrﬁarrﬁ8arbﬁger8r

cells fromt n artrc oder nal
probl emati c. thermrrﬁsseselflthetdpwaesthda:resem of cﬁeetlaerdanem pattrcu!anlyogianous
but contain m.-xt ure of t, ce pont an

ot foronti adfusfieA b Would te Hidtasighie /R B o SavamIao. cul ¢ ur es,

-gives. tise to cells which can inhibit stemcell renewal. Therefore f_urther
~characterisation of the stemcell popul ations and the devel opnent of

methods 5o Jr@eéeﬁtléﬂérﬁ;bemoqelrhé th Iasyd bl eur&aer@ﬁ.ranraﬂyaﬁas} it & B8Ring
met hods of : obtai.ning .differentiated cells, which rely on-spontaneous.

differenti athBs. have slrllaareqwred ‘?ead@meljdaye’st eMdvagicestusing goowth fagtergaand
‘nunber s of q%s,i; d, C | v.4P g f

mar kers avai | F‘\g '? (S)Hgii % (?ry CEll]—_'gCLﬁ{q{ h?gélﬁa@t HF;S“IBQM m%?ofgbg Hl§§ Eef?! ,
“det er m ning QUlterajloesandeserﬁalaoyttroatrdmneoff blinami E@ celld. amiardeeriatrcbrmrofapure -
positive identificati Surt bl,e r, for .di stinguishin 1s

i ncl ude. SSERPIAt Pﬁ d c@rgg EP?BM“P@P %ﬁ%fnd’e d]@aé
and - geneel S.or Wwerﬁamsﬂpmraﬁatrabmé lHESYcéllpe@ltlfres dB¥ckiBed tf)Odlate are not
pl uri pot ent, fferentiated or 25 undifferentjated cells.. Cct4 expression:

i's thought thOTBRIPRPYT \PUteSPRtA cal MEXIULR (o B@?E‘?ﬂt cal ltgpeﬁhe mtereew s
- marker al OnQ:lll‘f@‘éIrﬁlaﬂeﬁ ) rgéééélw’l'ldf?ls 61%?5!% QQH C%P &.rlllﬁres Ves

‘mai nt.enance andpr ol |fer tion o pop hav imtati'o ‘
Human ES celfisg cign eallgerwbick p@anarisbibit datemercellt |raﬂewai i n. Thereforer cfurther ‘

necessi{at! g pataRol BFRALER] oSHEBpGBLLTs HG R HRLSRBRRR B rlibEhes et

col oni es. | nadequat e nu ers S are al'so a pro ment
Jof thei 15t hgnaifgsieim Eaiseint aaliabl@hfesm- ienfacainedn sPesent inketheds of obtaining

fg'sf Lgfrlst ;?31 %%@P%%ﬁlsp%%ﬁgg?@ﬁ%ﬁ sgggtaneous drfftererﬁra(%ilo%afoilorlr\?éd %rrran
o selection, often- fail ’ro produce adequate numbers of desrred end- cells in a
: sufl‘" orently pure forrn ' ' o

: 20 - The range of markers avallable to rdentrfy HES cells is large and may rnclude |
o determlnlng the presence of any of the fo[lowmg cell markers for a. posmve_, "
‘ :'ldentrfrcatron Smtable markers for d:stmgurshmg ES cells lnclude SSEA«S -
| 'SSEA4 GCTM-Q GDF 3 Cripto: (Cr-1 and CR—1) or GDF—S ancl gene5|s."‘
However none are absolutely specn‘" c markers for plunpotent drfferentrated oF
'2_5- undlfferentrated cells Oct4 expression |s.thought fo be hmalnly _res,tncted to -
"~ pluripotent cells. The use of this marker a'lon‘e_ would not be definitive. |

.Present approa_ches for the maintenance and proliferation of ES cell "p'opl.ilations-.
| have limitations. H'uman‘ES cells can undergo spontaneous differentiation in.
| 30 vitro neoessrtatmg constant removai of such cells for mamtenance of plurlpotent | 7' '
y colonles Inadequate numbers of ES cells are also a problem for development .

of therr therapeutic potentral. These hm_rtatlons con,tnbut'e to diffi cultres_‘ in

- propaga'ti_ng homogeneoUs HES cells. It is clear that ‘human ES cells are




* 3 harmed by standard tissue cul ture propagation: techni'ques: that woul d '

facilitate their propagat ion. |solation of differentiating cell. t@/pes ;j"rjj_pm
HES cel |- cul'tures can‘ulti mat el y lead to devel opment. of cells for- .

" transplantation therapies. However, identifying and ‘isolating particul ar

- cel | popubdl V¥He35shi ch. . are pluri pot ent or, differentiatingcnvoeesssi ned

to particul'ar cell lineages can help in. the research and t herapeutics of

HES cel | technol ogy. 10" Accordi ngl y, it i3 an Obj ect of the present.

“invention to r e

i solating anﬁgﬁﬁéﬁﬁﬁsﬁgggﬁégc C“@‘db M %ég? i ons e%aﬁ%@ﬂﬁ fJﬂF%’ Eftﬁct
~cel |l sub- popiieit propagatiom HES cell cul tures which can preferably be

mai-nt ai ned and sub-cul'tured in further cell cultures. 15 20 SUMVARY OF THE
I'NVENTI'ON I n-a first aspect of the present i nvention, there I's provided a

met hod of - i eftidodiferetitRithg @HW&@HEB @il dﬂﬁﬁré@béﬁu!t%t@lyﬂ%ﬂ%

.conprisin obt ai ni n% a source, of s; and identifyin
sub- popul t|@@rVQJPPH§9 | eafis fﬁttremeolemtatleesthee@m 2 However, véen%peu endt s

have identi f; e are
pastt! vei or SSBFoE GBI BindaRdfl BIVH Pl BuodiSer Bl b, affc..
- antigen of Biesthiddstd paitistiargelilineages Idam el in thd @ircloanGRRerapetitiostdfod
25 descri bed Elé VYF ‘-‘1% ’dent ification of particular cell types within a
popul ati on o'f_I cEY ’ge A a uni que characteristic. These cell types are

~identified by expression of particular GCTM 2 antigens but | acks -
expreSS| on of other -antigens found-in a general population of HES cells.

30 .The i"WverReeRrdingly frisvancbied: ofathe, pressit iaverion & aversame tort atileast
- substanti al.l a t u ure
e harnt o pileVRRESBAE LB bR B 08Kfg | A6 JARAM I LS G LT
PCT/ AU02/ omwulatlmhe amlt tro@biain a:hstmoms:entsubf-popwlemmS firpim HES wﬁtlemtslturés

. ,cel I's. whi Cr\mﬂfo‘ﬁ @aﬁ?ﬁ%fe?elbly Bé maintained and sub-cultured in further cell cuitures |

15 SUMMARY OF THE INVENTION '
o -tn a f rst aspect of the present invention, there is: provrded a method of

|dent|fy|ng a viable sub- populatron of HES cells sald method comprlsmg
obtalnlng a source of HES cells and :

o _ !dentrfymg the sub- populatlon of HES cells that are at Ieast GCTM 2
20 posrttve '

N Apphcants have ldentlfled the emstence of a sub-populatron of HES cells whlch
are positive for specn‘:c HES and preferably express at Ieast one other surface,
antigen of ES cells lnciudmg but not limited to TG- 30 or CD9 The method-

25 described- allows for identif cation of partlcular cell types . wrthm a populatron of.

- cells havmg a unlque characteristic. These cell types are identified by
-expression of partlcular GCTM 2 ant[gens but Iacks expressmn of other
'antlgens found in a generat populatron of HES cells.

30 The invention also provides for'a'sub-population‘ of cells that are SUbstantially .
homogenous and. viable and have the capacrty to sub- culture and maintatn a
high degree of plurlpotentlallty -




. sub-cul turi:ng. These clusters can be identified as being capable o D
- sub-culture and which are viable and have the ability to. maintain z‘iah“* h*"J-V
degree of pluripotentiality. Hence, in all cultures \_/vhere mul'tiple clusters
- may appear, this method of identi fication provides for -an i nmedi ate and-
conveni enwaley@msison of cell clunps suitable for propagat ipeiyAm2aiss4
-,honngeneous cell popul ation. 1n another aspect of ‘the present.invention -
there is- provi ded a method of isolati ng4a.viabl e sub-popul ati on of HES -~

Senti tyng T RN TR Okl RSB AR SR G Bt 18 st or

sel ecting fosuleuR@MdS TheBehustield Sarbe Glemifed S heRgpesp by ©f sub-culture
a' preferred I’éC?eCt of the present invention.there is_.provided a nethod of

15 isol ati ng® wabheasebwaelemaer Bﬁvefthneebder te, wtalwr Hyigh cdaghass iafg:

~obtaining a }eéggﬁﬁ C
reacting the&l@@{:?@én@%hﬁ?ﬂ%ﬁéﬁp atlo I nd e sub pﬁ 'gsttlggsnkﬁy %eq‘%;r%)' t he
mar ker; 520 mepwdof rt@rttrlﬁeamfbppmpdeafcrroan ahimedidte amﬁ ccbn\wreerhiodwtectron of -

nbound o ol IS S b BT B i ppblagroc 1 o

~ pluripotenitally. 25 The narker for GCTM2 nmay be an antibody -to GCTM 2.

Preferably, the . marker is a nonocl onal _anti bOdé'rto GCTM 201 a reagerrt _
- which det ect‘s'| appmeéoasmnsf He@neresgniamigrtionstherg 'énﬁf%‘?e%sfpe@? md the ,

- present. inv
“sub- popul at ﬁghlagiﬁgl—ﬁigﬁggﬁk %@pgﬁ%ﬂgﬁr&%%ﬁ%g&fgﬁtﬁd ?g (')-]ssfntq ve for
GCTM 2. Tbre pr ef ebtaining a smurcaiof pigRicalls;on i s positive for GCTM 2 and Cct--

WD 03040355 5GP AR ARSI N8 SO TR T, i
, sub popuI ations oeellelEﬁ'rg:&inm'mlmnhgse ceIIs whlch are GCTM-2 posmve s .
In a preferred aspect of the present mventron there 1s provrded a method of
15 isolating a vrable sub- -population of HES cells sard method comprlsmg | '
o . obtamlng a source of HES cells; T
: exposrng the cells to marker of GCTM 2; _ .
reactlng the cells to the marker to bind the sub populatron of cells te the |
. marker; - ' ' . . R o |
20 . _l ‘ separatrng the sub-populatron of cells whlch are bound or unbound to the

marker .

The separated cell pOpuIatron has the capacrty to contrnue to grow in- culture_.
_ and mam’cam a hrgh degree of plunpotenrtal!y '
'Th‘e"marker, for GCTM-2 may be an. antibody to GCTM:2. Preferably, the
marker is a"monoe}onal antibody to GCTM-2 or a reagent which detects |
proteoglycans bound to GCTM-2. o o

.30 . In ariother aspect of the present invention, there is pre\rided an isolated and *
o viable sub- -population of HES ceﬂs wherein said sub- populatron is pesrtlve for
o GCTM—Z More preferably, the sub- popuiatron is posrtrve for GCTM-Z and Oct-




--.differentiated or undifferentiated. Preferably, the undifferentiated

~are ‘positi

stem-cel | deri ve

sub- population-of cells is distinguished by being posit | ve for GCTM 2.~

NMore preéferably,. the undifferentiated sub-popul ation of -cells{i%! ppsr‘!{‘we

~ for Oct-4, and GCTM 2. ILn anot her -aspect of the present invention, there is

.- provi ded wormdzordssof - 10 subcul turing HES cells, said net h@@mﬁugung

obt ai ning a source of ‘HES cel |l s; -exposing. the ceI | s to,a. marker of GCTM 2;
reacting the cells to the rrarker to bi & t'he sub-popul ation or cells to

boina o unithisebls AERERaId et BB SbRRN B R T2 a LB, TRa0

i nventi on f wrt 0O9 paAY beeasé@roaditbgyisht strreﬁ/?pmbtraﬁ@ WfaHER cefls HES bethg S -
20 Preferab% the cells are 03|t|ve for 2 and nore preferably; they .

fiergntiaterlpoupdiferpatigted.n yet anot her aspect of the present
invention, there. is- provi ded a.- method of. transplantation, said et hod
~conprising: 25 obtaining a.culture of a substantially pure. HES -

sub- popubat |Rneferabhy tbatt.tmlrfﬁdreytrehedrmbl—pmpulattpn b’eceitﬂolepd)ptuhgulslmed bf/ hmhc_t; S

into a patient.: subc r| n the ub- po on or. t
ranspl ant i RO (e BE TR o hoRtBretpiabisofe bRl ubTidiiaen of
_present .i nveja;tlis@gtf;bbmng foﬁqa;rt.qvadad;@'rﬁuppopul_at ion: of . HES cel I s whi ch.

are m)rphol ogi cal'ly distinct from HES cel | s and havi ng stem cell-like
(SCL) characteri sti-cs, said cells having the ability to develop into

various cel 'Inté(i?@t?aerﬁas %E[/M?é (Hrasént. Wv%ﬁﬁoﬁe'thére R ﬁr&@&@@% C}ﬂeﬂﬂ#%f -

distinct fromHES cells because they express 'sone but not

errbryon'la stserhcuﬁurmgn!d&%roeile,realdm@hodtcpmmrsmis cells. In another aspect .

Sl e oI TS UL 3 2 LTETSD L R B e

~epithelial st em. (Etdoalmg the eeldmbeai rna:lkerg@hBCG'M 2; . .

| ' reactlng the cells to the marker to bind the sub populatron or ceils to the
 the marker . . | '

15.' o separatrng sub populatrons of HES cells WhICh are bound or. unbound to
" the marker; and | -

sub-culturmg the bound cetls

. VTh'e‘in'v'ention further p'rmfides for a sub- cuitdred sub- popu!a’tiOn ot" HES cells.
20 Preferably the cells are posmve for GCTM-2 and more preferab%y, they are'
_ p05|t|ve for GCTIVI~2 and Oct4 ' '

In yet another aspect of the present mventron there rs provrded a method of.
'transplantatlon said method comprrsmg ' . o
25 obtaining a culture of a suibstantially pure HES. sub—populatlon and
optlonally transplantlng the sub- populatlon of cells into a patlent or.
optlonaily, subculturlng the sub- populatton prior to’ tranSpIantrng the: cells
.mto a patrent '

30 In another aspect of the present 1nvent10n there is provided a subpopulataon of o

o HES cells whlch are morphologzcally distinct. from HES cells and ha\rrng stem ‘
cell-like (SCL) characteristlcs said cells havmg the abrhty to develop into -
various ceII types ' '



capabl e of differentiating in germtayer cells. Mre preferably, the .cells

- may differentiate into gut, liver, pancreas or lung. FIGURES . IPgHi g urﬁ%
"shows phase contrast and epifl uor escent ‘mcrographs of HES cells. (A):“""
~ Phase contrast micrograph of a group of HES:-cells. (B). The sane field as
Alis shomn’vtai)weetosﬁqgagl ng a filter to show f uorescence asm;ﬂu@d;lmﬁ h

- Hoechst dye. Hoechst dye stains nuclei of all fixed cells. (C). The sane
field showng fluorescent stal ning of the. Qct-4 antibody detected by an

anti - nouse | cond ‘anti b field A show ng-
f uor escent gpgg%%ﬁélgoqr% 'i"ﬁEP 'Ealbfogﬁ’ﬁp?tbgé?‘ 'dggeﬁ‘%gegb ﬁlﬁ express — -

|.gM bi ot i n- sboriet i rsbtillePtRS enftstyonie&dmesl! rﬁEﬂker?bﬁél%cféﬂth&ﬁHE‘S &eHgr aph
of a group of HES cells. (F). The sane field as (E). is shown. after :

‘engaging a fid tae.btﬁesr shodet &f marsﬁeselﬁeinvesﬁﬁptr@érsdrs%tdwldifwsharfrewmlaté@)
‘The sane field as iﬁmhowl ng fluorescent 20 staining -of the Cct-4 antibady

det ected by Qﬁ'ﬂé@llel
E showing fluorescent. staining of the Tra 1-60 antibody.detected by an
anti | gMbi oPrefesablepths i differenéiatesl Rodheliatpstern csllabean@NdodzM PRIGERMID

-shows doubl e o, s{.a

Cct-4 anti bogéﬂ%ﬁlge@[ g@regéﬁgaﬁﬁﬂ'gnlﬁ] b%?g%ﬁr %C%Aeéoélgzﬁ(}%&hﬁ %ocgéjg('ﬁa ure
2B). Figure ﬂlﬁ’eselmbratetnhtm ganm/érl phocreasAramsy.B but. shows fluorescent = . .
. staining of -the TG343 antibody detected by an anti-I1gM biotin-streptavidi n-
“Texas Red conplex. Figure 3 shows HES cells before (A 'B).and after (Cto
"'F) inrnunonagnetic 30 separation wthprETKES conj ugat ed magneti c beads.
(A); Phase contrast nicrograph of ‘a group of HES cells taken.as start

 rmaterial1g n Fhgy relfnshswsagﬂeé,é CoRRASY Ahd m&ss&ém%%@sbﬁb% AEEL cells,
m t onycin inactivated WO 03/ 040355 PCT/ AU02/ 01534 7

~as (A). showi HY- ﬂh?@reeszz&fﬁstmisqurwgfatgf@um@tf%%ﬁellso@) 1%@%32? elbtfylaglnd o
fhe. unbound Fri3eroH SRECOG BAIRPA s dTUaRh B LRsteq iy BN ©f
~.procedure. (d>)'e ‘Harshsi éj(el s&nnﬁrmlclemorﬁ@llfﬁxent eellsen(C)st"lé‘tmsagzeoﬁeldMowmgr- -

- . ] fluorescent stamlng of the Oct-4 ant!body detected by an antl mouse lg FITC
15 secondary antibody. (D). The same fi eld. as A showzng fluorescent stalmng of .
- ‘the TRA 1—60 antlbody detected by an antl lgM-blotm-streptawdm-Texas Red_-'
_ _'complex (E). Phase contrast mfcrograph of- a group of HES cells: (F) The'
- same. fi eld as (E) is. shown after engagmg a fitter- to show ﬂuorescence
_ assocmted W|th Hoechst dye (G). The same f[eld as (E) showmg ﬂuorescent
20 ' staining of the Oct-4 antibody detected by an antl-mouse Ig.— FITC secondary ;
' ".antlbody H. The same field as E ShOWlng ﬂuorescent stamlng of the’ Tra 1-60
| _ antibody detected by an anti lgM- blotm-streptawdm—Texas Red complex Scale -
bar = 25ul\/l '

o ;thure 2 shows double ;mmunoﬂuorescent stalnmg of HES cel!s (Flgure 2A).
: 25."' ‘ wnth Oct-4 antlbody detected by an anti- mouse lg FITC secondary antlbody"-
- _ (Figure 2B). Flgure 2C shows the same fleld as A and B but. shows fluorescent '

\stalmng of the TG343 antlbody detected by an anti- lgM bnotm-streptawdln-
- Texas Red complex

o Figure '3 shows HES cells before (A, B).and after (C to F) immuriomaghetic -
30 separation with GCTM-2 conjugated- magnetic beads. (A). Phase contrast
micrograph of a group of HES cells taken -asf_' start rnaterial in the

ri_mhiunom.agnetic separation procedure and plated onto mitomycin inﬁactiyated

selidgrivegdose edibdraell awiireody. H The sane flel d as ' -



Cct-4 antibody-detected by.an anti-nouse |Ig .- .FITC secondary ant ﬂdpdy |r,}n o
‘the “unbound fraction. (E). Phase contrast nicrograph of the bou fracer b

of cells after the |m’runomagnet|c separation procedure. (F). sane field as__ '

" E showing fluorescent staining of the Oct-4-antibody detected by an :
.ant i - mousav g3/640B85TC .secondary antibody in the bound fracticamauianasa ‘bar =
25M. .10 Figure 4 shows HES cells after i mmunonmagnetic separation wi'th
- GCTM 2 conj ugat ed nmagnetic beads. (A).. Phase contrast micrograph of a

grave of - DoeRdERCRLh® PR RlAT Bhauid Bk B hing Selfote abfberls™
by an anti. ma&edloyan%ﬁmgn axvrmleeb@ﬂaa (dAtibodly d(}eﬂhésé?cdlﬁast

showi ng 15 fl uorescent  stainin the Tra 1 - antl bod tected by an
anti | gM bi dhigiogiaphe pifadhei Ho t@dlcszneﬂ @)@HS( Bfter Ptl&elrm*cumraegnetlc

m cr.ogr aph %ﬂﬁ?’r\éﬁr@éed@@ “”Q?)Hgén%ﬁ%d 2R @tsﬁg\nﬁlﬁ ﬁuglés%@lféfa jning of the

_inactivated uor escen
the Cct-4 an@cbédntivedycletectby l:Bjnalalantl-momeslg #fl?%d@lmpmmbpdﬁm rtlln@dy.: :

F field D). sh 20 flu t t f
o o e R SRR UE P chiiPaS e erRi) o e Shurd Rt el
‘Scal.e bar = bdr\the 1Elnmumn5§néﬂim§epéraﬂén EEET ; c&reSOd { e8meslidl§ oFFE Rhawing

characteristics after ours a 120 hours in culture..

Cct-4
Fi gur eeéEr grf@le’e?m t atgirne of 18 Qekd andibedy watertad ycaTand-PRESR M er FEIG cs
25 after 12G.dgiidany dnfbbdy] nethe%o%aefra%teh%a@baPCRzagﬁl ysis of gene .

expression in boun s after I munonagnetic Separation with, GCTM-2
conj ugat ed magnetic beads. RT- PCR products were run on 1.5% agarose gels
‘and st ailfled Figtre et lsheowsmHES mﬁlbeaﬁ@amnnmnohﬁﬁmlﬁtMeDMEn withn SCTMCR

T ot g4 Bt el PRl BB B Bl
- 03/ 040355 PCﬁHlAcld)EVE(ﬂﬁél!le Pldtet atrito maitdraysin ihattivated MEFSS (B)t Bamd ﬂeldceé ony
B oA 16dAVRARY Bscent BRug ol sk PhEuRE duRaRY At
| abel stai nlrﬁ@u@é Ry CO'FHPJC ecohRbary antlbody (C) same field as (A) showmg
15 'fluorescent staining of the. Tra 1 60 antlbody detected -by an antl lgM blo’an-
streptawdm-—Texas Red complex (D). Phase contrast mlcrograph of a group of
" bound HES cells - plated onto- mltomycln mactwated MEFS (E). same fleld as
o (D) showmg fluorescent sta:nmg of the Oct-4 antlbody detected by an antl-'_ 7'
- ~ mouse lg - FITC secondary ant|body (F). same fleld as (D) showmg
| 20 ﬂuorescent stamlng of the TRA 1 -60- antibody detected by an anti IgM blotln-‘
I streptavndln-Texas Red complex Scale bar = 25p,M

: F|gure 5A shows that’ GCTNIZ isolated - cells maintain Oct~4 express:on'
charactenstlcs aﬂer 24 hours and 120 hours in culture

Figure 58 shows that GCTM—2 isolated cells mamtaln GCTM 2 charactenstlcs o
25 after 120 hours in culture - - : : '

Flgure 6 shows RT—PCR analysls of gene expression in bound HES cells after
' mmunomagne’uc separation with GCTM-Z conjugated magnetlc heads. RT—
- PCR products were run on 1.5% agarose gels and stamed with ethldlumr :
bromide. -Lane 1, 100bp DNA ladder Lane 2' PCR for B-actm carr:ed out Wlth
30 - omissmn of reverse transcrtptase lL.ane 3, RT~F’CR for ﬁ—actm (200 bp).- Lane
4, RT~PCR for Oct-4 (320 bp).- ' '




10 cel'ls for GCTM2 (red)- and Cct-4 (green).Cells at the rimof the colony

: express 200 Figure 7 shows stemcell like (SCL) cells under phasﬂa Gofit rfgﬁt
" ricroscopy. The SCL cells have. a distinct norphol ogi.cal appearance and -
~.could be identified with a translucent cytoplasm and darkened .nucleus - _
~ (Figure 7WQ0344085 a further seven to ten days in cul turemtrhﬂmzmﬁs_h types
- appear- within the colony as cells" uCgII to Ulieial uUH e (rlgur Figure 8
shows i ndirect immunofl uorescence m crosc‘bpy of the SCL cel'ls Vimentin

(Filaure 90 PRrbTe s Stud 26, IR (GCLERIE Whier QS Lhintot HdigLesaEnce

'EpCAM (cl oneTB@ rS(EPJBE‘H@hK@ a dJStlmﬁ)mamhmglcaiﬁrmelamoTiamsouMl b itentisiednce
S a

positive 11 it BapeticsflENe PR Sha ke ded pioGHE B3 A e enflirthes

‘agai nst | ow s@erc th &en Welyghh cuithiek et &Feglﬁpﬁe%ﬁ’ vﬁ%rﬂrtr'/gﬁemjf{elc?ff% cells
ional | y acti

expr essi of e -transcrip

pl Erl pot éht E‘F&ﬁ'\q #erﬁ(@ﬁﬁtea@:'%§ Bkl uding Cct-4, Cripto. (Figure 10A) and

Cenesi s (Fi gure. 10C). Transcripts for-the neural marker Pax 6 (Figure 106) -

and relatively lowintensity transcripts for hepatocyte nuclear factor ‘
(HNF)-3a, . FEURr1g9gwsdndirestsmuenetuerscesce haicrasepyn of,otheeSOLo rallsES

. zf'p'ha?ziégiﬁ o, NESSNE SFaiiRa o SE TV RribRle IS, FRRTRDMEGHER amrmL,
“‘nestin, alt hmgns\/(engdreoe&) oFigufe Mmﬁeﬂuu?w langstEﬁﬁngQifllegééélﬁgx\BW SchL:L
. a i re
cells g E otls 25 66 P2 (RES 388 O d# (ateenbr el af therimtne relamspraress.
~ (Figure 113) béthdmamdrsgbiutahobi deAIsGRitHIA ﬂﬁé; bgkbrn ekpress %ﬁgg%i%&?@m fel I's

~after two or three days w'th rounded “oni es.
. PCT/ AU02/ 01534 9 :Figure 13 (A - B) shows the put ati ve endodernal

BrOGEN o FighRd 81kt s ay A rRpRESh M BTp G rféveure- |
gl ucose medi 94y andtﬁall:mdys@ﬁd,\é 502 agaumtrlqwmrm@cmergwquht cytokeratlns (Frgure* 7
15 9B).as well as a low intensity fluorescence for the mtermedlate f Iament marker '
Vimentin - (F:gure 9C) and the cell surface marker CD9 (QD) No posmve
' .' .fluorescence was ©observed for SSEA—‘E PHM4 (HLA antrgen) and the eprthelral. -
| marker EpCAM (clone Ber-EP4; DAKO). |

20 Flgure 10 shows expressron of genes known to be- transcrrptlonaliy actrve W|thm "
" pluripotent stem ce!i populatlons ‘including Oct-4 Cripto. (Figure 10A) and
) .‘_'GeneSIs (Flgure 1OC) Transcrlpts for the neural marker Pax 6 (F;gure 1OB) and
relatlvely low: 1ntensrty transcnpts for hepatocyte nuclear factor. (HNF) -3t .
: (Flgure 10C) were also-detected, as they are in conventlonal ES: cel! cuitures
25 There were no transcnpts for the endoderm genes alphafetoprotem wtronectrn '
'. ‘or - transferrin, nor for the neural marker nestrn although verifi cation of |
‘ "lsuccessful RT~PCR was- valrdated by |dent|f|catron of the housekeepmg gene
actin. ' '

.30 . 'Frgure 11 shows SCL cells (Figure 11A) are . capable of dlfferentlating mto
IR .neurospheres (Flgure 11B) and eprthelral like cells (Frgure 11C)

: - 'Figure 12 shows _célls_ after't\rve or_ th_ree days with rounded-_ceil co‘lon'ie's.




- 14A shows control cells-grown.in |ow glucose medi umw thout- nicofinan de; .
- flattened squanous cells commnly seen under subopt i mal cuIture Snéiti ehfs‘
_ predomi nate. 14B shows ‘cells grown in | ow gl ucose nedi um pl us nicotinam de;

. endoder mal ‘progenitors predom nate: 10 Figure 15 shows .i munost ai ni ng of

~the progehv® 83049835 s and differentiated cells derived fromcremolsss ‘
Ep- CAM B, cytokerati n_8 C,” A33 -antigen; D, alphafetoprotein; E, albumin; |
. F, GCTM5 antigen. 15 . Figure 16 shows BT-PCR anal ysis. .of endodernal '
“markers in t 8l (a€ "RESH d I T,
I NVENTI ON Inﬁg gé)rst (Aasg;g “frgalﬂ?]é) resent8 hﬁﬁgéer'ﬁal“on atgﬁhrgpe—a?s\%'ep?ré’gv##deg]a
met hod of . Zi}aylsdentrfyr ng a viable sub popul ati on of HES cells, said nethod
conprising: obtaining a source of HES cells, and identi fying t he _ o
" sub- popul ation of HES cells that are at Ieast GCTM2 positive. 25
Applicants tegard: Mrﬁﬂowsemdhbﬂoebrsteeﬁaoeérrﬁe|%g@ﬁmﬂsaéérerbw&urtlﬁ§u@ﬁblfs
~-whi-ch are positive for specific HES nmarkers ‘and preferably express at -

| east one otHénan &3 caleiniew glisoss neslive indghe meesrnosgehbicoiramiden Figure o
TG 30 or CD9yal 's‘ﬁomf?l:aﬁﬁi Id8élfsr bl‘lﬁﬂn al{‘l IBngu‘&Bsé 48841k Gt 0?!@ rllvtt, rbld%ul ar
cell types wthin a. popualono a uni quecarac errs ,
- These cel | tﬂﬁ.‘lrmedreqlxﬂnoderuerlls|C@dnmpnb'xseas$mdar eﬁbplahmaanEmreCmedtﬂons

antigens but n of ,other an

popur'at o GreRBETRaE’ (A HBSR ool bhiin AL IP R S osR hesiuth Pyl HiFothamide;
sub- popul at |ea1udml‘errlrla$pﬁc§§lérﬁtopé pradisainate.r api d and reproduci bl e net hod for’
,, dent | f¥| ng such cell- popul ations. Different WO 03/ 040355 PCT/ AU02/ 01534

sub/Bopul ati ons exist in.a HES cell source and they may exist as

dlfferentlategurems shidfyd fn%sﬂbsat ﬁge%%hﬁégsxggégﬁl& cellb i GRBriakapRbld! ed

1zby the presence o mar ker s whi ch expr on'the cell at-various
st ages of ddmwplmémm thamn| stAs dueCliMie k eytokeaaiin bBierC ufaB tantigemnt Df y

" HES cel'ls in, h O@_@Emp pél'l'bﬁl’rlu‘?nlf éEFHM %aén_&%ep'ave f ound t hat \rar| ous

.sub popul ati o 1 §"Can-

15 . 'Frgure 16 shows RT-PCR analysrs of endodermal markers in the novel
~ " endodermal progenltor cells ‘ - |

| DESCRIPTION OF THE INVENTION |
, : ln a fi rst aspect of the present mventron there is. provrded a methoci ofr -
20 rdentifylng a wable sub- populatlon cf HES cells, said method compr!smg
. -Obtaining a source of HES cells and . ' _
o rdentlfyrng the sub populatron of HES cells that are at least GCTM-2'
) posrtrve

25 Applrcants have identified the exrstence of a sub- populatlon of HES cells whrch :
~are posrtr\fe for specific HES markers and preferably express at Ieast one other _
surface antigen of ES celis‘ rncludr_n.g, but not limited to TG-30 ‘or CD9. Th_e ,
method described allows for identification of particularcell types within a
- population of cells having a unique characteristic.© These cell types are
30 rdentlt" ed by expressuon of partlcular GCTM-2 antrgens but lacks expressron of _
o other antrgens found in'a general pcpulatron of HES cells. | '

The present method of identification of a sub-populatien of HES cells provides @
rapid and reproducible method:for identifying such cell populations. Different -



. be |dent|f|ed by specific. markers, in the. absence of." other HES o L
~cel ™. markers .which woul d gener aI |y be. present - Thi s possi bly i nd{}dat asr ;{215 -
~that HES cells in- culture-can progress:on mass or- i n sub-popul ati ons by

"~ expressing :predonminantly one marker which is indicative of a period of
devel opneiwo0 03/04085510 st age speci fic. Sub-popul ations may bedmemiioisad on
~this basis. Various- nmarkers wll "be indicative of an: undrfferentrated or -
~differentiated state. ~Spontaneous di fferthtiation often occurs in HES

cultures res bIe

Cul eSS HbipuldRe ol I AARROKEN CBleeChhd SPmA AR 4d airdifitid®!

- research in aESLtnehfferehb@yed ce1l§ Hﬂefvewablthey mlaa bmfdmﬁfiede:rytthe msence of
undi fferenti ate HES c The HES ceb sed fg§$£@25 i nvention .

may derive f HyWE rébe exP‘lef?é? n29 he AhyENPHS Gl)’@dPRll’?’él:t | y

f1om enbryosvHilspreeiverdli binarkéBehavdEHees! Iuseare R HES OfBIR it géﬁeﬁar
HES cel | s, Preferably the culture of 20 HES cells is prepared by nethods.

“outlinedn peniation1arrisants haveohunddneabgareussul-peptigione o H =S chlls can

- contents of [ c r:eim b of
HES cell s arhggaﬁggﬁﬁdéas?g gﬁ&gﬁf %e‘ggﬁe ’gpp |§g%‘f§£dr%sggg) are'E'iSr)rc% éﬁ "f‘%ﬁ .

" herein, 25 Pwibicir wiolid geherdiySe giresetr e.This seesrblg/t Eﬂﬂl&&i&g’lthﬂiﬁHE&ﬂeﬂ@nﬂl on .
of cells. ref er abl the cells are di SSOCI ated t i'eld a .suspension:
o Cumps of SutyrBL L Bldarehy g bsn sty Guab Syt hierreRang any
method of dpmraannmoneymbmaltwhrbﬁqd indiehtidl BE anBSfNbE dbvalBEnaneoras!

- di.ssoci atjon. Prefer l?y‘tbhe cel l:s are dissqci ated using an enzyne such

~as dispas f%’lalgﬁv\éﬁec’ FUQNSH raRY thie identifiedypng Fh'? Ragis-onVarious
. Thr oughout T RRarkasC WPt b@” u"f’dlgalﬁ}@'é‘ls 4 un’dlﬁeﬁa‘nﬁﬁt&d Cat 'cﬁﬁerebﬂﬁtégprslate

conprlse -and . variations of ‘the word, such Fi'sing'
" conpr.i ses", Spentanecupndiiesentiatione gfendecernein é’lﬁﬁttt es despitingnirs ,non- .

"'a{“eegirnirilr@E’ﬁ‘;’%&*‘f&%ﬁf‘?@ﬁﬁpc,pufé 2 815 sgiable FEH8R GLY GuBE

Br esent]I i nvegteaiar rhrtarrlowmrtyatd«mnpmmgmrf toc alcbrin cxedslegtsqrpdzlslHeshTtéoﬁmdl@ 5 )
_‘vrei& 'e a’lf Er;%sraﬁo%fh 3?%85a”trﬁrgéaq%af?ér%ﬁﬁ?tsdﬁfsﬁael%{ey,St hel ‘écwf”ze. s

” ; .The HES cells as used in the present rnventron may denve from any source
7 They may be a crude fractlon denved directly from embryos or preferably, the .'
- ~ HES: cells are denved from a culture of HES cells Preferably the culture of “
20 HES cells s prepared by methods outhned in PCTIAUQQIOOQQO or -
B PCTIAU01100278 by the appllcants the contents of whrch are’ mcorporated
- ’herein by reference Varrous sources of HES cells are also drscussed ln these' '
appl:catlons and are- rncorporated hereln ' '

25 Preferably, the HES 'cells are. 'dissociated' to yield a 'su.s',pensi'on'of cells Most
- preferably, the cells are dlssoctated to yield -a suspensmn of clumps of cells_

.' "compnsmg approxrmately 10 o 100 c:ells per clump Any method of "
drssocratron may be utilised mcludrng mechanrcal and chemiCaI dlséocfation
"Preferably, the cells are drssomated using an enzyme such as drspase followed' :

.30 by drspersron of the cells by trituration..

ThroughoUt the description and claims of this specification, the word“'“conipriée" .
cand:. vanatlons of the word, such as comprrsmg and comprrses. is not’
‘lntended to exclude other addltlves components mtegers or steps




' .expressed in the absence of other HES cell narkers. For ‘instance, Cct-4 is:

~a marker whi ch i ndi cat es a degree of di fferentiation and is dcﬁ/\@ rr’eguyfatged'
upon differentiation. Applicants have found that - in a popul ation of Cct-4+
“cells, not-all express GCTM 2. Hence appl i cants “have found a neans to '
i dentlfy Ws040358 . popul ation of cells based on ‘expressi onp@an@t.‘IM§4 The
canoni cal definition of a pri mat e enbryonr c stemcell has included the
~ surface expression of the prot eogl ycan cdrrying the. TRAL- 60 and GCTM 2 and
~-expression of the SSEA3 and 4 epitopes.” Stage-specific. errbryonl c :
n‘antlgens 1,. 15 3 and 4 are gl oboseries glycolipids recognised by. nonoclonal-
~anti bodi es - ldEBgspedifiy markerdate dederdlyf wseRRtd iduntify p&harEsne fof MBSecEIRH! Y0
devel oprent . SSEA—% and SSEA-4 but ngi- SSEA-1 are expressed by -ngon-hunman
primate ES IdEVP¥eh Enr?us%ﬁrtssfeﬂuﬂ petilisgs markery sPesilly By Gelivees afilebMs2

upon di ff erypay bééhoiﬂeﬁﬂﬁbtﬁ%?‘% Bﬁ@a’“‘rﬁs 1B bé‘grgééﬂson Wgréel\seﬁrhfdrp‘a?e

~identified by 2 roup O |b0|es reactirve wth a perice matrix
pr ot eogl ycarviaklraand tearable «fl futher esepagation. hdlarel prﬁarahdtcethef G BT

[ 1 | 60
Cel LS 2, LS oS APRRY BN RARP M 18 dUNTRRUIL THE RAEEL Soi iR 4 00
- react wi t/\ﬂ apatkans'shl;:bnndrgatesoaeieiyﬁeeﬁjf ridlffdkehh@mﬁyl ang3® do?gowgtg@lﬁd;i‘u]%&q kDa
_ t i i es e ker su R

ORI Tt 2 e T e M 3t ST e A o Al he

stem cel | popigresd GCTHRD. aan@é'éﬁplrc@hisf ﬁé@e %hnd’fa WheRrs BIdStdy a sub-
Thus, .the true pluri potentr al ES cell- may onl %JM-Z I dentified through the
S

i sol ati df ofp%rhtpwtﬁeedwfqd en ﬁﬁp[@ﬁrs@lbﬁ@ urface and the

(- subsequent” denpbnstration that the isolated cells are indeed pluripotent. It

i s 30, possible that cells expressing different conbinations of surface
marker's repFks eanonival lefindicn of a)fprmaim emblyati¢ fséerancelhthasninchefedch rtlne on

O bese oo RO Bl 00 ML e RIS BB TATaf S oE Y SR
differenti at@d)ressagamfthems bydpbspitdpess. OStapegsiacifc 8Mbegdni®antiges. 1 )
e o e v OIS
. restricted cbrrguesrsnra.séuqs iét@hﬂfyt paticta éegst;léraﬁsuss' sabrﬂp dstrerdﬂrn?uwt of -
desr red types of "pr.ogeni tor cel _
SSEA-3 and SEA—4 but not SSEA 1are expressed by non human primate ES . -
cells and human ES and EC cells Th:s expressron dlsappears upon
o dlfferentlatlon and SSEA~1 expressron mcreases Several epltopes |dentrf‘ ed by.
20 ra group of _antibodies reactrve with a pencellular matnx proteoglycan‘
l_characterrstrcatly present on ‘the ceii surface of human EC ceIIs are also
_expressed by human and non human prlmate ES ce!ls TRA 1-60is a sralrdase-
‘ sensrtr\re epltope on this mo]ecule and GCTM-Z -and TG343 react with eprtopes
o _on its core protern Antlbody TG30 recognlses a 25 kDa proteln whrch copurrfres
25 with the keratan sulphate proteoglycan and brnds to the surface of - prlmate‘__
~ pluripotent stem cells.. However wrth:n the stem ceII popuiatron not all celts‘ , .
| _,-express all of these markers Thus the true piunpotentral ES cell may only be '
identifi ed through the isolation of cells with specific markers on therr surface and
o the subsequent demonstratron that the isolated cells are indeed. plunpotent ltis
30. possible that cells expressrng different combmatrons of surface markers .
o represent varrous stages of stem cell drfferentratron ' Det" nrtron of these
subpopulatlons and therr rsolatron from mlxed cell cu!tures may be 3
advantageous. Separatron of pturlpotent cells from therr drfferentrated progeny,
either by posrtrve or negatrve selection, may eliminate ..rnh;,brtory rnflu.enc_es of -




Preferably, the GCTM 2 marker -is. - identified along with the. ‘mar ker
“More preferably,; the GCTM 2 marker is identified along-with the &ta iy gg
and/ or TRAl- 60 marker, TG 30 or CD9 .marker. A characteristic property. of
“enbryonic stemcells is expression of-the. PQJ 10 domai n' transcription - -
factor OctWQO3/E965% i's expressed i'n the | CM of nouse bl ast eogeismnsss
~.down-regul ated as epiblast cells |ose pluri potentiality. As predl cted. from
t he expressi on and. function of Gct-4 in the nouse enbryo, > Qct-4. is ' '

~_transcriptiopgt 'dld’félféhbé{t‘éd' Eerlw@“tﬁé sft‘%;t Eﬁué)ecerr” R IARAE L VG \t!vlthen'{ere

differentiated cell-11neages expression 1s-a consls
marker in 15r€t3lhre0tedellif$lfe|rrd:latwlmrwotentral mma;pfacelltateceeIEc:tuqrpesdtgerﬁmbf tlesired

i sol ation. éﬁggtﬁe 58%?@&1_ GF CFC fanmily, Cripto (C-1) is detectable in

the nouse | ‘at day 4 of developnent and in -
undi fferentiated F9 enbryonal carC| nonma cells (Saloman.et at, 2000).:
gcar ci-ngna-derived growth factor-l (TDGF 1)

o g o Becrcratl, B GETM Banaker & Eieneted aumnd WRhdhe saond EraitomoMors
‘Expression Oﬁrebeﬁd&l & GtV Jﬁgﬂ(f%{ rQ%edtfﬁeP%% HRAOER4 ikl rsTRA1-

fol l owing retinoic-aci d | nduce erent 1 at transcripti-ona
repressor Ceparker, F GderCBO makew nged Hel i x/ Forkhead family: of
‘transcription factors has been shown to have expression reéstricted to
‘nouse ES ¢ells and human EC cells that is.down-regulated upon -

“differenti atAochz(rﬁnterlsltlcemoperty dﬂ@ﬁ)bry@’ﬁc%teﬁﬁrcebé Vs éﬁp@eé&l@dﬂﬁ tl'léeF*GlUl es
a-vi abl g .sub- I uri potent HES cells. The

undi ff er'ént i %‘F’@ l%itér‘%gﬁa{'?ﬁjgghgge(mb% g)t@g‘g‘e "‘?;ﬁSGF’I Pothandi-bf iof ynange.

. preferably h@metddystsce@emdo\mteg@naeageeeeblueeﬂ t:e@ qos@UbwgeeennEli@y As
preferably can be passaged to maintain the-cell line in

.substantial ||9feﬁléﬁt9§érr%% expregsion amieftmtlna@f Q@-‘hlnstbedeemﬂe efpryo, Oct-4
Lilent L1109 BLRRERREnaR) |l 4 BURGR SR8t Bl Mocoliho® g Seicse
vi-abl e and hduvferentett@blcellﬂmeagesram“amln @chngéxpdmﬂ@e ma d@s&%:ﬁtétﬁaﬁfer i3

Eftgf\:??sﬁ;y 8 B RRHEOR bt NSt Bt B SHRBS R e Bl orhE
A mTEdI ate aana‘?e@Fe}ﬁamty, th—:rtgﬁ@t(cw’l)@é detectable in the mouse o™ of the blastocyst_ a

o : at day 4 of development and m undrfferentlated F9 embryonal carcrnoma cells: ‘

i : (Saloman et al, 2000) Human Cripto (CR—’I) or teratocarcmoma—derlved o
R growth factor-1 (TDGF—?) is also expressed by an und:fferentlated EC cell llne )
20 - NTERA2/D1. Expression of both’ CR-1 and Cr-1 is'lost | in NTERA21D1 and Fg
o cel[s followrng retmmc—acrd mduced dtﬁerentcatlon A transcnptlonai represeor :
: Genesus a member of the Winged HellxlForkhead famlly of transcnptron factors' '
 has been shown to have expression- restrlcted o mouse ES cells and human

_ ‘ EC cells that is down- regulated upon dlfferentlatlon (Sutton et al 1996) |

'_ "Preferably, the method ldentlﬁes a vrable sub- populatron of undrfferentiated or
"-'plunpotent HES cells. The undrfferentrated cells mamtaln a htgh degree of '
plurlpotentlahty and preferably have the capactty to - propagate in multzple |

- cultures. They preferably can be passaged to mamtarn the cell line in’ a
30 . substantrally homogeneous culture o -

N | The method is also useful for Identlfylng clusters of cells wh!ch are essentlal for:- -
'sub~culturrng These ctusters can be identified as belng capable of sub-culture‘
jand whlch are’ vrable and have the abrlfty to maintaln a hlgh degree - of 7




: subcultured an

.cell. cI urrps sul tabl e for propagatlon to.a- horrogeneous cell populeﬂel]‘.,l 90 :
Met hods of i dentifi-cation may be by any met hods availtable to the skif { ed‘éﬂ
“person. Were the met'hods  are directed to identifyi ng the anti’body GCTM 2,
Cct-4 ang@? | - 60, the methods of identification are directed to at o
.| east det PHY93¥he coTv 2 anti‘gen. An effective means of HGEEMEIZ0)5Hg this
antigen is by use of GCTM 2 anti ‘bodi es, pr ef erably nonocl onal ' anti bodi es

.. to GCTM 2 are used.. 10 Preferably,; the méléns to identify GCTM 2 antigen is '
a means whi @uﬁénﬂ@lﬁty aened, e aleduitupeslwhatd MtiBIERIestbls iyRibpear, this

agated. Cell _surface parkers. are preferre ‘as this
‘causes | ess A8 ‘ﬂﬁ@t’ﬁ@ﬂ%ﬂ RFYides Bt brmediate midocomiesieng clateetian Of he

o beer RBUEBYS Al chopibih Bl Aot BEpHESd bey pUfhion, of = !0
.|dent|f|cat|on of celhl S - expressi SgdGCTM 2h I n. anot her aspect of the, ,
D e o5 iR i lcouBl ey P Rl B ﬂwmpwsaa a

source of HEShesd ltise méﬁruds‘ wra ditdeese t6EGeiling iM2bnBbBIPIGETREL. SdM 2
p05|t|ve and- sel%ﬁé for or. agai nst those céells which are.-GCTM 2 ,

positive. 2#5indjoryT QY e meieds of identifigationcare ﬁjlfﬁﬁéﬁ@' ﬂ@rﬁtﬂﬁ%ﬁ‘fttﬂﬁ’i@dlng |
- provi ded a’ @G‘T At i (o}

met hod - corrp?‘rlﬁ %I n m&%td&ﬁ @lbﬁg }Qaﬁggﬁgiggé)(h)‘% @E?fﬁ&#ﬁlﬁhgﬁﬂ&gnﬁ@%ﬁ 'g%c})elﬁ?e aflo a
mar ker of GGG Zretatdhd’d@S,t peefebly monedlenateamntivodies o nACHTIG2 are used.

30 Ponyh el Bah0 T el KSCTARE B0 85 DRsBshBER dke B SI

{ identificat |hamm fte Ioellaandhallom Etherdsabl t@%@hb@ultﬁr@d ﬂn@%ﬂbbagﬁﬁé@lﬂt | @&l
‘thereis pro ed a ation of 'viable sub-j ulatlons of HES

- cells, saidSYP@RE4NE elageﬁefeg p5thig causgs less bamy eloeds andmllawy
-'-_t he . ceI l.s t%ﬁc@ﬁm@dprdya@%gbﬁ &m@céﬂg)port i's coupl ed to an - o

15 The methods of detectlon may afso mc]ude the addltlon of a label -or other
" '7 detector molec:uie on the antibody to facmtate the :dentlflcatlon of ceIIs
express:ng GCTM—2 ‘ '

In. another aspect of the present |nventlon there rs prov:ded a method of
20 lsolatlng a vrable sub~population of HES cells said method comprlsmg
: obtalnmg a source of HES cells ; _
|dentrfy|ng those HES cells that are at Ieast GCTIVI-2 posrtlve and o
selectmg for or agalnst those celis which are GCTM-2 pos;t:ve -

25 Ina preferred aspect of the preeent invention there is’proi/ide‘d' a method of

o rsolatmg a wabie sub- popula’non of HES cel!s sard method compnsmg |
obtalnmg a source of HES ceils | ' '
'exposrng the cells toa marker of GCTM- 2 _ ,

. reacting the cells to the marker to bind the sub populatlon of cells to the

30 . marker . . o

separatmg the sub- popu{atlon of celts WhICh are’ bound or unbound to the- .
marker. ‘ ' |




antlbody for GCTMZ 30 react|ng the cells to the antlbody to bi d)t, e ﬁr _
. sub- popul ati on of ceI I's to the support via the antibody;  and segara r‘né S
_ bound and unbound sub- popul ations of 'HES cel I's. “i denti fy. those cel s whiec _h ‘

are GCTM-%Y§§$I'[IVE and to which may |ack other HES cell ‘nmarkers, the -
met hod of B49%3%h can utilise these identifi cat i on rrethdi@%@oz{oéé?“at e
~the sanme sub- popul ation of cells. UQ N fi,i ~ | 6 PCT/ AU02/ 01534 Based on :
t he nmethods for identifying sub-populati dﬁ’s of 'HES cel | s" which and ‘ '
~undi f f er ent i Bhsst ami Ithe * Mathody Eféﬁl‘@énﬁfylnfyhsulmpbbmetlbﬁ@ 8t H4ES cells which
undi f f erent:i aﬁ ﬁ cﬁ?l | s or pluripotent h ‘upon. propagation.and-
passage can iRENHaihese cells W‘é’hﬁl’%lq@yMQ nesitver ABd 19 whishy BEYynigoksother
descri bed hauesn cefiohfrRers et bt WhidfiortFan caldgé HesRe Rlintficafiod he
mar kers used, various sub-popul ations .may ‘ ol ate e applrcants have
‘identified tlﬁeﬂ'@dssﬁoeﬁ@@t@th%tswbsphbmmﬂamﬂ of celldES cel | s which are. GCTM 2
positivegand may | ack other HES cell markers. 10 Preferably the cells have
t he abi | "ty to be propagated and may be passaged in mul tiple cultures and

gener at i ons. Tis efethat of lstEngrm Hessibespheatein %dla@%bubtmmmdﬁdl@d
anti bodies to . M2 are

may be as des aboye erab ,
'errpl oyed to Q?C]'l%ntlls?l)?ﬂ‘glg'g o8| S YRPD hYRIIQH | rPOP HQdish 208y D

~met hods t hatiggped derrid fa¥) ll%tgrl%\@)ﬂle‘n@rﬁ@d ttﬁé"e)@i’stﬁﬁéetd? ﬁ-ﬁ n&) pUiidRF be
~used to identify cells t at express GCTM 2: Any neth i denti1fying cells

that are at fib&seell seehwtzapsﬁ THe2 megitiye ancsénescﬂacdhoﬂterthtss eall markews;

i e e e T

" antibody maymbliptsopltemstandgserationar Hneferdtdy,sthppoeﬁod@asmlamdlﬁetemahelda

“culture plat rticles. por be a rea d-with he
Gt body ayie® HadirePnien cEhs e Piplsraly) Besnetbdbshied S Eormtiiated o -
particle. Thelisagnglirbotent b, evﬁtehsmmprptopegatbe any wstageléeﬁ ﬁ'ra(ll‘ltail*i' a
mar ker . of M 2 can, be -
B punpotentzallty
16 : . : _
' _Any method of |dentrfy|ng cells that are at least GCTM 2 posmve may be
f'_.employed and may be as descrlbed above Preferably, antlbodles to ‘the
: GCTM—2 are - employed to- |dent|fy those- cells expressmg thzs antlgen 7
Aitemattvely, methods that can ldentrfy the proteoglycan that bmds to GCTM—Z |

20 ‘- may be used to Identlfy cel[s that express GCTlVl 2

: ,Selectlon of the cells that are GCTM-2 posrtlve maybe dependent upon the"
method of. 1dent|flcat|on : R

25 In another preferred aspect of the present invention, there |s prowded a method'- | -
. of |solat|on of v1ab|e sub populatlons of HES cells said method compns:ng
o obtalnlng a source of HES cells;
exposmg the cells to a support whereln sald support |s coupled to an :
- antlbody for GCTM-2: : o o
.30 - reacting the cells to the antibody to bind the sub populatron of cells to the o
o support via the antibody; and S '
separating bound and unbound sub populatlons of HES cells -



'.attached or coupl ed. Preferably, the nmeEgnetic: partrcl es are’ rragngtrg s rbeaﬁl@;
'The beads may be obtai'ned from-any source. pr.ovi di ng t hey can be midr‘l’t ed“tlo

. 10.attach. the narker. A-suitabl e source of beads is from Dynal ., Csl o, -

~Norway. 3,% solrd substrate with an antibody attached to- it may be used to
i sol ate 5%+ ES cel I's bearing t he anti body,. The pariGTéAHE®/01534.

preferably beads, nmay be nodified in any yvr/mchfacrlrtates 15.

. attachment of t he- mar ker - for GCTM 2. Pr ef! ably, the bead is nodified with

‘an antibody VWheRETMe2 methvgVer idertifisatitn 0@Hes , o afﬁfafﬂ'boH?Ytd)Q‘:‘@TM Qt ghg or
~ conmpound whi ch. refacts to a receptor. on the HES cell or to>the GCTM

antigen. In#® Yo H&Ys berspuipled et stajicans fﬂ%‘*%é"lﬁ%@l’tf i BQHWGhC%US on a
~ conpl i ment arfyurr%aaﬁrera tantaﬁért.breat §r BbAENIREh ﬁéprgfeéﬁe%t‘éq with the -

popul ation to artic vi-a the mar er ably,

particle is arntchordyana@md ng with an’ antr-lnghrch i's partrcul arly .
'suitablegfor use with the stemcell reactive nonoclonal anti body GCTM2 25
'Preferabe, the magnetic particles are pre-prepared nagnetic beads wth

anti |1 gM Therafardbly,, theeHESALEYs arerenpobedab ARiadrediy fsaﬂcréﬂerrheenraeaehed
with the - bea%_% allm%’rrethods famliar tg the skilled addressee t ovi de

i munonagnet® '0beaa§uae@rt gnay ke 38y Sariicly te gvhigh agarket Oglﬁp Gan bas
of HES cel | Sau3edTBE cBBPlé%Ir Prefd l Eﬁmecﬁlal ? @ﬂerlegt 38 mg trg‘}%&tc{g ne

how t he magnetic  particle 1s no dtoacep e of
magnet i ¢ parthe beads eday bEarbtameda‘m ,anyf selree paoWding they cEmbe Imrmht“ ed to

Fac 111 40e” AU oPHELS 16 sllobiel e AP S EBRIENR R oBiss orway.

‘PC'rI]'/ AU02/ 01gr|3|4y sbadHEr:aostealté with keat enriarod@eittmcr; L0} @tomaylnlbtel uged\ngbhrserawl 20I
‘Qther-suitable n U art rkers of HES cells may he- selecte
from the gr cUPSERP §n‘§)eI q?er?ﬁ' rﬁﬁgghot Tinited to, SSEA—3 SSEA—4 _
'C{:TM-Z TRA1L- 60 TG 30, - - . . . ' '

_ ) The partrcles preferably beads may be modlﬁed in any way which. facrlltates | o
: 1’_5" : .attachrnent of the marker for GCTM 2. Preferably, the bead is modrfred wrth an - |
o antibody to GCTM 2. However in some cases, a marker may be a protern or
| compound whlc:h reacts to a receptor on the HES cell or to the GCTIVI-Z' '.
i 'antrgen In these cases, the magnetrc beads may be modrﬂed with a
: compllmentary attachment to facrlrtate attachment of the HES cell populatlon to.- -
20 7- the partrcle via the marker S '

| _Most preferably, the partrcle is. modrt" ed by coatrng wrth an antr lgl\rl whrch rs'-
- part:cularly surtable for use W|th the. stem cell reactrve monoclonal antlbody, :
. GCTM-2. | " |

25
S _Preterably, the magnetrc partrcles are pre prepared magnet|c beads with antl- -
IgM. The: marker, generatly a monoclonal antrbody can then be reacted with the
beads by methods famrlrar {o the skrlled addressee to provrde |mmunomagnetrc
beads useful for selectmg for or agarnst sub-populatrons of HES: cells
30. '

The marker of the HES cell sub populatron may determrne how the - magnetrc-- "
- pariicle is modrt" ed to accept the marker or. the type of magnetrc partrcte used ,- |
For instance, if the marker isa monoclonal antrbody, a swtable partlcle will have
an antr rmmunoglobuirn to facrlrtate couplrng of the monoclonal antrbody marker- -




TG343 or “Cri pt'o. However, -appl icants: have -found that- to. i'solate.the viable

-sub popul ations of HES ceIIs ‘the markers shoul d at |east be f r GCTIVlZ
O her markers include those- for Cct-4 and TRA 1- 60, TG 30 or 5 MRy Al

preferred enbodi nent- of this aspect. of. the invention, there is provr ded a

method of WRBHe40%¥n of a viabl e sub-popul ati'on of HES cel | PerAw2esIod 10
-conprrsrng suspension of cell's in clunps -of approxrnately 10-to 100 ceIIs
obtai ning a source of HES cells which arel 18 ssoci ated to. yield a reacting

__the cell's totd i paiicRs. wrpes%rhss%énsnﬁa%betgér&tea fﬁhl@egfbddfmc,d&ng. N |

mar ker; and separ.ati ng bound and unbound ES cel

opul ati ons..o
exposi ng t heinddydiagt But, neérliceited do, GSHAS, $5EA1¢6: IGETM-2) TRARRA, TG 30,

o ana RO EE PR bRt ARREGS nERL o eR 37 otk RS k2

nmet hod .i sol apepulahldn‘sf@’r HES sty thel nariwdrs cdhaild dhdeast be foh SQRM2.cOHser - -
- However, sér tro of cells. which. are not_ boun al so Brovr de
anot her BRayRe LSRErINsePivRGinn Wik i f &HBRE syftable

cells. Accorehaménambmaeeraaeaqero&a%d'rmnrsonretsrybriepg‘ or a 25

~ separation of sub popul ations of HES cel which are’ prel erabty = - .
differentiated or . undifferentiated. Mst preferably they are ‘ E
undi fferenti d. I c ent=

e ferent 4 SChbl0 FRoARHANHE Yond fooﬁfsfﬂéﬁfﬁff’foiﬁﬁ?feleé%i

‘using .mar ker methdd caf iisaatibn 36F di fvfMersul:apemle’eom sof RES - ¢cellst 3akk mSthiod- 3
and: SSEA-4 but not.SSEA-1. are - expressed in HES cells.  -This expression

di sappea % uﬁBWpcﬁ'Sfrfgerentlatlon and SSEA-1 expression.increases. This

mar ker may t her ef ebeaihiigh @l rburée tdfe HER | cellsOMHIBYNSId Wigddidied etd qrerd a -
i solation of the undifferentiated cells away from differentiated. cel

. PCT/ AU02/ 01584SP&THiQR of ez i1 @HWﬁ%%‘W?IYb@ tostP gallsiti vely or .
negatively wherei @\ﬁ@@in?“cﬁemsltﬁfa'rﬂﬁr e?forsébél'tl\ﬁ’ .via attachment to the

magnetic particle er sub-populati oh remains_unbound. Both
‘popul at ions ( bounae@mmgjﬂ@ogells)to the marker to brnd the sub—populatron of ceils to the S

; 15 ~ marker; and

separatmg bound and unbound sub—populatlons of HES cells -
| The marker Wlll der_)end,on th,e-sub‘—lpopulation1:'to be taréet__ed'jandi isolateu.- .

20 More preferably, the marker is GCTM—2 and Oot-4 and/or TRA1-60 TG 30 or'
o ) CD9. 1t is preferable that the method rsolates undrfferentrated cells’ whlch are
- _i.bound to the partrcles However the populatlon of . cells wh|oh are’ not bound
may also prowde another sub-populatron which may comprlse predomrnanfly‘ _
' drfferentrated cells. Accordrngly, fhe essence of the rnventlon provrdes for a‘ e
25 ,separatlon of sub- populatrons of HES cells which are preferably differentiated or | .
o "undlfferentrated Most preferably they are undlfferentlated cells

Alternatfvely,-in a preferred aspe'c‘;tﬂthe'present method rhay be. used to isolate o
o _‘sub-popUIaﬁons of differentiated"HES celis | using | ma'rkers indicative “of- |
.30 - differentiated cells. For lnstance SSEA-3 and SSEA4 but not SSEA-1.are-
"_ -. expressed |n HES cells. - ThIS expressron drsappears upon drfferentratlon and' o
o SSEA-1 expressmn lncreases This marker may therefore be- bound to the antl- :

: ClgM- magnetlc partrcle for |solat|on of the undrfferentlated celis. away from'
,d|fferentiated cells. . o :




o may- be further sub cuItured or used for research purposes Once. @he :t,e_:',e,l_,l;;sm;-',_
~are reacted.to the marker. to bi.nd with the particle, they may. be = % " &0
~separated. using any particle concentrator. Magnetic particles my be -
_separ at edvlrﬁb G0 ? e Dynal Magnetic Particle Separator (MPC). However, -any
10 nmagnetic sépardtion that can separate the magnetic partrPQTé*SU‘fzf"éﬁq“a cel |
suspensi on may be used. Any net hod of (:el1 separation may be.further

- enpl oyed to separate- pure or single cell g Flow cytonetry my: be . enpl oyed
15 1 n.anot her ‘aspect of the present i nvention, there is.provided-an -

i | at ed ant bl | at HE [ 1
o popul at | BIFESHRGROR 1ESRdRCce e be rtﬁigra'ﬁ@r%grfégg%?v' ljwlleﬁepu%e. on
- i's posi tive dup-p&pittian a80isOited vré"‘éﬂé&hm—@%‘t\ 15 6 Fn})agn%tla YarkEe whildt the -

anot her aspect of the present invention thereis p an }sol ated and
vi abl e sub- pSpar skb-gerylatiangemaing ushpund.uBotio pepulations fedurtd Avdamnboentipr

i or SRy EERLY pubMRUBIR BOBAFI el R BRGS0l OETH 2 andoet-
gar kers, eﬁpeci al"ly Cct -4, GCTM 2 and TRAL- 68 'nTGLBiO OerCDtgr gagdbgrused to
st inguish SHke WORULEL AReshotis em%ﬁtrilnaﬁwﬁ%glgma&l@esmewer y
pure di ffer epipspsted Qrsmgmdhyfpéﬂrilté aécﬂfl:ehﬁ%t&el | f\ﬂadl‘lé‘tlc Fifa‘?’{r/tﬁéﬁbhiay the

cells are undrfferentrate and retain pluripotential activit

~ PCT/ AU02/ 0153paraigd ugingrthe DBynal MﬁenetrmPartaler&araret@r MiPGopbiowtsven aiy
Il odi
e Oy hhgR MbeHE i ROR Hefiches slllcrretrbaee Ffeehls,

.~ In.a pr ef er r%apesp@otmayﬂne m&ﬂ at ed and vi abl e sub- popul ation of HES cells

Any method of cell separatron may be further employed to separate pure or
= smgle celis. Flow cytometry may be employed |
s B
o In another aspect of the present invention, there is provrded an |solated and
"~ viable sub-populatlon of. HES cells wherern sard sub populatron IS posrtlve for-
B GCTM-2 More preferably, the sub-populatlon is posmve for GCTM-2 and Oct—4
- 'andlorTRA1—60 TG-30 or CD8. . |
20 . ‘
In another aspect of the present rnventaon there is provrded an lsolated and:' '
| ,v;able sub populatron of HES cells satd sub- populatron berng negatrve for
GCTM 2. More preferably, the sub- populatlon is negatrve for GCTM 2 andOct— ,
4 and/or TRA 1-60 TG-30 or Cbe.
25 : ‘ : _
- _Appllcants have found that markers eepecrally Oct-4 GCTM-Z and TRA1-60
- TG-30 or CD9 can be used to drstrngmsh sub- populatrons of HES cells as belng'
'dlfferentrated or undtfferentrated :

30 Preferably the sub-population comprises substantrally pure drfferentrated or
' undafferentrated HES cells Most preferabiy, the celis are undlfferentlated and. -
retain plunpotentral actrvrty ' N



' prepared by the nethods descrrbed herern ‘I'n’a further. aspect of ‘the .
‘present invention there is provided an isolated and viable sub- ﬁ%ﬁuﬁatrgnm

. of HES ceIIs capabl e of sub-cul ture said sub-popul ation 10 conprising HES™
cells tha B%ﬁ@%%%tlve for GCTM2. Mre preferably, the sub- population’is :

- positive. and Cct-4 and/or TRA 1-60, TG 30 or Ag?ﬂzr’(ﬁéﬁts

"have found that cel | s expressing such na cers have ‘a propensrty to be-

capabl e of bei'ng serrally sub-cul t ured. eferably, t he sub- cuIture |s of

- 15 undi f f er dtvieferably, thé l{.md|ffetremialeﬁ%lubé]§cmﬂatlombf céiReisPiismeillishaty Bty
t here S provrd]\é ? %gllﬁt ed _and vi_abl e sub-popul ati on:-of HES cel S
capabl e of cfJ'r IsoptaTefabbh th@o%'ﬁﬁ“ﬁ@l'%[a%séétﬂoﬁwa’mﬂ Qfe

negative fOrce%'f%asmVQrfST%ﬁﬁedn%béﬁT%be sub ;20 popul ation.is negati,ve:for
GCTM 2 and Oct-4 and/or TRA 1-60, or CD9. These cells may al so be

sub- cuItured However, they may have Iess honobgenei ty but nevert hel ess,

e 2 EoCaNA ugfer bohe ML NGB RUBBPAELORLT ML ot

‘may be capalprepafed by tHeemetiesd d@emwzedrﬁéreﬁprratrc celI's of various types.
‘I n another. aspect -of the present invention, there is provrded a_met hod of
‘subcul turing HES cells, said nmethod conprising: 30 obtaining a source. of

"HES cell's; e4poSurmsert B@p@c&' ofsthfeopl%s@ﬁf 'ﬁﬁfen‘% . to ﬁ]gt%&%%}%lﬁg@ag@%ﬁd to

~the mar ker to bind the sub- popul ation of ceI
PCT/ AU02/ owaablesseﬂrapewlﬁtjoetﬂf Hoputelisi capabdé ofiESbeaiituse viaiid lsubrlmmdatlrd'r or,

boundq§ | s -
Found A0 CSMAIAEHESTSR I0eCid bkl Pl CRlcrs prefiabl] aarﬁve.
. successf ul | yopitation xeqdda;tmerm BCTHE ahdDdty andioodRAHIGE) TGSt oDg,

various markers on the cell surface general Iy indicating a cell type in a:
particul ar phase of devel opnent. By extracting these particular cells,-

HES cel I s caﬁrppaleanteeha@é H”QUrﬁ:Uﬂta@'ebIlslle&ﬁressmg such markers have a propensaty to

| be capable of belng serrally sub- cultured Preferably, the sub—culture |s of
15 undifferentiated cells.. . | ' |

o : Jal another aspect of the present rnventron there is provrded an tsolated and '.
. 'vrable sub- populatron of HES cells. capable of sub- culture sard sub populatron o
. comprlsrng HES cells that are- negatrve for GCTM 2. More preferably, the sub-- )
20 7 ;-populatxon Is. negatlve for GCTM 2 and Oct-4 andfor TRA 1 60 TG-30 or CD9

 These cells may also be sub—cultured However they may have less -
| homogenelty but neverlheless they are capable of serral subculture These'-'
sub-populatlons will preferab!y have cells predomlnantly in the dlfferentlated"
-25_‘ state. They may be capable of further developrng |nto somatlc cells of \rarlous -
'.'types S

ln another aspect of the present mventron there lS prowded a method of :
subcultunng HES cells, said method compnsrng ‘ o
.30 . _ obtarnrng a source of HES cells;-
' exposmg the cellsto a marker of GCTM-2;
‘ - reacting the cells to the marker to bind the sub-populatlon of cells. to the _'
- the marker -



210 in .anot. her preferred aspect of - t he present ‘i hvention, there i';prpvr d,ed

- a nmethod- of subcuIturr ng HES cel | s; said-nethod conprising: obt & 7ii'ng’ a“

. source of HES cells; exposr ng the cell's to a. support coupled to at |east

" one rrarker %;f M 15 :2; reacting the ceIIs to the marker to bind the
“sub- popul atron 0f>celI's to the mar ker;  separating bound. arff TnBBMEs4

- sub- popul ations of HES cells; and sub cuLé uring the bound cells. 20 -

. Appl i cants have found that cells whi ch. are capabl e of further sub-culture
care i dent r fied byepdratingrdub-pGiiiatiéns ah IHS e&ky which &% béund36T MnBoand to

- TRA1- 60. @ nmé(nor sol-ation procedure enriches for ctusters of cells
whi ch are po' &' el'fﬁ'r’dOct 4 and these cells have been found to be viable

. and can reattach §g der layer) after overnight cul ture.
Clustered cells have%blggﬂﬁg%%&??)egg@posrtrve for Oct-4 and for- GCTM 2
and TRAI-60 thereby indicating a propensity for these-cells to growin

- "coherent ¢l u i nstem cel |
oroperti & BB T RESE 16614 Tt AKRRPE phRHDRohS RIS AR GELE s
i sol at ed andedlturetiesuceabsfullyt UTeabeavellSCAMER isatalicsablathe@s wttcs sdbatifyr
both GCTM 2+ and Cct -4+ Thrs rocedure allo for cultivation of defined

“popul ations V& l‘lll?dt‘af"c%ﬁt% el“o?h" erﬁ%?&' 53tingia eplktyge in a particular

di fferentiatgiageebt devBlophririb! By tekrasiify %Hesepgaﬂlceta;%ushrfss %eﬁsttfgbll byr gg

is an undi fferentiated sub-population or Hence a -sub-po

is firstly i|S5iallysubapidturadn sub-cultured. The identified and isolated cell

popul atiygn has the propensity to be sub- cultured: The cells are identified
~and isolated viia a marker -of HES which is a marker for GCTM 2. The marker
{ i s preferabl i snateet Bmféwomaslpectgobtm pmeeminngnt@m -there(ﬁ'lf:lfoﬂrded a method

of stbculturing HES cells, said method ‘comiprising:
obtamlng a source of HES cells

- exposrng the cells to a support coupled to at least one marker for GCTM- |
15  2;. ' ‘ ' '

reactmg the cells to the marker to brnd the sub populatlon of cells to the
~ marker; ' '
' separatmg bound and unbound sub populatlons of HES cells and
R sub- culturmg the bound cells '
20 . _

Applrcants have found that cells whrch are capable of further sub culture are '
- identified. by the marker GCTM—Z and preferably Oct-4, GCTM-Z and TRA1—60
| The rmmunmsolatron procedure ennches for clusters of cells whlch are posmve‘
_ for Oct-4 and thése cells have been found to-be viable and can reattach to a - 7
25 .' monolayer (feeder layer) after overnrght culture. Clustered cells ha.ve been
o found to b_e positive for Oct-4.and for GCTM-2 and TR’Af -60 th,ereby’indlcat'i‘_ng _ -
a propenslty for these cells to grow | in coherent clusters. These cells have been
found to ma:ntam stem cell properties upon ‘serial cultlvatron Preferably the
_ rcells which can be isolated and further sub~cu1tured are GCTM-2, preferably- -
30 the cells.are both GCTIVI 2" and Oct-4°’

Thrs procedure allows for cultrvat:on -of defrned populaﬂons w:thout '- _
contamtnatlon of mlnorrty populatrons of drfferentrated cells Preferabty the sub- o



- TRAI - 60. Most . preferably, the marker is GCTM 2, or -TRA"1-60, :npst. S
' preferably the marker is GCTM2. In a preferred aspect, and for ({)geoﬁproge SS
of 'sub-cul turing, "a HES cell popul ation which i's a cell suspeénsi of7 b

"~ clusters of: ES cells, ‘is subj ected to magnetrc particles - coated with the -
appr opr i a0 PRAMRESSs for the sub- popul atii on." 15 However, ‘anpcsoltod/osisppor t
-may be used. The cells may be suspended in a medi um V\/m ch facilitates -

- birnding of the. sub-popul ation of HES ceBPs to the marker coupled to the
~magneti c -par thee apd ?lﬁ:ﬁ‘?r t

t echni ques fﬁgmlﬁgjrn to thst Qgssﬁt%@lﬂl Edaggghdggfé@tﬁgeﬂ;gs'ﬁ g’% o & H%
concentr at oroglisuch as the Dynal MPChay be used to concentrate the partlcl es
away. - from unbound cells and.supernatant.. This |atter. sub-popul ation of '
~cells may form the basis of another sub- culture Bound cel | s ‘may  be. pl at ed

directly ontl-derict@al&xbcpbpulaﬁorlf)lﬁfr@lyqsolémaﬁ@lth@'r sab-caiturst. TRE ifEniied -
anal ysi s_or and characterization. Cells_ my be

, ther i.de trfrcatr n .
i ncubat e ata"@I’?'éo latag pPRPYialg ?msrthecrreaemebfrto Q%S‘al?rét'l‘i‘éﬁedas-ﬁl%ﬁ'!ﬁ afehe
present i nvespdiing éﬁerseréedwel>§ r&%kef oP HESPWhidH 8% keri rgelcarm of HES

"cells. - -Preferably, the sub-population conprises HES being positive

~.for GCTM2: Mbre preferably, the sub-population is posrtrve for GCTM 2 and .-

Cct-4. Ina

orovided s Sls arRbCICRAGEBIP SElechia, 0% HERR RNk Do et iz or
‘j‘subI popul a]t ITORA S-@0pr i aksstlprea';éraﬁe,catmﬁ maernlers mlﬁwflz art [FRAed-Bey engrbst -
scal e-up.of su ations o to-large cultures can provide
suffici i?lt 33 esglf)gg%?r@ﬂ%r@n@&#“ﬁ%oses and to .develop. therapeutrc or .
‘research potential. 30 Preferably the HES sub-popul ations are .

di fferentrat ed or undifferentiated HES cells. Mre preferably the. HES i
~ sub- popul at ilBnd BrefeprEdp apRectyaith dorelhro MEocasss o | prcHiG . awhES @‘ﬂb

cells are u e f
iover o LI SoLLf RGO el B cQuEL R £
“di ferent i atreagmetic partisles noatedrwith \theraeprdrmratelmarl@re fmmtilrecsmb-popubtton -
' _03/ 0403?@ ?—Id\%véﬁ‘l %ny solid support ‘may be used The cells: may be suspended ina -
o ' medlum which facuitates binding of the sub populatron of HES cells to the_ :

| _".marker coupled to. the magnet:c partrcles .

. . Once the cells and partlcles have bound separatlon technlques famillar to the
"20, __skllled addressee usmg partlcle concentrators such as the Dynal MPC. may be_r .
| | used to concentrate the partlcles away . from unbound cells ‘and supernatant
Th.z‘s.. latter sub-populatlon of cells may form the bas_ls_ of another sub- culture, .

o Bound cells may be plated dlrectly ‘onto tissue - culture plates or some cells' ‘
25 ',saved for RT—PCT analysrs or further Identtfrcatron and characterlzatron Cells- B
' 'may be mcubated at 37°C 5% 002 in & humidifi ed chamber :

In 'anetheraspect of the present'inventi'on there is pro'vid'ed a 'sub—cuitured sub? '
o populaflon of HES cells. Preferably, the sub- populatron comprlses HES cells
.30 berng posrtwe for GCTlVl 2 More preferably, he sub- populatron is posrtlve for‘-
o GCTM-2 and Oct- '

-_ In another preferred aspect of the present tnventlon there is prowded a sub-‘
_cultured sub populatlon of HES cells wherern the sub populatron compnses :




- PCT/ AU02/ 01534 : HES cel | s- being negative for GCTM 2. Nb"r-’ef.'pr'ef_er'abl‘y, the
- 'sub-'popul ation is negatlve for GCTM 2 and-Cct-4. Preferably; tie FLAY =s§; '
~ subcul tured sub-popul ation'is a substantially pure popul ation of = viable
~differentiated or undifferentiated cells. Mre. preferably,. the sub-

- ‘popul at i oW@BHPHes substantially pure undifferentiated HPES/AWRI0EIZ4L hat

mai ntain -a pl urlpotentlal character. Preferably the undifferentiated cells .

~are identified as being GCTM2' and pref@rably GCTM 2+ and Cct'- 4+, -
~Preferably, Hiag &Il RIRYridaile fBf GEREE! MoleSpRiaRBIedhd %y 48K 90

- the. sub-popul ations ofg| @q s described herein. prre ferag%mﬁ ‘
sub- cul t ur edecaiive fopGICHVéhand Qutedsar ed by the net hods descri bed her ei n.
-The sub-popul ations of HES cells may be used to scal e-up for t herapeutic or
15 research purposes. Once the cells are isolated and have the propensity

flc<)rl lsug cuggﬁre&rabl}eyhere)abbeltreepasutedopaleﬂgntreetaube@araalyqodrehlcetﬂatrdmef
- SKI e addar,

et .anot her ect e present tiQ there
is provi ded A2 ﬁ!ﬁ?rﬁ'f'ty atgg oF aH'é‘Blﬁa afateh, C%'Eﬁ rﬁo@r%{éﬁ‘i?q%sﬂ . sub-
obtaining a ;fdtldléll’cﬁ‘r eémanééeshsabhﬁétwpme aurﬁeeatratdapnesaéaerthaeﬁe.ntam

_optlonallytransplantlngtesu- ul at1-on of I's into a patlent
~optionally, %thmpte,nﬂahghar&cteanpe‘gmw it updlfferemttated aﬁﬁelasmtdergiﬁedeas

Vrire hay AR BCTE S USRI ERP LD ABERIST 05,7 o ™ e

PCT/.AU01/ 00735 by the appl ica - incorporated herein by reference. may al so

i nd i ff dul at e.di ff t urat f-
ol | s wiDhi 1enebp dhedtb-PrRuEYEN oo HES 5, JE Fepaadesy it SHikg Hre
parti cul ar aubReeRhIaRdHE of e edestribed BEtiA. tMéuelereféﬁaary,bﬂeesasrdthred

" stromal preparation).. structures mmcing the postinplantation phase of

human devel GMeepeRUIBtoR j§ Prepgied Pbﬁ'éh@(ﬁfﬁﬁtbpdﬁ Hescrisst bRiein- cul tivation in
. the presence of cell types 10 representative of those known to- m)dul at e
,.grovvth and difterentiati:on 'in the, ‘ ,
The sub-populations. of HES cells may be used to scale up for therapeutrc or

| -_ 15 research purposes. Once the cells are rsolated and have the propensrty for
. sub-culture they rnay be expanded usrng technrques avarlable to the skllled
addressee '

- In yet another aspect of the present mventron there is provrded a method of-.
20 transplantatron said rnethod comprrsrng
obtamrng a culture of a substantra]ly pure HES sub populat!on and |
optlonatly transplantmg the sub-—populatlon of cells lnto a patrent or |
_ optlonally, subculturlng the sub- population prlor to transplantmg the cells
o into a patrent ' '
25 , .
- Because of the methods outlined hereln scale up of sub~p0pulatzons of cultures . .
1o large cultures can provrde sufﬂctent cel!s for transplant purposes and to ,
develop therapeut:c or research potentlal

30 Preferably the HES"sub—populations are differentiated' or undifferentiated HES

E cells. lVlore preferably the HES sub- populat[ons are prepared by the methods.'
described herein. Where the cetls are undlfferentlated cells these - may be "
rnduced fo drfferentrate under normal drfferentratron conditrons They may be

o rnduced to dlfferenttate in vivo or in vrtro Where the cells are lnduced to g




vertebrate.enmbrya (eg.. endodermcells or .celts derived: from nornal. _
' enbryonl c skilled addressee. Differentiati-on may also be induced ipy -
~cultivating to a high density in nonolayer or on sem - perneabl e nent)ran’es‘J
.so as to create 5 However, other differentiation signals my be enployed:
and are aWi934MPE5t o 't he 15 cel | I i neages. Chenical di ffer@ﬁifﬁtﬁ%lﬁ%y
- also be used to i nduce differentiation. Propagation in the presence of
~ solubl'e or nenbrane bound factors known 28 nodul ate differentiation of
- vertebrate efsianbRe FPLD sy Tl gRRSE RS 9ABI0A

ant agoni sts suc factlorr%shégra ya ° %y?%t@@@e |l§ed g?g)o be- gencg.t%aicsal 1y
nodi f.i ed priodr PCTIALWM&SArmatthenaaphﬂawts oif fWhlohntthett eilireaicdntemis are
transpl ant at, i ff nt i ted or ‘undifferentiated cells may be.
“used as a Sgriljc?dc]'gofaied—!h%ﬁr&byel}e? ?’dentlflcatlon of novel gene products
includi'ng but not: Ii'm'ted to grovvth factors,. differentiation factors or -
- factors controllin sye regeneration, or the may be used for the

S dlountt oot e

gener at i °"¥1‘1”|‘f‘?"b8 §t'°01§\9@?[$e‘p‘iat/ @&e@mp*ﬂtf@dc%'!q arq ayailabigip tb%o
~be used for skheddﬁd&bseéﬁ“blﬁéreﬁﬁéﬂb% él@ ﬁvlﬂf‘buﬁr‘vat t6 "#Righ
congeni. tal di seases attention recent en devot e

thepotenti a|de§pﬂy| oatmomlaver grean eemi—permeoblel ogembmeseerpcaaeto Treate
properties it S
~and enabl-e %&R/ué%s rga fé’?g’t@”‘a % Sdg'gﬂaw ng@fgsgfl R%%‘%‘%E%gnﬁ%r aew
" PCT/ AUO2/ Plbﬂddlf@%lorhtmlhmhrbl apﬁg:gacand Gativetioe fnorthe herfefsenee of raeil Eﬁ:esel | s
pot enti y can a eSS e shorta nor ‘tis ue or :
transpl iht a{?BF?SﬁPj%E’&J pEd O%WF’W@I &P éj‘aﬂ@r growyt alaf"érwg?f%‘aﬁapt'ﬁr the
. ' system can- %mrétegémptvb (ég tdhelotiesvi deens orqgenm dérﬁ/édswﬁl §6htal defbRRNG

"~ have many other far reaching applications in “human medicine, in- aréas such

- as enbr yol o digonlasticatigsiie)ramiptadilbtissuegelegmbose magew siremel grerarationk| -
growt h T act gfsy SRNindhEE dHrSeRYEion, nﬁeﬂalagé)éirre% é)n Qmsgcéfmétb trBeCt

of the present’ invention there I's provi dent ying
-gene expr essella wrthlla E*.ﬁESIﬂped:&zll llimge getasold iampr ithea egtabirshment of partrcular o

15 cel! hneages

) '.‘Chemrcal dlfferentlatlon may also be'used to rnduce dlfferentlatlon Propagatlon: |

| in the presence of sotuble or membrane bound factors known to modulate E
7 | "r'dszerentlatron of vertebrate embryonrc cells, such as bone morphcgenetrc
20 _- protern-2 or antagonlsts of such factors may be used '

The cells may aiso be genetlcally modiﬁed prlor to transplantatron and/or'
drfferentratlon and then. transplantatron :

25 The differenti'ated or u'nditferentiated cells may be used as"a source for isolation'- B
.':"or |dent|flcatrcn of novel gene products mcludrng but not- Irmrted to growth . 7
' "factors drfferentlatron factors or factors controllmg trssue regeneratron, or they |
- may be used for the generation’ of antrbodles agarnst novel eprtopes The ce!l
‘ "Ilnes may also be used for the development of means to dragnose prevent or
.30 treat congenrtai dlseases ' '

L Much attentron recently has been devoted to the potentrai appltcattons of stem_-‘ :
: cells in brology and medlcrne The propert1es of ptunpo’tentlailty and |mmortahty-‘
.'are unrque to ES cells and enable mvestagators to approach many ‘issues: m




‘obt ai. ning a subst antiall y hormgenous HES cel 1 “popul ati on;:"and conductl ng

gene expressi on ‘analysis on the popul ation. Once a substant ially 4 1 20

- honpgeneous popul ation of cells is. obtained they may be 15 usedﬂ e
anal'yse gene expression in the isolated cell popul ations, by any one of a
“nunber  of WQ@WH‘P‘H%S known to the skilled addressee. A probt@HAURMISHEne

“analysis i's the availability of a honbgengus source of DNA from a,

. _honpgenous source-of cells. For analysi s%“}f' HES popul ations, current 20
cul tures ConghBn ftﬁ@leg?eﬁm%sdmwratmerf&spﬁmeE%s bl prérﬁféll?rc%naédd/r%!ﬁ' ng

~degrees of differentiation. Hence the nucleic acid is hot obtained froma

homol ogous phpushartage ofrdener tiseur fomyussin cbranrséle@r;aﬂoresrqqedures particularly

. sub- popul ati e,y d el r .

art | oul arl e, Wgrfiie Al CoeRt L SBSR B R fEbBKpY
t he HES cel Icqmpulted isbemi selbbEsl oelts lbraveehiaoglsotdes(far beaching eapplicafibhs. in
.'prowdes cells of - differentiated or. undiff tiated stat

provi dessfor UIRany dhedigingye ik ﬂgﬁﬂses?r%‘n a%r?F&’r’\é‘ﬂP?'ca rfﬁaﬂ'ﬁe \émB‘Eté%'la'of

di f f erenti atganbrare/ dHeRifatbar of | fevel 3grolith. RIRGRN akEtdiog BIRBVERE aﬁa an -
enrichment process which can enrich for cells of a particular . _
“characteri sttpelcé)lﬂﬂypopul ation froma heterogeneous HES cell population. .
The advantage is that all cells-are substantially the sane with-a simlar:
degree-of differentiation. Cells can be induced to differentiate by WO
- 03/ 040355. Hmvﬂwm@esaspezuofﬁbermdsemtamvkenhcn terehis piividert aatdrtiecd axf
and genegnan con ed on.the d rentiating cells ostul at ed -t hat
s RIS SRR A L B L b bR B vea o sour e
of inhibitory sigsistainingaciubstantizalyoracgencel HES |l shdulstich)tbndt e or die.
1t is-known that differentiati ng cells-in ES: ceII cul t ures The present

i nvention may be" 59! r?ﬁ%")&aé\ﬁﬂ#'%ﬁﬂ WEPBU@F'O& em cells from |
“human ES cel |- cul tures W t hout beij ng limted by theory,. is the ability

-
Ll

~to use a repeatabl e cel | popul ati on and DNA source provi des a nmore famliar

to the skil |@ace@d$l¢lﬁeeﬂallern@orapgﬁaaws appuipdionxy asds is ebtaireduey may be
15 used to analyse gene expressron in the isolated cell popu!atlons by any one of

a number of technlques known to the skr[led addressee

A problem wrth gene analysrs is the avallabrhty of a homogenous source of DNA
- froma homogenous source of celis. For analysrs of HES popula’ﬂons current.-
20 cultures contain heterogenous populatlons of HES cel]s which are at varylng
- degrees of differentlatlon Hence the nucleic amd is not obtamed from a'
N ‘_ homologous populatlon The present lnventron recognlses that sub-popu[a’uons
. of HES celis can be ldentrfred based on ce!! markers partlcularly, GCTM 2 Oct-
o ..4 and TRA1-60 TG- 30 or CDQ
25

y Preferabiy,. the HES cell population is obtained by methods described herein.
This prov.ides HES " cells -‘ of differentiated “or undifferentiated ‘Status which
provrdes for ana[yms of gene expressron preferably durmg the process of

 differentiation andlor prolrferatlon
30

The present method provides for'anenrichment'process' which can enrich for.
ce!ls of a partlcular characterrstlc sub- population from a heterogeneous HES
cell populatron The advantage is that all cells are: substantlally the same with a

' srmllar degree of dlfferentlatlon C_ells can- be induced {o __drfferentlate by



Gene expressr on’ can be anaI ysed by gene arrays of whi¢h the n‘ethds e '
reproduci bl e anal.ysi s of gene expression i'n HES cel | popul ations? el t"t‘at?e
(SCL) characteristics, said cells having the ability to._devel op. into HES

s cells which: are. rmr phol ogically distinct fromHES cell s and having stem -
I n anot he?’v(a%%gt of the present invention there is provi d@§T/Al02/01534

" subpopui ation of -various. cell types. The term stem.cell-like (SCL) as

- used herein neans that the cell has nany: the properties of stem cel] s

~ whi ch di sti ngeirtitisstaemilisetd the skile@baefesl snd FBAE Bnd<sk Cbhilestet N et
pluripotentiality and the ability to differentiate into all cells of t he
body, 25 Théﬂgef%ﬁ'ﬁgnﬂrc@"ﬁorphol ogi cal l'y distinct fromHES cells.and they
‘express sone. but not all of the enbryonr c stemcell narkers
characteristic of HES cells. The cells show negative staining by indi rect

i munof’l uor eﬁtmmesentcinuennqny nay beQtied %o iMmprdvedthe GEBAM and yRS@lcfistelne

cells shgw pa tai ni ng.for. 30,TG30 ant i bod agai nst .] ow
nol ecul ag Mﬁ?rﬁg gsll \/%'I"l"resas%’yo t ¢l 'E/Bcbc?;’r gftf*e% #f

~the inter WECb(ﬁit@lated Ry BBpHNing SR belis frdiaYePiBafg (dafs, BbrAGBANI N
cel | surface marker CD9, required in the nouse for naintenance of ES cell

‘pl uri pot ent I"EMAYES A JRNHESI 9T IRBIPER SigRals | whichs dBRY eCauge (lem4gels to
- PCT/ AU02/ Olgﬁﬁﬁregﬁiaté Sreyisdent id rl’(nBWE %edrtférén‘ﬁr%\ '%?Eéd% 1@2 F%I'l'"'cfat‘rltures

~antigen) an e epithelral marke rown - .
under st andgrraduoadheseaignalse i sol at ed using. a conbi nati on of negatrve and
posi ti ve i munosel ection from These cells may be isol ated by i nminol ogical -

met hods - 8

positive, GCGdhE expuessivn amyb@r@ieﬂy@éd ) tgane:erﬁays@nmherrfmet ethods are

wthin 'preﬂr ettt ekl gitrééséé‘?%t%ae&%ab%@ég&saﬁf oipe0, Hew a\?érhée
Genesis. Prahgraiity to ri.%eté@@ﬁéataﬁfescéipﬁoﬁmﬁtﬁn‘Qﬁﬁ%ﬂh%‘dlﬁ"ée provrdes a mo e
al phafetoprotein, ‘vitronectin, or transferrin, nor for the neura cer
" nestin, are reproducrble analysrs of- gene expressron in HES cell popuiattons L
; In another aspect of the’ present mventron there :s prowded a subpopulatron of :
".HES ceils ‘which are. morphologlcally dlstrnct from HES cells and havrng stem,
: _cell like (SCL) charactenstrcs sa:d c:ells havmg the abrl;ty to develop mto
e varrous celi types '

20

| '_The term stem ceII ||ke (SCL) as used herern rneans that the cel! has many of
. the propertles of stem cells which drstrngmsh stem ce!ls from other cel!s These" '
: propertxes mclude piurspotentralrty and the’ abilrty to drfferentrate into ail cells ef :
o thebody o
25

"These cetls are’ morphologlcaliy drstlnct from. HES cells and they express some.
' but not all of the embryonrc stem cell markers characterrstlc of HES cells. The .
“cells show negative staining by mdrrect mmunoﬂuorescence mrcroscopy fer
'GCTM—2 TRA1-60 TG343 and SSEA—4 The cel!s show positive stalnlng for‘ .
e 30 - TGSO and antlbody CAMS .2 agarnst iow molecular werght cytekeratrns as well'r-
- as . low rntensrty fluorescence for the mtermedrate frlament marker wmentln
‘ They express the tetraspannrn cell surfac:e marker CDQ requrred in the. mouse_;'
o : for matntenance of ES cell pturrpotentra[rty Preferably, no posrtlve ﬂuorescence'

npl oyi ng t echni ques described above. Thus cells.which are TG30




.,present in these cells. 15 The SCL cel |. as described herei.n“is a novel type-'
- of pl urlpotent cell Wmch 20 derives, from or is a precur sor .of, ﬁhilew\ Sann
" canoni'tal ES cell.- The SCL cel |- may have desirable properti.es compar ed £
_conventlonal ES cel | s; such as ease of growth during routine. subcul ture or
“cloning, OYOMMHEExt ensive capacity for in vitro .differenPCRATOHNOISIH O -

- di'verse |lineages, or greater susceptibili %y to uptake and - integration of :
. DNA constructs. The SCL cell also has" th@ ability to differentiate in vitro -
to form neurigsiuitsrsin theeur &dliscir| SSEARTOPRRIA FHL Aehhigal) aard rtharéprmap
" endoder m by sgo(ﬁt gﬁ)&ous di fferenti.ation. "Neur ospheres” may form -

“spont aneous|ay esence of ‘25 neurobasal nedia as described in

~ PCT/ AUD1/00278.. 30 This novel SCL cell population has advant ageous

proliferative properties and thus, may be advantageous in its growmh .
char act er i stiheseaeellst may, bédscdated tpy inotriunalogical memoﬂatemplogergetemhnmuesof

th f I th tof
he Peck SBHREA d0R,  BhuL UER e SE AU ERBRITE; bR SRR ©
cell-1ike ( el sorgbd uetigca do‘rnﬁmampbﬂgegatn}e/add Pokivk Hnnainddefedt@n from
03/ 040355 PCT/ AU02/ 01534 26., -cells and having _stemcell-like. (SCL)

_characteristd gulture ot &S eelly er‘l‘éﬂ/t‘ﬂge't#é“ﬁﬁ'fq ¢Qrdiignsdevel op inhto various
cel | types sai d ‘met hod conpri si ng: obtaining.a differentiating HES cell
popul ation co | Si n - spont aneously differ ent i ated HES cells; identifying
SCL cel I s byts rTg?sjablyv eesgllseesn br bifihes lidentifietizdoye expraseion othanes Keowst i of

oo coung ! e AR ach Y bR SR e S far i nB R, Gt
- 3.6? aLive exph SriptorPaiahddbenciity Prefoeati o thhsailiathererdodorm genes
IR R e V”@ﬁ%@rf 3'{% rae?r%ﬁ)fr'r%aparam%@eahestm are

bI ast ocyst S present in these cells.

15 The SCL cell as descnbed herem is a novel type of plurlpotent cell whlch -
s derrves from, or is a precursor of the canonlca! ES cetl The SCL ceit may have
desrrable propertles compared to conventlonal ES cells such as ease of growth .
'durmg routlne subc:ulture or clonlng, or more extenswe capacrty for .'n vitro
o dlfferentlatron into dlverse llneages or greater suscept{brllty fo uptake and'-
o 20 mtegration of DNA constructs o '

- The SCL ce[l also has the abmty to drfferentlate in \ntro to form neurospheres ‘
neural cells, endothehal cells or extraembryomc endoderm by spontaneous_
. .'drfferentlation Neurospheres ‘may form spontaneously ln the presence of
25 neurobasal medla as desorlbed in PCTIAU01100278 : "

;Thls nove! SCL cell populatlon has advantageous prollferatrve propertles and: o
thus; may be’ advantageous in |ts growth characterlstlos and thus have a
o ‘practlcal use for future development of therapeutlc apphoations for human ES
30 cell theraples |

' In another-’. a's'pec':t' _ of the present’ invention there is -p'rov_i"de_d- a m'ethOd of
.~ isolating a.‘etem cell-like (SCL) :Ce_lll which s morphologica,l_lv distinct from HES




) Wthout ber ng Irmted by this exarrple of ‘a surtable procedure for the -

‘isolation; 15 the SCl-. cells may be |soI ated by the foll ow ng d}@cedprﬁr

~SCL cells are isolated fromdifferenti ating human enbryonic stem (ES) ce
col oni es six weeks follow ng plating and may be transferred onto a
M t omyci n W9 PYEq enbryoni ¢ fibrobl ast cell-line, pr eferPéBVMHﬁmiﬁ%se
~enbryonic:fibroblast cell i ne, nore ﬁéerabl y-a mouse STO cell -cell .
~line. Préferably, the fibroblast cell is 20 cultured in DVEM medi um = - -
(G bco, wi theils a@dd\%@pt&ﬁ&ieﬂdrkﬂ@@&'dh@ﬁ&ﬁeﬁﬁ% sﬂWéélEsW@ﬂWébmw th
10% (v/v) Fet Bovi.ne Serum (FBS; CSL, Utah). 0: nercaptoethanol (0.1 nmV
G BCO), 1% ¢ 9%@)’ “Eé‘é@'r‘ft’ﬁ'%?‘e'hwpﬁé said H@thQWPV@InBCO) 50 ng/.m . basi c

o it am ne. (2| S eynS %L“ﬁ?%%‘?ﬁq%”ﬁ?%ﬁﬁt%é?ﬂ"*%B?%éggﬁf’"@&%%?%s

From: approxrdhfi@rehyatedvldﬁsdaib after plating, the stemcell colonies may be

further ropagat I Q f .t he IIs from.t he oun I Ng eas of

differ en iating. i@?&ﬁy g%‘ cf%l"g b)%nﬂ? FEve Oee)mreaelgla % ce[!l @?%ﬁ(?ﬁ ics
‘30 descri bedhabavteristic pﬁlSOLCld:leﬂs iGN SSCTRA-2t Q'RAta-ﬂsmmﬁtBWi@WA 4
staining pattern and gene exprle%gr .on. The ceI I's are al'so spont aneously

di f f er ent i aPEd PRI EXpISESIONLS Aige 8RY Mechanical i sol ationis
preferred. The ciddibfi ARSI dEmy %@m v, II's to be
~washed. preferably wt ﬁ% phosphat e- &Et ere %Qéigﬁ ﬁ%@icg%&}%%ngﬁcal ci um-and
~.magnesi um The SCL.stem 27 PCT/ AU02/ 01534 cel |l . col oni es may be extracted

and treated / C ese -
oo o PR aBY SRR S R BORGHh i fifitefheth s S e BR HrPhed >

(di fferenti atiyothd methodsrrdeqmmedshereh'e oce‘n!aﬁ bewbisined| fromed ¢raderfraction
“condi tians dﬁ@rsrcrr 360' i n ,PCT/ AUD19%)027 I'n anot her - aspect. of the present :
i nvention t fer¥eddram smbpias orblasiocysts at ed and, when: exposed. SR
condi tions which support the growth of neural stemcells can gi ve rise to
a progenitor which can. differentjate into mature -neurons. Thas, - factors

identified AYiteeytbeing lmtedqeydbeeewehtofoa stiffableaprogeduraiari the eerptl?a.-

, b | f 9] ti t 20 T
Fonornelf BIESEE e sha) SRRtk L IARM oS PR 0 e 20

‘normal - |solated from dlfferentlatrng human embryonic. stem (ES) cell coion:es six weeks
' o followrng platrng and may be transferred onto a Mrtomycrn c treated embryomc-; :
| fibroblast cell line, preferabiy a. mouse embryonrc flbroblast cell trne ‘more
S -"preferably a mouse STO cell cell lrne Preferabiy, the frbroblast celi Irne |sf .
20 ;cultured in DMEM medium (GIbCO W1thout sodrum pyruvate wrth gluoose 4500 "
a ,'mg/L) supplemented wrth 10% (Vlv) Fetal Bovme Serum (FBS CcsL, Utah) B—.
mercaptoethanol (0. 1 mM GIBCO) 1% (vlv) Non Essentral Amrno Amds'
',_(NEAA GIBCO) 50 nglml basic FGF, 1% (vlv) msuhn selemum and transferrrn‘ :
: { solutron (ITS G[BCO) glutamlne (2mIVI GIBCO) penlcﬂhn and steptomyocrn' |
25 (50p,glml GIBCO) *

' From approxrmately seven days after pla‘rmg, the stem ceII colomes may be
further propagated by isolation of the cells from the surrounding areas of‘ '
. _differentiating cells. These cells may be identified by the characterlstrcs'
30 - described above in partrcular with respect to. the mmunofluorescent stalnlng'
o pattern and gene expressron The cel!s are also spontaneously diﬁ’erentrated
~cells from the HES popuiatron Mechanlcal tsolatlon is: preferred The cuIture
. _-medrum may be asprrated Ieavmg the cells to be washed preferably W|th”
-phosphate buffered saline. contarnlng calcium and magnesrum The SCL stem R




“enbryoni.c devel opnent. clearly: denonstrated by the, presence of tissue- . . :
~‘representative of all three germ  layers within t umour s f or.ned aft@rt, BRyY ﬁmw i
.cell transfer into. the testi.s capsule of .severe inmunodeficient (SCl D)

m ce (Reubinoff et al., 2000).. Differentiated cell types. seen included
‘cartil age WOQ¥AHBHS and gl andul ar epithelium nuscle and 15Cmae02/o8ssci i c
‘cell's within di fferentr ating ES cells cul tures, can be isol ated, 10 The

. ability of human ES'-cells to devel op int#/ diverse arr ay.-of adult cell s

was . epithetélpcoRinks® &edy beesktvaded 4 BelES Wt’ch'dr?.b‘aéé‘%\? sﬁp’?oilﬁ‘%telly 10

-mamral i an ‘enbryo. . the enbryoni c endoder m ener duri ng trulatio

form the gerWQ%Hy@rCWW@lmﬁlﬂle gfbese cells man @nrhq freplated ague nemlle'obtast
ti ssue then ngergoes speci al i sat i on along its length to formthe .
precursors o t'he gut, the liver, the pancreas the |ungs and.other :
tissues. There Is evidence in the ‘mouse that multipotent endodernmal cel I S

-‘may be I. f.rom but. t hese haye not be serially

cul tivat &d ?ﬁgqﬂﬁu‘r%l‘)‘b'lq%tfo%%(%ﬂ(ﬁﬂf © n(gurosﬁfgaggs heurells E@ycélal%-"%ﬂd .
devel op int mm@rmr,mrgu@g&m@alfnsi@m%ggom such as ‘gut-like tissue and
respiratory epitheliumwthin teratomas follow ng ‘transplantation into .

"SCID mice. Human ES cells differentiate into endodermal cells by det ecti on
-of al phafetoprotein (AFP) assayed in 'super nat ant . WO 03/ 040355 :

PCT/ AU02/ 01534 Theﬁgresent i-nvention provides a novel cell type from ‘
“di fferenti at M@NAIARRAILSS & the, Prasant iaendisnhthese gh dproyides! aadifferentiated! ar

epithelial ChSfiRALPEER! LER Bt B aPBE CRAShRGAIe but not all early

endoder m mar Kers.- | sol'ati-on and characteri satron of -a novel cell from

| di-fferenpi atiRg abn Fhﬁm "Ssoﬁfé odde\%ggp §iflo fdﬁgl’see Qﬁﬁggtfg@fugcgelllsswag r

transpl antation t a es ese ce ngut's
di'stinctive Glea@hdeogmsatatecbpeaharmesemcmoﬂms(mmtbreserttatnlaofrantrnhtee germ

ot | t fi br-ob
LTt Yo S e e et S
~ associ at ed veavera immmmodetioided (SE11D) el (RIQUSSEEet &I, OZDGO)G Diffefentiated cell

eprthelral-lrke S ,a roliferation continues. Preferably, cell. -
arouth i s erHBRE 2GS0y SR arage. SHATEPRS cOd Slendiohepap imeaieale

Preferahby, Bdiee.di ShecHit batleditani trlrreréﬁlratﬁlgeescsérls br§ItLﬁste'EQﬁdr5‘é Bolated,
progenitor capable of differentiating in gérm l-ayer cel ;
: 'pr eferably; 3 vtgl'éen exp@eed to-conditions which support the growth of neural stem cellsj :
'can giveriseto a progenltor which can, d:fferentlate into mature neurons - Thus,
- factors :dentrt" ed as critical to the development of the- early mammalran embryo :
can- be employed to drrect human ES cell differentiation, - supportmg ‘the |
20 hypothesrs that spontaneous ES cell drfferentratron is a. carrcature of normal o

.embryonlc development

a 7- In the mammallan embryo the embryonlc endoderm emerges durmg g
gastrulatron to form the germ layer which will glve rise to the pnmrtrve gut Th|s.'

E 25 tissue then undergoes speolalrsatron along |ts length to form the precursors of |
the gut, the liver, ‘the pancreas the lungs and other trssues There is ev:dence' . "
in" the mouse that multrpotent endodermal cells may be isolated from the

- embryo but these have not been senally cultlvated in the laboratory (Gualdl et |
| | 1996) Human ES cells can develop into embryonic endodermal struotures .
30 such as gut lrke trssue and resprratory eprthelrum wrthm teratomas - followmg'- B
: transplantation |nto SCID mrce Human ES cells drﬁerentlate into endodermal '.
cells by de’_te?t_ron of alphafetoprote_rn (AFP) assayed in supernatant. |




15 differentiate |nto gut ; liver, pancreas or’ I ung. ‘The. ‘endoder ;w g maan -
progenitor cells nmay be i soI ated from spontaneously differenti at’ ng" hu ‘
ES cel | cultures from 4-8 weeks.after subculture. - AIternater, ‘the human”

" ES cell's may. be induced-to differentiate into the 20 endodermal progenitors .
by alteri h‘fﬁt’:ﬁ@%ﬁomh medi um One ‘week to 10 days 25 af t'ePCIAIHI0ISHe Of

- the ES cel I's under standard conditions, the growth mediumis svmtched to
. one which contains a | ow glucose f or mul a2Pon of DVEM wi th* sedi um pyruvate

plus 10 M ”Tl‘fé’brésiiﬁtqﬁweﬁﬂﬂf Brovfad Q‘rto%l &8l bypeofem dlﬁfé’l‘t t&trﬁé Hdrﬁan =

cells inthis nediumw |l convVert: at |east SOA)of the cu res’ .
endoder mal - galisgBmtt bas twth: miorphatogicat land Mmiekeatdar epltlm,habshacmtensﬂcsdamq' |

et AP EBRae Sa I hIPIR B, ool Y BEh ARERE) ISR ana
[t M- gl babih ko et gl g
_ng?at od ypﬁs\kﬁrmsnt | $eli$o trﬁsseﬁsesoaf ﬂ'tel‘iép{ﬁﬁnol trsrevrﬁcl h agppe
expression Gl sﬁ-étrosgbra "Bilifcal RABTSHONISAIe! dbaiante | RANOWarkEhad

. specifi.c 'A33 ant re preferably, no srgnlfl ant “stainingis -
observed f orC}tthlelaﬁm reacb trasislinestl nyalens. t ey ravep idandifiedi: iy cekve (L Ahig, ass

et Synsi B Rpb A BLERUnAE o R AR G S ot sy e

~expressi on dfe kepatiatsd evithaciness réaodet c(alHltEat- 8etached fromiRhé. eﬁtlm‘lral—aloey

o bl ur 180; et ERBr R aerBiPeee Prbrdic it oo S Bnbep SRRt ©

obser ved. Pagf dholdrabkifiio the RtbFERRRiurhn neur al tISSUES. during enbryo
" devel opnent. 10 Thus the novel cells are clearly epithelial in nature.. They

-are no longer pluripotent stemcells; they lack all mar kerss' of ~.pl uri potent _
human st em celdrraiy! tHeAlditdrenfdiey shmhdikPisah HMlts|art‘eér%d@hW FRUniki on
shown by ES cel?rs In \ﬁ he resgonse of this. clell to- chol erg toxrin and
i ts requi ren@ﬁnabﬁ©mf$lrfﬁemtl|a§ng in germy layer cells More preferably, the cells may - -

15 “differentiate into gut, l:ver pancreas or lung _

| : '..The endodermal progenrtor cells rnay be |solated from spontaneously: |

o dlfferentratmg human ES cell cultures from 4-8 weeks after’ subculture
- - Alternately, the human ES cells may be mduced to d|fferentrate 1nto the '-

20 endodermal progenrtors by altenng the growth medium One week to 'IO days.
_' after subculture of the ES cells under standard condrtlons the growth medrum is L
. 'swrtched to one whlch contarns a low glucose formulatron of DMEM wrth sodrum' o
) pyruvate plus 10 mM nrcotlnam|de ‘and 5-10% foetal calf serum Growth of the -‘
ES cells in thrs medium: ‘will converl at least 50% of the cultures to endodermal' |

25 ,progenltors W|thm two weeks '

'-"The cells may be rdentrfred by mdrrect mmunofluorescence methodology
Preferably, the cells show positive staining for the eprthellal cell markers EpCam B
| 'andlor jow molecular werght cytokeratlns albumin and- GCTM 5. Cells stain '
; '7 : .30 - 'negatlvely for GCTlVl~2 Preferably, a further feature lncludes observrng |solated‘- _'
R patches of cells above the plane. of the monolayer whrch show expressron of the: -
endoderm marker alphafetoprotein andlor the gut cell speclf c A33 antlbody :
- 'l\llore preferably, no srgnrflcant starnrng i$- observed- for the markers selected-'
from the group sncludlng PHM4 (HLA Class I antrgen) CD34 or the stem cell




further. distinguish:it fromhuman ES cell's whi ch are: not affected by ..
‘chol era. 15 toxi n -and whi ch do not- gr ow wel | on STO nonol ayers: gg a@ot
‘aspect of the present i'nvention there is provided a somatic cell
~different %ﬁg fromthe epit helial stemcell as herein described. 20 The
expressi o B col onies of the markers AFP (made by entﬂCyTéﬁUQleSM '
endoder mal tlssue) and .t he A33 anti gen, éBe enbryoni c hepat ocyte mar ker _
- defined. by nonocl onal antibody GCTM 5, a$wel! as- expression of HNR3 al pha
‘and HNF-4, shgestOdthat Hhﬁé@emﬁha\deuyeregp&étate for §6hdsis "Hkx; Bexcapakle of
“differentiation into several enbryonic endodernal -deri vatives. The cells
may:- 25 resp@tﬁ@ -ypPsiAr i ous known inducers of endoder mal differentiation by
~forming different derivatives, preferably sel ected fromthe group

including gut, liver, lung and pancreas. - They may -provi de ‘an in vitro

source of t H"é'raecella)mayatre fw'éﬁetr drsmwsheﬁoby the eaprﬁslsﬁ::lrn aﬁh@;@atooytetmﬁ:rtear |
‘present . nt.ion e ho i sol ating; an epithelia

stem cel %ﬁ’tﬁ @-Milg)r ﬁ% QQ b| 15 p;erpglydgl\)@'eoﬂs i AR 0SWHEReR ofg gpne

di fferenti aty paegtran rcﬁtacmsv ﬁ O%pgga%ﬁetfowﬁt(@ggp%tgggggmpobﬁéusﬁt' s

various cell_types said netho g
" PCT/ AU02/ 0133anscripis forPax Gepay ladga absarvech Paki6sisminpdily exipredsied inmieurg

expressi on nd |solat|ng sai d bells and culturlng

the bells OEEBS%#EPﬁﬁé g%ﬁyg%%ﬁﬁkgvngﬁy in'a HES nedi a including chalera

toxin.. Preferably, the HES cel l populatlon of differentiated HES cells is
' the HES differentiating

prepared. by._.the. nethod scri be re| wever

~cells nﬁ?x albys Hie (ﬁ?t"? Sd?t%&?‘?%f i ?Bﬁhﬁﬁ?ﬁe%t"ﬁg”ﬁr U 65%/3'10 dengetide

{_preparati onptuﬁﬁotémesteﬁ’pwe Qhe;bla’é&ta?lCMEerrg ke ptet ﬁtﬂta Férﬁct:eflls%md"ES
col onies conprising differentiated HES cells. and oni es -as

' her ein desc,falbga show . the typlca! multt!meage dlfferentlatton shown by ES celts m vitro.

The - response of thls cell to choiera toxm and its requrrement for STO cells_

further. dlstlngursh it from human ES cells whtch are not affected by cho!era_

1'5' : “toxin and whrch do not grow wetl on STO monolayers

' . In another aspect of the present mventlon there |s prowded a somat:c cett
dlfferentrated from the eplthehal stem cell as heretn descnbed

20 - The expressmn in some cotonles of the markers AFP (made by embryomc .
endodermal tissue) and the A33. antlgen the. embryontc hepatocyte rnarker-
defined by monoclonal antibody, GCTM 5, as well as expressuon of HNF3 atpha”
and HNF-4,. suggest that these primitive . epltheltal cel!s may be’ capable of .
j 7- dtfferentlatlon into several embryontc endodermal denvatwes The cells may
-_2'5 ~ respond to vanous ‘Known mducers of endodermal differentiatlon by formlng.-:_ _
o ,dtfferent der:vattves preferabty se!ected from the group !noludmg gut liver, Iung_ o
and pancreas. They may prowde an in wtro source of these important cell
types '

30 - In another aspect ot the present mventton there is provrded a method of
' |sotat|ng an eplthehal stem cell, sald cells hawng the ablllty to develop lnto-.'.
. various cell types sald method compnsmg ‘ '

_ obtatmng a dlfferentlatlng HES cell popu!atlon compnsmg dlfferentlatmg
HES c:etls ‘ ' '




"~ Wthout ‘being limted by this exanple of a suitable procedure, tl 0 my :":
“differentiated: 15 epithelial: stem cel I maybe i sol ated by the fol BWi' hfg f o
. procedure. Epithelial-like cells, identified norphologically, may be
i sol at ed &@)n%ﬁoude HES cel | . popul ations, cultures of HES cell: .
- popul atio P2 entiating HES cell colonies and. stem @QTVAWQZK%S:’(‘*SCL)
~colonies six to eight weeks follow ng subcul ture. Sub- popuI ations of - .
- differentiating. cells may be preéepared as: SHescribed above.. Cells 20 nay be
“identified by th&deﬁtﬂwﬁ@t@pltrﬁéllaﬁte@l?%éns hﬁslpﬁ@pyeaayenuhwteﬁphés%en ofcell
transferred onto cin Ctreated enbryonic fibrobliast cell I'ine;
preferably Sﬁﬁﬂémﬂﬂﬁ%l 88d cells line and cul tured i n- DVEM nedi.um ( G bco,

(ol oy or ™" B TSERRY Said o4t R ARG IngRanb SHEPSRT 1Bl oflbl?%'gfl

.G BCO, 1% I@ye{mn\a)HE&mEleemt:leimgﬁtcrhmeraAtom (NEAA; A BCO, 1% (v/v) -
~insulin,-selenium and transferrn solution (ITS, G BCO), . gl utami ne (2nmV-
G.BCO, Yenicillin and steptomyocin (50g/n; GBCO. Pr eferabl y, the
‘culture rredlmaferablys lln@Il%sr&eeldpdwiaumelfe‘ﬁeréﬁﬁat@d(QE@cgllspe) pREparkapye! |
Fact or (SCF 25 . Six to eight weeks after .plating

‘epithelial-I |Qén%téplj5(9@ls§ﬂb%‘é hﬁﬁ@”bé"@@‘-’—‘f&l’r th@eHEé)dlﬁegem@@npwallSsmeyalsrg

the cells i i on-
rechod, | apprSoBEGE SRS Th b SCoSLREY BF it ertiutofd 8PRHE ©
~smal | flat @mblyomﬂglaappyéa‘r outgrovmngfromcell clunps.. Wthin - :
appl’OXI pat ely two .to three WD 03/040355 31 PCT/-AU02/ 01534 days rounded ceI |-

~col oni es™may formproviding the epithelial cell line. These may be .

. gent i fi eld (rjmfepbells)galreasdalytahﬂ*ob? rmspomfe h@ﬁlﬂ?lﬁll(ﬁdlﬂlﬁeigmﬁtéa Cg&es ﬁéils)Ed
above includin ession of ce rface markers and RT-P The _

~cells are pP@Pg$§E|%¢?'gﬂ%meﬁﬁSWﬂ?tng€é€f + col I agen ‘coat ed di'shes” as this:

.hel'ps. to maintain their specific phenotype ‘The epithelial-li ke cel I s” can
further differentiate into I'iver cells as evidenced by expression of:|iver

“mar ker s suc NVBBO%LQE'EQt"m'tQCyB! ifis exppinie of asuiteblantdedue. thesiiffesentiated on
ke L i SRS} oty Beoabiattd ByoRR Ol el Sprd eI e
.cell line: TJIeHs,e idehtlfssedral;ndﬁehmlegicatlyad rhapnbenmbnietenlalfrqnnog:emﬂe oHES cell .
‘ o B rpopulatlons cuitures of HES cell populatlons dlfferentlatlng HES cell colomes '
_‘and stem- cell llke (SCL) colonles six to eight weeks followmg subculture Sub— . '.
o populations of dlfferentlatlng cells may be prepared as descnbed above Cells- :
20 | ;may be ldentlt" ed by the characterlstlcs descrlbed above ancl then- may be_ '
- 7 transferred onto a Mltomycm c treated embryonlc ﬁbroblast cell line; preferably : .,
| - a STO flbroblast cells llne and cultured in DMEM medium (Glbco wrthout' ’
_sodium pyruvate with glucose 4500 mglL) supplemented W|th 20% (vlv) Fetal’ __
.'f'{ Bovine Serum (FBS; Hyclone Utah) B-mercaptoethanol (0 1 mM GIBCO) 1%' ,
255 -(vlv) Non Essentlal Am[no Acn:ls (NEAA; GlBCO) 1% (\rlv) lnsulm selenlum‘ ‘_"
- and transferrm solution (ITS GIBCO) glutamme (2mM GlBCO), penlcﬂhn and.
' steptornyocm (50].|.glml GIBCO) Preferably, the: culture medlum is .. )
' supplemented with Cholera Toxin (0. 02 ug/ul) or Stem Cell Factor (SCF 25 |
: nglul) Six to eight weeks after platlng the epithelial- llke cell colomes may be'

l 30 " further propagated by dlspersmg the cells into smal!er clumps This may be
achleved by aﬂy cell dtspersmn method '

. 'Appl‘_oximate'ly .tw.enty.-four hours following transfer, cl'u,stets" of small flat cel,ls'
‘may appear.outgrowing from cell clumps. Within approximately two to three




~cul tures by i.munol ogi cal techni ques described above. 15 These heépatocyte
‘cell's may undergo differentiation into. ot her - endoder nal “cel |'s: tmgesgt PR
“including pancreatic cells.. The present i nvent ion will now be nmore fully
- described with reference to the follow ng exanples. It shoul d be :

~‘under st ooWO H¥¥EIBr, that the description 20 follow ng is PORMIRAISMe only
and shoul d not -be taken in any way as a- restriction on the generality of

~ the i'nvention described above: EXAMPLES 3fxanpl e 1: | munoi solation of
“Viable ES S del-gi Jalleey ga‘b‘ﬁh f of

~purifi catlgnﬂdf I\%/}li'g-gau "@Eg‘%h?’s |‘i‘1fa mz&#g thquﬁtl e%ﬁ%'ngélrmbe oret ected -
by t he nonod¢hayabe m@frtturbddmmmglcaﬂw andr @eeeustmgmsrtedermbﬂheefeaturmt

e popal adkpsibtdiaRRvei SR Ine REREHAT o B AR ey IR
procedure for propagating HES cells will 30 provide a rapid and

-reproduc bl-e_net hodol o for the - roduct I on ant igeni cal |y  defi-ned, HES
cells. addi& P%?? afﬁhgge arabho 959 'Elé’cnaMaéf'%P'nePﬁ&&thﬁ” EBF’E%’aq“PE%% iegnthisyf

anti gens on I-@ppé Rindisted tHef! doeciie ,ﬂﬁwge i.munof | uorescence techni ques.
Col ocal i sation of speci fﬁil ¢ HES cel Iﬁ}?raar kers will enable identification of
“the- phenotype of subpopul ations of ES cells. within the cul t_ures and wi ||
~help to WO 03[0 / subpopul. i ch
ey have. pr oSt EPRICATRR S A dpsh e e b RrerodRoat bakicigBa wi o1
ES cells usmmremubbé!wemmad«fdmeuebeerwe aitivappdis, 4ldEG)inceet amer QTN ed

onto gl ass cope ;slides and allowed to, .5 attach overnight at 37C, .5%
A AR B Bbssioh: 6 rhendafier Bekes) b PSR & "

ai.r d“ ed a'ﬂbo'ﬁr&ih@ly 6’the p?l@geh'ﬂ‘ﬁivlenﬁ&ﬁltﬁrbﬁ@es% 'Ild@ls ceN"Qﬁf?erehﬁétﬁadfrHH ﬂ1e

i'nouse monocl onal -ant’i bodi'es_rai sed against GCT G 343 (t
| abor at-ory) epitkalial egll linea ghese selipanay bemda&ed ‘imwend@d@mml preeemtpé| d)

'__and Gt -4. (%QL%&V%%&%W%@qu@QH@sg Bgd g@t)me CTM 2,

L
i

15 .. ‘These hepatocyte ce[ls may undergo dlfferentlatlon mto other endodermal cells
- types lncludlng pancreatlc cells '

 The present inyenfion'WilI now be more fully described with reference to the
. fo!lowmg examples kit should be understood however that the descnptionr; :
20 X followmg is iliustratwe only and should not be taken in- any way as a restnctlonr-
: _on the generality of the: lnventlon descrlbed above. .

EXAM PLES

B Example 1: !mmunorsolatlon of Vlable ES Cells

, 25 - This examp!e detalls an mmunomagne’uc method for the pun’r" catlon of wable‘
. - HES cells’ expressing the antlgenlc epltope detected by the monoclonal. '
-_antlbody GCTM 2. This procedure will enable efflclent and repeatab?e studles
of gene expression on antlgenlcally deflned ES cell popu!at[ons This procedure' '
| when mcorporated into the current procedure for propagatmg HES ceils will -
30 provide a rapid and reproduc:lbie methodology for the productlon of antlgenlcally o
: deﬁned HES cells in additlon thiS proposal details a method for. colocahsattonf"
o of antlgens on an md;vndual ceII using double mmunoﬂuorescence technlques
Colocallsa’uon of specn" ¢ HES cell markers will enable identification of the
phenotype of subpopulatlons of ES cells wrthm the’ cultures and wm help to'

PEHEDIGEIEr hen



- 10 TG 343 ‘and TRA 1-60 al | det ect” epitopes ori a keratan sul fate Iy i .
“chondroitin sulfate pericellular matrix proteoglycan found on H ?? a5

. enbryocarci noma (EC) and HES cells. 'GCTM 2. and -TG 343 detect an epi topeon

the protein: core of  t he proteogl ycan while TRA 1-60.nost" |ikely binds to.

the 0-1i nP¥Y934483550sami nogl ycan side chain attached to t he PETOAEI2015%9r e

- (Badcock et al., 1999; 15 Cooper et al. 992). Cect-4'is a.POUJ donain L

: transcrlptlon factor that is required 8¢ for mati on of 'pluripotent stem

~cells in thesotameticse esimspopuidiiorso! swifith almay h898) -prbpeitiesdonhiche gafeat ed
during gastrul atjon, eventually beconming restricted to the germltine and

i.s used as Ad¥APiAgEYE. undi fferentiated pluripotent stem ‘cells in vitro.
~The antigenic epitopes detected by GCTM 2, TG 343, TRA 1-60. 20 and .Cct - 4

all di sappeqy UP@haHak{cis@Rbh o ham:a] ERSIS el dRRIBIA ﬁmno?rt.o?ésoencaooo)

‘These primary antibodies were incubated wth HES cells xed onto- .glass
m croscope slides with 100% ethanol. Distinct, double i nmunof | uorescence

st ai ni ng- wadlwpan &etHBR) gells weraeleaﬁd ante Q’ﬂ%tﬁ%‘équgﬁédW ieadallowsstte
‘conj ugatgd ta@taeheuernggeépa W&gf hfcwtﬂ %?er@%teeh@%%%or&*tg %
Re ( BT o &1 hgt on ?

streptavi din conj ugat exas

conj unct i on ethdrola $iidey wepe thenrairsdridd) apdrgiogsat ad-ztoacf tmtﬁtrrequeeﬂ Slides
i sot hi ocyanate (FITC, Dako). For .exanple the staining achi eved in Fiqure
1(A- D) was \Aéﬁfﬁ.eaeedbwithrreeﬁae.rﬂen@réeteleam@qrtr% raiged pgedtstnBhd M2, gf@

~followed by agnagh: il | Ve,

each step), 3??0 | n?ﬁrg‘é{@%ﬂﬁ%&ﬁ&%ﬁ%ﬁﬁ%‘@%@éﬁf %nggévg% eg{ﬁl?’g}sbﬁp

WI t h nor nal Sheffield) lagd( Got-+H#i (Banda Gz Blo’tecfhlmlmgm Santa TRz TAO ((HDTM~2$ at

( i neaba t.in ns

Wt st 2seR g TR o SR el B Ao, Mk RSB,
-at RT), I Snd shifatd perlmeMMaHmhxtprdY@glﬁéhmmm@bn%—mbrﬁda%momas(lO) i -
PBS, slides un Ve Vect or Laboratories Burl i arre
cA) and theky%mﬂo ﬁ&h&%@iﬁ?ﬂ‘érﬁ@t&@t & SPHAPEIPN U PrlBincceignebine
optics. Si'Mgrgled gﬁeeht Swiiee FRA evRgoUSinegt Cikbly2 Eﬁ"uo(sheto SQRENAORAAKEY Y

: antl body (F| gure I,

o !actosamrnoglycan srde chain attached to the proteln core (Badcock et al 1999

- ','151 ﬂ Cooper et al,; 1992) Oct-4 is a POU-domam transorlptron factor that IS reqwred

' -~ for. formatron of- plunpotent stem cells ln the- mammaltan embryo (Nlchols et al.,

1998) It is down regulated durmg gastrulation, eventually becomlng restrlcted_
- to the gerrn line: and is used as a marker of undrfferentrated plunpotent stem _

, ~.cells in vitro. The’ antrgenlc epltopes detected by GCTM-2 TG 343 TRA 1-60 '

‘ 20 ~and Oct—4 all dlsappear upon dlfferenttatlon of HES cetis (Reublnoff et al., 7
| : ‘_,2000) These primary antrbodles were mcubated wrth HES cells frxed onto.'

o glass mrcroscope slldes with 100% ethanol

Drstrnct double immunoﬂuorescenoe starmng was achreved by utr!rsrng an antr-, _
~ mouse: lgM speclﬂc antlbody conjugated to blOtln (Dako Carprnterla ‘CA) and 7 |
' - 25 '-detected in turn by streptavidin conjugated to Texas Red (Amersham Arllngton
Hetghts IL) in- conjunctlon with a rabblt anti-mouse Ig oonjugated to fluoresceln o
|soth|ocyanate (FITC Dako) For example the stammg achteved in Frgure 1(A-
. D) was achreved by mcubatrng HES ceils with OcM (30 mrns at RT) fol[owed by_.',-r |
- washes wrth PBS (extensrve PBS washes" were carned out between each step)
30 - mcubatron with- antl-mouse Ig- FITC (30 mms at RT) blockmg with normal
. Mmouse !g (30 mins at RT) rncubatlon with TRA 1-60 (30 mins at RT) rncubatlon":
 with an_tem_ouse Igl\l] -biotin (3_01m|ns at RT), rncubatron_ wrth _streptavrdrn-'l‘.exas




Fi gure 2 shows doubl e i rmunof | uor escent ‘stai-ni-ng with Cct -4 and" 76 343. ~nnn -
-HES cells (Figure 2A) were incubated with the Cct-4 antibody det ect'e’d’b@“aln-
~anti-nouse I'g-Fl TC secondary antibody (Fi gure 2B) . Fi gure 2C shows- t he: :
"sanme field as A and B but showi ng-.fl uorscent "stai ni ng of the TG 343
‘anti body MOa¥P¥8F%ed by an anti | gM biotin-streptavi di n- Texus/ e/ s ex.
(i) Coatlng of I mmunomagneti c: beads ‘Wi th GCTM 2 750g (251) -of rat .
. anti-nouse | gM beads (Dynal, Gslo, Norvva)3§3 were washed in phosphate

buffered. sal @%5@ | etic
~particle con%%it %ﬁb;ﬁ%ﬁg %ﬁ?gm@ﬁﬂ?@ e%t d;)bo;she ds

at roomte 1 ( &fsorwere b ZVleetorr dtd'rm

- the beads vrrnpgq&gﬁ \A/az'&sutlllsrng he MPC, follo V\B l%ffdee vvashensrn
bi hdi ng nedi au ¢co ﬁD&PPI B, gfl erFedY'ﬁl%ef’Dl\)EWli\e t% iy

sodi-unmpyr uvaémﬂmebcehwmc%emnna/ kesiiiel wrefe Gunidea esngeowrlz Qs tHl@

_-USA) supgl emented W th 'Vrbogl?ul%m f.oetal bovine serum (FBS, 1% 20 -

l—lycl ohe, AFCONIHIMBIY A rad, BBW)-units m-' penicillin, and 509
m - 'streptorrycr n (Life Technologies)). Beads were then resuspended in 501

of  bi ndi ng Fgdiea2 éhblrvk atburma .Efm@ﬁl:lmd’é@@éﬁta&ﬂaﬂﬂnﬁtwm Get-4 Hre) TeRkUS,

‘were harvested seven days after transfer onto mtonmycin C mtotlcally

‘i nactivated %ﬁs‘éﬂil’én{tﬁlwm 2AT wiere ineithated/mih ﬂ‘@e@éﬁ 4 palikody deEstakby an
isolated fr t or
"F1 crosses %ﬂpﬁ%ls" E’al n wéé%bhggNngwused?agﬁ%é%O Qprel%%( %“??}s ﬂj'é]
gel at'i n- coatsaune |t"ek:heso!lulalndrﬁ lnltelhlesvlng-lﬂﬁo:amlehursmlmglofnlfreo't’r@.'sftaeelntftbody
R P i ST RN R e s AR
“.bovi ne serum (FBS Hycl one Logan, UT), 0.1 nM (3- rrercapt oet hanol, 1% WO

03/ 040355 34ji) VEFCHatinteof inayianoimagertio bebds withiemase (10; ng m - 1. Life
- Technol ogi.es). HES col onies were then washed twice in PBS vvr t hout cal ci'um

or nmagnesi u soci ated Wusi 0 tte HES cells
were then c?nﬁ’]ﬁ%r (%ZLE’ &y‘?f’q m8u§%)lg 4]%@%{?1%(? b@%’r&? P’\E‘?’Fﬁ
" resuspended lbtl@isbﬁafégbuﬂ@@dlsﬁlme GF@S)' @BSW@&S Emeedd $rot1$‘b%é¥ls 'l&mg the
naterl al) vvas saved for -
: Dynal magnetlc particle concentrator (MPC) GCTM-Z (SOOul) was then addedl
15 7 to the beads at room temperature (RT) for - 30 mlnutes Unbound GCTM 2is
" removed from the. beads wzth 3 PBS washes utrl:snng the- MPC, followed byf
_ three washes in b}ndlng medta (Dulbeccos modn‘" ed Eagle medlum (DMEM o
| wrthout sodium’ pyruvate wrth glucose 4500 mg/L ere Technolog|es Rock\nlle
. MD USA) supplemented with 25mM Hepes foetal bovme sefum (FBS 1%,
20 '_Hyclone Utah USA) 2 ml\/l glutamrne 50 unrts ml1 penrcutln and 50pg ml1;
N streptomycm (ere Technologres)) Beads were then resuspended in 50p.l of

'blndmg media
(i) H'u-man ES Cell Preparation

.~ Human. ES (HES) cells were harvested- "'seven 'day's after ‘tranSfer "onto": .
© - 25  mitomyein C mltotlcally lnactrvated mouse ernbryon[c fi broblast (MEF) feeder
- o layer (MEFS were |solated from day 13 5 post coﬁum foetuses of either the
g 129/Sv stram or F1 crosses of thrs strain wrth CST/BLB used at 75, 000 cellsr :
‘ cm'z) in gelatin- coated trssue culture dishes HES culture medrum conSISted of'-_ e
, _ 'Dulbecco s- modif ed Eag]e rnedlum (DlVlEM wrthout sodlum pyruvate glucose ,
.30 4500 mg L"1 Life Technologres Rockvrlle MD) supplemented with 20% foetal
' ' bovrne serum (FBS Hyclone Logan UT) 0 1 mM B- mercaptoethanol 1%




[ rmunofl tor. escent anal y5| s. nl-1 st reptorrym n (Life Technol ogi es)ﬂ QHES cell o

'
;HI_J{;U

“colonies were renoved fromthe ir Y '11t i5- ta3Uo PCT/ AU02/01534
~nonessential amino acids, 2 nMglutamne, 50 units m-1 penicilli n, and 50
nmy 15 bi ndj.ng _medi um and supernatants were also kept. as unbound- fractlon

. Cells - rer‘?ﬁpg’ﬂ 38h beads were resuspended in bindi ng nmedi URCHAY0XeI564 as

“bound fraction. Starting material,.boun nd unbound fractions were plat ed

onto 6 well tissue culture plates or 8 cHanber: slides (Lab-Tek, Nunc, -

Naper vi | | e, hohésveintihl agiifoidefdsh@ atv aflutdftne 550 UhRsi Ml bpbriaillih; farerl50 mg_ G -

chanber for supsequent 20 rmrgl)_hol ogi cal- and i munof | uorescent analfy5| S.
Cel I's vere. B sstraRANY¥R (bife Treh {esd 68| @) colenipp verpaerp v fom

chanber sl i W Cﬁfbﬂ -i-1G4dbRL '
-37C prior tgﬂgigﬁdﬁr In |)}c§%&ﬁi§§q% %ﬁ Nﬁéﬁl dg's vver@%tcﬂe{ é ?li%rl ed
and stored atologigs weate them avasheddiwicedn d%BSe\aﬂimoL(tsacabom)maglhmium and -

BT T e v A g S e 0
mnute, and GURAGAND 2§f, Y@SermatantsatlilySpuevas ambossisidnied an biddipg

cel | - bead mxture was rinsed twice more“in (iv) Imunonmagnetic.isolation . .
of GCTM 2 po¥ediuya. HE@ csmasll aligHpt Qér@ellsesﬁﬁﬁlbﬁﬂednﬁﬂﬁﬂﬁ navaRy saidinfaind -

‘added to was; nof | uorescent characterisation of
i mmunomagnet Fﬁﬂl"?y pur| dé'l)@égéfgggl |s. Starting material, bound and

~unbound fractions were stal ned with nouse. nonocl onal antr bodi es ' raised.
agai nst GCTMN), TRamunemagneticisclation Bf GGBMS positive HERicellsl) . Anti body.
“localization was performed by using rabbit anti-npuse 30 i mrunogl obul i ns -

| SopLyoniet | Sohd WRSESRRRpLRGLY MR I ol i B pTRe,
‘Laboratori escoa&adIbaaglarfsee@b)ovethhbe:ella bead nuxlmlmd.rasndeubmedg:m i‘ceefodSﬁr
Wit h epifl uanlneu &§ With (%P tc}ucesnt mlxmg A mlcrofuge tube contammg cell bead mlxture -
o was placed in Dynal MPC for 1 mlnute, and supematant was removed and L
_ saved as unbound fraction. The cell- bead mlxture was rrnsed tw1ce more in
1 5 blnding medium and supernatants were - ‘also kept: as unbound fraction Cells
: 'remalnmg on’ beads were - resuspended in blndmg medlum and kept as: bound7 -
| ; fraction. Startlng matenal bound and unbound fractlons were plated onto 6 well_ o
| ) tlssue culture plates or 8 chamber slldes (Lab—Tek Nunc Naperwlle llllnms) ,
.and. rncubated at 37°C 5% COz m a humrdrt”ed chamber for. subsequent.""
20 ,morphologlcal and wnmunoﬂuoresc:ent analysrs Cells were also analysed by o
- RT—PCR (see below) ‘ Cells plated on the 8 chamber slldes for-

: rmmunoﬂuorescent analyses were mcubated ovemlght at 37°C prlor to fi xatlonr "

. in loe—cold 100% ethanol Slrdes were then air drred and stored at -20°C untll -_

- frequured
'- 25 - (v) lmmunofluorescent oharacterlsatlon of tmmunomagnetlcally punt" ied HES ‘
: cells ‘

.'Starting material bound and unbound fraotrons were stamed thh mouse. ,

monoclonal antlbodies ralsed agamst GCTIVI-2 TRA 1-60 and Oct—4 (F|gure 3.‘ .‘ ‘

and F|gure 4) Antlbody Iocallzatlon was performed by using, rabbit antl-mouse :
30 _lmmunoglobulms conjugated to ﬂuorescem lsothlocyanate (FITC Dako,

: :,Carpmtena CA) After nnsmg, slides were mounted |n Vectashleld (Vector



(vi) Isolation of mMRNA and RT-PCR anal ysis of gene expression. Boga .and g
unbound HES cells were isolated as above and lysed in 3001 5 |ysi's Bffﬁdi'“-ﬁ%g
buffer (Dynal AS, GCslo). Following cell lysis, nRNA was isol ated by

i ncubation with oligo(dT) bound dynabeads (Dynal). Bound nRNA was washed
twi ce by resuspending in a lithium dode@‘?l sul phate (LIDS) containing

washi ng buffer and renoval of supernatants using the MPC (Dynal). Three
furt her msk@praxortﬁswyﬁingam%@&) aRd dben eiienwiewashppdergbrightfield orayitibeads
10 resuspengﬁﬁtuér@ e buffer. Reverse transcription was carried out
usi ng Super-scri p? reverse franscriptase 11 (Life Technol ogi es) follow ng
the manufacturers instructions. PCR for specific nRNAs was perfornmed using
35 cycles (@) 9596€ofation bf mRNASSM RO+PCRmanalsisloff géhd expression, fol |l owed by a
final incubation at 72C for 6 mn. PCR priners were synthesized by Pacific

Fol Powi ng  Bounb,and ynbosse t el mAtssroted Poraing, aaadyesd in 305" "
3' - ACA : : \deisofadagct |
tr anser ot S maid Eier (BRASRE, Offb)S FORMIAY cell TG R e isaleted et 1 1
priners: 5 bﬁlﬁm?mgﬁiﬁcmgﬂﬂ?mﬂ 330u(nﬂo|dya%bbadsS'(DVﬁﬂ)ﬁCBBWﬁé\TﬁRtM@G§é@- 3

. Al ] r,oduct s re resolve agar gse ge ectropnoresit s
nd v sual | SBehed FeBoRhieR-SRenEngnnds Y G Ra g 1T conBimre
| abel i mTUrWéié}iIhgiMér%nﬁémﬁvaﬁ&%ué i t%@\ﬁ% éh‘%EMP@ {‘D‘yrfiaé?). ESHred !

cultures. It ear that there I's significant overlap between the Cct-4
posi tive subipgbpumwashes witndashdutfer mdtheup LH3S iweret deariegpiovb ped distabends by

the latter two antibodi However,., s OCct-4 positive cells are nat

| abel | I wi ERUSPeAsd BT WaSPhuiliers dRevargs anSCaptian: WeR &erqarkout Using

I mrunoi sol adj s QCe r ; L ches f; ; [ are
30 positi Vgé*@%%ﬁ@i{&gﬁsﬁ t ﬁ%bg%lrﬁggéécgfl gugé{ e?\l?lhlﬁ%(ﬁg@g% S@H\a’ﬁ ?%Ihrtggt tach
to t he WO OBAa0ulaRESerRONSKUCRHEL 5BLC R Gomepaditty exRMAs avaoperfaimgéd usirg 8be. |t

is of int th hough ly. not all. cells i I L

nccessi bl o CEITHE! St [85d) TRt GBI AR 55606 21T, TaIWEE by Ll

bound cl ustgpgpadh BCFHIC Y& & Min CBCR: prithes’ Whre Eyithésiz8d vl Paeif® oligos
15 (Adelaide, Australia). Oct-4 transcripts were assayed using the following

primers:
5-CGTTCTCTTTGGAAAGGTGTTC (forward) and

3-ACACTCGGACCACGTCTTTC (reverse).

As a control for mRNA quality, B-actin transcripts were aSsayed using the same
20 RT-PCR and the following primers: 5-CGCACCACTGGCATTGTCAT-3
~ (forward), 5-TTCTCCTTGATGTCACGCAC-3' reverse). Amplified products
'were resolved by agarose gel elecirophoresis and visualised after ethidium
bromide staining.

Figure 1 shows double label immunostaining for Oct-4, TRA1-60 and GCTM-2
25 on human ES cell cultures. It is clear that there is significant overlap between
the Oct-4 positive subpopulation, and the cells expressing the epitopes detected
by the latter two antibodies. However, some Oct-4 positive cells are not
labelled with either GCTM-2 or TRA1-60. Figure 3 shows 'that the
immunoisolation procedure greatly enriches for clusters of cells which are

30 positive for Oct-4, and that these cells are viable and able to reattach tc the




~ This indi cates that stem cells posrtrve for GCTM 2 ‘probably grow.in-
coherent 5 clusters, consistent with inmunostaining for this marfkerps Cej{lg
“isolated-as shown in Figures 3.and 4 nmay be serrally cultivated an ‘
mai ntain stem cel | ‘properties. This is shown in Figure 5A which shows the
i sol ated C¥PP¥MPISntain. stemcell characteristics of Cct- £Ga4UERAISEN
after 24 hours and 120 hours conpared w th the: unbound popul ation. After .
. separation of HES cells with 10 GCTM 2 c&fpl exed to magnetic beads there is -

.a large enr 'rﬁBﬁB&'ayef afiePolethi Gglﬁ%llt&té( engglde :ﬁt%t 'tﬁ?li ésﬂﬁdﬁ% %fo%%l)bpﬂ%?gﬂmd

to GCTM 2 (-Bound) "as conpar-é e fraction o ind to:
t-he GCTM 2 neelisdin a:dbe@uiare Bnbessitll.to The antnisodly—heatl contpishy iRdpirearsdhat ail t

ot Crrohi o e Ra e e R U ard RS M I AR o)

after separ. dfhisnndicaRsetiict stbiscelRpbysititatior SXIANA pesbdlly JroWMnZedinsieht ve
cells al go g(grrches for. other stemcell markers Fi gure 5B shows 't hat after

120 hour 'ér‘§1§53 t FRNggient with "arnwcr%enmgv '"f His markero. wells igolated . as
-‘S'gn'f'ca“t S urfer 3 G2 ble' é‘nall tﬁtnl e&haeha?%'agﬂ@gl %?%Plé‘errﬁ :
ese

conpared to the start ng nateri aI oun rac I ons
results wer epf@ﬂeﬁleﬁedﬂal‘ﬁtlerShGNl'il\mzzlga;EiEAtwlmnh sbekmssthedselated tellsthamtaih

chanmb I fr. ch ct ved
oy spase, ouhehh dEeERES dBor el SR 2 R A D BRI
]flor CCTM 2 cbehpareedwith fHeTan@meﬁdpunﬁrt&gﬁemtreer arauatgﬁ HEgiebells@\rr]tth
e oA e R 2 58 PebPae"Sharels reechibiaiioa Bios e 1 G0
(i'mmunoi sol atpds’mer@asesrbsrésea%bh%btehwalrwwc@?ﬁwfzorséthﬁ |80 &hga oF
~ viable pure gopulatron of Cct -4+ -cell's from outr fi‘/ﬁéhhab c}gured
. of

- popul at i ons 8¢ TragHaR afgedisthat did met bmt:t@dhe&wTMQtrsametlmbea
gene expree,sHi% Ctﬂ]ln%sfoFtﬂotﬁHrﬁ? ’horuli’§r§1 Bh& ;#aq{e[lg Hoffd! LS 862 ng&lgns X

popul ati on of s w thout conta | on LT om m Aori ty. popula
~di f f er ent i aténbaud s~BY0Yepositive) iang tlﬁ@ feufré eright ihahddpamt]| Bournde=¢60% h

f . th A d k h
T g s%%ugpmrs%tes@estsmtmss%&sumpr%ar
“di ssoci at io rsetphratltm 53] GOH'NLIZ msttbrescells |%c£erhrlu§hﬁ1ldur bﬂﬁrftitdm @maﬁsersood

.-'Frgure SB shows that after 120 hours (5days) the cells are also posrtNe for =
o _GCTM- 2 with: a sugnrt" cant enrlchment for GCTM-Z posmve cells m the bound' o
7 fractlon as’ compared to the starl:mg matenal and unbound fractlons (p<0 05
20 These results were obtamed after GCTM 2 separatlon Cells were cultured on |
' i ' 8 chamber slrdes with MEFS for 5 days Cells from each fract:cn were removed,‘ L
a by drspase trypsrnlzed to a smgle cell suspensron starned m solutlon for
- GCTM-2 detected by FITC rmmunoﬂuorescence and counted under the

. quorescence mtcroscope (n""5 separate slrdes)
25 "Flgure 6 confrrms that the |solate'd cell populatlo_ns e>tpress Oct;zl tra_nsc,riots. '

_ The mmunorsolatlon procedure descrlbed above provades for the |solat10n of a
'VIabIe pure populatron of GCTM-Z Oct-4* cells from: routinely sub—cultured,
populatlons of human. ES cells The procedure wrll be useful in analysrs of gene: - .'
expresszon in ES cultures ‘thereby. providing results on a deﬁned populatlon of
- 30 - cells w:thout contamlnatlon from mlnorrty populatlons of drfferentrated cells By_l _
,ellmrnatrng the dlfferenttated cells the growth of the stem cells" may be'.
' .improv_ed_ _.The procedure, unlike those- based on flow’ cytometry, does’ not rely N




- vi-abi l|ty of the isol ated cells. ‘If should be possi bl e to incorporate.this -
"procedure into routire subculture ‘met hodol ogy to replace the. tecl rﬁdue ok
~"isolation of stem cells under mcroscopic control used presentl y to-
_ellmnate |fferent|ated cells, "therebyfa(:rlrtatrng cul ture scal eup.
" Exanpl e 2% Ying a Novel HES Cel I Subpopul ati.on Cell PORABO2/0453at ed
from di fferent | atr ng human enbryonic st eglﬁ (ES). celd col oni.es (HES-2) six
. weeks fol |l owi ng plating and transferred to'a Mtonycin- 10 C (0.5 nog/m ;

" Fr. st ?IS Tgeml f&wsobie;troﬁuoi tad iE9 wnalgsggbome centbrmlmemrfebw?tﬂtgfﬁé s‘tﬁic{ X
i ne cu Wi i u uv Wi
gl ucose 4508 '%‘ﬁl)oqs ﬁ%@ﬁt?—?&swnh%h%% ?@PQ?S@&’@I 'nBBRﬂorﬁ%t%%B!?rMﬁ’FG#B@ |
. Hycl one, Ut gh rolifindRUBRBIGR! REMRIdo to ce%@@hnraue/‘b@l’do‘l’étro Stem
N e

Essenti al ‘Ami no Aci ds (NEAR: G BCO i nsul-i n, “sel eni uman
transferrincels wndes mlcmcaglcsmtrolmecgpmamwo eltmlpatear:lﬁererglaseﬂ lt-‘-a‘llact or .

- (b- FGF, R 2mv G BCO enicillin and
gt ept orry00| n &FE@.@%‘?’J E{@b&g“"’ég%'%%(even days a]ztef plating the stemcell

colonies were further propagated by nechanical isolation.of the cells from
the surrounding areas of differentiating 20 cells. This techni que invol ved

“aspiration @Exaniplec?) udémufﬁdgwavdl HESCell Siibpidysulagions W th'
€c0) cont ai-ni ng -cal ci.um and. nesi um -

- phosphat e- buf f ered sal,i PE@E’TH %
The stem cel el?ol"fﬁrﬁeésque@é differgntiptingt humang e&ﬂh@smcpmts@d(E ) agall
mi cro- pi pet t:eronTée (FES- Eﬁsrﬁ\ﬁééks %rmﬁ%d rRf Snd rlsf@rrréd s 4! ll/lltt')ﬁ'%cm

medi um cont ai ni I spase I owm ng. a three nut e

25 i ncubiti &h amﬂéml,clﬁnﬁtslnlgve@t ﬁﬁtnblbl Augiradia)akealedt wieuss rermiBonic

. (G bco) f
- Characteri Sgipltc%l%lﬂg]grégg &t ?on ot (i?l‘l[gﬁ%i\ﬁ 8%‘%?“ n(ﬁ%%dr’e@iér%tesomum :
M croscopy p3Buvate) wsthvglueose aﬂrﬁ@t)emgﬂq mpp)er&evmd wtttl'lam%r (vé)i Eletsil Boving ek)
“and cul ture for en, t Fol'l o
The Col | o velin (R8T Mo NS Pt b AR SR TS
| Sol ation odeﬁ?lissenﬁlaR‘AnEfﬁB AdiakYEsAAS @scp)emte@m)omsénﬁt sérlaﬁﬁlnl elrlcl<e
cul tures_were isolated and sed I n 300 si’s/ bi ndi-n

15 . transferrin solutlon (l GIBCO) 50 ng ml basic. f|bro Iast growth factor (bw

FGF R and D Systems) glutamlne (2lel GIBCO) pemcrllln and steptomyocsn

~ (50ug/m; GIBCO)

_ From seven days after plating the stem oell oolonres were further propagated by' 7 B
| mechanical lsolatlon of the cells frorn the surroundrng areas of dlfferentlatmg |
| 20 cells. ThlS technrque involved- asplratron of the culture medlum and washing of -
the cells with phosphate—buffered salme (PBS Grbco) contammg calcrum and'. '
'magnesrum The stem cell colonies were mechanrcally cut. using a heat pulled
- glass mrcro-prpette The PBS was then removed and pre—equrlrbrated culture .
_ o medrum oontamlng dispase (1 Omglml GIBCO) added Followrng a three—minute -
- 25 incubation detached clumps of stem cells were washed tWIce in PBS. (Grbco)
- and transferred to a fresh STO feeder layer. | '

-(i),- Cell Characterisation

| Cha'racterization.'of Cells ‘Using Immunflucrescence Microscopy o



(Dynal AS, Gslo). Following cell lysis, nRNA was isolated by incybation
with oligo(dT) bound- Dynabeads (Dynal). Bound nRNA was washed tWidc &4y 2505
Tesuspension in a |lithium sodi undodecyl sul phate (LI DS) contai ning wash
buffer (100 mM Tris-HCI, 500 mM Lithium Chloride, 10 mM EDTA, 5 mM
dithiothreitol) 10 and renoval of the §ﬁpernat ant achi eved by a magnet.
Three furt { ' § ] r i out
and Dynabetatgés"S ?%gé?\e‘)%%ﬁ %%g%gggﬁﬁgﬁ fsg’trj.égag%/téwﬁ ta\rpgng'gﬁ?%?ifgﬁ was
carri ed outsewenrg tersdpyssicoligwing éwe veshesaviicwapnad PB$ tije célls Weuhfisedgi es)

following th t 's protocol. Polymerase Chain Reaction for
specific nmﬁgc&gwffg?ﬂéﬁﬁﬁ%’@augl ¥ cycles of 94 Cfor | nmin, 55 for 2

mn, and 7 2. mn, followed by a final incubation of 72 C for 6 mn.

.C far |
PCR pri nmer i) Taaﬁ%'al")"" oheRNAANAREFLE apaisie ot 9RNTPXRIESSIPRdel ai de,
Australia) or Sigma. Anplified products were resolved by agarose gel
el ect r ophoreims celidike i cllitires averafiselatecemnddiyaed bn o3l ¢l dysis/pinding bofferi ner

Dat a: For d Pri rRever Pr.i ner t. 45' - TCT T TGG. AAA T
57 TOnAbinel AS: CHS isiomihd el FrismmAIE wark Islgte oy icabatisn i
TG 3' 5" - - ' N5} ' C
o A SRRETIGE 19, S SENIGRS ag S e 5 O
CTG TTG 3' sesusprosioinmalithane-soiaroiedapisuphatexLIDrS) containimpeachhuiier GAA

CAG Th- 350550 T G35 4. 16T 6 #6130 PELTIC & SROHIGISTC ~AC
65’ - APOCAGNAARSIIGY: eMmat&iiCadiieldANCh APhise further three

Vitronectin5 -TTG CAG GCA CTC AGC TAG AA-3'5'-TGI TCA TGG ACA GIG GCA TT- 3
Tr ansf er ri vsashesewithc wash doffecauithett WDS' wetgecardad aont and Nypapaedsc 3

Pour & ol 1 CRHG SR ot ag BURT G BRoam o es A Bk

cell's, cl usBgersfpts vierdd atrafsthtas@peiar AdfeouTgciavdlogiel) Oroll@lihg Clthaps.
Wthin a further two to three days rounded cell col onies formed. Under

phase conthaByfagiureps doplipcok dtalymarase &hainsReastiondepaeedts cARNAS ¥as ance
coul d ti% performed using 35 cycles of 94° C for 1 min, 55° for 2 min, and 72° C for 2
min, followed by a final incubation of 72° C for 6 min. PCR primers (Table 1)
were synthesized by Pacific Oligos (Adelaide, Australia) or Sigma. Amplified
products were resolved by agarose gel electrophoresis and visualized after

ethidium bromide staining.

20
Primer Data:
Forward Primer Reverse Primer
Oct 4 S-CCGTTCTCTTTGCG AAAGGT GTT C-3' | 5-ACACTC GGACCACGTCTTTC-3
CR-1 5- CAG AAC CTG CTG CCT GAA TG-3' 5- GTA GAA ATG CCT GAG GAA ACG-3'
Genesis 5-
HNF3o 5-GAG TTT ACA GGC T1G TGG CA-3' 5- GAG GGC AAT TCC TGA GGATT-3
AFP 5-CCATGT ACATGAGCACTIG TIGS 5- CTC CAATAA CTC CTG GTATCC-3
Sox 17 5- CGC ACG GAATTT GAA CAG TA-3 5'- GGA TCA GGG ACC TGT CAC AC-3
Nestin 5-CAG CTG GCG CAC CTC AAG ATG-3 5-AGG GAA GTT GGG CTC AGG ACT
: GG-3'
Pax 6 5-AACAGACACAGCCCTCACAAACA-3 5-CGGGAACTTGAACTGGAACTGAC-3
Vitronectin 5-TTG CAG GCA CTC AGC TAG AA-3 5-TGT TCATGG ACAGTG GCATT-3
Transfermin | 5-CTG ACC TCA CCT GGG ACA AT-3' 5'CCA TCAAGG CAC AGC AACTC-3
Actin 5'-CGCACCACTGGCATTGTCAT-3 5-TTCTCCTIGATGTCACGCAC-3’

25  Twenty-four hours following transfer of cells from six week old dishes of human
ES celis, clusters of small flat cells appeared outgrowing from cell clumps.
Within a further two to three days rounded cell colonies formed. Under phase
contrast microscopy, cells with a distinct morphological appearance could be




WO 03/.040355. .39 PCT/ AU02/ 01534 |dent|f|ed wth a transl ucent cyt gpl asm. -
- and ‘dar’kened nucI eus (Figure 7A). After a further seven to-ten day rﬁ“faf'i’;/'ﬁg?{}gg
“culture other cell-types appear wthin the colony as cells beginto -
i ffe’rent%g 8@ %ure 7B). Mpst commonly;. but hot invariably, an area of
‘differenti YOV s appear Wwithin the centre of the stem ®§WVATGR208550l ony.
Over a period of two- to t hree weeks, §cells differentiated into a
ovari ety of cell types including early ne |9al and epithelial. cell types and
cel I's sinil ddentfi iecewiithee trangiueent cyetbblasymead\datrkeﬁedsquaeue%Fmp@&A@nAﬂeﬁnd

' t th t t P 10 I ndi t
Moot vor c futhesE iy G I Eielse Bt ol hisasamaga wiin Toe doimt,
for GCTM2 (Figusifs Bé’gm tJ'ﬂ?ﬁér@ﬂtréﬂe' (‘ﬂﬁlﬁé A5 Most E@ﬁﬁﬁorﬁlg B otdFRariabhy a$§EA4

(data not shown). cel | s di spl.ayed posi‘tive fluorestent staini- ng
TG30. (Figurd¥egnf @ﬁeremﬁteﬁbaeﬂmpeawé@a. thetcante ofothecstery catetugmcolony

o Bt SOTe e pEriB T B8, WOl s it AURIRE IR FRF G Vel Ot dE 00
\I/EvasCA (I\)/Ib?ar\cl)ﬁdypes lﬁgljmhﬂg v nigddieat :lmc:)“n gg?he[ﬂgcs:élﬂﬁgéﬁmﬁ Eahftl | lis BiRKRIr to
1 Iroanscrl pti oeﬁgf q?R/PPt?e éﬁttyﬁf"ﬁ%ﬁ FRYBERH eP@ﬁerathep@q?aB@aﬁPeetleﬂwth

including Oqtysﬂc sﬁtbﬁr@s(ﬁe@éﬁaﬂ Q@mgnd Genesis (Figure. 100).. Transcri pts
for the neural marker- Pax 6 (Figure 10B) and relatively |ow. |ntenS|ty

transcripts for- hepatocyte nuclear factor (HNF)-3a (Figure 10C) were al so’

detecteqp a%&ﬁ'@é‘t ﬁgﬁgﬁgf[geféé%ehbe%l rgi?dii)g[ bt QH%tgéEScel-@ghSw%r ﬁe@gtwe '

transcripts for t erm genes a opr ot er.n ronectin
transferri n,staiping o GRIMS (ﬁlglulreIBA)aﬁ'M 1665(F|gwealaﬂqm,gtﬁeadﬂl (Fignarti ae) of

| Saneaet i L SSEAP LB el G aa Rt RS SR
.canoni-cal  prfon&@30 riFugureoQAhtar&t emttbedhlr CAM BRt ddainstclow emﬂéﬁmar Q@et?ﬁt t he
ess, this ce type -

surface narke und on ES cells. Neverthe

expresses otH @(%ﬁﬂgﬁﬁ%? grﬁﬁnﬁﬁ pell as @ dRy u'i‘uf&QPEﬁSehuQﬂeﬁF%‘P%tﬂO&t feh at
t he - nor pBol agictmedis Sfilahizing rﬁarkle@f\ﬁﬂtéﬁtmcﬁ*iburtey pes: NW':b%sitt\re'ﬂhd%@ééé £

-t hat the SCL cell is a novel K pe. ofﬁg)l urrpotent cell derives from

' or.is'a predyﬁ@@bsg\r\req Her ilaPH ((5l|L|A antlgen) and the eplthehat marker
EpCAM (clone Ber—EP4 DAKO)

. Expressmn of genes known to be transcrlphonally active wrthm plunpotent stem' .
20 cell populatlons including Oct—4 Cnpto (Flgure 10A). and Genesus (Frgure 1OC) :

: 'Transcrtpts for the. neural marker Pax 6 (F:gure 108) and relatlvely Iow mtensrty- '

' _transcrlpts for- hepatocyte nuctear factor (HNF)-3OL (Flgure 1OC) were also |
_detected as they are In conventlonat ES cell cultures. There were no transcrrpts ,
L for the endoderm genes alphafetoprotem wtronectln or transfernn nor. for the
25 " neural marker nestin, aithough- venfacatlon of successfu! RT—PCR was valldated R
. by rdentrfrcatlon of the housekeeplng gene actm N |

‘,The cell population descr"ibe'd here ciearty difters from the;canohical primate
o plurrpotent stem cell in that it lacks’ expressmn of the surface markers, usuaily‘
30 -found on ES cells, Nevertheless this - cell type expresses other markers of _
|  human ES cells and undergoes dlfferentlatlon at‘the morphoioglcal tevel into a
range of cell types: Thus it is possrbie that the SCL cell is a novel type of .
plunpotent cell Which derrves from or is a- precursor of, the canon:cat ES cell.
The SCL cell may have desrrable propertles compared to convent:onal ES ce!ls g




The SCL: ceII ‘may have .desirabl e properties conpared:to: conventi onal - ES_

-_;ceIIs ~were capable of differentiating into a nunber of cell typespizy OB

~including neurospheres (Fi gure 11B), and epi thelial-like cells (Figure -

' 11C). 10 ..40. WD 03/040355 mai ntained on STO.cells, a fibroblast cell line.
whi-ch is: W&@B/M@S%row and rrar ntain, rather than on cul tureeTofUoanIsse

. enbryo fibroblasts. 0 9 I LV 2003 such-as ease of" grovvth during rout| ne
subcul ture or cloning, - mor e ext ensi ve4ocapa0| ty for imvitro

differentiagjen asnéésélbrgraarl AIRRPRSuLine SUHCRRLRS of HRA Iotarrhueyexeasuet ake -
and integration o nstructs.” .For exanple, SCL cel 's my be SCL cells

(Figure 11Apapecity fafiintlre stifferantiatiominta divesssm dneages s greafes’ salfgeRtiRIi o

S LTS SN R8 SPR R o

- nor phol ogi calrdrntauwj en STet eslls, r@rﬁbiolblaet eslli Iate m@rcﬂnuseeasentm ygmw: asidem

(ES) cell colanjes E and st mce i ke coloni es (Exanple 2
above, Hawe&3RRiMbd g’ rézjg@)on ¢4 e?B*Elog’ﬁF lbal}l%la #eng subcfll turrg

Alternately, these cells could be induced-to appear in. cuftur es -of human
- ES cell's'using the follow n%drret hodol ogy. ES cells. were. maintained for
- 4-10 days ufde: cellaffiguee ddndiwerensaintaiBadtina §m1lﬂJr"éanm\%roﬁi%HE§v§§"§\ﬂﬂ%hed

to DVEM | t
Lo DNEM oy Lucanenir B i) J9 47 RUREC e 801 SyBaLeRaLpg "
' '7-14 days, teergspidoes nﬁlglureth)tarrtbeprmeliaelrlcerbeltsﬁ:rgme HIC). epi thel ial cel I

simiar éjo those illustrated in Figure 11 C. The large, flat, squanpus
cells f&

o Without ni c@hidimpied®: werdiffevitiateds dpitliantstem tdutl Frememanah ES cell
ni cotinam de. 25 . After spontaneous ag)pear apce or induction as" described-
- above, cel | sulares: pufaive endodgrmal pregesiotin C (0.5 my/ i’ . Bri st ol - Mers

- 'Squi bb, Austy [@lgeﬁu Blig 2k ShiifRdS ttBRoN ralaray 6D Ble & Shoml Uﬂ%réﬁtTéﬁng |
cultured in: |um co, wthouf sod ruvate, w'th ucose 4500
.ng/ L) suppl éwmnecembmomc stem (ES) cell colonres (ng)g 2) - and stem- cell ?rke (SCL). -
15 co!onles (Example 2 above Hawes and Pera 2001) ‘four. to erght weeks‘ |
followrng subculture Alternately, these cells could be mduced to appear in
_- ',cultures of human ES cells usmg the followmg methodology ES cells were';
_ . marntamed for 4- 10 days under standard condrtrons then the culture medrum
-  was swrtched to DMEM low glucose formulatlon wrth sodlum pyruvate
20 supplemented wrth reduced levels of fetal calf serum (5 10%) and 10 mm':""
-' B nicotinamide. Wlthrn 7-14 days the predomlnant cell type in the culture was an
o eptthellal cell srmllar to those 1l|ustrated in Flgure 11C The large ﬂat squamous_ a
‘rcelis found m controi cultures under- suboptrmal condrtrons (eg Iow serum. -
. { wrthout nlcotrnamlde) were. much less frequent in the presence of nrcotrnamrde -
25 _jAfter spontaneous appearance or rnductron as descrlbed above cells were. :'f
,'.-_"--'-‘transferred onto a Mitomycin C (05 rnglml Brrstol Myers Squrbb Australia), .
'treated mouse embryoruc fi broblast cell line (STO) cultured in. DMEM medium '
. (Grbco without sodlum pyruvate, with’ glucose 4500 mglL) supplemented with
_ , 20% (vlv) Fetal Bovine- Serum (FBS; Hyclone Utah) B-mercaptoethanol 0.1 |
30 - mM; GIBCO), 1% (v/v) Non Essential Amino Acids (NEAA;- G!BCO) 1% (Vi)
' 1nsul|n selemum and transfernn solutron (ITS, GIBCO) glutamrne (2mM
- GIBCO), penrcrllrn and steptomyocm (Souglml GIBCO) In some cases the'
- culture medrum was supplemented with Cholera Toxrn (0 02 uglul Sigma) or'

-Stem Cell Factor (SCF 25 nglp.l Peprotech)

nd in control. cultures. under suboptinal conditions (eg low serum -



'_20%(v/v) Fet.al Bovi ne Serum (FBS; Hyclone, ..U ah),, (i-nercaptoethanol (0 1
- 30 v - A BCO), 1%(v/v) Non Essential Amino AC|ds(NEAA GIBCO) 0A;(v/v)

i nsulin,- sel enium and -transferrin solution (ITS G BCO, glutam Yeo (Zivet

. G BCO, penicillin and steptonyoci n(50pg/rr1 G BCO). In sone cases, the
Ccul ture N ORI049355. suppl enmented with Cholera Toxin (0.02 p-g}‘]mmzﬁnma) or -
~Stem Cel | . Factor (SCF,” 25 ng/p!; Peprotech). WD 03/ 040355 Six to ei ght

. weeks after plating the epithelial-like 4&l1 colonies were further .

" propagat ed by . mechanical |y cuttij ng of sheets-of cells into.smaller cl urrps

- This technique invol ved aspiration-of the culture nedi umand washing of

-the cells ixt Hropelgbbhmaesbaﬂéerpdﬂtirrgattlne\emﬁB&I-lmbcelj aodorias niveng fardtfeeum
and nmagnesium ar act er. z nof uorescen
Y omegnes bt haghd SREhSHAR! FCHing, o Hisele £F bR I e AT BE s
and. cul tureﬁbdtﬁfqu@m\ﬁdlvé@larspiﬁéﬁm d#ﬁhé'cmr@'ﬂhétﬁum hAd tedHinglioFtthacédliee
pear ed Fol'l owi ng two. washes wi:t h -warnmed PBS the cells were

-appearance,

fixed wWih b‘@i?’d Bbomhﬁtejb@er%ntsahﬂeng(ﬂﬁeﬁsh Ghgp) ecoptainingiv aaleRimciands oo
nM Li t hi um: r&%hﬂﬁ’ 1G nNI EDTA, .5 mMdithiothreitol) ‘and renoval of the
super nat ant . ng a magnet. - Three further three washes with wash buffer

- Wi t hout LIDs were carried out and dynabeads resuspended in 100 I wash

DutTEr Poves o Ciatas R iler e AL SR R LYo

prot.ocol . Pol ymerase Chai n Reacti.on for specific - nRNAs was performed using
35 cycles of 94 C for owed

, _ f
oo VTR helmribdiatiionad enop ek hamperdlies 6 aboTREr @ngwﬁﬁesq"éwpoy
| Paci i ¢ 11 gosropdglebide unflSidaNia) wih. (B sAERG frdaRandly

" air-dried. Staini.ng was carried out as describ bove. é g Isolatlon of
Wi

- nRNA and RTFptbpwmtuveM@sbesgeﬂewemeefﬁ%thaapellsmereﬂxe cold 80% 6dVes
| at il / bi ndi
et Fer " CoynEh Ao B ARl RSy AHEd D6 as RbElodle) V3T IO NI N9

i ncubation with oli go(dT) bound dynabeads (Dynal). Bound nRNA was washed
twice by resuspension in a |ithium sodi undodecyl sul phate (LI DS) -
. 17_5 7 .(n) Isola’uon of mRNA and RT—PCR analysis of gene expressmn

, Eplthellal -like cell colonles were |solated (descrlbed above) and transferred into
300 Iy3|slb|nd|ng buffer (Dynal AS Oslo) Fol!owmg cell iy3|s mRNA was" -
lso_lated:by lncubathn with ollgo(dT)_bo_und .dynabeads __(Dyna_l). Bound mRNA-
. waswashed twice by resuspension in a lithium-sodiudodecy! sulphats (LIDS)
20 containing wash burre'f (100, th Tris-HCI, 500 mM Lithium. Chioride, 10" mM-
| - EDTA, 5 leI dlthlothreltol) and removal of . the supematant using a magnet. :
. 'Three further three washes W|th wash buffer wathout LIDs were carned out and
| dynabeads resuspended in 100 pl wash buffer Reverse transcnptlon was'
- carrsed out using S_upers_cnpt__ .-reve_ree transcrlptas_e__ll .(ere- Technqlogles)j '
- 25 following the manufacturer's _'pr_otoco‘!._"Po‘!ymeraseChaih "ReaCtieh‘fdrjebeciﬁe
- mRNAs was performed using- 35 cycles of 94° C for. 1' min' 55° "for 2 mih ahd' ‘
72° C for 2 min, followed by a final mc:ubatlon of 72° C for 6 mln PCR prlmers '
. were synthe3|zed by Pacn‘lc Ohgos (Adeialde, Australia) or Slgma Ampli’r" ed
products were resolved by agarose gel electrophoresns and vrsuahzed after ‘_
o "30__ ethldlum bromlde stalmng ' ' L |

aner Data : o . :

. | Forward Primer . ’ ' - Reverse Primer.
Oct 4 | 58-CGT TCT CTT TGG ABA GGT GiTca | 5- ACA CTC GGA CCA CGT C'I'T TC-3 - -
CR-1 1 5'- CAGAACCTG CTG CCT GAATG-3' . | 6~ GTA GAAATG CCT GAG GAAACG- 3



30 products were resol ved by agarose gel el ectrophoresis and visualized
after ethidiumbromde staining. Priner Data: Forward PrinmerReverse

Primer. Oct 45'-CGI TCT CU TOO 5'- ACA CTC GGA CCA COr CIt TG 3 CAAAC&KBTLSS
GIT 0-3° CR-1COT 5'- GIA GAA ATG CCT GAG.,GAA ACG 3' 5'- CAG AAC CTG CTG GAA
TG3' 42 HNF3a5'- GAG TTT ACA GCC TTG T 2CA—3' 5' - GAG GEC AAT TCC TGA GGA
TT- 3" AFPH BNFGCA TSTGAGAT AR GEATIH (6J T4A3'3" 5] 5- GEGGEAMTTRA TCRGAATE-3GTA

TCC- 3" Sox APL' - X ; NG BE CAC GIEGA

AC-3' NestliS9s1Z cAGE J

GG 3' Pax *g‘

\ﬂtronect! ron APC R ReToABC _“‘;,‘
Tr ansf er r i [Meansfribo| HETCIATE FIACCFISIREN A7ls 3 5| ke ST 3
Act i n5' - CGRAGCACT RCCEATIGE A TS TOATHCCT T GATST I ISTACATE TCARBIRG/¥ T our_hqur s

follow ng transfer, clusters of small flat cellslappeared outgrowi ng from
cell clunmp / t hi further two.to three days rounded cell col onies

Wthin t
formed. Undeventygawr %W%S Bying dransden: ofustees | srall aflata celis tanpeared s
nor phol ogi I | . us
(Fi fure. 120 IGRMRSITRRA A O, \RAR, SALARSE AR 30 tnide B3y f6liadt Ebf
epi t hel i al -daldrdes édrimed: dldereight Boiceoscopy rixemination theserdisdiazba wigtimctiveor e
rounded_cel | tha tached fromi;the epithelial -1ike cetl S as rE)rol iferation
|

.d
conti nugd. "BIANC ﬁhapa%%raa%im h degkenadh fyonlas 416 IrpBSluBEICRYHENS
toxin to theigubt ¥ TRA %ré&ai‘ﬁfec?ngfg@tsda@% SHtdurfeP 198 &ithdREike el

mechani cal 'y ‘cut using a heat pu cro-pipette ‘and transferred
to a fresh SlieseFome agaoniesi ware aswciated with aamswes hmundedhaell cihalt

coLontes ool B BP IR et b B e Bl A "

was definitely enhanced by addition of cholera toxin to the cuiture medium

10
The epithelial cell colonies were mechanically cut using a heat pulled glass
micro-pipette and transferred to a fresh STO feeder layer (Figure 13A). It was
also shown that cell colonies could be propagated on a thin Matrigel (Gibco)
coat and retain their distinct morphology for seven to ten days (Figure 13B).

15  Following this fibroblast type cells began to appear at the edge of the colonies
that necessitates their transfer to fresh Matrigel-coated dishes to maintain their
specific phenotype.

Indirect immunofluorescence methodology showed positive staining for the
20  epithelial cell markers EpCam (clone Ber-EP4; DAKO), and low molecular

weight cytokeratins (Cam 52; Becton-Dickenson); Isolated patches of cells

above the plane of the monolayer showed expression of the endoderm marker

alphafetoprotein {( AFP; DAKO) and the gut cell specific A33 antibody. No

significant staining was observed for PHM4 (HLA Class | antigen), CD34 or the
25 = stem cell marker Oct-4 (Santa Cruz Biotechnologies).

The expression of hepatocyte nuclear factor (HNF)-3a, and HNF-4 was
demonstrated by RT-PCR analysis. No evidence of gene expression for Oct-4
or CR-1, characteristic of pluripotent stem cell populations was observed,
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_ .20 ~may be made WIthout depart:ng from the spirit of the present lnventzon as
outlmed herem S . .



©may be nade without departing fromthe spirit. of the present invention as -
“outlined herein.- 0 0 NAY WD 03/ 040355 PCT/ AU02/ 01534 45 1. -A nefhoe 8% 2nne
i'denti. fying a vi abl e sub--popul ation of HES cells, said. net hod.- corrprl si né’:
- obtaining a source of HES cel | s; and |dent|fy| ng the sub- popul ati.on of HES -
ccel I's t hawmoxo4asssl east. GCTM 2 positive. 2. A nethod accord.bqgu;@m@g:,ar m 1
- wherein the sub-popul ation of ‘HES cells 10 are identified by -expressi on of
. GC other surface antigen of ES cells. 345A nethod according to claim1 or-
-2 wherein t@_@g&popul ation cells are undifferentiated or pluripotent HES
cells." o _ 4. A nethod according to any one of clains | to.3 wherein
t he source of 'HES cells is derrved from an embryo or a culture of HES: -
cells. 51Arret od acc I fcllmslto4vvhere|nthesub
20 popul atidn of PA-E?%B%‘&PE dq‘:g"t' 'Eﬁf“l PIS}’ atignpt PES cglls, galdkthod
accordi ng t%@%d%mmﬁ aims 1 to 5 wherein the sub- popul ation of HES
.cells is addrtronally "TRA1- 60 TG30 or CD9:nmarker. posrtrve 25 7. An . '
undi £f ernti at ed ebtaiping a sotieae ofHEESespapdil ation identified by a nethod -

TPES 09 1 9. M R hec L Bk tidiors BEDIES, S, R S AL R, BeopLe
- 8. A net hod pokitiveol atr ng a vi abl e sub-popul ation. of HES cells, said rret hod

'sel ecting far or against those ceI l's. Whl ch are GCTMZ p05| tive. .46.
PCT/ AU02/ 01534

2. A'method accordrng to clalm 1 whereln the sub—populatron of HES cells '

10 are identified by expressron of GCTM-2 antlgens and expresses at Ieast one -
- _other surface antrgen of EScells. |

' 3.' A method accordmg to c!alm 1 or 2 wherein the sub popu[atron of HES" :
. cells are undrfferentrated or plunpotent HES cells h
4 A method accordlng to any one of clarms 1 to 3 wherein the source of
HES cells i 1s derlved from an embryo ora cuIture of HES cells '

L 5;_' A method accordmg to any one of clalms 1 to 4 whereln the sub- :
20 popu!atlon of HES cells is addrtronally Oct-4 posrtlve '

6 o A method accordrng to ~any .one of clalms 1105 wherem the sub-
popuiatlon of HES. cells i is addmonally TRA1—60 TGSO or CD9 marker posrtlve

25 7. An undrfferentrated or plunpotent HES sub populatlon |dent|f ed by a'f,‘
o 'method accordrng o any one of c!a:ms 1 to 6 ' o

8 A method of rsolatrng a vrable sub populatlon of HES cells sald method
S compnsmg ‘ ‘ ' ‘
30 - obtalnlng a source of HES cells;.

identifying HES cells that are at Ieast GCTM~2 posrtlve and o
selectmg for or agarnst those cells thrch_ are GCTM-Z-posrtwe. -




- 9. A nethod of - |sol ating a viable sub-popul ation of ‘HES cell's, said net hod- P

“conprising: obtaining a source of. HES cells; exposing the ceI lis.:t _

mar ker of- GCTM2; reacting the cells to the narker to bind theffr& Eﬁer é’ﬂﬁ”

separating the sub- population of cells unbound cells: sub-popul ation of
ceIIs to t'E OMIFBEAS are bound from the 10 10. A method accormnguazmg},@ m 8

g 9 V\,herel n the sub-popul ation of HES cell s are undi fferéntiated or - ~
pI uri potent HES cells, 11. A‘method accor‘lﬁl ng to claimz10 wherejn the

source of HES cel Asmbfhod st is8ing Pl SIBIDERuRIiCH GHHEY Col f,gﬁsw%t@@

15 12. A met hod :accor di ng to any~one o to 1 ere
popul ation otfomESBlngt |s is additionally Oct-4 positive. 13. A nethod

according to any e.of .clains 8 erein the sub- 20 popul ation 'of'
HES cells is addlwgﬁgﬂﬁsﬂyﬁegbh%ﬁl%@mr CD9" nmar.ker positi ve. 14.. A

‘met hod accor di ng éxpaiyg Q{@cgfstglaammk&éfceé?ﬂw@erel n the marker. |s a :
. support 8nd wherein the support is couEI ed to an antibody for GCTM 2. 25

15. A mePhod - accdﬁaicﬂggttbeeeﬁrmthew @i tp bind theppir-popwationiof celirite jhe
~coupl ed to gugpidfer for TRAL-60, CD9 or TG30 or other surface markers of

. ES. cells. 16 A met hod according to any one of clainms 8 to 15 wherein the
source of = 30 HE$emm§ngtrthed|we|o®miahbn oofyidlld avhdicts paresiboundl fawh! $hé n ‘
clunps of Q@%E y 10 to 100 cells. 17.. A nethod according to anyone =
- of clains. 0 ther. including sorting single ES cells by flow. -
'_cytorretr 18 An i sol ated and vi abl e sub-popul ation of HES cells. 019~ NAY

2006 P &015 9. An isolated and viable undifferentiated or-
pI ur pot Qnt Fguetirqdoﬁcogrdmg to claim 8 or 9 wherein the sub-population of- HES

celis are undlfferentlated or plurlpotent HES cells,

B | A method acoordang to clarm 10 wherern the source of HES cells is I
o derrved from an embryo ora culture of HES cells
15 | . S '
o 120 A method accordlng to any one of clalms 8 to 11 whereln the sub- .
.populatlon of HES cells i is additlonatly Oct-4 posmve o

"--7'13 A method accordrng to any’ one of clalms 8 to 12 whereln the sub-‘
20 N populatlon of HES ceIIs is addrtronally TRA1-60 TGSO or CDQ marker posstrve

4 A method aocordlng to any one of clarms 8 to 1 3 wherern the marker isa
L support and wherern the support is coupled to an antrbody for GCTIVI-2

1 .25 15 A method aooordlng o clalm 14 wherein the support is addrtlonallyv _'
_'.'coupled toa marker for TRA1 60 CD9 orF. TG30 or other surface markers of ES .
- cells. |

| , "16.‘— A method acoordmg to any one of clarms 8 to 15 whereln the source of‘
30 - HES cells are dlssomated o yreid a suspension | of cells in clumps of'
o approxrmateiy 10 to 100 oells '

. '17 A rnethod accordlng to any. one of clalms 8 to ‘15 further motudmg sortlng-'
.smgle ES cells by flow cytometry ' c



‘HES cel Is. 20. An isol ated and VI abl e sub- popul ati-on of.- HES cells" V\,herel n '
. said .sub WO 03/ 040355, popul ation is positive for GCTM 2. 10-21. ArE1 -
_isolated and viabl e sub-popul ation accordi ng'to-claim19 that i's U M” f% _
. addltllonag,é @OSI'[IVE for Oct-4 and/or TRAL-60, TG30 or- CD9: . 22. " An . '

i sol ated P4 sup- popul ation according to claim 20 &CTZ&UQ?W| si ng
~undifferentiated or pluripotent HES cel l%‘i 15 23. An isol ated and viable "
.. sub- popul ati on. of HES cell's according t anyone. - .of cl aims 20 to 22 -
~ capabl e of sub-cul ture. 24. An isolated and. Vi abI e sub-popul ati on accordi ng

"to claim23 conprjsj 2 ifferentiated or Iur| otent cells. 25. An,
‘i sol ated an&%\/l aﬁf*%'sé’?ﬂieg@ﬁ?gl‘ﬁ@ Sﬁqbsmmilﬁﬁorb?f gd according to ' ‘any

"~ one of clains. 25 26.- An isol ated and vi abl e_dlfferentl ated and

pl uri potent. sub-popul ation of, -HES cells. 27. An isolated and. viable :

sub: popul at i18n ofArHiEDlated and\kvmtﬂeml’schﬁf@emubtedpoplplmipomntl sulmpgpulaiienf of

- GCTM 2. '_ %Cépignally negative for, TRAL-60. 28.: An isolated and.
vi abl e sub p on according to claim 27 that ' s WO 03/ 040355

PCT/ AU02/01534 48. 29 An i sol ated and vi abl e sub- popul ation according to

claim 27 or 800 %dlfferentlated HES.cel | s.. 30, An isol ated and .
“vi abl e sub- g8pul 4t fed g cdable sub-Beaviaion PIAES ealls Wirerenasaig sabt o

"29 capabl e @bp §|§Qmﬁqgtd¢gﬁwe?fér G@mi@od of subcul turing HES ceI }s, said
met hod conprising: obtal ning.a source. of HES cel I S; _ C

10 21,' An lsolated and v:able sub—populatlon accordmg to cla:m 19 that |s""
‘ addttlonally posmve for Oct-4 and/or TRA1 60 TG30 or CDQ

B ‘_22'. An isoiated and vnabie sub population accordlng to clalm 20 or 21 ”

_ o comprlsmg undszerentlated or piunpotent HES cells : |

B 23.- An Iso!ated and Vlable sub populatlon of HES cells accordlng to anyone.
o of clalms 20 to 22 capable of sub- culture ' '

- 24, Anisolated and \nable sub—popuiation accordlng to clalm 23 compnsmg' L
20 - undnfferentlated or plunpctent cells

| . -25; An lsolated and \nable sub-populatlon |solated by a method accord;ng to
B any one of clalms 38 to 16 : S

25 26. An 1sotated and vnable dlfferentlated and pluripotent sub-population of ) .
. _HES cells - |

2_7'. An |solated and wable sub popula’uon of HES ceIIs whereln sald sub-
, c population is negatlve for GCTM~2 ' ‘
30 : . . ,
o 28.. An isolated. and vrab!e sub -population- accordlng to claim 27 that Is‘f
addltfonally nega’twe for TRA1—60 .




exposrng ‘the ceIIs to a marker of- GCTIVIZ 10 reactlng t'he ceIIs tothe  °°

“marker. to bind the sub-popul ation of “cel I s to the nmarker; separa@mngxm?
sub- popul-ati ons of HES cell's which are bound or -unbound’ to the marker; . ani
sub-cul t'uri n% t he bound cells. A nethod of subculturing HES cells, sai d -
met hod conBP3P#HE55 obt ai ni ng. a source of HES.cells; exposiPEIAHESH s to
a support coupled to at l'east -one marker for GCTMreactlng the cells to the .
~marker to bind the sub-popul ati on of cel¥8- to the marker: separatl ng. '
. bound and ungpund uk tar t tiﬁgp I p

single ES. ccraklb? S. b@ﬁfllsgv%{;t %?/t%'tr‘%t\pwle seigh Lﬁatgﬁlag(?or“dﬁﬁ%sttﬁo%!: 9? g} 28
furt her |nclmh@6|39|ﬁa°f%r&hhg‘tedlhh§8@elﬂs cells by flow cytorretry .30 34. A
net hod according. to any one of-claims 31 to 33 wherein the sub- popul ation
of HES cel'ls are undifferentiated or pluri potent HES cells. 35. A nethod

according t.B@&l ai Anblateer sid viabie soby mfurénddﬁﬂ IHES! ellssacadeding @8 drfyosh@n

"~ enbryo.or. a culture 040355 PCT/ AU02/ 01534  36. ‘nmet hod.
accor di nS tcPf:ﬁI?'%%?g? EE ﬁ%leﬂ %/'g BtWRer ei n .t he sub .popul ati on of HES

~cells is additionally Oct-4 positive. 37. A nethod accordi ng to any one ‘of
~clainms. 31 to 35 wherein the sub- poEluI ation of HES cell's is additionally
TRAL- 60 TG3031.or &meethadicfisupeuituringtEghcalls, isbisbiyiethod @ampriging38. A net hod

‘according to any I wherein the marker 'is 10.39. A"~
~met hod accor di ng. %S‘EI%& d S%é'p@vﬁréf IE(I%; %%]b 'support is. -additi onal ly - coupl ed
.t 0 mar ker S for TRApwhgEROcells t6RPmarker of GCTIVI-Z ' _ s o

' 'IO ‘ - reacting the oells io the marker to bind the sub—popu]at!on of. cells to the

P

: "_marker . ‘ . : _
_ ' separatrng sub—popuiatlons of HES oeIIS whlch are bound or unbound to '
' the marker and ' -
: -~ sub- cultunng the bound ceIIs
15 _ R . . |
o 32. A method of suboultunng HES cells satd method comprlsmg
. obtarnrng a source of HES cells ' ,

o ‘ exposmg the ceIIs to a support ooupled to at Ieast one marker for GCTIVI-
7' 20 . -_- : .‘reactlng the oells to the marker to bmd the sub populat[on of ceIIs to the_""

o marker _ _ _ o e . |
- separatmg bound and unbound sub populatlons of HES ceIIs and

' sub-oultunng the bound ceIIs S o

25 .or separation of singlo ES oellrs:by.f'!ow cytometry

- 33. A method accordlng to clalm 32 further rncludmg separatlng smgIe ES
cells by row cytometry C

30 - 34 A method accordlng to any one of clalms 31 to 33 whereln the sub-' -
o populatlon of HES cells are undlfferentrated or plunpotent HES cells.

= ,35..._" A method accordmg to olarm 34 whereln the ~source of HES cells s
j denved from an embryo ora cuIture of HES cells ‘ o




© 40. A sub-cul tured sub- popul ation of HES cells prepared by a method -
“according to any-oné of claims 31 to 39.:20 transpl anti'ng the.cel.ls ip t,lg a -
. patient.????? Probably would not want.to 17 to 30; -and 41. A rﬁaih‘&d oftit
“transplantation in a patient, said nmethod conprising: obtaining a

- sub- popul a¥00se4B85HES. cel | s according to any one of clains mfwgﬁgzwgsu
‘transplanting into the patient: 25 transplant the ES cells 42.-'A nmethod _
. according to claim4l wherein the HES cel48 are sub-cul tured. . 43. A method
“according to claim4l or 42 wherein the HES cells are undi ffer entiated or
pluripotent cells. 44. A method according to claim 41 or 42 wherein the

HES. cel | s .ar 86. 30ﬂdn‘léthbdrr§¢me1d190tti bay  SRfi SaiRe 31Ol@i a8BNivhgrem the sub-

subst anti al | n ES, ce sub- popul ati on; and. 45. A nethod:of -
“identifying ée E@S Pgﬁﬁgﬁel'ﬁlsaaliﬁéo%lm Ock4ingsiti¥enod WD 03/ 040355

PCT/ AU02/ 01534  50.- -conducting gene expression analysis on t he :
. sub-popul ati on. 46.. A.nethod of identifying gene: expreSS| onin a HES .
cell; said cérhpri & rrgpthodbmeqqrdmg to eabsmrmtqfecllﬁlmshaﬁotg:e%uwhe% dbel sub-

Subpop! st Bality TR oY AHEN ShaehanpEkel B0 S8l Cho bﬁ@aﬁat ed.

- 47. A nethod according to claim45 or 46 wherein the gene expreSS| on.
10 identifi e dur| n erent| at on.of HES cells, 48. A subpopul ati on of ;
HES cell s wh 8h afﬁe#\egpcﬁ.{,apg%rdm cg/aaygpprplftcezpﬁﬁilz to 37 wherein the marker is

- an antlbody for GCTNI-Z
10 _ S o o
| _-A39i‘ A method accordlng 1o clalm 38 whereln the support is. additionally .
: coupled fo markers for TRA1-6O TG30 or CD9

- 40, A sub- cultured sub—populatron cf HES cells prepared by a method ' . |
15 ‘1accord|ng to any one of clalms 31 o 39. ' ' S

41. A method cf transplantatron ina patlent sard methcd comprrsmg
obtarnmg a sub populaﬂon of HES ceils accordlng to any one of clazms
: “l7 to 30; and ' ' _ '
~20 ' transplantlng the cells mto a patrent ’?’?’?'?'? Probably would nct want to-
_,:transplant the ES cells: | R ) '

4-_2. A method accordrng to cla|m 41 where;n the HES cells are sub—cul’:ured -
N _prlor fo transplantlng into the patlent ' ' |
48 A method according: to clalm 41 or 42 wherern the HES cells. are‘ .
; undlfferentrated or plurlpotent cells : | '

_ 44 A ‘method accordlng to clalm 41 or 42 wherein the HES cells are
30. differentrated cells ' ' .

45 A method of 1dent|fymg gene expressron rn a HES cell saud method"
comprrsmg ' R , _
obtaxnmg a substanhally homogenoua HES cell sub populatlon and




- HES cell's and hawng stemcell-llke(SCL) characteristics, said cells =
~having the "ability.to develop-into various cell- types and ‘wher gitni“gai aﬂf‘ﬁ‘
cell s have at |east one 15-of the followng characteri st i'es:. (a) negative::
staining by:indirect- GCTM 2, TRAI.-60, TG343-and SSEA-4; - (b) positive ..
st ai ni ng W@ 0FEBAsTD| ecul ar WE‘I ght cytokerat| ns;. 20 25 (f)p(gxm@ﬁﬁsgn of
~.genes known to be transcripti onal.ly active wit h| n pl ur| potent stemcell
popul ations including Oct-4, Cripto, Pax65@nd Genesis; or: (g) no

_transcripts for t t ores'cence g
m'croscopy for: an%sanpgﬁ?%%%%%@%ﬁ&gg O&} S%Libh'ggu%%éé diate .
filament nmarker expression of tetraspannin cell surface narker CD9; no - -
positive flu gescence r PHW (HLA antigen) and the. epitheljal.
“mar ker EpCA (c) t}‘ f‘eﬁ%é%eﬁ%m’%r ﬁ&@r‘?ﬁsfq?'br‘lé@tﬂ? tqeﬂn§ﬁl§’r methed
nestin. 30 49. A @ p},l,,J, .derived from a sub-popul ati on accor di ng to-clai m

48: 50. An SCL cell . accordl n&sto cl.ai m 49 having the abi | i ty t
differentiate in oblaining a tﬁrﬁ@uydmn@epumbl&ﬁane&eubsqowm@zmaqmed

cells or ext r rentiation. WO
03/ 040355 P&?Wﬁ'@d}’séﬁ"&@?@ @:{B‘QP%%%B@ L*{%u Yy Qﬁ stemcell-like -
(SCL). cell whi chcnedmr[g]gen@expﬁds;slordamlymstonfthemtﬂﬁﬁ)mﬂaﬂ:m and havi ng

stemcell-like (SCL) characteristics, said cells having the ability to.
"devel op into various cell types said nethod isolating said SCL cells = =

~ expressing safd negaidthed atopds &ttbvcﬂaln‘?w&ﬁaﬁoﬁheﬁ%ﬁ‘a twe fg%hléoékpﬁréﬁéibﬁ' Bg
to- cIanqSch %\A/nerelnthes cells are .further
. - O identified during drfferentiatton of HES cells. : : :

48, A subpopuiatlon of HES cells WhlGh are morphologlcally dIStInCt from_‘ _'

| HES cells and havmg stem cell-ilke (SCL) charactenstlcs sald cells havmg the-
o ablllty to develop ;nto vanous cell types and whereln sald cells have at least one
15 of the foliowmg characterlstlcs R _ _' ' , . |
o ) (@) negative stainlng by mdirect lmmunoﬂuorescence mlcroscapy for

| ) _GCTIVI-Z TRA1-60 TG343 and SSEA—4 '7 :

N . -(b) posﬂwe stamlng for TG30 and antlbody CAM52 agamst !ow o

| molecularwelghtcytokeratlns - , . o
20 ,_‘ (c) low mtenSIty fluorescence for the mtermedlate ﬂlament marker-.':

© o vimeniin, - _ _ | T R
) (d) ' expressxon of tetraspannln cell surface marker CDQ ‘
‘, (9): | no posmve ﬂuorescence for SSEA-1 PHM4 (HLA antlgen) and the-_
| eplthellal marker EpCAM |
S .25 | (i I expressmn of genes known to be transcnptlonally actlve w:thln B
e piunpotent stem cell populatlons mcludlng Oc:t-4 Cnpto Pax6 and Gene3|s of |
‘ (@ - no transcnpts for the endogerm genes alphafetoprotem ' -
wtronectln transfemn or nestm ' -

.30 : 49, A SClL-cell derived’ from a sub-population according to claim _48;
" 50. ‘An SCL cell according to-éiaim'z;g having the ability to differentiate in

“vitro to form neurospheres neural ceils endothellal ceHs or extraembryonlc
| endoderm by spontaneeue d;fferentlatlon ' |




~identified by at | east. on of the follow ng characteristlcs (a):n g(?til,,\(,e an
staining by indirect i nmunof | uor éscence m croscopy for- GCTMZ T 60 25 5 '
- TG&B43 and SSEA-4; 30 (b) p05|t|ve staining for TG30 and antlbody CAMB. 2 . -
agai nst [ow nol ecul ar wei ght. cyt oker atins; (c) low intensity fluorescence
“for the i NYRPHBHt e filanent marker vinentin; (d). expr es PCunumk/ 01534
tetraspannl n cell surface marker CD9 5 corrprl sing: obtaining-a
. différentiating HES cell sub- popul ation cfbrrprl sing spontaneously -
“differentiated HES cells; identifying SCL cells by negative expression of

- ‘cel | surface_markers characterlstlc of SCL cell s ‘i ncl.udi ng GCTM 2, TRA
- 1-60, TG343 2hd SAmpethodiof isalatipea stemcellﬂik%é@%h cell whicts i mormwagmgyn

' d | at I d
e o gt oS dehs SRS TRRAND shath LIERR |46 PUPRALINE (qaid
char acteri sta:sds hewving  thel Iabllhyvtmgde\mo;abmltotvarim,lsde:@l Qypastanid arrigthicd

- cell typ cg'd met hod 52. A nethod. of isolating a stemcell-tike (SCL)
~cell whi rﬁBP%‘HQI ogically obtaining a differentiating HES cell.

sub- popul atlon aceltghing t#' afifeeitiatifg CHEBTS 2P s@b3%h Sﬁﬂgﬂiﬁd S'd&%phsmg
spont aneousl y. differentT ated HES cells, 20 identifying cell

“-negative ex RUYPRAOYR ly gldfgrestiated JdE ﬁtﬁelﬂéfs characteristic of SCL cells

_ | udi , T TG
3 o o DA ol S48 Sy n Sl BRgafRe Ll 48 BiffeS it

f | uor escencechasacesetic of $$me(IEHUAclaldtnggé‘rQTMrﬁj TRA tBﬁr él'@(ﬂﬂ abdRSEA
positiv t | ar. wei ght cytokeratins, '
al bumi nqgﬁdwg&'g% egs%%(ﬁpgé?étgﬁﬁf @Wg%ﬁ}ﬂ% (c) expression of the
endoder m mar ker a:bptmlhgt ogriicht SCTL, am:dll@r exbi‘&smg said - negatwe and - posmve |

- expression,’ : : T S ' -

. 52, A method of |sofat|ng a stem ceﬂ ilke (SCL) cell whtch is morphologlcaliy
15 -« dlstlnct from HES cells and ha\nng stem cell- Iike (SCL) charactenstlcs said L
' '.cells havmg the abtiity to develop :nto vanous cell types sald method
compnsmg S _ N . _
obtalnlng a dlfferentiatlng HES cell sub populatlon accordlng to any one
L fof clalms 26 to. 30 comprlsmg spontaneOUSly dlfferentlated HES. cefls B
20 : ldentlfymg scL celis by negatlve expressmn of cell surface markers-.
_ charactenstlc of SCL cells lnciudmg GCTM~2 TRA 1 60 TGS43 and SSEA-4. -
. and posntlve express:on of TG 30 antlgen or CD9 antlgen and ‘ '
tsolatmg said SCL cells expressmg sald negatlve and p031twe_
. expressmn ' ' ‘ '
'53, A method according to. clalm 51 or 52 whereln the SCL cells are further' . |
j |dentlfled by at least on of the fol!owmg charactenstics o .
| (a) negatlve stammg by mdtrect lmmunofluorescence microscopy for
v GCTM 2, TRA1~60 TG343 and SSEA—4 o o -
30 - (b) . posntlve stalning for TGSO and anttbody CAM52 agamst low_
E molecular welght cytokeratms B S
_ ( ) Iow tntensrty ﬂuorescence for the 1ntermed|ate f[lament marker”
vnmentln, . L o L L
(d)  expression of te’traspa‘n nin cell s;u'_r'fa'_ce: markér,CDQ;-




- gut celt ‘specific A33 anti body; (d) no ‘stai ni-ng for the markers selected.
-fromthe group including épithelial marker EpCAM (f) expressi onF@f «gﬁngggg_
known to.be transcriptionally active within pluripotent stem cell” - :
" popul ations:including Cct-4, Cripto, Pax6 and Genesis; or.(g) no .
transcri pﬂﬁ)ﬂmmﬁﬁse endoger m genes al phaf et oprotein, . vitr eUIAT02/01534
~transferrin,or nestin. 54. An SCL cel | derived froma met'hod- according to-.
_claim52 or 53.. 10 55.. An isolated and @2fferentiated eplthel ial, stem

cel I deri ved from @ HE%cpsl;émv@ﬁhé#gseenééforﬂslseaol P4 Qhﬁqé%lfdlld fHeed

epithelial stem cell. derrved froma sub- popul at’i on of S ce
accor di ng t oepihelialanarker EHGAM26.t 0 30 56 which is an endoderm progeni t-or

R i o o o AR A B R B bR AR Ry i i ©
-accor di ng toph.rnpod)elet atén2Eeitpapuiaticns mllﬁsﬁn@ml:t-\mérr@ﬁm paelang Genesimwrany

one of t foll ow 30 PHW (HLA C anti -CD34 or the stemcell
 mar ker -4; (e) (égpré?sl Hﬁ“éf;”ﬁ’tﬁa é’& thes ¢ 099565( genesn glghafetoprotein,

aanti-trypsi nv,tr&febtlﬁXﬁéﬁ%rwopﬁemat ocyte nuclear factor (HNF)- 3a, and
" HNF-4. or ‘Pax 6; or- (g) no gene expression of Cct-4 or CR-1. WO 03/040355.

~ PCT/ AU02/ 01534 53 59. A differentiated epithelial stemcell. according to

00T, P PG S AN RS U RSO o

~any. one of clainms 55 to 59 which differentiates into cell selected from

e o onft ot o 2% Bl ARl BRRERBET Bl ol By’ Rl RS BB AIVED

/ devel op . |nt ‘OcMRAtiieOUs cel | types sai d.nethod corrprl Si ng:. 61. A et hod of
“isolating a differentiated epi thel i al. stemcell, said cells i dent| fy| ng
~epithelial st em cell's norphol ogi cally and by expreSS| on of cell - :

~ An Isolated and. differentiated” epnthellal stem. cell derlved from a sub— B
pOpulatlon of HES cells accordlng to any one of clalms 26 to 30
16 o . S
| 57. An lsolated and differentlated eplthehal stem cell according to clalm 55 orﬂ
" 56 thch is an endoderm progemtor cell. -

o ) : 58 : An |solated and dlfferentlated eplthellal stem cell accordmg to any one of'
20 'clalms 55.to - 57 and wherem sald cells show any one of the followmg?”
B ‘characterlstlcs ' T o
: (a) " posﬁwe stamzng for EpCam and/or low molecular welght
| cytokeratlns albumln and GTCM-5; ' '
‘ | - (b). hegative starnmg for GCTIVI-Z _ _ ,
25 | B (o) expressron of the endoderm marker alphafetoproteln andlor the | =
- -—gut cell Specn‘"cA33 antlbody, G o . . ‘
: dy  no stammg for the markers selected from the group mcludmg _'
PHM4 (HLA Class. | antigen), CD34 or the stem cell marker Oct-4;
h (e) express:on of transcrtpts for, Sox—17 and on—'l antl-trypsm
.30 . | . expreseionpf hepatocyte nuclear factor (HNF)-3a, and ‘HNF44_.er'- .
_ '(g) - 'no gene,eXpress_ien‘of Oel—4 or _C;R—’l. .



- differentiating HES.cells; surface markers and isol ating.said cells -and " - -
“culturing the cells on a STO mouse-fibrobl ast -15, layer in a H@SCrféd*l alﬂ&,-“ :

i-ncl udi ng chol era toxin 20 62. A nethod according to claim#61 further .
i ncludi ng sub-culturing the" dlfferentlated HES sub- popul ation’in the

presence wo @s/@oset h medi um . conpri si ng DVMEM gl ucose, sodpgﬂmﬁlme
ni-cotinam de, and foet al calf . serum 63. A nethod of isolating an
epithelial stemcell, sai d cells havi ng ta8% abl lity -to-develop into

- various cell_type |n.|n a differ

. cell sub- popﬁé at i ’gn&ﬁ@%ﬂﬁt‘?ﬁg%’ﬁﬁ% % ‘?lé'gceé'o % "%’Pg Prsary6°'f'§ 02% 5&@%3?5
_di f f er ent i at @ HiESisCiRIshahsive e ichblaradognidridakiaires S0 e6lld.s -
,nDrphoIoglcaIIy and by expression-of cell surface nmarkers |, and |solat|ng

said cells and culturing the cells on a STO nouse fibroblast 30. layer in

‘ HES di | t
a: medi aghncl Aﬁ}mel ,éﬁ%‘t@tl %gltﬁéllell sté nt.f%ﬁﬁﬂ ﬁggarfbﬁs dferalre'asﬁg 0

.62 wherein the epi are | east one- of
the fol | &wi ng8 omaichcdifierentiates igte) celbaelaoted sftcutmrt aggroop E\@Es;hmg vy dver, ow :

nol ecul ar we al bum n and GTCM 5; WO 03/ 040355 -

PCT/ AUOZ/OlSé%#%ﬁagﬁ?ﬁgé %]ve staining for GCTM2; (c)- expression of the

endoder m mar ker al phaf et oprotein and/or the gut cel I speci fic A33 anti body;

(d) no stainj égr kers_ sel ec om.the_ group.i ncludi R
(A" ase 1653  hamethosnal Soming & cifeteniati: eRigy siery caleSid o) fsn

of transcri Ph&vihg thSakilly to é@ﬁet@g 1nt@rliarrohé)6éﬂ'tybes ééﬁi rﬁéﬂ%@%’iin%hs?ﬁ

hepat ocyt e nucl ear factor. (H a, and HNF-4 0 6; or .(g) no gene
expressiléh of Cct ohtainingR-a . dlfferentlatrng HES cell sub po_pulatron comprising -

differentiating HES cells; ' R

” - identifying eprthellal stem cells morphologlcally and by expreSSIon of ceil
-surface markers and . , , s ‘ _

|solat|ng sald cells and cultunng the cells on a STO mouse i broblast |

15 layer ina HES med;a rncludmg cholera toxm

62, A method accordrng to clalm 61 further tncludmg sub-cultunng the R
'dlﬁerentrated HES sub- populatlon in the presence of a growth medlum _
| 'comprlsmg DMEM glucose sodrum pyruvate nlcotlnamtde and foetal calf =~
20 serum ) '

| 7:6 | A method of lsolat[ng an eprthehal stem’ cell said cells havmg the abrlaty
to develop into vanous cell types sa|d method compnsmg 7 . _ _
) o | obtalnmg a dlfferentrat:ng HES cell sub—pOpu[atron accord;ng to any one
25 of cla|ms 26 to 30 comprising differentlatmg HES cells; o -
| |dent|fy|ng eprthelral stem cells morpho!ogmally and by expressron of cell' . o
_-surface markers and ' | ' '
lsolatrng said cells” and culturlng the cells on a STO mouse f' broblast
, B | layer ina HES medta mcludmg cholera toxm
a0 | | . .
R 64 ' A method accordmg to clalm 60 to 62 wherein the eplthellal cells are
rdentlﬁed by havmg at least one of the followmg characterrstlcs , o
_ (a) . posmve starnlng for - EpCam andlor Iow molecular welght |
cytokeratms albumm and GTCM- 5; '




- 10 65. An eplthel ial cell. prepared by the met hod according to anyone “of

~clains 61 to 64. An. eplthellal cell. according to:claim65 which & &4y Lﬁﬁfﬁ'-

'_ hepat ocyte. 67. A sub popul-ation of.HES cells having the. ability to- devel op-
~into various.cell types and isolated by a nmethod conprising. obtaining a-
source of WEE@R#BIS; identifying HES cells that are at | ca®iCIaigh2s34

- positive; -and sel ecting for.-or against thgae cells which are GCTM2

. positive; Sseparating the sub-popul ations cells that are and are not:

~ GCTM 2 positive, (apd smégawetstammg fdne;gnh—z&opul ations of HES cells. 25 o
'68.. A sub-popul-atio of ' HES cel I's, according to claim67 which is an scL -
cell or an epit hel( p£| Pressipn of the endoderm marker alphafetoprote:n andlor the
' gut cell spemflc A33 anhbody, ‘ _ S

S -(d)- no staining for the markers selected from the group Inc[udlng- -

5. PHM4 (HLA Class i antlgen) CD34 or the stem cell marker Oct-4 7
| - (e) - expressron of transcnpts for Sox-17, and o-1 antl-trypsm _
(f) . expressron of hepatocyte nuc!ear factor (HNF)—Sa and HNF—4 or

Pax 6; or | S o

a | (@) no gene exp.ression of Oct-4 or CR-1.

- 10 '

.65, An eplthe!ral cell prepared by the method accordmg to any one of claxms . |
61 to 64. | '
‘ '667' - An ep,itneliel celI'-according_-to clai_rn '65 'wh-.ioh,is a_ hepe’rocﬁe,: , o
A 87. A sub—popuiatlon of. HES cells ha\nng the ablllty to develop mto varlous
| - cell types and |solated by a method comprlsrng ' '
obtaln:ng a source of HES cells; -
_ _ ldentlfylng HES cells that are at ieast GCTM 2 posrttve and -
20 ;‘_' ‘ selectlng for or agalnst those cells WhICh are GCTM~2 posrtlve

separatmg the sub popu]atrons of cells that are. and are’ not GCTM-2 -
-"posmve and S o o '
‘ sub-cuiturrng the sub-popuiatrons of HES cells

25 68.- A sub-populatron of HES ceiis accordmg fo clalm 67 wh[ch lS an SCL ceII-- "
o "'or an eplthehal stem cell. ‘ s '




