WO 03/ 029443 PCT/ AU02/ 01324 1 METHODS OF DERI VATI ON AND PROPAGATI ON OF
UNDI FFERENTI ATED HUMAN EMBRYONI C STEM (HES) CELLS ON FEEDER- FREE MATRI CES
AND HUVANVBEBDER43 AYERS 5 The present invention rel ates tecrhaobioed2d of
stemcell culture, in particular wundifferentiated stemcell culture and to
met hods for derivation and propagation bf such cells. Mre particul arly,

the i nventi qenel 5185k HERIATION AND BRIV ABHALN DFUNBIFEERENNATRFC

HES cells o e Teeder tayers and/ or T the abSence of a feeder [ayer.
10 BACKGROUNPIUMAN EMBRYQNICESTEM (HESECEL LIS2ON BEEDERFRERIMATRIGES

i nner cell mass of blastocys ( | em Ce) and prinordial germ
cells of the devel oping gone“é.sjp ﬁ%ﬁ?ﬁ%%ﬁg@ cells). Unlike their
murine counterparts, human 15 enbryonic stemcells (HES cells) can only be
mai ntained in culture in an undifferentiated state when grown on either

y-irradi &t edihe presentyinivention rrelates! tonibes feldnbf piemceell subwieadn padigular

foeders i nt rutitrentafeCetal T ARG An8 6 HitigBE RO o fivaRic i proplsBaldr
downst r eam rgfnispeh abels) Mute PURRIUIATRNT g anveritionESelafesretoofderivation and

di sadvantages are (1) the potential risks of transm ssion of pathagens
from the aniprapagaiereef vadifieraniiates Hamaells pEbugean ﬁee&@éi@ms @Pgéﬁrr'gégecel |

to cell contgct t at the current system of propagation
(hunan/ ani naqab%ggggﬁfﬁh%faggfsayggen construed as a 25 xenotransplant, (2) the
constranpts of scaling up large nunbers of HES cells and their direction

I nto specific |ineages because they_gr | brobl ast dependent, (3)
the | abour intensiveness in having p@‘gﬁé&ﬁ@"lhradi ated or mtomycin-C
MEF each ti rﬁltu’;ﬁﬁ ;E’IUHE@%& 's%]nlotf.ell'é'ﬁ%\%e]bbén Werive ﬁéﬂﬁeﬂwecﬁinlbf cbh%aggrd?fw on

plastic, (4) the antibiotic selection of transfected HES cells woul
blastocysts (embryonic stem cells) and primordial germ cells of the developing

gonadal ridge (embryonic germ cells). Unlike their murine counterparts, human
15  embryonic stem cells (HES cells) can only be maintained in culture in an
undifferentiated state when grown on either y-irradiated or mitomycin-C treated

mouse embryonic fibroblast feeder cells (MEF cells).

The current absolute requirement of animal fibroblast feeders introduces
20 significant disadvantages in the scaling up and downstream manipulation and
experimentation of HES. Some of these disadvantages are (1) the potential
risks of transmission of pathogens from the animal feeder cells to the human
HES cells because of direct cell to cell contact and the fact that the current
system of propagation (human/animal coculture) has been construed as a
25  xenotransplant, (2) the constraints of scaling up large numbers of HES cells and
their direction into specific lineages because they are mouse fibroblast
dependent, (3) the labour intensiveness in having to prebare irradiated or
mitomycin-C MEF each time for propagation of HES cells unlike other cells that
grow on plastic, (4) the antibiotic selection of transfected HES cells would
30 require that the fibroblast feeders also harbor similar antibiotic resistance,
implying the need for creating special transgenic mouse strains with antibiotic
resistance and most notably, (5) the physical proximity of MEF cells and HES
cells in culture makes separation of these two cell types difficult and therefore

complicates both experimental procedures and results.



30 require that the fibroblast feeders also harbor simlar antibiotic

resi stance, inplying the need for creating special transgenic nouse

strai ns vWwOl3am4iedbi otic resistance and nost notably, (5)PChayphysiz¢al
proximty of MEF cells and HES cells in culture nakes separation of these
two cell types difficult and therefore Zonplicates both experinental
procedures and results. WO 03/029443 PCT/ AU02/ 01324 2 The eval uation of
met hods for the derivation and propagation of undifferentiated HES cells
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from other Speci es. I ng ect of the present invention
t o over c®ne ontortheoprdspectsldf largetdkscale HRS gali pnodaction seMeliRas toFpmRie

I NVENTION In a fipst as of th resent ] nvention.there i,s ' a
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undi f f erent | p"étcfgse froman 15 ES cell popul ation said method

conpri si ng: bgrf)ét% ning an ES cell popul ation conprising undifferentiated ES

cells; culturing the undifferentiated ES cells on a cell support matrix in
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ani mal / nrouse fibroblast feeder 25 |layers and often the feeder |ayers are

confined to fibroblast feeder layers. It has been found by the applicants

that other human feeder |ayergyimiARYOGERE IRVENTION
In a first aspect of the present invention there is provided a method of deriving
an embryonic stem (ES) cell line in a substantially undifferentiated state from an
15 ES cell population said method comprising:
obtaining an ES cell population comprising undifferentiated ES cells;-
culturing the undifferentiated ES cells on a cell support matrix in the
presence of soluble factors derived from human feeder cells or equivalents
thereof.
20
Preferably the cell line is derived from the inner cell mass of a human

blastocyst.

ES cells have previously been cultured on animal/mouse fibroblast feeder
25 layers and often the feeder layers are confined to fibroblast feeder layers. It has
been found by the applicants that other human feeder layers with conventional
HES medium (non-conditioned) can support prolonged HES cell growth in an
undifferentiated state. Additionally, the soluble products derived from these
feeder layers (conditioned media) can also support growth of HES cells in an
30 undifferentiated state when grown in the presence of a cell support matrix which

preferably is not provided by a fibroblast feeder layer.



HES nmedi um (non-condi ti oned) can support prolonged HES cell growh in an
undifferentiated state. Additionally, the soluble products derived from

t hese fewoas/obayers (conditioned nedia) can al so support PgTostovots24 HES
cells in an 30 undifferentiated state when grown in the presence of a cell
support matrix which preferably is not rovided by a fibroblast feeder

ayer. WO 0%} r?%%t#ﬂ%%/og%ﬁéﬁ%rgge@gnvghﬁéw%@F‘é @PRSAGedh atdy Bpent

i nventi on, e 1S prov ropdgat’l ng ryonic
(ES) cell i prepsgdtiigeant emdryoniodidrh ESH telhirea sabstoatiabaundiffetambidted state
conprising: obtaining a source of undifferentiated ES cells; and 5
cul turing tRa! W@ia?‘?‘gF’%WPF'él”Sd ES cells on a cell support matrix in the

presence of sol uljugsifhRff #55uRR M ARItdBMIAEAES teRlaingcel I's or equi val ents
t hereof . The present 1 nvention provides nethods for establishing and
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state. The Fgreefl s my be obtained froman enbryo, blastocyst or ICMto

establish a new cell line derived fromthese sources. Alternatively, the
ES cells nay be obtained froman established ES cell 15 culture and

Cul tur . panFobresatt Pt srifiRen 3nFikbls ol PaBARAS R greeBHE eifetl ™G,
non- cel hgl anineslprefevaplgrderivetifrom thdiirmierasil magdescef launnanibldstocyst aselvel .

For non-cellular cell support matrices, . 20 the SCiJE ort n}a\é(ﬁ)e sel ect ed
fromthe gr @?ppﬁothlrl‘ﬂii"ﬁ%f_, ogstwWhigh H_rPWffi?eer eantinys g‘_%ﬂ?ga_,t'o fihgepnguing
human extra%[% | Y187 "B hbﬁif@reﬁﬁétéa%‘?éteTMh%r E8 cARRIdY é%ftéihgﬂeﬁ%m %ﬁ’r a
cellular celT support matrix, the support matrix conprises feeder cells 25
whi ch may bensmiyecthdaktbcysth thdCht tuestaldishdangewberll fine dénnede frono these s,
human sources. Alternatively, the ES cells may be obtained from an established ES cell

15 culture and propagated under these conditions to extend the population

doubling time, culturing period and passage.

The cell support matrix may be a cellular or non-cellular cell support matrix
which can replace animal feeder cells. For non-cellular cell support matrices,
20 the support may be selected from the group including, but not limited to,
Collagen |, Collagen 1V, human extracellular matrix or Matrigel ™ or a

combination thereof.

For a cellular cell support matrix, the support matrix comprises feeder cells
25  which may be selected from the group including, but not limited to cells, human
fetal muscle, human fetal skin and human adult fallopian tubal feeder fibroblast
cells, human embryonic muscle, embryonic skin fibroblasts and adult skin and

muscle fibroblasts.

30 In a preferred aspect of the present invention, there is provided a method of
culturing an ES cell in a substantially undifferentiated state, said method
comprising:

obtaining a source of undifferentiated ES cells;



fetal nuscle, human fetal skin and human adult fallopian tubal feeder

fi broblast cells, human enbryoni c nuscle, enbryonic skin fibroblasts and
adul t skiwoanw@294muiscl e fi broblasts. 30 In a preferred asp@ct/aafo2nise4 pr esent
invention, there is provided a nethod of «culturing an ES cell in a
substantially undifferentiated state, sdi d nethod conprising: obtaining a

cul turing the unaPRAIEIE uidlief Bled Rl bl A bl pefder Wihalt Tt e

the pr ese”?ﬂae@‘nc@ sfenebridinsiest HES mediunrddevéed @dni foeatef eeler cell's. In
anot her prererred aspect of the present invention there is provided a
nmethod 5 Sf propagating an ES cell in a substantially undifferentiated
state, sai |51 00 | Qi : : i t ES
el 5 and UTRDHRr gFAERILE bt BEN DSt fRHIGH tibrearofifed 2 melfe
support Srat bf yropagdting s ESoeleimé sabstamtiatly ondifferEgiated istate deaidvweadtifacom
human feeder cells. 10 Preferably, the non-cellular cell support matrix is
a col | agen SORBRHIBBYX nmtrix. In another preferred aspect of the present

nvention there bhhpided e dRierdftialeding paiangS cell line in a

substantially un ntiated state froman ES 15 cell Popul ation, said
met hod conpri si ngultetingihe ngdiffereniiated oelluoniaf Hen-ealulat eell sppast matrdg ity

Compr 1 si ng. MFrHIFoEBEasy et HESTReBuRt ety nifl kAT ds B
medi um 4@ the absence of LIF. 20 In yet another preferred aspect of the

present 1 nvention, there is provided a nethod of propagating an ES cell in
a subst ant i &referablyi theremcelitladealt supporsmatyix is a collagen™ support matrix.

In another preferred aspect of the present invention there is provided a method
of deriving an ES cell line in a substantially undifferentiated state from an ES
15  cell population, said method comprising:
obtaining a source of undifferentiated ES cells; and
culturing the undifferentiated cells on a cellular cell support matrix
comprising human feeder cells in the presence of a non-conditioned HES

medium in the absence of LIF.

20
In yet another preferred aspect of the present invention, there is provided a
method of propagating an ES cell in a substantially undifferentiated state, said
method comprising:
obtaining a source of undifferentiated ES cells; and
25 culturing the undifferentiated cells on a cellular cell support matrix

comprising human feeder cells in the presence of a non-conditioned HES

medium in the absence of LIF.

In yet another aspect of the present invention, there is provided a cellular
30 composition comprising proliferating undifferentiated ES cells which are free of.
feeder cells and wherein the cell composition is prepared by the methods

described herein in the absence of feeder celis.



met hod conprising: obtaining a source of undifferentiated ES cells; and 25
culturing the undifferentiated cells on a cellular cell support matrix
conpri si ryohaeaa4d eeder cells in the presence of a non-comdirtAtwaeB24HES
mediumin the absence of LIF. In yet another aspect of the present

i nvention, there is provided a cellular 5 30 conposition conprising
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cell layer wherein the cell composition is prepared by the nethods
described herein. 5 In another aspect of the present invention there is
provi deds a huemotHezespectel the pragent invéntionsthppoist providedde humani ferdandell
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undi f f er ent iuﬁhffféfrgr?ti%%'sté’cé. ES cell line prepared by the nethods descri bed
herein, nost preferably, the ES cell or ES cell line is a mammalian ES cell
O EScell line. Mxre preferably it is a primate cell selected from nonkey

or human. ven re.preferably, .t | .or ce i ne | ES
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Even more preferably, the ES cell or ES cell line is a human ES cell or cell line.

15 In another aspect of the present invention there is provided a cell culture system
for deriving and culturing ES cultures in a substantially undifferentiated state,
said system comprising:

a cell support matrix; and
a cell culture medium for providing soluble factors derived from human

20 feeder cells or equivalents thereof.

In yet another preferred aspect of the present invention, there is provided a cell
culture system for deriving and propagating an ES cell culture in a substantially
undifferentiated state, said system comprising:
25 a cellular cell support matrix comprising human feeder cells; and
a non-conditioned cell culture medium absent LIF for supporting culture
of the ES cells.

Thus, the present invention provides novel materials and methods for deriving
30 and propagating ES cells in a substantially undifferentiated state. Using the
methods and materials provided by the present invention, ES cells, such as
those isolated from humans and monkeys, can be grown more efficiently. The

ability to grow such cells without differentiation has important applications for



culture systemfor deriving and propagating an ES cell culture in a
substantially wundifferentiated state, said systemconprising: 25 a

cel | ul ar weloB/osdpport matri x conpri sing human feeder cel | PCTANT2/a1324
non-condi ti oned cell culture nedium absent LIF for supporting culture of
the ES cells. Thus, the present inventio® provides novel materials and

t hods f -V t4 el ' : ial |
nci 1 or ent (APEREURG, 35 28 5 BOAE o OuEEE hamal, BSASBEINNER Wovee

present i nvdrdrispiant&iiore ehdbr genelthamapyttholmiquesl at ed from humans and
nonkeys, can be grown nore efficiently. The ability to grow such cells

w thout differentiation has inportant applications for WO 03/029443

PCT/ AU02/ 01324 6 therapeutic uses of fURgEss for treating human di seases
using tissue transplantation and/or gene therapy techniques. FIGURES 5
Fi gure 15shdvigunendishosvse nindiffesentiatsd 4-?E§|4 selis grdwiggoon mitenyenrC dreatedt ed

human adul t preneno sal fallopian_ tubal fjibr ast f er,_cells in e
b esence of MR T R Premetiorabeal faftion, (e’ Hepdbiast Ie8he” T, I e
shows undi f fieeahdeabEHESTRediunE! Titest Galisntren th first patssyeol | agen | 10
petri dish in the presence of human adult prenenopausal human fall opian

t ubal fibroblast conditi oned HES nmedium These cells are in the first

passage. Fi 2 i . i ds H i - cqat ed
Coi T agen | e 2o SHRVS (e ol BESEH (Chs Ardifnb bR ARea LARBRATE
fall opi a0 t et diskbirf therprebende ebhaimancitidt fieMerpausal Alaar falkdgisn auleali n
the first passage. Figure 3 shows undifferentiated HES 4 cells growi ng on
pr e- coat ed (f@l"@lgg'éhcq’nd'%@q HESsmeding nEhgseceliscaredn thafiyshipgseagRii t i oned
medium These cells are in the first passage. 20 Figure 4 shows
undi fferentiated HES 4 cells growi ng on pre-coated col |l agen |

Figure 2b shows undifferentiated HES 4 cells growing on pre-coated collagen |

petri dish in the presence of human adult premenopausal human fallopian tubal
15 fibroblast conditioned HES medium. These cells are in the first passage.

Figure 3 shows undifferentiated HES 4 cells growing on pre-coated collagen |
petri dish in the presence of MEF/HES conditioned medium. These cells are in
the first passage.

20
Figure 4 shows undifferentiated HES 4 cells growing on pre-coated collagen |
petri dish in the presence of human embryonic muscle fibroblast conditioned

HES medium. These cells are in the first passage.

25  Figure 5 shows undifferentiated HES 4 cells growing on pre-coated collagen |
petri dish in the presence of human embryonic skin fibroblast conditioned HES

medium. These cells are in the first passage.

Figure 6 shows differentiated HES 4 cells growing on pre-coated laminin dish in
30 the presence of MEF/HES conditioned medium. Note poor cell growth. These

cells are in the first passage.



petri dish in the presence of human enbryonic nmuscle fibroblast conditioned
HES nmedium These cells are in the first passage. 25 Figure 5 shows

undi f f er ewDica2d4HES 4 cells growi ng on pre-coated col | ageaTiAuopeixi di sh
in the presence of human enbryonic skin fibroblast conditioned HES nedi um
These cells are in the first passage. Figure 6 shows differentiated HES 4

cells grow r & t ed. L ALn o di ' 0 resenc
cond t  oned Tt RERE EEretEhfRaHES, h kol ol e BREBoon frahiger,
passage. WO dish (3 9thé3 pRESENBE03! DMBRPAHES deénglitioned aisaliamuNbief shiarpt calbag HES
4 cells growi ng on e-coated matrigel . dish in the presence of MEF/ HES
condi ti oned l?ﬁég}dl?ﬂ- se cglizryedpthnirst BBSSRAKy. These cells are in the

first passage. 5 Figure 8 shows undifferentiated HES 4 cells grow ng on
mtomycin C treated human fetal nuscle fibroblast feeder cells in the
presencebof Hig@enB8dshows unbiffesentited HES 4 wellh gréwingt opasitayycin U dreated

shows undifferenti d HES 4.cells, grow n n. nmtonycin Ct d 0 _human
fetal muscl d4TaR J%fajsmu? Ed‘étfmu@ﬁ ge?#rt%%%pme%ggeﬁﬂmﬁg E@a‘fﬁ?ﬁ Uhese
celI's are i midR ALUIE iRAS ABE paBsdddlure 10 shows undifferentiated HES 4
cells growing on mtomycin C treate human fetal skin fibroblast feeder

cells in the presence of HES nedium These 15 cells are in the second

Created | gy BTN HERBesh HAR A SoIh, Brffie o SR s dhePy ™' ”
cel I's i not hehurpag Fett emaécleEbropidist feeddresalisc il the presantet 6 HES amsdium.
passage. 20 Figure 12 shows undifferentiated HES 3 cells grow ng on

ni tonyci n C thesgtealls aigiathe see@ndpassasde i br obl ast feeder cells in the
presence of HES nedi um :

Figure 10 shows undifferentiated HES 4 cells growing on mitomycin C treated
human fetal skin fibroblast feeder cells in the presence of HES medium. These

15 cells are in the second passage.

Figure 11 shows undifferentiated HES 3 cells growing on mitomycin C treated
human adult premenopausal fallopian tubal fibroblast feeder cells in the
presence of HES medium. These cells are in the second passage.

20
Figure 12 shows undifferentiated HES 3 cells growing on mitomycin C treated
human fetal muscle fibroblast feeder cells in the presence of HES medium.

These cells are in the first passage.

25 Figure 13 shows undifferentiated HES 3 cells growing on mitomycin C treated
human fetal muscle fibroblast feeder cells in the presence of HES medium.

These cells are in the second passage.

Figure 14 shows undifferentiated HES 3 cells growing on mitomycin C treated
30 human fetal skin fibroblast feeder cells in the presence of HES medium. These
cells are in the second passage.

Figure 15 shows a colony of undifferentiated HES cells (17th passage) derived
and propagated from the ICM stage onwards on human fetal muscle fibroblasts.



These cells are in the first passage. 25 Figure 13 shows undifferentiated
HES 3 cells growing on mtonycin C treated human fetal nuscle fibrobl ast

f eeder cewbasioepsthe presence of HES nedium These cel |l s &ce/Atnnie4second
passage. Figure 14 shows undifferentiated HES 3 cells growi ng on mtonycin
Ctreated 30 human fetal skin fibroblas® feeder cells in the presence of
HES nmedium These cells are in the second passage. Figure 15 shows a
colony of undifferentiated HES cells (17th passage) derived and propagated
fromthe | G‘mgmweg% ehowisdiheosddeloha doidray ahh@hlraaghllﬁcalﬂlﬂmaf andifier&diie®443

PCT/ AU02/ 01324 16 sh th f

magni fi cati d‘r'lEﬁfCQJﬁd?#' g?%ﬁ@é%f&%‘@é@”&%&’éa a@‘gﬁr g‘%m %@9‘? PEWAS
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Note that the e ferentTati on. e 17 shows
an undi f ber dliffe@nhédtibruman ES cel |l col ony (5th passage) propagated on HFM
fibroblasts in the presence of KO HS nedium 10 DESCRI PTI ON OF THE

I NVENTION In a first aspect of the present invention there is provided a

met hod of d%?u@@w 3RoRBLEMODGiffefetitialdeDnurean ESNEel] rcovorgulegtb apddsigey
undi fferentialed state froman ES cell population said nmethod conprising:

obt ai ni ng arpregagated qropfMVhfibroblasisiy theiprgsemes of KOABiraedNES cel |'s; and
15 culturing the undifferentiated ES cells on a cell support matrix in the
presence of soluble factors derived from human feeder cells or equivalents

t her eof 10The net hod of deri \DESCRIRFION IOFMTHBEINVENTI@Neati ng a new cel |
line by a different 20 nethod from a new source of ES cells preferably

from the | CNN fitgt asheel estheaaregant inygniien Migrads erevidesk dngthoseoldehdagt i on
or cul turi "% LB e ﬁeéﬁ?@%gﬁwmﬁn L5 uBSaRliARAGNdiRe bt G tERoftAN

line using this n
ES cell population said method comprising:

obtaining an ES cell population comprising undifferentiated ES cells; and
15 culturing the undifferentiated ES cells on a cell support matrix in the
presence of soluble factors derived from human feeder cells or equivalents

thereof.

The method of deriving a cell line includes creating a new cell line by a different

20 method from a new source of ES cells preferably from the ICM stage onwards
as well as being able to extend the propagation or culturing time and passage
number of an already established ES cell line using this new method. When
creating a new cell line from a new source of ES cells, this includes establishing
a new cell line from a natural source such as, but not limited to, an embryo, a

25 blastocyst, or inner cell mass (ICM) cells. These previously uncultured cells
form the ES cell populations comprising the undifferentiated ES cells that can
be further cultured to establish an ES cell line. Once established the cell line
can be propagated.

30 In yet another aspect of the present invention, there is provided a method of
propagating an embryonic stem (ES) cell in a substantially undifferentiated state
said method comprising:

obtaining an ES cell population comprising undifferentiated ES cells; and



creating a new cell line froma new source of ES cells, this includes
establishing a newcell line froma natural source such as, but not
limted twpoamambryo, a 25 bl astocyst, or inner cell mas®CriATop/ocRE] S.
These previously uncultured cells formthe ES cell popul ations conprising
the undifferentiated ES cells that can %e further cultured to establish an

ES cell line. On LS ; ' b K t : yet
anot her aspect ofc: %{tﬁgﬁgﬁgéeﬁﬂﬁ%@ﬁ@ Fééjn,é St %glrlse%ﬁ'gapg%l\eisggggg Iﬂmga%rﬁgg" (Ig'?]e

pr opagat i ng passender pbrsotukiée efactoES)derivet fromahsmmast feedieal defls uord efjtivatkertts at ed
state said, net h?d conprising: obtaining an ES cell population conprising
undi f f er ent itB8'€QTES cel|'s; and WD 03/ 029443 PCT/ AU02/ 01324 9 cul turing the
undi fferentiated ES cells on a cell support matrix in the presence of

sol ubl e factors derived from human feeder cells or equivalents thereof. 5
The net hbds Tdle ohethadsngf dedvipg cpuhprapagating rbay Ibenlirdedolyy wiilisingithg samee sane

L L i
cel | culturegliihe i§ @lerﬁgglbﬂl B RideashnMe &@Eb?al@paﬁd)éxﬂe%g@ bel| kulasiallfe BS
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cell production. 10 ES s wll attach do not grow well on tissue

cul ture gradvaplesifedtivigesaale Hp forslarsa/BrikisgrlediFBreglldiofuetiath often results
in a short tine in culture. ES cells have previously been cultured on
nouse fibroblast feeder |ayers and often the feeder |ayers are confined to

fibrobl a8t ESdells Willysttach Blitf deeneingroat welh ondigs oe culturepgratiequihstid warg ahd t he

use of nouse fibrobl ast feeder | ayers. The nouse feeder 15 | ayers often
conpri se heﬁépéﬁ’@ﬁébd@eﬁ%mt!atﬁﬁp?ﬂ%l resdisdad sherg timem 'éUItLI'fﬁcgytSaPﬂf I??B@ ure

of fibrobl a?ﬁ?vi{:?/%g‘sb‘é%%&g@{%& SR tR5uS fiFRLRRY %@éd&g?%{r%;and%qﬁmﬂ% fdedes! |

products, c erence species 1S unfavourable for
cul turing player&Sare| donfiopd! & i fibreblaghrfeedeat daysrshubifferdtsiation] may lacchias

been found %rttlcrh?ar?);) evlitihct%rét Sset Q{B‘ %o(ﬂtsgeﬁbrgglrégp fefeedeeqqéyelrgyefﬁe (l%1rouss(<)-:‘I #ebeldeer
15 layers often comprise heterogeneous cell populations deriving from a
macerated mixture of fibroblasts from various tissues of mouse fetus. This
mixture of cell products, cell types and difference of species is highly
unfavourable for culturing pure ES cell populations, particularly human ES cells.
It has been found by the applicants that other human feeder layers or soluble
20 products derived from these feeder layers can support cells in an
undifferentiated state when grown in the presence of a cell support matrix which

preferably is not provided by a fibroblast feeder layer.

The undifferentiated embryonic stem (ES) cells may be derived from a natural
25 source such as, but not limited to, an embryo, blastocyst, inner cell mass (ICM)
or from a previous culture of ES cells which have not differentiated. Preferably,
they are derived from well characterized ES cell cultures wherein the cells have
been well characterized with celi markers indicative of ES cells. Suitable cell
markers are provided in PCT/AU99/00990. More preferably, the ES cells are
30 derived from cultures maintained over many passages. Hence an ES cell line
from a natural source such as but not limited to, an embryo, blastocyst, or ICM
will be a newly derived cell line. However, undifferentiated ES cells from already
established ES cell culture may be considered to be newly derived, as used
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15 cells or equivalents thereof; and optionally

culturing to select for the undifferentiated ES cells.

ES cell lines may be derived from blastocysts resulting from a fertilized oocyte.
The cells may derive from methods outlined in PCT/AU99/00990 which show
20 cultivation of ES cells in an undifferentiated state but relies on fibroblast feeder
layers. More preferably, the undifferentiated ES cell source may be obtained

from a blastocyst stage of a pre-implantation stage embryo.

The blastocyst stage is obtained by fertilization of an oocyte. Preferably the
25 embryo includes the stage after fertilisation and including up to 6 to 7 days post

conception.

The embryo required in the present method may be an in vitro fertilised embryo
or it may be an embryo derived by transfer of a somatic cell nucleus into an

30 enucleated oocyte of human or non human origin which is then activated and
allowed to develop to the blastocyst stage.

The embryo may be produced by fertilisation by any in vitro methods available.
For instance, the embryo may be produced by fertilisation by using conventional



ES cell lines may be derived from bl astocysts resulting froma fertilized
oocyte. The cells may derive from nethods outlined in PCT/AU99/ 00990 whi ch
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Enbryo quality at this stage may be assessed to determ ne suitable enbryos
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mai ntains their survival and enhances bl astocyst devel opnent. In a

preferred enbodi nent, the blastocyst is subjected to enzymatic digestion to
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15 subjected to the digestion at an expanded blastocyst stage which may be
approximately on day 6. Generally this is at approximately six days after
insemination. Enzymatic digestion may be achieved using Pronase, preferably
in the order of 10lU and added to the medium in which the blastocyst is
cultured.

20
After zona removal, and for the derivation of HES cells, the blastocyst may be
washed and exposed to an anti-human whole serum which may be followed by

complement treatment such as Guinea Pig complement.

25 Removal of the zona pellucida exposes the trophectoderm. Further removal of
the trophectoderm may be utilised to expose ICM cells. The ICM cells may then
be removed and cultured. Any method of removing ICM cells available to the
skilled addressee may be employed as a means of retrieving undifferentiated
ES cells. Preferably, the ICM may be passed through a Pasteur pipette to

30 release and separate the ICM cells.

Optionally, the culture may comprise a heterogeneous cell population deriving
from the ICM. The population of cells may contain undifferentiated ES cells.

Where the ES cell source provides a heterogeneous population of cells or is an
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step may be included to either select out undifferentiated ES cells prior

to cul turi nde retrievsideand eultyred i methadsroutlingl ifRSEMYIAY/OA8S celIs. 5 The
ES cells may be cultured directly as part of the ICMor they may be further
isolated fromthe ICMto obtain a substantially pure popul ati on of

undi f f engnt iGwEsItHeSICMI deils afbeekaded fionhethd BlagtbdySt thalyl maf henplater] onto a
bl astocyst may be retrieved and cultured by methods outlined . in
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the first subcul ture.
Subculturing‘ of the ES cells, either newly derived from a natural source or from
15 a pre-existing ES cell culture, may be performed by cutting around the
perimeter of an ES cell clump. The clump may be manually cut for propagation
and preferably treated with a protease such as dispase. The ES cell clumps
may then be further propagated on new feeder layers. Continued subculturing
may be used in this manner to propagate the ES cells.
20 |
The newly derived ES cells are preferably mammalian ES cells, most preferably
they are primate ES cells. More preferably they are human ES cells. They
would be capable of maintaining an undifferentiated state when cultured under
the non-differentiating conditions described herein, but have the potential to
25 differentiate when subjected to differentiating conditions. Preferably they have
the capacity to differentiate to a wide array of somatic lineages.

Instead of the source of ES cells being obtained from a natural source such as
a blastocyst, the ES cells may be obtained from existing undifferentiated
30 cultures grown on feeder cell layers. They may be removed from the feeder
cells by a protease, preferably dispase or pronase and then transferred for
culturing under the conditions described herein or on a cell support matrix as
described herein. Culturing or propagating the ES cells in a substantially
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15 fetal skin (HFS), human adult fallopian tubal (HAFT) cells, adult skin cells or on
a non-cellular support matrix.

HES has in its formulation 20% FCS, bovine insulin and porcine transferrin. This
medium may typically contain 80% Dulbecco’s Modified Eagles Medium
20 (DMEM), 20% Hyclone defined Fetal Calf Serum (Hyclone, Logan, UT), 1X L-
Glutamine, 1X Penicillin/Streptomycin, 1X Non-essential Amino Acids
(Invitrogen, Carisbard, CA) , 1X Insulin-Transferrin-Selenium G supplement
(Invitrogen, Carlsbad, CA) and 1 mM B-mercaptoethanol (Sigma, St Louis, MO).

25 KO medium has in its formulation bovine insulin and porcine transferrin. This
medium may typically contain 80% KNOCKOUT-DMEM (Invitrogen, Carlsbad,
CA), 20% KNOCKOUT serum replacement (Invitrogen, Carlsbad, CA), 1X L-
Glutamine, 1X Penicillin-Streptomycin, 1X Non-essential amino acids, 1X
insulin-transferrin-selenium G supplement and 1 mM p-mercaptoethanol. 4
30 ng/ml rhbFGF (Sigma, St Louis, MO) may be added.

To reduce the possibility of the cross-transfer of animal-based pathogens from
the FCS, bovine insulin and/or porcine transferrin in the HES medium or KO
medium to the human fibroblast feeders, defined HES (HES-HS) or KO (KO-
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contain 80% KO DMEM, 20% pooled human serum, 1X L-Glutamine, 1X
15 Penicillin-Streptomycin, 1X Non-essential amino acids, 1X human insulin-
human transferrin-selenium G supplement and 1mM B-mercaptoethanol. 4

ng/ml rhbFGF) may be added.

Human ICM growth for the derivation of new human embryonic stem cell lines

20 may be supported with HFM or HFS or HAFT feeders and anyone of the
following culture media (1) HES (2) KO (3) HES-HS or (4) KO-HS. HES-HS and
KO-HS are preferred as they have no animal-based ingredients.

The cell support matrix may be any substance that provides substantially the
25 same conditions for supporting cell growth as generally provided by the
surfaces of feeder cells, however, the invention is not restricted only to this
example. Importantly, the cell support matrix must support cell growth. The cell

support matrix also supports cells in a substantially undifferentiated state.

30 The cell support matrix may be a cellular (feeder cells) or non-cellular cell
support matrix which can replace animal feeder cells. In the latter, conditioned
media may provide the necessary soluble factors for derivation and propagation
of the ES cells. Conditioned media may derive from cultures of feeder cells. For

non-cellular cell support matrices, the support may be selected from the group
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15
Preferably the non-cellular cell support matrix is collagen | or Matrigel or a
combination thereof. Most preferably, the non-cellular support matrix is collagen
| or Type 1 collagen. Type | collagen is a 300nm-long heterotrimer composed of
two a; chains and one a, chain. Collagen-binding integrin receptors are a4,

20 a2B1 and azfq. Collagen | cellware has been used effectively for the promotion
of cell attachment and spreading, cell adhesion assays and the improvement of
primary cell growth in culture. Applicants have found that ES cells, particularly
human ES cells attach and grow well as undifferentiated colonies on collagen |
coated plasticware.

25
The collagen matrix may be supplied as commercially available cellware such
as the BIOCOAT collagen | (5 ug/cm?®) cellware petri dishes obtained from
Becton Dickinson or it may be supplied in liquid form preferably at a
concentration of about 5 to 10pug/cm?. The liquid form is also obtained from

30 Becton Dickinson.

| ™ comprises of laminin, collagen 1V, eulactin and heparin sulfate and

Matrige
proteoglycan. It is obtained as precoated 35mm dishes (cat no: 40460, Becton-

Dickinson).
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The fetal skin and muscle fibroblasts are best obtained from the specific sites of

abortuses, preferably 14 week abortuses. Adult oviductal epithelial fibroblasts
15 may be obtained from pre-menopausal hysterectomised women. These sites
are particularly useful as they provide substantially pure populations of the
feeder cells. The pure populations are an advantage for derivation and
propagation of undifferentiated ES cells. The feeder cells are generally either y-
irradiated or treated with mitomycin-C before use as a support matrix to the

20 undifferentiated embryonic stem cells.

The feeder cell layers may be prepared by any method available to the skilled
addressee. Human adult fallopian tubal feeder cells may be prepared by the
method outlined in Bongso et al (1994, Jan) The growth of inner cell mass cells
25  from human blastocysts, Theriogenology (USA), 41: 167 (Abstract); Bongso et
al (1994 Oct) Isolation and culture of inner cell mass cells from human
blastocysts, Hum Reprod (UK), 9: 2110-2117 and Bongso et al (1989)
Establishment of human ampullary cell cultures, Hum Reprod, 4: 486-494.

30 When human adult fallopian tubal cells are first grown from donated fallopian
tubes the inner epithelial lining cells are used. The first growth of cell layers
(primary culture) are epithelial (non-fibroblastic) in morphology and not stromal
(fibroblastic) cells. In subsequent subcultures the epithelial cells transform into
fibroblastic cells. This is quite unlike the murine embryonic fibroblasts (MEF)



For a cellular cell support matrix, the cells are feeder cells and may be
selected fromthe group including, but not limted to human adult, fetal
or enbryowpDw®3/ozahds. Preferably for an adult cell, they areTsdiogoted from
the group including 5 human adult fibroblast, skin, nuscle or epithelial
cells or any conbination thereof. Prefetébly the adult fibroblast cell is
a human adul Nolo] F i | ast ; re el 1+ S t al
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fetal skin (fidr@laskel | Alsoptaeeadilie mahén itabah fesdery cellc releask, tubtalispecific
preferred that it is a hunman enbryonig mﬁﬂ__e, or enbryonic skin 10
fibrobl ast dlygoprateins;pessiblymot feiepsed by &e$ef erably an adult oviductal
epithelial fibroblast. The fetal skin and nuscle fibroblasts are best
obtained fromthe specific sites of abortuses, preferably 14 week
abortuse§. Asiregards dacthel hepah lerhbryonic musbleasnd skirtbthese maydie abhectedr om
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pure popul atét{?ﬂggjséé%rﬂ‘?waé 3tRue0In BRAdarRURire?he erRbARAAIUGBIStarts
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Bongso et al (1994, Jan) The growh of inner cell mass cells 25 from human

bl ast ocyst s,sMalbandhense ggnixtursof many caltypeanaet sracificatly skinvard mugcle. 1994
Cct) Isolation and culture of inner cell mass cells from human

bl ast ocysts, Hum Reprod (UK), 9: 2110-2117 and Bongso et al (1989)

Est abl i shmrerHurafin hadait skimp diééderycell mayubeudedvedHimonRehe oshiddrmié8iayépof 30
When human adult fallopian tubal cells are first gro from donat ed
fallopian t ipRleSKiRda RIBP$IRE] | HPWPYE; ﬁée n Inay Ge higinegrom pther
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I n nor phol ogy and not stronma I brobl asti c) ) subséquent

subcul tures the epithelial cells transforminto
Feeders layers used in the present invention preferably do not require the
presence of LIF. More importantly, as described below, non-conditioned culture
media required to derive and propagate the ES cells in an undifferentiated state
20 does not utilise LIF in the culture media. An advantage of the present invention
is that the ES cells, particularly human ES cells are grown in the presence of
human feeder cells or in the absence of feeder cell layers and hence are not

xenotransplants.

25 The type of medium which is suitable to support a feeder layer will ensure
attachment to the support matrix such as a plastic tissue culture dish. Human
feeder (HF) culture medium may facilitate HFM, HFS and HAFT fibroblast
feeder attachment to tissue culture plates or plastic. Generally HF medium
comprises 90% Dulbecco’s Modified Eagles Medium (DMEM) (Invitrogen,

30 Carlsbard, CA), 10% Fetal Bovine Serum (Invitrogen, Carlsbard, CA), 1X L-
Glutamine (Invitrogen, Carlsbard, CA) and 1X Penicillin/Streptomycin
(Invitrogen, Carlsbard, CA).
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pl astic tissue culture dish. Human feeder (HF) cuI ture medi um may
facilitate HFM HFS and HAFT fi brobl ast feeder attachrrent to tissue

s

Nodi 1 Egg Eag) e el IRSRaITAnaY ly 1 Ot s i G ETlifienDl) pged
Bovi ne Ser ufHituiesi of byaan f%tal shscte, hompan fatal-skin and human adult fallopian
tubal cells is a human feeder establishment (HFE) medium. This medium may

typically comprise 50% DMEM (Invitrogen), 50% human serum (preferably

screened for HIV 1 & 2, hepatitis B)(preferably in house or commercial from

Irvine SC, CA), 1 X L-glutamine, 1 X penicillin -streptomycin, 1 X non-essential

20  amino acids (Invitrogen), 1 mM mercaptoethanol and human insulin-transferrin-

selenium supplement (Sigma, MO).

To further maintain the cells for serial passaging, a human maintenance (HM)

medium may be used. This media may typically contain 80% DMEM, 20%
25 human serum, 1X L-glutamine and 1X penicillin-streptomycin. To passage the

feeder layer, trypsin is generally used to detatch the cells prior to passage.

However, trypsin is generally obtained from non-human sources. Therefore it is

preferred to adopt other methods to detatch the cells. It is preferred to treat the

cells with EDTA with mechanical agitation or use a rubber policeman to
30 dislodge the cells. The cells then may be maintained in the HM media.

Where the cell support matrix is a feeder layer as described above, the feeder
layer may be plated directly on plain plastic or gelatin coated plastic.
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To passage ﬁﬁeg%l e%spﬁg]er trypsin is generally used to detatch the cells

prior to passage. However, trypsin is generally obtained from non-hunan

sources,_Thegrefore jt is
1 %e invention also includes within its scope, the use of a non-cellular matrix, as

described above, along with the feeder cells which may be plated onto the non-
cellular matrix. The feeder cells provide an in situ production of soluble factors

for sustaining proliferation and cultivation of the undifferentiated cells.

20  Most preferably the feeder cells are selected from the group including, but not
limited to, human adult, fetal or embryonic cells or a combination thereof.

Preferably, for a human adult cell, the cell is selected from the group including
human fibroblast, skin, muscle celis or epithelial cells. Most preferably, the
25 human fibroblast cell is a human aduit fallopian tubal (HAFT) fibroblast cell.

Most preferably the human epithelial cell is a human oviductal epithelial
fibroblast cell.

Preferably for a human fetal cell, the cell is selected from the group including
30 HFM and HFS. For a human embryonic cell, the cell is preferably a human
embryonic muscle (HEM) or human embryonic skin cell.



preferred to adopt other nethods to detatch the cells. It is preferred to
treat the cells with EDTA with nechanical agitation or use a rubber
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the cell to respon al so includes within its scope, the
use of a non-cellular matri x, as described above, along with the feeder
cells which may be pI ated onto the non- cellular matrix. The feeder cells
provi de1@n ™ &ifutther sueleriesh aspeetopiiihe present mvefntbonsdlI%ral is pgovided a

lif en t ed
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Preferably, for a _hunan adult cell, the cell 1s selected fromthe group
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(HAFT) fibroblast cell Most e human
human ol® duﬂl%pr@ﬁmae)ﬂaamedlum supplemented with conditioned media derived from

human feeder cells.

In another preferred aspect of the present invention there is provided a method
of propagating an ES cell in a substantially undifferentiated state from an ES
20  cell population, said method comprising:
obtaining an ES cell population comprising undifferentiated ES cells; and
culturing the undifferentiated cells on a non-cellular cell support matrix in

the presence of a medium supplemented with conditioned media derived from
human feeder cells.

25

Preferably, the non-cellular cell support matrix is a collagen 1 support matrix.
The soluble factors or equivalents thereof are derived from human feeder cells.
They are generally derived from medium in which feeder cells are grown,
30 otherwise known as conditioned medium. This may be obtained by culturing any
of the feeder cell types described above in normal medium appropriate for the
cell type for a period which provides a substantially confluent monolayer and
removing the cells for treatment with y-irradiation or mitomycin-C. The

inactivated cells may then be replaced and cultured in the presence of a



fibroblast cell. Preferably for a human fetal cell, the cell is selected
fromthe group including 30 HFM and HFS. For a human enbryonic cell, the
cell is pwefoanaahy a hunan enbryonic nmuscle (HEM or huneoTavtveyponic skin
cell. WD 03/029443 PCT/ AU02/01324 20 In_a further preferred enbodi nent the
human fetal skin feeder cells are the mdtnmal hunan fetal skin fibroblast

P s SHOBH O ARSIy Ty it T SO BR Ty

al so be sel ec group in he nor nal tal ung tilssue
cell |ine Mgtobp haciudingnddeSsikd, HEREIS AFCRONDISX- Afterora 8GO, i -dultlirer
the enbryonic lung tissue cel i ne W-38 havi acgcessi nunber . .
ATOC. COL 75 TERUIHTEIRY-DE vediectechaf ponditaneaelibne P riarati b Beciufa s
present | nvenlibod hHer 8 bericd i stoRimdelnod 18 26/9{durt Nehted ol (T?,_eHoré' ne
in a substantially undifferentiated state from an ES cell popul ation, said
met hod cbnpprefengbly otheainmedigmais &dlectdd appioximaiedyn 16dnqurssaftey plating. The

undi fferenti at(gd ES cells; and ctul tur'?nﬁ he. ungdi fferenti aﬂedI cel Iﬂal on a
non- cel | ul arMe@HM glﬂyp%‘? tpr?ﬂetsisfeg Pnatpaa r’?erﬁmé'serr?c?gsﬁmga{n Cgfre those
suppl enent egnaintoctHedsitiiled addrediea. Refratictdisd pemerablymased. eBse meeirhsmay n

anot her preferred aspect of the present invention there is provided a
net hod of HeopseAhdiregtharCeslitiened medivnuerild isabpyprapaiect Brasimiarewayt at e

¢ ES ' 2 . ; CeE b
cel 1" popul atTigh EGs b Monddletsifial &y BAFRigCHASY 08 BHRUARIAL p,
undi f f ed@nt iimhdiatiorn! drsd auch coditieiddiineediaedlso ssyppart HES rdell growthhia an

Puman 1 codetneRaTeNRECrTERO B SIOWR N FGHogRN NTAPaEde] MARRY  matri x i s
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The term “equivalent thereof’ as applied to the soluble factor means any
synthetic combination of factors equating to the soluble factors found in media
15  derived from feeder cells.

Conditioned medium may also be derived from cultured fibroblasts having been
cultured in HF, HF-HS or HFE media. Supernatant media obtained from these
cultures and processed under sterile conditions and described above may also
20 be used. However, these media are best used to culture feeder layers which
may then be cultured in the presence of media best suited to support ES cell
growth such as, but not limited to, HES, KO, HES-HS and KO-HS. Hence,
“‘medium supplemented with conditioned media derived from human feeder
cells” may be ES cell growth medium including HES, KO, HES-HS or KO-HS
25 media in which feeder cells have grown or it may be ES cell growth medium
supplemented with HF or HF-HS in which feeder cells have grown.

Not wishing to be bound to any theory, it is believed that the use of such feeder
cells, or conditioned media derived from such feeder cells, provides one or
30 more substances necessary to promote the growth of the ES cells and/or
prevent or decrease the rate of differentiation of such cells. Such substances
are believed to include membrane-bound and/or soluble cell products that are
secreted into the surrounding medium by the cells. In addition, those of skill will

also recognize that one or more substances broduced by the feeder cells, or



The sol uble factors or equivalents thereof are derived from human feeder
cells. They are generally derived fromnediumin which feeder cells are
grown, 30wotoheesise known as conditi oned nedi um This mnay Pog/Adlse/aixnned by
culturing any of the feeder cell types described above in normal nedi um
appropriate for the cell type for a per2dd which provides a substantially

confl uent nonogl ayer .a rempvi ng, the,.cells for treatnmen i

y-irradiati &?nf)?'xﬁ‘fit'a Ei ﬁ-'@t"ﬂ%ﬂ rri‘%%’t P@%tbeed 'dceé]tﬁgd n%ﬂﬁ ta#géabtg T’hgplcgued
and cul tur ectyitird ffedia @F8RE tn@intidnVO 5VifeIAé hdddTfohdidhGédadr cells amdiiorm
whi ch supports ES cell growth. The nmedium may be selected fromthe group
i ncl udi ng HEYchionditiesedangeiako HS. After a period, the culture medi um nay
be collected as conditioned nmedium Preferably, the nmediumis collected
after a period of approximately 10 to 20 hours after plating, nore 5

pref erabby, Urlkematbuse feedwrl lagetss dhappnofdeder dayers pavticidady tpaure pfestdieng.
The nedium may be processed to naintain sterility. Processing nethads are
those  knowlaYerst 14" 5Rf Ireatire dhe auesence:at Lk supplpmenied dRigoihy meiiumrne
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factor gpang rififerepliafcdaithte. conbi nati on of factors equating to the soluble

factors found in nedia 15 derived fromfeeder cells. Conditioned nedium
may al so be derived fromcultured fibroblasts having been cultured in HF,
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processed u terrre-con ons and descri be ve’ma
However, t hefeuphsiladiagDdtesit 555 aMR05 on\ykB&. f eeder |ayers which may then
be cultured 1n the presence of nedia best suited to support ES cell growh

such as, but not limted to, HES, KO HES-HS and KO HS. Hence,
15  Throughout the description and claims of the specification the word “comprise”

and variations of the word, such as “comprising” and “comprises”, is not

intended to exclude other additives, components, integers or steps.

Culturing conditions are normal culturing conditions familiar to the skilled

20 addressee. Temperatures of 37°C and 5% CO; in air are generally adopted.
However, deviations may be made from these conditions to suit the specific cell
growth.

The ES cells may be propagated indefinitely. However, colony formation begins
25 to appear after approximately 5 to 7 days. Preferably, colony formation starts at
5 days.

In another preferred aspect of the present invention there is provided a method
of deriving an ES cell line in a substantially undifferentiated state from an ES
30 cell population, said method comprising:
obtaining an ES cell population comprising undifferentiated ES cells; and
culturing the undifferentiated cells on a cellular cell support matrix
comprising human feeder cells in the presence of a non-conditioned medium

which supports ES cell growth in the absence of LIF.



"medi um suppl enented with conditioned nedia derived from human feeder
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Thr oughout the description and clainms of the specification the word
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15  cells are obtained from human adult fallopian tubal or human embryonic muscle
and skin feeder cells, human fetal muscle or skin or adult oviductal epithelial
fibroblasts or skin cells. More preferably, the human feeder cells are fetal

muscle cells or adult skin cells.

20 The non-conditioned medium is kept simple by the absence of LIF, mostly hLIF
which is generally supplemented to the culture when mouse feeder cells are

used.

Media which supports ES cell growth may be selected from the group including
25 HES, KO, HES-HS or KO-HS.

For prolonged propagation and derivation of ensuing undifferentiated human
embryonic stem (HES) cells to produce a cell line, HFM, HFS or HAFT feeder
layers may be used together with any one of the four (4) media above that are

30 used to grow ICMs. HES-HS and KO-HS are preferred because they do not
contain animal based ingredients.

In yet another aspect of the present invention, there is provided a cellular

composition comprising proliferating undifferentiated ES cells which are free of
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presence' of a non-conditioned nmedi um which supﬁorts ES cell growmh in the

absence of Lhut. natplimitedsteuCeliagen tlnLallagens Bf aht Matrigel eilosd | prefeyaly, the

described a T [ Gﬁ?p t lze
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cel I graqot hfeedempeslts, ¢the aultded umtaffenelnngtedeESorrdllb drersestainediin conditioned
undi fferenti ated state Pr Perabl y, the human feeder 15 cells are obtained
from human d86dig, agd Ieéﬁ'l" 8N or human enbryonic nmuscle and skin feeder
cells, human fetal nuscle or skin or adult oviductal epithelial

fi brobl asts or skin cells. More preferably, the human feeder cells are
fetal nusclle yatl Apother aahpect sifi thecptdsent invention, there is provided a cellular

composition comprising proliferating undifferentiated ES cells on a feeder cell
15 layer wherein the cell composition comprises the propagated or derived ES
cells prepared by the methods described herein.

The feeder cell layer comprises human cells and are preferably selected from
the group including but not limited to human adult fallopian tubal or human
20 embryonic muscle and skin feeder cells, human fetal muscle or skin or adult

oviductal epithelial fibroblasts or skin.

Most preferably, the feeder layers in order of preference are adult skin cells,
embryonic muscle, embryonic skin and adult fallopian tubal cells. More
25 preferably they are adult skin cells or fetal muscle cells, most preferably human

fetal muscle cells. They are preferably grown on plastic ware without collagen.

In another aspect of the present invention there is provided a human feeder cell

layer which supports ES cells in culture in a substantially undifferentiated state.
30 t

Applicants have found few sources of feeder cells which can support the ES

cells preferably human ES cells, in a substantially undifferentiated state when in

culture. The feeder cells may be used in a similar way to known fibroblast

feeder cell layers which are presently used to support and sustain ES cells in a



20 The non-conditioned nediumis kept sinple by the absence of LIF, nostly
hLIF which is generally supplenented to the culture when nouse feeder

cel | s ar ewowsezb443vedi a whi ch supports ES cell growth may peTsdaioeoted from

the group including 25 HES, KO HES-HS or KO HS. For prolonged propagation
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wherein the cell conposition conprises the propagated or derived ES cells

pr epar ed5by fibrieblastsheidadulesidnicBl® herein in the absence of feeder cells. 5
Preferably the cell conpositions of the present invention are provided as a
cell culture wherein the cells are cultured on a cell support matrix
conpri si ng arhe empenit skin andanbscletray bef derivegoinemt sorsea] exnepathotogicdie
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ES cells are sustained 1n co tio ia, as descri erein. In yet

anot her 18spegetholbgidat preemenopausainfallopjant lebes i donatedi ke dwamesl Miicarare
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| ayer conprises human cells and are preferably selected from
hepatitis B and other pathogens. Muscle, skin and tubal cells are all processed

by the same method as described in Bongso et al (1989) Hum Reprod, 4;486-
15 494, Whilst these cells are directly derived from their natural sources, it is also
considered that the cells may derive from sustained cultures of these feeder

cells.

Preferably, the ES cells are human ES cells and the feeder layer comprises

20 human cells.

The feeder layers are preferably cultured in the presence of a HF medium which
may contain 10% FCS, but most preferably, the FCS is replaced by 10%HS
(HF-HS). Alternatively, the feeder cells are established as primary cultures in
25 the presence of a HFE medium. To maintain the cells by serial passaging a
human maintenance (HM) medium may be used. However, before passaging,
the cells must be detached from the culture surface. EDTA with mechanical
agitation or the use of a rubber policeman may facilitate dislodgment and
reduce the need for non-human based proteases such as trypsin.
30
Feeder cells may also be selected from the group including Detroit 551, MRC-5
or WI-38.



the group including but not limted to human adult fallopian tubal or human
20 enbryoni c nuscle and skin feeder cells, human fetal nuscle or skin or
adult owoOwswad44pi thelial fibroblasts or skin. Mst prefreratiog/pidine
feeder layers in order of preference are adult skin cells, enbryonic

nuscl e, enbryonic skin and adult fallopiéh tubal cells. More 25 preferably
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in a substanti lI'ated state when in culture. The feeder
cells ma§ bdunsdESceall.similar way to known fibroblast feeder cell |ayers
which are presently used to support and sustain ES cells in a WO 03/029443
PCT/ AU02/ 01324 25 substantially undifferentiated state. Preferably, the

feeder cell |} ¥eanstHErdspRet oPtHEaPreseht hvehtiohidsére ierpratidedfRrES calklins
from an enbrcéz) or fetus. Adult feeder cells may also be used. Mbst

pref erabl y, deniwedhydhruneinopsdgscrbetherdieder cells or they may be human
adult fallopian tubal cells or adult oviduct epithelial 5 fibroblasts or
adult skin cells. The enmbryoni c skin and nuscle nmay be derived from nornal

non- pat ho! ogiteaES ckils whrkES|ddlldihes desedbed herein ariyelse defindxt by pagirhakersd y
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are all screeoductfoox. H VvV, hepatitis B and other pathogens. Miscle, skin
and tubal cells are all processed by the sane nethod as described in
Bongso et al (1989) Hum Reprod, 4; 486

15  In another aspect of the present invention there is provided a cell culture system
for providing ES cultures in a substantially undifferentiated state, said system
comprising:

a cell support matrix; and
a cell culture medium for providing soluble factors derived from human
20 feeder cells or equivalents thereof.

The system is designed to be used to culture ES cells in a substantially
undifferentiated state. The ES cells may be obtained from any source as
described above.
25
The cell support matrix may be supported on any surface of a suitable culture
system which supports cell growth. Ideally the cell support matrix is produced
on a tissue culture plate which may be of any suitable composition, preferably
plastic or glass. Other suitable surfaces include slides, glass beads, gelatin-
30 coated plastic ware, albumin coated plasticware, polylysine coated plasticware,
biodegradable polymers used as scaffolds by bioengineers and marine
adhesives.



15 494. Whilst these cells are directly derived fromtheir natural sources,
it is also considered that the cells may derive from sustai ned cul tures of
t hese feeworosozahd s. Preferably, the ES cells are hunan E8Cxaluog/omnd t he
feeder |ayer conprises 20 human cells. The feeder |layers are preferably
cultured in the presence of a HF medi umdfhich nmay contain 10% FCS, but
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use of a rubber policeman may facilitate dislodgnment and reduce the need
for non-human based proteases such as trypsin. 30 Feeder cells may al so be
sel ect edb f r Thet tdtureomediurol maiynbe Cany dhedigsl whistt-sippertsWES3gell \gmowth.
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e y
Even nore pmediumbngy beriseddor eegeiving goluble, fapiersmsodesed from igedeppelinet

by the et hOTRCHESHMork e PR rraBh the pBhRenAfnRY RIER) fo 95 Bsortiid Ve
descri bggl habevéwhioh lsealsebbsent dhLIRmy hitfF kers used to characterise ES
cells. These include, but are not limted to, the expression of Cct-4,

TRA- 1- 60, proteoglycans, SSEA and SCID m ce teratona production.
The cell culture system may be provided as a kit for use with the methods

described herein.

15 In a preferred aspect of the present invention, there is provided a cell culture
system including:
a cell support matrix comprising collagen | or matrigel; and
a conditioned medium including soluble factors derived from a human
feeder cell layer.
20
In an even more preferred aspect of the present invention, there is provided a
cell culture system including:
a cell support matrix comprising collagen |; and
a conditioned medium including soluble factors derived from a human
25 feeder cell layer selected from the group including embryonic muscle, skin or
adult fallopian tubal feeder layer, fetal muscle and skin fibroblasts, adult oviduct

epithelial fibroblasts or adult skin cells.

More preferably, the conditioned medium is derived from a feeder layer
30 comprising embryonic muscle, or skin cells. More preferably, the feeder layer is

a human feeder layer.



15 I n anot her aspect of the present invention there is provided a cell
culture system for providing ES cultures in a substantially

undi f f er ewDI0A2E4Bt at e, said system conprising: a cell skopovto2aoeR#i x; and
a cell culture nmediumfor providing soluble factors derived from human 20
feeder cells or equivalents thereof. Th@8systemis designed to be used to
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ti ssue cul t updifigrentiategh state ngajd s¥sieM SAPPEEGabl e conposition, preferably

plastic or ol assq dShllef BHishBBbR riaifikashfrishal HAablbdss: calsaandbeads,

gelatin 30 coate um n coated plasticware, polylysine
coated [B asti cwaaaon-bondiigned @bl eufiutey madiumsahseat Liflc 4o suipperiigg culture

bi oengi neers ﬁ%{dggari ne adhesives. WO 03/029443 PCT/ AU02/ 01324 27 The
cel | supporPf >PeH'§y be any of the cellular or non-cellular support
matri ces descri bed above. Most preferably they are human cellular or non-
cel lular support matrices. 5 The cul ture nmedium may be anfy medj um whi ch
supports ESTbelhumaneeder ¢eleleyenis gs idescidbed abave it ohetefreed dhakthe cell

descri bed aboye. Ho e r . C : rd Nl |1
| ayer as hepge{wedﬁg‘%gﬁbisd,u\éggnt(énf%%ﬁ'& @ hé'negém %%ﬂ?trﬁné n%eif/lsb@oﬁsgé@ﬁ?% &
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matrix. Preferably, the non-conditioned nediumis as described 10 above
whi ch is al E® ewiisas which have plrgaqy-begpguitdigd. cul t ure system may be
provided as a kit for use with the nethods

The medium used in the cell culture system is preferably a medium which
supports ES cell growth. As described above, such media include HES, KO,
15 HES-HS or KO-HS. HES-HS and KO-HES are most preferred because they do

not contain animal based ingredients.

The methods described herein for culturing ES cells in a substantially
undifferentiated state will be seen to be applicable to all technologies for which
20 ES cells are useful. Of particular importance is the creation of new cell lines for
propagation. It is possible that inner cell masses (ICMs) from human blastocysts
can be isolated by immunosurgery and propagated in an undifferentiated state
on the human feeder layers and non-cellular matrices with or without
conditioned media as described herein. Also, it provides for cell lines having

25 single or multiple genetic modifications.

Genetic modifications are desirable for many reasons such as providing
modified genes for gene therapy or replacement of tissues for grafting or
implantation.

30
Methods used to perform the genetic modifications to the cells can be any of
those known in the field of molecular biology for making such genetic

transformations.



described herein. 15 In a preferred aspect of the present invention, there
Is provided a cell culture systemincluding: a cell support matrix
conpri si yomalotegen | or nmatrigel; and a conditioned nedi ®eTiAt®RAOG2Mg
soluble factors derived froma human feeder cell layer. 20 In an even nore
preferred aspect of the present inventi &9 there is provided a cell
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cell support matrix conpr|5|ng human feeder cells; and 5 a non-conditioned
cell cultur matsinaamahm&ssarlly ¢mpmﬁ@rentﬁg gane seailenee inteethesallelel®, The
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sources1@s rdébrfsipetibhed above to derive new cell lines of ES cells and to
mai ntain or sustain ES cultures which have al ready been cul tured.

Much attention recently has been devoted to the potential applications of stem
cells in biology and medicine. The properties of pluripotentiality and immortality
are unique to ES cells and enable investigators to approach many issues in
15  human biology and medicine for the first time. ES cells potentially can address
the shortage of donor tissue for use in transplantation procedures, particularly
where no alternative culture system can support growth of the required
committed stem cell. ES cells have many other far reaching applications in
human medicine, in areas such as embryological research, functional
20 genomics, identification of novel growth factors, and drug discovery, and

toxicology.

Thus, the present invention provides novel materials and methods for growing
ES cells in a substantially undifferentiated state. Using the methods and
25 materials provided by the present invention ES cells, such as those isolated
from humans and monkeys, can be grown more efficiently. The ability to grow
efficiently such cells without differentiation has important applications for
therapeutic uses of ES cells for treating human diseases using tissue
transplantation and/or gene therapy techniques where such cells are used
30 directly or following one or more genetic modifications as described herein. In
addition, ES cells grown using the methods and materials described herein can
be used to screen for new bioactive substances or for other factors that promote

or retard the differentiation of such cells in culture.



The nmediumused in the cell culture systemis preferably a nmedi um which
supports ES cell growth. As described above, such nedia include HES, KO

15 HES- HSvOoro3l®d45. HES- HS and KO- HES are nost preferred Pperauseniirey do
not contain ani mal based ingredients. The nethods descri bed herein for
culturing ES cells in a substantially Wi fferentiated state will be seen
to be appli ol BrdrflihvdRUANAIPALRASHE Aol b dederibe AN FeiendtS Bl the O
particul ar inpoftance i's the creation of new cell lines for propagation. It
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i sol ated by i nosur.gery .and pro ted in.an . yndifferentiated stat on
the human | dolingas REAEE s BBRKRPGR n £ kR, FERHs R afttfction
condi ti oned dm(pl,ieage?ﬁgrgm Grithe thveatieh desdilsst abévedr ovi des for cell [ines
having 25 single or nultiple genetic nodifications. Cenetic nodifications
are desiPable for many reasons such as providing nodified genes for gene

t herapy or replacenent of tissues for grafting or inplantation. 30 Methods
used to performthe genetic nodifications to the cells can be any of those
known in the field of nolecular biology for nmaking such genetic
transformations. WO 03/029443 PCT/ AU02/ 01324 29 The term "genetic
nodi fi cation"” as used herein includes alternations to the sequence
encodi ng a gene product, as well as alterations to flanking regions, in
particular the 5 upstreamregion of the coding sequence (including the
pronoter). Simlarly, the term"gene" enconpasses the codi ng sequence and 5
regul atory sequences that may be present flanking the codi ng sequence, as
wel | as ot her sequences flanking the coding sequence. In addition, as is
known in the art, genetic nodifications can be achieved by introducing a
nucleic acid that does not necessarily conprise the entire gene sequence
into the cell, e.g.,



by introducing a nucleic acid that can be inserted into the genone by 10
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15 HES medium and the washed inactivated feeder cells incubated overnight in the
presence of HES medium for 16 hours at 37°C, 5% CO, in air. The 16 hour
conditioned HES medium was then collected, filtered using a 0.22 um filter
(Sterivex, Millipore) and used fresh or stored at 4°C to be later warmed to 37°C
and used.

20
b) Preparation of non-conditioned media
Non-conditioned medium comprised of 80% Dulbecco’s Modified Eagles
Medium (Life Technologies, cat no. 11960-044), 20% Hyclone defined Fetal
Calf Serum (Hyclone cat no. SH 30070.03), 1X L-Glutamine (Life Technologies,

25 cat no. 25030-081), 1X Penicillin/Streptomycin (Life Technologies, cat no.
15070-063), 1X Non-essential Amino Acids (Life Technologies, cat no. 11140-
050), 1X Insulin-Transferrin-Selenium G supplement (Life Technologies, cat no.
41400-0450), 1 mM B-mercaptoethanol (Life Technologies, cat no. 21985-023).

30 ¢) Preparation of coatings on tissue culture plates
(i) BIOCOAT® Collagen | Cellware 35mm petri dishes from Becton
Dickinson (Cat no. 40456) were used in all experiments. The
manufacturer's source of collagen | was from the rat tail tendon

(Becton Dickinson product catalog).



5 WO 03/029443 PCT/ AU02/ 01324 31 EXAMPLES Exanple 1. G owh of HES cells
on collagen | and Matrigel TM a) Preparation of conditioned nedia 5 90%
conf | uentwomnoteyers of passage 4 MEF, passage 3 human enipcymtioe/o13mscl e,
human enbryonic skin (8 week ol d abortuses) and passage 6 adult

pr enenopausal human fallopian tubal fi bébl ast cel | s grown in a T-75
(Falcon, USA) tissue culture flask were treated with m tonycin-C (Signsa,
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M I 1lipore) and used fresh or stored at 4C to be later warned to 37C and
used. 20 b) Preparati §Waghn MEHSE BHBPYS oned nedi a Non- condi ti oned medi um
conprised of 80% Dul becco's Mdified_ Eagles Medium (Life Technol ogies,

cat no. 11960-044), 20% Hycl one defined Fetal Calf Serum (Hycl one cat no.
SH 300740 03H) 1XGroWtht afHES tellé omeolagendiad Matrigel "hwithogoaditisled 1X
Penicillin/Streptonycin (Life Technol ogi es, cat no. 15070-063), 1X

Non- essential A Bci ds (Life Technol ogies, cat no. 11140- 050), 1X

I nsuli n-Transf er () n- Sgdgqirihb ftal LHBLP MHtuld- UhGIEPEMRALOHES.3 A HIES-4
cell colonies are grown according to patent application
PCT/AU99/00990 and are grown on MEF cells and were cut with

15 a sterile needle into fragments of about 300 cells each, lifted from

the feeder layers with Dispase (Sigma cat no. P3417) and
transferred to 35mm collagen | and matrigel coated petri dishes
(Becton Dickinson). HES cells were grown on this matrix in these
dishes in the presence of 2 ml of 16 hour 0.22 ym Sterivex®
20 (Millipore) filtered feeder (MEF/embryonic muscle, skin/adult
fallopian tubal) conditoned HES medium. Conditioned medium
was changed daily and cells were grown at 37°C in 5% COs; in air.

(ii)  Control group: Similar sized fragments of undifferentiated HES
25 cells from the same cell lines (HES-3 and HES-4) were lifted from
the feeder layers with Dispase (Sigma) and re-grown on (1) plain

plastic dishes with feeder conditioned medium, (2) collagen |

coated dishes with HES medium.

30 Both experimental and control dishes were housed in the same
incubators and monitored daily for 7 days for colony formation and
growth (differentiated or undifferentiated). Several replicates were
attempted. Two different HES cell lines (HES-3 and HES-4) from

different ethnic backgrounds were evaluated.



41400- 0450), 1 nM P-nercaptoet hanol (Life Technol ogi es, cat no. 21985-023).
30 c) Preparation of coatings on tissue culture plates (i) BI OCOAT(r)

Col | agen wWO@alobosss e 35mm petri di shes from Becton D cki n®om/AlGan1ne.

40456) were used in all experinents. The nmanufacturer's source of coll agen
| was fromthe rat tail tendon (Becton3§)i cki nson product catal og). WO

03/ 029443 PCT/ AU02/ 01324 32 (ii) COLLAGEN | liquid was from

Bect on- Di cki nson (Cat no. 40231). The source was bovine derm s and plating
of plasticwaye wesowth of HES celi® arf humasuembury onicemsiscieskin angi adylt

MATRI GELTM pr ecoat ed ti.cware was, from Bect on D). cKi 0.
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(MIlipore) filtered fepgs YO R} ' t | @Ripan
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fragnments of undiff | at s .
g er (lannt Ieapr%geﬁcEeS of normal non-conditioned HES medium.

(i)  Control group: Similar sized fragments of undifferentiated HES

cells from the same cell line (HES-3 and HES-4) were lifted from
15 the feeder layers with Dispase and re-grown on mitomycin-C

treated MEF feeder layers.

Both experimental and control dishes were housed in the same
incubators and monitored daily for 7 days for colony formation and

20 growth (differentiated or undifferentiated). Several replicates were
attempted. Two different HES cell lines (HES-3 and HES-4) from
different ethnic backgrounds were evaluated.

f) Growth of HES cells on the human fetal skin fibroblast cells Detroit
25 551
The Detroit 551(CCL-110) cell line is from the skin of a female Caucasian fetus.
It has a normal karyotype and has a finite lifespan of 25 serial subcultures from
the tissue of origin. It is shipped from the ATCC at the 10" passage. The culture
was expanded in vitro with HF medium to the 14™ passages and cryopreserved.
30 Confluent monolayers of passage 14 or 15 Detroit 551 fibroblast cells grown in
HF medium were treated with mitomycin-C (Sigma, St. Louis, MO) for 2.5
hours. The monolayer was dispersed to produce a single-cell suspension of

feeder cells and plated on gelatin-coated plastic 1ml single well tissue culture



25 cells fromthe sane cell lines (HES-3 and HES-4) were lifted from the
feeder layers with Dispase (Sigma) and re-grown on (1) plain plastic

di shes wiwb oBezdes conditioned nmedium (2) collagen | coCedweseies wth
HES medi um 30 Both experinental and control dishes were housed in the sane
i ncubators and nonitored daily for 7 day4 for colony formation and growh

(differentiated o ndi fferenti r &lanr (W : d.
Two di 11 or eAlTRESALTIN| PRECR DRKASLY, PR A0 MR RGN Sreaftq 1a5
backgr ounds s wefd plated of. cadh Al @idR443 PCT/ AU02/ 01324 33 e) Growth of

HES cells on human enbryonic nuscle, skin and adult human fallopian tubal
cells with non-conditioned HES nedium (i) Experinental group: Mture

117 R 57 i 4 S st ey oo

cut with a sterile nee _ _ 300 cells each, lifted
f rom t hes VEgrowsteirs vitws.t HEDI 8 parek tifeSingma cethtlineocolpBigs 7groaviul onr BEYPErIZY to

from!hes et . o
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i tonyoi n- o ndEGeL HERERelC bt WEfainerBhaTotich MpRTArcRifehChatpen o
di shes ygr e \ig's BhH AuéIBEr BPERoplaBRaEbOr s and ronitored daily for 7 days
for colony formation and 20 growh (differentiated or undifferentiated).

Several repl i cates were attenpted. Two different HES cell lines (HES-3 and
HES-4) fr °Mg)  Confirmation of undifferentiation

Several methods of characterization were used.
15 (1) Morphological characteristics

Daily observation of HES cell morphology under bright field and phase
contrast inverted optics was carried out. Particular attention was paid to the
speed of growth in an undifferentiated state, to the morphology of the inner,
20 outer and edges of each colony for homogeneity of cell size, thickness and
tightly packed nature of colonies, sharpness and reflective nature of colony

edges, spreading nature of colonies and nuclear-cytoplasmic cell ratios.

(2) RT-PCR

25
Fragments of colonies from both experimental and control dishes were
separated with dispase, washed and then frozen for characterization by RT-
PCR.

30 (3) SCID mice

Fragments (15-20) were also taken from each experimental and control dish

and injected into SCID mice to produce teratomas in 6 to 8 weeks.
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HES cell colonies grown on the collagen | dishes with feeder layer conditioned
15 media maintain a tightly packed morphology similar to that of pluripotent HES
cells grown on MEF feeders even after 7 days in culture (see Figures 2a, 2b, 3,
4, and 5). HES cells grown on the collagen | coated plastic also display high
nuclear-cytoplasmic mass ratio typical of pluripotent HES cells grown on
inactivated mouse feeders. Although colony growth on matrigel coated dishes
20 was as good as on collagen 1, the ES cells on matrigel spread out more rapidly,

are thinner and as such difficult to passage (see Figure 7).

Physical attachment to the MEF cells does not appear to be critical for the
survival of HES cells. However, feeder layer conditioned HES medium seems
25 essential for the growth and maintenance of the undifferentiated state when
HES cells are grown on collagen | or matrigel coated dishes Differentiation
occurred when HES cells were grown in the presence of non-conditioned HES
medium on collagen | and matrigel matrices and also when HES cells were
grown on plastic with feeder layer conditioned medium. HES cells grown on
30 collagen | can be cut into smaller fragments, lifted with the metalloprotease,
dispase and transferred to fresh dishes for continued propagation in vitro.

HES cells also form colonies and remain undifferentiated when grown directly

on human embryonic muscle, skin and human adult fallopian tubal feeder
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a) Human feeder layer preparation

15 Human fetal muscle samples were obtained directly from the thigh muscle of
fresh normal 14 week human abortuses. The fetal muscle samples were
mechanically cut into very fine pieces with pointed curved sterile scissors in
transport medium (ASP 100, Vitrolife, Goteborg, Sweden) in a sterile plastic
Petri dish. The explants and cell suspension were centrifuged at 300g for 10

20 mins, supernatant decanted and the pellet containing explants and cells seeded
into 25 cm? sterile plastic tissue culture flasks containing 2 ml of Chang’s
medium (Irvine Sc, Calf, USA) or human feeder establishment medium (HFE)
and incubated at 37° in a 5% CO; in air atmosphere. After 1 week primary
cultures (fibroblasts) were established.

25
The muscle fibroblasts were detached from the plastic by trypsinization with
trypsin-EDTA (GIBCO, Grand Island, USA). Alternatively, they may be treated
with EDTA with mechanical agitation or by using a rubber policeman. This
avoids the use of trypsin for cell dissociation. Once detached the cells are

30 centrifuged, supernatant decanted and cell pellets seeded into new 25cm?
tissue culture flasks containing DMEM medium (GIBCO) supplemented with
10% FBS (GIBCO) or 10% to 20% human serum 1x L-glutamine (GIBCO) and
penicillin-streptomycin (GIBCO). This DMEM supplemented medium is now
called HES medium (Human embryonic stem cell medium). Continuous



20 was as good as on collagen I, the ES cells on matrigel spread out nore
rapidly, are thinner and as such difficult to passage (see Figure 7).
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human adult fallopian tubal feeders can also grow well in an
undifferentiated state. 5 ES cells cannot grow in an undifferentiated state

on Laminin gqgal i 'éhﬁ e with MIcs € @dObnce the
conditioned%dﬁ%.sggcflgoﬁ%lacsg arll ?ﬁ%t%&%ﬁieg are t?%erway to ascertyai n
i f HES tel | svaye®8% confloeht tgemitbmycih Cheash washeticawiay andyoells platediaidded
pluripotent. 10 Exanple 2: owth of hu and derjyation of ensuing
human enbr 'i‘?fgﬁpghpﬂlté'@ p@%ﬁ%@ﬁ%ﬁsﬂggﬁg?bi eeglséﬁerlﬁi'ﬁihn f eeder |ayer
preparation 15 Human fetal nuscle sanples were obtained directly fromthe
t hi gh nuscle of fresh normal 14 week human abortuses. The fetal nuscle
sanpl es wer &) nedhumunasusgeryt tontsepasate fliGhMs pfram s figzep-thawad dghemand
sterile scissors in
embryos
15 A 2-day old frozen embryo was thawed and grown in vitro with G 2.2 sequential
medium (Vitrolife, Goteborg, Sweden) until the day-6 blastocyst stage. Only

good quality blastocysts with large inner cell masses (ICMs) are used.

The blastocyst was incubated in Pronase (10 IU) (Protease, Sigma, MO, USA)
20 (prepared in G 2.2 medium) for 2 mins at 37°C in a 5% CO; in air atmosphere to

remove the zona pellucida.

After complete zona removal, the bléstocyst was washed thoroughly in
Dulbecco’s Phosphate Buffered Saline (DPBS) to remove the G 2.2 medium

25 and incubated with Anti-Human Whole Serum (1:1 dilution with DBPS) for 30
min at 37°C in 5% CO;in air.

Following incubation with Anti-Human Whole Serum, the blastocyst was
washed thoroughly with DPBS again and incubated with Guinea Pig
30 Complement (1:1 dilution with DPBS) at 37°C in 5%CO, in air for 30 min.

The blastocyst was then transferred to HES medium (DMEM supplemented)
and passed through a fine drawn out polished glass Pasteur pipette several

times to release and separate the Inner Cell Mass (ICM) clump.
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organ cul tuchadgsdhtasfrash HER msadiymey Oﬂ%(ﬂmﬁwndbﬂ? fiestyegekdi sh. b)
| mmunosurgery to separate | CVs from frozen-thawed human

15  d) Sub-culture of ICM primary cultures
The first subculture of the ICM was performed 7 days after initial plating when

an area of small, round ES-like cells with a prominent nucleolus was observed.

The medium in the dish was changed twice with DPBS and the sharp edge of a
20 30 G sterile needle was used to cut around the perimeter of the clump of ES-

like cells and the clump itself was cut into 2 equal pieces.

DPBS was removed and 1 ml of filtered Dispase solution (Sigma, MO, USA) at

a concentration of 0.17 g/10 ml was added to the dish.

25
After an incubation period of 30 seconds, each half of the ES clump was
carefully removed using a Gilson P20 micropipette with a sterile pipette tip and
transferred to a new 1-well dish with Mitomycin C inactivated human fetal
muscle feeder cells containing HES medium.

30

Medium in the new dish was changed daily after each clump attached to the

feeder layer.

Growth of the ES cell clumps was also monitored dalily.
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PCT/ AU02/ 01324 38 The ICM clunp of cells was washed thoroughly in HES
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and grow onpAgafeSfder:! ayer. Daily nonitoring of the |CMgrowth under
inverted phase contrast optics was carried out. The medi um was

CGRGAAGCTGGAGAAGGAGAAGCTG

15
Reverse primer:

CAAGGGCCGCAGCTTACACATGTTC
20 Expected product:

247 bp

f) Other characterization methods

25 The undifferentiated HES cells from the ICM grown on human feeders (1ot
passage) expressed Oct-4, were SSEA and Tra-1-60 positive by
immunostaining, displayed normal Giemsa banded karyotypes and showed all
three primary germ layers (pluripotent) in the teratomas in SCID mice.

30 The HES cell line derived is supported by human fetal muscle feeders and has
survived to the 19" passage to date. This cell line retains all the typical
morphological characteristics of other HES cell lines supported by mouse
embryonic fibroblast feeders such as colony growth, sharp and defined colony
boundaries in undifferentiated colonies and small round ES-like cells with a



changed to fresh HES medium 2 or 3 tinmes in the first week. 15 d)
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with Cct-4 RT-PCR Cells were characterized by the nmethods outlined in
Exanple 1. For 10 determ nation of Oct4-RT-PCR, the following priners were
used: Forward primer:
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Li ke al | 50t lseledtEs fowh|thei gresipdeciuding homaat adult, Hietal cen embiryanic giedl® aregt s
positive for QOct.-4.expressjon. Mrphologically, this HES cell |line forns
t hi nner col GAMRINBIMMMNGTRBY HES cel | |ines supported by rouse feeders. 5
Finally, it is to be understood that various other nodifications and/or

alterations may be nmade without departing fromthe spirit of_the present
i nvention a2. outAimeeamdéeeder. calpaysr ydual suppertadbe, evitipe of AS qglla|igs 1.

A human feeder, a .ffgﬂ! P t L vay f el 1S Jhe @
subst anti al ﬁ}‘%ﬁ?ﬁ*@'&&éﬁ@ﬁ e'ﬁggd;tsgg%ai%gﬁ gfg gé'l ce II ‘P%}/éa)?eg: cgﬁrgﬂrnlbsidr?gs
cells 10 selected from the group including human adult, fetal or embryonic cells or a

combination thereof.

3. A human feeder cell layer according to claim 1 or 2 wherein the human
adult cell is selected from the group including human fibroblast cells, human
15 adult skin and human adult muscle fibroblasts and adult epithelial cells or a

combination thereof.

4. A human feeder cell layer according to claim 3 wherein the human adult
cell is a human fibroblast cell.

20
4. A human feeder cell layer according to claim 3 or 4 wherein the human
fibroblast cell is a human adult fallopian tubal (HAFT) fibroblast cell.

5. A human feeder cell layer according to claim 3 wherein the human adult

25 cellis a human skin cell.

6. A human feeder cell layer according to claim 3 wherein the human adult

cell is a human muscle cell.

30 7. A human feeder cell layer according to claim 3 wherein the human adult

cell is a human adult epithelial cell.

8. A human feeder cell layer according to claim 3 or 7 wherein the human
adult epithelial cell is a human oviductal epithelial cell.



5 selected fromthe group including human adult, fetal or enbryonic cells
or a conbination thereof. 2. A human feeder cell |ayer which supports the
culture ovOES0z®ElI s in a substantially undifferentiated ®ratsozaiid4feeder
cell layer conprising cells 10 selected, fromthe group including human
adult, fetal or enbryonic cells or a cofthination thereof. 3. A human
feeder cell layer according to claiml1l or 2 wherein the human adult ceII

is selected fromthe group including human fibroblast cells, human
adul t skin &hd hdhréwna@mlfeeedmmlléaverbamr@l@gsmaﬁﬁmaduq>rt2émetrﬁ@l ihg) h‘é‘@?ﬂs or
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feeder cell donysination thighedf) to claim 3 or 4 wherein the human fi brobl ast

cell is a human adult fallopian tubal (HAFT) fibroblast cell. 5. A hunman

f eeder cél | | ayer according to claim3 wherein the human adult 25 cell is
a human skingellp lFé}éEﬁP r r

wherein the uman e@'ult ce ai‘egqg uﬁg&#r% )(’:lteed%@pg ﬂhé}%lﬁ ﬂ“achg’Trrliw?rrl]GEf]‘(:)éaelder
cell layer aalldsdilHEM celtl ai m 3 wherein the human adult cell is a human
adult epithelial cell. 8 A human feeder cell layer according to claim3 or
7 wherein the human adult epithelial cell is a human oviductal epithelial

cel | . WO 03/p9448 Wuqéﬁ%é?%@[la%lélrza&or&@LtBPdlaTﬁgdﬁHier@ﬁ{ thd ﬁMﬁfan fetal

according to claiml or 2 wherein human™ fetal cell is a human fetal
muscl e (IBFMcelrisiautb gedt al skin (HFS) cell or conbination thereof. 5

12. A human feeder cell layer according to 6Iaim 1 or 2 wherein the human
embryonic cell is a human embryonic muscle (HEM) or human embryonic skin
cell or combination thereof.

15
13. A human feeder cell layer according to claim 12 wherein the human

embryonic cell is a HEM cell.

14. A human feeder cell layer according to claim 12 wherein the human

20 embryonic cell is a human émbryonic skin cell.

15. A human feeder cell layer according to any one of claims 1 to 14, which

is first established in a primary culture in the presence of HFE medium.

25 16. A human feeder cell layer according to anyone of claims 1 or 15 wherein
the feeder layer is propagated in the presence of a HM medium.

17. A human feeder cell layer according to any one of claims 1 to 16
comprising fibroblast cell line Detroit 551 (ATCC NO CCL-110).

30
18. A human feeder cell layer according to any one of claims 1 to 16
comprising cell line MRC-5 having Accession Number ATCC No X-55 or ATCC
No CCL-171.



10. A human feeder cell layer according to claim9 wherein the human fetal
cell is a HFMcell. 11. A human feeder cell |ayer according to claim9
wherein tweobuemms fetal 10 cell is a HFS cell. 12. A humeaTisamderzeel |
| ayer according to claim1 or 2 wherei nn%Be human enbryonic cell is a
human enbryonic nmuscle (HEM or human e yonic skin <cell or conbination

thereof. 15 18. AAMuman fasdtays acdodding teecryrshendf elains altm@cwnpngnng the
human enbryonic cell is a HEMcel|l. 14. A human feeder_cell

Remor i ot Yoal e ey iy acsesRDMiNbebAL R MErECLuzs pr AT CE gL

enbryoni c sk-;éulcell 15. A human feeder cell layer according to any one of
clainms | to 14, "which 1is first established in a primary culture in the
presence of HFE nedium 25 16. A hunman feeder cell layer according to
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CCL-1 10). uman ing to any one f clal ns
1 to 16 conpri siolgfaadhg ahuE:féc&ﬂ?ﬁoﬁuhﬂonmnﬂm&@un@ffﬁt&rﬂemdﬁme\% AnG5 or

ATCC No CCL-171. 03/ 029443. PCT/ AU02/ 3 43 19. A hu d
according to any %‘HV\@ g] i Hé@“?'&t'#og %rp '§| ﬂ'@; a(lcgfl S%Hﬂﬁpwaﬁgﬁﬁa‘@%ﬁgr
Accessi on Nysegendd off MQ@Lfa%‘ﬁor@rdéT\ga WAt-Hemalrp fdedér &QHS Or RfuNlerls

deriving an enbryonic stem (ES) cell line in a substantially
undi f f erlént itheeebfst ate from an ES cel |l popul ati on sai d nmethod conpri sing:

21. A method according to claim 20 wherein deriving an ES cell line is
selected from the group including creating an ES cell line from a source of ES
cells and wherein the ES cells are previously uncultured cells; extending
15 propagation or culturing time of an ES cell line wherein the ES cell line is an

established cell line; and propagating an established ES cell line.

22. A method according to claim 20 or 21 wherein the deriving of the ES cell
line includes propagating an ES cell line.

20
23. A method according to any one of claims 20 to 22 wherein the ES cell
population is derived from a source selected from the group including an
embryo, blastocyst, inner cell mass (ICM) cells, and a culture of ES cells which
have not differentiated.

25
24. A method according to claim 23 wherein the source is from a blastocyst.

25. A method according to any one of claims 20 to 24 wherein the soluble
factors are derived from human feeder cells selected from the group including

30 human adult, fetal or embryonic cells or a combination thereof.

26. A method according to claim 25 wherein the human adult cell is selected
from the group including human fibroblast cells, human adult skin and human
adult muscle fibroblasts and adult epithelial cells or a combination thereof.



obtaining an ES cell population conprising undifferentiated ES cells; and
culturing the undifferentiated ES cells on a cell support matrix in the
presence WD osobasd e factors derived from human feeder cel PETNUORQLE2¥al ent s
10 thereof. 21. A nmethod according to cl gi m 20 wherein deriving an ES cell
line is selected fromthe group includi 6 creating an ES cell line froma
source of ES cells and wherein the ES cells are previously uncul tured
cells; exten%isng 15 propagation or culturing time of an ES cell |ine
wherein the cefimeihgd gosording ée claimi2thwheeain the hysanalirellbs galimgnan
established &3 Bﬁlﬁl‘ Cg ne. 22. A nmethod according to claim20 or 21 wherein
the deriving o e é cell line includes propagating an ES cell line. 20
23. A nmethod according to any one of clainms 20 to 22 wherein the ES cell

Dby B by ch e s s SRR €41 WP TaS et Bobeltel <
whi ch have jaqf h%’%eércﬁmlfaﬂéﬁgv t@@al%ﬁlAFﬁr)'ﬁgEm%\sﬁfeqord' ng to claim?23
rom a bl ast .

wherein the source Is ocyst . met hod according to any one
of clainms 20 to 24 wherein the soluble factors are derived from human

f eed | lected f th N ' 30, h | t,. f I
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25 wherein tqgnlemen adult cell is selected fromthe group including human

fibroblast cells, human adult skin and human adult nuscle fibroblasts and
adult efithelial cells or a conbination thereof. WD 03/029443

ul t cel | 180, ol st 5 BRI AubgreiMhaRahELE g HUR,

26 or 27 whemakdletdadl. hunan fi brobl ast cel |

31. A method according to claim 26 wherein the human adult cell is a human

15  adult epithelial cell.

32. A method according to claim 26 wherein the human adult cell is a human

oviductal epithelial fibroblast.

20 33. A method according to claim 25 wherein the human fetal cell is a human
fetal muscle (HFM) or human fetal skin (HFS) cell or combination thereof.

34. A method according to claim 33 wherein the human fetal cell is a HFM
cell.

25
35. A method according to claim 33 wherein the human fetal cell is a HFS
cell.

36. A method according to claim 25 wherein the human embryonic cell is a
30  human embryonic muscle (HEM) or human embryonic skin cell or combination
thereof. ,

37. A method according to claim 36 wherein fhe human embryonic cell is a
HEM cell.



is a human adult fallopian tuba) (HAFT) fibroblast cell. 29. A nethod
according to claim26 wherein the human adult cell is a human skin cell.
10 30. A wotohoeb4azcording to claim26 wherein the human addriAwebis2is a
human nuscle cell. 31. A nethod accordi to claim26 wherein the human
adult cell is a human 15 adult epitheli cell. 32. A nethod according to
claim 26 wherein the human adult cell is a human oviductal epithelial

fibroblast. 20 33. A nethod according to claim25 wherein the human fetal
cell is a hifan A &ethothanepedipgitp)claim B@ whereis: the hwnan @wigyosis ¢elbis a

conbi nati on 4 . d according to claim 33 wherein the human
AT RmoryShip ASEL L

fetal cell is a A net hod according to claim33 wherein
the human fetal cell is a HFS cell. 36. A nethod according to claim 25

wherein the human enbrygnic cell is a 30 hupman enbryaoni c, nuscle (HEM or
human enBryotd-c dkime g&ac&or BEIP Y 8he QQF?@'WSB%.%AWH@WBJ%JWGW‘ ng

to claim 36 } i I As A ; . / 43
baT! ALDD! 1155 8eEaIs, e SR ggﬁ?@%gg&ﬁ%@tdg 4 fnctiiuiddiege froffr e édd
enbryoni ¢ ceéhtludinga HESEROentdFy dlES-H&| KOS, andoHFAIBetbkotiessinbefbrag t o
any one of gaina O to 38 wherein the human feeder cells are cultured in
the presenc &St dium selected fromthe group including HES, KO HF,
HES-HS, KO- HS, and HF-HS as herei nbefore

10 40. A method according to claim 39 wherein the medium is HES-HS or KO-
HS.

41. A method according to claim 40 wherein the medium is KO-HS.

15 42. A method according to any one of claims 20 to 41 wherein the cell
support matrix is a non-cellular cell support matrix selected from the group
including Collagen |, Collagen IV, human extracellular matrix or Matrigel ™ or a

combination thereof.

20 43. A method according to any one of claims 20 to 42 wherein the cell
support matrix comprises Collagen | or Type | Coliagen.

44. A method according fo any one of claims 20 to 41 wherein the cell
support matrix comprises a human feeder cell layer according to any one of
25 claims 1 to 19.

45. A method according‘ to any one of claims 20 to 44 wherein the ES cells
are cultured in the presence of a medium selected from the group including
HES, KO, HES-HS, KO-HS and HF-HS as hereinbefore described.

30
46. A method according to claim 45 wherein the medium is KO-HS.



described. 10 40. A nmethod according to claim39 wherein the nediumis
HES-HS or KO HS. 41. A nethod according to claim4.0 wherein the nediumis
KO HS. 15wo23/0%v4met hod according to any one of clains 20 PeTAURAERe n t he
cell support matrix is a non-cellular cgll support matrix selected from
the group including Collagen I, Collagefi 1V, human extracellular matrix or
Matrigel TM4qr aA ﬁmhbdaédd@rdlhij&b@fy oRé a$3:la|msr20hod4@mrdmnmet fecgley one

of clainms 20 to 42 wherein the cell ort trix conpri.s Co en | or
Type | Col | 5@8&ar@ﬂrstﬁsmllﬁbada&eameul? gresenge &f r'FHfS@U‘etJ('J-"%laS

wherein the rix conprises a human feeder cell I|ayer
accordi ng tg%gélbbgﬁgggl%%a@@%l ains 1 to 19. 45. A nethod according to any

one of claims 20 to 44 wherein the ES cells are cultured in the presence

f dj | ect ed th | HES- HS, . KO. d
- FS nSSharlh nbd G1hagReeoRts 1SMGONR GrTRBH 20dErH MBI g fRoRe”

wher ei n the Jandidpgdrsp %&‘F‘g IPTB\'?%g)?éQ&%‘%f Emmaw%%r t&@uﬁ&re RitAEtgod

according to any one o to 46 wherein the feeder l's are first
est abl i shed cellsas herejnhefbraidescribedt he presence of HFE nedi um as

her ei nbef ore described. 5 48. A nethod according to any one of clainms 20 to
47 wherein the feeder <cells are propagated in the presence of a HM nedi um

prior to culgoure Avnidth6& adé@lfdllﬁ% t@Saﬁyeme peigine 2636 dsoaterdtf.théd Hirhaed
accordi ng to any one of clains 8 wherein the human 10 f eeder cell
b

is the f rd‘bﬁﬁ@@'tcailéﬁlthq? f'h@hﬂﬁﬁtr@”t"n@@et(‘?ﬁh@ MO ECIN® GBl-1Hl. A net hod

according to any one of clains 20 to 48 wherein the human

50. A method according to any one of claims 20 to 48 wherein the human
feeder cell is the cell line MRC-5 having Accession Number ATCC No X-55 or
ATCC No CCL 171.

15
51. A method according to any one of claims 20 to 48 wherein the human
feeder cell is the cell line WI-38 having Accession Number ATCC-CCL-75 or
ATCC-CCL-75.1.

20 52. A method according to any one of claims 20 to 51 wherein the ES cell

line is cultured in the absence of LIF.

53. A cellular composition comprising proliferating undifferentiated ES cells
and wherein the cell composition comprises the propagated or derived ES cells
25 prepared by the methods according to any one of claims 20 to 52.

54. An undifferentiated ES cell line prepared by a method according to any

one of claims 20 to 52.

30 55. A cell culture system for deriving and culturing ES cells in a substantially
undifferentiated state, said culture system including:

a cell support matrix; and



feeder cell is the cell line MRCG-5 having Accessi on Nunber ATCC No X-55 or
ATCC No CCL 171. 15 51. A nethod according to any one of clains 20 to 48

wherei n two onoeam3 feeder cell is the cell line W-38 haviPa@/sAdmeesRion
Nunber ATCC-CCL-75 or ATCC-CCL-75.1. 20,52. A nethod according to any one
of claims 20 to 51 wherein the ES cell ¢ ne is cultured in the absence of

LIF. 53. A cell ulafgelf eR@@ ikliunt Gproeidig olablef faesrs barived ifohe aeiirmat ed
ES cells and wherein the cell conposition conprises the proij)agat ed or

derived ES deeder celbselesiag: tempietgieupdttudiag £ bemanapul felal obambsyonrit aj ns
20 to 52. 5%ellAn undi fferentiated ES cell |ine prepared by a nethod
according to ahy one of clains 20 to 52. 30 55. A cell culture systemfor
deriving and culturing ES cells in a substantially wundifferentiated state,

sai d cul ture system jncluding: a cell ort, ri X; .an 03/ 029443
PCT/ AL02B01 58 4°fcsll@y’tweca?sttameawa‘#'ﬁaﬁg&ﬂa' ngéi“hwxeﬁamstgﬁm@ﬁ aév@rc?"
derived fro d t id 1
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adult, fetal or e oni c culture systemaccording'to
cl ai m 55 whdibeoblasheells, imumardadult skinland bumeaneatudiomusclm fithieblgstsuand adulidi ng

human adult fall opi an tubal FT) . fibroblast cells, human adult skin and
hunan adul t qﬂ?@@ﬁgfchqlﬁrq{tﬂ %%'%‘E‘ﬁrﬁlﬁénéﬁ?ﬂef)? epithelial cells or a combination
thereof. 10 57. A cell culture system according to claim56 wherein the

human adult cell is a human fibroblast cell. 58. A cell culture system
accor di 1§ t BTl aiAncsl cyltusrsyHemeacrordiagra maim a@whereigl theihumamaghl celiul t

fallopian typaly (HAR brddiRiofdast cell.

58. A cell culture system according to claim 56 or 57 wherein the human
adult cell is a human adult fallopian tubal (HAFT) fibroblast cell.

15
59. A cell culture system according to claim 56 wherein the human adult cell

is a human skin cell.

60. A cell culture system according to claim 56 wherein the human adult cell

20 is a human muscle cell.

61. A cell culture system according to claim 56 wherein the human adult cell

is a human adult epithelial cell.

25 62. A cell culture system according to claim 56 wherein the human epithelial
adult cell is a human oviductal epithelial cell.

63. A cell culture system according to claim 55 wherein the human fetal cell -
is a human fetal muscle (HFM) or human fetal skin (HFS) cell or combination
30 thereof.

64. A cell culture system according to claim 63 wherein the human fetal cell
is a HFM cell.



15 59. A cell culture systemaccording to claimb56 wherein the human adult
cell is a human skin cell. 60. A cell culture systemaccording to claimb56
wherei n twe obuemms adult cell 20 is a human nuscle cell. @®CI/Ae@Id24cul ture
system according to claimb56 wherein the,human adult cell is a human adult
epithelial cell. 25 62. A cell culture systemaccording to claim56 wherein
the human e helA aell callulet systéin accoading rarclaim 68 athereiaptheeiran fetl bell 63.
A cell culture tem according to claimb55 wherein the human fetal cell

is a human I%Fﬁ'yﬁﬁéﬂm e (HFM or human fetal skin (HFS) cell or conbination
30 thereof. 64. A cell culture systemaccording to claim®63 wherein the
human fetal cell is a HFMcell. WD 03/029443 PCT/ AU02/ 01324 48 65. A cell
cul tur e sys@@m adeosell mylltuee csysiteme acabisting ntot ledaiuri Wieermin citlel hunsam HFS

cell I accordi.ng to Lm 55 wherein the hu n 5
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cell or comigeharicomiifisticotherdof. A cell cul ture system according to cl al m
66 wherein the human enbryonic cell is a HEMcell. 10 68. A cell culture

system according to claim66 wherein the hunman errbr yonic cell is a human
enbryoni c skgn cel | I t claim
wher ei n thelslgel I A cellg%[ultﬁ‘%eé s,(t%xta(‘c’}éﬁ*pdﬁ' t% agenrwh%r% tﬁ?i 5‘2'?”%} a

conbi nat i onei‘rlltafyenrb ceTIOs aAlERl delicul t ure syst em accordl ng to claimé69
wher ei n16he cell support
68. A cell culture system according to claim 66 wherein the human
embryonic cell is a human embryonic skin cell.

69. A cell culture system according to claim 55 wherein the cell support

15 matrix comprises Collagen | or matrigel or a combination thereof.

70. A cell culture system according to claim 69 wherein the cell support
matrix comprises Collagen |.

20 71. A cell culture system according to any one of claims 55 to 70 wherein the
cell culture medium is a conditioned medium including soluble factors derived
from a human feeder cell layer.

72. A cell culture system accordingly to claim 55 to 68 wherein the cell
25  support matrix comprises a human feeder cell layer according to any one of
claims 1 to 14.

73. A cell culture system according to any one of claims 55 to 72 wherein the
culture medium is selected from the group including HES, KO, HES-HS, and
30 KO-HS.

74. A cell culture system according to claim 73 wherein the medium is KO-
HS.



matri x conprises Collagen I. 20 71. A cell culture systemaccording to any
one of clainms 55 to 70 wherein the <cell culture nediumis a conditioned
medi um i rebuwdioesy4sol ubl e factors derived froma human fe@ederAwebis2iayer .
72. A cell culture systemaccordingly to,£laim55 to 68 wherein the cell
25 support matrix conprises a human feecﬁe cell layer according to any one

of clainms 7% o .conditioAedemediurh tfor elesiyiige amdcagtiuginggdah E8Neloge dh a
el ected fromthe group

claims 55 to 72 wherein the culture mediumis

i ncl udi ng @FS@@[IBUP@%%@@% fetg paigq mediymy prepatead: dysyat Brathod
accordi ng t‘?nélh@iing‘. 73 wherein the nediumis KO HS. WO 03/029443

PCT/ AU02/ 01324 49 75. A conditioned nedium for deriving and culturing an
ES cell line in ®btainngt anfeeder ycalinkiyef ecentdiag d¢d sy atre séidkimsdiiuto 19;

prepared.by a nethad. including: abtaining a feeder cell |ayer cording to
ny one of cl ai rmcluﬂygnqg;e %I%edcalcte@?i"ﬁéh? ngsfeé‘gﬁé? acqué“mH e‘g?@é@ of
a medi um sel @@gmdmﬁgﬂﬁs, KOOHES-RE, KO-pi5 1, M@, HIES HE.HEQ WP,  HFE,
HV HF or HF-HS; and separating the mediumfromthe cells to obtain

condi ti oned nedi §&ParmdingAhedneditimotied the wellataobtainicagditioned medid®. wher ei n
the human feeder 10 cell |ayer conprises adult skin cells. 77. A

condi ti oned nedi um according to claim 76 wherein the human feeder cell

| ayer conpri7§es WKrbbuditibsed hiedifm dccopdifyttowisich TBdihkrerc Ry Him@ntfeegBy one

of cl ai 75 77 wherein the medi ym conpri ses KO HS.
% ceh?ayer comerses adlh]lt skin ceﬂs. P

77. A conditioned medium according to claim 76 wherein the human feeder
cell layer comprises HFM cells.

15 78. A conditioned medium according to any one of claims 75 to 77 wherein
the medium comprises KO-HS.



