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METHBE‘? ERReTtEs CEHRAL 6?N togxfi"c‘?AtT§/’0¥“éFsPF%§E
BLAJT oV el SFIdRD thetlg "Flel opnent . Background of the

METHODS FOR THE GENERATI ON OF HEPATOCYTE- LI KE CELLS

FROM HUMAN BLASTOCYST- DERI VED STEM (HBS) Field of the
wOonvwB#on The present invention concerns rapi BCTAPRPEO10582

and efficient nethods for the generation of

hepat ocyte-li ke cells, and the use of the

hepat ocyte-like cells obtained in_the greparatl on of

P FRR PR

I nvention Many di seases and disorders result from
di sruption of cellular function or destruction of
Fieldsefithe inventien body. Today, donated organs and tissues

Tfﬁer eQér’itE?ﬁ\/ég‘ﬁgﬁ cBRcérﬁ@Feﬁ‘)‘k? sfn%lé bhe eﬁheﬂ?ﬁbfl’%ﬂ@%ﬂthé $EBeration

Untf or t unat ple su erln% rom

ofdwemioenteglk@meﬂ&tﬁr@ th@ Hsg Pfe@? Hﬁgﬁ@toweﬂlh%g@lsm #oed inrthe
prQb’ér’%Eér‘n BFmbAR MR fb&ﬁ:ﬁyn{%sﬁr‘{g% érﬁhh%{rlﬁg?&lscovery and drug

transplantation. The availability of human
deyelpmeeN:st - deri ved stemcells (hBS) and the intense

research on devel oping efficient nethods for guiding

these cells towards different cell fates, e.g.
Bagkasaendef theinventingl ds growi ng promise for future

M%ﬂgéiggﬁésocﬁﬁ d|§b &is!re ﬁ%’ﬂ tgresﬁ?ﬁtlgﬁ%? §el@far$t§‘rﬁﬂlon or destruction of

eases u0|ng t for or gans such
tisged ofuagé»@dv r’écaiayeﬁ@rsat@d ergens gre Hestiefper efipTtiesaddoperliace

faiﬁg 0P @&t d@lgguet QJntf(hﬁm'afé#} Yl‘léjh’t.%%r%%é%lé @foérfr%rﬂérh isorders

ve-nenti oned diseases. Liver diseases or disorders
suifablsder hsataiest byitiesh mstheds frueEstripsietuHes of organs available for
tréﬁgg%ﬁl&%on of tissues of the body is a major health
pr emto people all over the world. Besides, the
phar maceuti cal industry today has a pronounced will to

Sblﬁtp%f ‘ﬁﬁﬁ%lnabtlé tﬁP&‘ém@H ddnh BBISQhBES Hrgd ﬁ“eﬁﬁt‘éﬁ@é Yesearch

eve opnment here is a gr ow ng heed

on weémm efficicaf rrnethOéﬁéqr quitinthibese ogflsdpweres @#fiﬁrmtcf@ééﬁes e.g.
en@%gertrﬁ’?I o %%Ids%r@w@bﬁﬂ&n%%tf&’ fb’cu‘?@apmg‘?‘(ﬂﬁ% edil- BHé'%n

ism’is one o € Impj or causes enoval of

trgsdmentsi adisupledisgpsrs. By seducinghibe maeerriosganssue] sel- bawﬂ
trefiAbhis e of Gt irhBHanck Yo BAW the society and to the individuals suffering

from the above-mentioned diseases. Liver diseases or disorders caused by disruption
of cellular function or destruction of tissues of the body is a major health problem to

people all over the world.

Besides, the pharmaceutical industry today has a pronounced will to battle the
escalating cost and time of drug discovery and development, and there is a growing
need to increase the efficiency in the drug discovery process and to reduce late-stage
attrition. Unexpected human metabolism is one of the major causes of removal of a
potential new drug from a pharmaceutical project. In addition, liver toxicity and
alterations of liver function is one of the most frequent occurring reasons for toxicology
among drug molecules. Finally, liver metabolism and the interplay between
hepatocytes and other organs are important drug targets for metabolic and
dyslipidemic diseases. Traditionally, primary human hepatocytes have been isolated
from cadavers or cancer resections. However, the supply of these cells is very limited

and phenotypes vary widely among the sourced donors. Another disadvantage with
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alterations of liver function is one of the nost

frequent occurring reasons for toxicology anong drug
wounbmoakss. Finally, |iver netabolismand the parapPploay10582

bet ween hepat ocytes and ot her, organs are i nportant

drug targets for netabolic and dysli pi dem c di seases.

pnﬂaﬂﬂhéda‘t’c@@téé’ is tﬂéi 1R YaRhiTRe NBRMRGH taturd Wtﬁo@ﬂ@é]ng function
i sol ated from cadavers or cancer resections.

Howe
ang frisdpip By atabilith Esderesrpat qrsrepefitye) sopfaingy Dagdo these problems,
phEReRRLIRASO Yﬁia)hlé@ H’&ﬁ)e)‘to@@??'ﬁga\t'lﬂ%nsﬁ%&?@nm QERs and

Anot her di sadvantage w thprimary hepatocytes is
traﬂﬁ@yn%wﬁmanuae"élugﬁ EQrrnsercfi mic%@nettawlsm NC%&%W@ but the

clidisHI G4 1b R &Gk dURHSbgd End@watd |§b1'shéIIyMowSAr§1ﬁﬂ¢H16§€|% 204
repetltlve sourC|n Due to these

eXpREPERREU e anly@@m%iﬂrrégd Haw-thfpuegwt arﬁ@atwrle{pra guch testing has
be@r'i FFBEdYt0BBb PYerG& fop c@rﬁ*\?o&rﬁ(ﬁr‘iﬁflé?lé PR Be f@ddmértnes
for pre-clinical netabolismand toxicity testing, but
the clinical relevance of such nodels and tests is

Thg%vahdbw %Wanﬁm.rﬂﬁéd 5Otk of ﬁfn%tmﬁ?@i’ﬁﬁr%ﬁ ﬁeé&l@cﬁé—ﬂké’ BANS will
perfornmed | owt hroughput and therefore 'such

prqvecget treﬁ@erh@@uwnﬁﬁe@éar drgg tS’é,SCPé%}’é 20d develpragniRsuMelsas for
toklé}ylté’étlﬁggr h&lekdECk o@%&%b%ﬂ?@ftlmpg&féd AV Aidnatiphtdoyteltio be

an unlimted source of functional

used o dileye et injvideo awsays will impreyeiiedeatity ftargrigshits, and leads;
red%@%fl'é{é 2065e LefitidH: 48d 2hakaY B A8 @o%@r@&@@lo@%wés cells

for toxicity testings. Therefore, the devel opnent

areba Ppigpiia)vieeyeh sarrRe AefHneiopekiunan hepaie@ies dhess Wl@rC@Hld be

usécf‘lnv\}ah[)l?s Wm"\‘ht% héﬂg%éi)t’@aéﬁs aHaWob B art ﬁ‘\K/Q@E@e tool for
ts, and ds; reduce | ate-stage attrition; and

bO@ﬁﬁE@émKiﬁﬁ@”ﬁWﬁ“@%é@mﬁﬁﬂ@th devel opment. hBS cel | s
are a potential novel source for functional human
hepat ocytes. These cells could be used in various

Torfayrae Matheds for Beperptey PEhenatesyte-iieale oM WS afils, which may
be'fWﬁJrHﬁ‘@r@nﬁ&@H ﬁt@%ﬁ@kﬂwéb%@d@f@scommblﬂgé’% fofthation of

['1cations. nmet hods for generation of

embémd mq;@éanwcé e@év ﬁgleﬁvwm anedddifion, g icytetaxis capepounds
Rémsmﬁretdéﬁ fz@bgwh@g@@ekeﬁ&] aaweggmasq@tf&%t%ﬁ of @Hb%d

i ncl ud formati on of odi és and/ or earl
bo@lés,er@sulbm @M s rwmnetrulceﬁs asnd l@y{raﬂwef@mea%p&@ﬁd%ethods are

cotnpREREhh Bst@lavitly verd g)gen&bﬁ%ﬁ ARSIV &REral tlme

especi al 'y fornation o nbryoi d bodies, result In
CO"r'ﬁd{”ﬁiﬂg glers. Abubdhereds @ nagd fprnraplgirandl Pwplfrethpe fryhe fﬁﬁr@atlon

of H@ddwgﬁe -AkE céﬂ%”@éﬁ\/égtfl nvoﬁ@ﬁ&rehﬁé{tba %Bv,eéews |BHGious attempts to

generation tines an e several
obtain hepatocyte-like cells result in a low yield in relatlon to the starting material (US

20030003573).

In US20030003573 is further disclosed a method, wherein the cells are differentiated in
a 2D culture without formation of EBs. However, the disclosed method leads to that

more than 80% of the cells are lost within the first 24 hours.

Description of the invention

The present inventors have developed an improved method for generation of
hepatocyte-like cells from hBS cells, the method taking advantage of the fact that
dependent on the types of cells present in your starting material different conditions
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consumi ng steps. Thus, there is a need for rapid and

sinple nmethod for the formati on of hepatocyte-Ilike
woebden3ehasi ved from undifferentiated hBS cel | SPCT/EP2005/010582

Previous attenpts to obtain hepatocyte-like cells

result in alowyieldinrelation to the starting

shdgﬁfsg(% be;l)l GLﬁ &9%%99%%5K§dwled %Qﬁ@@&%égﬁtldrﬁoﬁd&% Béfore an

ose vvher elrn e cells are
expdinBion stat ¢rea difierentiatiomsien) raspectivebhean MPrRiesfieid py adjusting

salct'i:-f%%ﬁsgggf—gfubttﬁméecgﬂnﬁeélﬁ§ﬁgf 8&ishe tld)r%ﬁ! $hé éelltsh,@hzbg%reﬁacted to

' e cells are lost w first
enrmbdpeeltr@é§z§traegmbrwmnt@fendﬁéerrﬁa)éﬁmwmgﬁeoe@ré@é Rells or embryonic

meEéWo%'dteHﬁél—r@%%’rﬁﬂﬂgvﬁﬂo@@ﬁ@o%llé P&R¥ERS ARAEO gfr&re the method.

generation atoCyte-like cells fromhB
the nmet hod taki ng advantage of the fact that dependent

th '
o fRbA5 YRRl i o I AR b1 PRl o s
hepttbayte-er cisls withoutl fedigatiab olEBS hEneceatipesé culbmedn delengional
e 5L Bo g § 0810 BB K s HAEEE SOELRA A 5% BRsony
lnvsmtemajra‘ﬂde&r |d1prn<g/edorrteﬂmdso‘mprdjﬁenten®atlr®‘ BS @Iell@n lessgtlme than

efo)t hrﬁ? Ftutﬂt% r%?c“‘e h‘eggtgggte‘ﬁ?le%‘e lsegr n%péte& B%ftrﬂi methods

rae ryoni'c rese geni t
acaoedihg ta)ﬂweemrrwbnnwe niiers et owtdsilfimg t-hee’sejﬁfbM Qﬁ @ﬁ)%i@e/ﬁﬁhtrbﬁhe first
o4 elrls in order to further inprove the method.

B%Srdlngly, the present invention provides nethods

for differentiating BS cells to hepatocyte-like cells

t hout .f T '
Fulfld. dhE PR iy Ehob e l0Gaf et RpflBasy sbdfit b
corapbdittoratitoe tetheAuitation ngdlflferanltletlcp'r earebe usern/fonseleation of either of

twcf ﬁﬁ{ﬁi\a/rlgglggqfe %txo?ﬂ) Qs él{?sdé%ﬁe% rﬂﬂ éﬁ for @Na ﬁﬁrjlpgge B r‘égul iy
hefetpatativd eclbickeneatdéd Rotocgbfef tiecprebgnttitentien, tvghsein primarily
ext?éec rr}%rﬁg res%mmﬁ%% %88@%%] %Y&{%ﬁ'lthcé'Hst(Qgc;#dﬁthI Sdragedllla?cells

of ﬂ;7p|e A arendifferentidted o é@eatocyiwé(moeﬂs rhawlee selacidd miign yield and

purili‘t ﬂhgﬁ%g?{ﬁgcg H%paHgg)(t f@}%cﬁﬁgghgﬁ} PIngvertfPl e]ﬁ/isaged that

| on ¢
hetb@de-lilencalls oeblanhiad b;ofdlffanmttatlbh of eresendddesmeesambling

T T T L
feafures &n4 higheeattentiihanthepatacyierlikesell$ pbtained by differentiation of
extraembryonic-resembling endodermal progenitor cells. Thus, hepatocyte-like cells
obtained via protocol B may express higher levels of the molecular markers used for
identification of hepatocyte-like cells, than hepatocyte-like cells obtained via protocol A.
Furthermore, hepatocyte-like cells obtained via protocol B may express a larger
number of the molecular markers used for identification of hepatocyte-like cells, than
hepatocyte-like cells obtained via pathway A. Accordingly, the present invention
provides alternative methods for differentiating BS cells to hepatocyte-like cells taking
advantage of the knowledge about the cell composition prior to initiation of
differentiation in order to obtain hepatocyte-like cells satisfying different criteria with
respect to yield, purity and quality. In the present context the yield is measured as the
percentage of the number of hepatocyte-like cells obtained by the method with respect
to the number of undifferentiated BS cells subjected to the method, purity is measured
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ext raenbryoni c-resenbl i ng endodermal progenitor cells
(endodermal progenitor cells of type A are

wdibdemsea18i ated t o hepatocyte-like cells, nayPO®EP2005/010582
sel ected when yield and puriity of the obtained
hepatocyte-like cells is inportant. However, it is

as tﬁ@ﬁeﬁ@gﬁ e WPREpAS m@/ééﬁs lhKﬁe e8l b@plﬂ@ﬂo@l‘ dlﬁéin@d’ by the method

erentiration o nesendoder mal -r esenb Ilng pr eni t or
andeplality ig exvedoured huthepexpgessionckevels) af divesr srarfic r@rkﬁ%ﬁndlor the

nunﬁ%g L@E?Q&ﬁ@ﬁﬁéfm@ d M‘?l%h fs%ﬁé’r%@sgeé SniuitBh&hly, @xeNkigh

epat ocyt e- e cell's obtained by di fferentiation

exprsissiontievatmand/oaiessimakaneshsvi ExeRerseeiNa-SRARUrEHRTKSTS are
mdﬁeﬁ’vk%f 8E&Eﬁuali\}? ‘éﬁ()tc?felll'kéecéﬂ‘%l id%nﬁ’t?tcﬁ'nﬁ&ﬁeﬁé'a@hd the

ess her | evel s of the nol ecul ar
eXpmsloeH%\/elﬁs@fdh@SﬂarE @@mpiafeiddat esthys a¢+éfp REIGENt eengtacytes.
cells, than hepatocyte-like cells obtained via
protocol A. Furthernore, hepatocyte-like cells
Witlo hespienidtd the eughoesscs theireaipnent ihe idermadiate Rrogaiiigisrare

sub e%?ed%luﬁngdﬁ(ef;émlﬁw ?hé@%ge hHPhvestery he(\)eqabhd)fha@ft is beneficial to

pat oc%t e-like cells
let tbetcahlsr@@aod gongigderably bAfomtE\tfcb@tmw | erﬁﬂ%atﬁﬂe%‘ﬁtexpans'on is

ach!;@%& Bﬁ/ heRfhPEY ! qgﬁo"i‘l tlﬁﬁdé?h'rﬁc—,efrgﬁ{ Qoégcdifted from the time point of

ntitati n& to hepatocyte-|ike cel
the triil nigting obine difecals in ﬁ'@pk)ri@v\lh@d@j@ aRBLvhereehe én@' “Uifferentiation

is m‘fﬂgg&ﬁ)ﬁﬁ' stté@qu-Qf? bpﬁ A4 %I‘n@ﬁévle@trélgoarﬂf Fgl‘tlﬁérﬁfo%‘tdaﬁi é)@f;hnbﬂn may
order to obtain

atocyte-I1ke cel[s satisfyin
be forthérestiemdated by #rd addijionrof Q@éﬁﬂt@rwty‘geﬂgﬁnt% gHeh §S &rety FGF 2

in sﬂ%"’}k tho}t’h ofotbol& 2Rk ;B?%ﬂ{jl sEéH”a@Xé o, hf@tlﬁ/dl@ bgd'(ﬁAWﬂ%d/or

ercent age e nunber “of hepatocyte-1ik
BMERIir srompbmmw ightak ee.ge LAY tHCF asgas Nadgl i0h€f0t000' B.

Thé%gﬁ&bthogroﬁ‘nﬁ%ﬁ 5@5@%2’&8@@%5 aﬁecfgrlrﬁaﬁloﬁl{'mtlﬁ’éﬁe%ge&tﬂ/ettﬂﬁe of

urit as the percentage of
endodpanal pyagenitorkeslle desieed far eareh @émesg@mm@@'is di¢- agdiipmelretinoic

acupif? h?GFF%f Mo?@\q hk%s'ﬁerf@ﬁﬁé‘ﬁcﬁmdo@hdba&mal })rogenltor cells

€ssi on ['1Tver - peC| I ¢ markers and

of typmb@nd atiditiow ef H@Ewdfqré\bdarl rémylajes b fprgnatiopra ssdedermal
proéé%:,tcgpse&q@#ey where high expression | evels and nore

taneously expressed liver-specific markers are
i ndi cative of good quality of hepatocyte-like cells.

The! r%S%Htfé{r @Jt%;mﬁg %‘?‘Eé ! Hag NBF ESRI AR LANS Srr@bntidiRgahese

, primary hepatocytes.
to hapawcvteéqhe@ella@omma@esmﬁgﬁﬁ@@s of the treatment the
i nternedi ate progenitors are subjected to upon

differentiation, the present inventors have found t
i) it insithedigeieotiatingtBS Felts in Begromth g@waﬁ@obf@ﬁscﬁlﬁ@rreamtyd cells

ibgf K onilihd LAk 0mRbn F bR SR &RddRrmaSitbge Mt 2B, on

i) determining the fraction of the endodermal progenitor cells obtained in step i)
being extraembryonic-resembling e ndodermal progenitor cells (endodermal
progenitor cells of type A) and/or mesendodermal-resembling progenitor cells
(endodermal progenitor cells of type B),

iii) optionally, determining the fraction of the cells obtained in step i) being
undifferentiated BS cells,

iv) optionally, selecting either endodermal progenitor cells of type A or endodermal
progenitor celis of type B from the cell populations obtained in step i),
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achieved by letting cells grow for a longer tinme from
as calculated fromthe tine point of the initial
woheieioagg7e8f the BS cells in step i) to the ti nBCP@EPEE05/010582
where the final differentiation is induced in steps
A-4) or B-4), whichever rel &vant. Furthernore, said
V) exp%{tﬁé%ﬂgWer%dfe%élrb%ge?ﬁtbﬂéﬂl@to?ﬂnmn B& Fﬂlbﬁ'd&'ﬁblx@éd in

gro not i ng agent’s,: suc in step
i) ¢teps h ophotoeidier Areierp! B)Orﬁade@iﬂ?‘?dg@re'é‘ g., retinoic

in eﬂeﬁté&%m hF?ai @ eEysBVP2 in protocol A and such
g., ¥1A, HG- and/ or Nodal for protocol B.

These growt h- pronoti ng agents stinulates the formation

f
m&g%écpe n?&f?]‘?r%r‘\tvﬁme@@ﬁel@ar@ﬂg@%ﬂém' progenitor cells

ach of ese protocols, i.e. addition of
ret|n0|c acid (RA), FGF 4 and/or BMP2 stinulates the

Ind Aﬁexg&&.@fﬂgﬁgﬂ@t%p %ﬁ&b&é& cell's of type A and

addition o stinmul ates the formation
of endodermal progenitor ceIIs of type B. The net hod

Thé ?#efsgﬁttea}/ é}gngﬂ?ﬁggﬂéﬂggb 09 et Qils ‘Fc?bilfﬁaré‘rﬂcbrg%big%f

epat ocyte-1ike cel
differampaticredependingtoagie cel) cqrmpqsitlor\cbn giepfletreind; |'fafte|'QV@nB§“e overall

yle@:qe{tér O&ﬁ%g%&eﬁ%@b%wﬁ%&'dﬁ hg?étf)%&f%nlﬂdeact&lg obtained in

| st a fraction of thémare
propndiod ¢o the nuynkey@h cellsrsubisicles toithe mggodrigrimprryedrid is at least

103‘/°r %{{h e%ne(g R o A t3@5/¢9%?|@atsplo%eb{ ﬁea@p@@%n@ﬂeast

beln ext raenbryoni c-resenbl i ng endoder nal
60%: atjemtt7@f’/o,@élela§t Q@ﬁ@ba@ﬁﬁﬁﬁoﬁﬂr ogenitor cells of type
A) and/ or nesendodermal -resenbling progenitor cells
(endodermal progenitor cells of type B), iii)
Ducing ewhaiol qevel@ev@nhﬁhﬁ|eﬁ@a¢rhlérvpmla@nﬂ@¢ﬁr6fl&fﬁ@ﬂ@@m%h earlier than

the 08 AndiSeFine fhek re?&%bgto%q é%ﬁ{ ic,aéﬁéio ethes.
oF Pt L

Se ectlng elt der mal ro eni tor
extmnhtzry@flc ewmiepmmwee mla@@reth@aaolkme@g§ﬁuq and @@rels @ewr ¢qpbépute to

theBerElSrgg'e&%S)t %E a soB %?gs SRRt tP&%chgﬁléﬁ reé%tér); @Al other

cti e en progeni tor cel known
peptisiepoBig yak saxbsem/emld ﬂil¢1flr§t a5 gs)a piotq wert@dewﬁ@ﬂs cell types

wﬂﬁrcﬂér%‘c‘f%lrl %rlrpﬁ’ar tgfrﬁ)%' f’@glshﬁét%aﬂ HeoQ rg%teF A tﬁ@th@érnThe

n a specific enbodl nment
erTBS/qne:l etrgloslem;n IsB&h & theslntermedlary step mesendoderm on the other hand

generates the internal organs lung, gut, pancreas and liver. It is formed by complex cell
interactions and signals during gastrulation from a mesendodermal cell population that
can give rise to mesoderm and endoderm. Growth factors and key genes decide which

germ layer is being formed (Wells and Melton, 2000; Kubo et al., 2004).

Initial experiments performed in our lab following previously described protocols
(Carpenter et al) (US20030003573) failed and resulted in very low yields of hepatocyte-
like cells. Neither was any expandable progenitor population identified. In order to
further improve the physiological quality of the experimental outcome, efforts have
been made to identify the factors leading to improved results in order to obtain
hepatocyte-like cells. As will be explained in more details below, the present inventors
have found that it is important to identify or have knowledge about the starting material
in order to choose the right conditions for the cells to be subjected to. Importantly, two
different protocols have been developed depending on the composition of the
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In a further specific enbodinent, step iv) is

i ncl uded. The present inventors found that by
weoeujemstd7ag the cells to different protocols oPCT/EP2005/010582

di fferentiati on dependi ng og the cell conposition in

step i) or iv), if reI evant, the overall yield

endﬁgé ﬁ{ nkﬂ)%gnﬁcﬁ' deli€y Eﬁlgﬁ n?ter‘iah 1St 8RRYt Rf end odermal

ke cells tal I'n proportion to the
progmmtbercedis ottybbs“aub?ect ed to the nethod is inproved
and is at |least 10% such as, e.g., at |least 20% at
| east 30% at |east 40% at |east 50% at |east 60%
Theanetheds of the fresent ingentiongsretare flatee iz tvogofocpigriPrigpnerate
. oprment the extraenmbryonic endodermi s
hep%p‘%kt\eég'kg%gﬁé earlier than the definitive endoderm
via (Heendraembeyonisdresemblingt (hémisinerig@randoderqoaieae! (Athe
t -
via it PSR LSRRG B UL 8 Sk KRrKiu SR T endoderm
likepgrotocebfit)ce of signals, such as transcription factors
and ot her peptides. The yolk sac serves in the first
days as a proto |liver and contains cell types with
In tiodfntlawingis givere s list ofidefinitions aridoahbremations s uspain thmprssent
conggtmd later in the liver. The enbryonic endoderm such
‘the internediary step nesendoderm on the ot her hand
generates the internal organs lung, gut, pancreas and
Defl ,tlo%r It is fornmed by conplex cell interactions and
4 gnal S during gastrulation froma nmesendodermal cell
As psulheatinpthetiérat “tiastoaystrderived stampceliss Wmtgﬁéscrl be pluripotent
d
steRRf eep TR LAY Soch e SERER P PABotspich fsts have
showmubateolastmyst dém(ed)stem eelis @n Hyepiise tﬁ@ﬂt@”%@r"ﬁ% PReanipm,

it A L S Hhcfbstnp ooty popoe

meamwheirbavledmdyloealdsbaeh tempest ‘eoyoryniksiemeells’ . HReewvRgBraccording
to rﬁ'\\%ﬁl r}aélepgﬁﬁg\@%a@kgpéjgﬁ@gmb 9(5 ué@éﬂtlf’z@&dgg}?‘t’e é'rﬁﬁ‘fegarded

Pove the physi o ual ity
as arf embiyoenifhi thedinst4 ctws eﬁarefert@zat@m §ingailee wéﬁﬁcmfd%ertmd
cellg reﬁ]é) oy{eg atcgc?r‘;;i“nﬁ(“téI %e | &;ﬁ?g n% to%nb&f{r&\ﬁﬁe B%%Téﬁ/ét 48 days
aftee)fqzmhﬂanem thery amreéemj@d toi as“bta@twt-dewae@ pleseerlls) avndmodr s

v d gund. g ba 18 ﬁ/ﬁ tddnbcab tlhnévcﬁ'l in of
e il RO e Ao FROLL 806 i
thesdoallse the ri ght conditions for the cells to be
subjected to. Inportantly, two
As used herein, the term “heptatocyte-like cells is used to describe cells that have a
hepatocyte-like phenotype as measured by morphology and/or by positive reaction for
one or more of the following markers: albumin, LFABP, AFP, AAT, CK 18, CYP and/or

ASGPR.

As used herein, the terms “extraembryonic endoderm”, “extraembryonic-resembling
endoderm” and “primitive endoderm” used interchangeably is intended to mean the
early formed endoderm giving rise to the yolk sac tissue that never contributes directly
to the embryo.

As used herein, the terms “extraembryonic endodermal progenitor cells”,

"extraembryonic-resembling endodermal progenitor cells”, “primitive-like endodermal
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di fferent protocols have been devel oped dependi ng on

t he conposition of theendodernmal progenitor cells used
wastast7sng material with respect to endoder nRCT/EP2005/010582

progenitors cells of type A-and B. The nethods of the

present invention therefore relates to two protocols

prdg‘én@&*h%ﬂ@’taﬁldhéﬁ@édé@r}ﬁbleprbg&ﬁtoﬁ @éllssof tyedA’t Ded mterchangeably, is
extraembryoni c-resenbl i primtive-lik

use 10 d5E61Ibg %"S\ﬁha”'ﬁ%%h%%t%%% uithie el ey fkgaqr%tlve
en@’&i@?ﬁwegs Hé@s@r@@ 'by(?@écﬁloﬁgﬁfrleﬁhéﬁ d@)of%ﬂﬂ%@fé’@hebét&@?te nuclear

the foll ow

faca%rfq n@@ﬁaéngd%@aa%ﬂ%lﬂegth oot tradesiofon W@%ﬁ@ééﬁt@ene
prd‘d@:@ﬁ @@ry-b@ﬁf:blﬁl'ahir@?eréﬂ TSR MBAgpancrédtR dudkiBhal homeobox

astoc%€H derive temcells" is used to descri be
faC;SCPru?) togterwity @ertel I s derived fromthe fertilized

oocyte, i.e. the blastocyst. Pluripotency tests have

shown that blastocyst-derived stemcells can give rise
Astl’éeﬁhﬁr%lth‘%tefrﬁst"f‘f@bré{%fﬁﬁf‘g?ﬁermncmé?'?'fﬁ)d@ﬁ@ag”g\dﬁ‘ijerm

déﬁ%hll\/é en&ydértlﬂeaﬁ(?“dgflnﬁl/él-%éé%bﬁhg dedddepe” SIs@mlrﬁ@Jch%géa%Iy, are
al so intended to mean what have traditionally been

interdeqde Mesrtis diferent sieps et pndodermp) doyeiPPmsati rﬂeﬁ R o
deV@sMEREI A8y firfd ghvihgEribeaB ehaintbrdl Redar AUy, rg'uf—‘~°p-ané\'eas and

fertilized oocyte is not regarded as an enbry t hi
livernghg feys qrnbrdavg eafi%qurabwpe?n@ap?'&n @Sﬁa%ochﬁ@a' progenitor

celp aﬁ*e@@b(&éd’eﬂﬁél'—r’é@é’mﬁl |;§o§éﬁ?ﬂop?zf@§ FQOERdI@rhEl grb§enitor cells

i nvention, are derive romt he bl'astocyst 4-5 days
of iype &, Yseptinteichangesbit RER/thap intendegyip @@fatn&eélgsharmg

charBbRaSRE YwthtAe i V@ﬁdé\ﬁeﬁfﬁlﬂgeﬂnb%ndéﬁgmﬁ‘@s MEAHUSPBY So-
stemcells the |atter termbe@eﬁNms eading with

localizayiar of. P‘bs'ttvﬁée%?tioﬁﬁff’rtﬁra?w&%a §3bed8- used herein,
the term "heptatocyte-like cells is used to describe

cell's that have a hepatocyte-|ike gcgenoty pe as
By tsstering dfepdermsip il trgfemn aroiptanges nepR selfsf@nedyper ihat are

CO-Q:U@ur@H WTﬁrc€II50$f drideher %}HeQWpP&lld@érk@rﬁ\ﬁronﬁlbhﬂlmWhlcH—tﬁé@BBls of
18, CYP ‘and/or ASGPR. As used herein, the

the( q_gcggd ty@gtqaa@ﬁ%/y yi1§i feedsigstie gy optionally be from the same or from a
diffefar EPEIRY thaR e &8 Y 4rB Gupporting, such as, e.g. human or mouse

feeder cells supporting hBS cells. Further the feeder cells may optionally be committed
towards a specific germ layer. The feeder cells may typically be inactivated when being
co-cultured with other cells by irradiation or treatment with an anti-mitotic agent such as
mitomycin ¢, to prevent them from outgrowing the cells they are supporting.

By the terms “feeder cell free” or “feeder free” is intended to mean cultures or cell
populations wherein less than 5% of the total cells in the culture are feeder cells, such
as, e.g., less than 4%, less than 3%, less than 2%, less than 1%, less than 0.5%, less
than 0.1% and less than 0.01%. It will be recognized that if a previous culture
containing feeder cells is used as a source of hBS for the culture to which fresh feeders
are not added, there will be some feeder cells that survive the passage. However, after
the passage the feeder cells will not grow, and only a small proportion will be viable by

the end of 6 days of culture.

By the term “two-dimensional” culture is intended to mean culture conditions Whereby

the BS cells are proliferating and/or differentiating attached to a surface without
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endodernt and "primtive endoderni used

i nterchangeably is intended to nean the early forned
wenowda#sTs gi ving rise to the yol k sac tissue t RaGI/ER206/010582

contributes directly to thesenbryo. As used herein,

the terms "extraenbryoni c endodermal progenitor cells”

ARKEP e aaQat BIs8gERIeamo as

an0|VIP§éHb prllsér(nég’?lbﬁgétﬁ)% Zpééérﬁ}g%ir mal giéggééﬁl tor cells”
aﬂ@ﬁdﬂn@ﬁ@bﬂérﬁﬂmﬂ%ﬁogenrtor cells of type A", used

i nt erchangeably, is used to describe cells sharing

characteristics with the in vivo devel opi nﬁ@?rl mtive
As usribitRiein thedempaaedien AIanges eeansirsangind 8ivoiere befwegp 10 and

1 od‘}'\lgﬁ{hétl,%e& ReRAL %‘é@itﬁn Wﬁé@rﬁﬁte&@ﬁt AlpreferreStetum CHXRge is

audal -rel ated honeobox transcription factor), Sox 17
abqug 60% qf thrivaltmein @ider iscvoibntParing e epllfailtyres to garpofig Riess.
(pancreatic duodenal honmeobox factor-1 ) together wth

Cct-4. As used herein, the terns “en‘or oni ¢ endoder m',
As Usasblesidiodee Heams Shesapecic magers” oF imakesrieddeioagigation of

hepa téql | 3fis s%t%ﬂ@édl fbgmgm%%rcmar mésAs known to be specifically

angea y, are intended to nean the different
eXDS@@pé umhermt@wmlﬁﬂw bredye Espmilas of suahrBarkgys are albumin, LFABP,
AF,gem qﬂgrqgt@ypgh?IA%pFﬁ_r nally giving rise to the
internal organs lung, gut, pancreas and liver. The
ternms "enbryoni ¢ endodermal pr ogeni tor cells",
Abbr@? ghloder mal progenitor cells”

nesendoder mal -resenbl i ng pro enitor cells"”
As usgttiorteinntie tpm@@té@ﬁt@mst-@@]rweg sefm £§lhds g;enot%gg ceII and the

hurhﬂ# %'rﬁr]g[*%ﬁ]@glms@éﬁs then intended to nean cells
sharing characteristics with the in vivo devel opi ng
mesendoderm as neasured by col ocalization of positive
As Lgé"octgér%sth% B'Bwyéﬁd‘r ANfe %?P@‘WP@Y istiR@nl&d Fmean
er ce 't eeders” are’intended to nean cells
meabebeiethe ppae m@awhogreelca%ot@mt femihe thahhave igwortanigpstadveer
funt‘,‘%ﬁd?t% if ﬂteoécﬁ?;(/ | fAGeiBPmERY LS ‘Pd’r%@trulbfbrt’%oc Igéﬁ@gé?t%hrlss of
e second type can grow. e feeder cells Ty
optionally be fromthe sane or froma different
' ReMoigk8igsupporting, such as,
Aségég‘qchﬁ%whﬂ%g{?ﬁﬁmﬁég&%ée%%er %Ie I's supporting hBS cel I S.
Further the feeder cells may optionally be conmtted
As LQMHQ’F\, natr%%ﬁﬁf‘ AKRTAE TR ARYEE meEthé ﬁféﬂ%arE&Hl@nd@Mr-twpsm
| e I hactivated when being co-cultured wt
other ceIIs by irradiation or treatnent wth an

As 8884 R&FeOIHGe AT EAE P'SE flle@Red to mean the liver marker alpha-feto-protein.

As used herein, the term “CK18” is intended to mean the liver marker cytokeratin 18.
As used herein, the term “LFABP” means liver fatty acid binding protein.

As used herein, the term “ASGPR” is intended to mean asialoglycoprotein receptor, a

trans-membrane protein mainly expressed in hepatocytes.

As used herein, the term “FGF” means fibroblast growth factor, preferably of human
and recombinant origin, and belonging to subtypes fibroblast growth factor 2, fibroblast

growth factor 4 and so forth.
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m tonycin c, to prevent themfromoutgrow ng the cells
they are supporting. By the terns "feeder cell free"
wonodsfoaeder free" is intended to nmean cul t ur esPOT/Ee2105/010582
popul ati ons wherein less th 5% of the total cells in
the culture are feeder cells, such as, e.g., less than
4% less than 3% less than 2% |ess than 1% |ess
than 0.5% |ess than 0.1% and |ess than 0.01% It will
Asyged Beishhthederm REET meanp herateeide giavity Faét%omra@ﬁv?fgfefe"ed
to d£es@breeieht®r,iSF MRSl litdRat@desour ce of hBS for the
culture to which fresh feeders are not added, there
wi Il be sonme feeder cells that survive the passage.
As [0e¥@¥&kin, #d @FmtDRISEATSRER dinethlieaesdidecel Is wil 1 not
grow, and only a snall proportion will be viable by
the end of 6 days of culture. By the term

As Us¥@ h&VelFE R t@ﬂalébswl“éwnb@o|d8bddmse ROL thrihahARaWel dbfinddwithin
condi ti ons whereby the cells are proliferating

theAfiedd ofrstemcebFeS¥EIAt i ng attached to a surface
Wi t hout i nvol vi ng enbryoi d body formation. These type
of cultures are also referred to as _adherent nmpngl

As geq berel, thesterra el relseimeang nembrYPRiC fiRtbiashiseRsh gEhese Cells
coll8 BB YAeRVERITEbA B nPhHEE s REf ¥eRBuslorailfnak00% of  t he

used culture mediumto fresh medium A preferred
nmedi um change i s about 50% of the volune in order to

As @&@a ﬂer@#p@ffmgs Ff]h#\d@@'td) medh (OYRBirdrie PS&RY méreséﬂe%ﬁ%aII)AS
ed herein the terns "liver-specific markers"

or
CytOﬁarromP 48Q.dhe msor Rese i1 fm%tﬁ’f"?'k%ﬁ‘gcﬁ‘”z}ﬁ'@ﬁéf teyiver penedituting of
maqﬁ?Idtf@rérﬁsumrﬁtgded to mean nol ecul ar markers known to
be specifically expressed in hepatocytes in the body.
Exanpl es of such markers are al bum n, LFABP, AFP, AAT,

As Ggeé-ﬁere@ﬁcﬁe Ad1eh AHFR s m@@{o%ﬁltéime‘éﬂ@rﬁémld Wﬁﬁ)nhﬁéﬁéﬂbm Sg

the term "bl astocyst-derived stemcell" denot ed
polyegntide gigt MadatatharsadgimiiNat) t'@q*%ad@rﬁﬁgné@rt gforgagic anions,

suéﬂﬁf&%ﬂ%ﬁ@nﬁbﬁhﬁlénﬁ(% )Eéwa"oonﬁ}gb‘étédq%&&%oﬁalt@té(ﬂ%ncomugated

is intended to nean nenber of the bone
(Chﬁ{ﬁt?)%@@ﬁﬁdé (W%F@?rﬁyf'ﬁrﬁ‘@ v&rhat have i nport ant

instructive functions in the early devel opnent, as for
gastrul ati on and organogenesis. As used herein, the
As tgedrherri thredisd ™ isdbiepgpdiogapan Uridine

diphosphoglucuronosyltransferase, which is a group of liver enzymes catalyzing

glucuronidation activities.

As used herein the “HNF3beta”, and/or “HNF3b”, used interchangeably are intended to
mean hepatocyte nuclear factor 3, a transcription factor regulating gene expression in
endodermal derived tissue, e.g. the liver, pancreatic islets, and adipocytes. HNF3beta
is sometimes also referred to as Foxa2, the name originating from the transcription

factor being a member of Forkhead box transcription factors family.

As used herein the “Cdx2” is intended to mean caudal-related homeobox transcription
factor, which is known to play an important role in the regulation of cell proliferation and

differentiation of e.g. the intestinal epithelium.
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As used herein, the term"AAT" is intended to nean the
liver marker al pha-anti-trypsin. As used herein, the
wOenwi34FP" is intended to nean the |iver mar kKECT/EP2005/010582
al pha-feto-protein. As use erein, the term"CK18" is
intended to nean the liver marker cytokeratin 18. As
As E§§:§jhé}@rnelsgx 1798 ihBRdBd’ tk'm thg%ﬂ%ehdd&?méﬂhébkeagr?-box

I nding protein. As used herein e term"ASGPR' |'s
cortinieggeaetis, b@amgl@@toéh@@w%ﬁ@@ﬂ@ Whica @apedst trangcription factors

withh Fllgﬂsmé'@lﬂ? IDURbRidhg Bty wit RVEAEIesin development.

atocyte used hérein, the term"FG" neans
fibrobl ast grovvth factor, preferably of human and

As ;JE%CP WAL “lﬂtﬁ%g'lé"mteﬁﬂé’d Qﬁr‘n@é‘fg Bé‘r%réé}é SRV B®Shomeobox-1

'ast growm h factor 2, robl ast growth factor 4
trangedptian feiof, rsomtltr@é@lwreéqrr@d t@ Re '&Sghquqagiﬁr freterd.

lslert‘lﬁf?@d&ﬁﬂ ﬁ?rﬂééﬁ%ﬂ ét@%r@(l\m té ‘B@Fetxbff'@%d %feegsdi%dbﬁurﬂsand

scattered tactor, SFin the literature used
pama,a and mpse ﬁ@@cnﬂcaﬂmcgndﬁérm pan%@mqﬂal foxi de. As

used herein, the termEBs or "enbryoid bodies" is a

termthat is well defined within the field of

The sfartingeselgrialin stap iLis B$ qeds sveh ag rpiérlrfcéwﬁunérﬁ‘eaeéfﬂtﬁged hBS cells,
esp{)@% 1% hBE8HRIIY afeSe BSicAPLAPbe bBRFHRU fronT B wc&ﬁinlaseﬁfé@iaﬂy an

erive rom any mammal , such as npuse or As
hB& sellinge Adhaughavpprésent iﬁ‘t’@ﬁ@@cﬁoﬂéefﬁﬁﬁﬁsaﬂl%ﬁﬁ?% b@ excluded

thafJl %éﬂ%oe hd Rk llﬁ(/e@(c;rpémé eéf?bga Sfeablehs offRir Afammalian
PGS |

I ZI ng enzy of I ver constituting
Bs@ellmmﬁas ¢ﬁ”$ suitakig fos ua@m mgthosd@ aa%@n%éq ternyandon game

obtaW%g tﬁéye%%r@? s OrisiERaRn V%Q%B%Qﬁ‘r\hlﬁlaﬁ &SRO EbP8rated

medi ate the sodi um (Na+) -i ndependent
by fq*f@mgg@ﬂihe(ﬁs eellganaicbapiopagated incd feggler-free or feeder culture

sy thagbjléggﬁbglat alvgi N (BSP) and conj ugat ed

tauroc and unconjugated (cholate) bile acids
(by simlarity) in the liver. As used herein the "UGT"

In é(@/pﬁwosp @%étﬁod@@d"al% Fﬁbﬂs step i) the cells can be cultured in a 2

ogl ucuronosyltransferase, which is a group of
dimengienakswityreeepmniskioyar surtpcg it whichrihel sellsaidhars: isvm a%@n feeder

celfr 58 %J&%@gg? chiflfe. Ik@%ﬁ%@l?tg@ﬂ% He cUiFRBYster 288 be

I'nt er chang are inten
changed at any step of the method.

In a specific embodiment of the invention, the hBS cells used as starting material have
at least one of the following properties

a) exhibit proliferation capacity in an undifferentiated state for more than 12 months
when grown on mitotically inactivated feeder cells or under feeder free growth
conditions,

b) exhibit and maintain their karyotype with chromosomes of human feature,

¢) maintain potential to develop into derivatives of all types of germ layers both in vitro
and in vivo,

d) exhibit at least two of the following markers OCT-4, Nanog, alkaline phosphatase,
the carbohydrate epitopes SSEA-3, SSEA-4, TRA 1-60, TRA 1-81, and the protein core
of a keratin sulfate/chondroitin sulfate pericellular matrix proteinglycan recognized by
the monoclonal antibody GCTM-2,

e) do not exhibit molecular marker SSEA-1 or other differentiation markers, and
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mean hepatocyte nuclear factor 3, a transcription
factor regulating gene expression in endodermal
wdenicwaes7si ssue, e.g. the liver, pancreatic isbersp2@ng105s2
adi pocytes. HNF3beta is songtines also referred to as
Foxa2, the nane originating fromthe transcription
) ret@nktR&ir Bk ﬁcy'ﬁ{%F WUrafoRidshs o dentinaaee ift® trh®ino-
)r% act ergsﬁa\lﬁ]&le Gsed herein the " Cd lé i's intended
compromised rsigadal - reI at ed homeobox transcrl ption factor,
g) #icEPatis ok@?f?ﬂm‘h‘ﬁtr@ |ﬁﬁ6 RRivAERAIE aNthrELh Sk RiybiRe
regulatiron o proliferation and dlfferentlatlon
of e.g. the intestinal epithelium As used herein "Sox
In C%I% rh@odlrﬂteﬁqﬂgﬂBtSQ:eﬂ?ﬁé\/et Qﬁh@%Fddért%‘%qﬁé’fﬂfoﬁBB apBy&er,
ry-box contarning gene 17, belonging to the famly of
genes whi ch encode transcrl ption factors with

Thd Hﬁ%d&%h%ﬁe% F‘Qré%l‘r\p d%rﬁ‘af‘&i B@c@%’ﬁﬁbf‘cr@bﬁeb tiH ¥iG&8RY of cell

es in used herein the "Pdx1" is

poptﬂﬂt@na deptcan rﬁe@@n@é@w&\eéa@%dbe‘éwmﬁé@f@@m fypes of
en&cfd@ﬂﬁé?lrd|fPérleHﬁbtlfoﬁCA§5ppe°a?éTﬁ5m'Tﬁ@fcfﬂb\ﬁﬁlg rRE&riptef df thedsrotocols A

pronotor factor-1 , islet/duodenum honmegbox- 1
andkBdeswifearharein bibeexparbe diferances i tha il Qifprentigtion step

deARSAEATwWhERE: ﬁ@SH ‘?QI_ {eelﬁdefdeﬁ§5rleypre|5‘ar§6Q\%Véxﬁgembryomc-

pancreati c cel tarting material in step’i) is
resB®blird em@t@cmalayogﬁmtpr pehséﬁmdqsﬂﬁﬂwlfpé@@wtpetféee ﬁBer

meggnkdo%er §Ipr§§érﬁblkré sd?%rﬁt@} Lslis (dhererBs p‘i"&ﬁerﬁ’to p

alne froma | 1 ne, especially an hB
resbecityelyARs Biguiifle maferipr esent i nvention concerns hBS
cells it cannot be excluded that a method according to
the invention also can be applicable to other

Genaratioini ofrerRodempkprogeaitereells afitype i and Wirthes differentiation to

C e i nvention can be obt db
heﬁ%@%ﬁh@ Mrsd(bp%e)gglré)ged i n WO03055992, whi cﬁl |n§ y

As angibyed amnepthearelad@fwa efosepiirselisTpltaingd dester Irfyv)bié
rel®=1P Z‘ﬁ’%} @%s%ff'%&eé %e&SfocBIr@QS Qésd‘r@@&i 8EreftIh BRE empdliRTant,

as d I'n any step of the method and al so
proprdobA is emptoypd Whep ﬁ‘ge f@a;}tlpg cg@tﬁmg@nggqiqrmeégrqgﬁmg)rzcells of type

A e;ﬁ?&%ﬂag%en%é tfr'alfﬁtﬁ)ncé?'eﬂa?&érﬁ%l &o@éﬁufo@%ué & tyéhl Mbbté’tﬁad in

here, suc as on feeder céells or in f eeder
steps deor d)lis l@r@er than the fraghirrepfsindoeermah atogeﬁ@orcq?il% af ype B

ob’é}ﬁ%ﬁqﬂﬁﬁg I\Bhﬁﬂ'bgc%g) A gﬁh’:alﬁxcﬁﬁsé’rﬁ W tﬁ@%’é of Heﬁ.’oaﬁ)cyte-

I nventi on,
llkeu@Ia campgteﬂtmth@ un@ff@ren@ﬂte% Boecells |n|t|aIIy subjected to the method

and/or the purity of the of the obtained hepatocyte-like cells are the most important

determinants.
Protocol A according to the invention comprises the following steps:

A-1)  subjecting the endodermal progenitor cells of known composition obtained in
steps i) or iv), if relevant, to a growth medium and optionally, changing the
growth medium after suitable period(s) of time,

A-2)  expansion of the endodermal progenitor cells of known composition obtained in
steps i), iv) or A-1) by addition of one or more growth-promoting agents,

A-3) optionally, passaging the cells obtained in steps i), iv) or A-2) one or more times

leading to further expansion of said cells,
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at |east one of the follow ng properties a) exhibit

proliferation capacity in an undifferentiated state
woanoermssz3t han 12 nmont hs when grown on nitoti cRCTEP2005/010582

i nactivated feeder cells or ynder feeder free growth

condi tions, b) exhibit and ﬂgi ntain their karyotype

nn .
bt el BE ol TR BBl po Lot Gy i flepe ). 1) A-2) o
ger -8 plyyeaddifot &f dne ovintare difiecenitiating 9@entsl) exhi bit at
fol l ow ng markers OCT-4, Na ,
to 8&?5\ he\fp\é‘x&ﬁ?(ospl{wé ezgge t hegcar bohydrate epit oggg
SSEA- 3, SSEA-4, TRA 1-60, TRA 1-81 , and the protein
In gggr %e‘g)f)plﬂneg? %ﬂh‘e Sk %R/SAtﬁJHQHQ EQI'IS |h'§t%)‘éllf H %HS A-1)—A 4) are

rratr I X protein an reco
cuhmeddh amacllmans;lorhmw;yltlﬁéfﬁmrlsleg a@urfﬁ@et tOewlniplbithe Ce”s adhere
nol ecul ar marker SSEA-1 or other differentiation
markers, andf) retain their pluripotency and form
Initigircaifferemidgation vi vo when injected into i nmuno

In PF?[‘% Eugg]ﬁ)t]%{e/ d %88rmeg)pa fi t(ﬁé%g@g(zfrt?é? g;@%gﬁlﬁé]ttrle%mé}g of the BS
cetigripodivimgrinitial iiffdr@Siatieh irsstei) enayl he peréormed pyraddisign of FGF 2 to

th%ﬁ%ﬁgﬁ% Lg’? ?no%e%r hEGEEZtrB%gPé g!ﬂ&@osto%cl;c?ﬁ?:%aﬁgﬁdnyfrom about 0.1

ocess Creates lver sl ty of
ngirel to gboptiL@a hg'ns, suchbscag., fresypahedt O Snghétorzhaubi @0 be/atl, from

ab&l.J{;j f ES/é’rﬁt ) gS%)lgtfs%r r@rtnl r)égga:’%o%ﬁ 1%@?9!48 2 ?B{J 25 n%/ml from about 2

ngdesmramm @@ng/rmumpbomt&m/ml  abogt B0 dégﬁlrﬂ@@dﬂbﬁé’f%ﬂ@/m' to

y be differences in the initial
ab&’fjﬁgpmti ation step dependant on whet her
hepat ocyte-like cells are prepared with

Tr‘(a:l%% @fﬁﬁﬁl@%{)g{ gEﬁlngrhq?tggég ‘ﬂﬂ%%g‘?)' m&) BYBRY LB whith!Have been
curterserial mtepr@aéncreearabbémaegvfpﬁe@@e eeltsopriar ¢ the inidaldbitreeptation

ogeni to ype B), respectively, as starting
(S@ﬂ?%ﬂn ips e@e' eration of endodermal progenitor cells of
type A and further di fferenti ation to hepatocyte-Ilike

E éeeetﬂggggl gagg:pgé/'\oekrfgl ne PQ%?p&k?{ﬂ;{/Qhe F\Bg c%r@?ﬁié?sfﬁ@ﬂ(ept on
feeder cells, such as mouse EF cells or human feeder cells Wlthout medium change
from about 2 to 14 days, such as from 3 to 12 days, from 4 to 11 days, from 5 to 10
days, from 6 to 9 days, from 7 to 8 days. The culture medium can be changed after
about 2 to 14 days, such as after 3 to 12 days, from 4 to 11 days, from 5 to 10 days,
from 6 to 9 days, from 7 to 8 days and switched to a supplemented medium promoting

extraembryonic endoderm development.

Alternatively, the hBS cells may be cultured in feeder-free medium e.g. on any suitable
support matrix, such as Matrigel™ without passage or medium change from about 2 to
28 days, such as from 4 to 25 days, from 6 to 20 days, from 8 to 18 days, from 10 to 16
days, from 12 to 14 days. The culture medium can then be changed to a supplemented

medium promoting extraembryonic endoderm development.

To confirm that the progenitors obtained are endodermal progenitor cells of type A a

fraction of those can be characterized by positive reactions for markers such as Oct-4,
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rel evant, may be subjected to protocol A as descri bed
herein. I n one enbodi nent, protocol A is enployed when
woheosfos#o8i on cont ai ns endoder mal progenitor ceCrarefos/010582
type A in particular when the fraction of endoder nal
progenitor cells of type A& tained in steps i) or iv)

Pdié-zl, }—@F%}g fﬂi}% gg%ét[]\)/ rgééﬁhé 120/ n‘r)efrkeerg @Bgﬁﬁmr uRABERMERE hBS

_ tal ne teps 1) iv). Protocol
cells swhtqsm.@alﬂsﬁﬂeﬁ,oﬁeh:mmﬂ@ﬁ 6t()ne yield of
hepat ocytel i ke cells conpared to the undifferentiated
BS cells initially subjected to the nethod, and/or the
Thedreictign of themell pbiaied dbstep Neandfas siaroy) hat pielendegemal

pro?eﬂlt&}c]peell%?b/pewgrét%gst 964, 20,8H B8N § aFkQEtOFH% a‘f\least 20%, at

i nvention conmpri sés the
least 2% ateleast Nhj atdedshd0%hat lear 5% @ﬁleaﬁ?%énfrlttl%%st t¢ath gt feast

809, RAY OO, PR &irifd of hesb 0. 1) OF 1V). 1

'umand optionally, changing
the growm h medi um after suitable period(s) of tine,

Fuﬁh&%‘no%é pt%gsfrta%poﬁ) bt {hgeceﬁyg Q%E‘?H st@ﬁ ggﬁﬂy&%'fepﬁﬁj ﬂh§t é}fe

I on obt al ne
undjﬁ‘drdrltletedd38 oelis islessdhan gﬁ%mm p$ cmm &g twem%, SUg] @fye g-,

Ieslg\%érg ?8‘{{3 %ss W@@% NG 1LAENSE 4b‘f éébé\ﬁdé?ﬁgd N2 $h8BR dfkhese

hore tinmes leading to further
celbsxpansi on of sal d cells, A-4) induction of
differentiation of the progenitor cells obtained in
steps i), iv), A-2) or A-3) by addition of one or nore
In dlné Benbediniaxt ioh theauresens inveniint, ahdodesmat BegeritaricrRES efdyResA

obt tall ec{]iﬁ s‘?é??%@?é]éct% b&h’%tﬁ&%ﬁ?me eO)\é(len: 'U?th |h§ ge!gl S

di mensi onal culture conprising a surface to which the

En(ag%iér‘?naqucgg{?%to Fuét‘%s &%Jo%@Fn%li: ﬁe’nﬂ&slcﬁ tﬁfed/? rmé)ﬁbe selected

progenitors
bylgeneralhgtrepmtar@ene(as ¢eiidingsolktalned hymytbpmrafg;gpwptcpaqstructs or

hoﬁ{é)dgg( | gﬁ&&?ﬁl’@@ cgf' ns\;vﬁ‘ﬁh te 1B 3 om%sgﬁ)ng:ﬁr fr@Fé‘f?& Je¥e, suchFaéFeGFP

n st ep
(erthamagd IgeeadfMMesqenhpm@)eﬁmH@t Peffed %ﬂq‘%@m@tsp@r fhigregcent

prc%tgmgg%n%r %8% %If E}tfa% rﬁtggellﬁra%t %rog‘r{o@épts g&%\t’)\gaus%@@g/ okt-4,
HNgBblor ahy emta-:tm)andcxian@alrnromgteapogcpmglgah@sﬁherepf ohhe selection
can k%l%)éjrgaﬁer be performed using e.g. neomycin selection, whereby the cells taking up
the introduced resistance gene survive in a culture system with the antibiotic neomycin
present or by dissociating the cells and sort them based on their expression of the
reporter gene by e.g flow cytometry (FAC sorting). In this way endodermal progenitor
cells of type A can be selected by

a) using neomycin selection in culture, and/or

b) using flow cytometry.

A transgenic hBS cell line can be generated by genetic engineering by e.g. transfection
or any suitable method, such as lipofectamine, a lentiviral vector, or electroporation to
introduce the DNA comprising the marker gene of interest and thereby obtain transient
and/or stable expression of proteins of interest under the control of tissue-specific

promoters.
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ng/m to about 20 ng/m, fromabout 2 ng/m to about

10 ng/mm, fromabout 3 ng/m to about 5 ng/m . The BS
woeble3aTpl oyed as starting material in step i pPCaEP206/010582

BS cells which have been cultured in the presence or

absence of feeder cells pri df to the initial

Exp%efr‘lfps ar 5 e@%ﬁ lljfféngﬁig I)?@/ée%de)malw}gébrflt@?aﬁfs

especlally’t
Thecetuassnonay endoitenal @mg‘eelédme”e of type Asman baoniigedas cefis or in a

feeéj:; fl[ﬁse“gi J?g%rggtgpneeder cells without nedi um change from

ays, such as from3 to 12 days, from4
to 11 days, from5 to 10 days, from6 to 9 days, from

Whgg&het e%ﬁc?%e%Tgl ng}g‘éHitcSrLH fis B?@/gl?' R GaRkukGed h@{?@‘%ﬁeé‘gﬁc@ fof feeder

suc ter 3 to 12 days, from4
cells thelcellsl aylay bé reotturdti thieOprdapding Medivngfar @ tgnedasfrsod f e about

o 1 B0, DR Sy SRR SRR BT o 1
dayéJ frem mbtotﬂzélty abbhiet h%/sc ébinsahouy/ 6 Exeamutﬂgrdeds ifrpm about 7 to
r- i

ﬁ‘gﬁ A5 s ang &Fo% tﬁe gned?{?n n)ﬁ{% b%%g%?@%%@éé%’%%k rrTI'eheI um

endgham@ pfrogamnb:hl @Bﬂs thatmez aftgngtep i)s aleh Aad) arrcgfm A2) garpbe
a

dlssleé‘Yeéia%/nd’ Penb%técfigr?ﬁ' gqi?é'gef LR ﬁ)enli gla%lﬁ ﬁg% ﬂ; L Aﬁr)n&é(l:y;sﬁn EQiture,
suchhesraftee fahanged 3 t @wmopldevmmﬁedfrﬁ@(ﬁbgm bioaaut Ag days, after
frorp é %%”Pé ¥8 111 é(;%}%dg{t Jpo‘??(gb&ﬂ 140 d -%9/ s CORrinfom BBk 7 to

rogenrtors ained areé en erna progeni t or
abamegldsyafsucylrm @fteraah‘oua&ﬁammofultw@ogbe disaedien may be performed

usurégs'gﬁﬁif trﬁyelgéeenq i&ruﬁ%ﬁgéu\é %%ﬁéﬁ%{%{@eélér%a@m%ﬁf g Pé YGBsequent

pasmagek step FpaYingy defrerformed bisiog articlatercor eBgyTORq ecatiment after

frorE &bP%t @B? Soout (& degfsa&ué'll s Jﬁég]fro@rga?em% tb ra%@]t‘ @dé%fs 588 from

arned 1nh’step
abcemddaeboat 1pdegs rafeofromuoslt bfo alyps 1A daszs after é'agt abp@l@/@ to

abozlggI/B d§¥$1 %ﬂegr froéﬁéobg It f élb%éf ag&/gé %ﬁa}i Sggf(%r %ult g?jéys in culture

and 1}ha$1elIsﬁﬂ%hmttralnemwed'ftd%ﬁslafeddeasany@%re&upp@‘ﬁm Mg Pe A Plastic.
Sul?es\elgg%}%eg sfageg caf p%ﬁggme@sign%étl% tre%lﬂfle %rft%Perm éb'%@t 2to

e ce
abdut )14 dhws, sudh amalidrifeme abowtetd aBsutE daysi sfterdexn ahei 4 to about

12 8378 SHSP 8% afod 5010 2605t 11188ys! I 1T Bodiit6 1B-aBout 10 days, after

from about 7 to about 9 days, such as after about 8 days in culture.

In one embodiment of the invention the endodermal progenitor cells of type A obtained
in step ii) were dissected and re-plated on fresh mouse EF cells using a glass capillary
as cutting and transfer tool. The following passage was performed using trypsinization
and the cells further transferred to tissue culture treated plastic dishes under feeder-
free conditions. All subsequent passages were performed using trypsin and the culture
maintained on plastic for more than 12 passages.

When the endodermal progenitor cells of type A are cultured in a feeder-free culture
system, the cells may be cultured in the promoting medium (the medium used for
expansion) from about 2 to about 28 days, such as from about 4 to about 26 days, from

about 6 to about 24 days, from about 8 to about 20 days, from about 10 to about 18
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| ess than 60% |ess than 50% or |ess than 40% as
evidenced in a sanple of these cells. In one

wenhwdsiment of the present invention, endoder nRCT/EP2005/010582
progenitor cells of type A ghtained in step i) are
sel ect ed by i ncl usi on of stg i v). Endoder mal

day@rﬁ&ﬁ%'bb Pt 103 Q%Jta\sro%“ Oﬁ&%%buio@ﬂ)%du%@dg tfbblﬁﬁatﬁautm
genérating re&llerter gene

[
to ablontet5 dﬂytsasmﬁéchSbioreﬁbthéﬂ‘l teymaryk dn%ﬁ@tm%@% C@nged between
1 aBPTBY; Qﬂﬁrlﬁiﬁgnﬁé% 'sﬁEhéEE 'BFMBeWQ LReo exRsesstvasn 8fand 8

rep OI‘ as e enhanced green
timés, @etvmedmnqo? thtregsn PetyReNdy ams ﬁzéltne(leTa% st sells gefained

aftdr! srégr g%fe%n %P&fdr")\ D) &%ﬁjﬁé trﬁﬁﬁéﬁ@é td)é fr@éi‘i E@lﬁﬂ@ r:‘%&*R@r‘n‘-‘after 2

ters
to %n@aysm cuitglr@ seell aseaftani4 tpr?drdﬁyér aféﬁr 6cf@n?&i 4%{{51 %i‘F% 8 to 16 days,

after@e([) elgfdaég- I'Eﬁte?‘ ?Ll %t 1'20(2?)8&&(”‘%' ﬁ‘?écrtSecfayQ (ﬁ’] Qtﬂfufr@ r'I"F%C{ransfer may

ectlon, whereby the cel
be p@rlf@rn@d uplngre@yucmrrved@oémstré@egt sHefeagamipadiany |94Pé8|0ﬁplﬁary or

by %ﬁ‘gyh‘}églg tr@gﬁﬁe%%w éhetlélﬁ P8 a‘s@éu%rft ?a&%‘é@!ﬁ C41Bp RLHTRRHOT

SocCl at1 ng e ce nd’ sor em based on their
pemmee@s |eomyr0at|0ttheafmff:ft§ efter frg@raboyl2 &0 gbaytdd days.ciwsh @y after

fror% utsig){ LAHO9 13 Hayk Dader SPIRYeL TouPi LS, taﬁéri?&ﬁlaﬁuwto
b i P gt

A can el ecte usi ng neo cln
abqyen édays)raftenfr@nl ahou 6 temﬂwgt 1%§iaxss .aﬁgr fremabeyt birsakapt 9 days,

Suc,ﬁatsraq@gg&t%b&@é &l huld ne can be generated by genetic

engi neerrn transfection or any suitable
nmet hod, such as I | pof ectamne, a lentiviral vector, or

Diffg eﬁ%&r%ggﬁrﬂlts' ub&d f@ﬂ%ﬁ% %E%Il@ﬁl&%{éérﬂg%hﬁ cells

erest  an obtai n transi ent
(endodkroral gogbhiter Gﬁdis@iwp@rmoﬁxﬁfmleéloﬁu% COMRQNEs are; for example

retlhgig a‘&‘&”ké?h faﬂ{ﬂo“' @Iﬁ?g which 'Cghﬁoﬂﬁdg@atl&ftﬁel 8§teQRe and

raenbryoni c endoder mal progenitor
probferat@nﬂﬁen@oq@anal orogshiteherld&f e Aol ganiembodiseant oF e

eggrﬁefn\énﬂm thgoﬁg\ﬁ{‘?ﬁgr%r r6& i E’rgﬂ{otlh aBeh88H8Ed frf ﬁép A-2) is

ure system en the endoder m rogenitor cells
them‘fortemeczeour@n tue oneuriconsisting of Rés.dTfefes @deé‘éia%rR/beWFs‘*

a@@%l&?b lSn %@édk?%dccw twr%gn’ﬂré'tlc}nh’?olﬂ LOARD. PagMRdb YBbEta000

ng/ml, such as, e.g., from about 0.5 ng/ml to about 800 ng/ml, from about 1 ng/ml to
about 600 ng/ml, from about 1.5 ng/ml to about 400 ng/ml, from about 2 ng/mi to about
200 ng/ml, from about 2.5 ng/ml to about 100 ng/ml, from about 3 ng/ml to about 50
ng/ml, from about 3 ng/ml to about 20 ng/ml, from about 3.5 ng/ml to about 20 ng/ml or

from about 4 to about 8 ng/ml.

In one embodiment of the present invention the fraction of the cells obtained in step A-
2) that are endodermal progenitor cells of type A is at least 20%, such as, e.g., at least
30%, at least 40%, at least 50%, at least 60%, at least 70%, at least 80%, at least 85%
or at least 90% as evidenced in a sample of these cells. Endodermal progenitor cells of
type A can be identified by positive reaction for any early expressed endodermal
marker, such as a marker selected from the group consisting of HNF3beta, Gata4,
Cdx2, Sox 17 and Pdx1.
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2 to about 14 days, such as from about 3 to about 13

days, from about 4 to about 12 days, from about 5 to
wahoosto3d8r3 days, from about 6 to about 10 days, PET/mRR005/010582

about 7 to about 9 days and optionally, the nedium

may be changed once a week. e!'he endoder mal progenitor

To Scﬁ'lfarrﬁ tﬁ%ttgéé El%g @i&gﬁgb%r%@ dde ertfoBRrrAallpro ’(o@é ovgs?é’é A a

re-plated on fresh Teeder ter
fraqtlpomf thioee car? be ehaeeigrizadidy ppsitive reagtion fer, the (raskerOct-4 or

pos %%af{)lfﬁ%‘}oi’gr%kerg she? Q@@‘&t 411%9915}%? wutﬁfa'i@ fof fﬂ&*ﬁbﬁ@%‘(}ata 4,

ter from about t "o about
CdxPapeox1 A1 arrObHNEB)meﬁnd@egﬁtwe reRsjions é@rtr@@rkfef%?ﬁe&tﬁ@d?r

und?ffﬁt? t%l?&}"ifi% csich 34 g ag A @rTI%QQSr'F T8a fl8% Bnb/r Nanog.

e dlssectlon e performed using any
conveni ent instrument, such as a pipette or glass

Cap' | l(ﬁgﬁeqj g?ﬁbesrg{gg%nqutlBﬁ%’?’éagﬁdcgosétrﬁgl @;oéé?i@%etep& of type A

el’at’or “or enz
obtalﬁé@rn éte@m iaparuA-2Pate iderdifiewt byl dositiesreastiarhofz leefst ene of the

t 3 b f .
g8 R, 52525 A 4t LBl i s
theddltoaiing markees) atileas foor dtbtwtfol[b(\)vimmmarkeiﬁ taddedst Gye afibefollowing

maéﬁ?tr%)'dsggg‘%a’g?ﬂtg %?)FCQ; %P)ﬁr t’her éﬁgr?@? Pgsdﬁk%yr%far eSrhfor

HNFBlester GatanyCdxd dnar Rdsluppor ti ng rrat rix or plastic.
Subsequent passages can be performed by enzymatic
treatnment after fromabout 2 to about 14 days, such as

As afehésndd airovalio spedfit emabxdim]erils;, deyy 8;3)d$ tnstuded emddbo ut

4 to gbout afte
endaond Fekamior G 260 “Eorte BRLARME) 3 PRRMYEn® Enger
expapoed |n7stép -2 lanbe Jurdesy prosagdted onafither feaberultay@s @ayrsa feeder

ture. In, one_e

e Rl PR BtRRer e Bepiiactgr S BB Bt
treatment\ar sy uﬁu&gsaaaﬂleathalad)rltreamﬂnahbwmraa‘Eléﬁh. nmouse EF

cells using a glass capillary as cutting and transfer

tool. The foll ow ng passage was perforned using
Thé ealpsopuiatiah obtaireddnahturibet bs dharadeizetihyribé eodawlizagion of Oct-

culture treated plastic dishes under feederfree

bR
BORE Y ons. Al subsequent passages were perforned
usi ng trypS| n and the culture nmaintained on plastic

In gbqngbagﬁﬁ? Bpp@g |q1n§ofpa B % L pﬁ@ |’ctoF1 lejlfsg(g‘qu?é' H‘% increased with a

factazeflar ledste@esuchlaspe.g., syfattemor t1Der crdre sa feeporiud 5OLdrtawreda factor
4 grr}ﬁorgr op%gor 09 ZEE glr H%]re( t hleac[mr f%Hb %‘? ﬁ%ré OJ factor of 750 or more

or a factor of 1000 or more after step A-2) or A-3).

Differentiation of the endodermal progenitor cells of type A to hepatocyte-like cells

To carry out step A-4), the medium is changed to a differentiation medium containing
one or more differentiating agents in which the cells can be cultured for between 2 to
14 days, such as between 3 and 12 day, between 4 and 11 day, between 5 and 10
day, between 6 and 19 days, between 7 and 8 days. However, if the cells have been
cultured in a feeder-free culture system, the cultivation in the presence of one or more
differentiating agents may be up to 60 days such as from about 5 to about 50 days,
from about 10 to about 40 days or about 30 days. Suitable examples of one or more
differentiating agents are toxic agents, especially toxic agents that can be degraded by
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expansi on) fromabout 2 to about 28 days, such as from
about 4 to about 26 days, fromabout 6 to about 24
wdayw/03ig7em about 8 to about 20 days, from aboBCT/E®2106/010582
about 18days, from about 111f7to about 17 days, from
about 12 to about 16 days, from about 13 to about 15
the (ﬂgé/rSThec‘H‘FfQ é%ﬁatflr@a%?ﬁ@%n bé aF’%Yc%QaingJélli‘%s nedi sibABY oP€ may be

fhean o1 times during the period, such
DMS9, Uexaae@tha@r@nah@wqharm@l Usea peeeminafansthereris,
between 4 and 7 tinmes, between 5 and 6 tines. The

progenitor cells obtained after step i),
In aaprdfenied Aniodiregnt iee dlffaml@tmgeaﬂembl%g @%ff ot éoncentr ation

frorﬁ %Bé@'ﬁ %ttg Ebgutt‘l@"/%%ugﬁ¥§ d. g froint é%@ﬁ OSB%I‘PO §§Olﬁf§°}€ rfrdm about

s, after 6 day
0.6%f toebogt a% fram @iyt 0.8%0t terabeyf E%a figm @E@fyt OJL(eFP aEOI&fQ‘Verfrom

abo%;c] B3¥51d ébo%'t‘b&{ uerm kit b'?@’onﬁ)fe?d'oufr@% P:%nﬁ"éb&ﬁ’crd@% tHSdeQt 3%,

conveni ent” I nstrunent, such as a pipette or gl ass
frorg apovﬂ (8% toeboyt 23hAjarasbeuttd: %étt@r@h@Utof 830, dFaeD QP@‘#" 0.8% to

aboat' P B84 Y& ?Q&ﬁ%@ﬁﬁo é?&ﬁ R 4% Fork %Bodﬂeo Bes {PrspmA 1b2% from
enzy et i ¢

reatment after fromabout 2 to about
abadh 9 9% tomiteubd.186.t er from about 3 to about 13 days,
after fromabout 4 to about 12 days, after fromabut 5
to about 11 days, after from about 6 to about 10 da¥ ,
Theatelleoptlaion ablained maydispjayitiven meakers ssigbtpsadphg-fedeprotein

(A@O%Ehﬁaﬁ%hgﬂﬁr A V%rQattyDééé Bind g &8@9 @l@@Bﬁﬁ'&yfék@ratm 18

erati on of Xt raenb ryoni c cel
(Cm@mcaﬂwmmmd pasxagv@mpmot@r@pp@pt@r (ASEFRR AN C%&@ﬁ@tll%wm fow or

o USRI 0 5 i T

( _ ounds $elective pronote the
proliferation of endodernsl progenitor cells of type

Furﬁ‘ler cHar%E@n?%&&ﬂ‘quﬁ% Bhe be?nqu Qﬁ@f‘ ctideﬁgl%étgrbaséa%n%r@ liver

prom)lngage In step A2
spacﬁnereazwetlcs@tlem ean dlsohe ah@heglrawpe"cafn ypasplagiatien

end: %%a@??greﬁygrzcellgpand'fﬁﬁe h@%éfié&fte ﬁggeﬁ@ ﬁ@pa@&qgﬁ ctrﬁlce

conc om about to about 1000
ng/ M, such as, e.g., fromabout 0.5 ng/nml to about

Theggx%bo'?%{lng%ﬁayaﬁﬁh?d%%%no% d?%&ébén W?*%?%Eerﬁ h@%yﬂiohrcﬁrh@m%o

out rom about ng
(CYR). @MBlﬁxptza@elongl thie different @ﬂjémeszbsalrmd g tmdoraﬁﬁfutmvmmon can

Qr% "l 2 RHSENERAD ARy 3R] tehd BIBL. A

ve SR Ren o AR 1 RS Rop Ry A st B A
adctltmr‘abmathog(bs ’mgerﬂetl@ﬁllyfan@kyzgﬁmells, oblgi pgdin the prgFan mventlon
using real time PCR. Specific CYP subtypes of interest can be CYP 3A4 and CYP 1A2
(abundant in human liver), and CYP 3A7 (expressed in fetal liver tissue). CYP induction

can then be tested by adding different known inducers, s uch as e.g. dexamethasone,

rifampicin, and/or omeprazole.

The progenitor cells and hepatocyte-like cells obtained may further be analyzed for
Glutathione transferases (GSTs). GSTs are phase |l biotransformation enzymes that
catalyze the conjugation of electrophilic xenobiotics with glutathione (GSH). Since
GSTs have a wide range of substrates and GSH is highly abundant, GSTs are
important players in detoxification of xenobiotics. Analysis of Phase Il enzyme induction
can be performed by any suitable method, such as immunofluorescence, confocal

microscopy and/or possibly western blot analysis.
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In one enbodi nent of the present invention the

fraction of the cells obtained in step A- 2) that are
wenadwdasatal progenitor cells of type Ais at | e@sEP2DSN10582

such as, e.g., at |east 3004;8 at | east 40% at | east

50% at |east 60% at |east 70% at |east 80% at

| east 85% or at | east 90% as evidenced in a sanple of

these cells. Endodermal progenitor cells of type A can
Mulbiérug desistan¢eeprobsn poligiyicoprotadaista Banspert pa@@'néaaf?m@”s anionic

con@@%%%f%g%tﬁ&%%gﬁﬂé BRI tKE %?ll E}h‘épacﬁélz%tlmbhﬁfs ﬁﬁﬂdgﬂ{a@@ of

group consi sting beta, Gata4
the Betoxificatiomdorbesst coulg Qootffoutawﬁotampret wqbﬁit@g?éqwrﬁcﬁm‘smefabohsm of

thegk?Fe?c%ﬂ?%gll g{og%ﬁgg%%rﬁﬁt 'vaTeHﬁéw of type A a

0se can acterlzed by positive
reaction for the marker Oct 4 or positive reactions

o D 2 bl b B, 20, . L

endodgemal peogeniat ¢edin of fype Anirtk @b?"se&e'@lﬂﬂq presept invention may as

welltlj.l?d ﬁ%%&gq%daﬁy% g@@fﬁé @@%rﬁﬁrgﬁlg dérrpbeg%%ﬁ%%lly SIfgnlﬂcant
gertelse Ipthesfeliwingisetestiredt How @mmnep%@e@ﬂnthﬁe igdated from

un%&%@ﬁ%ﬁeﬁaﬁcﬁ&%%ﬁﬁ . hébeogllé Jsuch \é% eﬂﬂod%n%)al $Yo€ enitor cehlls and

|ve reaction o | east one of
hep‘a@dytmmg:eimak@r@ a gesittveaontrel, gumaratlvqré?é% RNGN gxtragigd from

a hi g}t{goc\gil r]lge 'EB K8k Sl“‘le]p%tZ rJn%i"‘ac’g wélh?@ﬁfég ad Q%orf'lt%l | R é’i@ressmn

east our ow ng mar ers
profileasn trhen/!se obbtainkd comphibng manyrdiffieeans genF3iperEng @@vawtable

erE e P hiyp Rl gt o MayRORNOLF o] SBFEL AR Ianalvsi
USlmmg spieatilé saftvearbotiiendsfierst ealldypes d)the Breseel igeasgican@aY fren

en t
ShOV\5 m &f\?és «B{p‘? Vég:}](tea{}ﬁgﬁ%/ oL, ér?é/pgerfgs gﬁ?cﬁi e{s}fg gspdé%lfﬁ:b@)p
expresseben fiumth edulph\@p,aayah ed g@neseemMrngff@éw@r Sp%ﬁléfi@né}’mes and
trarésiptoﬁgr Sr%ge? s, r{ S&yiffat] thy'eg r%¥s°16ﬁ Bt th@nlgerpa‘é‘)%é ggn%\é albumin and

ani cal di SSGC I on, enzynat t nent or
glubgseb&phqspmatasbctao thelaaplyred foeanﬁ@ms'bjm epmaaregipAhe pparession

0 tained may further be characterized
Iev%l m% Cg)ﬁ gogcagrlghlézjgtl on of Cct- 4 and Pdx-1 . In

general t he popul ati on of endodermal progenitor cells
No%%lf)(yﬁg hAgét%cilt%(iﬁ(g fsdar)éﬁlééhigeé Whoé'ltl\%fre%tg)lgqgﬁta r%arkéar
selectedof the gnomramrmrstmg of albumin, AFP, AAT, CK 18, LFABP, CYP and
ASGPR. The positive reaction should be established for at least one of the following
markers, such as, e.g., at least two of the following markers, at least three of the
following markers, at least four, at least five of the following markers, at least six of the
following markers: albumin, AFP, AAT, CK 18, LFABP, CYP and ASGPR. Especially,
the hepatocyte-like cells may be identified by positive reaction for albumin, AFP, AAT,

CK 18 and LFABP.

By using the method involving protocol A according to the invention, the fraction of the
cells obtained in step A-4) that are hepatocyte-like cells is at least 5%, such as, e.g., at
least 10%, at least 20%, at least 30%, at least 40%, at least 50%, at least 60%, at least
70%, at least 80%, at least 90% as evidenced in a sample of these cells.
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of 100 or nore, a factor of 250 or nore, a factor of

500 or nore, a factor of 750 or nore or a factor of
waQow/o#8780r e after step A-2) or A-3). DiffereRCrarms/010582

of the endodernal progenitor, cells of type Ato

hepat ocyte-li ke cells To ca1r9ry out step A-4), the

Thé]ﬁgtttl‘dmoif $heCOALPB iR iR s%'pfﬁt -2y @8l hRlUraffer&iattd BS cells may be

al ning one or nore erentlatlng agents in which
less then @8b.Issickt &8, ©@.. lasbthanetios lgps hep et a3 etvwemaedj'a;ﬁssamp'e of
chsas between 3 and 12 day, between 4 and 11 day,
the Is$
efween 5 and 10 day, between 6 and 19 days, between 7
and 8 days. However, if the cells have been cultured

Wheﬂ aﬁ%&ﬁ?jﬁ&ogél tﬁ@&éllgrg‘?oﬁ}fﬁ%rﬂlmteﬂﬁoﬁé!|chl't04"@§' on in

ce of ‘'one or ‘nore differentiating agents may
be up to 60 days such as fromabout 5 to about 50

In ag%%%rflcfern%gd é’r?{tof # ih@erRbBRUhe 6Q|lsd&¥§né’<§ irPIe - BGirél f)ther

able exa one or nore differentiating

Propggsied ellar Séa@e‘h*c?% Thespiadned eafs ey ke %@séﬁe%d By step
A% Q{‘atgogjt @BQJO@U ﬂ‘nf‘?ﬁéﬁ e < Hbﬁ’&é e.d & éiiobf 65854 &In'ﬂﬁ&m%g Bftibout

e. g. hanol, or may
70- &M;@onﬂ@emeetf m@r@genltqﬁ%ar@wﬁbreﬁdpr topyiny bﬁfore passage they

wnll%@?&n@ %d leuteﬂteﬁﬁ@fheré & a‘?n |F?thﬁ§ @%ﬁ&rﬂ%eedﬁéol@' dRBct inRAdition

erentirating agent 1S concentration
and/eratifferbotiation. StptAo3mayibe 1@%at%ft¢m &Boutel g abouf gprfimes, such

a5, B0 Uhor) B £ AR 29 Yinek I 3O 1000 SO PRALS. B%

out 7% from about 0.7%to about
6% from about 0. 7% to about 5% from about 0.7%to

In c? % d%?/é’rr? j %&h&qhogelﬁ%ﬁtﬁné’@ﬁ% anylof Eﬁeoéféﬁéomi)tto@« §f/9re

out om about 0. 8% abou fr om about
coramigies tto aa@@dodernm@e"ffa@rﬁf@mﬁh haveig fHifl %ﬁ)@tﬁ' criteriggbased on

im a%&WO%EQ'T' ;t&ﬁcf’rﬁ&ﬁ@@%&fp Fhrthefndré Q{By%I%HIH er%és tois\e or more

e ce ul'ati on obtai ned may p ay
endiiormalsas e seskesh ks HF Bheta gt CSv SOIAPKL P or one or

mofl I%?c&ﬂ%ﬁ&(&éﬁﬁé RleW)AFPl M‘?agkai%t KFA‘BP%nB]o’F‘AS@Q’R Another

pr ot erafin bum n and
testals thagh @@tbynlopmﬂ wmeﬁh@rdb@p@ls s(uAg@R;s marke@ﬁfqrwaﬂlff@f?nﬂﬁieﬁ hBS

cells ng geﬁ%ﬁélﬁé%gv%gsggﬁﬂ% e SReGETIME?, n‘ﬁékleé@Tra 1-

er characterization such as
81 @@d@r@d}ﬂt ling and functional tests based on e.g.
liver specific enzymatic activity can al so be applied
as well as transplantation of the endoder mal
Spptanmnistdifferertiation gadiretestthre varighneioyis iat cre resprnd tq e

groulﬁPlaatc%% 8m09v rﬁbl‘égular compounds that we have used. The extraembryonic-
resembling endoderm is the first endoderm that is present already after a few days,
such as, e.g. three days in the cultures and can be identified by an Oct4-Pdx1-double-

positive and SSEA-4 negative cell population.

In one embodiment of the invention, the cells obtained from A-1)-A-3) have at least one
of the following properties:
1) a majority of the cell population expressing at least one of the following markers
HNF3beta, Cdx2, Gata-4, Sox17 and/or Pdx1 together with Oct4
1) a majority of the cell population expressing at least one of the following markers
HNF3beta, Gata4, Pdx1, Sox17
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The maj or phase 1 biotransformation or netabolising

systemis the cytochronme P 450 (CYP). CYP expression
woOnodela4sdsf f erent cell types obtained in the pPeSER2005/010582

i nvention can be anal yzed o, protein | evel by

i mmunohi st ochem stry and/ or stern Blot. An

qg)dbtr‘ngj v BTEFI'\'%"QeII' §05Lﬂ)ati%ﬁrk%irhd3@ééébl@'@)@'fl){rﬂ%rtd?ﬁer@ﬁﬁdt@n with

t al ne pr esent 1 nvention usi n)g real tine
Spe@m’f@%ﬁ'w @L@ﬁ%@% oihe fellowinggparkgrs ANeumip F@%@bﬁm g LFABP,

CYPC¥ AFupaatlyr dhd WSBPR! | ver) and CYP 3A7

(expressed’'in fetal liver tissue). CYP induction can
tlmsﬁ rpaiotiysefeife el aeaHaloR Peing rsblekiQommpr#SfdeRe PS more of the
SUCR8Rin @ark@@(mﬁaﬁ\%‘?&ﬁlatéd' ﬁ@@Weﬂé NgSEAY, SEA-4, GCTM-2,
onmeprazole. progeni tor cells and hepatocyte-Iike
ceI @%ﬁﬁﬁraﬁeﬁﬂ aPé\in%riﬂgt her be anal yzed for d utathione
rﬁ@&ﬁm@ﬁﬁﬁ%e ifvenforafie iaesidined have all properties from 1)
|otran ormati on enzynes that catalyze the
to lc\z’é)ﬁPQb(?atl on of electrophilic xenobiotics with
gl utathione (GSH). Since GSTs have a w de range of
substrates and GSH i s hi abundant, GSTs are
In thenperseaheoniedyBe deh rerier xp ¢allst isdneadeddorisppis Ftdeast about
60(@'@‘ﬂ¥e3&e°ns %Dcﬁaélseeg | Lt 18R ABBUT 78 Chti 3t S86LtR@oPEF S1asdedbout
suitab met hod, such as i munof | uor escence,
95°éd]ﬁfthﬁ:@ﬁ|lsm cr oscopy and/ or possi bly western bl ot
anal ysis. Mul tidrug resistance protein or
P-gl ycoprotein is a transport protein that exports
It caniatsaibe aﬁéﬂﬁﬁgia'v@h%fﬁble @@If%@xpwmafwééorfqe&ﬁmwf Sker germ
Iayggalﬁé?\?%ﬁd'ddé%élogu&f ad éﬁtédetrrl?l' drid ReRerRf FdMRis purpose nestin,

detoxi fication process could contribute to a nore
GFéﬁ’n’pB@t'E'tWLdmdﬁ@”@rf’f forecteBelman wall asndSHAT(Rlpha sMogl) muscle

aCthépat s ebﬁ@%ebrﬂlrf({ﬂ?rl@r@?&%eéo@EﬁWéeﬁ%e U8,

and/ or internedi ary progenitor
cells, such as, e.g., endodernmal progenitor cells of

In 56%0§ntgbd?ﬁ1eﬁb ofqpé AvB&bN ﬂletrﬂﬁoﬁtﬂ/‘?ﬁﬁ{étcéllgﬁﬁfé‘ide@rfrdm)éte%%-1)

haracteri zed by analyzing their expression
ancypmtep A-Dfangéar ska A-Shldoynod Eypess BaAteryindie e¢tadery such as,
%#vabng d sqﬁscrl bed how this can be done. RNA can
egbe |solat%d ?ron1und|fferent|ated and differenti at ed
hBS cells, such as endodernmal progenitor cells and

Th% @8@&1@( th&d l’r%%est&‘?klzﬁ _2Ana@Be fyriPRe b MtiaRAtik1lat east one of

RNA“extracted froma hepatic cell
the|livgarecells]m1§ag@3 elgep 2! prlly cabepiPeYieRe used as a control.
A n expression profile can then be obtained conpari ng

many different genes by using any suitable
In one embodiment of the invention, the differentiated cells obtalned in A-4) may

express at least one of the following liver cell type markers, including at least one of the
markers HNF3beta, albumin, AFP, AAT, CK18, LFABP, CYP and ASGPR.

The expression profiles and levels of specific genes or markers important for
hepatocytes can be measured by e.g. RNA extraction and subsequent quantitative
PCR, whereby the amount of any specific hepatic marker can be compared to control
samples of e.g. traditionally used hepatic cell lines, such as, e.g., such as HepG2, and
adult human hepatocytes. Hepatocyte-like cells obtained from endodermal progenitors
of type A may show a profile in terms of which genes that are expressed and the

expression levels of those genes similar to healthy, adult human hepatocytes.
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genetic tool for analysis, such as mcro arrays,

foll owed by bioinformatics analysis using a suitable
weabdowarsss The different cell types of the preBemEP2005/010582

i nvention may then show norg or | ess expression of key

genes, i.e. any genes which are specifically expressed

Spéc,nflc%}l'}{ Y dhard M%rsan%“&ﬁﬂl@%f HRAeSs @ﬁé‘f@gééw sﬁé}f aé é‘geét
specific enz rres and trans?3 orter protei

Ieas&@%@ﬂe&s&ﬁ , B leagid0p4, v leagiRO%h fatéeag?éﬁ% at 'Sa%7r9°/aﬂgthe
for and possi bl
T e R O e, e control
sanples. Nornmally, the hepatocyte-like cells are

Thé ?%}Eéglér‘?gv9¥ oP B ihdiiViBudI SRk re "r‘neny‘Drtﬁerr%hKﬁUteS&“@‘s‘t g9, such
roup consisting of alb

as, |SFABH, Ie@t B 7arfd leastHe, q’tH@aSé 89?/% ?‘i/léa?té‘%@c/f @S,lp@hé@l%daggast
50‘%55@%&%'@%? ot Rasit 0°,I'o SffHe lé\% Sxpredst8 if RbAIPNI A8t hepatocytes

ers, such as, e.g., at least two of the follow ng
cultwsedkender tha sareasendiianée of t he f ol | ow ng markers, at
| east four, at least five of the foll ow ng rmrkers a
t least six of the followi ng markers: al bum n, AFP,
Theardifferentiated BSARtts carype identiflesd\rpesitrg seagiion|for a magker
selQ@[@é‘?rBFrVﬁw M;)e% 8lstisg HﬁNarQ%ABQEm?; fdgrh-hyGRIM- 2'T’rﬁ1 -60,
reacti on um n, CK 18 and LFABP. 3{
Trads$ hend ﬁét-ﬁéthﬁ@dﬁq sRRiey fon gthsF stepe &1 tha naethed arersding 1¢ e
me;\%f;%h%ﬂt lstotF IEVRek 't@ﬂeﬁtﬁfy'éh? uﬁcﬁ%fér%n@&bé'lﬁ%llb)" step
at are epat ocyte-like cells is at |east 5%
such as, at | east 10% at least 20% at | east

In %Qp@cxfﬂ:t djn eﬁﬁjﬁdlf@eﬂt%?eﬁth?Qef% aﬁ*é lde%ﬂﬁ’éd BPHbsitdle reaction for

| east 80% at | east 90% as evidenced in
at lgagtmplof sait mems@ré suah a5, Tige ot jaast W@rpf@@'q Rarkees, [k least three

of élat?c{i lR&ss | ':{E Ie%%?fbuﬁoﬁ%alé Ratkers, %t wadt ﬁ\feeéf%ﬁﬁd rﬂbﬁk@r@é‘f the

S may ess t % such as, e. | ess
undiffgrentiated BSeaelle awﬂa@tlf@dubaméléwe rqactaors a@O@ﬁ%%@e SSEA-

4, é@LI'MSZ 'MQ?%O&PI%IWM%%&LP(WE sﬁ‘emﬁ@@mﬁ@éj|H}%n9fh@\’Mn|dﬂferent|ated

di’'nmensi ohal tures. In a eCI

BStd@iiS arevidentified bthéltll#é rqa§tlQibiOa§|$56\ $. rﬁ%ﬁ%ﬁ QCI M- 2’an@1 60
Tr&ﬁuﬁ tNeJnga ggwged by inclusion of step A-2). The

obt di ned”cell's may be passaged as |n step A-3) at
about 60-90% confl uence, such as, e.g., at about

GeRar R SEHddRRRS ?@?eﬁﬁepéel@oi&%{ OBOaﬂ‘fci HRTHR différehfiStion to

progenitors are cu for too ng before passage,
hepai@yyte-llke cells (protocol B)

As mentioned above, the endodermal progenitor cells obtained in step i) or iv), if
relevant, may be subjected to protocol B as described herein. In one embodiment,
protocol B is employed when the fraction of cells obtained in step i) or iv), if relevant,
that is mesendodermal progenitor cells is at least 0.5%, such as, e.g., at least 5%, at
least 10%, at least 15%, at least 20%, at least 25% or at least 30%, as evidenced in a
sample of these cells. Protocol B is typically chosen, when the quality of the
hepatocyte-like cells is the most important criterion for selecting the differentiation

protocol.
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will becone too confluent, and there is an intrinsic
change due to contact inhibition and/or
wdibdemsea18i ati on. Step A-3) may be repeated frearapewws/010582
1 to about 30 tines, such e.g., fromabout 5 to
about 25 tines, from about to about 20 tines. In
pr@{,&ﬁg g&]@@g@f@fam)mgﬂ@ & the cells obtained from any
of the steps A1) to A-3) are conmitted to an
endodernmal cell fate, the cells have to fulfil several

%r | 585t &inBase En Qe RBLI6Yd e hesls T ko domPosHsH @idined in
urthernore they should ex%r ess one or nore endoder nal

speéﬁepu)cornwrm'gvawf Ke agpatiapediugana Aptieeslly; cresgng tRd
PdXérthh AR P aﬂ&rs%.tiaw%n&ﬁgj offtiiker |ike Al bumin,
AFP; AAT, CK 18, P and/ or’ ASGPR. Anot her test is
B- %)heemnémth%ﬁnwe\mak rregenitor cells) af knawp cpmaggjfiryebtained in
rmr K@bﬁ) fev? br Bnﬁlbfyfa@amsﬁ bﬁér@oﬁkﬁ&e@b%ﬂvﬁxr@%n@%geﬁsg
S
B- 31>r aoaﬂor@"n Paawf?ﬂrth@&?“%Obtgﬁéﬁﬂ'“aﬂéBds'VbP’f $@a 8RE PRMCHtimes

gen%raaﬁ*@?to?&%eyakéaﬂsbbn‘gfsﬁi@'c’eﬁsthat can respond to the
actors or | ow nol ecul ar conpounds that we

wt
B-4)s gunducnn@ diferendiahin 9idhe ereseaid Geig cbialsddr Aepd). MeB 2 or -

fi 18] oPagaesm bMabrd @ffé%ﬁﬁaﬁmb shgady after a few
days, 'such as hree days in the cultures and can

to %a'ﬂd‘éﬁﬁﬁoﬁﬁéﬂ!k%?elgn Oct 4- Pdx1 - doubl eposi tive and
SSEA- 4 negative cell population. In one enbodi ment of

the invention, the cells obtained fromA-1 )-A-3)
In qpe grakedimepiof dhe PrrseRtdnYesHPTMBroROpBr ess!ls |n)st%P i) 'v) and B-1)

to B QFe' durturdd ik 'é@ &ﬁie‘ns@ﬁﬂ@uﬁtﬁr‘e%n?ﬁ@fn@%%Jr*ﬁic@tto Wﬁ@ﬁtthe cells
one of the follow ng markers HNF3beta, Cdx2, Gata-4

adhgsR17 and/or del together with Cct4 1) a mjority of
the cell popul ation expressing at |east one of the
foll owi ng markers HNF3beta, Gata4, Pdx1l , Soxl1l 7111) a

Initighpiferanjatéan t he cel | popul ation being capable of

Thé Wﬂah@ﬁfeﬂa‘nflétﬁfneﬁéb Alid SeMidIl iGHRERLS RN debcred!i®Bdocol A.
one of the | om ng markersS Al bum n, HNF3beta, LFABP,

Ck18, AFP, AAT CYP and ASGPR. V) a majority of the

Th& Bb' ceﬁé’Ql%rﬁéé Lal hlB‘s' dtllls HF@@}It‘éréo% WPPHREEN 8EdFRERs ch as
e followng markers for undifferentiated hBS cells

mog%E‘F g.ellssg]:_l)\uqan firatiipsts without passage or medium change for befween 3
and 20 days, such as between 4 and 18 days, such as between 5 and 15 days, such

as between 6 and 12 days, such as between 7 and 10 days.

Alternatively, the BS cells may be cultured in a feeder-free culture system such as on a
culture support matrix without passage or medium change for between 2 and 28 days,
such as between 4 and 30 days, such as between 5 and 20 days, such as between 6
and 15 days, such as between 7 and 10 days.

The mesendodermal-resembling progenitor population (cell type B) may thereafter be
identified by a e. g. suitable set of antibody stainings such as for the combination of
Brachyury and HNF3b, which can be regarded as a criterion for mesendodermal

progenitor cells (Kubo et al., 2004).
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Tral-60 Tral-81 and Nanog. In a specific enbodi nent of

the invention, the cells obtained have all properties
wonawo)s7so |V) above. In the present context, PCIEP2@®EA10582

"majority of cells" is inteaded to denote at | east

about 60% of the cells suchh™as, e.g., at |east about

The |ﬁ||t/%l cﬂﬁ?ﬂeﬁﬁ’aﬁf}]}n}?@g %Q/%R—:raté%tthle %%FSI@Q)@ vt S&F@Akons feat can

e assessed her the cells

resppqdrtegﬁe fagtdte that induice Biel dlqtgns@@nff@pnmtmr G@(yytmqr%ry@p@ agents,
suc{w g”%ﬂﬁﬁ')&ah@ﬁ ueh ma%%@dQBQe@Wér@ﬂo@f

ur pose nestin, P, beta-IlIl-tubulin (markers
protﬁferatlgcpbar@iq@erragl qun'taécﬂsmtyeﬁl%ha smoot h nuscl e
actin), Brachyury and Desmin (markers for nesodern)
can be used. In one enbodi nent of the inventjon,

Thenfisaadion tof thef cetls ebieineddn siepa) ﬁf@éOffSrtQﬂrh"Hhéb'SN”f'ff)eredH@?e&rBs
CeII? Lelgsé:a{h%b 53904 o A @? "fé@thaﬁ‘?o%otes@%&ne@% nesk@as 509, or

erm  suc AP or/and nestin. The
|esa:@|ah§0&rbasaew@@creﬂmna§a@plemf2f)eSA cg)ls.grepeert th‘ﬁtff?éﬁon of the

Cellg ot)fa%{e%% 'sfétpqgaﬁd%rq‘l)at t{%@%ﬁto@@ﬁneﬂfprég&ltbﬂ MAE i£RkS than 30%

S Or epato tes I n one
sucerasoeugwéeﬂs tban 0%, less tani 9% of Iges manf%/p anevideacpdin g sample

of tﬁg§eia(':é\§dEét qdiidl p C@%nlﬁ% Eél‘f‘é%ai%e }o%"f’\ﬁﬁeoot%ﬁpégltlvtehéactlon for one

|Ver ype markKers, i ncl ud |n at | east
or ropre rocblectner makkesr sperifiE SeactodesmpsHan as, agp G (dliekigillary

acu#gAﬁrem %,E % B4 ASGPR. The expression profiles and

speC|f| Cc genes or markers inportant for
hepat ocytes can be neasured by e.g. RNA extraction and

Thesggﬁg e&tmgééﬂﬂgéérﬁ{a?(ﬁﬁ%gg%r whess F))énﬁhlﬁ) BBV BAN B fther

hepati1 ¢ mar can e conpared to control
condiempd eg nrryfsst@ayng thearnitentishefl thg eo@%@rﬁ@b@pgemtoéff pbigjingddn step

i) aﬁb‘g{étpqg) yt? %m%r él@lhtoat%llﬁ?ﬁé@of n?éé@n@&d&rﬁ]aﬂgg@rﬂ‘m vivo and/or in

pat ocyte-11ke cells obtal from
v:trendoder mal progem tors of type A may show a profile in
terms of which genes that are expressed and the
expression |levels of those genes simlar to healt

Thepopulationmi enHegrimnetyrogeniop selisf ofdwrg § obwdrfwte@ﬁbmy be

I&Sd f‘ﬁfdf fo9f) markers expressed, such as e.g. at
Se%easﬁgg% QT gst) 30% at |least 40% at |east 50%

at | east 60% at | east 70% of the
Endodermal progenitors, such as progenitors of subtype B, may be selected by

generating reporter gene BS cell lines obtained by either transgenic constructs or
homologous recombination, in which the expression of a reporter gene, such as eGFP
(green fluorescent protein) and/or dsRed (Discosoma sp. red fluorescent protein) is
under contro! of mesendodermal relevant promoters, such as a combination of
HNF3beta and Brachyury or any other suitable combinations. The selection can
thereafter be performed using e.g. neomycin selection, whereby the cells taking up the
introduced resistance gene survive in a culture system with the antibiotic neomycin
present or by dissociating the cells and sort them based on their expression of the
marker gene by e.g flow cytometry (FAC sorting). In this way endodermal progenitor
cells of type B can be selected by

a) using neomycin selection in culture, and/or

b) using flow cytometry.
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mar kers expressed in heal thy, adult (human)

hepat ocytes. The expression |evels of the individual
woanlemses7say further constitute at |east 2% SBCIVER3005/010582

e.g., at least 5% at |least ,10% at |east 20% at

| east 30% at |east 40% at Teast 50% at |east 60%

0] e i .

Aﬂgn%_:fe%%?%égé%lp uredﬂ L%eﬁle?at@ﬁﬂ&?éﬁ&%é o\"%t ﬁb)% Ey e%ﬂ%ﬁsfeotlon
oruamdlsnftdvle methed suBSsas idfectemimebe landigiral ivester opglectroporation to

[ a b
e R e i
anfValst@de erpreSkion 4f roteins @fll@i@r&&bmd%éhﬁ eamntigt ﬁfetrSSSJ@@B%C'f'C
prbl'ﬁo{é?g nmet hod according to the nethod, where it is of
evance to identify any undi fferentl ated BS cells).
In a specific enbodi nent undifferentiated BS cells are

E)?%?)g;ohfén‘éq’urk?lyergﬁ’%atgja)‘ﬁg 51‘3@%[19%%/ gf' tmt!)l%‘ﬁ% oP%e @f

sal d
Theaeskpansion af theewtodemweé@mﬁené@" atllsraf wée 8 may be epdeedepgells or

m%f ggé’e%rdfr %dﬁ%fesaays least five of said markers of the

eren cells are identified by positive
reactlon for Nanog, SSEA—3 SSEA— 4, GCTM 2, Tral- 60,

L e
Cerlle,atbb icatiureanedB8RAFOR) thSSBEﬂawlffmlen mﬁyaﬁl\“téhﬁd Pragi- 81,
SRSB4, 58l FIAASRC TNy g o

HGEpActomA er modaéamybn csanotpmaime therg)f. Bybsesienignediurishaeges can
Hcfn e@%\%ggﬁ g% ré}gﬁgﬁ%}g Assbé?\gééﬂ BGdy B%nﬁtﬁcﬁéy's) siith as

rél eva ecte pr ot ocol
bedweem ey Shanded draysl aucdnr@ tm’ﬂvem eeaty 4 %ﬁd@t@ﬁyélang th%Ce“S
I
Cu?fixpédoyn%i Wwhe Porﬁchtﬁ)nts fﬁr?&ét\ﬁﬁerﬁo éﬁérgg gﬁg gg{ﬂﬁ% bOwekRR2 and 26
dayspgeahi asoluetwedam $4 pad 8¢ dapmsticlas vetvesen H6znd 22, dpys, sifch as

b‘it@g@ﬁ g %b da?é nil&é%t(?%er{aggz%ﬂaﬁgﬁcggtbe rﬁ?ﬁ)gng%g ‘?eterg\?xatlon.
these ceI I s Protocol B is typically chosen, when the

Inq:ﬁ% rt‘uelwh“? ttbeefﬁ% ﬁ)}llttﬁe ‘ng%eﬁsew{er% duguielfaeonrm%se EF celis
or ect erentiation
withat pesﬂaglércmtrm\:hﬂlm Ihmﬂsrfors'égayﬂw é' he orddbinn wgs shespafter changed
to an endoderm-promoting medium comprising either activin A, nodal or HGF. The
promoting medium was then changed twice a week. Fractions from the resulting
populations were fixed and analysed with immunohistochemistry at different time

points.

The progenitor celis obtained after step B-1) and /or B-2) can optionally be dissected
and re-plated on fresh feeder after from about 2 to about 14 days in culture, such as
after from about 3 to 13 days, after from about 4 to about 12 days, after from about 5 to
about 11 days, after from about 6 to about10 days, after from about 7 to about 9 days,
such as after about 8 days in culture. The dissection may be performed using any
convenient instrument, such as a pipette or glass capillary. The subsequent passage
(step B-3) may be performed using a chelator or enzymatic treatment after 2 to 14
days, such as after 3 to 13, 4 to 12, after 5 to 11, after 6 to 10, after 7 to 9, such as

after 8 days in culture and the cells further transferred to fresh feeder, any culture
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B-1) subjecting the endodermal progenitor cells of

known conposition obtained in step i) or iv), if
woebmwasm’3 to a growth nedium and optional ly, ebdamgego10582

the growth medium after suitgble period(s) of tine,

B- 2) expandi ng the endoderrrg?’ progenitor cells of

su%od)JFWq %{B&J orfrlléés(%ig gl%s%'q[]@ﬁjt Oda@,ﬁac‘%e%g:an)be deforPEd @nﬂy)memé

ronoti ng agents, B-3)
treaimm méiet frompesihg rtcngbozu’q@l days) SUQibQSaafif@grqﬁha%QLéﬁ tpypbout 13,

aft%r % b%u?)f Qt?mgﬁ 2'&3&? éffgpﬁ'ﬁml é':bg)u{ B9 Lot YA tdAQE, after from

AN 6 o cing differentiation
abaoit & tmeaqmw‘gbdﬂﬁsoafterétdns amuta taekoutP dayspsiah as afier apoghs days
1n€utu 3) by adding one or nore differentiating agents

A o%t ain hepatocyte-like cells. In one enbodi ment of
the present invention protocol B, the cells in step

Wiﬁ%ﬁ&@d’errﬂ g%r]lt& QelR o@ty{p@ 55 aFéJéJIMFéaodln'anfeéd& free culture

nS|ona sing a surface to which the
systein, ﬁweaa:ihmr@mehmm cal b@sWﬁ@eém aameS@ndqdﬁémahrprpgamltor promoting

el SRRV BB £0RL Al e sl g

meuRSn chhhgesacan autione eaiween em-y @raé@eaq@ayswuwww %ery 3
e f

anégcégagges%ugs b ur%&gk eﬁ’&%r swééLg',ﬁog t?e'ft\t\léeﬂ"é\;é?'?kitand 5 days

and tivhcells duitivesieumdér mcqr@lt@aysﬁor betueeennt0 @red a%éﬁy% Saﬁdas

beé\/eT vveagzﬁ anﬁ g§] 5 g% ggji %B%\/@eﬁqq %%e%i;d’ é}éﬁ@s%tween 16 and

ternativ , BS cells may
22lgays 8 uchrascbatween f &ed@ RO dpps lmmmgﬁﬁo@mléahagaws &3N BA

pe@ﬂ%ﬂ%gfseg{‘%rf%%wﬁ” matri x w thout passage or nedi um

veen 2 and 28 days, such as between 4
and 30 days, such as between 5 and 20 days, such as

Th%%éggéﬁtoﬁ 881?%? 4% fer r%%’):g - B3nbRk BeStah b%qpﬁn%ﬂer%ﬁé a fresh

“Tese progeni t'or popul ation
cultureldysteypaftd)2 tm%B ddmsrleaﬂlttee S:m@hlad@ﬁﬁer filegd §9Y% agter gyto 20

t [
osil AR 3R o FUSCN AP oap Lol v o cmva
cuitmga'rrdeﬂaasfearrtaylueq:relrlbrméd) psing say dotMenieat mstrument such as a
pipette or glass capillary or by enzymatic treatment or a chelator. Subsequent

passages can be performed enzymatic treatment after 2 to 14 days, such as after 3 to
13, 4 to 12, after 5 to 11, after 6 to 10, after 7 to 9, such as after 8 days in culture.

In the expansion step B-2), one or more growth-promoting agents may be added.

Those agents may be selected from the group consisting of activin A and HGF.

When activin A is used it is normally added to a concentration of from about 0.01 to
500 ug/ml such as, e.g., from about 0.05 to about 250 ug/ml, from about 0.1 to about
200 ug/ml, from about 1 to about 100 pg/mi or from about 10 to about 50 ug/ml such as
about 25 pyg/ml.

When HGF is used it is normally added to a concentration of from about 0.01 to 500
ug/ml such as, e.g., from about 0.05 to about 250 ug/ml, from about 0.1 to about 200
ug/ml, from about 1 to about 100 pg/mi or from about 10 to about 50 ug/ml such as
about 20 uyg/ml.
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progenitor cells (Kubo et al., 2004).The initia
differentiation process that creates the diversity of
woebde/opeygsll at i ons that can respond to the fact8Cs/EPh@5/010582
i nduce the distinct differeg%iation. Growt h- pronoti ng
agents, such as, e.g., Activin A, HG, and Nodal can
be used to selectively pronote proliferation of
endoder mal progenitor cells of type B. The fraction of
The frectionl ¢fsthelsebs alelgined iR siep B-9) taﬁé%renép@?fma' Pyogenier gelis of
' i Celyl syt b 2 videnced in
e B o R e P P PRt e B s
a sgrppls of Hhmset08llsas evi denced in a sanple of these cells.
Mor eover, the fraction of the cells obtained in step
i) and/or iii) that are ectodermal progenitor cells is
The endodetaal BEEesitetceds of typg B maydBen hajdeptiigd byerasitvgggaction
g Y | [ h as
o RS REs TR B up AN b SRR oo o
co-logalgetioniof éhe eacitars BradyurymnddiNmgheda.nol ecul ar mar kers
specific for ectoderm such as, e.g., G-AP (gli al
fibrillary acidic protein% and nestin. The presence of
Afterdbeaxdpdesiompngs ibgenlayed she Rastaging 9f tag Arespndodglpglgrogenitor
: i .
ool e BRI piE bl HrogPH T cofoh | RapaceR i a factor of a
leagitdequci) anreig.s BdpCtPVYr thompree pdagiPefd0 eitaoredr a fagtpeafl 100 or
d 20rigin in vivo and/or in vitro. The
mo%%gu éggggpggaﬁ%ggdernal progenitor cells of type B
obtained in step i) may be selected by inclusion of
DifSfeRfeiéh of B8R T Rl BT R by B0 neharbe RS AR bl
Thigetep iBSssentiallyicagrisdoditt gis dedcringddn pratecal Aansgeni ¢
constructs or honol ogous reconbi nation, in which the
expression of a reporter gene, such as eGP (green
The fracsioesefcthe cptio pklaimeddn aieorB-dsiRatiarehiepeatesyiedike selly it least
o f rascepnt ' ] 6 of d 0
S o O 0, B e PR B 5%
at leard 68Vacatyeast 7600, aheast 8%, alilpadF0 avavidenser dha sample of
theSELGRL I on can thereafter be perfornmed using e.g.
neonyci n sel ection, whereby the cells taking up the
i ntroduced resi stance gene survive in a culture system

Th'hdfhtd Bteafthi RO LILidBRRIM By Dositive reaction for a marker selected from
the group consisting of albumin, AFP, AAT, CK 18, LFABP, CYP and ASGPR. In
particular, the hepatocyte-like cells are identified by positive reaction for at least one of
the following markers, such as, e.g., at least two of the following markers, at least three
of the followwing markers, at least four of the following markers, at least five of the
following markers, at least six of the following markers: albumin, AFP, AAT, CK 18,
LFABP, CY'P and ASGPR. Especially, the hepatocyte-like cells are identified by
positive reaction for albumin, AFP, AAT, CK 18 and LFABP.

Further characterization such as gene profiling and functional tests based on e. g. liver
specific enzymatic activity can also be applied as well as transplantation of the

endodermal progenitor cells and/or the hepatocyte-like cells to hepatectomic mice .
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present or by dissociating the cells and sort them
based on their expression of the nmarker gene by e.g
wohaw/syg7eanet ry (FAC sorting). In this way endedemerdos/010582
progenitor cells of type B be sel ected by a) using
neomycin selection in culturée, and/or b) using flow
Th& WafiFphb¥e 4\bt6tﬁél§£8ﬂﬁhéiuoh%$nﬁaéﬂ)onlsin@ SR .@Qh@@ﬁ@&fﬂb@@ P 450

genetl C engi neeri 9 gy transfection or
(CYH: £¥b axprassigndin toa @liffesgnt) qe'ﬂ restobiainRd inghe @FﬁS?W |pgﬁ:ntlon can

be ‘éﬁ&l?ﬂid’ orPhroflir Ve B?"rﬁﬁ*ﬁuﬁﬁh&%ohé‘rﬁfsﬂ? 68/o PEeddiA Blot An

onprising the mark gene of interest and there

addjmr@i metho&ngtce@tenawlmangle/a%ﬂ@ @Up pbtadnesn dre varreé?rétu"h\ée”tlon
usifd rddMERESER. %E@émé bQ’PCé?J'deéls RintéresBatr &:p@vpfam and CYP 1A2

pr onot ers. pansi on _and further propagatin
<ab@n@@um hwmarpH@%@@%PY&M@(%PFQS?%mée %Veé%B%H% AP grduction
cari ‘B@qé’éj[@di bRk o r@&f’fbﬁéﬁ'ﬁ kG&Uh dBEesYRRNhBsRY. dafidthasone,
er [s"or in a feeder-free culture system Wen
rlfammuanﬁﬁqrom%émlﬁor cells of type B are cultured in
the presence of feeder cells, the culture medl um from
the initial differentiation y switched t

Thm@@ﬁamraeiﬁangrf@@émcvt@rhh?r%pbweﬁ*éa%mr@abw angyesfor
Gld‘ﬁétn_{g‘)né %ﬁ%?’as%‘écd@%) HEBTs A6 bNAGRA Qrotrﬁﬁ’Q’érlmét%/ é?]&ymes that

I nat1ons thereof. Subsequent nedi um changes can

catglyrre theeronigatien &f ylezztraﬁ@l“w%@mot'cg Weth %&aWW%F@v@P&}e
GS?fsqﬁgge 4 vHayen g%‘@i’k%%trgfets%%rtagN% Nlﬁﬁly%'ﬁ)gn@arﬂa@STs sHeh

et ween ev S an e cells cultured _
impeni@st playgsrs lrb@eﬁmficah@n poxe gﬁﬂé@rﬁnﬂ)’sﬁrﬂi Fhgsg d\ezyrag dpiuction
carﬁaﬁe E@r‘f t&?ar?}mgwga@léjﬁﬁéﬁwods WGéh é’sslnhﬁuﬂkﬁﬁﬁre]séer%éd c8rfocal
such as between 16 and ays, such as between

mICIQS(‘@ﬁmaﬂd)’oﬂawlbmﬁéw&&%@ﬁab’éls anal ysi s can be

perfornmed after fixation. In one enbodi nent of the

i nvention the hBS cells were cultured on nouse EF o
Mugigrugsregistanee Prpigis age-aCcorediein s @ Hanspast preteirythghgxports anionic
conl r%té'@gr‘]d*'mh%%B&%t@@H)ﬁﬁhﬁ%n 198khrh&e@htion of this third phase of

ermprormtlng di um corrpr|S| ng ei ther activin

themlfw@tlomrocew@ogidcﬁmn%e feeimone %P‘?F%HC@F?&ﬁfQ"éatabo"sm of
dﬂﬁérs égﬁtéﬂeb%‘ﬁwef ﬁr%@éﬁthﬁ/ernﬁéh” ting popul ations
P xe anal ysed w th i mmunohi stochem stry at

d| fferent t| me
The hepatocyte-like cells and/or intermediary progenitor cells, such as, e.g.,

endodermal progenitors of type A or B, obtained in the present invention may as well
be characterized by analyzing their expression profile of metabolically significant
genes. In the following is described how this can be done. RNA can be isolated from
undifferentiated and differentiated hBS cells, such as endodermal progenitor cells and
hepatocyte-like cells and, as a positive control, from human liver RNA. RNA extracted
from a hepatic cell line, such as HepG2 may as well be used as a control. An
expression profile can then be obtained comparing many different genes by using any
suitable genetic tool for analysis, such as micro arrays, followed by bioinformatics
analysis using a suitable software. The different cell types of the present invention may
then show more or less expression of key genes, i.e. any genes which are specifically
expressed in human ad ult liver, such as genes encoding for liver specific enzymes and

transporter proteins. In addition the expression of the liver specific genes albumin and
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points. The progenitor cells obtained after step B-1)
and /or B-2) can optionally be dissected and re-pl ated
wonoderoast13f eeder after from about 2 to about 12CTEP005/10582

culture, such as after fro bout 3 to 13 days, after
fromabout 4 to about 12 dg%}g after fromabout 5 to

glucglg{a)- t—pl’%)%glqgtx e c?rI f}@ %nglg %Hg ;@stslﬁlya&%’édr@ (RS expression

such as after
levedebofithe 8omienf samplesul t ur e. The di ssection may be

performed using any convenient instrunent, such as a
pi pette or glass capillary. The subsequent passag
The(esdpmsslananromwamxialepelsbﬁsﬁedflggen@s ar [mAE(ess tiapqstant for

hepg }étngglaﬁ Rg é%{f@?éatt? é eEiN?A E@rakdolang suﬁé&é‘dﬂeﬁ?q@érﬂ@dﬂve

to 11, after , after
PCR Wimeréby thecmast af arwt sp@Cifig/kenalic suarker @rhbﬁjCQrﬁ@aréé |tg gontrol

santpueﬁ {]‘?re%ttFa%ﬂ E’ISW L?s%dthgpgrtl‘é%gllﬁlﬁgéj%ﬁch %Q%Sg such as HepG2, and

astic uent
aduﬂ&mmgé&apemytbe Iﬂmeﬂmym;dk@ @gwta@ed e ﬁ@@@deémpbprogemtors

of t%p abo%%)w%sﬁr%ﬂ he 'rgr%é S¥Sich ?Hﬁé‘s A3t %fet é{présrs%maﬂg%g

ter rom abou days,
expedssion |évetmofdbose géheassinaibaiit rmlthmya;dultéwfr@n fﬂ&%ﬁw&ﬁ?ut

Spescﬂlgﬁllyatggyéh gsﬂgﬁesﬂw{e%%ﬁwg aprfo?l%nr%f?ﬁ?i‘}{&seeip‘?eée%%@:&%&dﬁaé/ §| at
Iea$1l2@@<eiallt loast 1% a It ighe B Iemt S0V, BLiGat §U7acat 1656t 70%, at least

809 Vaet éé{)‘? 0aFI%§t@5®A) 8%@%2@%rk‘épsee>‘?dﬂeéé€dqn 'F?égltwna@@ﬁ‘ HBnan)

a nmesendo rogeni tor pronot’in
hepatiytes suppl enented with fact ors such as HGF, Act ivin
A and/ or nodal. Subsequent medi um changes can be done

bet ween every 2 and 8 days, such as between every 3
Theaexprassitayisyels nttheasdivienalevarketeemgy furthed censgtidyte, at I%’é’hz% such

as, %fgdgslﬁtl T80 4f 1k onsdﬁﬁeg% Soand lée@% 39% 'a%le% &G%,eﬁ least

Con et ween such

SO%SatbﬁsivéG% aleeasntdm% aﬂé@aﬁt Sgacmtés@sbae%eehle@at eIOthe levels
ool PR R o P B eR eyt adhheeer

perforrred after flxatlon The progenitor cells

He[ee tg%/'é? El?er gé‘dfs%fgtﬁﬁ?%"frﬁn QQ Al SHID’ @nlt%?é"oﬂ?pe B  may, %lsplay a

tu re em af ter
motmw@oaltcmytmml{emmre&mrprefsl eathare heﬂatpgytgzﬂkd apks Otﬁﬁlnéﬁ frem

%}d@é}qal%? é&lt?%tg ¥P8 ,&%Jc rHE¥%E eq'ftfr@ffer%fil%rjsf)eglﬂbf?narkers that

suc as after
are expressed and the expression levels of these markers. Accordlngly, hepatocyte-like

cells obtained from endodermal progenitors of type B may express more than 1/30
times more, such as, e.g., more than 1/20 times more, more than 1/10 times more,
more than 1/5 times more, more than 1/4 times more, more than 1/3 times more, more
than 1/2 times more of the markers expressed by hepatocyte-like cells obtained from
endodermal progenitors of type B (in absolute numbers). Furthermore, the expression
levels of the individual markers expressed by hepatocyte-like cells obtained from
progenitors of type B may be more than 1.2 times higher, such as, e.g., more than 1.5
times higher, more than 2 times higher, more than 5 times higher, more than 7.5 times
higher, more than 10 times higher, more than 20 times higher, more than 50 times
higher than the expression levels of the individual markers expressed by hepatocyte-

like cells obtained from endodermal progenitor cells of type A.
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culture. The transfer may be performed using any

conveni ent instrument, such as a pipette or glass
woapiclod&a7y or by enzymatic treatnent or a chel RCOEP2005/010582

Subsequent passages can be_.performed enzymatic

treatnent after 2 to 14 dag such as after 3 to 13, 4

Thegr@gﬁ rgg’ratf‘n% : (eelrISS%t;tgmé&m §f4z at Qrettﬂwc]*lﬂere%fné%rd BS kelldis less than

ture. t he expansi on ste
2%,Bu2h as,one., mssmmme1°@r|@a§ ﬁlaproo’i%taisr@w@%;@@@é” npRle e of thebe
”adde_d Those agents may be sel ected fromthe group
onsisting of activin A and HG-. Wen activin Ais
used it is normally added to a concentration of from

ThedJr@g{e{%wt%éeguI?S ggl% %a(Pgt{emjeﬁP’l%G osﬁrv@ reaét{d?]nfbgb‘?h’érger

sele/ctegi/frdm tHfer gmulabommstmgtqﬁ l\@b@@stSSﬁ)‘b 3 /~°g3f$ﬁ~ o%c‘? r'\gwté: 5@38@0

Tra QP oYt th?oal/sé)% essf C8n i théIm&thel HecordliRto the
P SaP e

to a concentrati on of
methb@mvtaaln@ uns oF r@tbvameﬂlooderﬁl@/ any unddfiergatiated S celisom

about 0.05 to about 250 //g/m fromabout 0.1 to
about 200 //g/m, from about to about 100 //g/mM or
In afsrp@mﬁabmbdmm undtffer@nt@ed B/queih; atg dderdifed by posiiye reaction for

[ . The fr
at Iqe],?gpn%i)f > %@3@%&%&%Cpr oge tg gllreéﬁ ﬁm & éé‘?‘@nia‘i‘kér&leég I%sﬁhree
of slaﬁi&ﬁérkérsS% leastdburasf,sail. rgarke@(; al lezst fl\(q]gfnsasdﬁnaélfergtof the

undifi SRS %élllseé/rjeqc?émlﬁ? Ppdy ﬁ%’@a‘%neﬁ 16 foes BIER-3 SSEA

rogeni type
4, GCCTEMIZ T ra31d6(myTrpb»§rl tand é)qtéah“téil snechte e@%ﬁﬁm@}t%@%p%ﬁg&ntlated

BS gﬁl rgr‘ghoe%@h%@)( g | Za%IE’thnOfBr @élﬁ,@\hé’ wsyE AR diAletraat-60,

on of t nar kers Brachyury

Traasgd, NeR@pebaOcAtt er the expansion and, if enployed,

t he passagi ng of the nesendoder nal progenitor cells,

t he popul ati on of mesendodernal progenitor cells is
Thé oesrainyield datdrimireedfascthe persentage loé ke NAMbgE Af %%pat%cyée likeycells
obt@gg% B{pr&)o%eﬁ?o W%ﬁebeg f@éilts%%@&éépt)o%e'métﬁg)@fs & least 5%,
sudhi s erggnit ilexst 0068 leas] @Ok, waleaﬁr?o@%r@rtaiﬂea,%ﬂp# of type

B to hepatocyte-like cells This step is essentially

carried out as described in protocol A The fraction
Wheh dpblingedrbecol®, dhe eellsignow irefwoBlizensinqal gylgures.

hepat ocyte-like cells is at |east

In order to determine whether the cells obtained from any of the steps in B-1) to B-3)
are committed to an endodermal cell fate, the cells have to fulfil several criterion based
on imuncytochemistry and morphology. To determine whether the cells express
different cell type specific markers like the endode rmal progenitor, HNF3beta, gata4,
Cdx2, Sox 17 and Pdx1 or liver cell marker, Albumin, alpha-fetoprotein, alpha-1-
antitrypsin, cytokeratin18, LFABP, ASPGR. Another test is to determine whether the
cells still express markers for undifferentiated hBS cells, such as, e.g. the markers
Nanog, SSEA-3 (stage specific embryonic antigen 3), SSEA-4, GCTM-2, Tra-1-60, Tra-

1-81 (tumour rejection antigens), Oct-4.

Spontaneous differentiation generates the variety of cells that can respond to the
growth factors or low molecular compounds that we have used. Definitive-resembling

endoderm arises later from a mesendodermal cell population that can be defined by
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5% such as, e.g., at least 10% at |east 20% at

| east 30% at |east 40% at |east 50% at |east 60%
wakodewasd73 70% at | east 80% at | east 90% as evCuaERre®d/010582

in a sanple of these cells.;jThe hepatocyte-like cells

are identified by positive reaction for a marker

HN?@E&SIB?QC%/{J%MB% BN Mgt bcﬂﬂllaﬂfon&iab M%FondA{BDActlva or

ABP, CYP and ASGPR fp rti C{} t he
HORISbo € flo 200doF B alon i aeRenpReP e BRLTECaN
reaction for at Ieast one of the foll ow ng markers,
such as, east two of the follow

mar ker S
In e Q@mm?mir%@edﬂv%'@nf@ﬂ%l}ﬁ el Q@P’sste%%g [ @Rg{or fg) and/or
ssfhatxéﬂst IEQéﬁo%ﬂdﬁ%é%ndﬁﬁhg provertlegast five of the

 ow ng markers, at |east six of the foll
H’hlald'é?l@”tYQlf EierfeH PoRpiptiom@presi 9 &-lociikgEon %y’\ﬂ%&/ Brachyury
ASGPBcEspeci al |y, the hepatocyte-like cells are
identified by positive reaction for al buninp

i a1rsaigfy of B PogkiaHe? SHatsig a3t one AT Lhu% FP”Q&’"I;?eWé‘rkefS

pr of\NFBH&ta 285l Ubgt1, @Rl 7t est s based on e. g. l'iver
\AEeCI fic enzgmatl c activity can also be a

R
) 3 maéority efrf 9p9|hp%nq'a$wnc§)ﬁmrf@péh'a&a Birther dgff%{sevﬁ“t%rwﬂh
cel oging/ or the hepatocyte-like cells to hepat ectom c
m ce . Thée maj or Fhase 1 biotransformtion

met abcﬁ)l%Prﬁgs@S}@ aiieast oppef thpy eﬁcrwmr@aﬁe&%&'?léfvrﬁ) HNkgbeta,
expr e§iApp, i0k18 hermli fifrei- ﬁ%ht.twsln mgw obtained in the

present i nvention can be anal’yzed roteln | evel by
i rrrrundﬁﬂ'ké@&ﬁfﬁé’ﬁ?@@??“%fdﬁb ,as\f@rs(ﬁgpth Paoa,
8\9? DY of Bk Refl pbSukOnIRNRY iifedid e?(ﬁ?és}é Zd BEmBR bithe

ainéd 1n the present invention using real ti neSéﬁ%R
Spefsilpwiag @wk%r@tﬁ@rytmé%ff%?ntiaﬁﬁdeh%%f&e'@ah'a 0. SrPFEARY 4,

CYPGEARILaRUAANDALD ciymRin-b1.ver) - and CYE SAT
(expressed in fetal liver tissue). CYP induction can

then be tested by adding different known inducers,

In tﬁH &ht @orﬂextdtﬁé%{ DRSO of 6éIFsaf§'ﬁht6hdibd RN ®te at least about
prazol e. progeni'tor cells and ag%i‘t%@te li

60°éoe,qf |tfse @ﬁzilts&uﬁfaaas rﬁag ﬁhleﬁﬂ@fb%teﬁa/ﬁ AeAsY Qo4 re@t%about

95zr@@ﬁg@é|@§es (GSTs). GSTs are phase ||
iotranstormati on enzynes that catal yze the

conjugation of electrophilic xenobiotics with

In é{)‘érﬂ&gﬁlﬁ’i@ﬁt c(f@%’%ve@tidhcﬁ]e%%mg%Yﬁmacé% @BtaAra8d froff step B-1)
substrates and GSH i s hi undant, GSTs are

ang/apBr2) and/opBaijleAg P HERER AT e IPOHE GCIOIBHB PUE 8%, ©-0-» GFAP
or/Amehdsihs of Phase Il enzyne induction

The cells obtained from step B-2)- B-4), might be further differentiated into at least one

of the liver cell lineages, e.g., oval cells or hepatocytes.

In one embodiment of the invention, the differentiated cells obtained in B-4) may
express at least one of the following liver cell type markers, including at least one of the
markers HNF3beta, albumin, AFP, AAT, CK18, LFABP, ASGPR.

Growth media
In the above discussion of the initial differentiation of BS cells, the employment of the

protocols A or B the use of culture media or growth media is described.
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can be performed by any suitable nethod, such as
i mmunof | uorescence, confocal m croscopy and/or
woaswsibigzswest ern bl ot anal ysis. Miltidrug resPETARI®S/010582

protein or P-glycoprotein 5’?‘ a transport protein that
exports anioni c conjugates and other substrates from

the cell. Characterization of this third phase of the

det oxi fication process could contribute to a nore

The R8P Irreatdmnp usédjﬁoetfm‘gamtaibolorf embayfonichogitoes @it fUEeeT

hepﬁ%ﬁ%&@@pg 'hggﬁ%ﬁs R g?)g%tnyﬁﬂ\f&ﬁé gﬁﬁvth -Hé%lum such as, e.g.

S~ an ternedi ary eni t or
hBSCcEHlHnSed|l$‘dp‘l7i|traHES@“-medllmmdbldewatm:ytep megism et @N%(M/ﬁ}%@aﬁed

medng{HElQF? gfo%g%%gv an%lta i E}'%S(ﬁft?% ehmgégpb@m@ﬁ%dﬁ tr\{@ink/emon

yzing their expression profi
maynsd ’mb@amead)rloyﬂfeselgranﬁlcteaamdagcem@@torsﬁ inctuded f 4l pgmeﬁg rrpe§ha may

be Lfslea%rs{?ﬁﬁ l?%er ?(ii %’t g%ﬂ R gogﬁBS%ﬁﬂnk %rdfﬁ%‘atrﬁgdlum

and erenfi ated hBS cel
Thepteferrad base ordiumathrgugbgetthe dveotidn is \éﬁﬁ@-lESTM-medlum (Vltrollfe

Gotﬂgﬁgﬁ ,Cﬁw o Hli[ial eI | ‘?/e@%qhe mat?mecd t%%epat mrﬁqjvhlcﬁ Y be

trac rom a 1 c cel
co Xél@@d oB kDGO e GRibeayo’ aModisietl Haglelsidedies,, au;mwme@tsd with

ressjgn fil b
e T TR o e B
res;{) 48le ilﬁ’é'l BRI Stichs: 8YCRitas PRAEiln B0 ayml streptbomed, @y MM
Iolnformatics anal ysis using a suitable software. The

noneksisEeiia amingeddids, Yveld Log!uterting 1188 ¢ B1Wé@ﬁt%thafﬁ%hﬁa' hen
r ngﬁ;a K@i
'ngrﬁg tSrfP rglq%rgrggﬁZ%em ?@H)@eg&pr eséte [ n humah ggﬁl t

Ilver such as genes encoding for liver specific

nd transporter proteins. In addition the
Gm@%%@i |%n of the liver specific genes al bum n

Groauti gledizdseuss iptins pleticds theaprepentdmeniior Bay sPMprge one or
mo @g%{%\f’g] f%gt%Psn@'acroﬂ%a?ohg &r (RERY §Re gFﬁ%th N &S REd Wi be any

e expression profiles and | evel s of
suitapleajréwih fg@nss‘otohhelmnkl@tlsn ph@mo@aﬁnalfpmgeﬁlga%ﬁ%'éﬁ bpe B. The

conaﬁlatmq‘op S Veegp%%ﬂ@é Vaimg f%cﬁe&lALh n%ﬁt?lét Pﬁboﬂﬁﬂt ’r%k'l%@%@?me cells
will kiffzadritiatenfartker orcamakyen (ﬂmmrag@@tqr staie) ,ﬁqegq?lgéé;%géé oép growth
fac@r gsagléﬁoq;ﬁ%rﬂ&ﬁ]gl t&ﬂ@ﬁéjra duld ﬁroﬁﬁ%étloh'orﬁ%ﬁdoo%ﬂﬁ\lél @®genitors

hepat ocyt es
of tyjepBtane YIGE, Ackén AchidsNothal avhilst FfSFamaerbswéﬁ fy| the initial irz vitro

dlff%gp@%lnog\gg{gg (ﬁ);gtég/f)o% & B SUR %E‘B‘l\ylé@ caR bb&IsEB iPthe later

are expresse
stages for further differentiation towards hepatocyte -like cells.

The amount of all growth additives to be used to promote generation and propagation
of endodermal progenitors cells of type B may be from about 1 ng/ml to about 200
ng/ml, such as from about 0.5 ng/ml to about 100 ng/ml, from about 1 ng/ml to about 50
ng/ml, from about 2 ng/ml to about 30 ng/ml, from about 3 ng/mi to about 20 ng/ml,
from about 4 ng/ml to about 12 ng/ml or from about 4 to about 8 ng/ml.

Other suitable growth additives or factors that promote the generation, propagation and

expansion of the endodermal progenitor celis of type B can of course be used.
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expression |l evels of those genes simlar to healthy,

adult human hepat ocytes. Specifically they nay share
woheosasma3profil e of markers expressed, such aBCE®EG2008010582

| east 20% at |east 30% at.,least 40% at |east 50%

at least 60% at least 70% at |east 80% at |east

Oth rOO/ ?&%ﬁ!‘%% eﬁ,%(m of the markers expressed in healthy,
uman epat ocytes. The expression Iev?g 131[;
5% CPleast

In omheaspectsvthd pedsentinyantion felptes e teaised hepaieate-
obtaﬁﬁ%} b%%ﬁgfﬁe %oe%e%@wb%{ h r@ﬁséu&(y@s &al. IRas mctitdhe &id neast

east % at |east 50% at
spedifiatly fod 0o pr@vemt@agndmwament @gg@thglg%esgf d|sgggqs 65 by

tlss%tdegféﬁgrtatlgé ()'/é’u‘afv akheg! ﬂ'}éetllecgeﬁén%rh@ﬁ SERVer ﬂsélfé&irﬁbr}’thé@téﬁentlon

tes cul tured under the sanme conditio
or trempmoog/metabpl@pail@cplo@e@Bn%(ph@aeqae(snﬁ%@ma%%%l?eases and

dlsoEJe?g Wléf}or[nﬁ}/ BE g"é%ﬁteﬁ dMRYor HeaRldd AmeBicBment comprising

expression profil'e than
hephfepﬁefhb@zc@lst e b@@lele;fft%*tffféﬂ disierant sraups bl digorders: 1) auto

mn@Bg %%EHe% §u<%fast é(rf?ﬁar?blh'a LighdSs, @) nidisboNy BlRerdedd, sutlvas

I C nar exp ressed and the express B
dyslipirestis, Jfiverrdisarderachesesd byre. 60?'6@'?@ Iapusqﬁébﬁ%%%ﬁgecaiuﬁ%g y
wru%ésl & %ch%ggﬁ% B e”éﬁd”d%g's; Rk nBERSsis '&b&&rcﬁb)pic&é’ R&icB

nor e than t1 mes nore, SUCh
reaohonsetct eham phARGacElligss divgs eanch®rtemeReamoyehip Pefi § SH%(?%‘Q from

e. 92@rp§at‘§%§ﬂaﬁ§§‘c' bigs nmore, nore than 1/4 times nore,

Imes nore, nore than 1/2 tinmes nore of
the markers expressed by hepatocyte-like cells

Ins E(Stﬂ*ep%g)eg{szg?gﬁ@&%qgj e te{PBRNUsE OF §bt9fneﬂ)hl@§at80ftbfﬁike cells in

er nor e, t he expressi on evel s,
in vitrb rodriels fodistidingihepatogenasise sueheas @ LEATNdPRAIGFPES'E PRI I

vitrq ﬁ\lo!iai?%tlﬁf %?%Rﬂ%% gﬁﬂbtd%ro?déﬁ; type B may be rmre

such e.g., nmore than 1.
Furmemehthghmentmrmr@atemqu@ afiobiingg dpRatocyifplike qelia i %drug

dlsctoivéﬁ Pr ﬁ#e%ﬁ%ﬁd fcﬂIHe alofoX ltg téstﬁwgerfr?\?lt iphRer toveprRce ban 10

. . Ot hi gher, nore than 50
congileresnthio ghmtentltmah mddel eyeamessi on | evel s of the
i ndi vi dual markers expressed by hepatocytelike cells
obt ai ned from endodermal progenitor cells of t

In fékthEm aspecas: theqrresrnt irtyenitas retatesioanetbads for geartynq% g? hepatocyte-
susge;glb t? gcﬁﬂgﬂsﬁ&é%ggﬁ%rﬁ%fla% i EIQ§<§U/<2|£§Q g\%?@ggztygdgn?ﬁlstratlon
an sffegive ambuntiepatacgietigke cells obtained according to the invention. guch a
hepatocyte-susceptible disorder or condition may be a liver disorder, such as, e.g.,auto
immune disorders inciuding primary biliary cirrhosis; metabolic disorders including
dyslipidemia; liver disorders caused by e.g. alcohol abuse; diseases caused by viruses
such as, e.g., hepatitis B, -C, and, —A; liver necrosis caused by acute toxic reactions to
e. g. pharmaceutical drugs; and tumor removal in patients suffering from e. g.

hepatocellular carcinoma.

The invention also relates to a composition of endodermal progenitor cells obtained in
step ii). In such a composition the cells obtained may exhibit at least one of the
endodermal progenitor cell type markers selected from the group consisting of
HNF3beta, Pdx1, gata4, Cdx2 and Sox 17 and without the majority of the celis
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The undifferentiated BS cells can be identified by
positive reaction for a marker selected fromthe group
woanwsis#97ag of Nanog, SSE/ V3, SSEA-4, GCTM 2, PC@EPED35/010582
Tral-81 and Cct-4 (this al applies for other steps
in the nethod according tothe nethod, where it is of

expr?§31r§9v%c§r #18re' rﬂgﬁl&l‘ 4y Wffé%@ﬁiﬁé‘té@ﬁggtcb% GOnPRe ¢RbUS) .

speci f1c enbodi nent undifferentiated Scells are
consistiegof Naeot; SBEf8i $$E/ér4r e&dtM-8nTRot-680r 1 E?a%ns one of
said markers, such as, e.g., at |least tw of said

mar kers, at Ieast three of said marke east four
Anothér sraboldlmnkr@n‘aées tota preparatien vfeh%wat%%xred“‘ﬁé‘feﬁé% PEtaHPdt%a

metiiadid ée% %ﬂ e I‘gjt‘né aﬁ{o%n’t Qﬁﬂﬁiafdggg -Ifrg q@ﬂ>§hfay‘b§ at

react on ] %76030 Q| .
IeasﬂEMoSmeatml Cﬁtpapulatlﬂn,aswb@éq¢9catéﬁ%@9r{%ﬁf legle/ 0%, at'leas

0 t o0, t 9 0
80% 898%%@;9%/? Od;[ ?e%ggeAﬁﬁ gtg%xs? 08 %tc%%;%g?f /bl' Sag iéé\gb 9% :r i;tl 1|u§1t 99%

or 10&%kog and Cct-4. The overaII yield determ ned as the
percentage of the nunber of hepatocyte-like cells
obtained in proportion to the nunber of cells

The sliffeirerdiatad! ¢afis ey displaydhe imprafologyand expressipRrFrirria of ajleast

onei%' )1 @Bwﬂﬁg}(ﬂ/ Aha k@?ssAA'?%P El_tFAB‘P’aﬁk@Q@(f%@rhlnaHNFG@@ﬂa and

ylng protocol 'B, the cells growin
ASGR®R- di nensi onal cultures. In order to determ ne

whet her the cells obtained fromany of the steps in
B-1) to B-3) are commtted to an endodermal cel | 1]'
In adthercaspest, avmogenitourelisiare difierentiatad inerepatonysae 8ﬁ'

Whlc[h%%z %% ?ﬁg}ggﬂeﬁ%&/ bﬂﬂg e SRR 'opﬁ% cell AR g M AFPhEERBP,

ress “di ent cell type speC|f|c mar ker s
CK118, Atbutrirg mwaammm ABBbBgeni t or, HNF3beta, gata4d, Cdx2,
Sox 17 and Pdx1 or liver cell marker, Al bum n,

al pha-fetoprotein, alpha-1- antitrypsin, cyt oker aél ni
In st arlcEABRspASRERNvEntvnielatasds meteodsgo geparia the sRfrdiEial and

heptﬂtlégytg eﬁHe ?oﬁ@h Cc#]nsefm Sﬁér Q@}LtZS ssok;tQI'heé}' rh@l'cﬁ 8l gt é@a%ilng the

mar ker s

extrésmbg'emsmdocﬂermaéoﬁﬁlﬁmtﬁlr(teddﬁtSinb(H frpm t@%&%\ewellwﬁﬁpp@SSlbly
preﬁp? by -8 %% a duftable c§r41861%1;i'6?%‘fr arftlgbﬁ tldrdsant i gens),

aneous erenti ation generates the
variety o f cells that can respond to the growh

The{ﬁ\?etng{)lt’cﬁ' Ia\%e r!;elgt{é\ég :n?e%gogrforc@é@&h‘\@qﬁe thadt oM praysnites eslis or
the hepatocyte-like cells obtalned from those on the concentration of a chemical

substance added and its metabolites at different time points.

In still further aspects the present invention relates to use of the hepatocyte-like cells in
drug discovery and drug development for screening of molecular substances as a
target to monitor hepatic differentiation. Also the intermediary endodermal progenitor
cells of type A and/or B obtained herein may be used as a target to study hepatic

maturation by the exposure of certain chemicals.

The hepatocyte-like cells may in still further aspects be used in metabolic studies by
analysing the phase 1 biotransformation or metabolising system, i.e. the cytochrome P
450, the phase |l biotransformation enzymes that catalyze the conjugation of

electrophilic xenobiotics with glutathione (GSH),and/or multidrug resistance protein or
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endoderm arises |ater froma nesendodermal cell
popul ation that can be defined byHNF3bet a- Brachyury
wdaolsloa4giesi tive cells. That popul ation can reppom#2106/010582
ActivinA or HGF (Kubo et a 4 2004) for induction and
mai nt enance of the cell fraction. In one enbodi nent of

P- glé&%&gmg&ﬁléﬁg t;gl'ﬁgﬁﬁlpt'o?elﬁ kt’rﬁaﬁ'rﬁ@%ﬁpbﬁ@nﬁinﬁﬁcoﬁa@a&"ﬁr@r

ve at |east one of the follow ng
othepsofpsiratésefsomithe eelhag dasciBediereie cel | popul ation
expressing co-localization of HNF3b/ Brachyury markers

1) a mgjority of the cell popul ation expressin
Thelhestocpindiketcelshebtaiosd By g Velteaised HRFINERA! yp'@ﬂ%é&e“a'”

cheﬁ%ﬂcorﬁ%ﬁn@% of !n#ér?é majority of the cell population

g capa urther differentiation with
follow ng a) expression of at |east one of the

Thefq%énrgm g azpé&s ?m@j&@g@n@ ipubPEHIRIGH ndr ARy GHcbrsonfs
rer liver enzymF activities
perfsund?d msanysuitaye wﬁrabmcrraré@m 'V)ed'éi”hﬁ"%wsls&;’ o9l frrougl}-put.

Prefagrgﬁ (l)s\?\ﬁ&'rqgnﬁgrgLWmHP@&h@at R \PUPLRSHafitle or nore of the

ers Ifferenti ated hBS cell s,
Nanog, SSEA-3, SSEA-4, GCTM 2, Tral-60, Cct-4 and

Furtggf”‘g‘se%%ts aA&e%Q@dlrﬂéﬁg%{ﬂbe&qmn?me addéﬂdé&&lﬁ?mé‘fﬂh@ rdbtaMs and

nt en 0 denote at | east about
partidutars distsssed cindersthe anain aspacty 2kpye agRplyPyt ?Eﬁﬁuéﬂ“dlsetag'?e

othear %g%otg(%/h%r|?\?énh|5ﬁ35t about 95% of the cells. In one

e invention, the majority of the cells
obt ained fromstep B-1) and/or B-2) and/or B-3i), do

%ﬁ&r such a

Theég—A?ﬁ /Seﬁlgthr%@ Fa?eozl‘ﬂéth%g ¥ tai ned from stsepeBQZ)

FigBe4l) A sthghme d@@cmtumg Hi@readVﬁﬂ@@dﬁﬁWiab‘ifé’@ qPAtEStat | east
one of the liver cell |ineages, e.g., oval cells or

hepat ocytes. In one embodi ment of the invent | on,
Flglahefz“ ér flt chetredbscribing thshmaihed dor gensralipn Ph)eRALpFYS: L*,kea‘fe”s

frorp Hgﬁlﬁgper?\%a@ Hé:aeglf@ Iv'g%gdg?eljtrﬁha\el’ﬁfog‘éﬁitér deVP6f tPé kedrs, B.
Figure 3: Hepatocyte-like cells from hBS cell line SA002 at day 16 using protocol (A).
Morphology is shown in A, positive reactions for HNF3beta in B, LFABP in C, Albumin
in D, AAT in E, CK18in F.

Figure 4: Endodermal progenitor cells of type B after 14 days in culture. A) Brachyury
and B) HNF3b positive (protocol (B)).

Figure 5: Endodermal progenitor cells of type A after 12 days in culture. A) Oct-4 and
B) Pdx-1 positive (protocol A).

The invention will now be described with reference to the following examples. The
examples are included herein for illustrative purposes only and are not intended to limit
the scope of the invention in any way. The general methods described herein are well
known to a person skilled in the art and all reagents and buffers are readily available,

either commercially or easily prepared according to well-established protocols in the
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mar kers HNF3bet a, al bum n, AFP, AAT, CK18, LFABP,

ASGPR. G owmh nedia In the above di scussion of the
woOnbdeioaks7eli ff erenti ati on of BS cells, the enpl sgmER2006/10582

the protocols A or B the u:?i of culture nedia or

grovvth medi a i s described e base nmedi um used for the

! of Wirldae b 5% CO,
han @eré Ls lﬁl ed Ce%/%rﬂ @l iREAREGHS RER iARACE 5

ocy rom hBS cel|'s may be any
atm@amhbwbdtrei % hWumiditydi um such as, e.g. hBS cell nedium
Vi troHES(t m - nedi um or Hepat ocyte nmedi um and DVEM F12
based nedium The growth nedium used in the different
Exantpdaeps of a nethod of the invention nay be the sanme or

In Pﬁhf ggf cea%é gugns%g%e gﬂ/ds%%.@(té thé‘%rﬂéwépncﬂnk) cmf1o July

as cond |t| oned nedi a, suc ?31
200:éagwtdmlehB@thmdﬁoumtakhsmngrl'@%g(llﬁrﬁ dessdbed-in omﬁ@spec’[o e

] @iutalRed By the
pre%pflpg{l@‘éﬁ ﬂ)g%%%gﬁw?%)ﬁ P‘ rtgfJ %QQ{HbleB Iﬂggér%mbﬁ r vaede>r,1) or
metadd eaimadiiv &VQ 0/GESAPLWhiET ﬁé@rehm@%%?tﬁﬁ*\ yvﬁfeé?f“i‘?ay

be conprised of; KNOCKOUT(r) Dul becco's Mdified
Eagl e' s Medi um suppl enented with 20% KNOCKOUT(r)
Exaﬁepielm repl acenent and the follow ng constituents at

l}%ﬂ q Pf éﬁ&&%%& ;) nél?émt%?@@ﬁ@tf)f %‘e%ﬁonf’ﬁBS'Hel@/cmmred on

streptonyci'n, 0,1
mousmEEseBsti al ami no acids, 2 nM L-gl ut am ne 100 mM

hB%eEg 8@%8%'}@%‘ Faééns g8 gt ?\/lfrélﬁ@ABnKUh@étﬂa@ﬂé or

Swﬁeomlhppimderaecﬂ oath &g@/ r|nhb F(cw% E%dmvgqogpﬂ)awg,eégfém differentiate

i nvent,. on [
g ST AT TR TR iyt ks o

extraaybsohicasbmotrometiufraet @r tr«pldES lt@hgﬁgglsgﬁplg%/nented with
4 n@ﬁﬁ gld lﬁén%dl t@ﬁ%%ﬁ?%t?]gﬁ%%&c{le? 11 codneRfNB for sEVBN days. The medium

iIc gromh factor used nay
wasbehangpd bbendurfrgreultbest her the cells will differentiate

An%ﬁe&tﬁg rg%méqyr ﬁi'gg) V\Pﬂw# REqiRMARe]! 'V\Fa%rwﬁ'ct)ﬁESTM sﬁBSI@hfelnfed with

actor usable for pronpting t
20 @msmzomhanduw@p@gﬁwred rﬁoraevghd@\tféﬁ ﬁ‘ﬁ? medsR AN B\e@ed'um
h ééeBareHGF Activin A, and Nodal, whilst FG2
0388?1 Ssed for the initial in vitro differentiation

(step (i)). A cytotoxic conmpound such as DMSO can be

us&%jdn the later stages for further differentiation
s hepatocyte-like cells.
Generation of endodermal progenitor cells of type A from hBS cells cultured on

Matrigel™

hBS cells cultured on Matrigel™ (BD Biosciences) in VitroHES™ medium
supplemented with 4 ng/ml bFGF (FGF2) were left to differentiate without medium
changes for 12 to 14 days. The medium was thereafter switched to an extraembryonic
promoting medium, e. g. VitroHES™ without FGF2 supplemented with 4 ng/ml of RA
and the cells cultured under this conditions for 14 days. The medium was changed 6

times during this culture.

Example 3
Generation of epithelial endodermal cell line from extraembryonic endoderm
Progenitor cells obtained in Example 1 above were mechanically dissected and re-

plated on fresh feeder after 7 days. The cells were further passaged after 7 days using
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The amount of all growth additives to be used to

pronote generation and propagati on of endoder nal
wonrog@igers cells of type B may be from about PATEG2095/010582

to about 200 ng/m, such a§6from about 0.5 ng/m to

about 100 ng/m, from about 1 ng/m to about 50 ng/m,

Try%n?ﬁb"f‘?%gﬁ Jt@%‘) fc}r/% nrﬁm\té% and tRGEA susEé%r@%é’Wa@hed and

om about %'p t o about ™
centtlﬂlg@g/dm‘ce ot70F g, cﬁmnablmw an,d trans{ersed tog:ql-lg:p re flgskgjn VitroHES

: ! Ve @%411%& bembre&han
(- of Bred BplTol T AR P e AR SR
10 passlgbsr mal progenitor cells of type B can of course be
used. O her aspects of the invention In other aspects
the present invention relates to the use of
Freémm&thHWMmd(éhe:eeMlme abtgirfiched by t he net hod
L b dafunTesticeh niiigRd, washed
ThencﬁJ %ppei]gm? S'{(;:ae# «{blle?[ ”E%dg? g%‘%ﬁ?ﬁon and/orr)trb;é eat ment
in cmfunpgwmimg|(@7s°co|andweseas@yiedarmﬁeazeomeﬂiugs(ﬁ‘eto 8°C). The freeze-
me(ij vrﬂ?ﬁﬁglg ?CU@E‘F\B ristiurft sgpple%gﬁeg%ﬂtﬁr‘l‘bb/?b'l\ﬁ@l) Ofhel de¥i§ vere

revention or treatment of netabolic
frozpatahalcelgdmsnamabm nnlllcs’ewlagnL Frawpll susnensign yeasAliguetRg in 1.8

mL &g Tsﬁxpe%@\le(ﬁg Ni¥c h’ﬁerﬂé@éﬁ%ﬂtﬂpéﬁg( ‘NY)tarn@EfFo%gn @b()w@ (-

I'si ng hépat ocyt e- e cel
1° Cﬁﬁlh?éﬁ&ld)%rovmmblﬂfoe e’elalastgjoromp,sthgm tramsf@rrredjtos@ I‘IW grtrogwn tank

order such r
for F&FPEOPHBQ ragg H’ﬁ@‘{vggoq e calls s gpégﬁ Eblld tR4wing by placing the
CryQT’é?désnh derd &ated bath wreil cdihﬁl%@ﬁhswedadmdfemﬂgéthg suspension to

al coh oI abuse, es._caus Vi
orefsien (477 S) Bt ehr fr A gy S Geem Hersr g s Bifgyesh in
culta%sduhmm G)Qii@tr‘egmsehgo@m @ltuphaediace The dadwedr celjs were

nd t unor rerm}:/) ' Patl etnt S fsufferlrn ”fsr ome. g.

the'l*]é?%ﬁ‘i‘@é? Aggcaided 2PEYS ﬁﬁopﬁga 9N T ProgeRie” Widect s, the

invention relates to the use of obtained

hepat ocyte-like cells in in vitro nodels for studying
Exar@lb'ﬁt"ogene& S, such as, e.g., early hepatogenesis or

Gehdtatibn ‘thbpaf&%ﬂ Bkd Oéllﬁwmiﬁfehaﬁwtmheqfqomgamtmecells obtained
di sorders. Furthernore, the invention relates to use

in B¥anye di ned hepatocyte-like cells in a drug di scovery
To f?{e%%‘épalaﬁbﬁ Shtainep @t Bxample i taydltf@ehtlat@nlmedwmr Witioh ES™

corgag;glgéﬁl,tgoo |r\4$pq s A égb\ghlpg‘ﬁ}en%e Igw%gegﬁ Q?Poﬁ“&?{g%thout

melighfdsgt® nethods for treatment of
hepat ocyt esusceptible

Example 5

Generation of hepatocyte-like cells by differentiation of progenitor cells obtained
in Example 2

To the cell population obtained in Example 2 a differentiation medium containing 1%
DMSO, in which the cells were cultured for 14 days with one medium change.

Example 6

Generation of hepatocyte-like cells by differentiation of hBS cells via endodermal
progenitor cells of type B

hBS cells co-cultured with mouse embryonic fibroblasts were left to differentiate in
VitroHES™ with 4 ng/mL FGF-2 for seven days without medium change. To induce
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di sorders or conditions of an animal including a human

by adm ni stration an effective anount hepatocyte-like
woebde3atss ai ned according to the invention. SueQTaP2005/010582

hepat ocyt e- suscepti bl e di so ger or condition nmay be a

l'iver disorder, such as, e.é., auto i mmune di sorders

ded rhiveu g'lg%ge:% '\/ﬂpd’l-}ﬁém d\htﬂfﬂt EGES WQ@E@ppléFﬁérﬂQ@ Wit ActivinA (R&D

rs i ncluding dem a; liver disorders
Systamsangynl er UGFa(]Qf@leondb@é@tloﬂ@l%%%@/% Nedigayvasychanged twice

a %Véei(uﬁﬁér RAGH s§§er‘b§a§% the NRIRIN Whs cangeSto %r\ﬂtroHE\STM hasel

FosSI's cause acute toxic reactlions

mepliamn mtbetuttgrowlh fdctogfsanda‘ri’@ NSB end &aeh/far aqiw'cm fl\é%'t‘i%vs with

ond Hdilh %galiac_{ OMaft- t eﬁm&&ﬁé Lyak %ﬁa@&mwegﬁ fter five to
F RS SO re es to a Qsi tion of endodeor nal
semrowmh@me@elnh slaal@hamgﬁéldolVrlir nEE% isHpplemgniagopthy1% DMSO

e, o ol east

anf REBR bl Sl E bl BN tndioe o e
selected fromthe group consisting of HNF3beta, Pdx1 ,
Xgat 4, Cdx2 and Sox 17 and without the majority of the

E €éxpressing one or nore markers for

Imuih dcyesshienishlechdr@Gedieation of calls alitaingdoup consi sti ng
of _Nano EA-3, SSEA-4, GCTM 2, Tra-1-60 or

(Sqqggﬁreggto ot her enbodinent relates to a preparation

TheffoltRpag Aeykers Iviekeusel, fs: obt ai ned by a method as
descri bed herein, wherein the amount of

hepat ocyte-li ke cells may be at |east 50% of the total

n‘aehérnmra\cag%wt@rrheué‘@cfypasx e. g. c@hbihathsiof @0 aatl Pdetst

% at | east 80% at ast 90% at |east_ 95% at
Endeagrﬂmé@%ge@twﬂ s of W@% at | eSpLIBERN BrRg N s bINF 30

heﬁ%{%eil'mg Aild a@{\/@at\,qaat ed cells may display the

entdﬁ@ermﬁl pmeﬁgorplw& oefrs]tg;{)q%gpg EI tgALI' 18LAE\EPEI§%§I9 nd a?oumln

unlfRWAtBted ESBalsa and ASGPR | OctinSSEer4, aupecs) andiEra-181
progenitor cells are differentiated into

hepat ocyte-like cells, which may be characterized by
WE%SDJI%IG&MESné)\fveFe%n@% b-res k@lbao)Aﬁyil'atloAﬁ:rPél"/olM(BH-hstolab)

peaopaslizaliB n Aserit o TP AbBE) o EeEaL MoyniBp B E (AKO)

wé e%ﬁgpl%%ﬁﬁ‘ﬂfﬂg b6 Rl AGIdR stdifieyPoerel ;:ﬁi‘u'ﬁoﬂnsd fvito 5 Og/mi
er cell types obtained, such as e. g. separating

DAlﬁle(Slg ma).

Primary antibodies were incubated over night at 4°C and the secondary antibody
together with DAPI for between 40 and 60 minutes dark at room temperature.

Dilutions and conjugating secondary antibodies:

SSEA-4 (1:200) (Developmental Studies Hybridoma Bank) - mouse igG (Southern
Biotech)(1:200) - FITC

Tra1-60 (1:250) (Developmental Studies Hybridoma Bank) - mouse IgM (Southern
Biotech), (1:200) - Rhodamine
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ext raenbryoni c endodermal cells obtained in step (i)
fromthe other cell types possibly present by using a
weubtcanksa3 conbi nati on of antigen markers. The PAQVAERRI06/M10582
al so relates to nethods for3€etecting the effect of
the progenitor cells or the“hepatocyte-like cells
bt al.ned. f Ehken Juern
et e RS L LA A P
Biopemhiyt(4:200h- BRhodldmihar t her aspects the present invention
relates to use of the hepatocyte-like cells in drug
di scovery and drug devel opnent for screenin? of
Oct) (¢ G500A (D avetpinzanta StudiesaHykiidgata Bankiomause 19fe gat(Peuthern
di ffereptiati: SO . i ntermedi ary endoder ma
Blogchagﬁgy@rsgé%?@g),@1{-§®ygg€tp\ and/ or B obt ai ned herein
may be used as a target to study hepatic maturation by
t he expo . i ] el dos —
Bracdivg. Hagot e Befios Sy FIRER! Fraaphfe AARBGAGKP(15005
Rheesraibel i ¢ studi es by anal ysing the phase 1
bi ot ransformati on or netabolising system i.e. the
cytochrome P 450, the phase Il biotransformation
or:enzynes that catalyze the conjugation of electrophilic
xenobi otics with glutathione (GSH),and/ or multidrug
resi stance protein orP-glycoprotein which is a .
Bradhgosp ot 10Q) et rabbit tgéat), (FBPORXBente Gtz Bintechisifoyyaieasit-Cy3
and ot her bstrat mthe cell as described
<*%£?%?&Fm$W§%%%€§ J%%P&*@?%ﬁ cel|'s obtained nay as wel |
be used for toxicity typing of certain chem ca

unds of | snfNesfld i ries

HNTRERGY e£EaD) < s MG TP P Lt aRaR ToAKER At EhbBrcirce)
(1:pBOY¥-oFME in any suitable format such as |ow, mnedium

and possibly high through-put. Preferred is a

mul ti-well format conpatible with automation. Further
Pda$ p c10D0R (etcesdhihd ugbrecaderpisecatiatiaratian) trabbip [gén glagkson

claips. The L] tds W . i d under
imfrofEperrad pefeBonBs SR8 D BRI 200 S RIBRURERy {0 e

ot her aspects of the invention. The invention is

further illustrated by the follow ng figures: Figure
Of1: A schene describing the early endoder nal

devel opnent. Figure 2: A flow chart describing the

pd5t (9% d) YeBRRETSE 1 &5 of raBEPREGEL&Oh It fhuAERESearch

Laboratories or DAKO), 1:500 — Rhodamine

AAT (1:200) (ABCAM) - rabbit IgG (Jackson ImmunoResearch Laboratories or DAKO),
(1:500) — Rhodamine

CK18 (1:200)(DAKO) - mouse IgG (Southern Biotech)(1:200) — FITC

Albumin (1:50) (DAKO) -rabbit IgG (Jackson ImmunoResearch Laboratories or DAKO),
(1:500)- FITC

LFABP (1:250) (Santa Cruz) - goat IgG, (1:500), + Streptavidin (DAKO/Vector
Laboratories), (1:250) —Rhodamine/FITC
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fromundifferentiated hBS cells via endoder mal
progenitor cells of type A and B. Figure 3:
wolepwioowyse-|1 i ke cells fromhBS cell |ine SAOORPCEEPA®YF/010582
16 using protocol (A). I\/brpggl ogy is shown in A,
positive reactions for HNF3beéta in B, LFABP in C,

AFéI Agglgi(e)p%gﬁlgrga) %Euéé‘llg'égélﬂé%gth'eﬂw Biotdch§ Ui 806} - Rhodamine

progenito type B after 14 days in
culture. A) Brachyury and B) HNF3b positive (protocol

Reg&% . Figure 5: Endodermal progenitor cell s of type A
er 12 days in culture. A) Cct-4 and B)
Aftpoapiroxienately d¢ dews culjure Théedday BieTSAFCRIdiNg tﬁéw Bré’tOCO'

degﬁg)%é')?g%\g?%g Sy; B Irméep;a%cﬁ/u ke rﬁarthPs \X/&leléimégge@fb@ﬁ@bﬁéeyte like

are’inc erein for 1llustrative

celsuoigaised irboth pavidcels.e not intended to linit the scope

of the invention in any way. The general nethods

descri bed herein are well known to a person skilled in
Reférenaes and all reagents and buffers are readily

avai |l abl e, either comercially or easily prepared

according to well-established protocols in thehands of
Waellspér oand MeltbrmdD.i Eatig mause enflpderadapatierdad byspliblefactors

7 mdity
fro %ﬁp?‘%g%?hn%é% ag%u Eﬁéﬁﬁ'ﬁgﬁ ||sg8)3%§%wvm 03/ 055992
(to the same Applicant) on 10 July 2003 a suitable

Coglgé \Peiii\lsflg ?q%:l(/lgmn'érﬁ ng ihg ?)I gaggfé% '\/Qgéjral ditiodBEN

present” I nvention; ell's enpl oyed in
dnftemmtananphesammnenm ’dnee%adbmuﬁ@@nqu hidevaiqameriicl ai med

92, which her eb ted b
19pR P el o 1 Cenerati o of endodermal
progeni tor cells of type A fromhBS cells cultured on
gd
R Ste e AU Ea s R B S Brarh i Eibyonk
MauspRantezeisddduée Bifférantjatin dfiEmarFamplyopicriiemresjisdyto Beta-
cE el lip Frolid I FESR bRkt ddodbeedi um changes for

Ium was thereafter switched to an
extraerrbryonlc pronoting medium e. g. VitroHES(tm

GOVIV(IJII hg UN g %:lgaﬁ’élgmn%ﬂe{)t @d(Zwbé)hParacrme action of FGF4 during

periimplantation development maintains trophectoderm and primitive endoderm.
Genesis; 36(1):40-47.

Kubo A., Shinozaki, K., Shannon, J. M., Kouskoff, V., Kennedy, M., Woo, S., Fehling,
H. J. and Keller, G. (2004). Development of definitive endoderm from embryonic stem
cells in culture. Development; 131(7): 1651-1662.

Rambhatla, L., Chiu, C. P., Kundu, P., Peng, Y. and Carpenter, M. K. (2003).
Generation of hepatocyte-like cells from human embryonic stem cells. Cell
Transplant.;12(1):1-11.

Smedberg, J. L., Smith, E. R., Capo-Chichi, C. D., Frolov, A., Yang, D. H., Godwin, A.
K., Xu, X. X. (2002). Ras/MAPK pathway confers basement membrane dependence
upon endoderm differentiation of embryonic carcinoma cells. J Biol Chem.;
25;277(43):40911-40918.
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4 ng/m of RA and the cells cultured under this
conditions for seven days. The nedi um was changed once
wduaoierng4sosll t ure. Anot her extraenbryoni ¢ pronot PAQG/EP2005/010582
medi um used was VitroHES(tn)(?upplenented with 20
ng/m BWMP2. The cells were cultured for seven days in
this nmedi um and the nedi um changed once. Exanple 2
Generation of endodermal progenitor cells of type A
U$2@1R0RBE7 3 dienateaytas priesny ae drugesqresning By de diomyembryonic
st&M! detE qgla,?gmlgptm kagl(tm (BD Biosciences) in
Vi t r oHES ned|un1supplenented wth 4 ng/m DbFGF
(FGF2) were left to differentiate wi thout nedi um
U§W§f ﬁ@ﬁatégyté ﬁnéfgeq',@@ der\R8 ERd bRbYRAL §t5ﬁlrc%ﬂ§ tC%rpen’ter
hed to an extraenbryonic pronoting nedium e. g.
M‘Jﬁ leItQHES(t m wthout FGF2 suppl enented with 4 ng/m of
RA and the cells cultured under this conditions for 14
S. The nmedi um was changed 6 tines during this
U% 58588, Heratapite llaeag@rféﬂager@@déror@piw'h@qenw erfgdeidraragnter,
M@@ 4 |line from extraenmbryoni c endoderm Progeni tor
S obtained in Exanple 1 above were nechanically
dlssected and replated on fresh feeder after 7 days.
The cells were further passaged after 7 days
usi ngTrypsi n- EDTA, 0.05M (G bco) for 3 mnutes and the
cell suspension was washed and centrifuged once (170
g, 5 mnutes) and transferred to cell culture fl asks
in VitroHES(tm (+ bFG, 4 ng/m ). The cell was
thereafter passaged every 3 to 4th day for nore than
10 passages. Freezing and thawing of the cell Iine
obt ai ned The cell suspension was collected, diluted in
cul ture nmedium (37C), pelleted, washed in culturing
medi um (37C) and resuspended in freeze-nedium (4 to
8C). The freezemedi um consi sted of culturing nedi um
suppl enented with 10% DMSO. The cells were frozen at a
cell density of one mllion cells/nL The cel
suspensi on was aliquoted in 1.8
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nm. Nunc CryoTubes (Nalge Nunc International,
Rochester, NY) and frozen slowy (- 1C mn) at -80 0C
woverssgB or at |least for 2 h, then transferredTED2®5/010582
liquid nitrogen tank for prg{jonged storage. Thaw ng of
the cells was done by a raprd thawi ng by placing the
ClaiCryoTubes in 370C water bath until conpletely thawed,
PPansferri ng the suspension to preheated (37C? cul ture
1. Amedhohfboobtainiigrendsdermal eipgeniier esdlslagd uditer gliffesentiatyg these

wash i.n ecul L .and resuspension in
to h%RﬂwEPFS I%é&%ﬁ%ngogﬁgélmﬁg%sél s were then seeded, as
descri bed above for propagati on of progenitor cells.

i gix ﬁ@ﬁt@oﬂ@ﬁ%@%ﬁé B% &fis R@@%ﬁ@g alunk® @cﬁéig%_if’@fentiated cells

rogenit S obtained in
Ex afpvieci afMeastrefraeion gidam atd endogbtaamsepeviossalispl e 1

o oa ditferentialon red i hhined fstep |

i) nier oGy HoROTek Tbndbdd Optropghicr eptsmiiney Hasp )
daysing ehdedermetiprogenitern getype Bxaitfivrersiodaine! RIqasRites of type
hepat ocyte-like cells by differentiation of progenitor
celTs obtained in Exanple 2 To the cell popul atjon

iiy obiaitivedIly, WeBcanipng the faadion Péthermella pbigmersdi Biem i) being

cont aj.ni na,. 19 in which the cells were cul tured
foPnéAf?%fgaggt\?ém%t %r%‘g’ medi um change. Exanpl

e 6
iv) Gemptizhially) sefectiep atioenandoi¢nal pesidesitescelis pf Wpe Atgrendegermal
of hBS cell [ O hs of type B
hBS @&ft" Orc‘%—”%ﬁ Egéﬁgf#@mﬁ?ﬁé %%%g%%g%os@osﬁ%ch’fi brobl ast s
v) wersabjedtingttbe enfiddareat pragenitan cells efdwEBtaemARBitiAN gbtained in

ng/ FGE-2 \f.or .sev ' j change. To
" creRag A SATE 8RR of b Rl ot r 2

to o laepploentedikedtells.t h Acti vi nA (R&D Systens) 5ng/m or
HG- (Chem con International) 8ng/m . Medi um was
changed twice a week. After five to seven days the

2. Amedinand aeerdinghgeldin 6, whareinrtbeIBS(ealp abakR catsdi um
wi t hout growth factors and 1% DVSO and kept for
additional five days with

3. A method according to claim 1 or 2, wherein step iv) is included.

4. A method according to any of the preceding claims, wherein the endodermal
progenitor cells obtained in step i) or iv), if relevant, are subjected to protocol A as

described herein.

5. A method according to claim 4, wherein the fraction of endodermal progenitor cells
of type A obtained in steps i) or iv) is larger than the fraction of endodermal progenitor

cells of type B obtained in steps i) or iv).

6. A method according to claims 4 or 5, wherein protocol A comprises the following

steps:

A-1) subijecting the endodermal progenitor cells of known composition obtained in
steps i) or iv), if relevant, to a growth medium and optionally, changing the growth

medium after suitable period(s) of time,

SUBSTITUTE SHEET (RULE 26)
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one medi um change. Half the medium vol ume was changed

twice a week. After five to seven days the nmedi um was
woheosgae780 VitroHES(tm suppl enmented with 1% BVBE®P206/010582

kept for additional five days with one half-volune

medi um change. Exanple 7 | nocyt ochem cal

A-2)gh%&%@ﬂ%ﬁ?%i%dgfmglﬁiéége%F abiRest KnSeR cbirpekiasn Sbtamed in

) Ihe oW ng mar wer e used, for: Endoder nal
steppli)oy¢ i Adh) by eldditiass oftqyp@rmor@(gmwwaqrpgwtlag agents and

- Pdx 1. ey i [+ ) .
A 3)(?oﬁé}l(ﬁ%ﬂ?g%rsg%bgﬁg@%;gp%ggﬁ@%ﬂ@%fgbﬁ2}62?81593% _olruia l(()re more times
leading todurtteariewpan sipa oéadidfelisral progenitors cells of type

A"”ﬁn ﬁl{dfuf@r e Peéﬁielr%t eéﬂ‘ﬁbg cgﬂ S :e@%é)rt %’fﬂg é.%lltEA 4, lﬂ'ﬁeg-sll)-’ évc)) /;_r?; ()Iior o
3) by eadii@1ofenshers manel differentieting 29&H& done in D PBS
to o%@n%%tqc@{e& Ohlisi N 4% PFA (Histol ab),
romeabiirzation in 0.5%riton X-100 (Sigm).
Fl uorescent Mounting Medi um (DAKO was used for

naunt | I : g LiRi 148 i -A-
7. AR S 5 il 855 et Scpeptomad) s
are cultuéchinel2 dinee NS GAtCUBYreABORIISNS heUrERSEJA dAYSP tBﬁPP'L‘*o%fiPefe-

together with DAPI for between 40 and 60 m nutes dark

at roomtenperature. D lutions and conjugating
8. Aseeibnd acgording i tocafivenf claBEA- 4 v(hereipdioy raeiopef Ip gptained in

St udi i . . ) 0
sor AR PRGBS OB e 1
sucSpsm.gs aHebsti toYha aBeak) 20% najes Q@ﬁ@,@g t1130%, atleast 40%, at

I-Qt e : - i . .
g e R S s
sanfpBoof thesencdisot ech), ( 1:200) - Rhodamine Cct 4, (1

: 500) (Devel opnental Studies Hybridoma Bank) - nouse

I gG 2b (Sout hern Bi ot echnol ogy Associ at es), (t 1: 503b
9. A fRETRGd according to any of claims 4-8, wherein the fraction of the cells dbtained in

step i) and/or step iv) that are undifferentiated BS cells is less than 85% such as, e.g.,

less than 70%, such as, e.g., less than 60%, less than 50%, or less than 40% as

evidenced in a sample of these cells.

10. A method according to any claims 4-9, wherein the endodermal progenitor cells of

type A obtained in step i) are selected by inclusion of step iv).

11. A method according to claim 10, wherein the endodermal progenitor cells of type A
are selected by
a) using neomycin selection in culture and/or

b) using flow cytometry.

12. A method according to any of claims 4-11, wherein FGF 2 is added to the growth

medium in step i).
13. A method according to claim 12, wherein FGF 2 is added fo a concentration from

about 0.1 ng/ml to about 200 ng/ml, such as, e.g., from about 0.5ng/nl to about 100
ng/ml, from about 1 ng/ml to about 50 ng/ml, from about 1 ng/ml to about 25 ng/ml,

SUBSTITUTE SHEET (RULE 26)
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Brachyury, ( 1 :1000), rabbit 1gG (access through
academ c collaboration), ( 1 :500) - Rhodam ne or:

waremlwgas7y, (1:1000) - rabbit 19G (), (1:500) eSamP2005/010582
Cruz Biotechnol ogy) - rabbit-Cy3 (Jackson
| nmunoResearch Laboratorie HNF3bet a, (1:500) - goat

I 1 - r ol
rom gt &P 0500 DR RO Bt 10 ngi, fom sbou
3 ngtrhirtoagbuteécagleti ¢ col | aborati on); rabbit 1gG (Jackson

| munoResear ch Laboratories and/or DAKO, 1:500 -

Rhodam ne or: Pdx1, (1:500) (ABCAM (ab 19379); rabbit
14. A giiieaconing toramyeiRelsEas ¢h! L.awrein dhe e8¢ oF MYAKeOV-

: - Tor Gl s AEEAN isfsti
prOW?}'g@;?@Sﬂé%%ﬁ%ﬁl e%@%@%fé&%ﬁ ori es gFOJ AKO)IsfSt“Ie%aS%%)’
FGF4, &ibBEIFZne CK18 (1:200) (DAKO) - nouse |gG (Southern

Bi otech) (1:200) - FITC Al bumin ( 1:50) (DAKO -rabbit
I gG (Jackson I mmunoResearch Laboratories or DAKO
15. Amemmg accBidIigy ook {41 WPBain(tea eNa OO § QIOV&Bs&fO'%ﬂS@Q agents
' 5Q0), + J i di '
are iR b cofipat A YRS D M 0 %F’@‘“""ngg'@%?tgé@ﬁ%“"“ Y
e.g.{fRantbeutrd. Bngin dhpboyt BOA owg/m, fmmaaﬁwgn By P ?PO‘A@%@%Q/W’
fronggcgo&%i'é@/r%\ % #éug{i‘%q?%@g}ﬁ b6 Sbuk 98RARI lARILE200 ng/ml, from

tot escri bed previously all
aboliepaholoy teabokd Ofmgkalr omealeous el Explrqut 50 ng/ml, from about 3

hepat ocyi-e- |,i ' [
S e e R M LV R T A A s
aboetgloglelm i s patterned by sol uble factors from adj acent
germ | ayers. Devel opnment. 2000, 127(8): 1563-72.

16. A method according to any of claims 4-15, wherein the fraction of the cells obtained
in step A-2) that are endodermal progenitor cells of type A is at least 20%, such as,
e.g., at least 30%, at least 40%, atleast 50%, at least 60%, at least 70%, at least 80%,

at least 85% or at least 90% as evidenced in a sample of these cells.

17. A method according to any of claims 4-16, wherein the endodermal progenitor cells

of type A are identified by positive reaction for Oct-4.

18. A method according to any of claims 4-16, wherein the endodermal progenitor cells
of type A are identified by positive reaction for a marker selected of the group
consisting of HNF3beta, Gata4, Cdx2, Sox17 and Pdx1 such as a positive reaction of
at least one of the following markers, such as, e.g., at least two of the following
markers, at least three of the following markers, at least four of the following markers,
at least five of the following markers: HNF3beta, Gata4, Cdx2, Sox17 and Pdx1.

19. A method according to any of claims 4-18, wherein the endodermal progenitor cells
of type A are identified by positive reaction for HNF3beta, Gata4, Cdx2, and Pdx1.

20. A method according to any of clainns 4-19, wherein the endodermal progenitor cells

of type A are identified by a positive reaction for Oct-4 in combination with any of the
following markers: HNF3beta, Gatad, Cdx2, Sox17 and Pdx1.

SUBSTITUTE SHEET (RULE 26)
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Coucouvanis E. and Martin G R BM signaling plays a
role in visceral endodermdifferentiation and
woawvictiasd7en i n the early nouse enbryo. Devel opRETEP2005/010582

1999; 126(3) : 535-546. [Brolen, GKC, Heins. N, Edsbagge.
J, and Senb. H, Signals Fr gaw t he Enbryoni c Mouse
Pancreas Induce Differentiation of Human Enbryonic
StemCells Into Beta- Cell-Like Insulin-Producin

21. Sahétsod Bicandingto By, of niFHP 4¢3, whareirsstay Azhds incl ludda.
Papai oannou, V. E. (2003). Paracrine action of FGF4
during periinplantation devel opnment maintain

22. Amogthedt acadeding tmanyoefiotaime ve2 e Mistad Ehe e@rﬁ@év%ﬂ of endodermal

prog%@m t&r) e#lg oflgyp Iﬁkg%cﬁedasegmnf?\%ﬁ%‘&or oat Ie%@ﬁﬂ@gﬂh ad; e W, a factor

or 1Rer hmre E’GaC‘(OQOUZQ or meree Rdpsieiel 169 Oﬂé'T‘Prﬁi @,fg%t%ﬂfd%’;}peqrrﬂlore a
fact§ @rgp)%r&) {%cgg {‘@%&o‘? '@&aﬁﬂ% 'o?m'oFb &4 tabicr of D08l rimdretafter step A-

hat | L., Chiu, C P., Kundu,
2) oPA:3)Peng, Y. and Carpenter, l\/l K. (2003). Generation
of hepatocyte-like cells from human errbryoni c stem
cells. Cel/l/ 7ralisp/anf.;12(1):1-1 1. Smedberg
23. Snnethpd BccaRding Gapay: aialajis 4- wbere"FcftBP epe OAmor%’ﬂfbefe'B'a““g

ageggsnc%f g) g'%errendg &ic gger(tg_OOZ) Ras/ MAPK pat hway

rane pendence upon endoderm
differentiation of enbryonic carcinoma cells. J Biol

. od 2edrdi Ia wWhitdR L8idu Y h
20 S R 0 3 PR BR0AGR Bty e
enbryonic stemcells, Carpenter, MK et al US6506574,

25. g‘erﬁ%ﬁwgg é@orh l'ng %‘gﬁ'\?ﬁ %3 |05 04 Z\fll‘\%%ﬁé i@% %Mrm%r’gﬁ;ﬁé}tbgﬁétm@

agdntmageermZymeMucv@oaqe\nmﬁqm@d R ehe 959%%@@@9 of DMSO,
eth%r}]o(hDGGQE%r ha%#e Phe ﬁbt%rglé nd-urdy.met hod for obtaining

errra progeni I's and further
differentiating these to hepatocyte-like cells

26.%0%{%8 ia@gor{‘jmﬁ 15 bR 25, wherein DMSO is added to a concentration from
about 0.5% to about 10%, such as, e.g., from about 0.5% to about 9%, from about
0.6% to about 8%, from about 0.6% to about 7%, from about 0.7% to about 6%, from
about 0.7% to about 5%, from about 0.7% to about 4% , from about 0.8% to about 3%,
from about 0.8% to about 2%, from about 0.8% to about 1.8%, from about 0.8% to
about 1.6%, from about 0.9% to about 1.4%, from about 0.9% to about 1.2%, from
about 0.9% to about 1.1%.

27. A method according to any of claims 23-26, wherein the differentiating agent is an

alcohol, such as, e.g. ethanol.

28. A method according to any of claims 4-27, wherein the fraction of the cells obtained
in step A-4) that are hepatocyte-like cells is at least 5%, such as, e.g., at least 10%, at
least 20%, at least 30%, at least 40%, at least 50%, at least 60%, at least 70%, at least

80%, at least 90% as evidenced in a sample of these cells.
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i) Invitro differentiating BS cells in a growth
mediumto obtain differentiated cells of which at
Wwoeemsto3g78racti on of them are endoder mal progeRCT/EP2005/010582
cells, ii) determning the %racti on of the endoder nal
progeni tor cells obtained % st ep i) being endoder nal

29. %? t og}eorgy ! o%)rdjn totc}gi)rﬂ 8 ane Wth@%@ﬁ%ﬁﬁ@llk@%@l&eéké @éﬁtlﬁﬁd by

pt ona eterm ni ng fractjon
posm\fee'eaetldns‘om)tr@rmGeientesit(é e groge pﬂ@smwauqfﬁ@rugﬂﬂ éfg’dAAT

CK ﬁ‘?&gﬁhh gybva)n opidemal Iy, selecting either endodernal

Is of type A or endodernmal progenitor
cells of type Bfromthe cells obtained in step i), v)

s R B 425 S Tl Ry onl s o
pOSIWeOrteecmﬁn far wlrle&t@esd thecfalloveng markess. &b‘?ﬁlaﬁ eg.,at "least two of

thethﬁgwtoc rkers, ‘F 'te o12the'?bl Ma@(@ﬁ‘so%ﬂleagtftd@xr@fmdﬂ
P! i

s are hBS cel A me
followmgcmmkags, Bblea$téwmoj[tl”@rfo|20wmm anagkass, gt ngzs; §l)( of §he ?ollowmg

mar%ﬁrg(:%lgafrﬁla Aert@@qS%\z‘A@@b@g’ egﬂ sgpRfl the

wherei n t he endoder nal progenitor
cells obtained in step |) or iv), if relevant, are

51, BTSSP 1 0Pke £ 20 HRRAE ARSI oPecttor
lderﬁﬁ@wﬂppoﬂhvepeag@n|f0roalbkma|nl AFBf ART peK AB@EAiFAGRF 1 n

steps i) or iv) is larger than the fractlon of

endoder mal progenitor cells of type B obtained in
32. S\trﬁﬂﬁocﬂ gcarding Ja argy. of &lais Hedl, a@@fﬁl@thcfdrqqgor@pfaj:lf,;%cqilsd}btamed

in s;gpﬁ 4)5%181 %rg&rnﬁtff%f% tlaf%d LilsSERst an 2| Q}@h% %t @Pfe-ss than

e endoder na rogenitor cell
1% Kesshac 0r§¥0 as temden@ldtlalam@mmmOfst éifsCQ”? or |v) |f
relevant, to a growth nedium and optionally, changing
t he grovvth medi um after suitable period(s) of
33. 1A methéd a?cccempgltrdamygoftdmmerﬂd%ﬂjméﬁm artigied |BS ells are

ldergﬁa%iﬂ?)y \?esrlgtﬁgt?o 3P% heg §eﬂi$§éoefpo:m ke gloVip cB hsi%tul@ oPBSEA-

nore grow ting agents,
3, SSEA-4, GCTM-2, Tra1-60, Tra1-81, Nanog, and Oct-4.

34. A method according to claim 33, wherein the undifferentiated BS cells are identified
by positive reaction for at least one of said markers, such as, e.g., at least two of said
markers, at least three of said markers, at least four of said markers, at least five of

said markers.

35. A method according to claim 33 or 34, wherein the undifferentiated BS cells are
identified by positive reaction for SSEA-3, SSEA-4, GCTM-2, Tra1-60, Tra1-81, Nanog,
and Oct-4.

36. A method according to any claims 4-35, wherein the overall yield determined as the
percentage of the number of hepatocyte-like cells obtained in proportion to the number
of cells subjected to the method is at least 20% such as, €.9., atleast 30%, at least
40%, at least 50%, at least 60%, at least 70%, at least 80% or at least 90%.
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A-3) optionally, passaging the cells obtained in steps

i), iv) or A-2) one or nore times |eading to further
wexpwnsisos of said cells, A-4) inducing differeariEaeiosn1oss2

of the progenitor cells ob% ined in steps i), iv),

A-2) or A- 3) by addition éﬂ one or nore

37. Aglg{eﬁl%od%%b% ngl;gt? ﬂg %%@rmé f 3°\Wﬁé‘r‘eﬂ1 he Bﬁ&@d@r‘ﬁn@t ﬂ)ﬁogénltor cells

accordi ng t y cl ai ms %

obtalnke irestap ) iQelf relevant, ar@p@bwqte@)o 5[ 0th§ a%\daﬁcw?ﬁs erein.
cultured in a 2 dinensional culture conpr|3|ng a
surface to which the cells adhere. 8.

38. Aoethdi atgotding tarjeinf37c Wapiesn tme-iracmpfé;qqs ph@lqe,ddlats}e@r{) or
iv), it rregevgﬁ g%e‘s o B L S grdgrén%rerféllé N I?BQ/B% able88t 0.5%, et as,

proge A
e.g., ) Wasush, a’sleaﬁ 1@%, aateaste‘gﬁé’,ﬁ at a5 24, gfig@qtbé@f%r a&?eas‘i 30%,

asegﬁenc g%?%’gaﬁ)tp gse?sge( at | east 40% at |east 50%

east 0% at least 80% at |east 90%
as eV| denced in a sanple of these cells. 9. A nethod

39. ,gfn d %c:(g:lofc‘?nig))y o # & éﬁsw‘?ﬁe%m WRed8l B chiBriéédkif@lbwing

tained in step 1) and/or step iv) that
stepar e und| fferentiated BS cells is |l ess than 85% such
as, e.g., less than 70% such as, e.g., less than 60%
Iess than 50% or |ess than 40% as evi denced in
B- 1)sa|3pbject0fg thia eseodssakprogenitoncaltst i kaowe cemaPsition %btéi'i‘?d in

cla t
fy F% PA) 8rb'¥)é‘1 |fV|3@l§{/§“tnto ah%rowglrgglﬁgﬁéngg&gﬂﬁﬂy I@I?}%ﬁ@ﬁtg! lglﬁOf
of gsdveth madium after Wlh@bbmﬁdlod@ééﬂdﬁ‘ﬁg to claim 10,

\é\gleeré%rg J%g{;t%e%)rﬁgfgggrr’rﬁ?é ggéfﬁgﬁ'%ﬁso f K BWhToRfpob¥iBE obtafied in

usi ng cin se ection in culture
andtepri), b)) an$-higyf adslitionyaf @nepr gnore growih-RENHIAYI A9€B1Sdi ng

B-3).° &RF %g a;ﬂ& A&%ﬁ&ﬁ gi}elce%s o%irge%' i s{:eg:)n ?\g iop BasidRd drondrB@imes

according to
cI aeeamrithofunlmr@xpanQfsa@ erlded to a concentration

from abou
B-4%. naucfr\go({wersoueﬁlgé% e;]p ?gt 0 a%%%tdﬂ)%{oﬁgd inSHEHY) 39), B-2) or B-
3) by adding one or more dlfferentlatlng agents

to obtain hepatocyte-like cells.

40. A method according to claim 39, wherein the celis in step i), iv), and B-1) to B-4)

are cultured in a 2 dimensional culture comprising a surface to which the cells adhere.

41. A method according to any of claims 37-40, wherein the fraction of the cells
obtained in step i) and/or step iii) that is undifferentiated BS cells is less than 85% such
as, e.g., less than 70%, such as, e.g., less than 60%, less than 50%, or less than 40%

as evidenced in a sample of these cells.

42. A method according to any of claims 37-41, wherein the fraction of the cells
obtained in step i) and/or iii) that are ectodermal progenitor cells is less than 30% such
as, .., less than 20%, less than 10% or less than 5% as evidenced in a sample of

these cells.
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ng/m, fromabout 1 ng/m to about 50 ng/m, from

about 1 ng/m to about 25 ng/m ,fromabout 2 ng/m to
wahosto3®3ng/ m, fromabout 2 ng/m to about l1eCcmgPados/010582

from about 3 ng/m to abou175 ng/m. 14. A nethod

accordlng to any of clains 4-13, wherein the one or

43, Agror] Thod ¢ qc%mn|%5ttopc{n9'5‘PEl'anﬁs gggnt shadrare bﬂd&ieﬂﬂappragemﬁ)r

group consisting of RA, FGF4, and
cellsRi¥Bpe B Bbtaihedsn bied isare segried bydn@usiPhelIsier Wher ei n t he
one or nore grow h-pronoting agents are added to a
concentration of fromabout 0.1 ng/m to about % 5
44, Ang1erlﬂqd aagotvingsto drie. 43, whereiminatRogde ™S RiPIRNPRCEs i tyPe
fromabout 1 ng/m to about 600 ng/m, from
are eCt%]@éyS ng/m to about 400 ng/rnl, from about 2
a) umgg neomyx:nabeiactldﬂooChlg-lrmandfpfom about 2.5 ng/m to
fromabout 3 ng/m to about 50 ng/m,
b) U?F@ﬂ’v&ﬁl’g& ng/m to about 20 ng/m, from about 3.5
ng/m to about 20 ng/m or from about 4 to about 8

fdthad %ﬁ!})gdi?itg% %Ig\?‘ﬁ§ 8% AuNGhdRiraryF 2fis 6Hddd® the FRowth

fein the cells obtained in step
medAmZ)n g¢teaf) are endodernmal progenitor cells of type Ais
at | east 20% such as, e.g., at |least 30% at |east
40% at |east 50% at |east 60% at |east 70% at
46. AeasthoBas¢ording feeaiaim A5 whereinf GFehistaddeddad cayanbAtQRfrom

abokltrb i §/?@;&J> §P8ut %Bj@ﬁ‘glc @%rﬁas 3% WomébH@ttd"'%/ﬁ!Q@ Qbgiitmo

i N the endoder mal

ng/rpi; rgreiEboot 1 ogintldo eboutypeagimiafrem akavt | NoEH 18 AbRWAS R/,

& nvgts 9 RAROH GbBG: L0hgAY, flin about
fro"l:??% u&n'g%g/rﬁQB a%étr%ol r?yﬁ]%ér%e A(]'gr n&l progeni torgacel I's 5
3 ngaiinl toyabeuS agenli denti fied by positive reaction for a
mar ker sel ected of the group consisting of HNF3beta,

Gat a4, Cdx2, Sox1l7 and Pdx1l such as a positive
47. Aeaethod acairding td amysef aigies 377 -46 whetsin HRiNg ranare ggowth-

prorgi)tlr}ge%iet'ntst Hed |fi‘%tetp%’§¥ lsts\é’%c%fd fEdMR tHeQd rb Ve AesidTinG ko BBtivin A,

ree 0 'om ng markers, at |east four
nodafartdiéGFol | ow ng nar kers, at least five of the

foll owi ng markers: HNF3beta, Gata4, Cdx2, Sox1l7 and
Pdx1.

48. A method according to claim 47, wherein the growth-promoting agent is activin A.

49. A method according to claim 48, wherein activin A is added to a concentration of
from about 0.01 to 500 ug/ml such as, e.g., from about 0.05 to about 250 ug/ml, from
about 0.1 to about 200 pg/ml, from about 1 to about 100 pg/ml or from about 10 to
about 50 ug/l such as about 25 ug/ml.

50. A method according to claim 47, wherein the growth-promoting agent is HGF.
51. A method according to claim 50, wherein HGF is added to a concentration of from

about 0.01 to 500 ug/ml such as, e.g., from about 0.05 to about 250 ug/ml, from about
0.1 to about 200 ug/ml, from about 1 to about 100 ug/ml or from about 10 to about 50

ug/mi such as about 20 yg/mi.
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0 19. A nethod according to any of clains 4-18,
wherei n the endodermal progenitor cells of type A are

woOdesstosid7ed by positive reaction for HNF3bet a, PGRERZ(05/010582
Cdx2, and Pdx1 . 20. A nethpd according to any of
clainms 4- 19 mherein t he endodermal progenitor cells 5

O, Ihéfein BRCTAdBn bbthe cells
52. %e{r%ﬂ & CO | nat Pto'f Ehpsr dime 37 [ n

on wth any of the follo
obtaimad kestep BHRFBakEare endadesmal @eggn'tossﬁlfﬁféw g&.&% leas§ 2,5%,
such%_ g?.tg{“oﬁ Q4 9{5% |99, d Srit At ¥t fop CAPbVIEerbed th o ehmpRi o tisdsep

's” i ncl ude met hod according to any of
cellscl ai ns 4-21 , wherei n the popul ati on of endoder nal

progenitor cells of type Ais increased with a factor
of at |east 2 such as, a factor or

- . 10 or nore. a
53. A aethed agfcosiingio anyrod clagnq g&bgfwla)qrelfdbe spdgf.%(@:al pyogertitor

r Sitivé rd=RGdPfor afmaRer sledi®d 6f tha group
Ce”S g){p%BQEe @g%ﬂf% roe l\(grra factogr of 1000 or nore

con%ﬁtmgmfﬁrmywywwi:%e@)-. 23. A nethod according to
any of clains 4-22, wherein the one or nore
differentiating agents of step A-4) are

54. A mdtiochamotding ianyof SRiIMS 37'§§C‘UFQTPWgth? 3n8@§qr%%b%nr%5§nitor
cells\é\@e(‘yp% B af%fdgnﬁf@&' Ségllzéﬁondcﬁ’glﬁ@ﬁi@m&s Byadnberylander .

acco gtoca|m23 or 24, wherein the
HNFShetaor nore dlfferent| ating agents are liver enzyne
i nduci ng agents selected fromthe group consisting of

DVMBO, et hanol, dexanet hasone, Phenobar bi tas and urea.
55. R@netiiodratdesding tramydiislpims 3¢154; whensin sigR Bed)s WEBGPS

added to a concentration from about 0.5%to about 10%

such as, e.g., fromabout 0.5%to about 9% o#n%ﬁ]g |
56. Anﬁ%d;d)amdmg m@nyrcpfmlra@§7t550WB%etfb’fh§t988k"af7@}a Of grsiprerma

pro byt cel ( ‘13;88_%‘)9 %éﬁ ﬁltrAl’fmoelTﬂaéﬁJ@ 5} athJ&/OQt fQucheué. g5%factor

roma ut 4% from about 8% to ‘E

or 18%y rrfarema taotonof 60 e%npbe erfolactop of 16 %maf?o%ffeféteé’oﬁ gor B-3).
about 1.8% from about 0.8%to about 1.6% from about
0.9% to about 1.4% from about 0.9%to about 1. _

57. Amaethadbeatording 94 any eftkaims 8765, Wpereinthedng ”&%@&ff%ﬂ"ﬁﬁ'atmg

ageﬁgeoﬁ{gYepoéAEEge{ (g%hol FIngetofbss&its the differentiating

such as, e.g. ethanol.

58. A method according to claim 57, wherein said toxic agent is degradable by the liver.

59. A method according to claim 57 or 58, wherein the one or more differentiating
agents are liver enzyme inducing agents selected from the group consisting of DMSO,

ethanol, dexamethasone Phenobarbital and urea.
60. A method according to claim 59, wherein the differentiating agent is DMSO.

61. A method according to claim 60, wherein DMSO is added to a concentration from
about 0.5% to about 10%, such as, e.g., from about 0.5% to about 9%, from about
0.6% to about 8%, from about 0.6% to about 7%, from about 0.7% to about 6%, from
about 0.7% to about 5%, from about 0.7% to about 4%, from about 0.8% to about 3%,
from about 0.8% to about 2%, from about 0.8% to about 1.8%, from about 0.8% to
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28. A nethod according to any of clainms 4-27, wherein
the fraction of the cells obtained in step A-4) that
waneachagasocyte-1i ke cells is at |east 5%, sueQTa®2005/010582
e.g., at least 10% at leagt 20% at |east 30% at
| east 40% at |east 50% at” |east 60% at |east 70%
abodf}t 69 6ok S R ?E?oﬁzt oaéf’ﬁ 688 084, aorR b EEIT:6% th RbBUSBEN, foof

od according to claim 28,
abouma/e_tmabmém%at ocyt e-like cells sre identified by
positive rea;:u on for a marker selected of the group
consi sting of albumn, AFP, AAT, CK 18, LFABP P apd.
62. ABBERd BoordNaetany@f seiey &-Ay WiereindhePoe or Tek: &gﬁre{“ﬁ%mg

agerﬁ?B?etéWXlE@n& éﬁ%h%%'é? ghsndidentified by positive

react or at least one of the foll ow ng markers,
such as, ., at least two of the foll ow ng
63. Nﬁ{elfrfc{dsaccﬂdn# Fsny d?'i: fn®B2-Bhewhdrbinamé ngctﬁmtrch‘ehécelat
four o the owm ng markers, at |east five o

obtairied it eﬂeb@vﬂh@ah@new@pgtocﬁﬁ -like 58l ig klegpt §%hesy Ialsoﬁngngft least
O%%gtszgoxa'é?%%‘s QAFT lea%IO%Ch’t 1385t I56ABR: 1€8¥F5 Gkt least 70%,

od according to claim29 or 30,
at leabted08b, rat {dast a@%asowte@cw loea g28RQ ohfhese 8%?& ified by
positive reaction for album n, AFP, AAT, CK 18 and
LFABP. 32. A nethod accordin o any of 4-3]t..
64. Aretisrchacdoeding tecelaiond dH Mwherrin fheinapaisiy&r '%@d?e}'?]a%et'%%“ ified by
posi@%;@ea&ﬂﬁ* foRhnatREH Jef KI&NSri R SQJUB%oﬁﬁhﬂlr@hd)fSallbtﬁﬁlﬁ AFRAAT,
o such as, e.g., less than"1% less t 0. 5% as
CK 8 iLdféBPe @ YiFnard A8@PRe of these cells. 33. A nethod

according to any of clainms 4-32, wherein the

undi fferentiated BS cells are identified by t|ve
65. Aeaathodacdooding tnelaiked3 efd herein mﬁetﬂa@cg?eou% Is are

lderﬁﬁéﬁb%&bﬁﬁ/ﬁgfeaé%r a Iea%%%f"i\e 6f th@%—le@ng Madder®Guch as, e.g., at

A nmet hod accor di
least tvei of t88 follmmf‘rgemarkﬁfﬁe auﬁarﬁtfthr@feéwﬁtheaff)&a”@@”E’é\(?ré %{S%aS?fOUf
of ﬂ%edfg G;Sv{nﬁé E%r?é/rs péﬁ%és‘t ¥iée Biecﬁé? ?dll@\%‘/lnfg%arﬂbrs' Qﬁl&bst@b&oﬂﬁe

%< Cfeast two of

olldmgmamerawlbme,tAﬁl?wpé’eT & %%l'—(ﬁ:Ai%’r e sa”da/t\sﬁggst f our
of said markers, at |least five of said markers 35. A
met hod according to claim33 or 34, wherein

66. Aniethbe pecrrdiag é(dalasofmlw 63165, WHerRIN meéwpsw%@&kﬁ%s are

identifi Bsifi Y re T 3r aBanty, AFPCRAN 8K 1B antnGABAr al- 81
; , and -4,

67. A method according to any of claim 37-67, wherein the fraction of the cells obtained
in B-4) that are undifferentiated BS cells is less than 2%, such as, e.g., less than 1%,

less than 0.5% as evidenced in a sample of these cells.

68. A method according to any of claims 37-67, wherein undifferentiated BS cells are
identified by positive reaction for a marker selected from the group consisting of SSEA-
3, SSEA-4, GCTM-2, Tra1-60, Tra1-81, Nanog, and Oct-4. ‘

69. A method according to claim 68, wherein undifferentiated BS cells are identified by
positive reaction for at least one of said markers, such as, e.g., at least two of said
markers, at least three of said markers, at least four of said markers, at least five of

said markers.
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36. A nethod according to any clains 4-35, wherein the
overall yield determ ned as the percentage of the
wauanis@s408 hepat ocyte-1i ke cells obtained i n pPOP@EP2I06/M10582
to the nunber of cells sutq’ected to the nethod is at
| east 20% such as, e.g., | east 30% at |east 40%
at |l east 50% at |least 60% at least 70% at |east 80%
or at least 90% 37. A nethod accor_din to an %
70. Acinathod ate@dingtte ey af elRigscHIRY &YheEgin 9P '&erﬁnt'aeéd fells are

) r P Tradlod, St &G Nadog,
'dentfc% d%lyg}%g't'bg %Cﬁgn oi)erscrl ?édSShEeAr gl ﬁb?g/g Aramet hod HEk %9

and @cedrding to claim37, wherein the fraction of cells
obtained in step i) or iv), if relevant, that i's
endodermal progenitor cells of type Bis a ds;

71. mnté%odsamchrdm toe@ny of clatmg ¥=49. vet%re'attht @‘é%r?' 51'8% elgrmined as

by thg 2 enéazq? ofgﬁe h&ﬁ\ﬁer gfq]égaﬁﬁytefﬁﬁékelw@t@ihe@tn ér@p@ﬁtlorfﬁ&%te

n-a sa hese cells. q% ¢
numaercmfrcdllmgjbje;cteﬂ toi the :metlmd ig@t leaple e ﬁug} 8%: 5ol a’féeast %o, @

Ieaséﬂgp ?eeasslt 56“% dr % |Qui oy, steps: B-1) subjecting the

rogenitor cell's of known composi tion
obtai ned in step i) or iv), if relevant, to a growth

I C i ; dreggedi um
72. ’gﬁeéfto P?bt%fﬁ S{ek%iagoﬁ(tgﬁm%? g’tl{%erﬁﬁgl tth\eélg(parjr?;l ng the
endodermal progenitor cells of known conposition

A-i) Ob:ma\lll’f1 § glﬁje nsfliéf?i'ﬁgo?é’cellél ih ro@ﬂ%e@ﬁnﬁ@dﬂb‘télﬁGlﬂ@ferﬁlﬁ%d%lls

B-3) optignal }/
passwgnch at telaet a:eacbt@nattttmnm e@riqot@r@@!ecﬁoge}mtor GlIst tpe).
one I §|Aon of said
A-il) ¢ o PP ona@? 49)%leclt| ﬁte é?t%glj?r?neetrl gqu tg:égitclgtgdl:ellﬁép@ﬁ

t
A-iiic elsUisieciirigathe eddmdermabrprogemtor oglls aBtype /bpbﬁuneﬁ)m 5&%2 II) ori) to
addi € fferentiating agents to obtain
he;? ?qg%%% del%c'ke cel ?Iln 9470

40. A nethod according to claim
to oBt@in hdpataeyte-likkeeltsl | s in step i), iv), and B-1) to
B-4) are cultured in a 2 dinensional culture
conprising a surface to which the cells adhere 4 1. A
73. Aenétboll acmodiog tgclaion Bhyvhefeit fhe BE celfs a9 Bred'8i n t he
fraction of the cells obtained in step i) and/or step
iii) that is undifferentiated BS cells is |ess than
74. BR6thort heansding taclaim &2 or thaher@ystep iy igdnclyded. | ess
than 60% |ess than 50% or |ess than 40%
75. A method according to any of claims 72-74, wherein protocol A comprises the

following steps:

A-1) subjecting the endodermal progenitor cells of type A obtained in step A-i) or A-
ii), if relevant, to a growth medium and optionally, changing the growth medium
after suitable period(s) of time,

A-2) expanding the endodermal progenitor cells of known composition obtained in
steps A-i), A-ii) or A-1) by addition of one or more growth-promoting agents,

A-3) optionally, passaging the cells obtained in steps A-i), A-ii) or A-2) one or more
times leading to further expansion of said cells,

A-4) inducing differentiation of the progenitor cells obtained in steps A-i), A-ii), A-2)
or A-3) by addition of one or more differentiating agents,

to obtain hepatocyte-like cells.
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as evidenced in a sanple of these cells. 42. A nethod
according to any of clains 37-41 , wherein the
wonremtisea13of the cells obtained in step i) andPOT/EP2G05/010582
that are ectodermal progeniitor cells is |less than 30%
such as, e.g., less than 26@ | ess than 10% or | ess
than 5% as evidenced in a sanple of these cells.43. A
met hod according to any of clainms 37-42, wherein the.
76. Amieted redorging geainy ofrclaes 72-7 Wwhersin progschfieas Pefineddp any
ofc%ng% sel ected by inclusion of step iv). 44. A nethod
rding to claim43, wherein the endoder nmal
progenitor cells of type B are selected by a) using
neQNy.Ci i [ Lk H 8Lttt kdng: 1 ow
77. 3§ P R MRk R e Bt e, o e
37-44, wherein FGF 2 is added to the growh nediumin

St i : oL di L in d&reRiidted cells
B0 o s B P e e B L L e ;!
t 0 aftwith &0Gashg/freictions olctherds eadaglermakrspgeBivneels. @ﬁ\g? 7
.10 about, 1 ; ut 50
R L e D e e i it
B-jiaub osuibje2ting thd ertdodetsaalpraenitey aells of W@ﬁ%ﬁ%@ifle@%ﬁﬂ?ﬁ i) ppii) to
about. 10 #ag/m . fram.about 3 ng/m to about 5 ng/m.
47.prﬂtoﬁ8k$1§8£g§fgggpgfgﬁrg to any of clains 37-46, wherein
to dbkein bagatocytedikeecglisowmt hpr onot i ng agents added in step
B-2) is selected fromthe group consisting of activin
A, nodal and HGF. 48. A nethod according to claim47,
78 whertriod dcherdggduetceimpdnwheraty thg &St calls agebBIicallsa. 49. A
nmet hod according to claim 48, wherein activin Ais
added to a concentration of fromabout 0.01 to 500
79.Myfrkthosilazoring te.otpim 77rasfBawbereincstes Brip isiBeilted 50
mg/ M, fromabout 0.1 to about 200 ng/m, from about 1
to about 100 ng/m or from about 10 to about 50 ny/l
80.SAmletra sabondingb amy/ofitlain®07 7-A9 el Paeteer!d@ ermprises the
; cl ai mt47, wherei n the growt h-pronoting agent is HG-.
ollowing steps:

B-1) subjecting the endodermal progenitor cells of type B obtained in step B-i) or B-
ii), if relevant, to a growth medium and optionally, changing the growth medium
after suitable period(s) of time,

B-2) expanding the endodermal progenitor cells of type B obtained in step B-i), B-ii)
or B-1) by addition of one or more growth-promoting agents,

B-3) optionally, passaging the cells obtained in step B-i), B-ii) or B-2) one or more
times leading to further expansion of said cells,

B-4) inducing differentiation of the progenitor cells obtained in step B-i), B-ii), B-2) or
B-3) by adding one or more differentiating agents

to obtain hepatocyte-like cells.

81. A method according to any of claims 77-80, wherein protocol B is as defined in any
of claim 40-71.

82. Use of hepatocyte-like cells obtained by a method according to any of claims 1-81

in medicine.

SUBSTITUTE SHEET (RULE 26)
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51. A nethod according to claimb50, wherein HGF is

added to a concentration of fromabout 0.01 to 500
waouheslo3sash as, e.g., from about 0.05 to about PEBMP2005/010582

nmg/ M, fromabout 0.1 to about 200 ng/m, from about 1

to about 100 ng/mM or from%out 10 to about 50 ng/mn

such as about 20 ng/m .52. A nmethod according to any

of any of clains 37-51 , wherein the fraction of the
83.¢8el of heptiicytedike metis eyfaiBed py ehaethed acconding & amy of claims 1-81

. .progenitor_c . of i 0 i
n 1§ VgBThage Sl oPGebhRasReds P of ¥, Srherbtinesy

in a fsarrlpl e of these cells. 53. A nethod according to

n clains 37- 0 ot g gredMibnar -

o4. 1 & hopoRil-BE ot oHARERHY o MRy STBCHAIIG o BNFOTG e
in if Oftroamotelk for stelygthednarf hapatorggensRtyefisosdsrpg of

Brachyury and HNF3beta. 54. A nethod according to any

of clainms 37-53, wherein the endodermal progenitor
ss.:xﬂsé of lte‘l?atqpp’g-lﬂie;ueés pltaimei foy @ameijiod ecesdiapito apy shelgims 1-81

e. marker rac and HNF3beta. 55. A nethod

foré'éﬁa?ﬁldﬂbg ‘38003'39' %r&%ﬁsai ms 37-54, wherein step B-3) is

i ncluded. 56. A nethod according to any of clains

37-55, wherejn.the [ I '
96 474 & P AGroie e 1 BRHLRHER Rp B SpaTiAB o phgBenLEy -6t
fordn siromepatotexidaty testinbact or or 10 or nore, a factor of

50 or nore or a factor of 100 or nore after step B-2)

or B-3). 57. A nmethod according to any of clains

8730s&6f heyplswﬁcgltmlikehmlle nbtagredryramethot acaerdingt tp Ry /€At 1-81
of step.B-4 re_ or r j |
forae FRATUIRCLSP & o oy SREEror S frofth a2 wedment of
patk{blc_@@g@tﬁ%ﬂ disdmpes haudeidvmyrtiss 9 degeneration ds WS Sigwgtg% 0
clai m, r 5 wherein the one or nore
deﬂ???%%%h?ﬁﬁ?fﬁﬁuggents are |iver enzyme inducing
agﬁnts sel ect ed Lron1the group consi sting of DVBO
ef han ex t . it Al i
9LBR GBS AT T Co QPR 2 eiicd] ack iy ©ny W lafins 161
forttht fnedreMédtaveiolg ragicinalipsodivBr tiss treatmentefiyar diEREPH ng
to claim60, wherein DMSO i s added to a concentration

fromabout 0.5%to about 10% such as, e.g., from
80ale tof Aepdtotyte-tike véllsIHtainedby abiftod according to any of claims 1-81

for the manufacture of a medicinal product for the prevention and/or treatment of liver
disorders selected from the group consisting of auto immune disorders including
primary biliary cirrhosis; metabolic disorders including dyslipidemia; liver disorders
caused by e.g. alcohol abuse; diseases caused by viruses such as, e.g., hepatitis B, -
C, and, —A; liver necrosis caused by acute toxic reactions to e. g. pharmaceutical

drugs; and tumor removal in patients suffering from e. g. hepatocellular carcinoma.

90. Use of hepatocyte-like cells obtained by a method according to any of claims 1-81
for the manufacture of a medicinal product for the treatment and/or prevention of

metabolic pathologies and/or diseases.
91. A method for treatment of a hepatocyte-susceptible disorder or condition of an

animal including a human by administration an effective amount 'hepatocyte-like cells

obtained by a method according to any of claims 1-81 to the animal in need thereof.
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0.6%to about 8% from about 0.6%to about 7% from

about 0.7%to about 6% from about 0.7%to about 5%
woénrewoaksost 0. 7% to about 4% from about 0. 8% POTa@PRMS/010582

3% from about 0.8%to abou% 2% from about 0.8%to

about 1.8% from about O. 896Poabout 1.6% from about

0.9% to about 1.4% from about 0.9%to about 1. 2%

fromabout 0.9%to about 1.1% 62. A nethod agcordin
92¢ A regtodbecesrdingo Saing 97, Wiygieih digheRAOYIRsSERCeR '%d'SOF ror
Co,%{}gr@irsedm\)e%hggjeagents are an al cohol, such as, e.g.

anol . A nmethod according to any of clains

32-62, wherein the fraction of the cells obtained in
93SA%t§O(ﬁ£céd?@|hg % Blal® Qﬂt\)?r?éfélﬁ thd Rr eRblder isSsedcté /b the

5% suc .g., at least 10% at |east 20% at
groupeeansting oheutpdmsiunggigordars |r@&@tﬂ%ﬁ%a%{?'“P@/a%rfh%dﬁque"abo“c
dls%?dérg %‘uﬁ?&%ysﬂbldéﬁ%ilvé%pr@ordﬁrs baasy 9% .afcdhel Qﬁﬁs@edlseases

hese cell . A nmet hod accordi ng ob
caused by vs@seﬁﬁé%aﬁ a-Greheraiilis Byt @ndi +A ver necrayis caused by

ach%qahb Fe KRy 10, tph)ﬁﬁnéc%@ﬁédl @thfs OAncRtuffr kerhowe iregatRets
he group consisting of al bum n, AFP, AAT, CK 18,

sufferrETonTYP dahepaiaiatinlar 687CingM@et hod according to clai m
63 or 64, wherein the hepatocyte-Ilike ceIIs are
identified by positive reaction for at |east gne

94t Aendtbpd segargingrde k6N 92cwkaieindhe Bepatocylg- Sv%ﬁg{'b'?\f&?%qer is a
cal least three of the follow ng
métg&k‘ SJaF%dwaeHg?@%%rs of the followi ng nmarkers, at
| east five of the followi ng markers, at |east six of
the followi ng markers: al bum n, AFP, AAT, CK 18,
LFABP, CYP and ASGPR. 66. A nmethod according to any of
claims 63-65, wherein the hepatocyte-like cells are
identified by positive reaction for album n, AFP, AAT,
CK 18 and LFABP. 67. A nethod according to any of
claim 37-67, wherein the fraction of the cells
obtained in B-4) that are undifferentiated BS cells is
| ess than 2% such as, e.g., less than 1% |ess than
0.5% as evidenced in a sanple of these cells. 68. A
nmet hod according to any of clains 37-67, wherein
undi fferentiated BS cells are identified by positive
reaction for a marker selected fromthe group
consi sting of SSEA- 3, SSEA-4, GCTM 2, Tral- 60,
Tral- 81, Nanog, and Cct-4.
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69. A nethod according to claim68, wherein
undifferentiated BS cells are identified by positive
woeantde13f or at | east one of said markers, sSuBOTAR2005/010582
e.g., at least two of said markers, at |east three of
said markers, at |east four of said markers, at | east
five of said markers.70. A nethod according to any of
clainms 37-69, wherein undgllgientiated BS cells are
identified by positive re n for SSEA-3, SSEA-4,
GCTM 2, Tral-60, Tral-81, Nanog, and Cct-4. 71. A
nmet hod according to any of clains 37-70, wherein the
overall yield determ ned as by the percentage of the
nunber of hepatocyte-like cells obtained in proportion
to the nunber of cells subjected to the nethod is at
| east 10% such as, e.g., at least 15% at |east 20%
at least 30% or at least 40% 72. A nethod for
obt ai ni ng hepatocyte-like cells conprising the steps:
A-i) in vitro differentiating BS cells in a growth
mediumto obtain differentiat e¢i§r§i.éq of which at
| east a fraction of them endoder progenitor cells
of type A, A-ii) optionally, selkfttmnay the endoder ma

progenitor cells of type A A-i} 8¢t i ng the
endodermal progenitor cells oftﬁiggagy gtained in

steps i) or ii) to protocol Ad@é"@db% Berein to
obtain hepatocyte-like cells. %3.cellset hod @&aeadinbgyonic
to claim 72, wherei EnirgoBS cfl | s are hBXC®dthway4. A
nmet hod accordi ng topg#@w 72r 73, whereiy step A-ii)
is included. 75. A nethod agCording to any of clains
72-74, wherein protocol A gbnprises the folléﬁﬁﬁﬁﬁwiﬁndedefm
steps: A-1 ) subjecting t endoder mal progenitor la
g

cells of type A obtained ¥n step A-i) or Aii), if
rel evaghs+hal@tdr Wil gedkivdangd optionally, chang
the growm h nmedium after suitable period(§) of tine, Visceral
A-2) expanding the gndogermal progenitor "GEFF1S! of *
known conpositionbtai §ed in steps A-i)Endedgryngr  Endoderm
A-1) by addition#of onejor nore growt h-pronoting

agents,

Definitive

Mesoderm
endodearm

Fig. 1



A-3) optionally, passaging the cells obtained in steps
A-i), Aii) or A-2) one or nore tinmes leading to
wouondslaes7expansi on of said cells, A-4) induci ngCT/EP2005/010582
differentiation of the progenitor cells obtained in
steps A-i), Aii), A-2) or A-3) by addition of one or
nore differentiating agents, to obtain hepatocyte-like
cells.76. A nethod accordgzglsi any of clainms 72-75,
wherein protocol Ais as d in any of claim7-36.
77. A nethod for obtaining hepatocyte-like cells
conprising the steps: B-i) In vitro differentiating BS
cells in a growh nediumto obtain differentiated
cells of which at least a fraction of themis
endodermal progenitor cells of type B, B-ii)
optionally, selecting the endoderwm] progenitor cells
of type B B-iii) subjecting {ite loder mal progenitor
cells of type B obtained in gtreps=kyjor ii) to
protocol B described herein t hepat ocyte-1i ke
cells. 78. A nethod accor ghaifferédated BBIelly, wherein the
BS cells are hBS cells. 79. A od according to
claim77 or 78, wherein step B-4 is included. 80. A
met hod according to any of cla-as—+Z-79, wherein
protocol B conprises the fol [6hpp§Osfleps: B-1)

subj ecting the endodermal prpgenritof Jcells of type B
obtained in step B-i) or Bii)3 el evant, to a

growt h medi um and optB®eligesyed etrreimaprodsaitog pdet h

medi um after suitable per (s) of tinmdeB-2)
expandi ng t he endoder ogeni tor cel type B
obtained in step B-i), i) or B-1) by tion of

one or nore growth-pronoting agents, B-3) optionally,

passagi ng the qgml!lanla; ed in step Bs or
B-2) one or noETRHAEST S z{lon of

@ I.nm‘,di ng to furt freg
said cells, B-4 e g differentiati -
progenitor cellﬁ obtagne' in step B-i), B-ii), B-2) or
B-3) by adding BREISY 8P di f1er entixieingroaigerrebing

résembling’” sndodermal progenitors
endodarmal pragenitors

H epatocyte-like cells Hepatocyte-like cells

Extraembryonic endodermal promoting protocol (A)

Mesendodermal promoting protocol (B)

Fig. 2



to obtain hepatocyte-like cells. 8 1. A nethod

according to any of clains 77-80, wherein protocol B
wOo0mH3e38i ned in any of claim40-71 . 82. UsePOT/EP2005/010582

hepat ocyte-li ke cells obtained by a nethod according

to any of clainms 1-81 in nedicine.83. Use of

hepat ocyte-like cells obtained by a method according

to any of clainms 1-81 in ’!i;o nodel s for studying

hepat ogenesi s, such as, 2; arly hepat ogenesis. 84.

Use of hepatocyte-like ceI s obtained by a nethod

according to any of clains 1-81 in in vitro nodels for

st udyi ng human hepat oregenerati ve di sorders. 85. Use

of hepatocyte-like cells obtained by a nethod

according to any of clainms 1-81 for use in a drug

di scovery process. 86. Use of hepatocyte-like cells

obt ai ned by a nethod according to any of clains 1-81

for in vitro hepatotoxicity testing. 87. Use of

hepat ocyte-li ke cells obtained by a nmethod according

to any of clains 1-81 for the manufacture of a

medi ci nal product for the prevention and/or treatnent

of pat hol ogi es and/ or di seases caused by tissue

degeneration, such as, e.g., the degeneration of Iiver

ti ssue. 88. Use of he at oc te-Ilke c

netho@”ﬁcqordlng to '

nanufactvre of a.ned

of liver dLsorders

obt ai ned. by a net o@

for the nmemufac

preventi-on, e

sel ec

di sor

met ab

di sor

cause

and,

react

renoval in patients suffering frome. g.

hepat ocel | ul ar carci noma. 90. Use of hepatocyte-like

cells obtained by a nethod according to any of clains

1-81

Fig. 3



for the manufacture of a medicinal product for the

treatnment and/or prevention of netabolic pathol ogies
wandecos4gid seases. 9 1. A nethod for treatnent 8ETAP2005/010582

hepat ocyt e- suscepti bl e di sorder or condition of an

ani mal including a human by adm nistration an

ef fective anount hepatocyte-like cells obtained by a

nmet hod according to any okm?is;m 1-81 to the ani nal

in need thereof.92. A net cording to claim9 1,

wherei n the hepatocyte-susceptible disorder or

condition is a liver disorder. 93. A nethod according

to claim92, wherein the liver disorder is selected

fromthe gr gt Clun s P or der s

including p N

di sorders

caused by e

Viruses suchs

necrosi s ca g.
phar maceut i tients
suffering f 94. A

met hod acco
hepat ocyt e-
pat hol ogy a
34/5 A B Fi
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