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25
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
30 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
35 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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Today, the methods for generation of hepatocyte-like cells from hBS cells, which may

be further differentiated into mature hepatocytes, often include the formation of

20  embryoid bodies and/or early selection based on addition of cytotoxic compounds
(Rambhatla et al., 2003). These selection steps, especially formation of embryoid
bodies, result in a major cell number loss and in turn low efficiency. The methods are
complicated, most having very long generation times and involve several time
consuming steps. Thus, there is a need for rapid and simple method for the formation

25  of hepatocyte-like cells derived from undifferentiated hBS cells. Previous attempts to
obtain hepatocyte-like cells result in a low yield in relation to the starting material (US
20030003573).

In US20030003573 is further disclosed a method, wherein the cells are differentiated in
30 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

35 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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25  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
30 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
35 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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20  of type A and addition of HGF and/or Nodal stimulates the formation of endodermal

progenitor cells of type B.

The method for obtaining endodermal progenitor cells and further differentiating these

to hepatocyte-like cells comprises the steps:

25
i) In vitro differentiating BS cells in a growth medium to obtain differentiated cells
of which at least a fraction of them are endodermal progenitor cells,
i) determining the fraction of the endodermal progenitor cells obtained in step i)
being extraembryonic-resembling e ndodermal progenitor cells (endodermal
30 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
35 progenitor celis of type B from the cell populations obtained in step i),



35progenitor cells of type B fromthe cell popul ations obtained in step i),
WO 2006/ 034873PCT/ EP2005/ 010582 5 v)subj ecting the endodermal progenitor
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per f or me@0¥un ableast! 741%,fabd IdastB iy opabieasiB%. descri bed protocols (Carpenter et
al) qy820030003573) failed and resulted in very |low yields of hepatocyte-

30li ke cells. Neither was any expandabl e progenitor popul ation identified.
| n or der Dudng embryo development the extraembryonic endoderm is formed much earlier than

the definitive endoderm, (here referred to as the embryonic endoderm). The
extraembryonic endoderm gives rise to the yolk sac tissue and does never contribute to
the embryo except as a source of signals, such as transcription factors and other

20 peptides. The yolk sac serves in the first days as a proto liver and contains cell types
with characteristics similar to those of cells that can be found later in the liver. The
embryonic endoderm, such as the intermediary 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

25  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-
30 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
35 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



further inprove the physiological quality of the experinmental outcone,
efforts have been nmade to identify the factors leading to inproved results
i n order wo 20i@igTshepat ocyte-like cells. As will be explaippreasionsspre
details below, the present inventors have found that it is inportant to
identify or have know edge about the starting material 35in order to choose
the right cqnditions f 10 et RS ly, two
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WO 2006/ fi34g&isRCIeIIERR B@B/A04bB2 6 endoder nal progenitor cells used as
starting material with respect to end odermal progenitors cells of type A
and B. The nmet hods of the present invention therefore relates to two
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descri belikeb protquot @Bjt 15stem cells derived fromthe fertilized oocyte, i.e.
the bl astocyst. Pluripotency tests have shown that bl astocyst-derived stem
cells can give rise to all cells in the organism including the germcells.
By tfre tiarthe fdBbasiyos yiven ddisi ofedfisitiem ael dkbrevigticas $6 Usad énderipeseian what
have tragpig{ti%nal |y been terned "enbryonic stemcells". However, according
to many $Onal Taws in Europe and other countries, a fertilized oocyte is
not regarded 20as an enbryo within the first 14 days after fertilization.
Si nce thﬁ Wstocyst-deri ved cells enployed according to the invention, are
derived FPEHYRe bl astocyst 4-5 days after fertilization they are referred
to as "bhastachsbtindte teed Hasocystiéryed st nelts” icudedyio deecrblee puciepiest | t he
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t hat havshcwntapitiastiytyst-Hethedsthen celgenagvarissralicelly imtbe NGRBIGH, and/ or by
REIS:.I t L\X-?-i,n{:le %tgig?eng%g Céeﬁlgf%f fhe'TRIHY “éﬂéstba%t-%h\}e%"!té\ﬂ JRIKEES 0 RidMeBlRe LFABP,
mean what have traditionally been termed “embryonic stem cells”. Howewver, according
to many national laws in Europe and other countries, a fertilized oocyte is not regarded
20 as an embryo within the first 14 days after fertilization. Since the blastocy st-derived
cells employed according to the invention, are derived from the blastocyst 4-5 days
after fertilization they are referred to as “blastocyst-derived stem cells” arnd not
“embryonic stem cells”, the latter term being misleading with respect to the origin of
these cells.
25
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.
30
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.
35  As used herein, the terms “extraembryonic endodermal progenitor cells’,

"extraembryonic-resembling endodermal progenitor cells”, “primitive-like endodermal



ASGPR. 30 As used herein, the terns "extraenbryoni c endoderni,
"extraenbryonic-resenbling endodernt and "primtive endoderni used

i nt er chamngeabésysis3i nt ended to nean the early fornmed endod@ppgiovissy ri se
to the yolk sac tissue that never contyibutes directly to the enbryo. 35As
used herein, the ternms " extraenbryoni c endodermal pr ogeni tor cells",

" extr aemry s RS eI “eRdo g toPEQleedT't AcakédinterciiigBbblyvie- | i ke
endoder @I GférfﬁV\iD IrF2006/ 034873PCT/ Eljﬁ%g&?I )TIF%: .ogeni tl(;]rer((::el Ig " V nd

" endoder tiEEd it SRFEAPE B9lIssbATRg 6'Far€9t§63tl&5 'W'thda%w Wit 9% @Wﬁmlyve is used to

descri be eﬁeb&&ms B@Héagu@a@yaeé&rohmrc‘eﬂhw &rfd SN Frsrbeva ¥R pHRERk GRiciREr
primtive endoderm as neasu by reactions for t her one of HNF3beta

( hepat oc%‘éorrﬁ)cﬁé%’{’ﬂ fad (ﬁauéﬁl re’@éﬁddlmeQ tr@ﬁ%tﬂ’ﬁm feéltoafi SPXHEtE8BRdX
transgri ptodft éﬁ&go)moﬁ@hn']g@érﬁaem 2 PAUChabre Y RRENSIHBhRIOBORY gene

17), and Pdx1 (pancreatic duodenal orreobox fact or-l) together with Cct-4

As used W@rﬂtogq’fbert"éﬂh@d“‘bnbryonl c endodernt', "nesendodermal endodernt,

"definitive endoderm and "definitive-resenbling endoderni, used

i nter changeabl){] are 10intended to nmean the different steps of endodernal
devel opmé§tused Nerpin. dbg teymg eeBPyBRiE SNEPdasTol “‘Bipperdodermal deARENs i se to t he

i nternal «QrRARNe elnH&%rm@'éhd “(f@l'ﬂﬁﬁ/@-@@se?ﬁlﬁnb 'eH@éderﬂ:uhQJsbﬁﬁrﬁ'fErchQﬁGHa)b@n'aFe
endodermal progenitor cells", "mesendodermal progenitor

" mes éAdodEerdad tp graamihe diffepsnd gtamstobendadersal deé(ﬁ@PW@ﬁH@dB‘? ﬁarlly pr ogeni t or
cel I's of jbyQ6oRentaltsi®dgy f Mﬁwwﬁs@b&ﬂhe mé%némgaﬂsnaﬁgﬁw defcroeanngel I's

shari ng 15char acteristics w th e in vivo devel opi ng mesendoder as

nmeasur ed g Eoe tarme ag mhrapnléﬁnépdqm@i pioganifas gels” omieseBrodsrmahy eegNiRhd
HNF3bet a. oy, H&eﬁ%d@m f%@grenbllrﬁ%rjoéem%‘? Celfseeéiiw%r“t%nd(%e‘?mbmr@@ém%rE:élls”ea”

cells of one type that are co- tured with of anothefr type to
provi de &htyeA r‘éﬁ@ﬁ*é'ﬁiﬁrqhﬁngﬁﬁb(% afm@eaé?tﬁadqﬁftoww%éb@m type can grow.

The ﬁsed%haa%eieh§t.d§%hq%wn% b¥vedspifd %sértb%déﬁﬁmas%eémga %%fferent
SpPecl es han he cel ey are supp OI‘tI ng such as, man or nouse

f eeder cé?anZ%'QD}QBPQSIM @ESIO@éIf‘PrsBraWLMUDh@?d HN53*P@éder ceI | s may optionally
be commtted towards a specific germlayer. The feeder cells may typically
be inactivated when being co-cultured with other cells by irradiation or

t r eat nenByihe feran "geter s o teedg e eresintandad tonrpn 6aEPTPNE tyroothgt @@ent t hem

from out ghoi8d Wi e barddifH tHCoHARAY At BSvironment in which the cells of

20 the second type can grow. The feeder cells may optionally be from the same or from a
different species than the cells they are supporting, 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

25  mitomycin c, 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

30 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.

35 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



By the terns "feeder cell free" or "feeder free" is intended to nmean
cultures or cell populations wherein | ess than 5% of the total cells in the
cul ture awe 2bewades7scell s, such as, e.g., less than 4% IlpesEPRévan1B% | ess
than 2% less than 1% less than 0.5%, |l ess than 0.1% and | ess than 0.01%
It wll be recognized that if a previ%us culture 30 containing feeder cells

added, 1 L A E L oo or TR by B st B e RE e ovever

0 eeder ce at survive the passage. However
after thadpasyaganoldyer €dees. cells will not grow, and only a snal
proportion will be viable by the end of 6 days of culture. WO
2006/ 034873PCT/ EP2005/ 010582 8 i nvol ving enbryoi d body formati on. These
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cultures to osnotic stress. As used herein the ternms "liver-specific
mar kers" or "markers used for identification of hepatocyte-like cells is
i nt endedAs osebbereindhe tarmsrlivesskeeitic Rad®rs 10p “Darkepelsed; feaidpytificaighelessed in
hepat ocy i -k : b dhifi BP, AFP,
aar o e I PARKIRERIBRI et nERENTERRES K0 B B i e
" bl atl ocysirestediiv bepaioamecislthe body. Fxampled oBsIGeNprkegnaretaRUMIBhARPf orm i s

termed Rgg XRJI'JéRAS'A@YF’%ﬂg Agshn the term"BWP", such as the subtype

"BMP2", 1s i'ntended to nean nmenber of the bone norphogenic protein famly
that have inportant instructive functions in the early devel opnent, as for
gast rul a;\w,%v@g%'ssor ganogenesis. 20 As used herein, the term"RA" neans
retinoic acid. used herein, the term"AAT" is intended to nean the liver
mar ker aRphaedingrein; thedeim ‘blaspeystrdedvadetam sell'tihdenaedBS@t andsthent ended to

mean, t he, | i |« -felo-protein. As used herein, the term " CK18"
is i i en%’hglﬁor@é?ﬁﬁg ﬁ[?ggrgﬁsbrrhr ker cytokeratin 18.

As used herein the term “BMP”, such as the subtype “BMP2”, is intended to mean
member of the bone morphogenic protein family that have important instructive
functions in the early development, as for gastrulation and organogenesis.

20

As used herein, the term “RA” means retinoic acid.
As used herein, the term “AAT” is intended to mean the liver marker alpha-anti-trypsin.
25  As used herein, the term “AFP” is intended 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.
30
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
35 and recombinant origin, and belonging to subtypes fibroblast growth factor 2, fibroblast

growth factor 4 and so forth.



As used herein, the term"LFABP' neans |iver fatty acid binding protein. 30
As used herein, the term"ASGPR' is intended to nean asi al ogl ycoprotein
recept or ,we 2006a38870eNMbr ane protein mainly expressed in preparo@piess2 As used
herein, the term"FG" neans fibroblag growh factor, preferably of hunman
35and reconbi nant origin, and belonging to subtypes fibroblast growh
factor 2, fibroblast growth factor 4 and so forth. 9 As used herein, the

term"HG" means hepatocyte growth factor, sonetines referred to as
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means di gebbhylaldOubRe SR tHE fdrdigiei n, the term EBs or "enbryoid bodies”
is atermthat is well defined within the field of stemcell research. 10As

used herein, the term"EF cells" neans "enbryonic fibroblast feeder". These

cel I s5 coukd,shg hd@id, ediehhomvaty medRslimedelIifddigrouse or hunan. As used
herein "CYP" is intended to nean Cytochronme P, and nore specifically

Cytochronme P 450, the major phase 1 netabolizing enzyne of the Iliver

const i t uhsNGe@herbHTRRY tefth (EHE GPEMBHRI b Hes" ASa HFRANAAE Qlell defifed BitTh * OATP”
is intended to mean Organi c Anion Transporting pol ypeptide, that nediate

t he sodi tha figléof stemdepeeredrb- t ransport of organi c anions, such as

sul f obr onopht hal ei n (BSP) and conj ugated (taurochol ate) and unconj ugat ed
20(chol ate) bile acids (by simlarity) in the |liver. As used herein the
"UGT10 s Asvised fe@in, dharisln ~ EF icallsneneanshespregicdeias i8ader anbess @le, whi ch

i's a groupy@heldeMfdd RERMTE SnAhal, ¥EiMaks BLUSIBORIRRL I On activities. 25 As
used herein the "HNF3beta and/ or "HNF3b", used interchangeably are

i ntended to nean hepatocyte nuclear factor 3, a transcription factor

regul ating L@@@ﬁer"eﬁ?’p‘r@ﬁﬂiiQ[ﬁtéd@ie@%’ﬁ%Wf@koc@%ﬁé’ﬁgaﬁd FRHEsp&iftally he | ver,
pancreatic i1slets, and adi pocytes. HNF3beta is sonetines also referred to

as Foxa2 Cytasaramm® 460i e maierriase drimetabolizingranaymgtof 8ie Iver sersitutipgichg a

menbes oty JrQTdRead sPeXnilsr anscription factors famly. As used herein the
"Cdx2" is I nhtended to nmean caudal -rel at ed honmeobox transcription factor,
which is known to play an inportant role in the regulation of cell

prol i fer atiQBq ABRiIFINEEHeRDARD 9 Tht&deR t8 mddhOigahi Hridiet rafBbdrivgd | um
polypeptide, that mediate the sodium (Na+)-independent transport of organic anions,
such as sulfobromophthalein (BSP) and conjugated (taurocholate) and unconjugated

20 (cholate) bile acids (by similarity) in the liver.

As used herein the “UGT” is intended to mean Uridine
diphosphoglucuronosyltransferase, which is a group of liver enzymes catalyzing
glucuronidation activities.

25
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

30 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.

35
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As used herein the "Pdx1" is intended to nean pancreas duodenum honmeobox-1
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cel |s. 10TheicALABIOGO BUARndib &Rl WinicheR (i csualipre

pl uri pot ent ntrate especially hBS cells. These BS
cells can be obtained froma BS ceI I I i ne, especially an hBS cell line.

Al t hoé’ghA% Ugd&)acco e BYEtd ﬁfénﬁ@@&?%@én B%r@% B@odehuﬁﬁ%?ﬁ’éoﬂ%ﬁ 1excl uded

that a ne |ng to the invention al so can be a%g icable to other
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whi ch i s hereby 1 ncorpora ence The BS Cells may be propagated
ina feedancréase@ndmdreéaemflmlytﬁﬁ@oslyfiﬂ @anersaliee’d!si bed bel ow. In any step
of the method and also prior to step i) the cells can be cultured in a 2
20di nensi onal culture conprising a surface to which the cells adhere, such
as of0 f edtlestactisig rsaterialiin stepfiie &8 cefls sectvas plufiotentiuniddfeseiisiadIBR 6gllst hat t he

cul ture 3?5&0@}/ AB8 Rfs chrrged %tlls @%réb(ézrgﬁ% ird e 2B BQdine, especldly anspeci fic

enbodi nen he “i nventi on, s used as starti ngq mat eri al have
25at | eabBSwabling. Altheughotheqbsegt mw@rpimqoesernaw&mll@ittcapw efxchidpdn
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mtoti ca i nac eeder ce or un eeder free growth
condi ti oB§ cells. MBS eatlnisbitablefd useimmatheds ﬁéwdlnart@/theyp\éer\kpﬂ ﬁa&ﬁﬁom)somes of
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S  of both " Fn vitro and I n vivo bit at | east two of
the foll byvrefgrenae KehesBRxca!Isananbs oppaghikdlin ﬂéeﬁﬁﬁbﬁﬁﬁé?f @@ger eHIrear bohydr at e
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recogni zed by 35 the nonocl onal antibody GCTM 2, e) do not exhibit
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20  dimensional culture comprising a surface to which the cells adhere, such as on feeder
cells or in a feeder free culture. It is contemplated that the culture system can be

changed at any step of the method.

In a specific embodiment of the invention, the hBS cells used as starting material have
25  atleast 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,
30 c) 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
35 the monoclonal antibody GCTM-2,
e) do not exhibit molecular marker SSEA-1 or other differentiation markers, and



11 f) retain their pluripotency and formteratomas in vivo when injected
into i munoconprom sed mce, ¢g) are capable of differentiating into
derivati wee 20d6/84873t hree germ | ayers. 5In one enbodi nenectrier26v881@6t | s have
all the properties nentioned above. Tﬁ: method relies on the early
differentiation process that creates e diversity of cell populations that
can r espﬁ taFnOthIa Pisufng&teﬂ&faﬁ(?%?m'té\gl!ﬁfast P‘?//\B'vme‘?'urlﬁ” 1BEtek YR8 $mAungndoder mal
differen ears tromthe follow ng description of the protocols
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(endodernal progenl tors type A or mesendoder nmal -resenbl i ng progenitor

cel | s, ( epAGAes ABlqRERORDINERRIL KRR &) e pRIRARE KEhtoneaBpsiar ting material.
15 Genera ion o oder mal  progenitor |'s of type A and further
differentiation to hepat ocyte- I|ke cells (protocol A) As nentioned above,
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may be su escr herein. I'n one enbodi nent,
20pr ot ocpd)pLAatIO&nSélnﬁjloaye@ISnNIﬁérhO thﬁefa@tpﬁdhabﬁdl@@ﬁhaldﬁ@r@ﬁ&&fé%l progeni t or
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cells of "t er than the fraction of

2ndoﬂer rralhd Brdegembetctilrerelel theregay 9p@hff|sremeaim@é 'nlﬁﬁlﬂf@pﬁ%ntlafl%ﬁtepv) Pr ot ocol
is typ conpared to

t he undi P %‘Zérrlej)ép fgf@ﬁ%gm%té&?enhﬂeeée‘ﬂ? ?/Fesﬂ%}q?gte g%%fé 5(It %ﬁ@gﬁe@’ %od rr12)5and/ or

t he puri teseoblingrendddermel mbgwh@edelhe(p@d@@wel-nrpwﬁ@éq fyee AY €' t he nost

| nport an%e@%ﬁ@&d@r@%&eﬁemﬁﬁ&8€enlt'g‘r f%% rh8) ﬂrB&edltBVsel@Fé @y conprises the

fol | ow ng 'St eps e en ermal progenitor cells of known
conposi t respedbeli aedtaringsmeiesal ) or iv), |f relevant, to a growth nmedium
and %)tl onal l'y, changing the growth medium after sui tabl e period(s) of

time,” A-2) expansion of the endodermal progenitor cells of known

conposi t Generdticai ofcehdadesmappragenitox gellsy oftypy Andituther slifferentiaionfo nor e

grow h-p ptionally, passaging the cells obtained in
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steps i) nore tines |leading to further expansion of
sai d cel As mentioned above, the endodermal progenitor cells obtained in step i) or iv), if

relevant, may be subjected to protocol A as described herein. In one embodiment,

20 protocol A is employed when the fraction contains endodermal progenitor cells of type
A, in particular when 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). Protocol A is typically chosen, when the yield of hepatocyte-
like cells compared to the undifferentiated BS cells initially subjected to the method,

25  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:

30 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,

35 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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progenitor cells obtained in steps i), iv), A-2) or A-3) by addition of one
or nore dwbhesesis7ati ng agents to obtain hepatocyte-|ikecrape@sbiosspne
enbodi ment of the present invention the cells in steps i), v), and
x]l)hAEﬁ) artal cultﬁred ina 2 dimensidal culture conprising a surface to
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lggel l's |n¥ol \A-Bpby additied ofdirfefemeore idifereniiating sges 0 may be perforned by
addition o GF rowmh nmediumin step i). FGF 2 may be added to a
concentré‘?PB{;'r’fP%‘fﬁL{%(yg%Fk%e(il ng/m to about 200 ng/ni, suchyas, e.g., from
about 0.5ng/nlto about 100 ng/m, fromabout 1 ng/m to about 50 ng/m,

fromabouyt 1 n 0.abgut 25 n t
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cell's which have been cultured in the presence or absence of feeder cells
prior to the initial differentiation (subjection to step i). 20 Wen feeder

cel | s ar gnigalesgsrentidtios BS cells, especially the hBS cells, may be kept on
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gﬁégdgpd gﬁt hadut 20@nguppdLenest ed., fedi abuupﬂ@mgtnl hgateout 6@ By offiere
m dev
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Mat ri gel Tig/mi tohsusiut pasigagefrom atedi 2ing/ot tmgfeout ﬂ@mgé(blotlpmzabtout 289/Mlye, such
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days,'of r YO MY days. The cul ture nedi um can then be changed to a
suppl ement ed nedi um pronoti ng extraenbryoni c endoder m devel opnent .

The BS cells employed as starting material in step i) may be BS cells which have been
cultured in the presence or absence of feeder cells prior to the initial differentiation
(subjection to step i).
20
When feeder cells are present, the BS cells, especially the hBS cells, may be kept on
feeder cells, such as mouse EF cells or human feeder cells without 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 cufture medium can be changed after
25  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
30  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.

35  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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mar kers specific for undifferentiated hBS cells such as e. g. SSEA-4,

Tral- 81, woabded#iB4873he fraction of the cells obtained inpstrap2e05/0803dZ or step
iv) that are endodernal 5progenitor cells of type Ais at |east 10% such
as, e.g., at least 15% at |east 20% 3 1 east 25% at |east 30% at |east

105, o Logst 0, B 5 0Pl il cropsciftoioast S0

as evide ernore, the fraction of the
cel | s obtalisnadhias st BSEAdAdIral-&t é@1F60 t hat are 10undifferentiated BS
cells is less than 85% such as, e.g., less than 70% such as, e.g., less
than 60% |ess than 50% or |ess than 40% as evidenced in a sanple of these
cells. The fractiomn&therdedsl phisitteddnh stehe) andéyretep ivhinehaiendodadmerier nal

progeni tor cell f . L i t i I ,kihcl usi on
of st%ep P{}ﬁqengﬂﬁ%eglgrom%pégéagﬂ%%bQ?’dssuﬁ@ﬁéhgg'ér%]g éﬁr@? %?%é’sg%{?%’o?!; of type
A, may béeaseRs%t atlebyt 3 eatdeashg0e poleas50fe mé la3st 8&Y| a‘l'?@fégo%b?h'ieﬁ%td by

ei ther traps i Strue - fibi nation, in which the
expr essi gﬂ%og?ge%%te%@g’taesré{é%eﬁg,% 'sﬂ%%@gg@g%%%ehhanced green fluorescent
protein) and/or DsRed (Di scosonma sp. red fluorescent protein ) under
control Xt raenpryoni.c r v - - tagCt -4, HNF-3b
or any suiU{tﬁﬁﬁl’gorg%ngar%H%P Of){rh%n(% %P&%E‘g@iﬁéﬁgﬁr@%ﬁ@%% aThe sel ection
can 1oher eatitfferertiateueB$ aeleid lessi thgn 85%.sunle esmya iy less|tant T, SUhé@sed@-t he
cells taking u e dntr d ' SHMiiY 8 shihpfe GUYhdder € system
wtht he'%?ﬁﬁh%’?éb‘?c’c Ieﬁgoﬂr]r%ng:‘sl(rg{%zggrggés@%ﬁqgﬁ %;é\g? ssogilr\égisﬁg pt he cells and
sort themelsmsed on their expression of the reporter gene by e.g flow
cytonetry (FAG sorting). In this way endodermal progenitor cells of type A
can be selected by a) using neonycin selection in culture, and/or b) using
f1 ow cyt dmehe gmbddirderitrod tregeebenthiB8ntien, lentpdarmebprogenitis welisefddrdd geneti ¢

engi peering.by. e. g, tr i . i.{.apl e nethod, such as
| i pof-ect 8 %%/d t ﬁq%[hpia\%‘%‘l?%g&%ggpéﬁu%@yﬁ%& x: oporation to introduce the DNA
conprising the marker gene of interest and thereby obtain transient and/or

ts ;[ 22{@_ gﬁ@%ﬁ?%&g @3(];%%%{5@%3?'53”& A b UBFRS ordRbre S8y PR MY bOelected

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

20 (enhanced green fluorescent protein) and/or DsRed (Discosoma sp. red fluorescent
protein ) under control of extraembryonic relevant promoters, such as PDX-1, Oct-4,
HNF-3b or any suitable endodermal promoter or combinations thereof. 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

25 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.

30
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

35 promoters.



WO 2006/ 034873PCT/ EP2005/ 010582 14 Expansi on and passagi ng of the

ext raenbl yoni ¢ endodernmal progenitor cells The expansi on of endoder nal
progeni t owoeedds4s18 type A may be on feeder cells or inpaTfEredsnifssee
culture system 5Wien the endodermal progenitor cells of type A are
cultured in the presence of feeder cel's the cells may be cultured in the

pr onot i nedi u r.a.ti Q‘P@PE A4 days, such
as from %ﬁ@@f’o@apgo %3389’”5?3" fﬁééﬁ%e%br# 5@%@%%;%{) ?! s, from about
5 to aboTte ddpadsiys, offerdiodatveal prégeanitontaliatof yPedaysy berasrfeedsygellyotis aabout 9
days an tiona nmedi um nmay be changed once a week. The
10endode|eﬁ§$ flf) eo‘ij‘é‘k%?@@t%@ | s obtained after step i), step A-1) and/or A-2)
can be dissected and re-plated on fresh feeder after fromabout 2 to about

;ﬁogt S | geﬁgﬁ%%gﬁad%ﬁfeipﬁ%et t(gre el 095)8@9‘{)&% c%llttttr% AL prdSerfiat ekt er from

er from to a out 11 days, after from
about 6 cteﬂllsilﬁbdﬂlysmaytfoEGJultunednna”hmpnomtm@rTmmmf@ﬂy@m@ﬂb@ﬁ&@*ﬁb@ér about

8 days | RiSHIANIE el sebiaRTRY PBRRTE I dcUBLAG BRoROmYen ent

i nstrune ass capi | sequent passage
(step A- é?e)ysnﬁgmlmquﬂtorambdt Uk dayg, érotrh@tcmtt 6rto ebotéri@ydﬁé{ﬁt fdior’ﬂ ebatinfeiet after

f bout t bout 14 f t bout 13 d

af Cor 1 SRS SRS A, Ryl e A Ty e e OB B AG Hlwed o TP e
af t ero f r endoalbondl phoyenisdraetls mbtadwyisaftea{steen) Bmm-éb@m/oﬁ/\t% Cafbbat 9 days,
such as é"f ¢ e \bo h@%@?&%’gl}) éregﬁ’%'eetoléf Sfterzfporﬁggoutl'keto%l%lobﬂi Hé)gwﬁ cuﬁJr@nSf erred

to fresh'f upportrng rex or sequent
passag eSStmnasteetep drdrombedt Dio avmy rratdags, tafteafrqmrﬁboaf 4 &o ahowriealeyuitalert o

bout 14_d f f

about 4 raransuts 18 BySlf G P B dbottd © OB AT 7P, o1 T om

agout g %bbtmbmays 1|Qucdaa/$aftafabaut8rdam mbaulttire7 The dislsectiongnalale pederstedas af t er
0 ays _in cul tur 0 i

2ndo er nY %?%‘é‘fﬁ‘f%’er&eﬂﬁ% ”%5%}',[ &%h%gé @Pglﬁln%o@; %?”"aﬂy%g\fgraseéd&l ssect ed

and re- pbﬁsege(ste;brﬁeshnmvumeo%rmeuIusmla at@laorg:trmsymaiim 1Ir¢aim¢n‘a@ft6tfutt| ng

and L anglodk90) o THS, {01 LW 00, PASSA0S IRSHANS B 104G, LiyhRint! 2at on

and t he tissue culture treate ast1 c di shes
under f egistent 4 t3@boee12 dags,tafen Fomiatious Gilks ebaierit! q@as,sai@eirowea@qb@ﬁtﬁ or ned

o0 o 05 A Db AP PR PEeRE RS ool Mo bl
f eedsy - f amethewelis fertisrstamisferteaieto dielsh Seadgy, dny ouhturemueplontmg tiedrdperaasticng
N G UCAE S i o
about 8 &isoaliduby30sadyss aﬂtercfmralabuﬂ]t 3 aboubbddays] 8fter from about 4 to about
12 days, after from about 5 to about 11 days, after from about 6 to about 10 days, after
from about 7 to about 9 days, such as after about 8 days in culture.
25
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-
30 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

35  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



WD 2006/ 034873PCT/ EP2005/ 010582 15 days, from about 11 to about 17 days,
fromabout 12 to about 16 days, from about 13 to about 15 days, such as for
about 14 weysocsaBhe nmedi um nay be changed between 1 amdtAEP2405meEsTiuri ng

t he period, such as between 2 and 9 t|1 s, between 3 and 8 tines, between 4
and 7 tinmes, between 5 and 6 tinmes. Th& progenitor cells obtained 5 after
step i),

after ga&/seﬁorg aJD})ufm‘FQO% tcﬁﬁ&t?? c?éé/@hﬁ]gmtéb?)ﬂ? £id %utt 96 al/$, 88 Ql%dt‘ﬁlB?OSySt em

ays |In ur as after ays, after
days, af tosabodt 1Ddays, daghsas &brtaioud 14 daysiackhis, m@dltﬁ@rmanb@ shaedbpbveasiuch as

art e B JaK 1b Bl duhg ne BErdd AIh B dEediCs BRS bAIERTuNBA 3 & onven! ent

i nstrune such3s a or gl ass capi g enzymatic treatnent
or a chetlraesnrbet\/&ﬁlmsﬁéqmda'r'ltlrrrmiaag/ﬂ@n(@tﬁll?t(ibfi,l‘ilﬂiil"f)s 3 ﬁpb?@em@ I phiginery

enzynat i %féer sr y%T%p §f1t) Sha! r%?? F]Qfeﬁ' aw a%sﬁ%ﬁlﬁjre%&’@t@nﬁa“ﬁe@bt er from

about™ 3 ter roma out t o about ays, after from
abut 5 ttmmcdnylsnidzultllmqsuclafaaeaftefrrdom%bdﬂw afterdd @b%ﬂﬁayfoaf@%r to 19fdayk, fr om

about 7 tf?ecrgg O uyg?ffe’rﬁr (6 12°da p ?éhf%)%r @d%}%XﬁculfﬁréWﬁé&Fﬁwsf&%ﬁferent

conmpound? eration ext raénbryoni c cel
(endoder haber;ﬁmra@elrustngranyejdrs/eofentt instrument, E;aafmp:e é?lnﬁtteﬂjmsémﬁﬁﬂiﬁﬁyd% are for

exampl o Lot Lnplfioeh ol 74 ANAE SNE2. aLeh £RTROUBSIRERE | vel ¥

pr onot e Fation dGaervard tor ‘ce of type A In one
enboth rrepdarfowfneﬂrbg qmzwseuutreavmntlabher frpmeelmnlé%@ aheutd dctaydt SUCprasradier ng

agents agdded I
consi st g Tarof et 7 b s AT SRh #6 RS2 iplefiommpt b o
concent raboubedtawnﬁboﬁomOallowt@’hwiath@lt abdays, BieUfrery/about & teabaud 9 dayyy. | from

about 0.5 n fromabout 1 ng/m to about 600 ng/m,
from aboﬁYChgéSgAﬁeEE% out&%gg ng/m, fromabout 2 ng/m to about 200

ng/ M, from about 2. 5 ng/m to about 100 ng/ M, fromabout 3 ng/m to about

50 2 / fr.om f ng/m to
aboufé]g Bk@f‘?ﬂt °8V‘%$l?rg Béb émj. %?O @%%{%t §Po||ﬂ;/4?ét1’ﬂ ?fnerxgr%ﬁe él%re}gsﬁt gof t he
pr esent (emdedldmwhpmdgemltar@etllismﬁ typfe Ah&xamiples Qﬁl@ﬂ@h ﬂ@dp¢wd§taé©f%-exﬁfﬁpl9hat are

east  soduobeart bots difler B BEngopothas SR ERIOTIRES To8 T

| east 305’% I east east | east 70% at
| east 80%onmmloea}f9n&5&emal@rogeemtstc@ts%fa\soeewa@ne@mhqdlraerg@ﬁmee of these

CeL 5 AR gl OEACY, 65 sl G SARSE R LE Aol posi Live

1y° BPrassed suc ker
sel e20 edtHereforet deteatpdingm toagretp ngwmﬁtlnalmﬁwexléﬁFﬁar@BM'x@A [€olx4.17 and

Pdx1. Wa)ng/ Ql(/l?’% §7%P%-5 %8035é0%%ﬁ§§t orfrom about 0.1 ng/ml to about 1000

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

25  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 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.

35



To confirmthat the progenitors obtained are endodermal progenitors of type
A, a fraction of those can be characterized by positive reaction for the
mar ker Ooweoawo3psysi tive reactions for markers such as @ctrmapP2ie@edsier wth
any of the markers Gata-4, Cdx2, Soxli Pdx-1 and HNF3b, and negative
reactions for markers specific for 5u ﬁifferentiated hBS cells such as e.

g. SSEA-4, F%@%Ag% ﬁﬁq@%n@&s%’g lr%rd %’ge{‘@gd tlse‘ﬂ'nglngﬁ'o ShRi BEYbe Al at he present

i nvention progeni obtalned in step i),
iv) or Aﬁé!@tloaméthodenanbe@darlaytep@sﬂﬂ by\p@sﬁwacea@ﬁnd@rta@ narket Ogfeobf t he

fol | ow ngoanel?S%cg 0H§ Hﬁh’n{]’ﬁers%ugh as @Ctlfﬁﬁgétﬁe‘f‘%dﬂf iy oD B PRI KEr S, at

| east thVee ow ng markers our of the follow ng
mar ker s, Cdx2, |Seas?, Rdxveand HNﬁébfaﬂdl negiattyerraaktions femNPakeraspeaciicda  Cdx2,

X Pt dBEa RS R 188% dohBs'€ACEAN: Eo*rréﬂ"\ﬁbf‘?é@-eo%%tiﬁﬁ,Na%g2 and Pdx1.

Asrrent iC inments, stép A I's included and the
15endoder nmal progenitor ceI I s of type A obtained in step i) or iv), if

I t d/ d i t th
foedor | ly/SREriofBR Y Bk rBshiaRepiiBh FE BadGiditie! BRGeRiaRRNEPRROR P L
[rec h?m C@H)taiﬂbﬁ %ﬂéil)z g%) a%¥hwate .derlntrfeai mlepos_mre mcmjm ofcptdeast bde ohtieat or

reat nent such as e c u i_an i e
char act efd'9WRY IRATKSTS: 535 & fg qagﬁ%@ oﬁﬁ'\e%ouloqghg n%gg?@igtlléé%glﬂ%%gﬁ t he
]ICOOIO;H(BU?B f?lfomm'gimdﬂ«erala’;] leasigenr didne cfelldvart]@fnarmre ﬂléastifimobihs];édlc?minm ? 50
actor o e ch  a 0 Qr actor o
or nore, mé‘ HSI?%E% #atféoéf%fr%’?(y &EQFLP%}( gﬁgveor n@?ne%ra factor of

500 or ﬁHNEBb@aI@@tta@rC&fz FaDPex1.nore or a factor of 1000 or nore 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 nediumis changed to a
di f f er enpb aidn@iondeabdya) m@péafmbngo&&mﬁsos*temm isliirfdltﬂiedraridathé ng agents in

which the cells can be cultur d for et s between 3
and {b ﬁéﬁ‘@\é’éﬂgez{‘et&%e”fff %{) € 'nSSt%%é L8 P%Yé?/anf %%en?G and 19
days, beémae&wﬁmép B-Zawa bel'fbm@af@rropa@atbb@nmhbsfeledeelaberemrmubtfezﬂfd@d in a
feeder-free ¢ SysS vation i.n the S one or nore
di fferenfr?%lﬁJ ea Fs? rr‘fgégsﬁégﬁ%&@ﬁ%ﬁr mgganical f15gg t110(r-:ho§”|Hg &[ 5 to about
50 days, tr85tnfehoon Bbaditg 4 thiiehalitortre4@maay sudrasaBDTA. 30 days. Suitabl e
exanpl es of one or nore differentiating agents are toxic agents, especially
toxic agents that can be degraded by WD 2006/ 034873PCT/ EP2005/ 010582 17
the %0 VeTI'he Iélepcqjuﬂaft@h @btdirmid gy agest beamhabectenizedl byothe lcp-lseatizatas, of ©at-

et hanol , P may be DMSO, dexanet hasone, Phenobarbital, Urea or
conbi nat 1 @Hg tdﬁereof

In general, the population of endodermal progenitor cells of type A is increased with a
factor of at least 2 such as, e.g., a factor or 10 or more, a factor of 50 or more, a factor
25  of 100 or more, a factor of 250 or more, a factor of 500 or more, a 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
30 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,
35  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



In a preferred enbodi ment the differentiating agent is DI AS added to a
concentration 5 from about 0.5%to about 10% such as, e.g., from about
0.5% to aboubosasas7Br om about 0.6% to about 8% from abowrCT@EPESESIMNS8DOUt 7%
fromabout 0.7%to about 6% from abg 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%, % B 62 theD. 9% t O
about 1. 86 oie dishiriatog At BB o b o8, Bl HhghBEE] SR 17106
The cel | DS Idekaroethesinsi, Reenohaybitl. dreagr conkinatigpk dreseefuch as

al pha-fetoprotein (APP), al pha-antitrypsin (AAT), liver fatty acid binding
protein (LFABP), cytokeratin 18 (CK18), al bum n and _

asi al ogl hcopetaredememeiiment tiASiPRNtiaINGcagant sV wided fod/carcerdiggon
expresst t?&n%{boﬁmg‘%e[h TBLuSREE F%.ﬁ?frﬁm déo}d%b 0%5% t6 aBout 3INFén dbdlt her
characterizatron 'such as gené profiling an unctional tests based on e.g.

| i ver sp@6éiocbent§tairom aboui Q.FYytockaual %offre algaut Oede 4 aleyt 6%sfrom

transpl a [ n bOgeN e o/ %

nepat ooy R Pce Reptdl 55 HOAESHERE 0o RAtcPlsytPegen <BOM @74 Bboy 3%,

bi ot r ansfromrahbiich8%rtormbbalseshi fsom@beyist. 8¥h th abewe 1 b dedin eeuld.8%0to( CYP) . GYP
expr essi o p i tshmvention
can be R G e o B0 e B P et er

Bl 0t10 AnalzmidiOt9% trahboutttH3a is to genetically anal yze the cells obtained in
the present invention 25 using real tine PCR Specific CYP subtypes of
interest can be GYP 3A4 and CYP 1A2 (abundant in human liver), and GYP 3A7
(expr ess€ik tell paputioh bbiainedi rawdisplaGiterinmarkers isoiehasmalphefetperotai’t ed by
addi ng djffgr 1 1 A% e 0. d [ i cin,
and/ o olabhad8 SRR TAAE iRer P doBirRirt pr RS AT IOE PRk KL

obt ai ned(GHnB)falburnierandasa@talycopbt¢ioecaiar HIGRRE in eembinatieswih (@sTs) . GSTs

072 Iygzped ih faosTs) . ¢
o1 el opi oSy B BRE e e SO AR, S B8 O AN o hive & wi e

range of substrates and GSH is highly abundant, GSTs are inportant players

i n detoxifi.cati : abi At VS | i on
35can ber P shRRRARNNER b Ene BREING 5o RcfiBASRects RREHTR S aouel
conf ocal speoificeseppytieadivity cpoalsd be ypplest asr welbaso tragapipyiation of the

2006/ 034873P, P . 2 ' i i O
P- gl ycopg%qgoéi?%fﬁsog gé)‘%{r'tgﬁgeglgr?Aug?d\){ﬁé%%g%tﬁ%ftéﬁ?(ép%%ﬁés]%\%ﬁ%@bﬁbﬁk{fgat es and
ot he20 substrates fromthe cell. Characterization of this third phase of the

det oxi fi LoD Process.: Il : : | &hSeHPbRL W £5Pf
met abol i iﬁé H%qug)ﬁgg%??)%og@g%\ftgnﬁ%ﬁtn ér%&éméb%@p@gﬁ%ﬁﬁ@t e(g;rgr esent invention.
The hepat@®m)t EYPi prassionsn theddiferennead tynasi cbtaingd oy thei presenidnventiog gan as,
e.g., en Al : r iPe’idinak he present
i nventi Oﬁ@%ﬁél{)%ésd #{eﬁrg%wefegﬁe{)&gb ern:abg?éﬁgmﬁ% layZII%rS\R/Ee el r expression
profil e additetahbettiodds foygarietjndllyiaratyze the cells obtained in the present invention
25  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.

30  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

35 can be performed by any suitable method, such as immunofluorescence, confocal

microscopy and/or possibly western blot analysis.



10genes. In the following is described how this can be done. RNA can be

isolated fromundifferentiated and differentiated hBS cells, such as

endoder mavopn@gsmsBor cells and hepatocyte-like cells amrdy/ER3ooa/op@sitive

control, human liver RNA. RNA extract %d froma hepatic cell line, such as
1°.

Hep&2 may as well be used as a control®. An expression profile can then be

obt ai ned conparing many different genes by using any suitable 15genetic
tool for analysis, such as mcro arrays, followed by bioinformatics
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5,.at | east .90% as evi denced. | h :
20061 D348 1R P brosad ynCeT At ol bR GRIAbs atsie | 1 g1 ep
A-4) t hatsing e sultablé Befihearti BhediffB®ntesll typermyf the plesest inYrRotiamgay ien as, e.g.,
2 . .
R S ks e ) L i E L
speci fi Ceﬁjrbsnéidmthmah_ablble|i\'rqn,vsmhiaergeneﬁenwingsfoobt%iisn@@fip@n§V@§SAnf_!) are
passaged A HEHeLbgi T 4] Sl B By SL Ok vt b BeRRe dsine JrRy pe
abougo 65¢R686esBPhbsitatEe can helmatyzdRD-280%0ssH coeneed tof th?rfépﬁsg@’@ni tors
bef ore passage, they will becone too confluent,

are cultyured far to on
and ther%_v?@_oéﬁwl ?ﬂn?rloLiei K®%iange due to contact inhibition and/ or
differentiation. Step A-3) may be repeated from about 1 to about 30 tines,

f iufrgsés’ N(e)i'rﬁélly, Ihré%rgp% O%Vtte-lietcgllsagr%%ergiﬁeé E%gsiti\;er r%gbt?c}ﬁ%r al,Q]a]‘.;%rabout 20
selected of the group consisting of albumin, AFP, AAT, CK 18, LFABP, CYP and
25  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,

30 CK18and 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

35  70%, at least 80%, at least 90% as evidenced in a sample of these cells.



15In order to determ ne whether the cells obtained fromany of the steps
Al) to A-3) are commtted to an endodermal cell fate, the cells have to
fulfil sewenads/sug7Beri a based on i muncyt ochem stry andpowmpbakowss?2
Furthernore they shoul d express one o, mor e endoder mal specific markers

| i ke HNF3bet a, gat a4, Cdx2, Sox17 and %dxI or one or nore |iver cell marker

|1 ke Al bpm g, tlﬁoéog%”ﬁ rd 1,1':1%%8’3\ QPWa%rM@rerﬂ%@éd@S e @ay bes the

determ nation eth s still express markers for undifferentiated
hBS cel | Bss haotR%ssuck ag, eghéeSﬁﬁlnmi% Rap thgn OSSEARsPvidegeRd in a exrmRie 2f

Tra- 1- 60th g'ég - 81, and/or QOct-4. Spontaneous differentiation generates

t he varlety 6f “cel s that can respond to the 25 growh factors or | ow

nol ecul ar conpounds that we have used. The extraenbryonic- resenbling

endoger rrWh.%n arﬂﬁw ngosré%)‘églq?qﬁ(% E«%Fsgfﬁwlir?t\nﬁr(ﬁ RiioRAIcBRGYsaf ter a few days,

such Tas tures an can be identified by an
Cct 4- Pdx| - doubl epositive and SSEA-4 negative cell population. 30l n one

embodi mept, %Ie[ch‘faeean VERELYR thd |n9erﬁ|8h|tﬁe%9ﬁ§66%§ﬂec§ frpéfbﬁ‘ﬁ\l‘)) e Arrrave at

| east oné b OWI ng propert majority o e cell popul ation
expr essi pr@pagatb@asunqtm@rmf %W%IWWQ@N%@Q&@WWQ@%@QW egliostelmat a- 4,

Sox17 and/Qr,, B} 6bc%% gﬁflu\@h s@Eﬁé at ahout 63-88% BrRALLAE, 8f akdie cel |
&b % f

popul ati on expres I'owm ng mar kers 35HNF3bet a,
Gat at) Pm Bo°/08mmml7enowle®@5mgsmwsa@mﬂp@@o‘sv ©odggpbefore paspage.te§Yor ity of

the cell J)r%%; t?@c&ﬁf ﬁ%%ﬁ??fﬁ}g |sQJn| FHI‘E\EE%%%%(&% o n@éc't PHhibMdnh

expr essi on o oW ng ers bum n, HNF3bet a,
LFABP, Cardor difftenitatibn. Gp AdHmagtpRepeated fgmabaw bid aBpudBO timescaid

For "undi & entPaEBL i i 5 S i o R B 0 1 a1 81 and
Nanog. In a specific enbodl ment of the invention, the cells obtained have
."."'rrgj i ?F;F/F’r"l(’) Pgrstof e?éﬂn' r)e Jv thé/r)dtgg%Bh’s et%g%&e‘frgﬂt%eﬁrg;og?@%eﬁé)m £rta-3l e term
committed to an endodermal cell fate, the cells have to fulfil several criteria based on
immuncytochemistry and morphology. Furthermore they should express one or more
endodermal specific markers like HNF3beta, gata4, Cdx2, Sox17 and Pdx1 or one or
more liver cell marker like Albumin, AFP, AAT, CK 18, LFABP and/or ASGPR. Another
20 testis the determination whether the cells still express markers for undifferentiated hBS
cells, such as, e.g. the markers Nanog, SSEA-3, SSEA-4, GCTM-2, Tra-1-60, Tra-1-

81, and/or Oct-4.

Spontaneous differentiation generates the variety of cells that can respond to the

25  growth factors or low molecular 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.

30 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
35 HNF3beta, Gata4, Pdx1, Sox17



60% of the cells such as, e.g., at |east about 75% at |east about 90% or
at | east about 95% of the cells. It can al so be assessed whether the cells
express mmokesssiigms cel | types of other germ 15l ayers t lpem/rrrasderssal , such
as ectoderm and nesoderm For this ptlsg\(g)ose nestin, GFAP, beta-1 Il-tubulin
(markers for ectodernm) as well as ASMA" (al pha snooth nuscle actin),

Brachyury qn a%éf&l &Wekgéllsgiﬂﬂat%ﬁsﬁgﬁd Bhp e ol?QuHﬁ@rddlfferenilé’uoﬂrWlth

enbodi nment vent maj orit of the cells obtained fromstep

A-1) 20and/ or emre@sm of)atderst one of g fqnllosang merkae Abpi d8\TARelee LEAPBr t he

ectoderm sucp, as. A KAT, ?ﬁ/ﬁP Y Agaprnestin. The cells obtained fromstep
A-2)-A-4) may Ee further |ffaerent|ated into at |least one of the |liver cell

| i neages, dVQ]a mematy elethesced rpdpelaéion bgingsunapl InexieseftRd AT Me BHfhe he
'”Ve”f?' on, ﬁll h%ﬁ%‘r@h‘ﬁqf fdrént@RIRHBE a8, §sé)\ IBYSEXR! ERSTMD, | east

one o the fo Iver ce type mar kers, including at |east one of the
mar ker s HNF3b§tai| GCthtﬁ]rﬁhandNFhﬁnogAAT CK18, LFABP GYP and ASGPR. 30The

expr essi Qélﬁftéﬁb%%eh? & |rR/fen§d?fe°EHJ b&ls%%Pa*?ﬁeooﬁa\}@énkf?rbéem@@ﬁéﬁﬂpt for

hepat ocy es e measure y e.g. RNA extraction and subsequent
quant i t atd \g aP@R. wher eby t he anobunt of any specific hepatic nmarker can be
conpared to control sanples of e.g. traditionally used hepatic cell |ines,

such as, e.g., such as Hep&X2, and adult human hepat ocytes. Hepatocyte- i ke
cel | $0 obiraiheetesanbaoriextotiertanm oy ef eellssisisiepded prenataalleaigod profi | e

in terns g6 W&{%%{gespgﬁﬁgﬁhaf BagPpoBPraf, Afichd: BBoRUPEPLABd a6k Of

those genes sim uman hepat ocyt es

2006/ 034873REMeEEEAB05/ 010582 21 Specifically they may share the sane
profile of markers expressed, such as e.g. at least 20% at |east 30% at
| east 40% at |east 50% at |east 60% at |east 70% of the markers

expr essedf can ah?@abetmﬁswhetbﬁdhﬁﬁ?”slﬁé@msedmrégrs fermead tw@:@éﬁ%@err@va s of

t he indiyj o e.g.,
a1 st Al e BAdEIFyfE Xugey Q260BRgId hiidichh, FOADk rtbeos MR oas *ad
| east S50GFAR:, be‘eadtlttu@o%(rrwrkelreﬁsgtectpc%re)fa&\ﬁel aeheMA (elphassweth masHeal t hy
adult he C rsrﬁ%ro% OThe

undi fferggtiqga%teagﬁ%@l% ?‘:b%grggﬂﬁirgagker Z%t gﬁﬁg‘ké&%ﬁe&‘é reaction for a

mar ker sel ected fromthe group consisting of Nanog, SSEA-3, SSEA-4, GCTM 2,

Tral - 60, éTéﬁelerﬁéoﬁ@@H%th r(vemlo?x f’r{es:ﬂ?}?ﬁl&ldf% EQE B BEBRRp! A1) he et hod

accordin ere el evance to identify any
undi 20 er end/oasted ABE ayel/drsiep A-3) do not express markers for the ectoderm, such as,

e.g., GFAP or/and nestin.

The cells obtained from step A-2)-A-4) may be further differentiated into at least one of
the liver cell lineages, e.g., oval cells or hepatocytes.

25
In one embodiment of the invention, the differentiated cells obtained 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.

30 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

35 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.



15In a specific enbodi ment undifferentiated BS cells are identified by
positive reaction for at |east one of said nmarkers, such as, e.g., at |east
two of sawoOowwdses7s, at | east three of said markers, at pceapbodsowsspf said
mar kers, at |east five of said rrarkerl\é of the undifferentiated BS cells are
identified by positive reaction for %og, SSEA- 3, SSEA4, GCTM 2, Tral- 60,
Tral -81 . - I i fd [PRrg=Yoim ! ¢ aledt 20BS cel | s
are identg Pg?lé%q%@ego@?}ﬁr\%gg?{eéa%ﬁ%ﬁﬁaﬁ %r SSEizérgf%X%%%éAéd;%%ﬁf?e Tral- 60,

Tral - 81, leatidh catdeast 60%, atlenelrdth. o Iogst EiGotdsar b0, ShieRPt % BEIMES of 1ype
B and TURENRI kar{aﬁge%%yggwa{mb fERhORUSoddee cells (protocol B) 25As

nmenti one ove, e en ernma ogenitor cells obtained in step i) or
iv), if relevant, nay be subjected to protocol B as described herein. In

one eﬁrboﬁibg%%reszﬁéﬁbggglof b iﬁdi@iﬁgﬁlw ey fuRBe dRGiituRNatdéast 8b4, sugbt ai ned
instep i) oriv), If relevant, that 1 s nmesendodermal progenitor cells is
at | east 29,69, atlgest 346, atéeast 10%: af leag) 20%y/pt lgast 05statiensf 4810, pEi§a%t 159 at

| east 20‘5%&59%3%‘1\%001,2%@‘3%? }[”’(;5/%!0? le@%&xrﬁ‘éss%ﬁﬁﬁﬁ@é’lﬁ@ aidlhlt@\_e?Qt%@ﬁBée of

t hese ce ot oco pically osen, when thé quality of the

hepat ocyteturékendssithe sarse chredifignst i nportant criterion for selecting the
differentiation protocol. 22 Protocol B conprises the follow ng steps:
B-1) subjecting the endodernmal progenitor cells of known conposition

obt ail®hed The usdifprenjiated BS/gellsichn belidapified by positivgrreagtionfed? oaiid optional |y,

changi ng | ; | rd E i 2)

expandi naélpﬁggg@%gw %t?ﬁgg’fghﬁ%?%e%@:@’ss‘ggﬁg’k%%azzgg&?ﬁga%gbt ained in
step i), Traly8bandOti4 (ipiszaleti appdias &Fr ofies siaps ibie MeHRE RoprTERet? Hif agent s,
B-3) opti - [ ' j i iv) or B-2) one
or nore H%@sdl %’QS I ?\%acg{)&?\ﬁérigﬁé?ﬂgbgfz(r%??gh&ggrégg?%g?ésl aI:%I,S) 10B- 4) i nduci ng
differentiation of the progenitor cells obtained in step i), iv), B-2) or

B- 3)g by lr?gge)%gﬁcoé}ﬁ?c%mgﬁ{ %dﬁi’écréﬁra BELLIRG B ¢RMifled By BB i@l Yeaction for
hepat ocyt e- e celTls. n one enbodi nent of the present invention
pr ot ocol aBeastranecdishisl marketsepush) as, i), atderst Buo19f spist markesy, ahle@stif®ured in a
2 di mensi,pngl nLikdUr & 1 GRERIUr St 88 Fhapkidr 3R RodsPrivibidid Rarepd bthadher e.
undifferentiated BS cells are identified by positive reaction for Nanog, SSEA-3, SSEA-
4, GCTM-2, Tra1-60, Tra1-81 and Oct-4. In a specific embodiment the undifferentiated
20 BS cells are identified by positive reaction for SSEA-3, SSEA-4, GCTM-2, Tra1-60,

Tra1-81, Nanog and Oct-4.

Generation of endodermal progenitor cells of type B and further differentiation to
hepatocyte-like cells (protocol B)

25  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

30 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.



Initial differentiation The initial differentiation step O is essentially
identical to that described in protocol A The BS cells such as the hBS
cell s ar ewoubdemsegt3i n the presence of feeder cells suchpas/proas®1BB2 cell s
or human fibroblasts w thout passage 95 medi um change for between 3 and 20
days, such as between 4 and 18 days, Such as between Sand 15 days, such as
bet ween @@890@20%%83%%“%”@@ pgen 7 and 10 days. Alternatively, the BS
cells may be cultured in a feeder-free culture system such as on a culture
support matrix w thout passage or nedi um change for between 2 and 28 days,
such as @ei)mgﬂbéctﬁ'@Qhégng@dé?ma%Qerﬁt%r Qékvhﬁ%ﬂo@n%Bﬁ\pggtl&?‘&@améh‘ﬁh as
bet ween 6 and é such t ween day
nnesendoder naﬁtetpé)s@d’é)l Ifrﬁ@}eYﬁrﬁd@rﬁ gr@Wﬂ"ﬁﬁﬁﬁw@tﬁr@rPF{t@@@”y’ PW‘@ 9) heray
theregfter be Pdi’/\ﬁﬂtrﬁé(dﬁrqaﬁé(r@lt@ble%né&’('s}@fbtnﬁ’eSet of antibody stainings such
as for the COIg‘bI nation o rac HNF3b, which can be regarded as a
criteri oB-3or eﬁl@%‘é‘ﬁ&dﬂ@ﬁﬁﬁ@%ﬁ’@é@ﬁ%@wé@“ﬂ@ck(‘RWB&OEIpoﬁ'F'O” oblgineyl in WO
2006/ 03487 SPCLCEFR Aok 8L 2ctoRlaeohdbt ndfe dlohlzheidinbiagenar ocess t hat
creates the diversity of ul at1 ons can respond to the factors
that i ndBc® tﬁétmaﬁym@é@aging ff@rf@ﬁfﬁ phigingd in @e@\h)t i) pF Brdonagr spsatidessuch as,
e.g., Activin F{%}g ed to selectlvely pr onot e
pr ol i feration egg n?%gu er ma ‘ongcﬁ:%tagfcegil | s of type 5 The fraction of
the t@I | 8-Pbt mdnémgudﬁfeé@é@tlor) ota & /Pergesiteicells optainegtin issepuhdmf Be) 8nBi at ed BS
cells is Iess3 B@Qd(ﬁé%/‘bﬁélﬁpméﬁe diffe@ntiatliSRehfan 70% |ess than 60% |ess
than 50% or |éess % as evidenced”in a sanple of these cells.
Mor eover [0 elifainthegatocyia-lise celife cel |s obtained in step i) and/or H) that are
ectodermal progenitor cells is less than 30% 10such as, e.g., less than
20% |l ess than 10% or |ess than 5% as evidenced in a sarrpl e of these cells.
Ect oder il onsr egeediment efdhe sresapt ipentige RIqtecat B, e gedsinstor Drikh@ni&nl¥ or one
e ’ a SHER AP (gli al
b T 1 o o s AR o e AR e SWle 85 iR e o e
progeni t 8dReren step i) and/ ii) above can be further confirmed by
investigating the potential of the endodernal progenitors obtained in step
i) and step iv) to differentiate into cell types of nmesendodermal origin in
vi vo and/rifal difetantigéon 20The popul ati on of endodernal progenitor cells of
type B Ok?ﬁé“irﬂ%‘#dffﬂére?ﬁlgﬁbd dtePYs Q@se%ﬁélﬁ%@ﬁilcgly[o'tﬁH‘\tlo‘é%%d% pRIERI AY) -
Endoder mal progenitors, such’'as progenitors of subtype B, may be sel ected
by géherating reporter gene BS cell |ines obtained by either transgenic
const r uckfe @5 c’eﬁéeﬂm @Brseeéng%we&uu% inithe BRisERcd BiGeEdd RSt & 2

reporter gene, suc
mouse EF cells or human fibroblasts without passage or medium change for between 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.

25
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.

30

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).

35



(green fluorescent protein) and/or dsRed (D scosonma sp. red fluorescent
protein) is under control of nmesendodermal relevant pronoters, such as a
conbi nat iwo 2066/03k8983bet a and Brachyury or any ot her sui relyEr2e08niDissat i ons.
The sel ection can thereafter be perfqed using e.g. neonycin selection,
whereby the cells taking up the 30i n%oduced resi stance gene survive in a

culture sysh %&Qnﬁ&%ngﬁ&&%%ét%réﬁ?&m%'dr\/epé@%%ll Bépl.xtpé‘udﬁ‘s%?é!(ébﬁt ing the

cells an sor on their expression 0 he marker gene by e.g
f1 ow cytmsmnq/to(tﬁex@cws thiah gnduce thet distincheiffentiaing. @é@wtﬂ?rraf@@ﬁtl%w%? | s of

type B Csah%hfe]% e% i AP¥IG”F) )&Qﬂapmé:usrédstgls%fétch\%y bidnfoid ture, and/or

35b) using onetry A transgeni c_h |1 ne can be generated
by genetprohferagnon@éend@ewal@rgger‘tltpaﬁﬁlﬁ typerB-or any suitabl e nethod, such as
|'i pof.ectanmine, a lentiviral vector, or electroporation to i ntroduce the DNA
conprising the marker gene of interest and thereby obtain transient and/or
st abl e eXipe fEsctioorf e galistobiaineddn steptizansdier sieri) thehis WHtergtiagd BS

L1 Sue spieid o BARUEOL E1 aRRISLORaRT8] Wik liin BYAPBGRIANG00 cendoder el

progeni to ansi on of endodermal progenitor cells
of type IBssrﬁyanbl@"/oas faeéermedcrelalsgmre ¢fﬁh%sef@éiaévlorfepé@ the fragtian 8i9eem 10

when endg ern?elme%’lﬂgfe{ﬂ §8|ﬁd/8rel tﬁa? 4 re LERBeRNA o ltBPéé?l@ id fass BanRIoesence of

f eeder c?llss 'umfromthe initial differentiation may

fsvm tichedsuab anelg?,slessdbdleﬂﬁ%l lgss drpan1Q% er [ese thstni 3ig agedidensedip @ieed with
actors s as HGE QdTg!, Neattlprfeod
Subseque%Hﬁ%%d?edl% c tg@&@g\'h% ﬁf&%%ﬁggt%gﬁ eve?gglﬁ\% gt daysne such as
bet ween ewveoxe rﬁolan@ar?mdekwﬁ spegifie farsediestereslanas: ¢33 %%Péglt%%””a@’uch as

bet ween ev s and the cells cultured under this conditions for
bet ween i%ggﬁaoﬁagyggd;gg&%uch as between 12 and 26 days, such as between 14
and 24 days, such as between 16 and 22 days, such as between 18 and 20

days, mgﬂlj é%’esgﬁ S?rﬁgéetnﬁgd% ﬁs]a'lﬁ %gﬂlt&ﬁrpﬁméﬂrdﬁ%ﬂ?)agbb% chh ¥akier 20 In one

enbo i nvénti on re cultured on nouse EF cells
Wi t hout parsismge by investijating treaprjential of the endgdermpherogediiaisPRiaedr FEaf t er

Changed f}ﬁngg %te n&%%f@r@rﬁ%@ﬂ&&ll s%f‘rﬁé’s@ﬂgbéérﬁﬁl i %l vids bhybiinA,  nodal

or I'um was en changed tw ce a week. Fractions from
t he resu{//tmng

20  The population of endodermal progenitor cells of type B obtained in step i) may be

selected by inclusion of step iv).

Endodermal progenitors, such as progenitors of subtype B, may be selected by
generating reporter gene BS cell lines obtained by either transgenic constructs or
25  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
30 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

35  b) using flow cytometry.



25popul ations were fixed and anal ysed wi th i nmunohi stochem stry at
different tinme points. The progenitor cells obtained after step B-1) and
/or B-2) weroepisugyaal | y be di ssected and re-plated on frestErb@saerssaft er
fromabout 2 to about 14 days in culture, such as 30after fromabout 3 to
13 days, after from about 4 to about 12" days, after from about 5 to about

11 days, ter fro .6 : . .about 9
days. " such eI ERE Bl EoRh Ay B kBne g Stipeerabp s afofsBidP
per f Iolr me corusiyrayitaiply noethad rsuemes lipafectaminet a leniivinal yeciar,sir géectrep@etion Kss
capillary,, The ?ﬁgﬂy - IBesh Hsi a

chel at or 'BVO%%CﬁS/tﬁg | ?é}é%r{?s@@ggﬁrg%re%n? oﬁi%g%étd‘%@st!ﬂgge%gh as g ﬁ%tg} to
13,4 to lahd/afdtable Bxpresditn obproinsoftintetedt uadardne gontew! of tissuetspradfliaft er 8
days in culture and the cells further transferred to fresh feeder, any

cul tuPe RAY™6087 034873PCT/ EP2005/ 010582 25 supporting matrix or plastic.
Subsequent passages can be performed enzymatic treatnent after from about 2

to aboutl -4 days, s S . fd er from about
4 to abou?prfségfsf?,ﬁg?ft'% r@%f/%éﬁ@@%%@%%%%nﬁpﬁfliagaty g? tBter from about 6
t o about 1Dheleymnsiwhtaé thef eratodatnal pragendordedaof typdBymay baon fegdeacels orabout 8

days 5in culture. . \We mal progenitor cells of type B are cultured
in a feed@ra-f%%%r%%? ?ﬂtruggg&g?qé’m the culture nedium can be switched to a
meseni@oder mal progenitor pronoting nmedi um suppl enmented with factors such as

HG-, Actiyjn A / dal.. '
bet weon eVepy SsBaerRs GRS RS VAT e REEL A e RAERoEaD: BT
bet ween essdisythd cathidreGnekdiys, fraputhie inifalltifferestiation eray switehed ® amys and t he

|1 I d d hi s R
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and 22 dap6F, Autiin/Aasr bedalverdiod &raridatRbs diagrsof. Bobsamiept mediom dangemed'ysi s
can b1% 15[?558% ggt\cilve"é‘% te%ryfé Mé 85&/8, such as between every 3 and 7 days, such as
between every 3 and 6 days, such as between every 4 and 5 days and the cells
cultured under this conditions for between 10 and 28 days, such as between 12 and 26
days, such as between 14 and 24 days, such as between 16 and 22 days, such as
between 18 and 20 days. Immuncytochemical analysis can be performed after fixation.
20
In one embodiment of the invention the hBS cells were cultured on mouse EF cells
without passage or medium changes for 7 days. The medium was thereafter 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
25  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

30 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

35 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



The progenitor cells obtained after step B-1) and/or B-2) can be
transferred to a fresh culture systemafter 2 to 28 days in culture, such
as after wohoocddsgtays, after 6 to 20 days, after 8 to l1@cdaypsoosaidser 9 to
14 days, after 11 to 12 days, such as(?%{/t er 8 days in 20culture. The
transfer may be perfornmed using any c eni ent instrunment, such as a

pi pette or glass capillary. o Vi LC A g@éﬁ bd@ it or.
Subsequeﬁ‘[Jlo E%H@zr%&%rn&%%t'cpélrj %erqﬁéét %%%%‘e;téaﬁ reator@nt g ter 2 to 14
days, sutbamserafdfter fréntabali8? telaboutlf dayst sech & afterfiom abewrd tg apeutit®. after 7
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mor e’ gr oftit EPaEhs Gk Bl el raipoiyd 380 SRR PR SRR b OO

fr om t he agootiptcansit sl dayg, efterfoim aboutX tarathor§daysh svchaes #Rlarebaut &daysed it

IS n%r mal]r;i\! Igﬁged to a concentration of fromabout 0.01 to 500 pg/m such
as, €.g., ) about 0.05 to about 250 pg/m, fromabout 0.1 to about 30200
pg/ M, fromabout Ito about 100 pg/m or from about 10 to about 50 pg/m
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mes endoderndys psuhers betweer 8 and R aapge puinatniooytodienied endlydié canloepr ogeni t or

cells . is ill}crea(ieﬁ V\g.thloa factor of at least 2 such as, e.g., a factor or
10 of® moPEMOedatg  EiIoBy or npre or a factor of 100 or nore after step
B-2) or B-3). 15 Differentiation of endodernmal progenitor cells of type B

to hepat te-1ike cells Thi ' i2hy ' t scri bed
i pr ot oddF oo Eplk SrioRelrbrlen B FRRERY PRI B i ¥afol
hepat ocytoattliicksystash biteti 2 ta28 Hayasih cBlgre ssich assaftee 4do 24 aeys, @flet 6 1039 at | east

2000 20 KBRiorgi ot R B T3] 1200k b o sl act
20 culture. The transfer may be performed using any convenient instrument, 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.

25 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

30 200 ug/ml, from about 1 to about 100 ug/mi or from about 10 to about 50 pg/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

35  ug/ml, from about 1 to about 100 ug/mi or from about 10 to about 50 pg/ml such as
about 20 uyg/ml.



these cells. The hepatocyte-like cells are identified by positive reaction
for a marker selected fromthe group consisting of albumn, AFP, AAT, CK
18, LFABRyoGY#/@Bmt3ASGPR. | n 25particul ar, the hepat ocyPreTiEPe@soelsks ar e
identified by positive reaction for at 6Ieast one of the foll ow ng markers,
such as, e.g., at least two of the fol4 owi ng markers, at least three of the
follow ng markers, at |east four of the followi ng narkers, at |east five of
the foll ow ng rrarkers at least six of the follow ng markers: al bum n, AFP,
AAT, CK Tis fradiaBPof towRelindblaBerrn sepde) tit gre arederap Perapnicn Gake ot el s are

| dent i 1 gl B, 30RO LIsee, RACK, 0%, TMTodRl Paishy AEPiealtTon, QIS dticpg o ABP.

Furt her aracteri zation such as“gene profiling and functional tests based
on e. g.abawple ofplbesé cellenzymatic activity can al so be applied as well as
transpl antation of the endodernmal progenitor cel | s and/or the
hepatocyte-li ke cells to hepatectom c m ce.

2006/ 034873 CHUIERPRGD 5f@EnBe2cel3 of ek jnoay tbhabe identifiest PyapeTidierraastion or
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|nve tion can be anal yZed on
protein d:celoeahzbyqnmfmmmaﬁ&reIﬁém‘hwma@ridlwmb%st ern Blot. An additional
nmethod is to genetically analyze the cells obtained in the present
invention 5 using real tinme PCR Specific GYP subtypes of interest can be
GYP B)M After tBYPx pABsipalbnd difampiayet utrapabsaging of the snesyPdBlgTMakXpgerdioed i n

f et al %e‘?lc fhb %%Lﬁ}la_;uoﬁﬂa ﬁé@‘ﬁgbbé’rﬂqa‘? ﬁﬂ) Lh%SH ééﬁ? Fs‘%ﬁérégsé?ij.ﬁrdg kgords ki er ent

known i nducer's exanet hasone, anpi ci n, [ or omeprazol e.
10The prlegstd sumh esld.g., arfdcﬂoepan@oymera iakactoedf 50 @b’ﬂ@l’eﬁé@ fﬁﬁf?r pUtdther be

anal yzed ansferases (GSTs). GSTs are phase ||
bi ot r ansf o?errr%@ Lgtgén@zgjr}(grsét at catal yze the conjugation of electrophilic

xenobiotics with glutathione (GSH). Since GSTs have a w de range of

subsjt at ' ' [ t rsin

det oiglf i @E@e?%ﬂla@ﬁ)%%g@{)%ég mﬁgg%&ﬁegﬁégﬁgﬁaseh%&gggg%gk nduction 15can
be per f ofniedtdpyis aappentinllyaariecheutpsdiessilsd iaprataealAof | uor escence, conf ocal
m croscopy and/or possibly western blot analysis. Miltidrug resistance
protein or P-glycoprotein is a transport protein that exports anionic

conj ugat €se &acioot héirheswlbsbbmurwl if stam B-Hetheé bie. heDatacyistlikei cells isan lesfst t h| S

third ph t a 0 L1941 &t 9%
conpl et egzr c‘?éh £§ ?8 éeb% d%f?i %{flg?ﬁl% %?%ragﬁ?ﬂo}g’e%q%%}égg % ta|S ne | n t he
pr eszht atleasitldh, at least 70%, at least 80%, at least 90% as evidenced in a sample of

these cells.

The hepatocyte-like cells are identified by positive reaction for a marker selected from
the group consisting of albumin, AFP, AAT, CK 18, LFABP, CYP and ASGPR. In

25 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

30 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 .
35



The hepatocyte-like cells and/or intermediary progenitor cells, such as,
e.g., endodernmal progenitors of type A or B, obtained in the present

i nvent i oowomyocas4sm| | 25be characteri zed by anal yzi ng t lpeT/EPROSHEESE ON
profile of netabolically significant es. Inthe followng is described
how this can be done. RNA can be isolated fromundifferentiated and
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| evel s of specific genes or markers inportant for S5hepatocytes can be
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90% at ImicrescopBanafor phesSibhrWesterndNpransiysis. i n heal t hy, adult (human)

hepat ocytes. 15 The expression |levels of the individual markers may further
constitute at |least 2% such as, e.g., at |least 5% at |east 10% at |east
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the different cell types obtained in the present invention.

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

25  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

30 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

35 transporter proteins. In addition the expression of the liver specific genes albumin and



nore hepatocyte-like expression profile than hepatocyte-like cells obtained

from endodermal progenitors of type A in terms of the number of Iliver

speci fi c wank@rmsd7Bat are expressed and the expression Ipevalpsoosfidskese

markers. Accordingly, hepatocyte-like 25cells obtained from endodernal

progenitors of type B may express mor€than 1/30 times nore, such as, e.g.,
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cells argc%d%r{?qsltlggé‘“ SUGS%;ES%#{‘;) \(/)f;th%e%%ﬁ% 5%&%%@ at Irg%ggth%%bgf(msﬁ@ mar ker s,
such as, hepaiocytedt | east two of said markers, at |east three of said
markleﬁ]s_, at least four of said markers, at least five of said narkers of

t he differentiated BS cells are identified by positive reaction for

Nanog, SBRAeshreSHiéyelSOTMedndiTidedl-BOrkeTy oy Surthardoastituie, at lepsh2%p8estt i ¢
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Cel 1S OB bR B O Ly g B 50 ¥ apisphyner Lhe
more hepatocyte-like expression profile than hepatocyte-like cells obtained from
endodermal progenitors of type A, in terms of the number of liver specific markers that
are expressed and the expression levels of these markers. Accordingly, hepatocyte-like
25  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
30 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-

35 like cells obtained from endodermal progenitor cells of type A.



25ar e ?:onm:ttepl toban endodermal cell fate, the cells have to fulfil
several criterion based on inuncytochem stry and norphol ogy. To determire
whet her twe 2o0@ld3ss7express different cell type specific warkwe@sioidse2 t he
endoder mal progenitor, HNF3beta, gat gé Cdx2, Sox 17 and Pdxl1l or liver cell
mar ker, Al bum n, al pha-fetoprotein, pha-1- antitrypsin, cytokeratinl81

LFABP, PCR. _.Anot her test. is .t ] | '
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Tra-1- 60, lTral-81 (tunour rejection antigens), COct-4. Spontaneous ’
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from st epetBod, \ansé dtris 8f B)evanct oridGBABINHavdiTarentiaiediB3eel0f the fol | owi ng
properties: 1) a majority of the cell population expressing co-localization
of HNF3b/ Brachyury markers Il1) a majority of the cell population
expressi NG sfeckie@atbodmesr Lintifferehtatied FiShep!ieari ddentifing By (os1iVessRaL4H0N FRIx 1, Sox

17 10111) a majority of the |_.poRpulatian ' ;
di 11 er erdiiSast BRE 8l 1910 Pt g0 a5 el pEza o\ RE T Ehi6 FRARYS, Xlesatiiioe!
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4, GCTM-2, Tra1-60, Tra1-81 and Oct-4. In a specific embodiment the undifferentiated

15 BS cells are identified by positive reaction for SSEA-3, SSEA-4, GCTM-2, Tra1-60,
Tra1-81, Nanog and Oct-4.

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 5%,

20 such as, e.g., at least 10%, at least 20%, at least 30% or at least 40%.
When applying protocol B, the cells grow in two-dirmensional cultures.

In order to determine whether the cells obtained from any of the steps in B-1) to B-3)
25  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
30 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
35  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



followi ng markers for undifferentiated hBS cells, Nanog, SSEA-3, SSEA-4
GCTM 2, Tral-60, Cct-4 and Tral -81. In the present context, the term
"“maj oritywohoealshs’s is intended to denote at | east aboutrc2E®8dsoiosshe cells
such as, e.g., at |east about 75% at,least about 90% or at |east about 95%
of the cells. I n one enbodi nent of "the invention, the majority of the
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In the present context, the term “majority of cells” is intended to denote at least about
20  60% of the cells such as, e.g., at least about 75%, at least about 90% or at least about
95% of the cells.

In one embodiment of the invention, the majority of the cells obtained from step B-1)
and/or B-2) and/or B-3i), do not express markers for the ectoderm, such as, e.g., GFAP

25 or/and nestin.

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.

30 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
35 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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hepazt Ocyéo%cle}ttitetlon of the speC|f|c growth factor used may be important for whether the cells

will differentiate further or remain in the progenitor state. Specific examples of a growth
factor usable for promoting the generation and propagation of endodermal progenitors
of type B are HGF, Activin A, and Nodal, whilst FGF2 can be used for the initial ir2 vitro
differentiation (step (i)). A cytotoxic compound such as DMSO can be used in the later

25  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
30  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.

35
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discovery process and for hepatotoxicity testing in vitro in order to replace or

20 complement to conventional model systems.

In further aspects the present invention relates to methods for treatment of hepatocyte-
susceptible disorders or conditions of an animal including a human by administration
an effective amount hepatocyte-like cells obtained according to the invention. Such a

25  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.

30  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

35 HNF3beta, Pdx1, gata4, Cdx2 and Sox 17 and without the majority of the celis
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de
t 6"'5' S W 1(91 may be characterized by the presence of the cell markers AAT, AFP, LFABP,
CK18, Albumin, HNF3beta and ASGPR.

In still another aspect the invention relates to methods to separate the endodermal and
hepatocyte-like populations from other cell types obtained, such as e. g. separating the
20  extraembryonic endodermal cells obtained in step (i) from the other cell types possibly

present by using a suitable combination of antigen markers.

The invention also relates to methods for detecting the effect of the progenitor cells or
the hepatocyte-like cells obtained from those on the concentration of a chemical

25  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
30 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
35 450, the phase Il biotransformation enzymes that catalyze the conjugation of

electrophilic xenobiotics with glutathione (GSH),and/or multidrug resistance protein or



particul ars di scussed under the main aspects above apply nmutatis nutandis
to the other aspects of the invention. 15The invention is further
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Appl i parﬁlﬁrghgﬁairt?c%ﬁ?@d %B@&@eg«éﬁp g%@n@?ﬁ%ﬁ%@??iﬁ?@ﬁidﬁ? ﬁ%gmgel ls is
descri beshrtidulars Niscasseeamder thetmeaip persat abayveappoRYElH BUERASIOND] oyed in

the exampl es herei r. t ai ned by the nethod clainmed in WD 03/ 055992
whi ch |23h%rraesﬁﬁoﬁsr?£6h%p'§\r/é§‘ﬁ'éﬁ' by reference. 10Exanple '| Generation of

endodermal progenitor cells of type A fromhBS cells cultured on
15  The invention is further illustrated by the following figures:
Figure 1: A scheme describing the early endodermal development.

Figure 2: A flow chart describing the method for generation of hepatocyte-like cells
from undifferentiated hBS cells via endodermal progenitor cells of type A and B.

20
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.

25  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).

30
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,

35 either commercially or easily prepared according to well-established protocols in the
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Generation of endodermal progenitor cells of type A fromhBS cells cultured
on 25|\/atEb<lagErilé'§\/l hBS cells cultured on Matrigel TM (BD Bi osci ences) in
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diff medi’um changes 14 days. di um was
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um schane times during this
cul t ur e.métkadrphiencd .M@rwmmgafwr@m istheret In@m@r@@w refSPNCa i ne from
extraembryoni c endoder m 35Progeni tor cells obtained in Exanple 1 above were
mechani cal |y di ssected and re- plated on fresh feeder after 7 days. The
cel 19 webanipletiher passaged after 7 days using -

Generation of endodermal progenitor cells of type A from hBS cells cultured on

mouse EF cells

hBS cells cultured on mouse EF cells in VitroHES™ (Vitrolife AB, Kungsbacka,

Sweden) supplemented with 4 ng/ml bFGF (FGF2) (Invitrogen) were left to differentiate
15  without medium changes for 5 to 7 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 seven days. The medium

was changed once during culture.

Another extraembryonic promoting medium used was VitroHES™ supplemented with
20 20 ng/ml BMP2. The cells were cultured for seven days in this medium and the medium

changed once.

Example 2

Generation of endodermal progenitor cells of type A from hBS cells cultured on
25  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
30  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

35 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



WO 2006/ 034873PCT/ EP2005/ 010582 36 Trypsi n- EDTA, 0.05M (G bco) for 3
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m nut es) wododgsmsBerred to cell culture flasks in Vitr@HESP0SH10584, 4
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for prolonged storage. Thawing of the cells was done by a rapid thawing by placing the

CryoTubes in 37°C water bath until completely thawed, transferring the suspension to
15  preheated (37°C) culture medium for 5 min, spin down the cells (400 g, 5 min), wash in
culture medium (37°C) and resuspension in culture medium. The thawed cells were

then seeded, as described above for propagation of progenitor cells.

Example 4

20 Generation of hepatocyte-like cells by differentiation of progenitor cells obtained
in Example 1
To the cell population obtained in Example 1 a differentiation medium, VitroHES™
containing 1% DMSO, was added in which the cells were cultured for 7 days without
medium changes.

25
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%

30 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

35 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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Vi t r OHESEM/erigip)sethe nteilinainals cheb @30 \AineHE&Pisupplemeatac Wighhte MY days with

one hal f-vql I . E i
ohar act ePPSEPERT BRtE B8 fius ORI AhETRARR EREREM EE1 L 1 i ng

mar kers were used, for: Endodermal progenitor cells of type A: conbination

of Cct4 and Pdxl. Endodernal progenitor cells of type B:conbinati
Br achyur P@APIRINF3Db yP on of

10  Immunocytochemical characterization of cells obtained

(See figures 3 t0 5.)
The following markers were used, for:

Endodermal progenitor celis of type A: combination of Oct4 and Pdx1
Endodermal progenitor cells of type B: combination of Brachyury and HNF3b

hepatocyte-like cells derived via
endodermal progenitors cells of type A or B:  AAT ,CK 18, AFP, LFABP and albumin
undifferentiated hBS cells: Oct4, SSEA-4, Tra-1-60 and Tra-181

15  Washes and dilutions were done in D-PBS (Gibco), fixation in 4% PFA (Histolab),
permeabilization in 0.5%Triton X-100 (Sigma). Fluorescent Mounting Medium (DAKO)
was used for mounting samples and nuclear stainings were performed with 0,5 Og/mi
DAPI (Sigma).

20  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:

25  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
30



hepat ocyte-li ke cells derived via endodermal progenitors cells of type A or
B: AAT ,CK 18, AFP, LFABP and al bum n undifferentiated hBS cells: Cct4,
SSEA- 4, Twe-bediB4em3d Tra- 181 15Washes and di |l uti ons wer ecampeoosni@3sPBS

(G bco), fixation in 4% PFA (Histlab), _perneabillzation in 0.5%riton X-100
(Sigma). Fluorescent Munting Medium ?%)AKO) was used for nounting sanples

and nucl ear i blngs, were f e I b Affrn 20Pri mary
ant i bodi ?1ﬁ€{g'%u@aqv8@p8@§£al %EL{;EE(% ﬂbﬁ’@g@gnfﬁ%gﬂﬂggﬁﬂgﬁ% ant i body

t oget her Bistdédn) 3ARI00) oRhbeamimen 40 and 60 mi nutes dark at room tenperature.
D lutions and conjugating secondary anti bodi es: 25SSEA-4 (1:200)

(Devel opnmental Studi es Hybridoma Bank) - nouse |1gG (Sout hern

Bi ot ech) 6kt 20@)500) ADaEIdkmagntal@udids PBOjdomeBenio pmavsalloSrbdPedthebr i doma
Bank) _ - se |1 gM (.Saut.her QL ¢ , (1:200) - Rhodamine WO
2006/%34?%[3%5%%?8%%525%@}?ﬁ'}%-81 (1:250) (Devel opnental St udi es
Hybri doma Bank) - nouse I gM (Southern Biotech), (1:200) - Rhodam ne

Cct 4, (1:500) (De pnent [ j ; ot : G 2b
(Sout her Brasty e Ch B S5 R due ey ot pg R CRgbara R 8509 ooy
rabbit | ghotaeess through academ c col | aboration), (1:500) - Rhodam ne
10or: Brachyury, (1:1000) - rabbit 1gG (), (1:500) (Santa Cruz

Bi ot echnol ogy) - rabbit-Cy3 (Jackson I mmunoResearch Laboratories)
15HNK@beba, (1:500) - goat 1gG (1:500) - Streptavidin ( DAKONect or
Laboratories) (1:250) - FITC Pdx1, (1:1000) (access through academc

col I'aboration); rabbit 1gG (Jackson | munoResearch Laboratories and/or
DAKO), 1EriéhyunRimdedd)rerabbit IgG (), (1:500) (Santa Cruz Biotechnology) - rabbit-Cy3

(Jackson ImmunoResearch Laboratories)

15  HNF3beta, (1:500) - goat IgG, (1:500) - Streptavidin (DAKO/Vector Laboratories)
(1:250) — FITC

Pdx1, (1:1000) (access through academic collaboration); rabbit IgG (Jackson
ImmunoResearch Laboratories and/or DAKO), 1:500 — Rhodamine

20
or:
Pdx1, (1:500) (ABCAM, (ab 19379); rabbit IgG (Jackson ImmunoResearch
Laboratories or DAKO), 1:500 — Rhodamine

25
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

30

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
35  Laboratories), (1:250) —Rhodamine/FITC



or: Pdxl, (1:500) (ABCAM (ab 19379); rabbit 19gG (Jackson | munoResearch
Laboratories or DAKO), 1:500 - Rhodam ne AAT (1:200) (ABCAM - rabbit 119G
(Jackson worrewaBesiear ch Laboratori es or DAKO), (1:500) PCcREPd@sionssK18
(1:200) (DAKO) - nouse |gG (Southern Bigtech)(1:200)- FITC A bumin (1:50)
(DAKO) -rabbit 1gG (Jackson | rmunoResé5§r ch Laboratories or DAKO, (1:500)-

FI TC y . , 501
e L
2006/ 034873PCT/ EP2005/ 010582 39 AFP (1:1500) (Signma) - nouse | g&RA

( Sout her gﬁgl @,t ech), (1:100) - Rhodam ne Result: After approximtely 14 days
culture F&eder | ayers according to the protocol 5described previously
aL![ hepgtbt_ﬁteybppdﬁkihmtalaﬂhdays weltue OR frasies Bersacchisting ledhe arateged cel | s
obt ai ped ,in bot r.ot | ANC D. A
Ear | yé]nolgg%cr@r?&&ég\f'ﬁ?sﬁzglﬁg Q%?%%m%yﬁggﬁ%%bvﬁéeﬂe% é(gfec?rs %@ F@E‘?ﬁp%{g};%ggﬁ? germ
| ayers. DPeNebtpimedtn b@BQhotod@F( 8) : 1563-72. Coucouvanis E. and Martin G R
BWMP signaling plays a role in visceral endodermdifferentiation and
cavitation in the early nouse enbryo. Devel opnent. 151999; 126( 3) : 535- 546.
[ Brol en, Refétendesns. N, Edsbagge. J, and Semb. H Signals Fromthe
Enbryoni ¢ Mouse Pancreas |Induce Differentiation of Human Enbryonic Stem
Cells Into BetaCell-Like Insulin-Producing Cells, Diabetes 54, 2005] 20

10  Wells, J. M. and Melton, D. A. Early mouse endoderm is patterned by soluble factors

from adjacent germ layers. Development. 2000, 127(8):1563-72.

Coucouvanis E. and Martin G. R. BMP signaling plays a role in visceral endoderm
differentiation and cavitation in the early mouse embryo. Development.
15 1999;126(3):535-546.

[Brolén, GKC, Heins. N, Edsbagge. J, and Semb. H, Signals From the Embryonic
Mouse Pancreas Induce Differentiation of Human Embryonic Stem Cells Into Beta-
Cell-Like Insulin-Producing Cells, Diabetes 54, 2005]

20
Goldin, S. N. and Papaioannou, V. E. (2003). Paracrine action of FGF4 during
periimplantation development maintains trophectoderm and primitive endoderm.
Genesis; 36(1):40-47.

25 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).
30 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

35  upon endoderm differentiation of embryonic carcinoma cells. J Biol Chem.;
25;277(43):40911-40918.



Goldin, S. N and Papai oannou, V. E. (2003). Paracrine action of FG-4
during periinplantation devel opnent maintains trophectodermand primtive
endoder mwOenesni3$87336( 1) : 40-47. 25Kubo A., Shinozaki, KpctSrassomssd. M,
Kouskoff, V., Kennedy, M, Wo, S., Fe%{)i ng, H J. and Keller, G (2004).
Devel opnent of definitive endoderm from enbryonic stemcells in culture.
Devel opnment; 131(7): 1651-1662. Rambhatla, L., Chiu, C P., Kundu, P.,
Peng, Y. and Carpenter, M K. (2003). 30Ceneration of hepatocyte-like cells
f r om hunedS20853003a7 3. Henatoaytad for theedpy andaliegpseraening made)ffom embnomisdber g, J.
L., Smt . , e, C. D., Frolov, A, Yang, D. H, Godw n, A
K., Xu, %teﬁ'c%,()%%%@ﬂﬁags]\//l.%ﬁl pat hway confers basenent nenbrane dependence
35upon endoderm di fferentiation of enbryonic carcinoma cells. J Biol Chem;
25; 27E( 43)548555 44 0 : ; nd drug
scr eeg)i nguﬁgde fr4 bﬁgéﬁgg{}éﬂpé%t%ﬁﬁgggwe?,frd@?g}gﬁts%b?&ﬁﬂﬁﬁ&g%’ktgélragblﬁggw6574,
Hepat ocytM.K.iat@hge cells derived from pluripotent stemcells, Carpenter,

M K. et al US6458589, Hepatocyte |ineage cells derived from pluripotent
stemcells, Carpenter, My et al 10 41 Cains 1. A nethod for obtaining
endoder mlU S+ TARY Hepaloeyike $neaas dalis dheveddram elusneteat stam catiasarpenter,

hepat ocytg- Lkg cells conprising the steps: 5 i) In vitro differentiating
BS cells in a growth nediumconprising FG- 2 to obtain differentiated cells
of wiiOch at least a fraction of themare endodernal progenitor cells,



ii) determning the fraction of the endodermal progenitor ceIIs
obtained in step i) 10being primarily extraenbryonic-resenbling
endodermal progenitor cells (endodermal progenitors of type A and/or
mesendoder mal -resenbl i ng progenitor cells (endodernal progenitors of
type B), Hi)optionally, determ ning tHd fraction of the cells
obt ai ned i#, ep i) being undifferentiated BS cells, 15iv)optionally,
selecting ert endoder mal progenitor cells of type A or endoder mal
progeni tor ceIIs of type B fromthe cells obtained in step i),

v) subj ectiNg\ BR8P QHRIITR] erREOEIER Ear%erﬁt%} beiis 8hd KPOWISQERRSHS 1HRS:
obtained in steps i V) to protocol A conprising the follow ng

st eps: ‘:’Rﬁﬂﬁtc’%"ﬁ%f'@c‘t‘qflﬁQO'T‘P@“'&'FB%B@P%&I progenitor cells of known
conposig i on obt ai ned in 20steps i) or iv), if relevant, to a growh

medi um and opti.o cha rowt h nmedi um af.t.er itable
bor | 0a( o) bt ¢ ifaro dltessmafEL RS eHA % AaRii sREF R BIGRATE A cel I 5 of
known conposi t itonbialtdiferediaiad etiepniidh atilagst @fradiof of thymeatd ehdmizmodl
one or nore gr%ﬁg%@%ﬁgl ng agents selected fromthe group

consi sting of ) , and BMP2, 25A-3) optionally, passaging the
cel | s obtailned determtr@whejractioa)ofthe sadedermalepregeniioraells phteived @iémiy t o
f ur t hefo expansiygeQlindaiy®:distihyors] sbnﬁm@ é}gméjrma%r%aém@%@e of the

progenitor cells tal ne
addi ti on of onderflodapha PERSENET S AL YRR h@“déﬁé?ﬁ%n oHgtmalyesemblieg enzyrre

i nduci ng agent %r@nﬂ&t@% Lern@mgrmg b§HRocANgHew),Ng of DVSO, et hanol,
dexanet hasqgne, ai n_hepatocyte-Ilike

t al ure to o
cells. 2. 1 mat%? ‘EP & edi"HEPgttBeFﬁgl%f’%fhe\ﬁﬁ@f‘r&tﬂ”%@S LRSS are hBS
cells. 3 A netungifeaetatedBBgell claim1l or 2, wherein step iv) is

:Aﬂg:, gi t H94f2 e % 8{!@% y,gsi%%%tlr?gcé:l@ler eno%derma?n%ggrfntotr Q&ls%ﬁ‘ Fy%g g\l or}%ngclaaaelrrggl’
progenitor celis of iype B from the cells obtained in step iy,
v) subjecting the endodermal progenitor cells of known composition obtained in
steps i} or iv) to protocol A comprising the following steps:
A-1)  subjecting the endodermal progenitor cells of known composition obtained in
20  stepsi) oriv}, if relevant, to a growth medium and opficnally, changing the growth
medium after suitable period(s) of time,
A-2) expanding the endodermal progenitor cells of known composition obtained in
steps i), iv) or A-1) by addition of one or more growth-promoting agents selected from
the group consisting of RA , FGF4, and BMPZ,
25 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,
A-4) inducing differentiation of the progenitor cells obtained in steps i), iv), A-2) or A-
3) by adcition of one or mare differentiating agents that are liver enzyme inducing
agents selected from the group consisting of DMSO, ethanol, dexamethasone,
30 Phenobarbital and urea, to obtain hepatocyte-iike cells.

2. A method according to claim 1, wherein the BS cells are hBS cells,

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



endodermal progenitor cells of type A obtained in steps i) or iv) is
| arger than the fraction of endodernmal progenitor cells of type B
obtained in steps i) or iv). 55. A nethod according to any of the
precedi ng clains, wherein the cells irglzsteps i)-v) or A-1)-A-4) are
cultured in a 2 dinmensional culture conprising a surface to which the

cel | s adhes, @ méthod\acRidesltoa G QF thetPede@ing Maired, whBRiPIhe ¢agidadicl ai s,
wherein the fractljon of th

t cells 10obtaj.ned in st i) apd/or step
"y that | EEORSTELIPASTOb s oL PE A LS Brieps Rt i Puke Tande oot
such as, dragtion eftendedatnalTygeraitr tetia st tydd Bobadinddaasip2d e ivat | east
30% at |east 40% at |east 50% at |east 60% at |east 70% at |east
80% at |east 90% as evidenced in a sanple of these cells. 157. A
met hod Sac codnetged accaminob anhief heeoadiding ceires, mbereivhibe eelis it hiep$ fatbn on
of the cel j A ] t L I .
undi ffer en;{‘ ?Qggﬁja}g@% glérlle?s'é% g%frlé%%s %{Aﬁéﬁﬂ%%%%g Shﬁ%%é !Q&Iégcg.t(?wpxgg éhet han
70% such @S adee. | ess than 60% |ess than 50% or |ess than 40% as
evidenced in a sanple of these cells. 208. A nethod according to any
of the precedi ng clains, wherein the endodernmal progenitor cells of
type A obtGafBHNPhaciorng ¥ aay ot bigIPEredRg Sipims #hasinghe fpctiongp theoells o
A met hiod apeiadiingteb0) dHddr Bted,iviwha ied endoliernen gederithtelRoPgepiAl bt

| ft | ect b ' ' t [
cul ture. oS 6T FRe 1 Sy 1Shet R B RS o ket ab ey
any. of t hetOfis, etledstrig’c labienst, 60l et least 7@ aRleas 8attdedessh 98% as evidenced

concentr at;| .1 ng/m to about 200 ng/m, such as, e.g.,
from aboutIll1 8%3%'_5%%?%%%8%’[3011'[ 100 ng/m, fromabout 1 ng/m to about
50 ng/m, fromabout 1 ng/m to about 25 ng/m, fromabout 2 ng/m to
about 120 RYAMHethdd STRRYS aﬁ@ﬂﬁ;@*ﬁéétc%g@&@féhé%@@(%e fr%étBWo@%v%mtelié .

ng/m to about 5 ng/m. ] "according to claim1, erein
the one orPHHE iy PEROREIB §EPIN dhal genyrglifferniaiet 85 &llDis legsdhaiRR% to a

concent r atsueiaffe. d. 11648 BEOWY% Osubn g/ é’.f%.biggs ﬂ:}éﬂ@bt}@%@@@tﬁaglsn’:@, gﬁlugsmaﬁi
ng , Trom abou ng o]

e.g., fromabout 0.5 ng/mM tq about

about 434 %@’}q%“?e$%&ﬁ9§§§%? eS8 G889'm to about 400 ng/mi, from
about 2 ng/m to about 200 ng/m, fromabout 2.5 ng/m to about 100
ng/ m ,~frogmabout 3 ng/nl. to about 50 .ng/m . fromabout 3 ng/mM to
Dhout 200" RoPret e e alB o 8y BPRE Byt RE Bt thSE G HheclePiHlom about
4 t o aboutrr@eniggrklls of type A dRtainad irestéoil ascetactidriyy inaustomyof sfeptivie
precedi ng clains, wherein the fraction of the cells obtained in step
A-2) that are endodernmal progenitor cells of type Ais at |east 20%
such as, @&:§.methad acsariingdodiaina B, Wieisin trosndodermabproperdioogeliaof lypadt

60% at | easield@hmat | east 80% at least 85%or at |east 90% as

evidenced in a sanple of these cells.
25  a} using neomycin selection in culture andfor

b) using flow cytometry.

10. A method according to any of the preceding claims, wherein FGF 2 is added o a
concentration from about 0.1 ng/mi to about 200 ng/ml, such as, e.g., from about

30 0.ong/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, from about 2 ng/ml to about 20 ng/mi, from about 2 ng/ml to about
10 ng/ml, from about 3 ng/ml to about 5 ng/ml.

11. A method according to claim 1, wherein the one or more growth-promoting agents
35  Instep A-2) are added to a concentration of from about 0.1 ng/ml to about 1000 ng/ml

L

such as, e.g., from about 0.5 ng/ml to about 800 ng/ml, from about 1 ng/mi to about



13. A nethod according to any of the preceding clains, wherein the
endodermal progenitor cells of type A are identified by positive
reaction for Cct-4. 14. A nethod according to any of the
precedi ng cl ai ns, wherein the endoderngl 15progenitor cells of type A
are identified by positive reaction for a marker selected of the

group consgatidghgl, %mlﬂ}iﬁabes ﬁ?ln@@é Abut Wn?%/mﬁﬂzsaﬁabemdz @eﬁitosa%m B9 a

pOSI tive react| on of | eas one of | ow n ers such
0o . at | MHEh OHPEH 1 REORI e Bk R G aRoUl Lage bkt Straime
fol | owi ng e kess 3 rgimilte asbutoouwg/mif frdrh @bdud B30V MDD BB Bk EDS/mAtor kre@ast

five of the f owi ng.markers: HNF3beta, Gatad, Cdx2, Sox1l7 and
20Pdx1. 1%.%&”%%‘?88858@Tdi ng to any of the preceding clains,

wherei rd t he endodermal progenitor cells of type A are identified by

positive r@&l%}*é}ﬂ?é ch:ﬁ%@ﬁngf ﬁ’@éo?eg:bdﬁg)&%m?s?m%e V%ﬂr?(tilief g{o}q Htnetelis

met hod accor di ng précedi ng®c erein
endoder nal ohgitgsinistaprA-éethpkarg fendgdesma paegsniterentis 6fiteme Adip 24 lgasisi0%,ve

reaction f t n t rs:
Negbern, h obted, bleSRINDALAR A S B o0, dilac] O WAL FOL T

any of théeﬁfé@“éd?fdaa%lsé/wf% at {gRe Wnaspédsnaedin 4 snnr i, ceﬁ&e A
met hodygaccording to any of the preceding claims, wherein the

popul atlon of e er ma ro or cells of t S increased with
a factor of &M ?qg%g?“?ircjérﬂfﬁﬂ aggo @e@fecew Setesy ?reibth%re“‘?ﬁﬂeg’?a'a
factor of ;ﬁﬁ’ga}itcrrnmneoﬂapé acioidenldfied 00 positiveneastion idradt-@ar of 35250 or
nore, a factor of 500 or nore, a factor of 750 or nore or a factor of

1000 or nore after step A-2) or A-3). 44 19. A nmethod according to
any of t heldpAanadichchercotdicnte anwheheiprecetieg odaiensowheminghelefidaleandli at i ng

agent s;z0f p?ég}:é?ut@r o@is af t?e\ﬁﬂ%r@i"der%@@ b% géélfﬁ/ee}ggd?:toﬁ for%ﬁ'g rF(—‘-;l’ ds@%}:{égq’f the

accor di ng to claim1 erern

liver. 21. QVWWﬁ'éWEh@d‘Bﬁ”fﬁbﬁbﬁ Fatedny e 59*@ %dé?%(ﬂlsh@j’l 2 @P@ﬁ&tfvemher e| n

DMVBO in str@@suen #) ol SashEALEr th@f@owlﬂ@wmerr@tsu&naé LM ARAY 1w 0Pt O
about 10%. such a a oué?”% 5% t o about 9% from about

0.6%to aﬁeililw”@o@af#?rang%%fh@ Fobhs Be arkgys. et lgast {er gbthafoliowings t o

about 6% rhdrisrsad st BrerSoiiefoRdway mafkerst HRFBIENL Ubatdy, E:t SR Hhg 4%
from az§OUt 0 8% to about 3% from about 0.8%to about 2% from about
t

0, 8% al%’ut 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

0,

52, 15225 A PR SE LIt PR RS il

as, e.g. erdggnercelsof type A are identified by positive reactlon for HNF3beta, Gata4, Cdx2,
and Pdx1.

25

16. A method according to any of the preceding claims, 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, Gata4, Cdx2, Sox17 and Pdx1.

30 17. A method according to any of the preceding claims, wherein step A-3) is included.

18. A method according to any of the preceding claims, wherein the population of
endodermal progenitor cells of type A is increased with a factor of at least 2 such as,
e.9¢., a factor or 10 or more, a factor of 50 or more, a factor of 100 or more, a factor of

35 250 or more, a factor of 500 or more, a factor of 750 or more or a factor of 1000 or
more after step A-2) or A-3).



23. A nmethod according to any of the preceding clains, 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 |east 2010% at |east 20% at
| east 30% at |east 40% at | east 50% at least 60% at |east 70% at
| east 80% at |east 90% as evi denced it a sanpl e of these cells.

24. A nmethod according to claim 23, wherein the hepatocyte-like cells
are identified b¥| positive reaction for a marker selected of the
group cons?Sti ngihed aggording 19 anxppthe greredipg clains, g/helsrpBp oneyPmaied

ASGPR. 25d|ffé¥8ﬁ@hh?ﬁg@rﬁ§@ﬁéﬂé&ﬂg-4§ BreCdn@ioihidfle towagehts, t he

hepat ocyte-li ke cells are identified by positive reaction for at |

| east one of the follow ng narkers, such as, e.g., at |east two of

t he fold oveme methkeaccordidg ot mhwmaafsamh@dé @gdnow' dagradialk ey the labr.

| east four of the 30follow ng markers, at |east five of the follow ng
mar kers, at |east six of the follow ng markers: al bum n, AFP, PAT, CK
18 LFABP, ZTIYR ragitiod\&@RRIing @6iny Af imetphexediag claimaki, mbetetn RMEDN 2p dv-4)25,

sher i 1\ NeudigREL Sy RelighHeLA% 850 ISR Dot gy B et on
any of t hel-piede elo§%e FraRbONt 3% o RbpUS B, e ook %o ol H, HOMT s
obt ai ngg 'ébo%% @@%/%o%)ao&t%% fl%ﬁ%déﬁf‘t'} fré8b %Béd@%%ﬁ%b%s é?%'té 3!)&% g9 han

2% such as, A X 1% less th 0.5% as evidenced In a
sanpl e of f%é‘%otﬁélal/sto @?8‘ 3/A fﬁ%f' Hth@cbeOcﬁbﬁa’f %% TeaRy akaut P§ds to about

precedi ng 5% fitm apb@roedn 1d ;Elﬁ)uﬂm@%f fr@rﬁw%bmai@ﬂ tBghareh l4s,, Hom about
identified i sel ected fromthe group

W ti,ve reaction for rker
consi sti ng’ g#’tgg -t§;2/8§@ﬂ’ﬁb°”g%?mf§abmt 110, Tral-81, Nanog, and
Cct - 4. 29. A method according to claim28, wherein the

undi 11 ensd atedoBS58ld ARy LARRLILLAR 1A ARSI He phERTilgg, O

at |least one o

mar ker s, aageh@aﬁeptﬂﬁ#)eleaofaloga«bfdsummeq-s-,etmnol east four of sald

mar kers, at |east five of said markers. 30. A nethod according to
claim?28 or 29, wherein the undifferentiated BS cells are

15i dent i f i 25 Agyethessaecriring le 46Y Poife PecediagEalams, wherainghe fastion 2f the cells

tTL 21 60, Tébaéne‘%mn SM@rxom thame Qé}faa“(écyte ﬁ(l: ce:ﬁs .gat iaggl 5@@%9&%@@ gt qat %@gz of

preced; ned a
bor criOagel . 2 KBS o bt b3t PSSO St NG st 36%.
propor t i onatiemst $05% red rdaet 004 as elibisncet b £6drasle boththecamet hod is at | east
20% such as, e.g., at least 30% at |east 40% at |east 50% at | east
60% at least 70% at |east 80% or at |east 90%
24. A method according to claim 23, wherein the hepalocyie-like cells are identified by

positive reaction for a marker selected of the group consisting of albumin, AFP, AAT,
25 CK 18, LFABP, CYP and ASGPR.

25. A method according to claim 24, wherein 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 following markers, at least four of the

30  following markers, at least five of the following markers, at least six of the following
markers: albumin, AFP, AAT, CK 18 LFABP, CYP and ASGPR.

26. A method according to claim 24 or 25, wherein the hepatocyte-like cells are
identified by positive reaction for albumin, AFP, AAT, CK 18 and LFABP.
35



32. A nethod for obtaining hepatocyte-like cells conprising the
steps: 25 A-i)in vitro differentiating BS cells in a growmh nmedi um
conprising FGF2 to obtain differentiated cells of which at |east a
fraction of themare primrily extraer%%ryoni c-resenbl i ng endoder nmal
progenitor cells (endodermal progenitot cells of type A,

30A-U) opt i pna) rhé(tho@ gcl:c?o?él B atnk)%f ﬁ@%‘?&%ﬂ claﬁﬁsolg-gﬂ'vyr%rrelﬁﬂel fiaclbn bt A

A-iii) subjecting the endoder fral t ype A obtai ned
in steps |‘)e”6PbPI”)3‘dﬂrb3t§P Oriobutt ag Wﬁ%FQ@?tﬁﬁ BtSH@”S’r @Ifﬁfsé\ﬁh"%i'g?"éutsé’ﬁg as,A- 1)

subj ecti nge.§ hRseaRFAAGS, MY tRHrOYSHI ds@videftddSn BfsakpRWA tHeesBaRI t i ONn
obtained in steps O or iv), if relevant, to a growh nedi um and

optionally, changing the growth 35nedi um after sui tabl e period(s) of
time, 56 280A%phethapandrdity bhey efithe gexording plamge pihtein tbe bhdifabniaaiBs

conposi ti %IIQ Qlte%%]wefﬂedj %é& ?tng ré%c’taml\ Yc)r a%arkbér s%leg%d ?I%FH thé ﬁﬁu@{cgﬁs@&g? r

nore grow h-pronoti RS salect ed ot romt group CcoAs

RA, FGF4, Cafr‘ﬁﬁEBi\/@ZBSEA-dl GCAV3) TydtGlomed 8, Npags agd fgi-4.he cel | s
obtained in steps 0, iv) or A-2) one or nore tines 5leading to
further expansion of said cells, A-4) inducing differentiation of
t he progem® GrmetBed accerting trelpim g8swigiainite undifferentlateyl B§rcells arg)ideyyjified

addi tign afy ﬁ%ﬁvé’Feaﬁ@cErﬁfodhtﬁé&ﬁ%ﬁé bﬁéaemamg@né&htagaégaéﬁeéétwofes%yne
i nduci ng agents szl ected fromt roug consi stjng of O et hanol,

dexamst hasBHESTSPRATRLYE ¢ éla'de{ﬂ%fk%fge%” afbfoyboféﬁtdamﬁk?fépaéﬂ%w\@ i ke
cells. said @3rkeA. met hod according to claim 32, wherein the BS cells
are hBS cells. 1534. A nethod according to claim32 or 33, wherein
step A-U) is included. 35. A nethod according to any of clains 32-34,
wher ei n pragt dcomdthdl aoatingdeftiame @8 ion2&mheodin theaindiféredtiated BS cells are

15 identified by positive reaction for SSEA-3, SSEA-4, GCTM-2, Trat-60, Tra1-81, Nanog,
and Oct-4,

31. A method according to any of the preceding claims, wherein the overall yield
determined as the percentage of the number of hepatocyte-like cells obtained in

20  proportion to the number of cells subjected to the method is at least 20% such as, e.g.,
at least 30%, at least 40%, at least 50%, at least 60%, at least 70%, at [east 80% or at
least 90%,

32. A method for obtaining hepatocyte-like celis comprising the steps:
25
A-)  in vitro differentiating BS cells in a growth medium comprising FGF2 to obtain
differentiated cells of which at least a fraction of them are primarily
extraembryonic-resembling endodermal pregenitor cells (endodermal progenitor
cells of type A},
30  A-i)  optionally, selecting the endodermal progeniter cells of type A
A-iiil)  subjecting the endodermal progenitor cells of type A obtained in steps i) or i) to
protocol A comprising 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
35  medium after suitable period(s) of time,
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A-2)  expand ing the endodermal progenitor cells of known composition obtained in
steps i), iv) or A~1) by additian of one or more growth-promoting agents selected from
the group consisting of RA , FGF4, and BMP2,

A-3)  opticnally, passaging the cells obtained in steps 1), iv) or A-2) ane or more times
leading to further expansion of said cells,

A-4)  Inducing differentiation of the progenitor cells obtained in steps i), iv), A-2) or A-
3} by addition of one or more differentiating agents that are liver enzyme inducing
agents selected from the group consisting of DMSO, ethanol, dexamethasone,
Phenobarbital and urea,

to obtain hepatocyte-tike cells.

33. A method according to claim 32, wherein the 88 cells are hBS cells,

34. A method according to claim 32 or 33, wherein step A-ii} Is included.

35. A method according to any of claims 32-34, wherein protocol A is as defined in any
of claim 1-31.
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