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WD 2007/ 140968 PCT/ EP2007/ 004940 Novel

hepat ocyte-1li ke cells and hepatoblast-like cells
wa@l007ited68 r om hBS cells. Field of the inventiRGI/EP2907/004940

present invention relates to a novel hepatocyte-Iike

cell population derived from 5 hBS cells and to the
Nova?hepatotlyteslike 6élisand hBpatobRsylike Icels defiléd fiom ABS. cells.

nmedi cal treatnent, drug screening and toxicity

testing. Furthernore, the invention relates to
Fieldagfahe mvagiitionl ke cel |l s that may have suitabl e

characteristics so that they ca d d
ThelRawal e Fe} GIRlPa1oum PV PENRISEYE Uke GeILRoRpAon derved from
hBQ"@eﬂl@taﬁh@Mb ¢hd pdtentit ke of s@hdwebb@byf%ﬂilé rensreg raydibs!

for in vitro and jn vivo

realieH. dNoSSreRNg AHLBKEIG LA EEPeTea: e MRl Haies o
hepdto%wsdﬁkécemjhleathﬁ@ahweymable&ﬂae@léretucmmdthﬁg chf behe

i nventi on express tran rters,and/ o
xoRRNGELBI She hesdect AeTERTALed REMe Psiunatorah SRy tesike cells,
andRthat faitRerfidpé Afay beude@\Vier in vBRCAY /ﬁlm@ shldiédef hdp\a&igfehésis such
15 Plurijpotent human stemcells
as GallyS1eRRIOBRNSRS PHACRAI ZRIENBIAtE 9'39 ess. \yﬁiﬁﬁc*@tpﬁtocxﬁe -Iikg gl
acc6ﬁiu{g fotRe fnveﬂ'ﬂ'tﬁ\ &40drlig trnégorRFORTg6 druf Imetalslispat
uman bl ast oc erived st em hBSée\feﬁl | s and

Chaﬁﬂ%’%ﬁ%ﬁ'ﬁ% Ffﬁr%%"erﬂnpé? BN SXRIf e desired
target cel I types will provide a stable and virtually
unIirrite of cells for a range of applications

Ba‘?'ﬁﬁimW‘&B “ieﬁxv?'?ro 20 Liver failure and end-stage

Plufipotént HinfRPstem ool af&@@féﬁﬁ’eldbb Ge\fowtloﬂlzb lﬂg@ac&b&ﬁlbﬂltﬂb a variety

eaths around the world and is or burd
of g I dies. T PESIb Y (oproppgaln i aIsRt PR ElRsTare (dagved
ster‘?ﬂ(ﬁBS?é@@%?\gfsUbsédl}%&tIYfﬁmbrenlnbwﬁd Hém intbhiee 8é§utddaﬁnge06ell types
rocedur e and con

wil s &SP ANC I TR SRR O L3S 1) teagt ohoPRicglqns i
vivd ammplimdt ati on al so suffers from shortage of
avai | abl e donor organs and the treated patients w ||
very often be referred to |ifelong i munosuppression.

Livé?¥ailuré dHE ieﬂﬂ—sté”g@ Ineﬁdséﬁes@r@ monﬂﬂblforbaalsggb amount of deaths
ot

treat nen r eat ance t
arouR heryor and 5 2 REior RBeh a0 NERCATErs AerteP ovenes e
trarfeplepiRiof irsiRame he %s&ﬂcbéﬁftﬁtﬁﬁe@tmémeHbWMr ihe emecy of this
centre of netapolismand detoxifjcation in th E
s PR Bken

progegte s lipitech an<t CNpPEtef] fo BBy £BPLC 0B SWs i

rejécﬂorﬁ) NGRS trfaﬁsplélﬁatlcbrf ¥ls@ sUfidrs Aohestrlaye of aadilablerdtinopvajans and
tro nf ort unat el

{ t
the dsmisccaEgtsanlh verdiatien % eETe g elepaamnag PRt st By
redb(f n@mé rﬁ‘éiid' fof M@l@n@\b’élllbélblla@tréﬂdﬁaﬁts wil g:ea:)f gréaﬂhhbmrltelmcefto both
iver_cells imted and the ce
sodti 559 LR FEMOVRSS Sull oo e SRiSTe RGPREY 35
phenotype and functional properties (i.e. within 24
f

Furegota. s et Iide e PrielabBlism Bhc EBHIRRRN(Y i furm&f boay,

and thBRSoretHugB efforts RINFbEIAINdINakEd) order to identify a reliable source

of functional cell types for in vitro testing. Unfortunately, the complexity and function of

the liver is not mirrored by any cell type available today. The availability of primary
human liver cells is limited and the cells are also known to rapidly loose their normal
phenotype and functional properties (i.e. within 24 hours) when used for in vitro

applications. One often used alternative to primary cells are hepatic cell lines which in
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WO 2007/ 140968 PCT/ EP2007/ 004940 P12338 PC 2 turn
contain very |ow [ evel s of netabolising enzynes and
WO 2008/141968 r i buti ons of other inportant protei MGI/EP2007/004940
pi28ss¢antially different frogmthe native hepatocyte in
vivo. Thus, many tests are still performed using

turntaddinb@rl\ veRIEW Icvkls &F\edlabdiginglenzyves an@hatodiseibutionddi@ter
(0] € Specl e

i f reb neratin
imp B FERIPING U5 RN Al TR Ty (e e REPTIgorth Teviver s, many
tests BRS §t@pdrfdanied DSInG RAINIA HiRekal |é\/eﬁhﬁ<§d'@ﬂﬁ§f m@ﬁibollsm |s known
devel opnent_adverse |iver reactjons renai

to bﬁﬁ@ﬁ?‘ﬁ%ﬁf’ec'@“oﬁn%ihﬁgﬁqyu9&8?@"99 di [estip P 'PB jver t°x'°'ty in

anoe?dpeditPthaRfthdop@testddver toxicity liabilities is of
paramount inportance when sel ecting conpounds to enter
clinical trials. Efforts to 10 inprove capabilities in

In phBl*nS’ac'ébﬁ@al %%Ioé&ﬂgﬁteéiﬁ/eké‘étmelt fe@ciohal rbﬁhbid the YnéBi Fdnhifent
devel opnent of nodel s, which ovi at er

tOX'E'W@PA'@é ThetelerReay Rpdistiopiob PuHAR ier tﬁf'el&velga&ﬁ@em Fh

par&RAbiitiifBortdhdeWwhieselsbiing %6m|prl$ds tbrént&r)bllhlaalhﬂélErEffdr& to

both areas the use of differ t ed s derj ved
imprqus RaRRRIlites in his AMRA 'aestpﬁdafﬁ%ebﬁ @ﬁﬁdﬁﬁ?ﬁ%‘w HB%S“%@N’

devépRIcHt SrhyddIS) GWrﬁcH Brovide\yraaBi caversbelfor the d’diﬁﬂﬁéx tsalsgean
that mmcs human |iver cells and that is

Progassgs whichraoictds tafinques @dverse ik 'aiuDt BHumany ﬁbboth areas the use
of d@#fé\f&h@mls Qbriveror MBEScellE pfdVRdd srahisindRegirilinigs bot h
avai lability and phyS|oIog|caI rel evance human
pluripotent stemcells may serve as an ideal renewable

Aco%ﬂﬁrﬁgﬂ?tﬁéfre fslHClirge Rt e ddBBd modePsys ey s mitiiee hukriah I|ver cells
| s” have been pl aced in a gr er enV|roanent cert

andztbahéﬁale.te pe?f’aw&éf@eﬁsl%tc?%dﬁ SRS gl AevRionpent 0 new

drugs 6r WRAk8al9fR afr(ﬁlﬁ%ﬁﬂﬂﬂ%lléﬁihty aRd ey ivlegisaludie®anddyhuman
nbhatla et a 3, WD 01/81549 VWO 097

nd 200
PGl SaTe Aol MaY Sewp P S 0¢A oAk B SUSES, FURFRBAl Human

hepfal t @Heh hBSScells have &éh Fladecfﬁ-ra EVéivirdAmieRt certain
differenti ated hBS cel | tures e cells

henglin EhaBEaNRics DB 6N SRFP TSRS 21 aBKS PLI LA T o0,

necessary for potentially replacing traditional Iiver

oo SRy e S e R 8 A 3B P38b ave

ldelﬂl'fi@E @Blis Witty S6rhk PRpatdcRESiRE Bh@rdct@nbtﬁ‘S reldYrland GST activities in

epatocyte-1like cell Iat o
d'ff%rregu%%%?%%&! CP@ﬁéﬁé’r‘E?g R’ th% groe(d ???h%"esfe%ltﬁggwn the
meRBBESSHIiIfSs ﬁ@des%ry”@rap‘dtentm F@Mfﬁng)tfradlfmﬁl fivahisystems in terms

of d%eéfar%%doé'e?%@rsﬁ%@mnim“ﬁeiﬁ% IRTRT Fateim e

preSéht InvaRtioP CP&‘@:*,é‘rﬂ‘e(ﬁb |hB®SceIITdBﬂvé(f»l@epﬁod§'lé fikes egiitpopalation for
in a defined manner to foll ow the

usedB G HRERYER! andiegrBg?tive egiine ritte ia%|erﬁ)@ﬁ?%sm fof gt least

72 h@ur%r i?«ﬁp)brl‘éh?m%fébbﬁin@f eh#|inids'ss well &c8RgIradbpdiascel |
that affects the differentiation. In addltlon the

frequency in the change of nedia differs. The

The,Celiatis patant GapligationsVP8P0§Q348 73 iehasstt op f?aﬂ@@"o&f which allows

the TREI & AfclehStaklofd & 8TdRfiRed ﬁﬁa‘hnbﬁhﬁfolloﬁvﬁh@%lﬁéeoﬂ%vbﬂﬂmental
Furthernore, the cells of the present |nven¥|on %
biolegy.dn tha presgnt invention, it is mainly the secreted intrinsic factors of the cell that
affects the differentiation. In addition, the frequency in the change of media differs. The
present method allows for less frequent change of media and is therefore a less labor

intensive method. Furthermore, the cells of the present invention are more matured
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WD 2007/ 140968 PCT/ EP2007/ 004940 P12338 PC 3 and are
possible to culture for a |l onger period of tine in
W@ 2was4yst ens useful for drug- discovery and PGKEB1003/004940
p123R$d ng. Nei ther W2005097980 nor US20030003573 teach
about the presence of drug 5 transporters or
and faw.ﬂ pbdsitého tulfuns PsrTd I0hGer paBidl 0P B9 é M Assuy systndd eseftillfat drug-
CYP3A4, CYP2C9 and CYP1lA2 are desirable enzynes for
d'SCBY%aQQr‘%ﬂWH@S ' 9ee table 3). However, the

appl |hcat| on does not teach anything about the activity
ese _nost rt . t I
Neifher MO0 B0 A U208 809cskr S ieesh Aborbiné peenss ohtg
trangbcﬁféi’y BF wnar't?wat t?lérhéiiorﬁérsl ms%%agggma%% Bta&’esaﬁaﬁd:VPSAg
are_netaboliz Vi a S t
CYRRCE e FYPTR? Freemieble revies 19 419 PorPias (tea B 3. °°
Hom@@@t bhé Qﬁblfcéﬂm deusMot té%\éﬁ%@thrr@YMQtWt@WAﬁese most

in an interindivid OSItIOﬂ

'mp?@'}t@c\tpss 'H@ﬁﬁﬁ“?&t@‘( ?A‘b@ h“cé‘PB'e W?St\}\'BB‘Préa"élegﬁme for use in
dru 8’§b6v%w and @xicrly %trﬂ%sﬁ MaRIrity Gl dragd QﬂetrﬁefeBSNZeﬂgna CYP3A4
atocytes derived 5frothS E(ad n‘&qnt 19
Thug, § WP e GSPDIEY Paep Bty oG VaR d YRR SSo It Sy IS finctional
CYRIAD, Tvrg seCYRPA2 eRZpniesinandnterihdivitiudiolpaaition thig reflects
transporters There are no details of the cells

humgasaduituer ¢8- W200509780 with respect to the nost
|nportant CYPs and drug transporters, and noreover,

shows |imted GSTs character|
I wed BRaSIeSIRHIE BN HRCPLAYY G indesne H BieBaiphvtes derived
fronﬁj RBSMHaBtd éUﬂnth\atfth)f iy aretiodal ©YPamasCYP2C9RINdedYP1A2 enzymes,
scrrEtr on of the invention The prese

() esiraloBd eneyEpR ey B Feiower BnForam JpPeLpd agetais

of tHe¢dII8 dedbribedtiR v ORA(BVYF8H Gith téwebt thtlS@mstt mq:ortant CYPs and
preparation. The hepato

cyte-|j
drug HoRIROFISFS: AN MABRE ol ?trfyvrtélm'te&ﬁ%ﬁﬂCt%ﬁctﬁ%a%ﬁ B g
conHhSICESr¥seii thveRiidrChds/a tHRBdUghGesefptivacA tirePhdesyll enzymes.
express drug transporters and/ or netabolizi ng enzynes.
Human bl ast ocysts-derived stemcells (hBS cells) are

Brlﬂ*dhrs'cFiNlSHtoowﬁr%ﬁtlﬂhVe rise to cells of all three

ryoni c germ | ayers; ndod ect
Thedggm,rrmeng relqtg%/ fo.hep q{:y{%ﬁ(ﬁrge"% aﬂggpeg?gﬁlastglgﬁelﬁells and
the ﬁ%tl'té?ds fONMSIr rédpelctias b E:rfaﬂon di rfefrfgpetdcytbt-lmé aeti$ bthe present
derived 30 fromhBS ce/ls w

invanian 46% esResiAIE Bl ealbler P teape SRGOVSY e RNV
becBR$EHel @kpiks BRIgEarspeAersindlor antabaliningtenaymes. i n
bi oreactors for extra corporal |iver support in
patients with liver failure, but also as a test system

Hurh &% bﬁa%wéy:*,tﬁgieﬂf/étgstbﬁlf @Mé $hBS be&i)lbte:plt]maémlanﬁmaofgrve rise to
xenobi otics, and Ezt otoxicit eriv

cell Gl B69R 68bBARIC S5aAmErS oY 8L RIS A faspgr™. and

furtﬁérttrrpt% a{ﬂfsofﬂéiﬁ@tahé @alrm kenamhbspateciitues, differontidtéd calsrderived
1 C onor |1

or P VA B PUBPal HaAH B e BT RE UG R Cod PRy TR e
potbftfl 5f BeiRg LSSHOL trheplaragtbrl ¢iMin BidreBrtors Xyeuxtraeotpmral diver
supl;_)g\rltv?r\\/ Sgtrenttsh\?nth Irver$a|}u¥e but also as a test system for studying drug targets,
hepatic metabolism of xenobiotics, and hepatotoxicity. hBS derived hepatocytes can
potentially provide an unlimited source of functional human hepatocytes, from the same
genetic donor if desired, and thereby improve the predictability of in vitro testing such

as toxicity tests and reduce the need for animal experimentation. However, the toxicity
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xenobi otics is often dependent on their
WhRern#ef ormati on into toxic and reactive neREHBPIDE4940
pi28dypctherefore, the presencg and distribution of

bi otransformng systems are required. At present,
of xBfobIBIcE |@Uﬂ@ndéﬁﬁ@ﬂbﬂw¢ ﬂ?l&lr(bmhsfouﬁ@tlcm indekic faAd rédttive

taollsmanth|c e
methhges . SSerSore i piese e s Satbiytor R sfarging svstems
are GéthﬁBSAmésémrbflrﬁé@m@ﬁﬁhtrﬁpafdém‘s iconstitaea mageldbrin vitro

oo S S BROR Bt R et

enzfm@s ahl Riady tra\r\'épd)‘{’fterﬁlurﬁr't:tltiﬁedrelc rapidiylosti dﬁd%r%ddgeﬁﬁwhérﬁﬁﬂﬁnary

expressi on of man or t ant net a i zin
hepaipsytes are gytureq. NdeByAT. PaBHS! lge$%eyt°m%c IpER 5 9rHenGH
whiEFPARUSEE SHYR §frodstddib 6 Gadkbdx@Fes sRIMZF iyl ifhppRastedrl

net abol i sm of xenobiotics. This oxidative netabolism

met,agglgmgsequ{mesdepend, ng on the nature of the
xenobi otic, inactivati on and facilitated elimnation,

acti vatjon Z% ro-dr u r netabolic activati The
Ctareme§i450s ¢ YESre mpe Bnaln BoprRarhaRss Aard T
enzimeb EphERSt ndtHbsIRAT of €Robisfesy MRisi oxidative metabdlismirestets. in,

e 15 enzynes o reatest | ance for
depﬁe@'aaen.t@ﬁmﬁtereo#gthg SeRohIotCa PP V@i'oa and faca'%%s@%‘gmmagm
actlflétfon7d?p8c9%l@fs o@'rﬂet&i‘tﬁ&%cilvaﬂlaﬁembi‘mbjoﬁeit@bﬂdws Bxpiession is the

ivepaeb NP SR B S PRI YA Soame TRy . The
enz?ﬁhbk! W@ﬁ'@te%ﬂﬁnpd\@'n@éw&rdruﬁﬁ@ﬁab@ﬁém lb@ldng do! q@fa&m}eenaa
ecitli

ot oS5 et i Ly s s

CYPRk@essibs aﬂ@tabwn?/)breé@ut H@ge’ihlefmdtvhﬂacmﬂsmi deatoof the
t hree maj or

lies 3 asal
pONTIRTATE. HEpERvEt f+ 3 Sine Grlitad THipt fcl%egmﬁw@eteé%mapec'f'c
dru&@}r?&éﬂhdgﬁmaddhﬁohéltealmb?@ﬁ |tr@ﬁsklbﬁtf %ﬁbbﬂltﬁoﬂﬂél@ﬁbhﬁﬁbmﬁiﬁ
ce eri ved hepat ocyt es-| i i C
N°tﬁ’6|¥tth8f°°f'}ﬁ’85‘t'@‘¥g F g A Maiar $ﬁé$‘i’f§ﬁ'€§{b&§g EggA
wutWé%eQ%@ﬁb@of dreatinpoMBh@cfor diugymétbbolishe hﬁmjwéxamples hereln

| 1es, eci sely CYP1A2, CYP
s dgspbRA NERLAAU ISV DBRAGH eI PIALMDIER ARINA rom most of the
CYP réhsyméwlinwudml CYRTARDshd CYP3AH/7Were &ietdciéd. Bashl CYR-activity of

i~aniurad Cr Ps to.t of human
the AT P FRIpHES (YT ESTe e FAT ARy CYPRE P St wad
detédt¥@Bhd AadHiti tHe sntemidiadisal EMpbélﬁorpdsfepaaaﬁwtgrof tife three
hepat ogyte-like cells that resshfabjé}ctl on

TRt T S SRarisuRety N BraY hapaIgor S ApiT ey, the
pre§é+ﬁ fh@ﬁt.&%r%wdwﬁﬁ’etm fONHE: e patatiapsiireputoesteaike cells that

essential when an SJ ng dr u met abolismand toxicity
expéqssterécqopgleC}rpgm 'nggey" present invention
provi des nethods for the prepar ation of

P Al GG Grspodarsrivsh as R, ARRR BT RUATEET Bl Gpatagyies ar

esskAtia wihlanaRBe P&irug)met&b’dhylﬁénﬂrtmlh%tmh\}es Acmbea‘ueglyl, the
at | east 20% o s.in the cel

pregsiiimyention pqogggp an{go Of mg FFS‘P?’S(}&’]@f r%pgyocy{e I?<e cells that

express functional transporters.

Thus, the present invention relates to a cell population derived from hBS cells, wherein

at least 20% of the cells in the cell population exhibit at least one of the following
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characteristics Al pha-1-Antitrypsin, Cytokeratin 18,
WORNB73ws8, Al bum n or Liver-Fatty- PCT/EP2007/004940
p124%d g Bi ndi ng-Protein and thg cell population has at

 east three of the follow ng six characteristics A

chafa”ct@,stué@n@ﬁantmtﬁry@sm Cifokérafis 8 MR(F@‘betah AlBiehih r leer-Fatty
rotei n_and/ or

ne expressi.Q
AcBiroiad i b e FopliElen Frbht 'eﬁtd'?f@ﬁr?f %EfPB?W'as s
cha@@;ﬁ{rﬁgﬁ@ on of MRP2, iii) at least 1 %of the cells
exhi bit protein and/or gene expression OATP2 and/or
A. Qg aBSPABe Sy ug et abol i si ng enzymes 10 iv) at | east

i) 20% afleddiaset the cemdeditit ;ﬂb@irearﬁw ¥ expesssion of BSEP,
expr essi on

. ast 20% of the
R R A MO NG - L T
iiiy of tmeéahkvae cel$ a5t prbfiin and/8 neex%?@ssuon?@ﬁTPZ and/or
-2C9 Cl9 - 2D6, -2El,- 3A4 and vi) at |east
O%Q\‘\T{:’rﬁa cell's do not exhibit prote| n and/ or gene
B. [ﬁ‘&@h%‘i@édi’igmgfen@ﬁﬁes 15 P1-1. Furthernore, the present
i nventi on elates to a cell Popul atlon derived fr
iv) hBS eldpast, 20 /mféP%Pﬁ"Sa%Xh'Qé'a%*’P florgaRePraRsIonar ST A1,
v) the Qﬁéést%lw|oNHeC&bII§>éRIﬁ|B§§chém|aﬂ§/i* g@ﬁ@eﬁﬁresélﬁﬁ:abﬁﬂ@asm
and AFP and have Brollferatlvec ac g%ﬁ c b
popufidhe éllowing GY f‘%%?sﬂAZzoz%%?@% %@y fg(ig ﬁ% 2 Br-2E1.-
chlalrg,ugﬂagg,&ps A. Receptor i) at least 1 %of t he
cells exhibit protein and/or gene ex SS|on
vi) al phatlgastiZRtegtha cells go get qxéti’gtpfcite%%ld ?’r?é’"&éﬁxP%essm“ of GST
exhi pitq protei n and/ or gene expression of c-Mt, 25
B. Intercellular adhesion nolecule iii) at ieasi i% of
the cells exhibit protein and/or expression of |CAM1

Fur@errﬁé@nﬂfér predért "hvfeﬂﬁérﬂfelétt‘é tod célﬁﬁﬁiulalﬂ%cﬁﬁvém&omeiBSSceHs
exhi b Frote n_and BreSS|on 0

whq;ylp@&qag abpuid 0% ofépe p@lgsu the %Iloqopelgtlpg eéersB gp L%ast one of

HNPétSEt@ bﬂd AR d r‘wér;ﬁélﬁé@ﬂv@é Jﬁ&&)‘aand WHe) celitpoperation hadat least
| s exhibits protein ana/or expression of CK7.

t‘NoE’f“Epfoi'%PQ&‘PurcC@PTacg’dﬁB%% on nolecule vii) at least 1 %
A. Recéitbd s exhibits protein and/or expression of EpCAM

35 U th I
i) and éﬁgﬁ%ﬁa@ pgtmﬁgiﬁggﬁ LS%%H!\ ana/or Sg#ecéxp%ssp fe alpr)}\a 6-

integrin,
ii) at least 1% of the cells exhibit protein and/or gene expression of c-Met,
B. Intercellular adhesion molecule
i) at ieast 1% of the cells exhibit protein and/or expression of ICAM-1

C. Transcription factor

iv) at least 10% of the cells exhibit protein and/or expression of HNF-4 alpha.
D. Cytokeratin

V) at least 1% of cells exhibits protein and/or expression of CK19.

vi) at least 1% of cells exhibits protein and/or expression of CK7.

E. Epithelial cell adhesion molecule
vii) at least 1 % of cells exhibits protein and/or expression of EpCAM.

Urea is the final degradation product of protein and amino acid metabolism.

Hepatocytes in the liver are the only cell type of the body to transform ammonia to
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Hepatocytes in the liver are the only cell type of the

body to transform ammonia to WO 2007/ 140968
WOeON/ERRED7/ 004940 P12338 PC 6 urea. Accor di neCT/EP200E004940
p12@dggsent i nvention provi des gethods for the preparation

of hepatocyte-like cells that synthesize urea. In one
ure::irii m@tdridmg{m tisd ﬁ)(rbb@nt:u:w&mbh gl‘bwd@B$§etg@d§ foe the preparation of

epat qcyte-1jke S produce an secrete urea into
hepﬁ?@ytﬁij'ggﬁﬁﬁ'sa@‘af %\(Fihess'zf‘ff??ar to primary hepatocytes.

The hepatocyte- |like cells have the capaC| ty to

synthesj ze aj. | east .10% % .50% 70% % 90% or
in o5¥ SbaaFmens Bbiner FUEM: atﬁ%gf’sdve\d Floriey) ﬁ‘f Bigiugs and
secn@t@uﬁé@pﬂbQﬁé’h@erﬂKQtzlgﬁélé 3mﬂl@ﬂto mﬁnma\byss@dytfe@ww leefpatocyte-
and o

e D o b, 208 G U
at 12604000% of Ordacioipared & privcdr 'hbpétoaﬁds Fﬁ%&iﬂ%[@yﬁéﬁhke cells can

hepat ocyte-li ke cells to dlfferent feeder fre
be %@1')1556 U'%%HB'P“éLaYpthfqag@O@aé)(n&aﬁSew‘ ﬁéergg‘n'ng high level of

ured SyHhedid. o5 nioie defalle seBlEXRApPRIGheveirch i s necessary
for the flexibility demanded by different applications

within drug toxicity and nmetabolism testing as well
Isolé‘t%noéﬂ'&ﬁ%sé&ﬁﬁg aﬂ%'ﬁéﬁod?ﬁﬁ% d¥lls Regifiérepyfeeder free surfaces

e b B S s B RS Sy

for thS I‘ﬂékl@ﬂiwtd%rrﬁér*ﬂ%d Weilﬁé?eiﬁt%b%ﬁéatf)hewnﬁmmrug esxicity and metabolism
ferably collagen |I cul tures,

testpg aporal o EpiLies 35T ESRTRIREICY B, LRI RO (P tiesen!

inveniién PR/ GYétRods féetrfee;brbﬁar@ﬂ@ SMﬁﬁﬁSG%HB leyirichad hepatocyte -like
reseeded onto differ

urface
colly Geger e Pukues. FHelowon Ggne™ | Slfese Foenyhael <Hsh ps give!
platts. Matrigel or nEF cell layer. It is very difficult to
reseed primry hepatocytes. Thus, it is a true
advant age conpared to primary hepat ocytes that the
In oRERATHRRMENt o R ifedrition ek depiecybiliké tylisiareBactesstuiged.

F furth det ai | 25..Th
resaasier aYP SereBLpITRSSAICLHELS SUo Be & S CRiFtenT NS ApEh
surfabédicdbe adliageh Y, MﬂrlgélﬂﬁlﬁﬁEW\b@Hayérultﬁwayl difficldtrto reseed

e ey TS Mo S T B 5 S

thatdhé heE@ta&ytamk@ Belfstidvahhe abintydb bie eexseeded) Fbrliertherldetdis esee
FI ng un unlimted source of functional

Accordi ngly, the present 30 invention
prOV|des nethods for keeping hepatoblast-like cells in

a progenitor state by reseeding hepatoblast-|ike
TheZal i SorParO S RBISEET N SpBROI SHEINID 4iF TRy 1o exsand when
cultiRRAirel peliferatie pe¢rﬁ|sbﬁe 2bAditddis Midedifférahiiatg intafunctional

hepat ocyte-1i ke en r% eeded.ont o

hep@&gqy&;@gype@d@lpé@ éf?ﬁrpayfaé@ aebﬁe con tlons wour@%cre Ivgluable for

keeping un unlimited source of functional hepatocytes. Accordingly, the present
invention provides methods for keeping hepatoblast-like cells in a progenitor state by
reseeding hepatoblast-like cells on to mEF-cell layer. In addition the hepatoblast-like
cells are differentiating into hepatocyte-like cells when reseeded onto matrigel or

collagen coated surfaces.

Description of the Invention
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Description of the Invention W 2007/ 140968

PCT/ EP2007/ 004940 P12338 PC 7 Definitions and
WORBTa¥I968 | ons As used herein feeder cells ar ePCHERNATIN4940
p12443 prean supporting cell typgs used alone or in

conmbi nation. The cell type may further be of human or
Defialtibps apdabbeviatibhgi n. The tissue from which the

As 4568 RRTe Feepay EF a6 eroa I AN §LeBRnO GHADPES £AFY Flghe or

combiHztitAlEEhel delidyie ﬂhey lfmr be @fmhekan or bihet siskiongs drigiire Thienissue
unpj EI cal] chor $ n pi theli ung a?l acent a .
front whic hesieefeliyee Sé"aé’rRﬁJ %['Veat‘ JrPryghigfetal. npqpatal, juvenile
or a?@leﬁlﬁruecalxd B furier bﬁuutdjeg tiveud derivey Oreh'lbsldiry | esudieg foréskirn g
Ne rou onsi| s ro
umtiRg) chopdruteis, SN £BhmplatERG: taloptan hisen BRhdyia, ifqraa or

bre¥ROT Yok e dend nfa@ldeSdenEas@rfbln&feuwpe%wtbfnmyg ©ahé gtoupes
that may be used for_deriving feed cells in

cong/ring,ffiumnan friipeisrowsas IVABYGY ecAEnad AR sACp Rl colls

and%‘tﬁéﬁ%ﬁ@élhéoEk&npl@@%ﬂgﬁédﬂc%élll|t¢pesftﬁétaha)f b udd mtjénvmg feeder
d/or fibrocytes, fetal nuscle. ce f et
cellg elude MBI [ReESI Lo BN GRRRSEIREN 4TS, o3 pambryonic

medoRbah cER, T8l fibrdbl e bﬁd/oﬂfﬁtbbﬁé@lfetahaugble BeIRS fetdlysih cells,

ooty e G mpel P AT e Lo P aba et 1Y) S
meé‘én@ﬁ;ﬂﬁéla:‘éhé? p@e“ts%fw f.Bﬂobra@t:syémr fibmteaablabemwsaidethenal cells,

posgﬁ@takfﬁgs#@ fi bé%tplqags aag/é[ gbrgﬁytﬁs,fqosf B%tpldgpgc?%ﬁgl} S, post-natal skin

cell§ 'd@fs@ﬁé‘tbﬁéndo&i@“blcéllblsddtﬁ skinEflbréblasislahd/of abrbaﬁearaduu Ineuscle
dothelial cells, adult gl an ul. ar

cellggbt FiopRaure EFRSHRI PolF. S Aand i hoBelre ofnad

stroﬁ\%‘l Sﬁ@iﬁémbl dehs | Sdultdietst c@tﬁt!é@bb@nbﬁimal&ﬁllé Sadu&daubbthellal
cell's or adult kera ocyte

cellgerell spiteeliabedts du 2¢ b heralimsssias: IRRinETk Pl B dpiyee from

hBg EdiOlealls may beAbratsasis her ei n the term"3D" is
i ntended to nean three dinensi onal As used herein,
the term "bl astocyst-derived stemcell"” is denot ed BS

As 6&d her@Rdnk term tBDTAGinkeNoeY it mican nede ‘dBénsteidl.s” . 25 As
used hereln the Term"AA i is intended to rrean t he

liver rmrker al pha-anti-trypsin. As used herein, the

As @éi;’dﬂ‘\eré’iﬁpt'heltérm HisAckset-terived arerh bell"lis demotat Barell, and the
hafetogéﬁ% 30 As used herein, the term
h””“%ﬁﬁ“ ig ermpe gelss nean bile salt export pump. As
used herein, the term"CK" |s |ntended to nean the

I K ke h bl
ARG N o L e T

19 and QItokeratl n 7. 35 WD 2007/ 140968

PCT/ EP2007/ 0049
As used herein, the term ° 4ISE)FP is intended to mean the liver marker alpha-feto-protein.

As used herein, the term “BSEP” is intended to mean bile salt export pump.
As used herein, the term “CK” is intended to mean the liver marker cytokeratin (used

interchangeably), with different subtypes such as Cytokeratin 18, Cytokeratin 19 and
Cytokeratin 7.
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P12338 PC 8 As used herein, the term"c-Met" is

i ntended to nean hepatocyte growth factor and/or
W@ 2wrtewes act or receptor. As used herein, the RPEFEP2007/004940
pP1233s@dM 1" is intended to neag intracellular adhesion

nol ecule 5 1. As used herein, the term"LFABP" neans

As Used @erdimitthey tef@i d NFetn diingndsdfoahear( béwocyte growth factor and/or
i nt erchangeably). 10 As used herein, the term " EpCAM
Scatﬁ?éé?ﬁméﬁPg Melial Cell Adhesion Mol ecul e (used
inter changeably). As used herein, the term"FG" neans

fi brobl ast facto f bl f d/
PR AL RS G A o
1. e.9. bFGF (sonetines 15 also referred to as FG-2) and

FGF4. As used herein, the term"DVBO' neans
di net hyl sul foxi de. As used herein "CYP" is intended to

As Useadhefith, QRE (e LPABRN theidBs Eivepraity-AciatBindiRg-Prytemlbsedre
P 450, the major phase 1 netabolizing enzyne of the

interchgrgeablhst i t ut | ng of many different subunits, such
as 1 A, 1 A2, 3A4 etc. As used herein, the term"GST"

IS |ntended to nmean . gl ut at ransf erase, . gnd
re e igras s TLEREAY e pilhpial €51 Aghegion ageqype sed
"“e@ﬁgn byl-1. 25 As used herein the "HNF3bei a-, andior
-3b"™, used interchangeably are intended to nean
hepatocyte nucl ear factor 3, a transcription factor

As UsREWHerdih Be SBRAE FEM neseis GBrdblast gruhas eaom{ pabferaligdf human

o o oo Sl e el S D e

alsd rRfcredte%8 FGRA)@nBFBFr i gi nating fromthe 30
transcription factor being a nenber of Forkhead box

transcription factors famly. As used herein the term

As U Hareih Shé téraTS Oom@aas dikadiayisforideon Transporti ng
pol ypepti de, that nediate the sodi um (Na+)-i ndependent
transport of organic anions, such as

As SedfHeRginrorPt Rahtehdled BIRearfCgtocmojmiegRt#d more specmcally

MG TN E T G R O S

maryiffErRROLHLARY 346h aP1AIIBARGAN s, used herein the term
UGT" is intended to mean Ui di ne

d|phosphoglucuronosyltransferase, which is a group of
As uée\d&{er&ﬁzmmnc G S YE iménhdedl to enganryltathione terisferasd, esd

exarrsis & supvEs e BEA RS T PR oS ot
exposure to non-human ani mal conponents.

As used herein the “HINF3beia”, andior *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

may sometimes also be referred to as Foxa2, the name originating from the

transcription factor being a member of Forkhead box transcription factors family.

As used herein the term “OATP” is intended to mean Organic Anion Transporting
polypeptide, that mediate the sodium (Na+)-independent transport of organic anions,
such as sulfobromophthalein (BSP) and conjugated (taurocholate) and unconjugated

(cholate) bile acids (by similarity) in the liver.
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As nmentioned in the above, the present invention
provi des i nproved hepatocyte-like cells and
whepangldbast -1 i ke cell s derived from hBS cel | SPCIVER2007/004940
pi2idgP®ved hepatocyte-like 1§ cells express drug
transporters and/ or netabolizing enzynes, ensuring
As t{s’eﬂ"‘He?ém lci}”eu@rm uPGIK R, mt%ﬁ@éffrz]i ABarR UeidifBt a?ol ismas
iver cells in vivo us e sane u ransporters
ipha A Ry AES R B 115 8To0B 5 M s Caih 2P
glucufsidatbRaktviss. are desirable features for cells to be
used in drug discovery and toxicity testing, as their
reacti on towards drugs and chem cals are expected to

As UsRaHERdiR tHetRrrh i XeHo- " liSintdhded Y®mean 2oMpids Birdighventiom of
hepat obl ast-1i ke cells or the hepatocyte-like cells

diregf C§d'l' -gied SXAOUTE 1o prRsbumen PRV CPBROBEYS-advant ageous| y
used for a nmultitude of investigative purposes, such

as,,e.g. in a drug di scovery proce inin vit
As metiongd i theaboy th PEFSES! '“t’?%ﬂ%p?&?‘f'é‘?%‘mﬂr ?i"qdd‘%ﬂai‘?%te like
ceuwﬁ&hépa‘twaé?ttlmesébnwd&wéa fidet BSOS cbid. MHe GABOTES hepétob)ﬁe -like

vitro 20 nodel s for study |n%ﬁre at ogenesl s, suc
coll PO I oRERRI S ANUGT SETALRIRG BRLRS. ROMITS Bl drug

uptakeU§¥dr8br aHERe 2BBRIrP bS URstRd inV\ﬁvdiusﬁirﬁ?g ah@rsame‘ @rUgl n
vitro hepatotoxicity testlng Further

tranﬁ@mraename@bq&'émaanwa%a W8 p2PERSPAR-9 AT U@S?éeat“fes are

desﬁ‘é’cﬂé’féﬂtl'j}gstf& d*eh@to BSussEinIlig disyRery amd RNty testing, as thelr
advant ageousl y be used for treatgent an /0{ qreveq
reaghon 1QaqigP ATUGRANS GEnirals ARXPERRI 4P LeseiS the Tver calls'it Vivo
Accordi ngly, the hepat obl ast-1i ke ceI l's and
he atoc%ﬁe like cells accordin

Accprgingly. it h@%olggstdg(g&ep%orathﬁ@ag%tg%ﬁihﬁe lgqlﬁs ée sclosed in the

pre&%‘t’ﬁ{v@mlcﬁﬁére'ddléént‘é?éétﬁslyau@dtfbﬁa ﬁ‘ﬁ.ﬂlﬂ@dﬁ dfanvestibhtsveqfurposes,
hepat ocyte-li ke ce

and 30 accord
such @bt @81, I AR SCPVeRRrOBESaln D M OrfB? H/ 631495,"36 drug

tranSPOMRES SR tin vt PRddY/fof stulfifig @Rld Metadblidi rﬁg“ esdyribisi, mointvite
mat urati on towards hepatocyte-1ike c

mogai o SHIU B0 NPRBIOBETFRE S8 Hb. 6,9 e ST MRFOLSIESS: R VP

modé]@ﬂﬁ%ﬁ@ﬁh@ Hunkeh §atdregérierativeaiisteders Ofoneavitra hépatotdkicity
exhi biting at |east one of the follow ng

testfiar act eri stics Al pha-l-antitrypsin, Cytokeratin 18,
HNF- 3bet a, Al bum n or

Li ver - Fatty- Aci d- Bi ndi -Pr teipn. T hepat oc .e- i ke
FurermerevibeAspRIobRsb ke %@?%ﬂ&giﬁ %%’gé B °1{§‘
preSéit Hvehtiéh &4h éd\%nt&g@%@ﬂ bb rm‘éé@fdrmafmléﬁtmwm p&vbatrcm of

I nportant and stabl e aracter tics, rel tII Qﬂk I?l g,
ocvpmngwmw%ﬁ@aeamdﬁef%%ﬁcgmd'" ycé*?edh?@@) agtikg qglls a

hepRIBROR-IRMYellé BEcdPaiAg S ihel prusdiit irventict edrelse useddinaahkdicament.
popul ation 5 derived fromhBS cells, wherein at | east

20% of the cells in the cell population exhibits at
KebaliofIast-liRé céiltearbahé QWgeﬁlt&f@éﬂsi@ﬁrEprﬁicvahke cells and

Thé
Antitry smé 92/ C\éokerat ?

aCCPNEHQ%é'P%Y S eIk U0 oy lor SBLAYE RelaboleRPEI i
hepatdopRRlkeadtlls tdrgorcgtlidying®igithatliation heavgards hepatstyte-like eelist

the follow ng six characteristics
Hepatocyte-like cells
In the present context, the term “hepatocyte-like cells” is intended to mean cells
exhibiting at least one of the following characteristics Alpha-1-antitrypsin, Cytokeratin
18, HNF-3beta, Albumin or Liver-Fatty-Acid-Binding-Protein. The hepatocyte-like cells
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A. Drug transporters 10 i) at least 1 %of the cells

exhi bit protein and/ or gene expression of BSEP, i)
W@eoo7a#ws8 1 % of the cells exhibit protein andPGFEBAT004940
p1283gwEessi on of MRP2, iii) atyd east 1 %of the cells

exhi bit protein and/ or gene expression OATP2 and/ or
accgig:i;@-t? ,trtwfpre@é?llgn\m?ﬁiﬁhg!ﬂr@rmmeﬁﬁ Wm?ﬂ&tia\hh stdblé east

0 of. cells exhibit protein and/ or gene

chagpirglcs PGS tedoranpoon 3pd arid mRBBORILo! t he cel I s

exhi bit protein and/or gene expression of at |east 2

et oo ek feni s o
derivéd4roi HE®cOIR| Whedth MAba 20YPbfithd ESlstih therdsll sUpuBRIBE exhibits
ressjon of GST 20

ex ( Pi-1. n addition. o .
2t IGASh20¢ SLIDE S IgMELENATF LRSS AIphast-Anla@eindAATy. Grigkeratin 18
(CKae), IHNr3bét AbDmd 61 (Nverarilly A cid BIMIrRXProsiS (LFABH) dadTthe cell
of . the invention, the

ML-1. 25 In one en?odlnﬁnt

PopHlalaR bey eklepsidpregdl the AAWIRB SRUORIALTHIGYs via the

A. DHig#@népsigrochr ome p450 enzynes. I n particul ar,

. cypl A2, cyp2C9 and cyp3A4 can e netabolized i e
o it G G SIS B RS oAU G S tarE 00 B B o

i)y Metahedst 3orofiie tOIR @R B6EIrtand/dreyeneldxpredsidn of MRP2,
Phenacet i n, cl of enac .and M d

Di , azol am and the
i) met2ideAst f ésofipe sellsRinPIRIow) i@%@e"ﬁew?sm&/t\?r& apgjor
notgathad the 30 hepatocyte-like cells are capable of

nmet abol i zi n drurgs w t hout the influence of inducers
B. Qryg W%?bfé'it@%;ﬂ“éy 8Scri bed i n W2005097980). In a

iv) f uréth@e_rstt _QO%QQ}tIﬁ@BéIIs éx?fbit!’vti@tétrmw_ ) cfr-deintﬁ%xtbﬁislsi&n AGSTaA1-1,
conposi tion of cyp-acti i S ar to the c

V) actatlgasy2g énﬁ%@?tcie%e’fr}ﬂb'hfeflﬁif’r‘f‘ sﬁ’%ﬁi@ﬁ%@%ﬁ?@f of at least 2 of
cul the RwindPC P850 pal | 3A6,1-286¢ @TB)S2C9,02C09 - CPP| AE1 - 3A4
Cyp3A4 and Cyp2C9 in the hepatocyte-like cells are
corff¥r-a2bfe to the composition in human prinary

vi) hepaisysyY be%CatlthdiE&IR.dolmst eXkbit PrbEéih 4083 gene expression of GST
PCT/ EP2007/ 004940 P12338 PC 11 Cyp-activity

con%béiti on between CyplA2, Cyp3A4 and Cyp2C9 can
differ from30% 50% 75% and 100% conpared to the

In BR ST B AGUPRENE T8 SBHESTF A et Bl the oot Shibitproten
and/@idhe @xprskiok®f aFT M1express functional drug
transporters. In particular, OATP-2 is active neasured

by take up of an I CG dye which is an indication of
In dnB&nbRIFRERST Be ihvértionohelhepalogyteriike TpIY t2T Metsbbltendrugs via

o ReeS nseSnBpAEb e o, STSPEL IS4 R o
be BtabBlized in W sdgnca of Indasérs AaYnefenibugimentt| theisubstances
met%tenlollise%o yutlhgt trime%gto%x é—lﬁ(ietceﬂg aleefgﬁetnaggt?n,%iclgpeﬁac and Midazolam
and the metabolites were analyzed by LC-MS. It is important to note that the
hepatocyte-like cells are capable of metabolizing drugs without the influence of
inducers (as for example described in WO2005097980).

In a further embodiment, the hepatocyte-like cells have a composition of cyp-activity
similar to the cyp activity composition in human primary hepatocyte cultures.
Specifically, the composition of Cyp1A2, Cyp3A4 and Cyp2C9 in the hepatocyte-like

cells are comparable to the composition in human primary hepatocyte cultures. The



10

15

20

25

30

foll owi ng characteristics Al pha-1-antitrypsin,
Cytokeratin 18, HNF-3beta, Al bum n or
WQRaENn4mes t y- Aci d- Bi ndi ng- Protei n and t he cel | PCT/EP2007/004940
p12fsapd ati on has the followng the two follow ng
characteristics 15 A Drug transporters iii) at |east

Cyp:la&ﬁ/uoj cdrh;ﬁ)sﬁmid tetwadn Oip14R, fglylraeAn analdyp2@80 ican diffATrBm230%,
o or net abol. | si.n enzynes

50% 192 b B cOmBaE PaNERAP BT Ay Py
cultGedAl-1 20 v) at least 20% of the cells exhibit a

functionally active CyplA2, Cyp3A4 and/or Cyp2C9
nmeasured by anal yzing the drug netabolites. In a

In oh&'ehibRtineHP ofliheBMNentibn tth@ hBp&6ENE-likevelRtdxpress fakdtional drug

popul ation deriv hBS 25 cel er
rar S b o S B o a5 b e hdCh gy which
is ah iHRlidaBibh B7dhePresdiat f udkctisridl BfugArdNpotters Mithin teefs (Fig.48).
Cytokeratin 18, HNF-3beta, Albumn or Liver-Fatty-

Aci d- Bi ndi ng-Protein and the cell popul ation has at
In alf@@ser efrﬁlfbdﬁrﬁ&tfo‘f’mé)ﬁ\fe%t iMJeatice therdefl thiopalatéh deriviedudeom hBS

transporters N ast 100 % of the cells hi
celly. \¥herei 2k et 3o oy ecselpinahe ghl PopUIRSerr SR s SOne of the
folldWr?]g?\gﬁdtrb?bﬂﬁrtcg W;)flmi‘ri-atht(t}yp%tn bra'ihﬂ%GQf—lNFh:ﬂ)Oegf |1AI!5ugrg|g or
exhi bi uncti onal ~ac
LivepEpitedsisoBindhadagteibans g %&Pﬁ?@ﬁs orihas Basaing B e
fo||dx‘4ﬁ||~| shfrskehdticsa functionally active CyplA2, Q/p3A4

lor Cyp2C9 neasured by analyzing the drug
met abolites. 5 dycogen storage is another prom nent

A. Drégtrdhspoterdiepat ocyte-1i ke cel I's. Mor eover
percent age of the hepatocyte-like and. ato
cel s dfk podileasid’ 8@‘ ﬁ%@%‘i’f‘hib't a\'ﬁrlé‘c Hagf)‘@enaékThgd( and/or

pat hways areowrped y used for enbryonic devel opnent in
adul ts and mai nt enance of honeostasis. It is also one

B. DyHo MRIARUSINGLNAWASS 10 constituting the stem cel |
si gnal ijgg neiviesdt ZOVDommlsSethWUn&%hefadtlemeoﬁ@S§A1 -1

(Not chl-Notch4) and fi struct u

| i gands¥)( Del gieagtclte gﬁ? egaprrgér?atf%qcilgp?dy active byp1A2
Del ta-1ike3, C?ﬂA@aﬂrd/BﬁGypzwmﬂi&urealw ahalygrdhe denge
so far been i fied Notch |igands are single-pass

t ransnmemnbr an’é‘efﬁb ¥€fns. By binding with |igands
expressed on adjacent cells Notch receptors are
actjvated, which, |leads ta prateol

In a further embodiment of the present invention a h Ipgpulation derived from hBS
cells, wherein at least 75% of the cells in the cell population exhibit the following
characieristics Aipha-1-antitrypsin, Cytokeratin 18, HNF-3beta, Albumin or Liver-Fatty-
Acid-Binding-Protein and the cell population has at least the two following

characteristics

A. Drug transporters
iii}) at least 10% of the cells exhibit a functionally active OATP-2
and/or OATP-8
B. Drug metabolising enzymes
iv) at least 30% of the cells exhibit functional activity of GSTA1-1
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15 rel ease and nucl ear translocation of the

intracel lul ar domain of Notch which in turn regul ates
WQIRGOT7/a40968 | ati on. Notch-2 is widely expressed BCFEP2§07/004940
pi2&fgpyoni ¢ devel opnent and {f3as a critical role in many

organs. In the liver Notch-2 is involved in the

E%l mat ivyn | adtdeast 60% eftheakilDexHbit & AinctidegligtactivelOgp FA2,
er et a

: 05, Ko t_al., 06)., Since
| ver- 1 ke cQriddand GEABRCE. wRpsuref BabayFob e po
i nportant tomeradeltas.and the role of notch 20
signaling in those cell types. Hepatocyte-like cells
di spl ay a norphol ogy typical for hepatocytes, i.e.

Glyddwey stirdge B artley gedraineptrehtusdiditepatocyteriike pory
di aneter (about 25-50pM), are often bi-nucleated and
show a tendency to accunulate lipid granules. 25 AA 1,

Mor@lﬂ& a pbiceRtagb af thy deyﬁﬁld(ela?ﬂ&%pa&m@t-hké tel8rare positive
eci fLc markers, and &é« such

for NBGi2at i otsh Siiping Eat ey pie widehiseR R ySTlg poypippment

in a8ditst é}ﬁﬁrﬂailntef@hce Sﬂﬁﬁhécbsﬁaslmﬂﬂ@ aRodne dﬁﬂ&ﬁl&@mathWays
expressed i cor.di ng

cong bl Be siese sl sogiaaedtoR i arera el ik Dkt paRErs

(Noﬁ:ﬂh¥N@tﬁﬁ4) é‘ldﬁm/eaﬁrucﬁlré]ly suﬁildr)th&thgahﬂls YD&ith-liker1dealso @alled
our o

lar, to.li

Dergd] fe'ithed e GO Fepe aderT Aorgorar et b farsen dtaffee.
Not&urwﬁe%ragagadpdw t@nsmbaibtrddéqyot@rrts gv rbm@mtmngmds

use or 0O S I 1 nstance ]
expEﬁss%en@QHcsntf&ﬁ ?('@é@‘tfea%g rS g ac ”E%?%doéw‘écrﬁdséﬁ’%%’%}°‘r8@“°
releé‘séldb{ctj H@éléé«r&trar@%wsorabfethe im%gggnur dmdaF.).ﬁ gf Kbteh miah ihdurn

e r
regTAgS AUTRBoTF0R \WSIF Bds BB DRIRFSEn Hans 8mEBRnf G P e
andeHstQa @rftlctélh@ﬁaein Wyaﬁg@ﬁs 1l 1h@?}lveﬂ' reotnaededon\eeml\ fmtfbmnatuon

IS (0] ot en e the t
an S oe Y nben R el 5P, 264 S, 65 200o). sice
live G @INB Ae§eniiatéd Bf/ sl 261k iPETmBbBRA 16 Oﬁd&éﬁnd ML &3S of notch

PC 13 and ﬁeffer cells providing |iver environnent
signaliag indhese €8l YPe®I | interactions. This type of

culture systemcould be in shape of a sandwi ch into

whi ch the one. or nore nbedded
HeRap & s P8 CHpIay Tma AP for P o RV RF cit 4GPy have 2
polyijontPddliBhape,d Brgepgdliedidretel fabout I&Gopmlaee bften bi-nucleated and

hepat ocyte-1i ke cell how pol arity, i.e. show ng one
showy 3 {gRABRAGY tejaccumnyiaty MPB’Q”F ®e bl ood and one
hydr ophobi ¢ side towards the bile. For tOXI city

Maglg‘l}izﬂ%hgg?eta Q\Iﬁgwn anﬁl‘é’?@g?r Iplg/eﬁgé ﬂ(%rst %BH as such
theid @ﬁpr@@égbﬁ‘ ist |héib&(\jﬁ\h€bf tebhtopypuikatelsn Hoszeweraobl aﬁbofttbese liver
wn dru nducer s n
speSaderkars her AEEESTN S BRsgare iBls R EfpesHigR acoqdips to
the tmeéﬁtmf Et/érec@rsaaardxprmmtgam sa¢h adg &sd., aidyp bwo, only
st aho 0% at,le
thr%smrnls%%r oA hﬁssi'g#fk%s?ﬁywve 3Pleg 2 Ver Bl #30beregy ve
usdftﬂEll@rtthé'lb(?/@lxlieic m&ﬁ%neﬁt pdrﬁmfs @bemdln@aﬂ’what they alrealspposed to be
of the cel int cell ul at i
usedior daetudilpeiasEnes metatilve Hiufeaton B 21, PR EVBs and
GST3 akd desiredhTdstudpiuplakaSOATRS aresigdortast and furthermore for excretion
studies of e.g. BSEP or MRP-2 are desired. The more in vivo-like the study to be
performed the more of those characteristics are needed. Even better is to potentially

have the hepatocyte-like cells together with other liver cell types, such as macrophages
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e.g., at least three, at |least four, at |east five, or
all of the follow ng characteristics 15
WOR@RA4P6dNt i t rypsi n, CK18, HNF-3beta, Al bum nPGF/EP2007/004940

p123degAP. I n a specific enbodiqgent, at [|east one of the
characteristics pertaining to the drug transporter

anduppfier(dells providiag iedr @hligdringent ia)soiwith) dellaved u&éralc&rmst Thisdype
of ot SHRIFBBRIC 41 SDAS AL spravier fid pnich 3od afs B Pore coll types
are bmbeﬂdéd and“tfhwmi smg:ttyre ar{iﬂ htB.d Chdrdla Wv:t@lrriirhekmg rs&uatfonmmu&i

eci r e C 0
PR A eSS Sye 0SB B B P g e,

hydsapama@tdertbwbndes*.habrdoatanb ©as hyarophotic Sidiedowlndg the bile. For

ism char More s ficall
toxB1 Sudien ahese ORe L REAPIRS s e el destot fbp ko heir
inteRRSomtin keaisén ft waesu‘ébléhhﬂsthe eelgpo;ﬂllatloﬁ%t’ea‘cllwéto kowal drug
si x of the charact (i‘tl cS i) f Characteristi

indycgreaierady & hrePee A a5 P RolSPS Rasgie ore rdoble
popul atl on conprising 25 hepatocyte-like cells, which

In oﬁé EIF“ gs gﬁ)eé']? E@Eﬁqggén?h%/gﬁpoeh S%(!%ragtsasdo%%éﬁ/o h:fl"\ %r Qg; at least

€ cel puiati on ac
abotut40% natdedst ahoutBBER, = lemstisbdud 60% béleastaahoué%@%r at |paﬁfpib0ut

bi ndj o - .
soof 3 e A AL} RS oL 0B LEREER) 85l ravi
at Ielfat t‘rﬁ?kﬂ)ﬂ thé abgveni::\:?r@ craraweristies B4ver exhitif at I@awe two, such as,
ro i S . -
e e
Alphisf antitgbsirg Gi618; hidlFapbeta Alsirdie arfLFABE. rep apedific enbodiment, at
oo i SR Ry L ADERS B o B Bl
cha%fl,%nsats i)dnpanBaieasiione @attte otﬂ%ctemstlas pértaiging ¥otheroup of
drugp] g‘ﬁéﬁ%elél%{s\% Ieﬂghwgees l%} éh%%ﬁg{)ﬁ{cgwo )@%&6#@%&9 in addltuon to the
onesvtiere siverspekifiBSiePkers Sthetval acwtdatlon may furtﬁer b&‘éﬁ %tsleftsé one of
I
sau%ng.gr qeai\%ﬁ er%EBrgtcgergt és ?A(ﬂ et ICe t F)ﬁé oh?%m r‘glgft%bolrls(;? sin
chaaa“bﬂértsmcg aﬂm’eespp;‘,lfé?élyohhe@bll phwlaitlF?mgpQCpaing@rthe prapglt invention
40968 :
v PSPl AN A Bkt )

stands for rmulti-drug reS|stance protein 2 and is

Chagaﬁtgp%&nﬁ?f? Sas Po tpg E%r(éﬁggtero?@a%ohttﬁ(—% %I%ﬁdu}'ati@ﬂ Q‘.omprising

nt'o
hepatdoyti-likerdellsfwhitreexhisisprotein and/ot gerve, expregsisusaf tiaggrug
e LI T o - el

saltl efxaett pabfhardris ah ATéEakindiag Hassette{ABE tragspanter H@t @@t]alyses
n co i Sin I
warfiBBHoF ofkty S ARsR hiter AR ERIL B gtSprafies Seife Heitoray of

ATP lhydrolyeisainelaherefdrhe g eac erparti@rugs ovkintosthe hile kefteneituated in

e L N
the ipresenpipverticn, NGRS S4h,.dush ae/a 98 al leash‘eo%eatlleq:oéﬁé%a@t lgast
0"/?8&9%%% gg% Ot 0§ AdY Si1tas st 5(9‘%?2% d@w ifhe e pgf)@ﬁﬁjocn

¢ "anron trans orters and are
compisirey lepatodyteelikeERs featmbult protéineng/of gene expresrien eiBIERe
up toxi c endogenous netabolites and xenobiotic
substances fromthe blood. The CATPs are in vivo
Chariattedstedi) relates to the percentage of cells in the cell population comprising

hepatocyte-like cells that exhibit protein and/or gene expression of the drug transporter



10

15

20

25

30

35

on the basol ateral side of hepatocytes towards the

bl ood. In one enbodi nent of the 15 present invention
WQ@R007a#968 5% such as, e.g., at least 10% at |RSEEP2OYH04940
pi2@dg peast 30% at |east 40%y at | east 50% at |east

60% at least 70% or at |east 80%of the cells in the

MRFBZEIr:i_ tg@t@amba;?ulmmmd/ rdirsy 10ghé dRehsty IMRP2 ktfendoifdgzﬁnulti-drug
.exhi bi ei.n and/ or gene i on ;
resiSARpOROIT BABY ISR AAPEEbE e ABE JiansaptarJamiy and, gxports
druﬁgﬁ\b@?aﬁtetg thi@_fhélﬁlel ﬁ brie éMBodimeht ¢fabel baisenineantion] &t legst 5%,
at ocyte-1i cells ote or
such, ahe %xé lgag 1@??0 &t 'wte?@“?u@t 'e%{iéﬁt%@%ﬁﬁb@/ﬁzéﬂﬂ%a%é?% at
leasf\66%, tbﬂebélao%ﬂdr aD%IéEi 0% @ﬂth%]fdéﬂﬁ th thg celb pbﬂilﬂatlc;n <|:ompr|smg
i nvent i on i one f{ransferases at al yse
hep?'ﬁé“@d‘hf&@'éﬁ‘?w b‘?"°$§é’h% I8r 9808 %W%S'%‘%@%‘ﬁfone Zmd
are a vital part of the phase Il detoxifying system
Ther e arS 25 furthernore am)fl;(g3 17 iffgrentﬂgunan "
Chaggqleriseiit reiipsdeiisrparcenipgs alete!s it hecsl BAPUIRKYLEAMPrising
hepgtk?%ytgﬂlﬂté %@Ilsgtth ?)&QIbIMTO%m aﬁwo@erﬁs&p«%ssibnl of theh&n.@DSt
abundant _subunij

trangpriath OATRL aliiier QAT bl Shhborih accornag e fention.

OA'gwuzlalendldiﬁfrPJBJsténdsa‘olear@éﬁu&saad)nttfanapdsmab Qrarﬂ&gﬁ@déanerboth
et a lver

membRa el N5 AP Eike knundordtminiosdo tek e BxEahapnasy,
met@BoIItfﬁ%ﬁ&/@?&b{oﬁt shsﬁéhc&cﬁ’éim e tﬂ??d %@toﬁtﬂ% arin &lvo situated
as 6 0 e cells in e ul a
on the Faralair) Siie A TsEgEL e fuere eI Mt BRBpment of he
preﬁﬂ?(n?énlﬂ?ﬂﬁ Ié’é@?ﬁ%%dhrhsoé Gt st 10%@1&6@3“2@% st least/30%, at
relates to

rcen ge, of
leas3 45 21 3 St oL B0 aar e Or Pieagth (e of e gt in the
cell %Bblahén &frﬁﬁr@nrﬂg ﬁébyt&fytegﬁi@cax RKI6iB R poteinfandlor geas ex@ression
nmet abol i si ng enzynes sel ected fromthe
of %Tf@paftdé?rs%h of CYP450s -1A2, 2A6, - 2B6, -2C8,
-2C9, -2C1 9 - 2D6, -2E1,- 3A4 and -3A7 in the cell

opul ati on WD 2007/ 140968 PCT/ 4940, .P12338 . PC
o igesiith TRGIRsdoNHe PERORRER G CoTE TG SR FBPHgIoN SomBriig

hep 9&9%%@%@45& ea(nmtlp&otamgmm gehe elenreyai?s of tretdrag e
ocat e I N (0] | CUul Um0

metghglfqmg(qﬂzé(rqesgs q ﬁgﬁﬁ I(L UZ%‘{%‘)&CFP@}J[}% tSRﬁ%{;nvegtlon
Glumﬁi@ﬂ@ﬂ%er@@g@@@d@ cabdlysean® bo:qngamg dﬂlfxghbblotlcs Wltf:]

concentrati ons e oun 1INt
Ui Snsiere aater et GURe poaes | dotexiing Syt Shed Al
furtﬁé}rrhgﬁe bmfoﬂg h?rdrllffd@ﬂUﬁﬁnarQ\Wisoﬁ@GST&m%bhﬁ enmdlsy irdo seven

nu er o nmecnanlL sns | iti.on
iag BT A, CalTa et i i AT b henbli b RBSR sybunitp the
aduRyHHRIR liver InRR. GBTL M OF is Wisded xptebadd irgtheradglt imatrabdivers mhile

Cl t

GS{ Flohis SSATRPHENE MBheT AETBP AL Bl 13T, BT S MR

re%}%n\/éﬁﬁdm Q}‘Nea@t 0%, Qichla8lg., 40%ast 40%| ataezhst?n()% ahteast 60%,
0% or .at

| east 60%  at 0% of the
o e S BB B PSS bR Rl P pEbbitorte
likeG@lld extapihpiditdin BRGOLEnaEXbressigesfeGSRpressi on of at
| east 2 of the follow ng CYP450s -1A2, - 2A6, - 2B6,
-2C8, -2C9, -2Cl9 - 2De6, -2F1,

Characteristic v) relates to the percentage of ceIIs in the cell population comprising
hepatocyte-like cells, that exhibit protein and/or gene expression of at least 2 of the
drug metabolising enzymes selected from the group consisting of CYP450s -1A2, -
2A6, - 2B6, -2C8, -2C9, -2C19 - 2D6, -2E1,- 3A4 and -3A7 in the cell population
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3A4 and -3A7. Furthernore, general CYP450 enzyne
activity can be shown in such 15 cell popul ation, and
W b@7a€1968 popul ati on may further exhibit enzynedT/EP2007/004940
P12§l§8t|;b ity of at least one, guch as, e.g., at |east
wo, at least three, at least four, at |east five, at

br@ tto $heSinvértion. E¥PLstd t
o 0y, ST REA P A e

enzymas Het are lggated in wereéndaplégmﬁtbc 'teltféU'lé'é‘eré*Pﬂ lge. Hreirgale is
methBolfsh?ar?@bétoﬂ%&!i'oﬁtdf BRJSRMBLE §6rﬂﬁo@Qisrh$ﬂ%ﬁ6Mbﬁc§ iHigh

I's, that do not exhibit proteln and/or
CO"@SJﬁFaé§8$ ehthese emgynEesLa8 he fourthinthe "@ﬁnﬂma"u 'ﬂteﬁme but

marﬁﬁéww%@é fd?:ﬂd@r%@n%?’hi&e& cYbecanye attérea byldnier of
nbodi ment  of present invention, at |least 10 %

mec&@aﬁrrﬁsnclédlgg 'nhatt'thfb%[ﬁ inglagfipn ndicaaarvAou Pafsoniig gefson. The
CYF‘LQ)/Qterﬂtls ‘nﬁﬁﬁfan?%/%n@érs{a‘ﬁaﬁlp o@&b/%e?ébohﬁﬁséru @Yeraefior®f and

ast 80% of the cells in cell popul ati on
dfu@ﬁﬁp?@%hﬂ@tﬁéﬂﬁﬁbcyt e-like ceI | s do not exhibit
protein and/ or gene 25 expression of GST Pl-1.
Furthernore, the cell popul ation nmay be shown
In oag lsmbogdinmETt ob theyarasent inveptian, @y'easwd{’/e FSUFHPShe: gatat leagt#0%,

at I&sp?r?%nﬁ’t' Iéﬁ%t@/o‘m at ﬁa‘é@h?@;% oreat %ast %%'&Qﬁé célsGBthe cell

| east 0. 05 at | east

pOPpI@me ﬁvmp%ng hepataeide- "be eailspﬁ%{a!bltrﬁf?iﬁwndéﬁf aeesﬁp@ésm of at

leasgz%‘tmhl?mg/d@z%% - gasto AR, 13p6molhMougrC B - 2BASPET -
or at least 0.15 rml/mn/ of

3A4nanst SAF. FW@'WSQ&Q@“@@‘ ExE4Q PPZWG@MW §An be ﬁhown in such
cellz)Bﬁﬁl'aflérF AR LABSpulftibn sy fQHﬁé’%lHlt@fﬁ?hb@@acﬂ of at least

composition conprises ‘cel CO- GXEI‘ €SSl ng

oneaAdchoRfe ear. Atoeast tve alfaagt wé?ea@bleagﬁ fay @ ﬁﬁb@/e §U€ﬁ5t six, at

Ieaﬁ%evﬁ')o Git IeastgégﬁYgtliégst rfind. A8l ten 0T Ase ENP24Pprofertd2EL,
a conbi nati1on of CYP2C8, CYP2C9 and CYP2Cl9, or a

conbi nati on of CYP3A4 and CYP3A7. WD 2007/ 140968
Chdr g éﬁs“f%%%%%&ﬂ%e péré8RBgEef déiis!im traskiitgopalation Ebprising

ove- nentioned characterirstics, at |east abqut ﬁé ?‘Ih I
ase

hepatpsytedikesells thatao ratilexhipts pratein ABF/05 9ERS BXRIESTIRN P

enzgﬁwgw Ph nivi‘ﬁriﬁé e8I PSpiRatRh éc@@f’@ﬂngQB ehdinvémdnt M d)rfé/\erﬁﬂodlment
itronal characteristics A. "Receptor_vi I% ﬂt
°0

of thprsseniHovantipn satdsast BB 06 psfush 8sre-andl §Psiydive allgas

|ea§f40§" Mlast 55%! é\tlgééf 8bb bfleadtives, o at Bk 80, @f tHe ¢§Is a the
east 5% of the cells exhibit protein and/or
gndis gree

cellpeprlatian spmpfising bepatpqya- ||kqpe|lg),dl9d'|o,tf§{<raglb p;ogq:lﬂ

expressidhlofl@sbil % of the cells exhibit protein and/or
gene expression of UGI, D: Transcription factor x) at

| east 90% of the cells exhibit no protein and/or gene
Furfhehh6rS i edfpopulation may be shown to exhibit GST enzymatic activity,

which may be at least 0.01 umol/min/mg, such as, e.g., at least 0.03 yumol/min/mg, at
least 0.05 ymol/min/mg, at least 1.0 umol/min/mg, at least 0.07 umol/min/mg, at least
0.09 umol/min/mg, at least 0.11 umol/min/mg, at least 0.13 ymol/min/mg or at least

0.15 umol/min/mg of protein in a lysate of the cell population.

In specific embodiments of the present invention, the cell composition comprises cells
co-expressing CK 18 and one or more CYP drug metabolizing enzymes, such as, e.g.,
CYP1A2, CYP2A6, CYP2B6, CYP2D6, CYP2E1, a combination of CYP2C8, CYP2C9
and CYP2C19, or a combination of CYP3A4 and CYP3A7.
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15 Cct-4. Preferably, the cell popul ation have at

| east two, such as, e.g. at least three, or all four
w@eooch#megt eri stics vii), viii), ix), or x). 2ZBCT/EP2007/004940
pi2sdgp@cteristic vii) relatesgto the level of protein

and/ or gene expression of the receptor c-Met in the

cell popul ation according to the invention. c-Met is

t he hepatocyte growth factor and/%‘rg scatter f

In ag@itien ighe pheYeBPisRetelRar deritics at keast 8peu Ot @ fihe Gets in the

cell psp@sticadcordif € oRAE Prdsenpindedtdvaral8 @t RABEoNe of the following
Intracel l ul ar regul ati ons and nechani snms (net hyl ati on)
addigigng| pharRctRsistitocyt es in vivo. In one embodi ment of the
A. R¥cepRpt invention, at least 10 25 % such as, e.g., at
| east 20% at | east 3001 at | east 40% at | east 50%
at | easti) sbiegst 5% of thggelly gehibif protqin gpd/ghgens eXPress'%ﬁ°f c-

~~~a~~ gt ai i east yu%of the cells in the cell
popul ati on conpr|5|ng hepat ocyte-like cells exhibit
B. 'WP@@&H"WWF&" geReUlexpression of c- Met.
Char act\gil)igt {dast 8%l df khe EdIBIeRAiblt Prdtbif dnAXslgeé erprebsibA of
and/ or % ne expression of the 30 Intercellular
adhesi d™bflecule 1CAM 1 in the cell popul ation

?‘Pﬁé?émsing dnbgmei Nvention. ICAM1 is an
ra-cel | -adhesi on nol ecul e i nportant for cell-cell

| nt er acdk) @reastilie piibe celaexhifitprgien Wcﬁer?grﬂ"pfﬁ’sstoﬂé’f UGT,

Dmgﬁgﬁagodf&g@atlon at least 10 % such as, e.g., at
| east 20% at | east 30% at | east 4O‘Vag%2}6least 50%

at | east) abteast 39% ok the Ceflé%‘h‘git NP PEUEIN raspe 31?‘9“38%'8? of

90% of ¢dlggcells in the cell population conprising
hepat ocyte-li ke cells 35 exhibit protein and/or gene
expressi on of | CAM 1. WD 2007/140968 PCT/ EP2007/ 004940

Pre%@&hg Eelll dogdiRioAHaRE iab least tws) suidhl &, 3. bolebbethtery of all four
protei n and/or gene expression of the drug

OfCh@&aéﬁé'Fﬁ'%W@) VihZYh® YT in the cell popul ation
accor ding to the invention. Uridine
ospho- gl ucuronosyl -transfer acge are |like the

1S
Ch%ﬁﬁ%‘ﬁ%stlclv"}r@c'ad%tq e gyt ALRTRISN anclQnasie BPEssin %t e feceptor
c- M%P%MH@E&IPp&Qﬂ’étfdn%c@fdlr@'@Qﬁémb@ntfo@at chpdtidine mipemcml growth

nd 5 substrat
facl, AR ORSSROBN 10k ecePIo TRV NEERPERS IKBERE 418 Crpested o

respBHd o HReHavs BRsdrie Pﬁr@bﬁ@lﬁlﬂartrbgblm@mmhaﬁédvianafnsvmtﬁjlatlon
products of netabolsm and fcgt- S e chem

as IR RS IR Y60 I TEeeTm P IBP BT PSRN <ot et 10
%, $ it L206Y;., at EHRE2OR| ht1ehEEBRBY, dit fea8N40WPalIea 50 atleast 60%,

enzyme o the adul t hunman ullver e eI
2t ok WOty Beam iy B RSt el B5HEin bk gel PRgaftn Comerising
hepdtddyRLikaaelis bxhisinrotéin eﬁb@dﬁm&xmésdi&reofw peent

i nvéntion, at |east 5% suc at | east 10%

at least 20% at |east 30% at Ieast 40% at | east

Che?rgt%enﬁtc \}ugﬁ‘élbte@Q&(‘lh@I’évél%@%FotJ Q%’\d@“ gb@@éipreﬁ@% oftheat
| east 90% of the cells.jn.t

Integealblor sibap on-palEsiEAM i eIl popllaen scpidelonine
inveHiidh OIC AW 6s 8% MtesSEdIicduhebiob/aloledull intiramt for célheelbinteractions

ulati on ma be shown to xh|b U&;T
in tlgﬁ;? veg; ipypne emt}/odlment of the prese invent |on atleast 16 % suc(:‘h as, e.g., at
least 20%, at least 30%, at least 40%, at least 50%, at least 60%, at least 70%, at least
80%, or at least 90% of the cells in the cell population comprising hepatocyte-like cells

exhibit protein and/or gene expression of ICAM-1.



10

16

20

25

30

35

15 Characteristic x) relates to the percentage of
cells in the cell popul ation conprising
wohepatevyt e-1 i ke cells according to the invent PGHEP2007/004940

pi2ydaich exhi bit no protein ang/ or gene expression of
the transcription factor Oct-4. Oct-4 is a

Chai'eio’témtb lup&eutetesftameale\rx]amsg:t?:?mdm §éﬁ@gk;§ressnon of the drug
acteristi or.the undifferentiate

melGH SO BB ALST e e BORURT ARAI R BriPEaNEr LT yidine
dlprbepl@d grittenbHeratslerasel dic UReltRi G ﬁhas%d(:ﬁfeda\mgilyg engymes

NIRRT SR MR

sub§tPE§8s el ue dmgﬁ dHd&hérsxeRbbid I N AGNNES gmmeroan: acid is the

undi fferenti at ed t ld t
maify SUGAT S8 1§ PrAvER! (RE oy BIB oo PARLS Piagiiots & Duptaboiipm and fat-
sol&[éecrféﬁﬂ@eﬂé e the @hvﬁ&i{:ﬂn?ﬂ@ﬁGﬂlgcs):)t/@\zset@htlé]mox@tevbleaﬁthe body.
such_as, ., at |eas
Espegaly DST2835% 2 inhistedl phivn | SR aihe Sop BImAL G e.o. it
coopé&tHlesatitH EASACBENE C?{S3A£@Sﬁet388ﬁs@fthé bﬂJgQﬂJ:Ib&nad: Nnohe

utii popui ation conprising he ik
embogimetor B}ecersﬁ?ntawg?‘a?" 5"2 %%sﬁ?soﬁ'gofatﬁiﬁstio"/%ah'sast

O%’fat H%\%tb ?@%V&Img a40v9 4t |@ais$r5ws e:art3 %@dst 66%i, at |Eéast6ﬂ0% at least
e on a Itl,OI’]O an i nd ucer ,
B0%, " 8684 Wi £ b1 Gl roPB B! BBRALN SRR o MepetobylEke cells
exh%ﬂweh@ﬂmegenemwwmloeu@ S0eh@mMare, thekbil padulation may
The |nducerhgja+/ SO .CO se Rifanpicin,

be showaraeraiby PRAGIANGIRS Yi arbital, Ethanol,

Onepr azol e and Ison|a2|d In this way the expreSS|on
of at | east one YPA450 ot i ns n
Chﬁﬁ%ﬁ”%iﬁdﬁ) f‘?'%tﬁsé? e’?‘?‘lﬁ%ﬂfeﬁ’f °e 8r°ﬁ’6lP§p‘|"?'ﬁ°é‘ oMiising

hep@tﬁ%&@ﬂ&b%ll@écm né\lto &leamﬂnﬂbn Gﬂ’cﬂ\/&xrﬁbuph@bmté\a ang/oBGene

i nduci bl e upon .ad d Th
PSB! 1o ST TP TR Rt DL Aot B BT o8
expfé%@lé‘ﬁ% ché?&:t%ﬂ@ﬂd A DR IFETE ERRINB D 6dB4 Whosd @@38ndeGn the

TSR ONE N R DT e

exp?éb@roaCdf eydt-Atshow théy aae ﬁ&l@hgamdmeterdiatems oélisi whaith tm
this context th erm "nai ntah? ned chara

instpos i BSRTEEIS NS (N ESAPIASS BPeBuis oL alIcispr o] o8
pop@%ftlbﬁ QBula Uhdrpstentitily Fnal seits teﬂﬁfohﬁi Ilk\amsstIIESC fmortieembodiment

urt her shown toch o
of t%a@ﬁ?”tdav%‘fa%%ﬁif"éﬂhg” U B8 SR AD T Poladl 0%, at least
40%%1%4%& ey, at feas€b0%, MOPLStFORQ L mmow atdeast 90% of the cells
hepat ocyte-like cells accordi pre

ent
i i v RPYIRTIRE FOBRNISIBG NERRIREY Py ik F?‘%oe’ﬁhﬁ’ﬂt Rrptefang/or gene
exph@ydidm of Outa. as, e.g., for at least one week, or at
| east 72 hours with mai ntai ned characteristics. 10 In

one enbodi nent of the present invention, the cell

SorR@ Bﬂih@tawvembhéd algarbapastmeymeré iridacmml dpon axditn of an
subporﬁxlul at i thereqc:{ her ex

ind a8 Db SRS BgoR SET PR o dexambReeare. o

om@érﬁ%le] alyed 0|C|ﬂ|don{b)112ﬂ|8n drtee inducer may also comprise Rifampicin,
Dexamethasone, Desoxyphenobarbital, Ethanol, Omeprazole and Isoniazid. In this way
the expression of at least one of the CYP450 proteins is inducible upon addition of an
inducer. Furthermore, the expression of GST A1-1 and/or GST M1-1 proteins is
inducible upon addition of an inducer. The expression of UGT protein is also inducible

upon addition of an inducer.



10

15

20

25

30

35

15 needed, such as Kuppffer cells and/or macrophages.

The hepatocyte-li ke or hepatoblast-like cells
WQzwondiosgy to the present invention may pri or PEDER2IE7/004940
p12dR el ected for certain of qgheir respective

characteristics described herein, obtain a higher

yleld The cells nmay be purlfled by using antigen

detection for liver, 20 r er expressed on t cell . .
The pRiReK o SEUR SRIRING 'S RESHEr GvoRichere Spbatia &f Mpistaining

thosfeQif tiRENBERe RS B9 Ahdy é)@wlbllsddriﬂgl“c@ﬂﬁ/at@dﬂ Iih@s €tintd)@ he term
th a specific antibody and add cells  fromculture

mal?&ﬂ‘%ﬁﬁ’t%a?tﬁ%stt?? S "gﬁaderdetp Pean %@‘P'?é"%?'f‘r?"?ﬁ’ésl"i”ﬁ?' a

defiféd tWRPe Bhd Endipsisperidd) vhidheddnl be fagthéredHownleg dm&cmﬂl@cb
and the bound-in cells harvested faor further

nistoRbeAURI N A IDRBELTIRGANAEOBTHRERS EEoIEEs RN P ARy cell
popeau&rdc@hﬁr%.r@hmtémm @éls%%cmmgttbm prekesttim@ntion nfay be
n

tting non-wanted cell types bi o the antggen

cultwsawwrwf@rrﬁt g 0BR MONh SUE PR 8- ﬁ%roqt ShPPH WeRE or at least

72 HRPAWAS Hafithihk@ ch@rak@ristitssuspensi on. This approach
may just as well be perfornmed on negnetic beads, so

call ed MAC sorting or wusing colum chronatography

In ot Ehibo@inktst oNMBleREsent thvBHiidr, YheCadlll gopuRitieh cé@prising hepatocyte-
hepat ocyte- like cells with sp eC|f|'g characteristics

like calls, ga subronwWatiopitherenk furthegppipshtrRedia for cell 30

separation based on buoyant density or size under

centrifugation. Still an alternatlehé 8@‘8 FCh fELy
For ggitain mafg opaan Pindieking garlicalionssmayberlso ey iver cplk yrgs are
neeB8P&ueR a8 Kupbff&ecels bhd/or fakppagénr m positive or
negati ve selection on a m xed popul ation of hBS

cell-derived cells. Both sel ection nethods can be
Theﬁférpfaﬂfcmlkwlhébb%b%t-w&éll@ Bcctrdifg to Megsresertinveatibrsmay
addi tion of and exposure to aF enz¥ éfﬁ? :Eb
priog s wwm@,%cteq’ fsor&iert?'nfémeaf rgsPestive Enafagierisias e sg: qtherein.
obt&lh aS glel'ﬂ %Ek@ll@fna?b‘é urined Qﬁﬁgﬁﬁt@é’rddéf&tlon for liver
2007/140968 PCT/ EP2007/ 0

P12 PC. 19 heI
marker efsessse anithe ceBgiRcTEnC %&?%nﬁg‘ggéﬂ“”? it g'iﬁﬁ“at"’es
for %ﬁa}@gﬁ lﬂﬁ}ééﬁ% gordhé es o@éﬁcuﬂﬁ?@dﬂi@lﬁ’esi WiIc 8 s\z}eédt”)b ant:jbody agd 5add cells
i u nesi um.free at.ed in
oGRSy Mo R 158 451 & o1 e U S MAAa! Gaigasin A Ehe the
renta Edlisibe dlsdardit rtEthe ®oBRd-irocelsihiaplestedefosfurthdr ude. This
non-hepat ocyte-Ii ke or non-he atob%%dst i ke cell

nd
meqheamomﬂ@nerﬁerﬁéﬁrf%i g asjipEUpRPENNIng, Y Fotid also Po‘va”??a“%as
&I%Y@'I&tlﬁ@ﬁ@@&émteﬁfdeﬂ ftyp?e@dilrtd mnaltheam@feurceated with

the chel at or and/ or egg @%tlcﬂke cells.]_h

aidguve AP BU U Megiven il “%C@t‘i’%/‘e' &l Lhsuspegs'gl This
apﬁré’déhhﬁéy ReALWeiRpE péﬁ@r%ddrbrﬁmﬁ lﬁetm‘ﬂ&aﬁs so called MAC sorting or
pat obl ast-1i ke ceI | s g}lﬁ res nt contﬁ€ thte i
US'Q%‘PQW““!\@BM?%@P Y1540 oihgr rethods P afycrelS 3y chespepatooyte
like@@lid Wwith Bécificetir@steridtics irthfde the es@f)f dﬂwé&iagtaham ehediieHor cell

and have proliferative capac rdi ngl one
sepaFationibFaed OBPU?Y?é‘tH?%Qrﬂ'%fZﬁ\Pé%FTB %rﬂfgp%&o&g %/o a cel |

popul ation derived fromhBS cells, wherein at |east
about 10% of the cells in the,_cel

I ul atjon :
Stilarpaliesaatiye apRERSCh defePiFnORPSHES paniRiR 8L e iagie ke or
hepidHidst-Bk@téIéas EPpetdrinypditile toh Begativie selection on a mixed population

of hBS cell-derived cells. Both selection methods can be performed manually by cutting
out pieces of cells or by addition of and exposure to an enzyme, such as collagenase

IV or trypsin or a chelator, such as EDTA or even a mixture of a suitable enzyme and
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15 popul ation has at |least two of the follow ng four

characteristics A Receptor i) at least 1 %of the
W@e00784m%hi bit protein and/ or gene expressi on BPET/EP2007/004940
p12fgpra-6- integrin, ii) at lgast 1 %of the cells

exhibit protein and/ or gene expression of c-Mt, 20

chenatorl IRtoReGRELIfit 8Bmbadiemit BNhERr&esent Rvétion, e dlmaﬁet didféstdre
he cells exhibit protein and/ or expression of

washed yigeugh CplugHmeEBeRmiTips RS pad Siendnaibsed Q. 5@l DTA

diluted i @él&mﬁnﬁﬁh%’lé&uﬁﬁ‘ e PBSX WhthSeSlitsah alfdgativersibction which
Cyt ok |east 1 %of cells exhibits

t
getsdn'%?féhﬁ NGPr &Pe?toexésﬁ"ég 8T Ben-Beratrligst-likgicpll apd jqayes thephepatic-

like 6@“ iyEe@Phlﬂa\di’ bf&vuﬁﬁ @ﬁ %dﬁsé%ﬂf&iorﬁﬁ%@é@ Aflercddditiénal e)@osure to
elial cel hesi on nol ecul e vi |$%ﬁt | east %oqls

the e@lertgr umrtqnﬁrthe bepaticikesellearsraata m’efﬁ
andldishle§ t@b8 furtheP bAEA BAY UEERINUSPeAfnehfde hepat obl ast -1 ke
cells that they have a high nucleus to cytoplasm
rati o, and are cuboidal in shape. Furthernore, they

Heﬂgﬁjb/my;ﬁe s&yml | nucleoli and granul es in the
ytoplasm Preferably the cells may be between Esthat

In tmreseﬂt&paﬁ%t dhe tes “enpiRkiatike op IS iBtanded o QGEBPF

expfdss @R RAGES RS HNFIdta bA@AFPaWE Hable p?(ﬂlﬁékﬁll\ﬁe)/cdpécftw t her
differentiate into hepatocyte-like cell

Accardinghd 998 efodiae it of thea?ﬂs%'rQ’GOt??T@dﬁﬁ%to a celeopu?atlon
dem%ar frgrﬁm é&@"@ﬂ@rempé@é’é’ss aB’&Jtzl@%‘Bﬂﬁé Q&N ingh&teingogutation,

devel opnment al  pat hway towards hepat oc HNF3

exEFeS ot RRLRITS B10VESREFY AL ACH 3TV TPNE PO RrP B CoRRR X R e cel

pop eran&ﬁhss at 1BSstit®b ¥ {H fBlidWiRg Alur ¥RarGaRAstidsy” 1S
I ntended to nean that the cells in the cell popul ation

A. Beeer®'vi di ng. 5 Exanpl es of additional endoder mal

mﬂﬁrﬁr 18adtPat of ¥ cBfs SxHiesBREh Byd/6EFereadspession of alpha-6-
erenti ating towards hepatobl ast-1i ke and

hepgat€gERit e- 1 i ke cells other than HNF3beta are, Gata4,

Cd)ﬁ@ at RAYOR), of Headed cRNBR pRAIN tahaids gehd bXsr8sdiae biod-Met,
ox 17 (gene_product of Sry-box containing gene 17),

B. |F‘§5@P"?'Bb@fl’?‘*§é’ﬂ'€°'§&@lenal honeobox factor-1) and AFP,

t hejiy A% 19§ oMhé e8IIs| sxhivipidtelnyaridgraxgrdsion ot ICAMa,
liver marker. 10 The hepatobl ast-li ke cells may
C. Frapsanieliemiastase proliferating, which is one indication

of |v)t il‘i‘éést ROAOSThé BllsSdxAlbitproteinfand/draskpRsseion@f HRA-diaipha.
and Tully differentiated hepatocyte-like cells. The

D. Gytekaralét ati ve status of cells can be shown by multiple

neany) atedsh 195ofellSexhibieOsB@irRandIor @(pdeésudmﬁqu
stai n| ntg or anot her staining usi g% gr ot ei &K(;rs
vi) af'least 1% of cells exhibits protein and/or xpressnon o
E. Epithelial cell adhesion molecule

vii) at least 1% of cells exhibits protein and/or expression of EpCAM.

it is also a prominent feature of the hepatoblast-like cells that they have a high nucleus
to cytoplasm ratio, and are cuboidal in shape. Furthermore, they may have small
nucleoli and granules in the cytoplasm. Preferably the cells may be between 10-30 um

in diameter.

Hepatoblast-like cells are cells of endodermal origin that have the capacity to further

differentiate into hepatocyte-like cells. HNF3beta is an endodermal marker, and
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15 specific for proliferative cells, such as K167,
whi ch stains the proliferating cells in the
w@opalisoson at the nmonment of fixation. The PCT/EP2007/004940
proSfaas@cteristics i)-vii) forythe hepatoblast-like cells
are 1n vivo correlating rrar%<ers i nportant for hepatic

end8§R] iQRIBH the agv&b&héﬂk%dtﬁé)@towardseﬁéﬁa@&y‘éé HNFSbeta is also

per cent agé of I's in the cell population conp
knoweé%b@sm@ﬁsqd uaéh% BANGEIh AN “‘é%ﬁf}s@tt the dera rpr%lmnawe Capacity’

is .nm%d%me%ﬁ%émh%eﬂshﬁ ti E¥NPPuiafbeard dividingcept or .
Al pha-6-integrinis a lamnin receptor. Lamnin
receptors are part of the extracellular matrix in

Exaﬁ'lep@%s &%aﬁ@i{al&eba&rﬁdu er@@ ﬂwa@hﬁy@%@‘i@&@d% rmswens

5 such hepat obl asts and hepat

2
dlffevem@tmg ﬁPWﬁi@S Bﬁﬁﬁiﬁb'ﬁﬁtdt‘@@mﬂﬁéaﬁ%)&é%? cei'ﬁq%ﬁ't ﬁhaﬂ Hth3beta
are l@é\?k &¥2 %QG&I-‘?@Iate@ HbmeoBbx Itrﬁﬁ&!npii@r%a ) |S%ﬁ51t7 (3@% product

east % at |east 40% at |east | east
of Seehex eentpipingigene gty ).dtdx!daancrerindugdendl h°€!§§P°’9fﬁ%Q5f1) and
AFP, e féﬁ%} & wﬂ.f}, E%rrﬁgh)} reBRIGs! PRt MR rh k80
Hepat obl ast e cell’s éxhibit protein and/or gene
expression of the al pha-6-integrin receptor. 30

The%‘éﬁﬁ) dst 'Ilb?é b&ls'rhay furhainfsre be dr&lﬁer@ﬁ‘ﬁ@ VHIGOI8 oﬁfa lrﬁ?cﬁéétﬁ)n of
e cel popul ation conpri Squgfu@ée pat obl ast -

theit, enopgmmatat@s« fh rebthpy gropel fﬂatafﬁﬂ ﬁ@e@@iﬁ?t@%eaﬁtoeﬂe -like
celld. hl%e&ar%&ra’h@& %‘ék%r of cellé"cémﬁ‘e Wbﬁﬁ\'&ttlp@c me&es, RUES 89 BrdU

I nventi on east 5% such as, e.g. | east 10%
incqgporatieraand an@nﬂ%@ﬂg 909p0ther ffté'aw %G%Pfaie"l '@ag‘@fs

speguﬁf‘fogg)gtllf%% ?&IS/Q sih és%%? wWiRIgh s@ins! tﬁé‘%ﬁolu%’?at&%o/eellgﬁn the

he cells in the cell popul ation
popglatipn ?kihﬁgnmﬁrét%w%@n-l ike cells exhibit protein
and/ or gene expression of the c-Met receptor. WO
2007/ 140968 PCT/ EP2007/ 004940 P12338 PC 21
TheGHwranieristics ivé) for the hepatablast{ie e9lls Fhitwke ﬁefée'%‘f"%@ﬂ'@'s
n conprising hepatoblast-Iike
'mpbﬁ?ﬁth& ﬁ%aklggﬁfé'b{)%%?otel n and/ or gene expression of
the intercellular adhesion nolecule |CAM1. In one

Ché?gaﬁﬁétmﬂ‘lteléiés {hRe Fb%?‘c%ﬁ el NI ih e céif pdpeftion 2¥mphising

suc east 10% at | east 20% I g
hepgg%lasé{lke; @%[gttha]t@%plbgtprptg@sqndgy%engtequeéglgp og&\y a a?a 6-integrin
recépﬁélsﬁﬂ%/ -irfdgrina 8 atlaRMiA reeEptet. Lafsih rédihtdrs atd1garceof the

popul ati on conprising hepatoblast-Iike
§?‘£

eXtr@éﬁ'lléaféb'@fr'bifte sr@?éﬁeﬁe'aﬁ'agdwefgaé}ﬁ’eaf@% BS3¢HAN Brany (ggll types,

suchHsHep8lobist arfhissEte¥0h 968! B drieAdvhbodirhént of the present
aracteristic iv) relates to the ercent a ?

inventiophat least 5% GHEN a8 o B0ARH 197 Pt la9shelt {sbﬁ% %?St|3§§°ea least

40% e:;t ISast 508t aER8BEtH0% Rit Rl ‘7‘0%”5&/ I@ést%%‘-‘ o?épléﬁﬂﬁga%l obthe cells
he franscrfiption factor

HNF-
in troer eelsranulation soMREsIHY hepateplast- 'f'ﬁed’&l"? 9X*@R'bp@§%enfﬂﬁf gene

endodesigd aiohsllintesRRecdtbri S therefore indicative of
eXp hepat o Ias?-p i ke %’é %’bn one enbodi nent of the

present i nvention, at Ieast 5% such as, e.g., at

Chér@@t%ﬁsﬁ'&?f%elﬁfes't@ﬁﬁi petB&htagd of @ASIn H$B%el population comprising

hepatoblast-like cells that exhibit protein and/or gene expression of the c-Met receptor.
In one embodiment of the present invention, at least 5%, such as, e.g., at least 10%, at
least 20%, at least 30%, at least 40%, at least 50%, at least 60%, at least 70%, at least
80%, or at least 90% of the cells in the cell population comprising hepatoblast-like cells

exhibit protein and/or gene expression of the c-Met receptor.
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15 at least 40% at |least 50% at |east 60% at |east
70% at |least 80% or at |least 90%of the cells in
WO p@7441968 popul ati on conpri si ng hepat obl ast - | i REI/ERI00F004940
p1o3gpdit protein and/or geng expression of HNF-4
al pha. Characteristic v) relates to the percentage of
ceIIs in the cell populatlon conprising 20

t obl i k | t hat
G ) B8RO Hie RerEeTIgRbRERELE ool pEplain comprising

hepﬁﬁblbllé%timég ¢drl]ls ltlﬁat%ﬂﬁlblt fpl'cﬁﬁlh land¥ gess &ﬁ;d'esﬂorlﬂ epiakiitteictitar

ce S an Q asts ut .. not 1 N epat.aqcyt o

adhgHeR EIARELIS [N AR PRAEEBA! 435 PresRE IGRATTEn. Fhieash %,
sucleabOéig maffeastofoot e Iﬁsﬁﬁ@‘}i&to g/ﬂ I8N B0 At |eggt0 /Jl(l%sét |&&4t 50% at
leas3 5%, 8 IopeA%. ADiRash B0 R Ity P0 T o tad Selsdghe G Population
corﬂpﬁ?ﬁb h%@?(mb%%t—hl@é‘élls BRAfbit PFotéih ah@Rs herd eRit¥ein bhtde

s in the ce | ation conprising
'"teﬁ’@ﬂ‘é{?bﬁﬁ%tonl mw§°@§?$§“"e1)<hl bit protein and/or yene

expression of cytokeratin 19. Characteristic vi)
rel ates to the ercentaﬁg of . C

ChasegiefisicindrfelalivsdPitRg pgree 9%96%‘?'5& the el Peg}ﬂﬁhoq fYpPrising
hepSf@BIé&l-ﬁdeéé% ethBt @:ﬂﬁﬁlpﬁroﬁﬁnﬁncﬁm@ﬁz%)@fessfont& ¢he transcription
tokeratin ﬁ%tokeratjn |¥ Femflcalcjé%,? |
factewriwgs‘g@aw Tt *vfeﬁa%mﬁcep%q toe [ PegiigRlySRIGEPA 4 Sndpderma
cell Weslarhdh@%msbét.ﬁ@lc@m df hephobrRELIKe den@ll 16 @hi \eenbatdiment of the
pat obl ast-]i ke ?el l?\ I n on n‘Eg{ﬂo e B"/ é’f' £ 30%
premmﬁﬂt'%@émaﬁ% chiass g0 59428 47008, e%stg o, gf least 30%,
at |éa%@|a¢>%19€4%%%}tsob/@%|ﬂeazoe% Aat 1€8RAT0%, aa%gtaeo% st [648980% of
the Gl ndhe 681 RapLion SaTPGRNG HepebiRa kg el eRupt Botein andior
geni F*é%%ioﬁrbfmmnbﬁjhag hepat obl ast-1i ke cells exhibit
protein 35 and/or gene expression of cytokeratin 7.

WD 2007/ 140968 PCT/ EP2007/ 004940 P12338 PC 22

Ché;géléﬁéﬁc% 'rélb!e@ ty tHe) pér@érﬂé@oftdélﬁ hﬁth?&:bn ﬁﬁbt&lgmroéomm'ishrg
opul ation co

nepatabias K ees TRl FGRIE el age SERESER PELE e Gratin 1o
Thié Bﬁ?%?bﬁﬁ"ﬁ'épélbllﬁwlﬂexp%%@@Irﬂiépﬁﬂb SC eells'Bm]chShepatobbsts but not
eplthelial ce on. nNo ecjfica
i heRgogdseaNd ¥ AESHIP R R ABah AR DIBRIIRR Gl b QP apag ment
of tifé) résénﬁnh@rﬂiﬁﬁrﬁgéMBW@%UMea?fﬁ élﬁ@laé@ebhas«a -alt ldast 0%, at least
n_one 0 e pr
30%,ea§§§as$¢9°/osat:lﬁag§0q) r%Ieas %O%egggas??g Q%ds}f? 'ieast
90°/§bf {Raslls #HHe cell pbg@atiordéitapridingl m&tobﬁk%lkacellsmstblt proteln
0% at least 70% . at |east 80% or at |east 90% of

d'“{"HéJ%‘élelerqsﬁ'of‘l%er?raﬂ%ﬂﬁl ation conprising
hepat obl ast- |ike cells exhibit proteln and/ or gene

expr essi gn of hel i al  cell hesi on ol ecule. 10 .].

Chgﬁgte@%\m eEtes @rtgg Rgrcﬁp@gsﬁ{ c?lﬂs\) q (Eﬁ,ll pogy%lfllga g{pmpnjsuﬂg
hep%‘?&ﬁ-l'ést—'hﬁ@/‘tell‘sttﬁbt %abth)rGtem aid/drapmie exﬁh;ssbnw%e @fttokeratin 7.

| east about 25% E | east ;about .30% ?%? ; ut not
This gyipkeratin (s-speciice) texpzﬁf&&dé{th?i’@ﬁgﬁtegmﬂ ep& TIkb
in h{%BQ!d)tEytég%? ad6 tg?/ﬂaﬁ’@rb .ﬂdwaxive@g%?agtgob/aamte calis uh 066 ¥mbodiment

east abou 0 st _abou
of the presgpt EENon odERst§ c/o%suafe gy 2t BAY 1t°|°/e 593@933? 8% est
30%0RUEaI A%, af leabt 502654t [€d30B80%D afieast TORE at East80%, ohat least

avin

oohing Db Sk b el Bl e BB el B oyt proei
and/&8§dnetxpdssion of cytokeratin 7.
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HNF3bet a and AFP and have proliferative capacity.

Furthernore, the cell population conprising
woepatgebsst -1 i ke cells may have at | east thr eRCHEP20T/004940
p12f@Wc of the characteristigg i)-vii). 20 I'n another

enbodi ment of the present invention, the cel

Chapéawlsa& lvme%mbltﬁé Bgrceh@lébﬂbélﬁsﬁ e &t pﬁ)@hiaﬁon E@’rhblhﬁﬁg
s at |l east one of the follow n charater

ha
hepaiphlgst ke rels that exhibiy p[qt§|n apdiopgene gmgrsstnqrhg tg@epghehal cell

adh@é‘i&h EioieoDTeOtrﬁis'édpﬁﬁéﬂaﬁpEelg&ﬂ\%s%}ﬁﬁﬁ@%ﬁl@% $PecifiBafRexpPdssed in
I x) at | east o of the cells exhibit prot elﬂg and/b?ast-hke

hepgicirrogaioss gwcn?t bepatpQytegpnd isgherpiase indigrpye

cellé rﬂPQﬁé @Hlbo&ﬁ’fen@@f ﬁé'#ﬂ&eﬂﬂhvé‘rﬁt% hf |8aSBY%, Lsugh @eeége%t least
uring devel opment towar ds_hepat oc

te-
10% ok gL RRh Ao AR St P BT 4058 cHSACLS0ThoR! 1988 iy o feast 70%,
at Ie%)é%@%' %t@éﬁit 8% cttisOcdI8 imerdRM pdplatiéh Edthgrising hepatoblast-
devel opnment al phase. Further use ag{)eﬁcts Due to

like é&lbr@@sq'tmw@rn %I’i%‘@f Q%@am@naﬁap' ig! ¢Rlagpesirn m@ew'e

enzymes, both the hepatocyte-like cells and the

hepat obl ast-|ike cells of the present invention are
In opg embodimest pt g Present Eventipna ahlgastabout 13 oeHibas. e-9- atleast
abo (S JtéHsy ab&n%l% a@%‘é{ abdup eo%eaplbaa%oums%l §t Ieast about

I nventi on can for_the manufact ur Q% o
40% e legst @ber%ﬂS%het lﬁa%tvaéw Hrvenh loasd aheul ‘(ﬁ?%& at g8t aodt 80%,
at IeP ﬁt&%%@@% Qplé%t%bom?@%%ﬁgasﬁ%b@@tdf% dtneat BBt 805, at least

es and/ or seases cause
abog@%@t Ia%ﬁboﬁlﬁg% °|(§§t |e@$:bab0u%J ﬁg%(pgé’éq@q.llatl n e gefl population

havinb\é‘ﬂeatsl RRHGHthe bN¥&Ve-fbRfSréarcharaRusHatiesi)-vi), lxprelss ¥€least on of
dirsorders selected fromthe rou% consi sti

HNféiheéa andi AP @ind diaye peoliferalivearangeibr FnERG Are 'Egye'POPU'at'O"
n%an%'pﬁtobE%f-Fﬂ@ééllQ ntlySreve et feasbralomyl feysofithe dermi a;
iver disorders caused by e.g. 5 al cohol abuse;

Changéﬁﬁ@%Wﬂ&bsed by viruses such as, e.g., hepatitis B,

hepatitis C, and hepatitis A Ilver necrosi s caused

by acute toxic reactions to e. rnaceutlcal %93;
In aaﬂtﬂ'et embpdimenbotihe ipressat ﬁné‘?ﬂt§“s\5‘Ff°€ .PHBU'PP%M’%“PT&'"
hepg%gﬁs?) 26i6d tdllsafurthal IKd @ NBast o8R8 of etiaRkMing clirRédtetisigs es

di seases. 10 Furthernore, the hepatocyte-like

F. Qrug trangpiteRepat obl ast-1i ke cells according to the

pr esent i) fHst 9% G¥1te olistexBibit prasteih drivorgehe @Rpiegsion of

purposes. For exanple the cells may be used in a

net hod $BEP screening a conpound for hepatocellular

t oxi Ci tiy) atae4811es biBle cCBHPOHIBICProRIin Snd/bogerR e@rdssion of

popul ation _according to the present invention to the

conpoun¥RFZnd det er mi ne whet her the conmpound is toxic

to the cell. The cells nmay 15 al so be used in a nethod

for screening a _conpound for its b||| dulatq q

BSHRBRE ST TR LorTRERAMOr ORI St A iaoPR g e s aready

during YEV8lopRkht @%kﬂsﬂ*ép@fbc@féclﬂk%dﬂeﬂﬁbé&use metabolism, detoxification

and excretion and may also be needed during this developmental phase.

Further use aspects

Due to the expression of drug transports and drug metabolizing enzymes, both the
hepatocyte-like cells and the hepatoblast-like cells of the present invention are well
suited for use in a medicinal product. Accordingly, a cell population described in this

invention can be used for the manufacture of medicinal products for the prevention
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the present invention to the conpound, determ ning any
phenotypi c or netabolic changes in the cells that
WO 2@al140968 om cont act with the conpound, and coPCEHER00TIgN4940
p123d8%c change with an abilitygsto nodul ate hepatocel | ul ar
function. 20 For use in regenerative nedicine the hBS

and/of kre&triBHE of bﬁh@lo@i@g randfejf disedsdy causE@ b tissRededeRratioh) such
as, ésee exanpl e urt h

o the ngﬁqngfqt@ﬁ O?ijegglaayea rfi'%gerspﬁ'?cé‘rﬂsi g|9., liver disorders

selegtéaqkﬂng tHeegrBQN ebn:bﬁﬁ—’ig &éptb‘irﬁﬂluh@ drserddhsi eIudaiy primary biliary
erive conp

ei ther d t di tl
G DA G T
alcdﬁgféb@é diBeS5RRRANSEY by Giklies QECH £5,M1P| heptitis B, hepatitis C, and

medi a and additives. = Metho t Th
eP BB PRRET SRS B e Y A5 e B P eaiRrs g eTasagegical drugs;

andQ@rhéi feftbvél 'h'iﬁ'tlénth Reffery fedm ed fAepatitielldbt cdfcing@at and
ch is comonly used by others. Differentiating

meta@@ﬁt@tmes AN/ PHseASERback of being toxic to the
cells, which |leads to low yields of the differentiated
cells obtained by such nethods d furthernore

Furthefaere, Wﬁé\eaa@r:v%;)'kswl%%h%wﬂ?q d'H%@F' %aCC?FPé"g%the

predtin MBAtIdMAERURAISY D8aefor derdbhihg Plrpodks i Ftﬁtdxﬁllﬁple the cells may

conditions that allow dlffer t| atl
bo (9B RERRINGS P ESTEPRBOAUIIPRE A SRR E DIPTSR egmPrising

eprQH%éellsVﬁdrﬁ aWell %sulaﬁordaéd‘oeduﬁgltd taé Ip?@eagmé@uonTtbehe
preparati on of at ocyt e-| ke 5_cel Emay

compRunthensh dieraune WPR@GEEPFQ"%P@ BY & Rycte the s pl 2% 69

alsd B 68dd iR hBBbe R seFednirdfa ESrmhpourdiopikesbinity 2 rrtoxdua&d
nproved yi el ds of cells. Furtﬂtgrm)re t he

nepBISPIATHVAS R e P PR DG P PRI SR ARG 20coring t
the Bﬂe%%ﬁt&n&’éﬁtu%ﬂ 16 by @h Jﬁ)’dnat d&rernilgipg rahb@deh@tmﬁb or maaboiic
er

characteristics ren these cells parti
chagges Iaaheec@lﬁth@n«rssgbﬁ@m&smaahvg'tmqompeam 2 geyetating the
chah§é ®itR anlabilig® reodRstemRpbtoeéIdIdrgundivaNt i on,
differentiation of hBS cells to hepatocyte-like cells

5in 96-well plates are successfully perforned. At
Forluga®t re@@%raﬁ@?ne&@%e tﬂ@%B@Q%II@ fnus&ﬂﬁﬂé) tﬁéentd‘eelvgﬁi fm&i xemo-free

B Gplabag pamnIR ) Spglribere diel Bifrentafion. Uissdction and
pot@thaf SiRbltiretrRYet BedtPd@o86y tendr-emare hhimahtiededajotipogents
pr ot ocol sng; the i nventi

t he
neitbey dfectRomaNRLY DER Gt BE COPAYSHODY 610 e i iy fimat derived

compov8hisistth bY rédupiliarR cuBure@ssdia andadditivisensi ve  over
known met hods. No expensive factors are needed as

additives to the culture nmedium other than bFGF,
MettBl #F drépardgas 1 n | ow amobunts and | ess frequently t han

preV|oust re orted i ch together nmake the
Thetl ageHIaiifpma% Fine IR otiesent BVeion ATE Gt S WHto g e use of
différBhti dtiﬂ@'a@ef\@cwm&:ﬁ is @mﬁmeh@d:séa Owtms @ffér&nﬁa”td\gl’agbntsrhave

the gnffadybc?g( 2? E)Igl%g é%xm to tge cgﬁsmwha:gﬂ{aaeq?gtgaéo@ S{fgéqt é% 5@? glgpf%mated

cell§ thé\ﬁb@tbyesméh MOSTRBdE andTﬂﬂubtﬁern*idie n’ﬂ&s'tdﬂedt thelquabity@fithese
obtalned cgllso%gg rpﬁelsggt |rr{1\:7‘éjrl1t<lajrré1 hra% |cﬁan?Pe cp cultivation conditions that allow
differentiation of hBS cells into hepatocyte-like cells and/or hepatoblast-like cells
without use of differentiating agents. The methods for preparation of hepatocyte-like
cells and hepatoblast-like cells according to the present invention thereby provide for

improved quality and improved yields of cells. Furthermore, the obtained cells have the
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and partly nmediumrepl acenent. Toxic substances are

only used for confirmation of inducibility of certain
WO pdaa#196& enzymes. 20 In addition the met hod PEI/ERXOTIN4940
p12idgipeel I's being crucial forpgthe differentiation

towards hepatocyte-like cells. The concentration of
cha:talaténaﬁ!% dedkctisedReréth, GhichivhaldBReristtd @ndei thess edllsi percularly

range from bet ween 20 OO cells/cnz to 200. 000

suitghlé fos therapplicatiansmentionghelssyfieres?e®8o t o 100. 000

ceI | s/cnez, such as from 40 OOO to 70.000 cells/cng,

uch. 25 as 52.Q00 ce @:{nﬂ, One ﬁéger f act or
In opargBbRdRe of (o SHAPRIAIPE & RESIEL BoteRelRsyte ke cells
in thp@é@ &rel sidé@eé‘s‘ﬂJliy&‘perfbﬁnéd" At HHa%SEO%%@% Wsowgowor

to the culture

100% ?fftB? §ﬁtwe£§ AgghsUCggS SN Siterentia n%@@ﬁﬁ%ﬁ inf,herateyte-like

cellR I TRRHES N &l Hiﬁ@rén‘ﬁa{ébl'té ﬁbbéto@téulk@@éll%r&t according to the
undi fferentiated hBS c , _such_as undifferenti at ed

protaggs eeihe inyenpken ng@hd%%%r%SaPO €5¥°-be obt ai ned from
Cellartis AB and |s al so available through the NI H
stemcel |l regi st

Theyfpethod Psvz%ﬁ'eakp Q‘%fﬁsﬂlﬁ\nvﬁég%ﬁuétﬁ??‘éﬁ?éﬁ le§$ labeur-inignsive
ove%d@ﬂﬁm@%d@ Eﬁi} é%éns‘v'eﬁﬁéton(ssa‘ﬁg Péedsd angddiadd tinellwre

bcl one of avai |l abl e t hroug

medwms%thﬁrstsaeefﬁﬁ wﬁec@ 'ﬁa%e '@é?WPF‘é’d‘U@rﬂ'ldJe%%Q%quﬁ‘“Y h@

L%@Plréfpohé'&’ et fbgelfer ARE tHAPBEHDIRAELFEIARET kMDA thods.
38 PC 25 Characteristics of the hBS cells

reconmended as starting material are the foll ow ng:

Theﬂ'ﬁ@thbb Yélick &h |ﬁt|r||ﬁ§l: 'fé&orﬁ hé)&ﬁété@ T th&SElﬁr é?nd Stiof-ahy pbithtial
TRA 1-81, - ﬁatlve for

addtt@p@h@mageeorAeﬁs WWha%’ﬁEﬁfﬁ S Bt BYIder mfevasaowaaﬂvn
releVam@nUir&inémt TRls, ﬂ\éh@%db&hésﬁirﬂbﬁdm&é@ﬂ’ rigiinlediilm replacement
i mruno-deficient mce) ézhgure

andpartly mpdive replagement ox Stﬁ%?eéré'%P“(éfaﬁfeﬁg fo‘%’Pf'v‘é%Fm of

inddditAty 8f L&Pkin PHBBIBIeANzgMesUb] ected to a
characterization program The LOT preparation of hBS

cell lines constitutes an expansion of the hBS cells
In a'd&tnSHltﬂéJrhSth%B Cﬂel%ssdﬂ'hﬁéﬁl&ﬂ'é béihg eRickgforfthe differantigtidntewards

t di

e

dlffeTrBﬁnéf@ ﬁgé/fr@rﬁm HeleedrBR).060 telisioh®o 200.000RENKerRY such as
a

bef ore and i ng and also
from akau R0000r o108 099&@@%{&@%@%%??@ ‘L& odF oot ?"ﬁﬁa&%ﬁq‘ﬁ@"bf such
as $ebdGcdisem? he LOT. The quality of the LOT freezing is
verified by an exam nation of the thaw ng recovery
rate, which shall show a thawing rate of 100 15

Ond 8iheiHctdr Hhp&rg f&ttﬁ@Wﬁ@fenlthldrhmwﬁbd téwsrat dlepatoegt-like cells

concerni n m_cr obi ol.o f et hen erf r med
is thshPrepencest IbgGé:nM’ht‘}'?ésggg‘?é\tqtﬁeFH rﬁgé %ZI ng

d,fférgnfmiéﬁ sure the cells are free from cont am nat i on.

he characterizati on program perforned includes a
The starting material for the present invention is suitably pluripotent undifferentiated
hBS cells, such as undifferentiated hBS cell lines. Such material can be obtained from
Cellartis AB and is also available through the NIH stem cell registry
http://stemcells.nih.gov/researchiregistry/. Cellartis AB has two hBS cell lines (SA001
and SA002) and one subclone of SA002 (SA002.5) available through the NIH.

Those hBS cell lines have been frequently used in the present invention.
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broad range of nethods to validate the differentiation
status of the hBS cell lines. At first a marker
wepreaswson anal ysis of the commonly accept ed PEF/KR2087/004940
p128syp@0 undifferentiated celjss (SSEA-1, SSEA-3, SSEA-4,
TRA-1-60, TRA-1-81, Cct-4 and ALP) is perforned. The
genetic stability of the cells through out passage and
freezing- thawi hg cycles is, checked thr
Chagagtgiiticp ohieditP s comf@e%?do%?tag@gmtﬁ%] e the Tpliqudng:
posn‘e@w:raﬁénﬁé 'tpﬂGsp‘¥1aTé%|eOS§Bﬁ§lB Ssﬁﬂﬁloimma mlﬂi-‘éﬁ\ ®kt4,
uripot ency of he cells are _exam n
negaie 9r SERCH RIS AP, 2RC BHEPOISTEY Botiyd S0l Dlthe later
sho&ﬁ btyhé@ttgﬁad forivatich lﬂ||rfnf'rﬁ.|rn6f6eh§ibhﬂﬁlcb)/(ﬁiglﬁ6$P| ant ation
hBS cel |l s under the kidney capsul e
| rmuno deficient SCID mce. The starti ng mat eri al used

Bef&@r&bnthmsf wmm@g BEE ab StaftiHghafeAbYmA L DO dEARR ﬂataﬁ V&I
wher eby conpl etely xeno-free he atg g/’_ i ke cel r?g
prepasalinst sbiraded tora ﬁ’&féﬁ?ﬂ%ﬂtm[]?@g' 0 § é}ﬁ@?ao{ﬂ'%ofh cell
Ime%%&i‘ttﬂ@s ah @kparfRittr $f1tRE hBS 'deNini cutuf aﬂifass&l%egﬁeﬂﬂeezmg of
medi um and matri x conponents, feeder cells an

morgghan {80 sawsinRnp SRale BRsSRgRiapeRrdngdmAGHansiaEdze méfhod

(pateRDpéHding\Wi 02601098286\ YRE MoRsHIBYy dTRERBS lcell ﬁih’ést ét@h@omtored
conponents for xeno-free derivation of hBS

beldraPAGAD e s8] AEe MhHEseau)e RSB RISSdRgatert tiluring

afte¥ ﬁi‘a@ﬁrﬁg Scell§ @omvipe lemnefqubﬁt? lof ﬂh‘étL?v.)T FYSANGR Jewfi&dby an
foreskin fibroblasts, serumfree uman 35 ser

examaé@nmnq}hawr?@dpeﬁﬁew fate.r aﬁa%'a‘PWgar Bavinorate 3&00

per@’érftffc?rre%ﬁﬁ isBhivR 10 Aedvid s AWaTet) o6t $4RKBRIng microbiological safety is
EP2007/ 004940 P12338 PC 26 and/ or Qotentl al ot her

theraaarfqmﬁé’son thagels anbthernedia in (e HRBSas R T&SZiPALR mgke sure the
cell§ta%fréeefrorﬂ%h%|ﬁéﬂont OHeSchafictétiza8O¢ prigram p@ﬁ&med includes a

propagati on of the cells. An alt t
brogheangp Mesheisdeaaidale t'ts*ecll'tf%fenﬁ'at'g’¥1 Sates Sfe‘?‘ﬁ ?‘@ér s diges. At

fi rst‘;aﬁﬂngﬁkee? EgéreBﬁﬁlz gné:‘lyél& bﬁﬁa@)bohﬁﬁfjhlﬁﬁéﬁéptddadaﬂ@vmtds t he
such_as_endo enj tor

o1 RS (PER e SYeA LB -y BTy o4 and

ALP)QS F@P%rﬂgade‘?ﬂé’ééﬁé(ﬁ:' statﬂlﬂy 'éﬁfh% cehﬁ\lﬁﬁ&ﬁrﬁodtfbaﬁﬁdmreezmg-

nuc

ear factor 3? Gat a4 rg %q'i ted
thaw?sgdalsﬁ is ghegked fbwqh#em,wwsa EEIEH 7 h(egfs @eﬁ?ﬁ?d%Fé'e"tY is
meSayi NN AR FAC A e BT etast RoR STISA Ol TRE PREBSIHE o

the WIBSSerts aregeamiined by @1 dtre siffecerdiatiant vie @nfepnbrpoid padwnsieprand
Lisin 4 I
reijgn PR BltsT el Y Reh e RERR RS, & uhbefingRidhy capeute
of immuabtdeficien®PID miceg t he steps of i) in vitro
differentiating hBS cells or progenitors derived from

hBS cells on a supporting 15 matrix in a serumfree
ThérﬁdhingﬁnﬁalenaﬂtusbeaetelrSnﬂaMherm))recbﬂm'gnpigtetyfveerwémaﬂﬁrived

whér[agy cgnqgll&ely )\(/eenroy frée Hga/a%éy?e-ﬁ\&o&glls ?‘rYaV Be g&aqu Yor potential use
in regenerative medicine. For xeno-free derivation of hBS cells all medium and matrix
components, feeder cells and other material used may not be derived from or been in
contact with any non-human animal material. Suitable components for xeno-free

derivation of hBS cells and furthermore xeno-free hepatocyte-like cells are xeno-free
derived human fibroblasts, such as human foreskin fibroblasts, serum-free or human

serum based culture medium with recombinant growth factors, differentiation factors
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iii) isolating cells by mechanical isolation, iv)

optional dissociating the cells obtained in step iii)
wWhornegwshrent with an enzyme, v) optional sorRPCHEPIAE004940
p1258lpe based on surface antigen expression. 20 The

progenitors derived fromhBS cells may express

and/dNpsfeptial cist atidftivas andasitier MirRan fe%b&lbiﬁéﬂt ERBATdst o steflle

invitro differentiation in stenp % is perfornmed for

mechgnicaligels fer disspeiation @Rd geopagatipn ofhe cells. | oast 20 days,
at | east 30 days or at |east 40 days. The time given
for the differentiation .in this step is determ

An GRERAIUS SIARNGDAIEALE SaapRemehoelsy i MESLoeldasvee hlsdighave

aIreB@PBéé?%ﬂn@mltﬂeB%\ﬁ@rld%$hé3éndw@ﬁh£lblh6§ée |sUl§I¢a§ ehdsdermal
Accordingly, in order to obtain Pat ocC - | kg dcel I
ProgaRos (815 BUch CAlE FEAGRIPTES QN MBS i iplowipg endoderma

marRér@IRNFBBéa H@ddta@@b hi@éar f@&& @)et#asa4o CdR2 $eHvAaN-feldIed
matrix in a serumfree nediumis perfornmed from about

homegbgy trapsrsitien fastan). Se 1ddgene piodiel ol Siryboy contaginggene 17),
andrF"UxQ (Parr&4tRubdaRa Wonm&ebBRksztorvher eas  only from
bout' 5 to about 10 days, preferably 15 days, are
reqw red for obtaining hepatoblast-like cells. The

Oné@rﬁ%ﬁlﬁ%ﬁﬁoﬂfﬁ@e H¥eRBYvérRiohebiafsad afmétibd e p@érﬁ#@tlon ofa
consi stin itroHESTM 35 VjtroHESTM s%({)?pqeﬁrnent e

popyatien mem%m hepateblasidke cely andeharaiasyisd

the b@séﬁtaﬁ\yerﬁ.eﬁtébmpﬂg.ﬂg tiesteppat ocyte- i ke cel | s) The
serum free medium may further WO 200%

) inptng WitereDtae SRy CElS 03 PLISEPESTS Hegiarb PS 's on a supporting
matﬂiéﬁf%éﬂahwré@m@dm%eat l’ea§t|536'a)fsr0m about 4 ng/m to

about , such as, rom abogéﬁ ng/m to
ii) changing ti'son?fgwmfrom AbRH! SHBRYtD q@ 5P ﬁPO‘t'tc?VS
i) |§Iﬂétmg cell§ © Hhic4 iS@atin, tO about 50 ng/ m or from
about” 4 ng/m to about 10 n ﬁ’é Qﬂ?ﬁ‘ odi nent
iv) qprt'oaﬁéilﬁsmléhwtmceﬂ'ﬁ@b?&ea ﬁe@é" dTRATRR WiR 21 RS
v) o?%ﬂyl b@ﬂuﬁgth%é% badb@ of 8UESNY drligkpexBressibiF may be
rom about 4 ng/m to about 200 ng/m, such as, e.g.,

fromabout 4 ng/m to about 150 ng/m, from about 4
Thég%gémfoes ahati FoAPhBS/cBlls ma EABReaS PINF 380Gl AR and bave
, or fromabout 4 ng/m to about 10 ng/m . The

PFO'HGW@%P?W%n of bFGF nay be 4 ng/m. 10 In step ii)

the serum free culture nmedi um nmay be changed from

about every 10 days to about ver%/ @4/ c%h as, .t
Thegingitro %@f&ﬂt'eé@@r'w?@ hig P&H%“e foe At 'gaste\ Pty S s, €9- @
Ieasﬁ@;ﬂlﬁiays Té'iﬂ’eha%U BOQ&YS BGatN@dst 4B dﬁw THertphe gﬁerﬁ &ﬂdm dlfferentlauon

cells, suc

it step s asiermpio wisther thS BPIGE TS pava e pa e arB e &

hepfocyedkl daeslor I@@d’&?&ﬁéétlllﬁé cel. %@édrdhgwlnyordéhle obtaln
supporting matrj rj se

noRBIREY 5 KAGHlS Blede RedeRBIRboB,o1 PR 2lbPr PO S BaRyagrom
hBD Bellsth & Sigd gdtiref matn&'lraétsbmm?ﬁéé medium is performed from about 18

days to about 30 days, preferably 20-27 days, more preferably about 25 days, whereas

only from about 5 to about 10 days, preferably 15 days, are required for obtaining

hepatoblast-like cells.

The serum free medium may be selected from the group consisting of VitroHES™,
VitroHES™ supplemented with bFGF and autologuous pre-conditioned VitroHES™

(already conditioned on hepatocyte-like cells). The serum free medium may further
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cul ture vessel used for cell cultivation, or it may
conprise a 3D environnent, such as a porous filter
WO poorhe96hse of using a porous filter as suppoP€T/EB2007/004940
p128detpd X, this porous filter 20 may have pore sizes of
about 4Nmin dianeter, and it may be coated with one
confbhséfBFGF Prefdrablpsh a 2bagtation nom@munahgmm to Abeut@0e ryml,

nor e ins used for ti essels or filters
such g6l MPBAPOLhA Al 08B0, 150de Tl o3 et 8 nelrol b Bhaut 100
ng/Bf RO SHRNS4 Hindo aboGEd @@ or Frafi dbout amg/mTo about 10 ng/mil.
conbi nati ons thereof. The nechani cal di ssection of the

cells carried out in step iii) my be perfornmed by
In oﬁé‘%HbBGmféi‘It of fh@ iMRPAL, hh@%éruhi ftee Arebium i%f\dt’rﬂFlESWécomprising

at ocyt e- | eII dged. b S [ ti
OF Gl TPRGOHEATRUPO G, LR Ay Hecrars 2onbiabalay febd 257 ofra. such
as, slgs oRY atfout@ r@hhplbcﬁb@gw50/@g/ﬁﬂi|frcfn®bb$lﬁma’igmﬂ/to&§boul 180 ng/ml,
have a polygonal cell shape, a la

hey
omPaRHE AP LIS RROUSED O T Bt U Fhtouh R O e
con&@rﬂ%tubﬁoﬁﬁF@Wﬂmaﬁ}& hinginl. granules. By experience and
t hor ough experinentation, the norphol ogy has been
correlated to the expression of liver narkers such as,

In s%pgr) it:he%é?bﬁ ftecfditfitufd MBGIuM m&Kb8 charﬁ'@é‘a-fﬁhﬁbaout/&vbtyﬂ Odays to

LFABP he perforned sel ectiagn furt
aboykpyary &9 daxs. §9°’hé§a‘t Gp Rt VP! %ﬁ%vsoﬁuch &5 every 14-15 days.
hepat ocyte-li ke cells by identification by
i mmunohi st ochem stry.. An alternatiye to the nmechani cal
ThegUpRBRING GRALTI. MEY CAMPEse fester BHIS. NShAS09 /01 or mouse

feed¥r Dl P R MAYOMtiseRS3&B cEilIaInatak bBddfinetnor hadefufeﬁac e
on which they are gromnn%gand each other by e

comgsiRe: Atenaiivele Ing BIPPGHING R MAX CPERTEHEQaINY SapPrising

oneacfrtn%retdﬂﬁbln§0élbné Bﬁln%HbﬁwéﬁMn Socitindr AHe inkide of a plastic cell
magneti c beads, |nnunogann|n The cells.ma

cultpfenvgsse/ L@édé%réﬁé&uwa%ﬁ PRI MY RIS @ 8’/“6@”&1‘?&%&?@353

pord @SR In tife6dbeast UBlHgtd pdb@bé fllﬂir%%%&ppértlf@ Friatrid; tHiep6rous filter
defined 5 nunbers to further

manhaNG RATe SR8 ShALRGHTLIARITEE RBHS Tk EY Pt ebdng or more

profeltd, 6Bhé oP fisn@ihgtien. according to the present
i nvention may be obtained in the presence of feeder

cells such as human or nouse feeder cells, or they
TheBhe Semeietprbiend us@dtfdsresoabﬁ@amseélsfoeawas as @lek&ribedrin thee
10 absence of feeder ce %Iatlons
aboyE DPMPAGEIeseCHIOM HeTALP FORARINS GhCHAFeBUamE Ahed
contsinatndfheréfr acel lular matrix of defined or undefined

conmposition, or using plastic cell culture vessel
that has been coated on the inside with one or nore

Th@h@&l@ér{'&l dis8é&A dPthd ¢ells @ahicdalut psteSlii) tralylbe purotraéd by

hi s pur Qse fro
cutirgigaitdhe WPUALIETTIRG Fele 21 F ReRFOoUBIIEY Al Griloed by
visudM fHspeétionf tied makghoRgy.of tHeecene! H-Ieﬂdiowmkeatellemﬁsplay a
according to the present invention

moiRgPiigy YRk RENPRBRHERG o LIRVIAAE SPabapoaLedaes. o e ool
diaeedir (AuRbs 3ppMYasth often Bbhadicateepad aritte actraulate lipid i s

to perfornldlrean%
granules. By experience and thorough experimentation, the morphology has been
correlated to the expression of liver markers such as, e.g., Alpha-1-Antitrypsin, CK18,
HNF-3beta, Albumin or LFABP. The performed selection may further be verified as
hepatoblast-like cells or hepatocyte-like cells by identification by

immunohistochemistry. An alternative to the mechanical dissection is to dissociate the
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differentiation of hBS cells into hepatocyte-|ike
cells via definitive-resenbling endoderm 20 in 3D
W@ 00740968 sti mul ated by e.g. different media PCT/EP2007/004940

p12sfammosi tions. Different facigors or conponents can then
be added and varied in types and concentrations, for

cellsl fasrh ARS Surfaeeranwhigh Mslytaré gftivam§améadt dstaér 15y &. guéménngne or

ctors t.h
a chafairar & MY AISH IR0 8t SiPLRat ok eREs by ¢ guF AGRaTtnG.
magtnbﬂélﬁéﬁisf Gﬂlrﬁrﬁurﬁddahﬂfngl Thetdlisahay hien flhalﬁyt Benseedad in suitable

pl at e. cul tures
cultge argios A HER 6RIoSS SERFD S BHLPEIRF S iTe Of s defined
nunibeed tFuBherdealseadTorl AvitRCAHaHsacheni cal anal ysis on
different tinme points to find the best wndowin tine
for maxim zing the yield of hepatocyte-like cells or

Acch bh@ﬁietﬂdds@eged.deﬁ heRéin| the a8l admléﬁmalccar@mgaaahe
to obtain hepatoc ellg‘ cel I's or..hepatopl as
presedt el mapbp SDIANeED S17 BiPSRcE AL LRIS Gen as human or

mouRRIesRr &8I, BF @@ théPbe SBﬂain‘édd@fHeVaﬂieﬁdSé)ﬁﬁ fo8&eraell$.9n the
for instance Ip| eces of liv

W th
absgse of (PAdRe o i ool RAPHEROR? BEestdiny (S BpPreSpL Evegjorypay be

obté?ﬁé'tﬁusﬁgpﬁﬁ b%aceﬁUlﬁhnﬁ&nx\Mftd'éﬂhﬁ (5:1 urdlefMets Corapdyitiopn beusing
timul ate the d fferent

plasie 54 ale Ve eLtab NRe bean eaAlhom I Insae R ong o5 mesp grgteins.

alorfe%r if Hbrtannthd)rﬂ Suitebleprote s gon tﬁB}puhﬁbsbeﬁ@,f be& bélbcted frobhibe
formati on of 3D structures, such. as

groyReRSHtNg % celiagepy Jaminin m@p%&;@é@ereo? Alljternalilvely fthe cell
popClafib R 2R AIHE prédeaBipdemtionZRajby eptaivied usmduecsDon

towards a proliferatjve status of the hepatocyte-like
enVEWH“e'Heﬁéﬁthﬂ %e?fovﬁb Kecel I's may be induced by cul ture
in mediumthat is adjusted for hepatocytes containing

e. growh factors. 5 In ul di,. t
An 2idliqrbaRRIPaF LR D ASPF ey B S BHS Lepe BTG
différaNtiatiBR oXRBS cfeﬂ@ﬁ‘lto Qk%t@dﬁt@ﬁkdmﬂl% vif définitivpiresaantiling endoderm
i nvention rel ate af)fn

roye

in 3 pitienBMAd BY B ATar B R RIS R ereny fastars R
con%nleﬁts%ﬁ%?ﬂhﬂ@ alifed &4 Rirkgantyped @nd gwfﬁt]lcfﬁntraﬂons for instance

risin e vitr i ffer
seryinbreut Bk and el s@nyielnd Bolbs mip i HatsRsHfned.
uno?f#ﬁ%ht%geodlz% cafi b.b@éﬁﬁf 3 ba\%;i.:it3 a;t éng;tragsfe&bdmdﬂmér ingets ?f for

0 a refera 0 a unt i
instaage 4 3ot Bgje A by ospnbies e Goun i taBrRmectii L,
conpositRRS aﬁ@GuMYeéthotah@lyﬁleV\such%%amﬁﬂmbﬁlsmdemlcaamhIysns on

subsequent | y 50%,. 15 ||”??é(chan ng
ditteren} %@Pﬁlmsotatf'r@t@%ae%w"w i Jime Tof B%%'B %'e@uch
hep%%cgféehk'é@ﬂlls BERéputetilastake tOHgI0, preferably at day
at day 15 or day 23. The nedia may contain

sl Sofmb A WP RPE RS P . o
be to' caEiraté RBS icelebri endobymmajcpmgeinﬁmnaddnm frarh dBSceells with
for @G%nag p{aegIé%gE)uyer 'Isﬁjé?ﬁr?é (tj.llg%gtq%u t?%raocr%vﬁ%}gét‘?ﬂggeé 6PEBII types
of an other species, such as with letting mouse embryonic liver stimulate the
differentiation towards hepatocyte-like cells as explained in Example 2 below. Co-
culture in such a system may be beneficial for the formation of 3D structures, such as

clusters of hepatocytes and ducts.
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be replaced either three tines a week or once a week,

preferably once a week. Moreover, the nethod may
weavpniwes t he foll ow ng steps 25 iii) optional PEHEPI§7/004940
p1244sPt concentrati on of Dexarggt hasone for up tol O days,

preferably 8 days iv) optional adding Sodi um Butyrate
MorécN%B,)unNUiuoH@Mérﬁé alpioliferalite slays, of pHethepaaddyye-fike alays V)

i solating cells 30 n oc:|at|n ells
nepaigbip e sl e ngudsy Bl W S AdyRiEd o
hepattotyte® BomtaiRRlg Qrdrowth fabers:el | s based on surface

anti gen expression. Al details and particul ars
nmenti oned under the general nethod apply mutatis

In aPAHROBF 8mbbAinidhe ofipe \(RedBai inventash, #esbtiined eaibpshiutivhn. may
5 Kit WD 2007/140968 PCT/ EP2007/ 004940 P12338 PC 30
be x8AGT§Er aspect of the invention, relates to a kit
conprising i) a cell population conprising
hepat ocyte-|i ke cel | s and/ or atobl ast-like c ,
One beAE BN o8 BresHRR QYIP REIPIES o pa MfaYes mpthod for °

pregBRtitnadfla0sbpldtib fc@rrﬁﬂﬁ’ihﬂlﬂibp@tﬁéytéﬂlké céRtadgebAaling/to tA® present
instruction for use e maturation culture nedi um
invepHon BRMBIRGNSFERSHh t he group consisting of 5

i) /nVPtFor chﬁfiﬁgﬂ_ﬁétlny HHS%‘@?T?@%&#&& @\f}wbtﬁdlé gsﬂddhd)m cély] such as the
Loguous_ pre-condjtione |
VitrghRi Meiedlobh PREPAPL %] 1D ‘i?é(Pi F Nér*ﬂ)é 133%%’% %S

untlr@iyu’f?ér' ddy i3anDé)‘€arﬁ§§I6 s et B nﬁé’dimt:ér’ﬂﬁe ggphabed with the new
consi sting of

F hel i al h Fact
hepri@RHE SESAE AR RATRENRPHIATAt | M 20
i) cﬁéHg‘irtgettbrE)ﬁ@N rdarink bptirikd mrmrtmenfhepétscftes soamag thieiHCM
ratl on 0]

one enb
mediot ot 10180 PP RraY Bt A0S 82l SHHESTJavl Themadia ey
con%‘in bEASt mbRY &T@he ﬁiﬂ@\hln@&;onﬁ)ogentat bd@%ierﬁmwbmmnaascorblc acid,
| east five of the en s codi nglﬁgor e

epideRRLreWHLIPGIor SEPnSTEBR T By S RHeNE AT G oIS
HNF3bet a, AFP, al bumi n, BSEP, MRP2, OATP-2, QOATP-8,

e TR Y2 R e med car

be r@b’Béé@e&’r%kth@é‘mm Bhdek EGHRCr Bédk, pfaidrabill-dncaradwékRT,
dii) a user's manual. 20 In another enbodi nent,
the tools for nonitoring maturation conprises i)

MoraBlérb @i risthod ariyteimpiise ltitafllowing@espssuch as, e.g. at
l'east four or at least five of the expression
iii) optional adding high concentration of Dexamethasone for up to10 days, preferably 8
days
iv) optional adding Sodium Butyrate (NaB) and HGF for up to 10 days, preferably 5
days
v) isolating cells
vi) optional dissociating the cells obtained in step ii) by treatment with an enzyme,

vii) optional sorting the cells based on surface antigen expression.

All details and particulars mentioned under the general method apply mutatis mutandis

to the above-mentioned specific embodiment.

Kit
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mar ker antigens selected fromthe group consisting of
HNF3bet a, AFP, al bumin, BSEP, MRP2, OATP-2, QOATP-8,
W@ 7/A80968 CYPA50- 1A2, CYP450- 2A6, CYP450 25 2BBI/EP2007/004940
p1253§50- 2C8, CYP450-2C9, CYRg50- 2C19 CYP450- 206,
CYP450- 2E1, CYP450-3A4, CYP450-3A7, GST ML-1 and UGT,

AnogHed ta'sbéct of th‘héﬂﬁ\'/éhltilﬁﬁ,ﬁéﬁtesptgdagﬁit doMptisirigaph el prulat(ijon
ment ori ng e ce ar Sa coO onents an
comppa heRRtecytadike Gpils andiorhiepaioblast B Fe e duanear SPTe n
matlfaBof HHctdrs andRe b iatufEibe EEINEE TedRMVHZIi) JRYBAAIY, akinstriuction
fined condjtions for devel opnent of functional

al , _De ) .
for ysepZhe maturatien eulture BiediimERY ﬁﬁPiFFn‘J}Fﬁdcf"g? the drepp constiag of
Vitr20072'1)2(§9%68 PC1L§ / PZOog%govgg%F@%%%g P ugb{DpR%e&%ohndit:oned
, I , tla,
Vitr r ddreadysendtipasd ey hepatpede-tisg e&lIS)r om human o
enbryonic stemcells, Cell Transplant. 2003;

12(1):1-11 Heins et.al., Derivati h terizat
Thege Armqre matyialion GFeE Al RIFCten 'P%h?gf@{p&%"%r@'“@ﬁ @?GF'
EpitRERIrGbivth F @R 4HEg4t8eyte Srowh FARNANA T bdstatinmit hod f or

the establishnent of a pluripotent blastocyst-derived
stem cell Iine 10 WD 2005/097980 WD 01/81549 Figure

Furh@aRE1dStheXitrh&HEdingriseltasia edrahdriforieg nidturabien.st ar t i ng

material, the hBS cells, i.e (A norphol ogy, (B)

SSEA-1 (negative), (C SSEA-3, (D) SSEA-4, (E)
In ohEfmboffnertt,the 168 for Bonitofing Maturdtion(ddmpsBs (al | from
. hBS cell |ine SA002, LOT AL002 antil q%l | urj pot ency
i) PCR Riimess poingtatigast thige. SUCh 8t 8,3} 155t opgbipRst Ve of the
genﬁ%@bdgﬁ&_fc%r%"x Ig@,%tnwd ér@lrsefe_rcw@fafm iﬁé’@mk 0p defdistingraf HNF3beta,

use W ectodermal ti e narked-
AFR AR RER. DATEo QAT ACORR AT, ¢ TR so-1 A £ PP Fo-
2AETEYPUSHHG, Umvge-m, Oy 4502y, TYrasb BE 19eC YP45032D6,
ure

SA121). F sh hepat -lik | i ned
YRR 2 s YRS W G TN ST VT 8RB
")agge@(m]angm_toget her wwith (C DAPI (nuclear), and (D)

phase contrast, all on SA002, passage 56, after 23

days of differentiation on nEFs. Figure 3 Shows
In dnBMRE emBbEnlenk ehé Bldissfos idn@thgasiutation dontpriseei) lantitsdies

markers (A) AAT, and ( Bz i _
against at least three, such as, e.g. at least four or at least five of the expression
marker antigens selected from the group consisting of HNF3beta, AFP, albumin,
BSEP, MRP2, OATP-2, OATP-8, GST A1-1, CYP450-1A2, CYP450-2A6, CYP450-
2B6, CYP450-2C8, CYP450-2C9, CYP450-2C19 CYP450-2D6, CYP450-2E1,
CYP450-3A4, CYP450-3A7, GST M1-1 and UGT, and

ii) a user's manual.

Additional tools for mentoring the cells are PROD assay components and components

for urea and/or albumin detection in the culture medium.

References

Schwarz, Robert. E, et al, Defined conditions for development of functional Hepatic
Cells from human embryonic stem cells, STEM CELLS AND DEVELOPMENT 14:643-
655 (2005).



10

15

20

25

30

35

30 HNF3beta together with (C) DAPI, all on SA034,

passage 137, after 32 days in differentiation on nEF.
WER@an 40948 Shows hepat ocyte-1li ke cells stai ned PGEEPI00E004940
p12isarpd he liver marker (A) LFABP on SA034, 35 passage

135, after 25 days in differentiation on nEF and
Rarﬁlﬁ%‘ﬂs/ba\)é%@%‘rbﬁér\/@f ﬁ@?gdcb%f—lﬁ@rdelzlsé frgﬂn\/rﬁrma;m%rkfﬁr}yoﬁiB)sthFEells, Cell

on ) S , after ays o ifferentiation
T’a'zﬁﬁ"%@"%ﬁd%%og?ﬁogas PCT/ EP2007/ 004940 P12338 PC 32

Figure 5 Shows (A) CK18 co-expressed with (B) Cypl A2

.on SA0Q2, passage 63, after da .in )
Heir 9ty DRtYAIER o K5Ac piAatoReand Y tatigR o bupiag grpbyyonic stem
cellyi StealCealie200%;2418).387cT®scope and in 5 color. Figure 6

Shows (A) CK18 co-expressed with (B) Cyp2A6 on SA002,

passage 63, after 23 days in differentiation on nEF.

WOOBEs590R, AMMStRONfo? XY estabisAmentibfch BlLESOtoRt blastbdyet-derived stem
induced 10 using a CYP inducer- cocktail of

cell {9 anpi ci n, Dexanet hasone, Desoxyphenobar bital,
Et hanol , Oreprazol e and |Isoniazid (data not shown).
Reactivity can be clearly visualized in the
Worﬁo@l':’@g% and in color. Figure 7 15 Shows (A) CK18
co-expressed with (B) Cyp2B6 on SA002, passage 63,
after 23 days in differentiation on nEF. Reactivity
WOLWB1MOc| ear | y visualized in the mcroscope and in
color. Figure 8 20 Shows (A) CK18 co-expressed with
. (B) Cyp2C8/9/19 on SA002, passage 63, after 23 days
Figyre 'Gﬂfgﬁenti ation on nEF. The Cyp protein expression
Figgeyl d al so be further induced using a CYP inducer
cockt aj | Ef Ri f anpi Ci

. al n, t hason
Chagassoh el s ina e diabdio NGy A10) BRI ST
(neéaabﬁl(ops%hw,\/{oﬂﬁ) SBEAH, i(E) TRA-1660) _(b)eTre)lxeaM 32(53;) Oct-4, (H) S\LP
VI sual l zed 1 n e 0S e 1N COl Or. =l gul e
(el sprB 251 e naAdtE. DO ALER Sod il pciBgRhimy ™ ikl o) o
henASSA8 @né 2osinfst@inel@ratoma sectiordirdrh @ineamiriumbideficient mbtse with
The p protein exeqrﬁ‘ssi on ¢

Id also further .
ectedeamaklipsue Sk Pmae'éﬁlgqﬁowa?ﬁmagﬁsw%‘&ﬂﬁ? {uer right
andREsHRHRaREEe tORS Sy glennBarckil tisd SA321)Et hanol ,

Oreprazol e and Isoniazid (data not shown). Reactivity

can be clearly visualized in the mcroscope and in
FigGrel or .

Shows hepatocyte-like cells stained positive for the liver markers (A) Albumin, and (B)
CK-18, together with (C) DAPI (nuclear), and (D) phase contrast, all on SA002,

sassage 50, afier 23 days of differentiation on mEFs.

Figure 3

Shows hepatocyte-like cells stained positive for the liver markers (A) AAT, and (B)
HNF3beta together with (C) DAPI, all on SA034, passage 137, after 32 days in
differentiation on mEF.

Figure 4

Shows hepatocyte-like cells stained positive for the liver marker (A) LFABP on SA034,
passage 135, after 25 days in differentiation on mEF and weakly positive for the early
liver marker (B) AFP, on SA002, passage 56, after 23 days of differentiation on mEF.
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Fi gure 10 Shows (A) CK18 co-expressed with (B) Cyp2El
on SA002, passage 63, after 23 days 35 in
WQIRGOT7a40968 | ati on on nEF. The Cyp protein expr eBSI/BP2007/004940
p12553P¢ al so be further inducpd using a CYP inducer
cocktail of Rifanpicin, Dexamethasone,
Desoxyphenobarbi tal, WO 2007/ 140968 PCT/ EP2007/ 004940
P12338 PC 33 Et hanol Oneprazol e and |Isoniazid (data
Figuie® shown). Reacti vi ty can be clearly visualized in

ShoW@%A)‘fCKﬂ@%ﬁ%&Sre%Bé’d wnh@n Oyp1AZ c%v?godﬂ 2eshe SHyV63, Agr 23 days
co- expressed on assa
in diffgrengjatiqry orymEF 5\?§°‘?VHY &é’ﬁ %’s%ﬁ'{'v yispahzedidn ?H?F""'C E%ﬁ"d n

colopr ot ei n expression could also be further induced
using a CYP inducer cocktail of Rifanpicin,
Dexanet hasone, Desoxyphenobarbital, Ethanol,
Figfeg®prazol e and | soniazid (data not shovvn) React ivity
can be clearly visualized in the g}‘gr 0SCO [

d
Shaws|(8) CK18 crexirassad wih SLCYRRARLPPPYS RapsagRd 5 gliPy 23 days

in dﬁ@ﬂen@dﬁbrﬂ&?nﬂE‘F rae Typprdteml dxipreseRnl could aﬂskabé fethebiduced
Western Blot after treatnent_with an in

usingg et Rilnducenaeekéal! ¢f SEamaigin, Q%&mﬁm&%dﬂﬁ%gmr\wa@“a'
Ethdhd, a0k plaRole BRYasEHiAAS (iifa ndshoRAP REFTEVIBINYd dkarly

Et hanol , Oreprazol e and | soni azid for 96 hours) on
Vlsushmzn t'(%@)!cf%@ez)ansé%g%fes 51, 53, 54, and 55, after
23-25 days of differentiation and SA002.5 (LOT
BE002 5) passages 51, 52, 54, and 55, after 23-24 days
Figse 7 di fferentiati on on nEF. Untreated hBS cells: SA002

ShoWsQK%ékQ@%bexB?é%%é@ Qh48) Chp2B6h éﬁoozfﬁaeéagweaa%ﬂéags days
O differentiatijon and SA002. 3
i clacarighien 9 mEE Rog o e dieatly vy elFRydn T micioscope and in
colgil fferentiation on nEF. Hep& (Cat No HB-8065, ATCO):
passage 23 as negative control. Prinmary keratinocytes

(Cat No C-12003, Pronocell) at passage 2 as negative
gergrol.  Human primary hepatocytes (nmale and fenal e)

thavved and freshly pr epa ositive
S St 8] £ 58, STABOELLIE gt 2
day§ @H"B|\‘f@f'ent|Etidihl'lcfrﬁ‘mgbL Pheayp @ﬁé’t@lhaixp@,éﬁloafcbuldl diso bisfuniher
assa

The activit incre on treatnment
IndugeEVSOHA N BIBBIeT Cotk RIS DraT N aReS by
Deé@)‘x?ﬁﬁérn%bbr'bitglhEﬂ%‘h%I Cﬁ@edﬂﬁid]@éh@tkoﬂ%lzids(dafa nrakewn). Reactivity
contr ast ‘@3:! and PROD fl uorescenc i nduced cells

canjhe cleaflyadsualizrd indbe prsroscapesReH’ F?'Bé)r escence (D).

Techni cal control (w thout addition of
Figure 9
Shows (A) CK18 co-expressed with (B) Cyp2D6 on SA002, passage 63, after 23 days
in differentiation on mEF. The Cyp protein expression could also be further induced
using a CYP inducer cocktail of Rifampicin, Dexamethasone, Desoxyphenobarbital,
Ethanol, Omeprazole and Isoniazid (data not shown). Reactivity can be clearly

visualized in the microscope and in color.

Figure 10
Shows (A) CK18 co-expressed with (B) Cyp2E1 on SA002, passage 63, after 23 days
in differentiation on mEF. The Cyp protein expression could also be further induced

using a CYP inducer cocktail of Rifampicin, Dexamethasone, Desoxyphenobarbital,
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PROD to the cells) in phase contrast (E) and PROD
fluorescence (F). Al pictures on SA002 passage 56,
W@ R20en4@es days of differentiation on nmEF. Pi ct BEEEP2007/004940

prospeerted from red to yel ljgw usi ng Adobe Photoshop to
better visualize brightness in grey scale. 35 Figure
Ethakl, \Uh3aZdId 408 tsonRiZid [BEDAG/sBOWAY Reabihviy33n e ciarly

~ Sho xpression of GST Al-1 before (A and aft
V's”?'l‘ﬂ?m? ﬁWFB)S,wE%‘F"W‘io"Hefore (O gm?:l af ter o

!nguction ED), and GST P1-1 before (E) and after
_induyction (F) by adding the cocktail of Rifanpicin,
Figug l4net hasone, Desoxyphenobarbital, Ethanol, ™
Sho@lﬁQM @Ktvdé @o;’é!iﬂrebS@legH '(Béi) c;gmmﬂsgn E’ﬂko&aapﬁs@‘emmaﬂbr 03
clear induction e observe ut a slight
dayy eiereBHeteB onaRF ATIe PRI SXPTEHYR Folld A0 HEeT o
indu)gsdj hﬁ?ﬂg aUsYP %dﬁ@@b@o?ﬁfltdﬁﬂf_@mptcm, DRikamethasens | ze
ri ness_in_grey scal e. 5. ' ' -
DestxyPhANORa Pl ERRR I PriEniZels S RaTagongals aphSti) ReSdiviy
can Bblc®arll VRRbERAtN tHOmWréstopsd anddhiedityg cocktail . SA002. 5
(LOT BEOO2.5) passages 35, 36, 43, and 46 and SAl67

(LOT CE167) passages 17, 18,25 and 28 day 20-26 after
Fig@efrberenti ation on nEF, both untreated and treated
with a CYP inducer _{c)ock

Shop MY TAAL0RTHRARBIIL PeR oD IR gl visualised by
We%ﬂ?\gilatzéﬂe? ttréatﬂnérﬁgﬁthaahiiddtfdmg &ﬁckt?u?rs. | A GST ﬁrot ein
reparation an uman, e and. I
Indysed "%ﬁﬁm@&)m%@@?g'/gPhE?Ja&r’I'S'Eyﬁgga'ﬁ% r@se%?eé as
Des?ﬁﬂ%ﬁgﬁb?arbﬁ%lgﬁfh_@{(\&@ @Prmm isﬁniazwifdnhgﬁlhéwwmsm
atocyte-like S rpve t 20 ..
(LONOBPEhReeHeSS ] (e Sean Tt snsgadovs PLbferaifatop ase
SAMR!d ROTPBESENS Bshseagey™®1, 525 8BNS afternd3sgatiagt of n/ ng
_of total protein (mean SD, n=3). Figure 17 Shows
diffqremtiationr 8AFRi ty of hepatocyte-like cells for phase I

UntrEated B S 8&IRISADBY (EST ARB02)Hdsdhgen d7 \S2TAMB56, dBel 19-28 days of

" (A) co- d wi 8 (B d 1A6
b SHRCTORES Lo Pheah a0 g g0 cors
of difreritibtiéh oRhERYs of differentiation on nEF.

s S 5B oS GRctabs el et
Pririwfr’gﬁgfag?tagyﬁtésg%aé l\m;%hepaik,@%i;\gfzéli)lag pasgAalgg z‘a/mnegw'vej congrol.
HUTH B PEB IEPAeYi5H (SRl T i) chaed aid LpsBh Bregifda ysca as

positive controls. Beta-actin was used as an internal loading control.

Figure 13

Shows general Cyp activity using PROD assay. The activity is increased upon
treatment with Cyp inducers (as above) here visualised by picture brightness.
Untreated cells in phase contrast (A) and PROD fluorescence (B), induced cells in
phase contrast (C) and PROD fluorescence (D). Technical control (without addition of
PROD to the cells) in phase contrast (E) and PROD fluorescence (F). All pictures on
SA002 passage 56, after 26 days of differentiation on mEF. Pictures converted from

red to yellow using Adobe Photoshop to better visualize brightness in grey scale.

Figure 14
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differentiation on nEF. Pictures converted fromred to
yel | ow usi ng Adobe Photoshop to better visualize
Wherloghteess in grey scale. Reactivity can be cPEEEP3007/004940
1 $¢ealized in the 35 mcraggcope and in color. WO
2007/ 140968 PCT/ EP2007/ 004940 P12338 PC 35 Figure 19

Shows @\Qﬁrebﬁmi B0 GSICA1-Y¥ ibefor@ (A waadfee Hdercliork@)c8Birm f-arefore

O Rl TSRS32 bhhe Gt i

the @b&lfaar&mambicgg Dwalgﬁﬁwasﬁ’h@tllﬁseﬁymhusérb&ﬁ Etharol ed to
QW usi n ohe 0 efter, visyaljze

Om%ﬂr?sq\? ARS 59 f?zﬁir% r@%&'@? qp@*&&#ﬁf’q %%ﬁ'estemgv@%?m?" be
obsé’rklédl Bhﬂ azgcéhlt rhdhbt:bn fﬁ‘{ GSTSCRPEPistuees @rxlc\vet@d fror:ﬁ: rgd ]Ictd?yé%@w

reactivi ocyte-like cells for
us'newéloaﬁlﬁ’@% EHB&P?‘E‘H 9('22*% Eﬁ;“es 0 gRpISCaleR) MRP- 2,

(C) phase contrast on SA002 passage 33, after 22 days

~of differentiation on nEF. Pictures converted from
Figw@ddt o yel | ow usi ng Adobe Photoshop to better

ShoWks atiictid® oPG BT 10 € fShé patdbiy Rylikecdlls by Reestérn\Bldtafearelenent
clearly visualized in the microscope and in color. 15
withiangndecng cegkialls st or age of gl ycogen in hepatocyte-Iike

SAo@)Qld ($;O“FBE'MZG$)| pdsb sH¥)BB, 43, @hdAistshY, SAerS(w;rec&ﬁeat

f diff t
pasiaEs il a HRAGN ZHSRRITO %ﬂ%%c%’%ﬁ'ﬁ'ﬂrl‘ B e G vt paeand
treatﬁ%ﬁr\,gitrﬁé C:Wlnau%afc@gkt%(& R\féﬂnpﬁ?m Déxantdthddomel ed Wit h
uman sal i va an r
N e TR
prepfRRRrOANd Kurhark @ aredrdSfefliald fegspit prapaddqihawill) piirgety.  (A)

plA2 co-|l expressed with (B) Cyp 2B6 and (C) CK18
hepg cﬂﬁﬁr"\@ﬁ%%ﬂﬁ?%?@t‘f S-GST 25 Al-1 both on(S?AOOZ p57,
after 24 days of differentiation on Matrigel. Pictures
converted fromred to yell ow usi ng Adobe Phot oshop to
Figuset'Oer visualize brightness in grey scale. Figure 23

GS'BQ&n%?ﬂWﬁc rﬁcﬂhtWﬁRﬂ&dE‘@DNﬁm PRpaBEtyte-likPCGRIIs Nderived from three
ocyte-like cells fro

d'ffeBE(‘iO'ZE lings 2gkh Wﬁ%fe?i[nﬁf'teal?@eﬂ@ﬂ?ﬁaﬁqﬂanpﬁ??%&as umol

sub&teaté%ahjbgbteamﬁlnegsof tefal protdih (Rt ST, @¢3)BS cel | s
(BEO02.5 passage 24, day 5 (control sanple 1) and
BEOO2, passage 62, day 4 (control sanmple 2)) fromthe

Figgang total anmount of cDNA.

Shows immunoreactivity of hepatocyte-like cells for phase |l metabolising enzymes
UGT1A1 and UGT1AG6.

UGT1iA1 (A) co-expressed with CK18 (B), and UGT1A6 (C) double-stained with CK18
(D), all on SA002 passage 59, after 24 days of differentiation on mEF. Reactivity can

be clearly visualized in the microscope and in color.

Figure 18

Shows immunoreactivity of hepatocyte-like cells for the drug transporter OATP-2/8. (A)
DAPI, (B) OATP-2/8, (C) phase contrast on SA002 passage 56, after 23 days of
differentiation on mEF. Pictures converted from red to yellow using Adobe Photoshop
to better visualize brightness in grey scale. Reactivity can be clearly visualized in the

microscope and in color.
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The expression | evels were calculated fromthe CT

val ues (threshold cycles) obtained 35 for the three
w@0or/1486l es and further conpared to the exprRBSEERIWTH04940
p12§5Bd ol sanple 2. WO 2007/ 1450968 PCT/ EP2007/ 004940

P12338 PC 36 MRP2 expression in hepatocyte-like cells
Figobeggbet ween 11 and 32 tines higher in the

di ff tiat lls. Fj 4.5 Sh i nduct.i
ShowpgmIBOEASHAYG BenpicHe ke Selk Br Inddiug Banspong BeER: 24
DAPIE(EIBEER, €C) phise doitrast dr$AGITp&RaHE SROAFEr 28 daya s

_contrast (B) and induced (O and, correspondi ase
difegaphiaian on (HF. FRLIAH REvEAREIT&EF 1 HHP RO TEAGRE b oshop
to bEérVisLAHEDBridRERSH QReyt ST ald) Rehetivity ican dkictearh VisyBlizRiSh the

_in grey scale. 10 Figure 25 Shows induction of Cyp 2B6
MICKOREPRESANIDIA GOWPrhepat ocyt e- i ke cell's. Untreat ed

hepat ocyte- like cells (A) and correspondi ng phase

. contrast (B) and induced (C) and corresponding phase

Figute#0r ast (D). Pictures converted fromred to yel | ow

ShoWa! imehuhBRRR IS debaRclte-likB @BAior Hesdiag traRsuried MRIE2S(A)
i n r@% scale. 15 |?ure 26 Shows AFP-go itive
DAFH_ef%t P#s{(C) phaseconfrastioprshRPARASRRSS ¢ |a]%t§r gg-délﬁ Plr ed
diffetehtfatioR BRMYBRI FiciRsSRNVENSY fromite® b oW Usiry AdtBecRotoshop
antigen in red (distinctively staini n% t he . nucl Flg .
to beReMsuAiae brAUNGRsdn GERY scals: Regriyiy gop becigagly Mrbalized in the
micRIREeseaRERIn firi ved AFP-positive 20 large cluster in
green (see exanple 2). Figure 27 Shows western bl ot

anal ysi s of CyplA2, 3A4/7 and 1Al protein expression
Figir8 27unt reated and induced hepatocyte-like cells

derived fromcell |ine SA16 d B, .25
Shawys sipr@geahelycegengn é‘ﬁaatﬁ)?ﬁegl?e %é'%? o ﬁ%ﬁ’ ling §§@&;ﬁ@%@j"2
pasBagd 15 6€4dy52 1 bRAfferEntitiohNGiyBeysitis detselddby the ®ASstaining-
~rnan hepetoc~ e_Lot QU 22 (for CYP | iBLot Vi ve)
system as aipttanen: TR ediFRssteTe eiBenkeriaddB gt Rjer ngt reated
witH 5fh saivhsAznd ﬁiprbE@?de%ﬁtdet@‘m'alAl- 30 Figure 28
or

(A) shows the reactio t he hepati c/ endoder nmal

mar ker HNF4a, (B) shows reaction for Ki67, a marker
,:,-g,%.eg for showi ng proportion of proliferating cells in

a population, (C shows HNF4a and, Ki 67 hei .
Sheaws, GURAFASRT Immune, SRS HDplEcais e cofs REReentpted on
Mat@i@él. shows DAPI (staining nuclei) and (E) shows

nor [i)hol o<]:1y. 35 . .
(A) Cyp1A2 co-lexpressed with (B) Cyp 2B6 and (C) CK18 co-expressed with (D) GST
A1-1 both on SA002, p57, after 24 days of differentiation on Matrigel. Pictures
converted from red to yellow using Adobe Photoshop to better visualize brightness in

grey scale.

Figure 23

Shows high MRP-2 expression using QPCR in hepatocyte-like cells from celi line
SA002.5, LOT BE002.5, passage 2 day 21 of differentiation related to control samples
of undifferentiated hBS cells (BE002.5 passage 24, day 5 (control sample 1) and
BE002, passage 62, day 4 (control sample 2)) from the same total amount of cDNA.
The expression levels were calculated from the CT values (threshold cycles) obtained

for the three cell samples and further compared to the expression of control sample 2.
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Fi gure 29 WD 2007/ 140968 PCT/ EP2007/ 004940 P12338 PC

37 Shows the results pertaining to proliferative
W@ 2paa4a998 and i nducti on thereof as a responsePCHEPI87/004940
p1283gldcdire medium (See exanplgy 4). (A)-(C) show

hepat ocyte-li ke cells of SA002 cells cultured in
MRM2 bxsreEsidiMn tdpakodytehlikehsans ias e twaled ’Dlga’nd $Blime$ bighegin the

reactign for the K167 nmarker, (i.e. no

““d}rﬁﬁfﬂ’\t@@ﬂé’@ Bn) and (C) showi ng react i on for the liver

5 marker al pha-1-antitrypsin. (D)-(F) show

hepat ocyte-1i ke SA002 cells cultured in WIllims E
Figuigdfum with (D) showi ng mor phol ogy, (E) showing

Sho&@@ﬁddcﬂ@n bPCyp haz %&&Ess:ﬁﬁﬁkﬁépat&@f@hké &8t Ustrateéd Heffdtdcyte-
ow ng reaction for the |iver

like splﬁ%\) fnaﬁwm%\gm phage ga?téa%bé%dsﬂ%&edé%nﬁ SQiEeshoRding

pha'sé‘ cORREt MY PRtdre& eomdried fRATirdartd ?andw bepghaspé Photdshdp to
colum shows EROD activity in (fromtop) untreated,

bett%\@ﬂl‘aé'i%Pﬁlgii‘tf‘ﬁf'ﬁ)'lnrgr?hﬁ‘i?é%d and 6- conponent cocktai |
i nduced hepatcyte-like cells and the right colum
shows the corresponding results in primry

Figie gat ocyt es. The hepatocyte-like cells accordingly

Shob@wﬁd&t@n eeClp 0BOMRprESEioh Wﬁépa\td)dee likhéete. Uatseftb® Repatocyte-
detected before treatnment wt

ke SIS grIC SRBRRABYPORIRS cpEs! (1AM B4 C) By spresppnding

pha§5‘ e¥EirdaY (DR Plidtires 'cSﬁvdrlédtfl*b@n RS0 Gelldw dsihg VWeldbe Photoshop to
hepat ocyte-|i ke cells c? npared to in Hep&. (A and

bettFDY's'é‘ﬂ'éWbﬂﬂl't‘tf‘é%ﬁ BOrREpER'BCcyte-1i ke cells, (B) and (E)
show i nduced 20 hepatocyte-like cells and (O and (F)
show Hep&. Figure 32 Shows PROD reaction in

Figye?8t ocyte-1i ke cells and prinary hepatocytes. Left

Show’! ARPLyoSithEe fIS B &gk Cels/fotmied by aBstdepé coHatiEead adth
Pri m done i nduced, and

onent
embryenie B1PURR ﬂi‘é‘irc Vyg\aplsp@mg%p alAptigeRin reaﬁ&sﬁr&tlvw staining the

nucfiMsMws Ifat@Rs hBS ReNElaRMiIVIRG He ® the eptod@mal derived AFP-positive
hepat ocyt es. The hepat ogyte like cells accordingly

|af9ﬁé5\}{,5t?{ '@@ﬁ’@l" pee exRIed)vi ty al so before treat ment
with Cyp inducers. (See exanple 4.) Figure 33 30 Shows
rat__hepatocytes (picture from Prof essor I an Cot gr eave)

F

S B TSP 107 B hiles

untr%bféd%dﬁﬁéude@lr@lab)ocydéuuk@ro@né%éer%dﬂwxeelanrfel SABTAA arfcdB),
Mé:[ﬁ%’l‘)f@ﬁh B BALFEL A B B unansad SRR, B°F! G 1Rated

Wltmﬂ@?%%ém@%ﬂwgn henatocytes Lot GIU 22 {for CYP1A1 Lot MYO), H:

undifferentiated hESC line SA002.5, |: MEF, J: HepG2 cells and K: recombinant

CYP1A1.

Figure 28
(A) shows the reaction for the hepatic/fendodermal marker HNF4a, (B) shows reaction

" for Ki67, a marker used for showing proportion of proliferating cells in a population, (C)

shows HNF4a and Ki67 being co-localized in a number of hepatoblast-like cells, (D)
shows DAPI (staining nuclei) and (E) shows morphology.

Figure 29
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P12338 PC 38 Figure 35 Shows expression of nenbrane
expressed Notch2 (in green, in nmenbranes) and nucl ear
W@eMrn#a68 (i n blue) in cell line SA461 (passagRCBEP2007/004940

pi2&dsts 17 days in culture. 4y Arrows indicate
bi - nucl eat ed hepatocyte-like cells. Mgnification

Sho%QfxT re%iufgsl pertalfinSlio polifdnativealaphdityeargianductiop tiesFeofas a
S, 0

. 1A1, d 2A6 :
resRABHE U B8 culifedBRpuT oo e f) FEr ek Seat bortiate i oot
of SiA0dR eéls amdrdmwuta&-lmwuwmd (&)8Howiresmofphology, (B) showing no
oo ieRBrERKTR? Bikerd. iR ruEn L B B Elageleh g the er
marRéalgthd- 1-@thpsﬁ'ﬁl(ﬂD}-QS ymmehe;faed@teewetmmdmcéusmsamrbdwer

Wl S35 S VRSB ) i HBRERY o e R

markérY préikerbAn) AndREABhowing T&Rtiok féYl?Bé\Ne'ﬂMa)rker]éiplﬁ tHanetrypsin.
37 Shows the study design of the inprovenent of

medi uns for culturing hepatocyte-like cells. Study
Figutesogn A, 100% of the nedi um was replaced from

VitroHESTM to HCM after 15 da and a
ShoueyiFHA TFereRd CORR PRV SSE SRAREHB AT RS Sgyics. Lof cOlumn
shogé FEFTCDI]YEB&W (fomh tdpe)dn@eatew odnepuealzb|+rzlufampma&2cedshnmig
esli

0% of the m . Was
conmwﬁ%ms&tm insuped/hepaients %k a%ﬂfsandw*ﬁ f@ﬁﬁo@?lf Rpows e
corrtéﬁ;ﬁdddﬁ@ redlilts |W|pfrlh1ﬁy3hépdtbﬁWesSﬁﬁé&epEﬂogytéellka8el%|@ad§bcdmgly
e nor at oc t d
v § RSB LoR % Ry My WOEHp el o FAR b G, v
.nddcersSbuﬁougvh&ﬁe@nenam Becfdxauipte 83)and exp. 1, 2, table
. Figure 39 Shows the relative nRNA expression

IeveI s of HNF4 -al pha, Al bumn, CYP3A4 and 30 UGTI2B7
F:gd:r@ 3fi t r oHESTM conpar ed VVI t h HCM according to study

esign A and fi abl e 5.
Shawe it edten s e e ) dofved Pepgieig dgelsdBnibstes B0
He;ﬂ‘cm QA) éWd oWWn@réBfeGS%pét‘bcMéka&eﬂé (ﬁhmdi{ﬁ)fseownmduced

um| es in the graph. 35
hepg} Ogmee"k&(? 5 BN Eégoow 004940  P12338 PC
39 Shows the st udy desi gn for suppl enentati on and
_induction factors in nediumfor culture of
Figygp*t ocyt e- 1 i ke cells. Study design C, 50pm
ShdwPRBDea&tvd inaspadoe-ike cells and primary hepatocytes. Left column

shows PROD activity in (from top) untreated, Primidone induced, and 6-component
cocktail induced hepatcyte-like cells and the right column shows the corresponding
resuiis in primary hepatocytes. The hepatocyte-like cells accordingly have a general

Cyp activity also before treatment with Cyp inducers. (See example 4.)

Figure 33
Shows rat hepatocytes (picture from Professor lan Cotgreave) with hepatocyte
canaliculi marked out (left) and hepatocyte-like cells with canaliculi resembling

structures (right).

Figure 34
Shows a flowchart for derivation of hepatocyte-like cells from hBS cells via hepatoblast-

like cells.
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after 22-24 days. The experiment was carried out with
cell line SA002, SA167 and SA348. Study design D
WORWTAMESTM nmedi um was repl aced after 21 days PGI/EENDT004940
pi12483Bim suppl enented with H@ and Sodi um butyrate (NaB)
for another 5 days. Figure 41 Shows the norphol ogy of
the hepatocyte-like cells cultured in VitroHESTM (A)
. an Vi t r oHESTM suppl enented wi t h 50pm Dexamnet hasone
FigygySaccording to study design 10 C, figure 40 and
Sho®[expressidn of niedtrénd exphsserll Notets2 (i greehoinyhenblanks) and

cells cultured in C) Vitr STM D S | enent ed
nuclght HaIEe (- RoeKB aling SOPa] HoREaeRe) Aten t Ggdy cuire
ArrddRSih@iBatBbi-hugeated HepatadyteiRe cdlls. Mdgalication 258ixgur e 42

15 A) Shows the relative nRNA expression | evels of HNF4

-al pha, Al bum n, CYP3A4 and UGI2B7 in hepatocyte-like
Figi#€l3es after treatment with 50 pm Dexanet hasone

accordin to study desi - figyre 40 an XP.
Shogeilap aae dspeRupabss e gt el a2 iBy spoRe
wer?fﬂe%{suﬁg@%ﬁfgrﬂ%mpa%g b;fz ﬁaqi'timmj(f)ﬁm }b;joﬂhﬁ;ua@(:h ihl%i?cemwmfrbl n;b‘mg
. o stuay esign b T1gure n Xp. 4, apl e /.
indusgs guktyrgs Pt %?F@?fm%-"ﬁ %ﬁ'ac'a?p?@ﬁw E\i@é‘rmefﬁ“fﬁ&&- set
Meds@remé @f fHel KinhdithenRegiradl waXReC®ST afd hlevekssafplebwere
di fferent genes by the

] di f eren% treaéé'{fﬁ_bs i S ion for all
relajsiddo &in Buma livasselrensR foraghytoF s © grxpigysion for a
gend€ & iimbRsed Bftinsteltiedt GARDENCYPN AWUARCEYPRAG PorcTBP
uent nmedium 25 replacenent. Both HCM and

fre
(CYV?f\?@ﬁ@STM was used. Figure 44 Shows the norphol ogy of
the hepatocyte-like cells after rare (A) versus
_ fre%uent (B) nmediumrepl acenent according to study
Figyesi’gn E, fig. 43 and exp.1, table 8. 30 Figure 45

ShoWaHE studg desigilof w iFpNVearine ofpdiassifonclitereg Bepdtody-ske
um n

-al pha, Alb CYP3A4 . and UGT2B7 ter .rar di

colls GHhaerian Ac b PLIeEed BYRTE REeH IR VBT BS CneriCH
B B B e L Aor ser ta
expgimAgl e GHTog PR poi BR oSG Sy See8 thr1op T 156 moum
washebla@e€ ftbm YRRBESIM e HOMBRemEXd4yS) Tiepeaueeimsnt was carried out
_presented in the graph. WO 2007/ 140968
withreefl/ipp F$AP004940° P12338 PC 40 Figure 46 Three (A) to

six (B-C) days after reseeding of 38 days old

. hepatocyte-like cells on Collagen | coated 96-wells.
Fig4Re38expl ants of the hepatocyte-like cells were treated

Sholistthe morphology of the hepatocyte-like cells cultured in VitroHES™ (A) and HCM

Figure 39

Shows the relative mRNA expression levels of HNF4 -alpha, Albumin, CYP3A4 and
UGT2B?7 in VitroHES™ compared with HCM according to study design A and B, figure
37 and exp.1, 2, table 5. Data from reference protocol (VitroHES™) was set to 1 and
fold increase in expression levels of the different genes by HCM-medium is presented

in the graph.

Figure 40
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5 either Ca and My-free PBS (A) or coll agenase (B-D)
prior to reseeding. Cultures were double stained for
wWQ p@7hees ocyt e markers CK18 (B, D) and HNF3beRGI/EE)007/004940
pi2sg@dcebar:  100pm (A) and 5Ggum (B-C). For experinental
details see Exanple 15. Figure 47 10 Shows

smW&m&m% Géil?m&tsﬁwplaﬁﬁnfﬁﬁbﬁ had owyctidn factad prhagitml foke
ce after ve resee Oci |
cult5.5f Bepqatte diioe; SRk eRh &P Dy @R besehatas added

afteP£2-24b{$ TheWxbbfimeniwaLcartiéd oedvitrocelltiine Sronat ehh @B hand

SATRB e 1oy dPbIgn s SHE T mediwE e PR At 2 daya o M-

mediirdis0ppleémehted SMVAGF anB, Sddiunirbatyehtd (NABY forsianet S@ays.
mor phol ogi cal figures for each staining are 15 seen in

C, F, I and L respectively. Arrows in figure C
Figdr8diycat e bi-nucl eated cells. Scal ebare: 25pm 40x

e e 55 T 3t LIET  R8 s

V|tr<51-%@1w° érk@d gvﬂh |5?png@;aﬁ%t|$@ébﬁinga€d¢|rdm@ ® ?tud'lsﬂdesngn
hows hepat ob] asts of a t

C. g ACademm 3 S RIS A pelbss neppiRRyicali ol ©

VitréHES™ [ DIC MZSupbleaiantes wit Fk@a SodigihaBdtyra® datbriingito study

The starting material for the present invention is
desigpiQ. digkse H 279 R dne BRIRIf ferentiated hBS cell's, such
as undifferentiated hBS cel| |ines. Such material can
_ be obtained from 30 Cellartis AB and is al so
Figgg 42 abl e through the NIH stemcell registry

A)Shé\X/QtHe/ rSlaBiE fIRNA ek;.lsregaunﬂ le@8IR T eiNFdegiphial Xbum@elG¥R3A4sand

has two hBS cel SAQ01 d
Ve RIS Be Abe Z= s es)atiafihag Um R iR eS Rererding
to s{uay dasidh 1, Bguredd arid &§). hapt3 &bmes |B)|Rdm55/eaﬁRNl¢\Ig§hed in

UK st | |  bank.
cxpigao 48 P PR A RGBS g oy

des%ﬁ D, fRuHEAS hyd 8L, Qmaﬁléle Déﬁﬁfﬁhﬁ réferenoé pflﬂocol (VitroHES™)
aracteristics of the

wasToAIq 1 AGC fRlf nereasedn BXRHESP S BBt e SRERr GRneEdy the

diffétbiialdafBeMb psplaatmee in H8gPagh. WO 2007/ 140968
PCT/ EP2007/ 004940 P12338 PC 41 SSEA-4, TRA 1-60, TRA

1-81, COct-4, negative for SSEA-1, telonerase activity,
F,g@@dg:,» pI uripotency in vitro and in vivo (the latter
terat mas formation

ShOr‘HSéE? St‘é&é’eﬁ'ﬁa 'é“&d')’m(f%‘ﬁﬁ%'agfr‘]%ff?d“ﬁ?% 6%'8|a§‘%a('eq“e“‘ medium
replBESVERUBbLH I$OMMNd ViBbRESBtwad used\003055992. )

Figure 44
Shows the morphology of the hepatocyte-like cells after rare (A) versus frequent (B)
medium replacement according to study design E, fig. 43 and exp.1, table 8.

Figure 45

Shows the relative mRNA gene expression levels of HNF4 -alpha, Albumin, CYP3A4
and UGT2B?7 after rare medium replacement compared to frequent medium
replacement according to study design E, fig. 43 and exp.1, table 8. Data from frequent
medium replacement was set to 1 and fold increase in expression levels of the different

genes after rare medium replacement is presented in the graph.
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5 LOT preparation and characterizati on program The LOT
preparation of hBS cell |ines constitutes an expansion
wW@RoorheootBS cells in culture and a subsequent PET/EBR20TIEN4940

p129fs pre than 100 straws in gne single passage
according to a standardi zed nmet hod (patent pending,
W2004098285). The 10 nor phol ogy of the hBS cell |ines
are nmonitored before and after freezing and also in

Figw@d8ecut i ve passages in the subsequent culturing after

Thrééwm)nt@ gixqB-CRldys aﬁéﬂf@sb&ﬁné-@fr 38 ddyscoldiHapatbiyteiké bellsLéAT

iS veri an exam nation of the thaw %
Colla@%b@qa?ed Pervells mec%pfq% of tag, BW%O%%W%@G'M%G&Pate with
eithdPO8Yah@M PBBr(ﬂ‘}Vopéolll\Qeﬁé%%"(’B@) bno? to Fe%bbdln @Ifdr@é were

can be subcul tured fromeach individ

doublersiainemhton trtqqma,t@cytep{ngage& K18 (B, &kar@dﬂwg??ﬁtﬁ é&) Scalebar:
100{31?513(%?%@'599:'&8%)8 #bebaperitenbift Beafs E68 EREMpR 1ehe cel |'s

he nmedia in the passage of freezing to nmake sure
the cells are free fromcontam nation. The
Figsr@@7act eri zati on program perforned incl udes a br oad
range of nethods to validate the differ

ShoysdPmNeRAoGIETIAY Aedsmetiolgayl bepaioblest e collnalRiive days

resééaﬂ{ge&ﬂo%l%@éh Y doateRf(A-¢ BAd @Eﬁ&'nﬁﬁ@éﬁﬂ?@rﬂkmﬂl’ahe 1JsL) 96-
undi fferentiated cells

welwpﬁ\ullurg@welﬁzggameg for tog peqatgp{astm@j(erssl-ﬂﬁgﬁlmq,ég@ éhléfand
CK@(@H' g, 1B @)%lllé)l figés bitRe GRirkeTs Mth'ﬂd&fbrﬂubleﬁﬁﬁémg@ is

freezi n% haw ng cycles is checked thro
Sh°war*@/5t B pti#g0dn ortesaanding mopciapiel Sebrgs fon Ae BSf%nmg are

seeﬁ‘“r‘@@u?eﬁaridﬂ RGpactilRlyo AlrbSin flgre @ih&%@te%ﬂucl@h@ oElli.SA
he pl uripotency of the hBS cells are exa pf%yw

Scalqbaw t2|5é!”bi #Dx ebigRINe VA sed, Far @We@f’?ﬁf‘%aataﬂﬁaw
and through in vivo differentiation by transpl antati on
of hBS 25 cells under the kidney capsul e of

Figgrarfi8no- defi cient SCID mice. The starting material used

Shdo\%flé'@uﬁawe b agd oyRI-RkeltR 11§ AP BeHa) Y oldeDRurel ee deri ved

wher eby conpl etely "xeno-free hepatocyte-like cells may

be obtained for potential use in regenerative

F,gt%dﬁw ne and so si gnl ficantly dlecr easing the risks of
graft rejection and 30 potential transfer of . n

Shaea Rngianiesis-ota 438y PRSIy Jor polls 355 PRBS S 6F LR TAT K7

(B) AR Eplap(@)at ri X conponents, feeder cells and other
mat eri al used may not be derived fromor been in
contact with any non-human animal material. Suitable

ExdrAplegnent s for xeno-free derivation of hBS cells and
furthernore xeno-free hepatocyte-like cells are

Exampls-¥ ree derived human fibrobl asts, such as human

Staﬁtp,be.,sgfbna/% fibroblasts, serumfree or hurran ser um

based cul ture nedi umW|th human ﬁgﬂg‘o 2 H% ﬁf q
The gtartipe gnaterig!fer tas presenbiRvenion &t suitahty RvrReded php Ffe"t'ate
hB§EQ%rss@éMé§ urfferentile VB8 @RIl fidet) 368h RatérP2av Bé BBMHHBI from

P12338 PC 42 either h t
Coleris, AB ansHisnPLalEblabrashde BILEa S8 BA MR

http://stemcells.nih.gov/research/registry/. Cellartis AB has two hBS cell lines (SA001
and SA002) and one subclone of SA002 (SA002.5) available through the NIH. In
addition, 20 of Cellartis cell lines are listed in the UK stem cell bank.

Those hBS cell lines and in addition SA167 and SA348 from Cellartis AB have been

frequently used in the present invention. Characteristics of the hBS cells recommended

as starting material are the following: positive for alkaline phosphatase, SSEA-3,
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propagation of the cells. Exanple 2 5 Protocols to
obtai n hepatocyte-like cells Intrinsic factor protocol
W@ diof7fignoemit i ati on is i nduced by exposure to i nR€T/AB1087/004940
p12iacp®rs secreted to the cwqture nediunm) a) hBS cells
grown of nEF cell layers in IVF culture dishes

SSEA=a| TRA)1-60, amb;eewct-a), nediafifecior BSEAL 1,aslothestsse a'i:?@ty 0]

CcoR, 5% f to 40 d t
plurpgisaeh  viEs A i (e aes SBott bt rfi@iag Paitign i mmuno-
defi€i¥ht rmREIESEM figurd 1 9MEmod8hnavpidlocblsgd pilevioQély BHERA, Heins et al,

r i.nant bFGF [Invitrogen] added) i1s changed
Woggﬁgﬁﬁgevery 7 and 21 days, normally every 14 days

by di scardi ng apprOX| mately 1 to 2 m of old nmedium
of fresh medium After between

to
Lo 18’et°8’a§9”@%@?féﬁ?f’é@%”e"mi]’@g’ cells are isolated from

Thel BT préphtition of HBBELef NAsPcaristiutesCaPéipantion Df Gie RBE célisam
Cel | ToolTMé\/trollfe 15 A a1 tt|n and. transfer
cultyigANg & HPSERRSTJaeEing o5 mor fap JOP&lrars it o gnale Rresage

acc?rfdﬂ{g(aj@% sthhd=pdieed nfdythdd'(:,’ﬁlﬁ(éhﬁbéhdﬁg? wozowdogega@t el y
| Xe I rec
morghlon el Pe RIS Braofiteyed belorgind Bl reRzigand diso i

con8&dthive gaf,eatg@s A Bel sd@semeamnuahg %fterntabwmttﬁ Rels frovg thdEOT.
devel o f hepatoc i ke ce

TheuA byt WP GreSee S EER by P eXareiion of e thrvigsaeavery

ratet',vg:?icﬁ*%ﬁlﬁm eﬁo\gfa tﬁﬁﬁ&? r&te®f 100%T6Seath stal ofclol thaweds, iencell

matg e o B S-POIOTES FAT e RO S SR eu gy (S Rfhoc safety

test}fb’éﬁc&ﬂlr\%&ﬁttd{bldl@giw %dgd&)sllstﬂlﬁern@erfﬂﬁﬁetd ondhé Fa]ltw)‘\d the chiadia in
or suc cu ur es ndal c I N ret,l on

the RarsaOP Al §oPHRS IS TMEKF Bure,1an Fam 3T o2 dica SRR SN T H

cha&ﬂ&@rrz\ég@h pka;gtatrﬁ GG "hb’ledéﬁéﬁi btddﬁdrféhgie of hethoti$ &nvalidate the
W Cce urin r S t

A PRiRIoR UG eaH UOE0ES PP R LEEES TR FpRRgsRa anghsis o

the esrltﬁltﬂwy adéepteaaﬂérkémbounéfwremm@i celiBgSBEpat, @SHEAe3) S8EA-4,

ce S | S SuU e |

TREGIIE TR T CRONBARY ALPHo REEHT e THE SN RLGRPDITR Gfdee cels

thrdb@ﬂ @t b@eﬁ;@@e BRd lfﬂéﬁklngiﬂlﬁmhﬁgmyﬁlﬁjls\mbtke@ thlutrh khE/Gprafgaand

Sl e P RS TS FonedbFor

Engﬁgﬁﬁg bgtdlur E)tegwg: o?th? I d&\%’ftéé’% ‘ééﬁﬁ&% /h‘bzmlfﬁerentlatlon

via an enﬂa@ycnldiyedy ﬁepahdcﬂy‘oegfh lﬂK\eVCC@ffdir@nhat@nl ta/draalse@nfatremof hBS

th
colig il NIfigy Banitle SRS FRCRPBLID Ric BF R0 e

cells are then pooled for long termstorage (frozen)

The %}tg ﬁg?rgétgﬁaq ude§ hgl[ogag?@gaéffurﬁ%}rﬁgrea&d%dﬁﬁgte eno-free de\;\%ed

Irzat1on h™as i1 nmunohi st oc try
whézewtdmalew RO DEpat Q1D ke cetls memtmeq‘fm potential use

inr n%?zstl)? ?JI?IE%SHH‘ Ef} @@99%5&[# dé&?ﬁa“sﬁ'!gl the ABKS of graft rejection and

e ce
potentual transfer of non-human pathogens. For xeno-free derivation of hBS cells all

medium and matrix components, feeder cells and other material used may not be
derived from or been in contact with any non-human animal material. Suitable
components for xeno-free derivation of hBS cells and furthermore xeno-free
hepatocyte-like cells are xeno-free derived human fibroblasts, such as human foreskin
fibroblasts, serum-free or human serum based culture medium with human
recombinant growth factors, differentiation factors and/or potential other additives, and
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di shes with differentiated cell populations is

perfornmed manually and relying nostly on norphol ogy.
wap@7meophol ogy has by previous experi ence andP€HBP2OTYIN4940
p1283gsE i ment ati on usi ng mai nl), i munohi stochem stry been

correlated to |iver marker 5 expression, such as those

either RirRgh fgtombaERt 86zyPndsor bterl¥ idchiraéal €dI€ for @ReBcibiieh and
skilled perﬁon can actively select the

propagatied el hecelke cell's by norphol ogy. To obtain

hepat obl ast-1i ke cells, the sane protocols are used
but the incubation period is shortened down to
Exampl§€en 10 and 20, preferred 15 days. 10 Filter

Protb%ﬁslié astawnﬁéﬁa‘t@fy@éﬁhkeaéewg hBS cel | s (BEOO2.5 passage
ul tured on nEF in | VF dishes for 5

42) , to
Intriggig f%q!er RratosoldRiferenyiatienes indiged LK eXpesy e P wg'f&'quv%é%
secteiédio tb@@bﬂ/rélni’é?j/wﬁ}\'m 0, specialized for explant
cultures, MIIi ore} of a 24-well plate_containi

a) hGeeel G s/ D ok aygrsg 1GF auire alpher FgJoomaes piledio

diffdréntidliof @RHECI7°01 5% COL dRaM5Y, Rlrhidrg %r&]p' to\iONHAys to obtaln
nutrition up take of the cells and cre

hepgiegyiedimestls. mg%mbﬁeem%ﬁ’wmﬁ@ee K\S%@rﬁﬁ& Fhatidheg r‘\réiw'th 4 ng/mi

of hiRfdhdecoMBh&BFGFE[IhvitrodenPaddddy & éHaingks bmeﬁl’fﬁ‘/@ hed 21
culture nmedium constjtutes of 50% V| tr oHESTNka] ‘ﬁ
dayg giamelb Aty (18 geys by discardng Irarimatete i inad! o eawge yym and

addl?%':l UPRI 8MPssraediuih Aﬂ@lgﬁéﬂve@rF%to 3@% 4 hepatesiteliescells are

hanged every other 20 or third

|solgﬁefi ffr@pbt,tpp'og{tg@s pising sharp migroy cgﬂllqﬂgﬁ ort eeétﬁgb{:?klg??)m (Vitrolife

AB)RRS QitthgPaHd tdrisfer todi® and khd é&fis aed {heﬁlﬂobléﬂﬁf& lBhg term storage
anal yzed by |nnunoh|stoch? str res. are

(frozen) ommcs&afeoweow Atereaivsly e yrp? 9@%9 a?ﬁ"&#] dirpcty iy @8&#@%@

distt3brelbe ddineg callsTak8igaChb activi a%‘s umERskseem to provide
Cryo-sections of 10/um are ana r)T,P icall

essaRiAl FEAaS SHARTES 15 Bvelp PETeNPt eeﬂ%%?@? e R

d.ﬁé}@ﬁt@éﬂ@ﬁb‘f ABbidéRs r§9dr5§trc§uy al?é?e@ﬁrtﬁwabﬁéﬁteFUf%Eﬁs)Qe S |n hBS

nogenesi s of nouse enb §on C Ihkver can sti qu

Ce"éFPEW@F eniViattigelhang mysisless heatoryts-likg Splly W%O? pipgd & from

such Q:hlt@reé (Ua%a aoﬁém‘ﬂﬂﬁl Phigkard bé b@rﬂly%@duemby LisirgrmER2baditioned
(enhanced, green fl uorc? ItE ”i

mefé'P@rfeg%mhcc%%em@W%P%%ecg%ﬂoa‘u9 ?aefi%fﬁt g%\/ q hs v

me&LRYRSacMBFdincs Qv havk @tﬁ%rﬁd&ﬁhﬁéﬁaﬂg g th@ medRine &lors often than
culturedlnthefll As, cont

twigeptuiring thes culiusing PEFio i eé?oqﬁ?%dvaa‘%psﬁ?fs&i?'ﬂ@ﬂ%Fﬁa'ﬁcyte'

I|ketcjéﬁs | AnoeHer (MpéHdnt ?étﬁoryféi &Sbtélalhb hepa®cgedike edliigsupplementing
the hBS cel I s and cultured on filter. The co-cultures

yWIRAFST Vi t r oHESTM suppl emented with 4ng/ M bFGF
and 50% of the nedia was exchanged every second or

hird d Day 7
o 0 e b b ) B R
supPRARNtEd With ¥ igfmISBIGF afke sddNB’BbﬁduﬁereﬁWnonHNEéﬂW@B% CO,,

YP3A4
andpﬂfzf/g Ep/gébg?grdifgt;é%zéalys\qg% tain ﬁe;}/a%edy’te I\lll\g cze(ﬁ 1e4cc:)u ture medium

used is changed between every 7 and 21 days. After between 18 and 30 days
hepatocyte-like cells are isolated from the cultures using sharp micro capillaries or the
Stem Cell Tool™ as cutting and transfer tools and the cells are then pooled for long
term storage (frozen) or immediate use or are fixated and used for characterization,

such as immunohistochemistry.
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P12338 PC 44 The anmount or nunber of endoder nal

derived structures was divided into four categories,
W@ pri49b8ist ers, |arge clusters, ducts and | i nPEEEP2007/004940
pi2gdiddiel i um (see definitiongs here below). The

structures, except for the epithelium were positive

Thefﬁﬁ{?ghé}eoﬁhe mepatecyre!ikeadlisaid bedamgﬁmkmlrlfgh $heb&mf ure
e a ntitrypsj ne e unpber o
dishgh B TSRt bel i fns. & e ol meguall WECiendio magty on
morghﬁlb%l erhemph@bgy ngasﬁuw‘fp@vlooé expériense raueghtgreugvas A
i vi ded e n er o s counte or eac CO-
expTeRIRten SiemPRD TSNP AT SR SIS ISt
expﬁeeeioﬁtgud:ﬁtalsrtﬁosesns@é‘cpmraxaﬁq;lm to BAVith that ék‘:&irlehbé thegskwed
an |nd|cat|o E %uant @¥ % endodE ga structures
perso Ganciyely elg h% gPatppdeike pelSYNPPAPIOY A ean
val ue and standard error of the nmean (SEM of each
roup n:3 wa | ated. The stud s . repeat ed. ,
To qhiia BebarRpet eues, haama oo AeRls ate deadiiut e FeiiGtton period
is sidtenBd ldBwA td Bafiveeh 1 20, prdférred ¢8Lbys. positive for
AFP. Large cluster was defined as a gathering of cells

greater than or equal to 6 15 cells positive for AFP.
FiltdPegltgreand | i ni ngs formed a comon category defined as

nono- _ or mJItl- d hol | ow structures. itheli
Uncisonlifach s seieBEDDG & pisseos e bulied Sqmar by JR ey for 5
to 1ow@y§brel dut ﬁ\té s@All pfe@% aR6 Gahsitred W 4 hltéklﬁ%qmqsore isize: 4um @,
i ni nQ}S or cl uster

i thel
SpefiBE0 OESTPAT: RRAsTen Mg )51 & Zwel Dol SRR b SN s, bY
usm@' dradsidapiaBl The ;ﬁfterslmiﬂ borﬂécﬂ&tltﬁftﬁe mddfzd surmiétaﬂov&lhd nutrltlon
i ngs were on resen ups cont ai ni
uptals ST PRI R e ARB PR PET PR BRI DRy Eallg §foning the
cellglnfrimécﬂlﬁ r\ﬁéih?’l'bﬁﬁtHéBﬁ vivossitLstionss emmmkelas’r e auterd metiomm
ducts and lin e, cl ysters
congitylen ob g VISR P ey chnip i BedBuRER RS R Fg hBS
cell%@? F@"Q{d’bﬁ{ﬁéntﬁ@égﬁm l4hy el FEF Haﬁpl@élh\@ﬂmﬁ%hangled every other
ifferentia C ruct such .as, | ar
or taid & SIS GIIRERIAIGEY o hod AT 7. GHOBURE N dRgnavors
Thel“(ﬂgﬁﬂtBB%e"%Diﬁﬁé?_I aﬁ@uﬁ‘al%%?) Z}ﬁl?&haglsfg_?ﬂem&{r& Cbitures are fixed in
I trypsi ne nf 4a an P1
4% e eldHGne P ormPee RSN T a0 e roRe s qRbeekinei Spkera o.CT.
tlssiuﬁt?ékg @rydlﬁedtlﬁﬁﬁ?m @Jtnﬂere?émyztee rTarbﬁolﬁghbbl?fan@l fooget her,
e data i at es cells, can differenti at
B SHETS B ATGRB ey e R ¢
hepat ocyte-like cells during direct contact with |iver

fromE 0.5 30 nouse enbryo than alone. Table 1
Cocyllyre REPieRMat i ¢ mar kers anal ysed by

Or 'aﬁB@’é?@BlsSdf Qﬁl@@’le‘ﬁﬁﬂryorﬁé fivesr cad sﬁiayl%twdlffer@ntla:tldntoi h8Sngells into
nerRigerier ke el b Falensiona-AiE s 8 EesY o 3T REEF,
(enhanced green fluorescent protein) transgenic mouse embryos at different
developmental stages were isolated and grafted next to hBS cells cultured in the filter-
system. As control cultures, hBS cells alone or mouse embryonic explants other than
the liver (heart and yolk sac) were grafted next to the hBS cells and cultured on filter.
The co-cultures were grown in VitroHES™ supplemented with 4ng/ml bFGF and 50%
of the media was exchanged every second or third day. Day 7 and 14, co-cultures were
prepared for immunohistochemical analysis. Endodermal- and hepatic markers such as
HNF3beta, AFP, HNF4a, CK18, CYP3A4/7 and CYP1A2/1 were analyzed.
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WD 2007/ 140968 PCT/ EP2007/ 004940 P12338 PC 45 AAT +
CK18 - CYP3A4/7 + CYPLA2/1 + Exanple 3 5
WEhH7a¢wes i sati on with hepatic markers (see fiRCr/EB2087/004940

p1233edsl 4) Hepatocyte-like celys display a norphol ogy
typi cal for hepatocytes, i.e. they have a polygonal
cell shape, a large ceII di aneter (about 25-5CpM, are
Theainiamt br mﬁmbér&ﬁteadowmal tema@dtstruaiucesnuvbsatieided ﬁﬂtd four
rt 5S. Sevel al

cateot ol IO aPR G| NGBS TGS, SR oS8 GBnitons
herélibelém. Imbmblmesl,tElé?ﬁt fdﬂﬂi@epn&i’edtljrin()wéid:@dwwa forlthey no
nger expres L - t . .
enc AR o5 RT3 = Ao A Yot R e T
nunitepaf mffyrtggt bt'erﬁmree Was catntel f@mfbasecttdrrearfdemmbrd iMhertotal
es
o S S 5 E d PLE ST o BB g e co

cultlﬁlé Tﬁlﬁé&tﬂt@dﬁh QQamepﬁtﬁa’sjahn@ﬁa}v@ftdn lt‘r)ejstnxclﬂrens ol urring per
to %l sual i ze

rate
seclid et edieebon el e pradey feddonpalkEyBies F e
dlmlé:@éld)ri‘aé hBSCBeilfcﬁro‘anhneal\edea]’lﬂvdeé ahgstaidérdseer bf themse2(SEM)
or ide icati ol i at h toblast-lik
of epbgianpLbroEA eiosied TRl ¢ 1 BB RS, o5 Encam
wer e used. (Fig. 49) Used prl mary anti bodi es: Al bum n
Smélf elbstet wad défined aam«my\emgaoﬂ aells leA8 @t orZMUAIND five zblis pgsitive

B e T, T e
cells pesitieGiér AFNFBbct@@odtl/)wngs ﬁﬁ@xed%amrmmm oategeny-dgHbdd as mono-
-4 use : 500
o S Bk U, S e R Bt o
with( éT6¥igHted nattlél il a2igat roBCadBiociateideritheAlr PHB5inGS linihgSAm QUster of
1: 500 g
corf ¥y s SR PR e e
simiGardnaouat ufzsmsltele.%ﬁs wBie QS afdiiningy were2oy present in groups
castra :
corli 06 o Gl U2 s
cell&SWERS8hdGs prone to form ducts and linings. However, large clusters were more
often occurring in liver co-cultures compared to yolk sac- and heart co-cultures and
spontaneously differentiated hBS cells. Structures, such as large clusters and ducts
were positive for endodermal and hepatic markers such as HNF3beta, AFP, a-1-
antitrypsine, Hnf4a, CYP3A4/7 and CYP1A2/1. However the clusters were negative for
CK18 potentially indicating immature hepatocyte-like cells.

Altogether, the data indicates that hBS cells can differentiate more efficiently into
hepatoblast-like cells or hepatocyte-like cells during direct contact with liver from E10.5

mouse embryo than alone.

Table 1 listing hepatic markers analysed by immunohistochemistry after 14 days of co-

culture with hBS cells with E10.5 embryonic mouse liver.

IHC Markers | Cluster/duct
HNF3beta +
HNF4alpha +
AFP +
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Used secondary anti bodi es: 35 -donkey anti-goat-Al exa
488, 1:500, Mol ecul ar Probes, # A-11055 WO 2007/ 140968
WOEGNERRED7/ 004940 P12338 PC 46 -donkey anti PCT/EP2007/004940
-Cy3, 1:1000, Jackson g4snmuno Research,
#715- 165-151 -donkey anti-nouse-Cy2, 1:100, Jackson
I[maono Resgarch, #71b-225-151 - donkey
LrgK181 abbi { - Al exa488] 1: 1000, Mol ecul ar Probes,
FESYPBRAB - denkey ant] -rabbit- Al exa594, 1:1000,
VayPdag/ar Probes, #A 21207 5 -donkey anti-rat-Cy3,
1: 500, Jackson Immuno Research, #712-165-153 -donkey
anti-rat-Cy2, 1:100, Jackson Immuno Research,
#712 225 153 I munostai ni ng protocol: Al bum n, AAT,
83 HNF3b, Oct-4, CK19, CK7, AFP: 10 15 min fixati on

Chdrébtér%%E On with hBBgt/d’\ﬁl%errs?EeE‘f UIFE%EBS dnd 4, 1% PBT,
pri rrary anti bodi es incu 1% FBS' i 1% %aﬁea

Hepgtesyteridwicells diselay adpermiaiog Y BRI hsgawﬁvtei g, Hey
polﬁoﬁal%’eﬁ’@ﬁaﬁé’ ra 13Rfe G ﬁﬁneté} (?bB@tSZ*B:-@O;!M) @relofierPRhucleAldd and

for 5mn at nounted 1 n

mmwnl%& lirish oFasiRS: AYrthermolenthey-aumEesssavgtal markers
des@r@oéd"]‘%?ﬂébd’t‘lc CEW&;& e.§XABdminl 21 1ntiti/psifh | LFXBRITK 18, and

A, 2X PBS wash, 30 mn 5%BS in PBS,
HNmthdiewo longer sxpregs Qst-403 pi8D G4l éebw Hidiggrentiated
cellé‘%onﬁ’@?t‘é@dﬁ\%ﬁly@éﬂs‘ rhé‘@k@ﬁeddﬂoélﬂé ﬁ&saéllﬁ sﬁ’IB&prEQJ thaHétabliver

washes in S, DAPI at

markgT AR These cefls arm(@@mﬁﬁx fosRd r'ﬂﬁﬂﬁ '%afr %ﬁ%fe@a%hﬁ*s

eI|§(b/1l5l m 6‘ cﬁérﬁu@tnb@phéhyﬂ%d‘fé\d|h§dr08ﬁ8n&t@ﬁ§?draf’e0 Signia AMABS) as
0, TC direct_ conj uate rine t|%dy

a C@ﬂ’ﬁ@h@a‘t‘%@"??\ cql%tmé% (Fer 6K1GeopP 6'9@ ('hﬁ %%le E’n@

d/ffér@ntll:’a@& oPPRltrig™0 s pglirgizofjor 5 min at RT mounted in

KOCyt omat i on_nount i ng medl um 25 Exa é
Formla@qt'@moéafqllfﬁﬁat'wsmtqb%i%mosen'&ﬁfﬁwﬁ%& HNF4alpha,
cx’r@wmerséém&slugéd qF@pg%»é i munoreactivity for the

foll ow ng A2, 2C8/9/19 (potenti al
USWFIW?“E?%@%S reacti on between the three subtypes),

Alb&% (réb%kw 580, BAROCytdwedtnt Aedoant i body cross reaction

bet ween the two subty ppes) T(]For hepat ocyte |ike cells

AAT(rabkif)didQ0 DAK QA Y IRmRIOL A00fP gur es 5-11 and for CyplA2

CK%‘?n@é@?%OOeDRKm&ﬁbtidh lwrpag ocyte-like cells
ferentiated on Matri ?el TM see figure 22).

LFABRI(aobi 1:9Q% SeptacyiyzesHre®4 on was seen after 96 hours
HNP3b BeROSURD, Isanth €2, s6ess4 ng

Oct-4 (mouse) 1:500, Santa Cruz, sc-5279

c-Met (HGF receptor, mouse) 1:100, upstate, 05-237
a6-integrin (CD49f, rat) 1:250, BD Biosciences, 555736
ICAM-1 (CD54, mouse) 1:500, BD Pharmingen, 559047
AFP (mouse) 1:200, SIGMA, A8452

HNF4alpha (rabbit) 1:400, Santa Cruz, sc-8987

CK19 (mouse) 1:200, Novocastra, NCL-CK19

CK7 (mouse) 1:200, Novocastra, NCL-L-CK7-560
EpCAM —FITC, 1:200, GeneTex, Inc. GTX28666

3= _0)

Used secondary antibodies:
-donkey anti-goat-Alexa 488, 1:500, Molecular Probes, # A-11055
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cocktail containing 25pM Ri fanpi n, 20pM
Desoxyphenobarbital (Prim done), 100pM 35
w@eoodirewbsone, 88nmM Et hanol , 25pM Onrepr azol e, PGFEP2007/004940

p1234a@M | soni azid. (See figwges 24 and 25 for induction
of Cyp 1A2 and 2B6 in hepatocyte-like cells on nEF.)

-doriR@yaa@rdolnéem P@ﬂib&%@ﬂ&ﬁﬂ&mh R&Je%&&ﬁl #PO5-A85BpS
were al so a no Ssto

—doriigy En SRR 20 | J00, VARoSR D REe P BB R o
-dor&b}anm@tsbumey@ma aroobadblesuladbPioppd A1 2080i t) 1: 100,

conkgy 9Bl aBeARY5E%, 03003 URRRISRobEs #AIBR) o/ 10

-dor(k%@kahtlir:)t 3y314500bUadKebR IrHiNGAS ReCyardRGH (12h55R) 53L.: 1oo

-dof}l&sxfs%fm%zﬁs/w/oﬁ 3%%855’“’1‘ Fl‘% glst rsﬁﬁ%@%ﬁ@ 832251

(rabbit) 1:1000, Oxford Bi oredi cal Research, PA26
| Cyp3A4/ 7 (rabbLt) 1: 1000, Oxford Bi onedi cal Research,
m”lﬂﬂgéta'”ir@ R8GO econdary anti bodi es: -donkey

Albﬁﬁ?ll %%ga@rém ﬂwk A5 Dct-4; 6RAY, BRY xrp:ar Probes

- an a I

15 i ool S s TR R LR R dEE 33”@6%30
antidGH&SPBubATHY M1 IRFBZINTNM %%o%&ﬁg&ﬁét 4G, decdriary antibodies in

196 BRSn 5086 58T G0 ARE) Kin il WEABE B On] et PAR 1 Biggmim fr

5m|ﬁ@g§guh?0ntEHQbB?Kdm¢&ﬁ&% moﬂﬂmbe\yedimhl -rat-Cy3,
ackson ch, #712-165-153 -donke
LFABR |°"Yl%&” irgegrip, T%K'O' | mmuno Resear ch, Y

15 'ﬁ'f\]f%igﬁ’gm]ﬁ@"? dzmk;es waish) S@Zmew,ﬁgemm, plimaB0éhtibodies
, - 11015 -Qon anti-she exag94, 1: 1000 - N
ncupglat I EB LS EBTGREY A0t o= arlPPaR® T4/l PBS
for 3hf ART, ¥RGMAshetdinPBB, DAL DIDSEhghvh fOBT miprat RAY srounted in

anti bodi es i ncubated in 1% FBS in 0.1% PBT over ni ght

DAKECytemadige SiYRFN0 9diUWbdies in 1 % FBS in 0.1 % PBT
Epddh: 3hr at RT, all washes in 0.1 % PBT, DAPI at

0.05mg/ M for 0 T,
15 fDM %m%gﬁgn&ﬁ% 2h 5 i BARESIn oMo, PRT, FITC direct
afeeﬁﬁinsaw aﬁtlﬁé@lﬁ%barddj iBAYY FBSars 00106 PBTroverriight at 4C, wash
in PBS, DArPrI] at 0%%m§;7¢' Iefov]f é%frrm gt &%) mour‘ﬂeg in DAKOCytomation mounting

medium.

Example 4

Characterisation

Phase | metabolic enzymes:

Hepatocyte-like cells display immunoreactivity for the following Cyps: 1A2, 2A6, 2B6,
2C8/9/19 (potential antibody cross reaction between the three subtypes), 2D6, 2E1,
3A4/7 (potential antibody cross reaction between the two subtypes). (For hepatocyte-
like cells differentiated on mEF, see figures 5-11 and for Cyp1A2 and Cyp2B6

I™, see figure 22).

expression in hepatocyte-like cells differentiated on Matrige
Inducibility of Cyp expression was seen after 96 hours of exposure to a Cyp inducing
cocktail containing 25pM Rifampin, 20uM Desoxyphenobarbital (Primidone), 100pM
Dexamethasone, 88mM Ethanol, 25uM Omeprazole, and 100uM Isoniazid. (See

figures 24 and 25 for induction of Cyp 1A2 and 2B6 in hepatocyte-like cells on mEF.)



10

15

20

25

30

35

treatment with Cyp inducing drugs the protein anmount
of 1A2 and 3A4 and or 3A7 35 (potential cross
WO 248 is clearly increased visualising theCI/EP2007/004940

p123daeci bility of the hepataogyte-like cells conpared to
protein bands fromuntreated and induced cells. WO

Cyp8Weré 340 208IyBEd infrRdRdhidtoEtriCally i P@BE2PWhith diY edtejivesrise to
were extr ted L%omcells using the MPER protein
any £539H9R {§85UERdBht (Pierce), supplenented with 1:100
pr ot ease [ nh| bi tor cocktail (Sigma-Aldrich). Proteins

wer e 'E gt ed on a 12% SDS pol yacryl am de gel by
Useemélat%ﬁ $Ss and then transferred to

CypmAtzr(@@siduh@@Qnma‘ocaewo(BI orad, Hercules, CA). For
5 anti bodi es agai nst (CyplA2

r
CYP??‘Q&’@PFW bﬁ%o %&58%45&3¥§%be t), both fromBionol) were
Cypdabwér%pomwo%.&%u lgRa2e6Ng buffer. Secondary

|es were t 2%%nd| ng HRP- conj ugat ed _
Cypﬁﬁ?{%%gfa?@%dﬂOQnPngﬁrtf?f goat anti-nouse and rabbit
Cypénbl(sméé@t)1r1©sp@iemov@mz461 2000; DAKO, d ostrup,

d ECL d
CypREa a0 e R ARRRRor < natructions

Cyp(aAarﬁr(gh@éB 1P|w:atoamyc;Rwa)5 Hepez 10 cells were used
%atlve control. Prinmary T‘E’BE éltocytes (I'n

CYP@”Eﬂ r(@ bitb EARRN. Syt B'?@Fﬂi?'fes@ 8? were used as

Cprﬂﬁlﬁ('rétM?@ﬂbDO'Oxfbfd BidHhedicanRésdantts PA3RY pl A2 specific

anti body from Bi onol (rabbit pAb, CR130) was used.
The result from such a run on SA002, LOT ALOO2 and

UsedAbBdnddriPAntidibs: 15 i nduced and untreat ed,

conyRrisntAsnoth F308PopRusiEpbty RIS oot o1

-dof@R AN FYd el Cyes 1e10b, m%ratnnmmo Réﬁ‘maﬁ i#J16€1657951 c,yp
actfivity assay ((:]see fi

-dowé&m'éﬁ?}%‘f@océz ot e .‘BH@E 8??"\9 %ﬁ)%zﬁf? eat ed

%n@frt%lﬂt-ltkleb’(§4882atmb|t Mo%{&dla?Pﬁ]ﬂe@nﬂ\-&ndw: |h o?,y of

actl vl on [ 0 e C

-donwm'ﬂab%eﬁ% 4 f1ow 'Ulﬁ[%?ﬁp r PIghes; %Q’ssay vvgs
-do.m&r fémlgladcw ok % JBEKDRAITING Rezeamh #Tid-185-a68!

ucl e actl vit r
‘dOHS‘-’é(éV‘é' '§h8§{%d1 109 JﬁE‘fﬁWl'?‘é"ug‘Qefﬁ’?&ﬂ%%b% ézq E8%r| nary
-doheRarliCsHeep-AAKAABBDT:@00E HA-1 T086e was in fact a basal

expressi on, Ith ah re any induction in the
-dopjtey andirgh eaeﬁ@@égﬁe&m?f@{)ﬁég like cells. The
cocktail contained 25pM Ri fanpi cin, 20pM

. DesoxaE{)henobar bital (Primdone), 100pM Dexamnethasone,
immageRatninG RIS 5pM Orepr azol e, and 100pM | soni azi d.

15 BRﬂRaﬂa@g{ mPFAfzx pBEWashs 3@ n_gea%rgas_ iB\0p1 %thBfW iptignary
assay. an X o) in | eci
antBodie iipubsiRARY 410 TR G orEL Bramienh ety Bhsrbddanl ipodies in
1% YIS, RPB ol BheR, Riatan wWishéd 06 1% PB TLE0AR| at 0. O5mg/m| for 5
_respectivel red in (@) concentration
mint Trrmm@é?‘{b %&38 &'8‘8 ”TO&PPNSmﬁa'UW th various
i nducers or left wuntreated as controls. Before
perfglrrtrj ng the assay, cells were washed carefully

Weptgf
Expression of Cyp1A2 and 3A4/7 was confirmed in Western Blot (see figure 1 2). Upon

treatment with Cyp inducing drugs the protein amount of 1A2 and 3A4 and or 3A7
(potential cross reaction) is clearly increased visualising the inducibility of the

hepatocyte-like cells compared to protein bands from untreated and induced cells.
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with PBS and i ncubated in fresh PBS for 15-30 min to

wash out residual ampunts of 35 inducers. Cells were
WO pah#oesi wit h 25pM PROD i n PBS or 50pM EROD PGI/PBB07/004940
p12j33rp(§30 WD 2007/ 140968 PCT/ Eg2007/ 004940 P12338 PC 49

mn in the dark at 37C. Then cells were washed again

Protteiﬂsﬁrfermma&%frambema abmglemb MUPER rprdtbmsmrebm\cmagenﬂmrce),
rel atjve .ge xpressi.on \evels of.. 1A1
suphlggpenied vl B 100 RENES MEBLTh<BaN A PO IRy oteins were
separ@tdd ol 832%9(?)8 @@W@b@l&iﬁde el b}deiléafbﬁgbféazswrad tﬂénl tradsferred to
. Ccu ures o ce y .
nir e P oS (BIBEd, Harels. A, ey imokiaNngs prinary
antu?églgs{"lé%almfic ;@tAz @aﬂblgadd @yb3ﬂ?ﬂ7l€(fabbﬂﬁ}bbﬁﬁfrdbﬁ IBomol) were
e lver re re

dilulgg ot B b{?&&%%ﬁ@' SEEPRLALY BRUagec T s 60 g&mssponding HRP-
conjughtealdnsiss ﬁ%@bf@ﬂtl -Rbbi @’oa@ﬁp}ﬂoﬁg Qﬂd\idtibﬁ%nh@@?%bectlvely

(1230 S e, DeniarES CEAMES ARG OREHBB CECE) was used

accbRIMYHO tYd Rrahifsetuests |ﬁstﬂjc$i§h§iwrﬁer§hérﬁnElscataway NJ). HepG2
T Al -1 and .a weak

i munoreactivity for o%r
cellg Wﬁ{ﬁq‘&eéaaétrmafie ERtrabdFiImATY PUmRg '@PW@Y‘;‘?SK'& itro
TechRBUEES, a_%q“;tzhg/IGemmg) wérewsell @6 pobitive Eaitadl. GST P1-1
(see figure 14 for hepatocyte-like cells

differentiated on nEF.) Furthernore, hepatocyte-I|ike
In a@@ihbﬁawm CopUaD s geuiic atitibydy oom BEmaltabbitch AUCTRHA6) was

f 17 U
used) Trgqﬁe'sﬁlﬁéﬁm%ha R e ATz E B Aloh and 4456701 0T A 02
mdmﬁﬁe@%hdhfr\&ﬁﬁﬁad Oﬂésf)@étlv@?Tlanafb éHa %é&llfﬁlcﬂmﬁ(zﬁ@actﬁﬁ'ﬂalthough
expr essi.o
weahiry bl bR el Seriva et - ke sel pop BaRs, Sef T a L.
%gél (138g|'r ﬁ/ﬁbllt) 1b500 Oxford g(?megl (E:;al Rgsea:r ch,
ra
Cypraaivity %ﬁavmﬂé%s &Tg%f”g%?)r abbi ?; 1: ggge I()(i?or d
The@f%@%s@@& slﬁﬂﬁ&ﬁé4584‘<i:5nstm7/3 PR&D ggtMty(lrﬁ &bﬂgeétéed hepdibcyt&ike
osci ences abbi t
cellpppd ajsiiRpe &1d uama’é"’@ %&d&ﬂ?&'&? "Hﬁ?wg&% eells with Cyp

induci X ta@ b 98 Rdrs LA ERDEBEssal widd(erfolvbee tdiaating specific
Xas9

P H#A- 21 - dank
consh¥ GO AIBR G Y AR Res T9EPP S0 AR sRaaN s shayed an
actn&fﬁéégﬁ)‘@:lé%bléﬁs% Br}ﬁg?é@rﬁépatbdy[eS@?gﬁwretheP%mm in ﬁbt a basal
0, i 0,
exerassipnog suoh sk oSGV BIHPDIN MR oS LR DR ee -
like@efd.bodi es in

The cocktail contained 25uM Rifampicin, 20uM Desoxyphenobarbital (Primidone),
100pM Dexamethasone, 88mM Ethanol, 25pM Omeprazole, and 100uM Isoniazid.
PROD (Pentoxyresorufin) is a general Cyp activity assay and EROD (Ethoxyresorufin)
is specific for Cyp1 A2. PROD or EROD stock solutions (both products from Sigma
Aldrich,Cat. No 77105 and 46121, respectively) are prepared in DMSO at a
concentration of 2mM. Cells were induced for 96 hr with various inducers or left
untreated as controls. Before performing the assay, cells were washed carefully twice
with PBS and incubated in fresh PBS for 15-30 min to wash out residual amounts of
inducers. Cells were incubated with 25uM PROD in PBS or 50uM EROD in PBS for 60
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WD 2007/ 140968 PCT/ EP2007/ 004940 P12338 PC 50 1 % FBS
in 0.1 %PBT for 3hr at RT, all washes in 0.1 % PBT,
WO@2PI/18968. 05ng/ M for 5 mn at RT, nounted iPCT/EP2007/004940

p12333Cyt omat i on nounting nmedigum Western Blot: 5
Western bl ot analysis confirnms expression of GST Al -1
min (ks [Bayk atBMEepTheTyéiR-Wdrkvashed bgaih twice WRH RBS hnd anagsed
89802..5 gLOT BEOO2.5), SA167 (LOT CE167) (see figure
undgiine MigreSe@R§n2 (LOT AL002) (data no shown). For the
nore fetal GST subtype GST P1-1 (25 kDa) no

expr.essi on was det ected n ot.., Ce lLysat e
The P BINagere A SR veIe R bEMRth R iR s P A cre
meddB R A quPsidréd By esMire! BCR Beah@lques (WiAklegd avsnarsigduddd
cunis 3G e S B8 3 Bl 9328, oo et of e
hurmandivef @it was eet tbBariedil &hér samplénwereSARESY torthe human liver

ooy R S T SRl P e TP

agamePEtHRISAPEH (CYP1A1/182, OYP2AG)E TIBFN(GXYRIN4/3AKéed Figure 36.

(Sigma-Aldrich). Proteins were 15 separated on a 12%

SDS pol yacryl anmi de gel by el ectrophoresis and then
Examplesferred to nitrocel lul ose menbranes (Biorad,

Hercul es, CA). For immunoblotting, primary antibodies
Chagaeders@liossT Al -1 and GST P1-1 (1:1000) were diluted in
Phak¥iBaétabolielenzgmeblf f er. Secondary anti bodies were the

correspondi ng, HRP- conj ugat ed ant j.bo t
Herziacy e kel Oigplay SatenpreeoRRa v GSRAT1 gage weaker
imnféﬂﬁfé%@fi\iiMGgNGjSirm@. N6 BAEDy |63 Q?MUﬂ@eaélﬁli@waﬁmhb?v)\ for the

nhanced chem | u escence used accor to
fotal 8T Fah(eRc e 1+ B TRBp G TSH b S BrLatpd o8 mEF
Fuﬂ_‘fébﬁﬁ&biah‘@:)étodWéL-likeD&éllﬁ&hywhmn‘iﬂlhomp?titnglf_rt BST 1@A1rand WG 1A6

echnol_ogi es, Lei pzi Ger man an . praotei.n
(sepfiasaar s rarubgludy B8 beR 2= a5 rBlPlsR 1 gbegsyed or
GSRAULY iblyn@sieayindeaRnffoIBEE M) or GST RatafAriGST A1-1

activities tovvar,EI 1-&h| or o- 2,.4- di%m rob nzerb%)( CDNB)

exp{RSSION|R MePFP AR iKe, SRS Prowa o8 MAIH nh SPRHEYFi4/assay  of

Habig et al. 1974. CDNB (1-chloro-2,4- dinitrobenzene)

is a general GST reference substrate (Mannervik 1988).
Useﬁr%"?%&ém"zﬂﬁ"e% xture consisted of 85 pl of 0.1 M

GSPA1-agRibBI) PBOS bR Biphle@ich) ReskabctplGS®2 0. 2 M GSH, 30

2. | of 20 nd 10 r ot ej ysate in M PER
GSWErE(fﬂg?lf)érf?dgxogg@%l@?@e&%?ﬁg?ﬁ‘:bt §$8|7V\/ith 10 pl of
GSMPRH:%r{aMﬁi)Szﬁwf, Oaford Bidrhedidal ﬂeeéa‘gh,,em used as a |

control . . r ce at 340 nd 30C was nonitore
UGT JA1{rahbH) ﬁ%ﬁﬁgé)@ﬁ'qsick‘?gcﬁué‘?%ﬁuvmu S scanni ng
UGS PAS {raBiit) ot 5008 BEY BiodtiendsST488418l ytic activity toward

CDNB was assayed in hepatocyte-like cells derived

fromhBS cell lines SA002 (LOT AL002), 35 SA002.5 (LOT
UsddE}3n&ary antbdaed$7 (LOT CEL167) and human primary

cobFEASR B AR e IR

-donkey anti-rabbit-Alexa594, 1:1000, Molecular Probes, #A-21207

Immunostaining protocol:
15 min fixation in 4%PFA, 2x PBS wash, 30 min 5%FBS in 0,1% PBT, primary
antibodies incubated in 1% FBS in 0.1% PBT overnight at 4°C, secondary antibodies in
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WD 2007/ 140968 PCT/ EP2007/ 004940 P12338 PC 51 sinilar
GST-activity as human primary hepat ocytes and
wa@e@nitiioetant hi gher GST activity |evels than PepER2007/004940
p125dggaires. See figure 16. Exgnple 6 5 Characterisation:
Drug transporters | mrunohi stochem stry:

1% FiBBak 0CI¥h PBITIfkestralt IFsr 2l WshegTHIOTRFET, \DAP at 0105 | for 5
transporters NRP2 SEP, and QATP- 2 and/ or OATP-

mm@ﬁBTeﬁwaned%PW%ma@@ PRURINIOR§TikBee figure 18,
19, 20). 10 OATP-2/8 and MRP2 seemto be expressed in
t he Lority of hepatocyte-like cells while BSEP is
WeslenrBi8ked only in a smaller popul ation of hepatobl ast -

Wes"lé‘ﬁ'\ th@tl%?lfa%hét&hf}rhé< sédlcﬁq of\dsST ALY (PBKDaRAH awcyﬁe like

VRP2 (rab g?,ﬁo Santa Cruz, sc-20766 SEP
09"5( Eﬁ@'ﬁt")BSlc@d‘neS 92@@9-‘- BEQ0PRIoSANTE.OT ChRifidkisee figure 15)
andAsb0! Hbq’q!\LOBQnga'ﬂa gbgﬁ&ﬁrﬁ)nFJSr e hkdre %tQIrGSFM;@ypéW P1-1

secon ary antibodi es: 20 -donkey anti-goat-Al exa 488,
(25 kDgpap SxspeRiaN WAs F’P'@E@ﬁ’ bysVestemuis C&B?M@éS? 0 V79 "calls over-

expfBRERE 15 Buman @@f@ werdGKEQBs bm@cﬁﬁ@%’i@ébtm (42kDa) was used
#715-165- 151 donkey anti - npuse- 00, Jacks

as anviniomal Rasingr comirok FxBression pEST. @%@PST P1:1 Gould not be

deté&@d inl MRFete i REHERS cellk fAdAY e s\OAGTUbras AdUOD e S
21206 -donkey anti-rabbit-Al exa594, 1:1000,

I\/bI ecul ar Probes, #A-21207 25 -donkey anti-rat-Cy3,
Prot%w%qpere@ﬁgé@a frbﬁm‘gil@ U%EQI% WPE#E@E%@r&@%n redgeigPierce),

anti-rat- son | mung Resear ch

supﬁmmntezismlfskwo efm@vﬁ inhipitareekiail ($igsnazAldrichy- Rigigins were
sepgr‘é’téd chrQ 351 Z%dQBS%Iy%BMarﬁBS QB By S¥aRShorebislaiDthefi Arahsferred to

I mmunost ai ni'ng protocol ; P2, OATP-2: 15 min

mtrqqeﬂwpﬁ%membrarwﬁﬂlom cHignA)- By immuneaing, Rrifany,
anhggﬂ— ies BEAIARIAST ARL1 BRAGST PNE P aORY were dHatESM 19 BEA Hocking
overni ght at 4C, secondary antibodies in ?
buffieh S@cgnd,@rpgqrtubqﬁe%wgreépe rarresgionding $1iRRZ-comjugated @g\plg)gB goat
antl%ﬁbapaﬂﬁﬂ%m aﬁ@Fab'élt%Etl-@bﬂt ?Hsgea_tiveﬁl)ﬂlabw (DRKO, Glostrup,

tomation nounting nedi um SEP: WO 2007/ 1409
Dewrkﬁp@r@mycg@gggmllumlnesgcence (ECL) was used accord(l)ng to the 08

manufacturer’s instructions (Amersham, Piscataway, NJ). Primary human hepatocytes
(In Vitro Technologies, Leipzig, Germany) and GST protein preparations were used as

positive controls.

GST activity assay (see figure 16):

GST catalytic activities toward 1-chloro-2,4-dinitrobenzene (CDNB) were determined
using the spectrophotometric assay of Habig et al. 1974. CDNB (1-chloro-2,4-
dinitrobenzene) is a general GST reference substrate (Mannervik 1988). The reaction
mixture consisted of 85 pl of 0.1 M potassium phosphate (pH 6.5), 2.5 pi of 0.2 M GSH,
2.5 pl of 20 mM CDNB and 10 pl protein lysate in M-PER lysis buffer. A complete
assay mixture with 10 ul of M-PER lysis buffer, without protein, was used as a control.
Absorbance at 340 nm and 30°C was monitored for 1 min using Philips PU8720
UV/VIS scanning spectrophotometer. The GST catalytic activity toward CDNB was
assayed in hepatocyte-like cells derived from hBS cell lines SA002 (LOT AL002),
SA002.5 (LOT BE002.5) and SA167 (LOT CE167) and human primary hepatocyte
cultures as well as HepG2 cultures. Hepatocyte-like cells derived from hBS showed
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P12338 PC 52 15 min fixation in 4%FA, 2x PBS wash, 30
mn 5%BS in PBS, primary anti bodies incubated in 1%
wWO-BB71140988S over ni ght at 4C, secondary anti bodPEBEP2007104940
p1258Pd n PBS for 3hr at RT, ;31| washes in PBS, DAPI at
0.05ng/mM for 5 mn at RT, nounted in DAKOCytomati on
similE® G T-a¢ivitE 86 Hommah pifiny hégatedytdd il gkt RighesGST activity
Esgee Hﬁg re F&)@ P2_ex rgssi on in hepatocyte-like
levefsdhpr 2iguttiesnSaa fige 182 times hi gher
respectively, conpared to in undifferentiated cells.
Total RNA was extracted fromthe hepatocyte-like cells
Example§2 5 LOT BE002.5 10 passage 2, after 21 days of
Chadhdiériya@ehi ation on nEF) and undifferentiated hBS cells
éSAOOZ. 5, LOT BE002.5 passage 24, day 5 (control
Drugdranseomersind sa002, LOT BE002, passage 62, day 4

ImmupeRikioehe®Rip! € 2)) using the Trizol Reagent from
G bco. 5 g of total RNA was reverse tran i.b Lt O
HergisTuiecife ReLs SHON T EERRROlMty G 18 FRGTARER(S WRFR. BSEP! ahd
OATIZO NP ORIH-8 @5dtehtidl bAtddy @esys rbbctionPrded! fRure 1K)19, 20).
usi ng Supercriptl] kit 15 glnwtro er Li}ﬂ% . |
OATZ A aHURF2opm thireorarrpses dbibe Talprty RLhenalpeRelite s
whilbEISEFIR ExpRaded BAly M alshfallB papRiation @f hupateblpstogna hepatdcyte-
Net prinmer. 200 ng of cDNA were anplified by

like 68Y¥Syner ase chain reaction (PCR) using primers for the
rel evant gene with SensiMx Sybr Geen Mx (1.5 nmM
final Mg 2); (Celtic D agnostics), 0.7 units Anpli Taq

UsedqrinanpRiatibasisser ase), 300 nM of gene-specific forward

MR ¢rabBiv)er-§¢ Jntd'EFe, sE20mes 20 sequences used are
Forward: _tgcagcgt ccat aﬁéggga and Rever se:

BS%"Q}@QS’E’@C%@%%@% é&za?’c‘?’ CR was perforned on a

OATPRRIUsEPredidRss Prbgéh Bibtdchaik Grablepsiotd mMD@nut es  at
50C, 10 minutes at 95C and then 40 cycles of 15
seconds at 95C and 60 seconds at 62C. PCR

UsedBecbhdatbhfsbdids: each sanpl e was performed in
' rro tenpl ate

duplicate to mnim: ipetti A pp-
'do@%?b{taf“ﬁtg%é'qxﬁ@Iséd%gg?’ﬁwglsﬁlaﬁrnirg@ﬁeﬁé ’%’sﬂggﬁegat ive
-doﬂ%‘?tdn‘ﬂ:mou_-%%@, 1vwooeJéoasor§emh?s@Rawathmsm5dw and
thée relative ene expression for, each s
-do@sﬁyamt'avweugvﬁg-@%?5%061'3‘"\95? @SP%@%&%@%%@
-domgeg_teﬁfﬁ%bbi{?ﬂtleaéha@_1em gmieamaunctgfesasmnpoﬁs on of 90;)/0
ef ficiency S I,npt ettin st sanpl e
dofkeANGROHLNERER R d 0B VelssHRT Bl gaedt Tt on in
-dofiedyl dntilst-E4&- 5660, JabigonRRimundi Restaidt; SL12-165-363i n: nE
system Sl - | CH, t - no. 395- ) e-1ike
ook A KEEF L o Jo ek REIBEIER AP oRIE ALt S RP g
-doARdy ili-dheep-Aléadse, 1:2000, #As110a6hni cal negative control
sal'i va-treated cgl trrs&%&g&bﬁ#r ated a decrease in 35
-dogkeyanjethegerie@odh: 1-AVe the cultures. dycogen
synthesis and storage is a
Immunostaining protocol:
MRP2, OATP-2:
15 min fixation in 4%PFA, 2x PBS wash, 30 min 5%FBS in 0,1% PBT, primary
antibodies incubated in 1% FBS in 0.1% PBT overnight at 4°C, secondary antibodies in
1% FBS in 0.1% PBT for 3hr at RT, all washes in 0.1% PBT, DAPI at 0.05mg/ml for 5
min at RT, mounted in DAKOCytomation mounting medium.
BSEP:
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common function of many cell types of the human body
when ever there is a glucose WO 2007/ 140968
WOEONERREO7/ 004940 P12338 PC 53 surpl us. HoweRE&r/EP2007/004940
p123%8Rt ocytes and skel etal mgscles are in particular
specialised in storing glycogen. In the

15 n‘ﬂh{f{(ﬁfdhﬂh I4t%|=a:h fﬂiﬁ’w%sﬁ ;dot rHrnE,%b% ;m PBS,ebmﬁhﬂyr?\tibédies

___cutting ou epatocyte-1ike cells other c .

incupaigdiind VS i eE56Y 4 fi SE%?P"@%?’@%&BV%@S!# 58S inPBS

for SH?Ia{ R#SalbW@i$Heslin F"BISUDNH ane.obMaImIdans A aSRDS ounted in
cogen are observed. Inportantly, 5 there are

DA ﬂ'@ﬁﬁ?%@'}?t‘@t'qg ReIEY |s in the cultures that are not
storing glycogen. Cells were fixed in 4%

ar aforrral dehyde di | ut i.n nmeghanol for 15 m nutes at
Analysisiaf MR %‘?’ﬁ%ﬁpée%ﬁ'ﬂi‘&?ﬁ @d(f’eéﬁl y washed three times

MRMeP&&s.&smtr%awcankeeﬂm WH€ bef@@hr1al andBZtithési higheas
treated with hunman sgllva far 20 m nutes at room

respegiysdy. spmParediqdn ¥odEegniMed gelifashed in PBS. The human
Tota‘i NNA/@a& ERi B fromany hasftodté-ike @bl@qst\eoz,e gb‘y GEpen.5
Peri odic acid, which OX|d|zes[_g’|: colséﬁ {j gg
pastage Haens] doxae dTesmision an N areL et e TPy SER et
(SAﬁ@zﬂstLG@r @Eot)%rﬁatssag@mtdaws (f:@ﬂ\tl’dl"é@ﬂ\pbw )raeﬂemm Lot

ST R Y TR TR

g Jf COTRERRA W rébér@Mr@ﬁs@.beeaqb bempbmemv ONK a:mwyrafuer ne
and sodi um netabj sul f]

eafaTi N DAORVTROTRISAER | PERSG Lt s UR) bsh Supereriptl ki

(|nv9r|o¥;6|9|Lto1E) 0BERd-Bpetiicliringért lanb %Fot%@ﬁ@ﬂhé nﬁaﬁﬁﬁorts”m @hbte designed
After washing in PB&cells r-stain

usingrine REEE BAYATR PrRaraB NS NEIRURS 20P B8 FONAY SR e ifed by

polyﬂﬁlﬁaéé Wréd&tlbﬂpm) @ind Qnrﬁ@rlsﬁbﬂ the relevariigené Mng SensiMix
di a. Heamat oxyl i

n st e nucl ei
Syb{ GrearsMis (B! Bodt domte Sedlistion) &7 ftf AmpiTen Gold
DNN'EBQ%rééé) a0l g Bf gms;ﬁédmcgemﬁd ahd reViesseemrimers. Brimer
oSe listed belowis u tative PCR
s ) r ul d I ook
equeRmeR)useehIEe EQRArey tg??&&a%ata?“%&q% 4‘3‘5\’ eR%Y
ggaHtJl,‘a%an”tgtgcﬁé’Lfr%VPGB wdsi gesforred bakl Gorgetn Rstomg@we with initial
sel ecte mat_chi n rimers ment
stoRsc S ble R Dot MR THOP LA BT s KHe S Bsgoonds
95°81MdY6Y secands AtB2e @XPCRSé?rhplmlcht&)rﬁdfseaBB samptefwasgw&zrmﬂ in
Qunigats K BURIISE RIRB e Sipr AP RRIEL A NS eidbed B Each run
as :gh% Afive '&E)hﬁk%ll Y COVal&@fcﬁ%ﬁetfs saape Wasqebatied agd thenplative
ifferentiation. S 0 es .be
GenBRLse R e SN Sam g s FrigERer s & Gt b apsierd B
profo@bl. Reiafigs e?r@s%m Dh@sr d¥8ivaptioreafd0% bfidiendPwal estirBated by
cell derived hepat o&yte like cells may be further
settingdpa dveast sFRPRIOZRE- genetic | evel (MRNA expressi on
| evel ) by conventional techniques, such as

m croarrays, mcrofluidity cards or gene chips wth
Exampledbl e sel ection of genes, such as the one |isted

Glyb drh&to blo@téwllwm &é/l@bh/@AlSh-stamDMPéeiodﬁv adick 8 chiff stairang

es can ybridised with e.g. a
Sysfﬁ"&r%ﬁl'viﬁ g#ﬁ%@'&@% &Bg‘r@ experiment ran in a PCR
HeSeRbdifte-Akelcells store glycogen detected by the PAS-staining method (see figure
21). As technical negative control saliva-treated cultures demonstrated a decrease in
glycogen detection in 95-99% of the cultures. Glycogen synthesis and storage is a

common function of many cell types of the human body when ever there is a glucose
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2007/ 140968 PCT/ EP2007/ 004940 P12338 PC 54 Table 2
WEYRS/1W® Transporters Transcription Qthers PEHERI87/004940
p12d8Pdl Al OATP-A Ah Al bumin 53A2 1A3 QATP-B PXR

G ucose-6- 11311 1 A4 QOATP-C CAR phosphatase 2A6 1A6
surpNECRoR¥Rer? RBpdiddytéX-ddd skdtetbhiiscles24m id A8rtichar specialised in

HNF- 4al fa 2C9. 1A9 19 1A10 2 B7 BS
storipg plygreen. | @f{w %ﬁ fen@Rg hégff" C%fe%‘a P?qg@ﬁprﬂficgﬁga out
the h&:%t@@ké skeoéeue@merlcemgo@ﬁafoﬁs MbWtfﬁﬂdarSﬁ@%lyM@En as

wel | hept ocyt e- | erive froth

We"t%c?e&%'a P?F?“rll%@"s Beatirap neLetate Sllj)(‘i%eﬁr?’? RBRRA%d- ImPQriay

thert afé ﬁéﬁ-ﬁ@pé&@éﬂe-ﬁk@céll& iP et ittlesi thatl B ®ot SBriky §YEdGERNL S
on thF LDA ¢ g foll own he j nstruct

Collf s sl 1BiAde pRrelarm=i- G ALMIes 5 TR D ap dorcls G 2tragm

tem&@f&@@n@dhﬁ@quéﬁﬂi’ WQ@equhie@mm if inxss PRagcHHicH Ae@dtive
cDNA was Eearedfromtoa diluted it i

coniigle’ GUIE SESTHERE M PO SRR  2hgPRm temperalure
and GOBS&tlehth waf,he(cﬁﬂ@éselmw)humﬂa\esaﬂ@é b@wanng acm@wwmh digests
avcag Ao S i i Tl © b Es SR SEe5 5 ected
and W trEdted Gulires 181% Miue #08dth m&&%td?@fdllEWBG(W/r@&‘b@é&y
washing in PBS. Subsequently, cultures were incubated in Schiff's reagent for 15
minutes at room temperature allowing a reaction between pararosaniline and sodium
metabisulfite which results in a pararosaniline product that stains the glycol-containing
cellular compartments bright pink. After washing in PBS cells were counter-stained in
heamatoxylin for 90 seconds at room temperature and rinsed in H,O prior to mounting

in mounting media. Heamatoxylin stains the nuclei of a cell (bluish).

Example 8

Genetic analysis

Still another method to analyse specific genes of interest, e.g. those listed below is by
using quantitative PCR (QPCR). One such procedure of doing that could look like the
following: first suitable genes are selected, matching primers complementary to those
genes are designed, quantification is done by PCR analysis and the expression levels
of the genes of interest are compared to either house-keeping genes (if known to be
stably expressed during differentiation) or to genes down-regulated during
differentiation. Examples of suitable genes being down-regulated during differentiation

in several hBS cell lines are Cripto, Nanog, and Oct-4.

The hBS cell derived hepatocyte-like cells may be further characterised at the genetic
level (MRNA expression level) by conventional techniques, such as microarrays,
microfluidity cards or gene chips with suitable selection of genes, such as the one listed
in the table below (table 1). cDNA derived from total RNA of the samples can be
hybridised with e.g. a microfluidity cards and the experiment ran in a PCR setup and

further analysed using a suitable software.
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P12338 PC 55 The sanples were thereafter
the LDA card (each sanple mx is 100 ul

| oaded ont
and 170 ng

o

wWeDNA1ge68 sanpl e) and centrifuged, whereafter PCEERIAT/004940

p128REE Was seal ed.

Finally, g4he card was run on ABI

7900HT real -tine PCR system according to the
Tablelst ructions in the manual

using SDS 2.2.1 software and 5 the relative

quantification method. A sunmary of so far detected

and the results anal yzed by

CcYPRY PUGTer LDATRRghorkdrs Off Twhitdatiptistpat | otigret el ns 1]n
hBS el | -deriyed hepatocyte-|ike cells|are presented
inthable 3 and 4 bel ow. 1Q'a¥¥e 3 CYPs UGTs
Trangporters | 181 1A1, 3,4,/5,6,7,8,9, 10| CATP-A 182 |1A3
QATP: C_ 1B1 16 NICP_ 286[1A8 OCT1 2BE 2B7 MDR3— 2C8

TAVDRL| 1A€0 BSEPOPATES MVRP2 | D6 2E1  3AnAIYREN 3A7 \iD

1A2007] 149968 PCHAFPARO07/ 004PHR P12338 PG IRbsdad! € 4
Trankcription[ factors & hgrs PXR Al bupmin CAR

1B ucpdtde- FXROPIBsphat ase CABKRa Apol i pBpetRNefases

2ABXRf | Ahgohol deRydpogenas RSy e 1A HN'g-l a HNF- 34

2B6 1A7 OCT1 HNF-1alfa

2C8 1A8 HPGT HNF-4alfa

2C9 1A9 MDR3

2C19 1A10 MDR1

2D6 2B7 BSEP

2E1 MRP2

3A4

3A5

3A7

4A11

4B1

Undifferentiated hBS cells of cell line SA167, LOT CA167 and SA002, LOT ALOO2 as
well as heptocyte-like cells derived from the two cell lines, both treated with an inducer

mix and untreated were run in parallel in repeated experiments on the LDA chip

following the instructor's manual (Applied Biosystems 7900HT Micro Fluidic Card

Getting Started Guide) and the following shortened protocol:

cDNA was prepared from total RNA and diluted it in RNase/DNase-free water to

receive a suitable concentration (see below). The following components were mixed:

cDNA (1-

100 ng), 5 ul

RNase/DNase-free water
TagMan Universal PCR, 45 ul

Master m

ix (2X), 50

Total: 100 ul
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HNF- 36 6 HNF- 4a

HNF6 DBP C/ EBP A C/ EBP B 5

Exanpl e 9 Bioreactor culture of hepatocyte-like cells

wabe7hBGesel | s and derivati ve cell

P123498
may

types t her eRET/EB20011004940
patobl ast-like cells o hepatocyte-like cells
e grown in a 3-D space which may be

The%%mb@ést\na@ttﬁérbaw& loddedEorflo tH LDA c&ideablobam efm.kaeer 100 ul and
Thi s system woul d epabl e

170519 cfiNA p@Y sca@m'%) ang eentrifiged. Whereaften thed DA, gak

FindigPhklcard §8s ritsh RBPYICRI T aPlithe MCReSysterh %E:wraing to the
erfusi on of cul ture_nedi

gesults gaalyzednyieg BHe %%étsewgaf?avd
the Ratile \qehrtrRAtibPmeisdice iargei afnourl[ of Cells (up
t

capillary nmenbra

envi ronnent by

insteugtiens

o 10711 cells),

functi

nes.

t he
'Pﬂ%%m@ﬂyﬂéwdt

onal propertie

s of the cells.

Cel |

h

and to support the mai ntenance of
i sol ation

A sMhﬁaWWaP@étéé{éﬁ ?6}/ éi@\‘élr QDh@fély@‘s' H\QRCR] Kepiiic ipfoteins in
purificatign could then

tho@e"pfterrweqi neaategrtﬂxyk% cg"s Qfﬂeé%ﬁef‘ieﬁ’d” i d agH 4w

| osed

menbrane anti gen expression or
medi a and centrifugation.

systens,

usi ng density gradient
Exanpl e 10 Urea synthesis

Tabjey3 Urea synthesis is a liver specific characteristic
therefore the urea levels of the nedium from

different _cell-lines differentiating into
hepat dcy®¥s i ke cel ||V e measur ed| HE"P8M Perent| ti ne
poi ntsf after 24 h incubation. Medium sanpl es were
collected and sent flor analysis. lkea secretion S
anal yzled™si ng a ki t| 3R4867c&3 0 UV 98¥H for
ur eal/ ur ez2WD 2007/ 140088 PCT/ EP2007{ 087940 P1233B8 PC
57 nitroggn (Roche/ H tggchi) at Klin|gkeKem , C-|ap,
Sahlgren a UniversityHospital, & burg Expect ed
val ues |ﬁ%serun1plas 1¥¢\E;are 10- 50 ngy g€€P1 7-8.3
mol / Lj) 286 The | ower|{®vel for urea ction
accordj ngcg o the nethod was 0.8 nmo MDR1CEII l'i ne| and
age of| cpgg ure urea mol /L SA002 dapsér <0, 8 SA0D2
day 10| <0, 8 MRP2

2D6

2E1

3A4

3A5

3A7




SA002 day 20 1,1 SA002 day 28 1 SA002.5 day 12 <0, 8
SA002.5 day 26 1,3 SA167 day 5 <0,8 SA 167 day 10

WQ2@7/188667 day 20 0,8 SA167 day 28 1 Hunman PCT/RB2097/004940

pr2isy it oc es 1,15 hBSC-derivegy hepatocyte-1ike cells

produce and secretes urea into the nedi um at
Tab4qn |l ar to primry hepatocytes.

significant urea | evels can
hepat ocyte-li ke cells are appearing within the

Interestin
only be neasu

| evel s
gly enough,
red after

cul tures, ard
functional te
and can be pe

Nidhscripdign faotofsn
sting regarding
rformed as des

otaérer . 10 Fur
e.g. albumn

t her
secretion

cribed in Schwarz et al .,

2002 and 2005~

11 £ it oy
L I | Ul t 11l

et |
IUtlal

Al )
at ocyte-li ke c

characteri satli on of the hep el | s and
hepat obl ast - I|i%®& cel I's coul d P&°EH& ysed fpr their
ability to péXRorm LDL upt akeosphelas§l yconepgenesi s. 15
Exanpl e 11 CglAxrpol arity and Apsmpeproweinal i t y| Sandw ch
cul ture systeamgggan further | iRhQ¥dyd&lehasPp! arity and
functionality er time of hePAat ocyte-likp cells. In
such cul ture |system enbeddi neg of the hepatocyte-Ilike

cells 20 prqviNigs, ot her than |ower |evels of

oxi dati ve strlesw:3ca 3D envirppnnent m m cki pg the
liver in vivg,ynetygreby the hepatocyte-likefcells may
show pol ari ty,H,\]F._4e. forman gepitheliumlikg structure
-with an apicgl Ssi de (hydr ophppbic, towards the bile
side in vivo) "MAd a basol atleral side (hydfophilic,
towards the Qi@APd side in viyjo). Another pptenti al

i mprovenent WidisAwepat ocyte-Jike cells in sandw ch
cultures is gvepasgronger 25| inducibility of '

expr essi on.

10 P12338

PC 58 Exanple 12 Notch characterization with
i mrunohi stochem stry: Cultured hBS cells grown in | VF
di shes were fixed with 4% par af or mal dehyde for 15

Example 9

Bioreactor culture of hepatocyte-like cells
The hBS cells and derivative cell types thereof, such as hepatoblast-like cells or

hepatocyte-like cells may be grown in a 3-D space which may be compartmentalized
by e.g. artificial hollow fiber capillary membranes. This system would enable growth of
the cells into larger cell masses between the capillaries, and provide an optimized,
natural environment by the perfusion of culture medium and gases like oxygen. The
closed hioreactor systems may be developed to produce largei amount of ceiis (up to
10”1 cells), and to support the maintenance of functional properties of the cells. Cell
isolation via enzyme perfusion would then allow scale-up in closed GMP systems. Cell
purification could then be performed using e.g. FACsorting based on e.g. membrane

antigen expression or using density gradient media and centrifugation.

Example 10

Urea synthesis

Urea synthesis is a liver specific characteristic therefore the urea levels of the medium
from different cell-lines differentiating into hepatocyte-like cells were measured at
different time points after 24 h incubation. Medium samples were collected and sent for

analysis. Urea secretion was analyzed using a kit for kinetic UV assay for urea/urea
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mn at roomtenperature. The cells were then incubated

with primary anti body (Notch2, 5 1:200, Santacruz,
W@ 2®348968)SA) overni ght at 4C. The next day theCT/EP1087/004940
p12¥REE Wwashed with 1X PBS twgge for 10 min and

subsequent|ly incubated with secondary anti body
nltrobéﬁYRoérfélﬂbﬂtéchmaTth&k KER, C-rabl S¥hiGRRsRE UhReFsity Hospital,

tenperature for h. washed twice for 5 nin each and
Gothgnbyeed to 1 pg/m DAPI solution for 5nmin. After

washing the cells twice for 5 mn each with water

EXpé(h@d Vﬂﬁé@lﬁ%ﬁﬁ\hﬁﬂ’asm Wﬁfg/(ﬂﬂd 7283l nymerliL)by 10
Uore nce mcCcrosco en S OVVn
The Jgyi IGal 1 st tP et adk e the haiad 88s RE R3S

Cell e HCagt al ., 2006). In Cellartis hBS cell Iine
of cofd@2 the vgpeta,ﬁmomlty of cells are in the first

SAGY$ayd i T[T erent k@gll on weakly Notch2 positive. After

SAQULINPRKS |[NoTThZ<h § found in only a few subsets of

SAGEPEL50 e Tke ang/1 r hepatoblast-like cells, i.e.

SAGHIE ZEt T LEI st qct resenbl e hepati c norphol ogy

SAQPfEdby 921y 00) é@st_xarrpl e 13 The proliferative

epa ¥st- |11 ke and hepatocyte-like cells
gﬁgzg\fy%?ﬁ" by ja. ing hBS cells for 14 and 21 days,

-

Vi

§C)C)C
Pg T

SA 1B ey 1D ding to the intrinsic factor

SD P

vvvvv 4 Exan 2. The day of analysis the
SASST 92128 wdro £1welBln 4% PFA for 15.20 20 minutes in

|
tH
<
Pa
\vJ
|
e
A5

:pCDO"O'

KT

SA1G/L#a% eratur hed several times in PBS and

Humar RERBNY i Jed in 0.1] 0.5%hritonX OO diluted in PBS.

hepatpcylesnat ol ast-1 {k@lcel I's, the endodernal / ear| y liver

mar ker HNF4a (rabbit pAb, Santa Cruz, SC 82)8% : 400
hBSS-Herivedihepaiesyiesikg cahtiPIGHC AeDaeGRIP &re3 iRl hg mediup il

Ieve@g&%m grilniéf? heﬁ@t&éﬂés iNERR ARGy EFeug, 3En(ﬁb§|@, uré& vals can
Cruz,

di luti on) was use FEr s%udging q
onlyhermepeyrad Ber kapaleryie- e Grdpard eRRSARRG wihin the cultures, aroun
dayP@R4flaahiepns the antibody, Ki67 (BD Pharm ngen,

#556003, 1 500 dilution) was added for over-night
i ncubation in the tridge. After several washes

Furﬂ\@Pﬂ’ﬂ@%dél ptihd RGaPSing e rge aIb@ﬁﬁH s&ﬁetﬁi’r\ﬂand’bﬁmﬁﬁ peHdrmed as
I'n roomtenperature. #?ﬁ]%\g &n\l\? d andt Ppétlonof
deswatzeq InSCOWEE §ilt B4 Bl 29%‘% tl s chaptens

the ﬂH&ét@byteer%@eélngr@Stepbtdﬁswké SelB@Buldi becandiysed ibiftAair abidty to
rfg)ro I ferating indicated by co-localization with Ki67,
pe

e DL yptake %g'y%‘epﬁﬁfﬂﬁs&yte like cells were not
positive for Ki67, indicating non-proliferating cells.
In addition was tested the induction of proliferation

ExampleHdd cel | - derived hepatocyte-like cells to see if a

CelPﬁd?er‘/tI/%ﬁéVdﬁéﬁoﬁélﬂﬁ0| ty could be induced in the

hepatocyte-1i ke cells by angi | i ti
o s ot RS e AT o PRI S e

of h‘ébQﬂob}f{t@fhﬂE icems. FPsiidh dUItuFEPSYStehe Remhsesadingsof thheptbdyse- I|ke cells
(ce l'ine SAOOZ@IVWere allowed to d{s ferentiate for

providge, Qi arBHeO YIS oXHaiMeTRSIS RN Ui the
livePIneWd %'eyetQQﬁéf hepio6REMké ESIRSMay SRSV polanty, ica) dorgean

into WIliams mediumE (Si g%
epitielum-libesinstorgovimarman ﬁ@gﬁngwéfeewltd%zt@w%g ng'%ss' in vivo)
andP#basolateral side (hydrophilic, towards the blood side in vivo). Another potential
improvement with hepatocyte-like cells in sandwich cultures is even stronger

inducibility of Cyp expression.
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FBS (or Serum Repl acenent), 1 % PEST, 1 % d utamax, 1

x I'TS, 0.25ng/ M  Dexanet hasone, 2% DMSO, 20ng/ m HGF,
WA AWGN#96EG-, 10ng/ M Oncostatin M 10mM Ni coRCHEPI0AE004940
p12@9acbcdng/ mM bFGF. hBS cel | s ggere grown for another 5-15

days w th the nmedi um bei ng changed approxi mately
Examm&yzS days. The prollferatlve capacity 5 of the

s thereafter a ter an additi [ 11
NotGleier adlBeatits MR A EMGOB ORI T ot onyt ov 11 ke col | 8
Cu|tdﬁydl hBSicélrsQ.m)\blBﬁm A d.shesrmreffae@md 494 ﬁﬁtatblhﬁalﬂeﬂdde for 15
i ams  E-medi teda 8 |beda
min GhTG0B RGTRSFILTe: APE EF L RNl MeCpige P prary antbedy (Notch2,
1:200€ Bah@@wzesésshe u(sk\b SV?h@Mﬂatlmc\gﬁThé aél&?d“églltw b@lsfwaétvﬁihed
see I gure

withyiot 8BS ic8 o1 T B Ry P EEGA N R dpdiny antbody
(ant{ ﬁ@b@f&‘ﬁd ﬂ@o?rmlhxfm;@tat Yéone Wrémre fora H Wwakhed tivite for 5

ere re sultapl e t
min GACh B0 XIS OB EIAL e R g < s g he oo huice
for eghﬁ eécthﬁgm w?t@r fhe\yavéiayﬁolmiéﬂ iR BQuasioust aver @ndlydﬁédéﬂyl y

| Ssecte InNnto t
f'UO'FﬁSFWdPW%CP%z{% ik Fes Sedhaiin pl s isged ppg gotie
exp@sls;m%r@f(m@e etal.) %oazruﬁ ceegdma hBS @Mdihe 82002 tAéeast majority

cu ures were I nc e I n 1tr

of cglfstare & rﬂrstkﬁ?@wﬁ% Fﬁ@t'amw@g s 95 Rl e §M ypeks

Noté> |§@&ﬁf¥ﬁn onfyfe0f sdtié@tsrm%bpé\tbmé Ilkeﬂh@@edemtbﬂﬂaéﬂfh&e keells,
Vi tr oHESTM S@‘égl enmen d

Wi t / ay 10
L. BRHCIRRIGTCRIS (ha) oS8 DlE Rt mogp Gy (5 Saurs 39
differentiated in a simlar 20 pattern as hBS
cel | s-col onies cultured in MEF-coated |VF-dishes, thus
Ex aH%FHSt dbl ast-1ike cells, immuno-reacted posi ti vel y

The%rf)lheﬂdwaﬂamgaoémpét@b%@t -iike dritehapatdcytesiike cedls Wae tested by

e SN oo 3 2 PR B b BN Fuloctitor

prol@%:tf)lflﬁf Eﬁaﬂhb@tz rr%eiaﬁ$toﬁ ahaigsié fHeocunapatvaerg tired irke% RAA for 15-20
a ay usi ng r ot

minRies o o <GAPRBR atephed PNEE A6risun ERSA T Py diegRzed in 01

0.5% WFifoARe60 ditite®@in PBS! Esrarpatedlast- Illfvacﬁeilépm;teadbdéfmab’ehdl)shver

marior HOF st {r20BLpFRoserte e s 6981 At diBlonfiweh g and for
hethdas}releaQ@as t#@éﬂd’o’t@mavweﬁ ﬁ@rer\B’(Bbem(maaa(lansaoﬁa Cruz,

SC ggg@zgz,go & ﬁ;gﬂa) Was ﬁ%%?}%ﬁﬁﬁéé@fer&%q%ﬁ%%ﬁqn ep@tnc—hke cell
pophfa‘ﬂ@ﬁ@ﬂwerdﬁﬁbﬁ&) IKuameEm Phé}aangerrgssmoe useofdmmmj was added

follows: Colla &Ogéj 96-wel | (51
for PYRETHAIR BIPOREUOTAC SRS " Ry AL ey P BTy A fRopiss vere
appfé@aﬁcﬂl frféhﬂ@te@ffortimﬁ n ¢6drh 2gRperatue Culiusesaneredvdshethand AP

S. wer.e

waspBelugEH (e HIWaEh 7995 ORETGH Qo HePpipbEs It g ive
for MﬁFﬂa fard pfifevating iddlcatod by bo@dﬁcalﬂiaﬁroWnMGHC(%emglmrer%)
Heq@éoqyga_[g@%ge g(}!v%igég%%)sehve%re}%GW mdncaul(r:\'\é"- non- proﬁflera(t?% §I|

In addition was tested the induction of proliferation of hBS cell-derived hepatocyte-like
cells to see if a proliferative capacity could be induced in the hepatocyte-like cells by
changing media conditions and adding growth factors known to stimulate proliferation
in primary hepatocytes. hBS cells (cell line SA002) were allowed to differentiate for 17
days into hepatoblast- and hepatocyte-like cells under previously describe conditions.

Media was changed into Williams medium E (Sigma, W-4128) supplemented with 10%
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WO 2007/ 140968 PCT/ EP2007/ 004940 P12338 PC 60

cc-4335BB, cc-4313BB, cc-4321 BB, cc-4317BB, cc-4381
w@EBoTnesCanbr ex) suppl emented with 20% FCS. FGF/EP2007/004940
p1238tpd gel -coating, frozen aldgquots of matrigel were

defrosted overnight in the fridge. The matrigel was

FBSHok 8BRS | R@ iHednBRY 19 FESTAAPE S amaX) YxtIPS 1095ng/mI

S R e T

10mﬂn N.owﬁahw& 2l 4ridfmINBRGF ORBS 6Bk WerkGRbwWe torkfbeier 5-15 days
HCM medi um sur)pl enented with 20

w'thdhe m?e&m B§ine changednAreximatshy owry {5&33%%0%0'&1?@?"9 capacity

of trreUéew Was tN@é@ftéﬂ a%fcysau SAGCAreaddwioras nlays &4 @esﬁ:ﬁbé@ gbéve.
fromBD and transferred with a stemc

k
Thedeppiogyterise geihdenyed diom RS vells arﬂl_fswiwaﬁ Ayl 'tur?ﬂén Wiiams
E-mHal QupBiehiettd£at HaRAbEE HbSre, Whfle A6 bldliférafidrilvad Bétected in

regions formed small cl|usfers and
hepatogyiedike el grswat"éé./'troﬂ%i SHE?'@%”W&&‘?’H%@ Q’%éiﬁé@dﬂgm
29). \M&Brdﬁﬂj gﬁ It%éﬁhﬂocﬁ@ﬁk@&éﬂé@aﬁ eestifBRtédto didiicfeagéd 37C,
el ect (G bco, #12563) on a heating plate,

prolﬂq Ver‘éapagtt!sﬁFH"lﬁ?d (ﬁb‘ihﬁé?é%fﬁéé'éat?‘?/fﬁ%ﬂ'a 5-15 mn at 37C
before reseedi ng onto different coatings of a 96-well
pl at e cont ai ni ng HCM nedi um suppl enented with 20%

Example 1Af t er one day, clusters with hepatocyte-like

D,ff&%hh&:ohaﬁ h@tstc%wb Qﬂhépbt&d}@e mréew@m g6kl wﬁﬁr t ed to
grate fromthe cluster onto t esarface ang

Fouf fm@/erdﬂysaw'q hBP cells wate manplly dissecty mtﬂag‘aamces
trangkmeﬁ%gqg ﬂlbﬁﬂchr@ﬂbmtrﬁEPfcoét@G %WFSOWZW) o tHréepieeés 6f hBS

medi um “suppl enented with 20% F cﬁ_@%@ﬂedto
cells GP iR qdeEo RBRh Wt LT CHiuT4s e MHDRIBIR SRR e s
supPkﬁféﬂtédQMHmsb/M%eseray 3¢t &% dmg andfgsey heralday adr 2@a;<mays

hepat ocyte-1Ii ke cells h r ded th
50%1@10@?&%4"@wa@éee'éw%wmFrssmggw%%gﬁp%mgg@? i angis
bFGF‘létt dHy&1 O"Mcm do@/t, at 88620 I THRIMBS Séiccdioriay difiedeatated irha gienilar

| | d | 4
patALRRS CBITIPYES I MERLOREs UF sy BUS PRpbipg ke
cell@"iﬁl\ngﬁ%a'eégtég poﬁlmelmﬁ’g{gﬂ:&ﬁ)ha%pwééﬁh% tte pegiphery of the

ceiis

o e 14 s S o S 3 S g n st were

sucBédsh i atie@intiathg By esirlifto Nepatdepetivg cells at day 20by udityg this
to metabolize Phenacetin (A drich), Diclophenac

profogplova) and M dazol am (SI GVA) via the phase |
cytochrome p450 enzynes, cypl A2, cyp2C9 and cyp3A4
respectively in the absence of inducers. Released

EXABRIEHD i t es of respective 30 substance into the nedium

Reé@%ﬁ#rg@%t%}détiﬁg}{(tbylké%ﬂ%nt%’f@ﬁbrﬁ ylitfagess gont ai ni ng
hepatocyte-1ike cells fr SA002.
Priog de) f@RSQ'QQ\%P%Pqt%@t‘%éjk%[?e'g]n Lor 80566 2’81A %%%%’%ea@/& ~Coged with
dlﬁé’@htséo%ﬂﬁ%é; c\élﬂ?égz?egl/ mmﬁdtwh @D Bloﬁcﬂél’ffde&l #?S?BEheil‘ffdrerlted
free nedi enace of enac_a
congertEtiona ff Mgﬂgeh(bai?fneawaeﬁbf?"ea{vgtﬁ’? %@P&P%%”Eﬁz Hss2d)
rangqiﬂP'Woﬂ'tﬁ 6% %TH ea%hocmitbsyich @fdatedmREP @kiNlay¥e Cdatings were
performeg %s?olloevg Collagen | was added to 96-wells and incubated at 37°C, 5%
CO,, 95% humidity for 30min-1 h. The surplus of the collagen | was discarded from
each well and the wells were subsequently washed twice with PBS to get rid of any
acidic acid traces. The wells were filled with 50-100u1 of pre-warmed HCM-medium

(HBM™ ,cc-3199 supplemented with HCM™ SingleQouts of cc-4316BB, cc-4362BB,
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35

35 centrifuged for 20 mn at high speed to get rid of
any cell debris. 100 ,ul of the cleared nedium sanple
wo®ns@ssferred to a 96-well plate and 15N oPCT/EP2007/004940

PQ%? nitril was added to Wg,2007/ 140968
‘%PZOO?/ 004940 P12338 PC 61 each well. The sanples

cc-4\assssfé@zmsmbl4mssb&i 431@8@ a&ueemtrweérabrex)
erforrre anal ysed LC-MB.  The liq

supraﬁmsﬁ@ddgtha%% ECsy pémaw%?%qt@a fmzegr?"npotffémaér&%' were

defrbgfe@ EWPm@P\@ inth6 @Hld@@ TAY flatddd Was diiuté8 G RCVPBieRim to achleve
Deut schl and, Wal dbr onn, Gerrmn\q} conbi ned with

10%74=1 1005 matrigiel. (ngf@em@rygntglonz mgkigel wip addsd tgrﬂ%r-]we s and

incub8fed dt 3p%Sfo0dhial ’Pﬁ@@%lus%‘f‘%émbff@é%s["&%dr@é@ﬂéfefé adding
separations were performed on_a reversed-

Hcmmmmfumlsm@meﬂwmﬁﬁ% &GS R%@P%ﬁd@?@ﬁ“ﬁ@dl‘f@&eﬂs from 25
to 35"&y§5lddcglt&e‘§"v$erﬂe %l&?‘ﬁ%‘ﬂsbkt)éd b lﬁln@rrﬁﬁﬂi stfpels'iém B AhE

phase consi st ed (A % (v/v) formc acid_and EEP
m.

trangferegowith a(sﬁpm)ceﬂldmﬁe to %69'&6#% dishcaniaining \é'tFO'T'Fré me

The%ltgfgm%s(%é%yorfléepfa'io&@ﬁI@Eell%%tbﬂﬁfg%&%@g Eir?%rars'g)éll cﬂds@éfb and

werﬁsathsmdafm afvrrabplatssal RRyPUPRE Ware SYBeR Eraiediwih cgloiur and
Eﬂ?ﬁ(frg& bBBstr 19Rn &R 37¢c- ﬁ?&L 183t (BibeB) #¥296/3) 8n a heating

Purity precol um, g.the sane system and

P'atﬁn‘lﬂ°pef°p ﬁa@@n or ﬁ@"@g%?é ?5 ’é‘l‘“ ot e %§eseed|ng onto
dlﬁéfré‘rﬁrc%gﬁﬁg% éf'a"%a{}vbu’ pfa[é’&r@alhiﬂg Sr%ﬁné&:rﬁ\éﬁbplénﬁhfbd Withe20%

% over mn n ck to 2%
FCS) Afterpne damcluqt%rﬁémhu matcht@s!'kfe&re"mhqﬁ/aﬁtwa.t%rf@r%ﬁ{aee and

stargedl'%qﬁ g?@( 8RR BilksteR BAtoRAL 864 ThisWRisttrueXoP all alffére’:itiﬂ finds
respectively. Detection was erforneg“)(\n g
of cpanrmS@nqmpeﬁa@@tremt%ﬁém P%P?é?@fte keppellgoCM-medium

sup @He“%imm i(‘j%@C@Wb@%%r@ﬁgbm&ééraﬁ%éeﬂﬁghﬂ ﬁ\@dlum Cultures
i osystens/ MDS Sci ex, Concord, Canad

werg pepvidaskwvith fresh HEMi@adium exsry aiRseray. %@f a?vedg'cﬂ%#&
hep%f%ﬁﬁlé%ll& had RIsRedé thedbelRSPhéhémitocyte-like ce|ls were kept for 45

roxym dazol am and par acet arml nebul i s

dayg mRyituswitz etaingd liverdymieal merrhriesy: Jar0g Polyge gé““'\was

nucleFRa) ce'i’lg ﬁs&oF 18@@ 463 3Ad Were pESARCTOF R hépa&jwtecrblékérﬁ
0, and 20, respectively.

HN%BQ%@ pod GKdP (G fBe was -3 kV in negative mode for
4- hydroxydi cl of enac, and 5 respective 3.5 kV in
positive node for 1-hydroxym dazol am and par acet anol .

Exarapletl® col | i sion energy was set at -15, 39, and 21V,

Mefaﬁéﬁ%%%hé’;?dta’oyte’i% &Pkl i sion-activated di SSOCI atiuo
as al 5, 7, 'and 5, respectivel ns itio

153 Fejsrved BepEo/SUkbes ceAned KWESS&?&P pesnliRian profdols
wa%gteg?gﬂ% gbllft? fo ﬂﬂ'emb@ﬁﬂ?(?mr%éﬁ% Qmirlcﬁhl) d)lc[bﬁﬁel?abl(S%ﬂA) and

par acet anbl time of ns

Mldan@gmdﬁgﬁl\ﬂ% Mlﬁtth% phasqjlaqygpcgw gﬁq %rhzym 8%&15\% cyp2C9 and

SRRV tRe BBSLREN thddebrRURARRéEMeBIDORNES E FEhbEN
Cypg)éQSm ex An%\ﬁys? 1.4 software. v % resp °

Subglanpe ngh haTBSHAE WorganeaR i ot Sl MXPY KUNE PPl
hephtddyRS-Mdtcehd o mActl-ling SAJD2, SREGNS @n@fSA3ad WaRe Sested at an age

of 26 to 35 days. The substances were incubated as a cocktail in phenol red free
medium: 26uM Phenacetin, 9uM Diclofenac and 3uM Midazolam for 6h, 12h and 24h
at 37°C and 5% CO, Samples from each culture and time point were collected and
centrifuged for 20 min at high speed to get rid of any cell debris. 100 ul of the cleared

medium sample was transferred to a 96-well plate and 15ul of acetonitril was added to
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Cell Age Cypl A2 Cyp3A4 Cyp2C9 Conments |ine SA002

26-37 x x x WD 2007/ 140968 PCT/ EP2007/ 004940 P12338
wWeR0624968/s SA348 30-37 x x x days SA002.5 3BCBBP200%004940
p123asheseeded HCLC to col | agergql or matrigel days showed

Cyp 1A2, 3A4 and 2C9 activity. Exanple 17 Conposition

eac®iveh ynweae‘atmpaeé Werd oA Pibinkiadblite measreténty wWeye pérfdimed

a hepat oc s essential when analysing drug 5
a"dﬁt??%{g%c’ P\éﬁ‘%’ I\‘\éorder to predict drug netabolismin

vivo. To anal %/se how wel | the cyp- activity
nposi ti on of the hBSC-d yte-| I
eV e o o S 8 et S
columd%nﬂhgméiﬁq“ébﬁndlé’@@%eut@blﬁ]bﬁ@ WVQIaBroﬁ'\ﬂ/ G&m&d combined with

an Iﬂ,%QM, up@gté@@l\‘/lbc\i,é?ﬁ ”ﬁ% lylmsg’;ggdg% q%r%pﬂ For, y4D %%Qroxydlclofenac
and hﬁ%@ﬁ'&@)ﬂl@aidlé?ﬁ LGeéégaﬁéﬁlbhy @@rd pérorined obed feveisea- pﬁé@él8

hurman pri mar at ocyt Af t 12h
HyPyrith GE8 & TP ORBR AR B} E%Ipmﬂ%f?%&&ué‘cefé‘l f’&?éﬁo % § E 'I"!?%’”‘Y
0180&58&%9 nTied moBe Bms%bsanbkﬁaﬂ ofm)eo S%T(F\Wv?fﬁorw gcid and (B) 0.1%

repared and anal ysed y revi ous been
(viviessic a&@dm.q?e@x‘g% theg gavﬁén%q;fﬁffgeﬁem Wos MSFRSERHINgH Y -
frorrY‘@% mgaété@é# 3tr|ﬁfht Vb\%‘i\rbdc?@o B%LEtﬁ)rWWPE systems tested.
ivity conpositio et ween
Foreymegmq*yb@mt@g;aemww B?"?E’ Ei%p %"W%Pgﬁéf%ﬂa
(4.687" §e(9 %l%%lﬁﬁact ] wﬁifﬁﬂy@@ﬂy%it 8 b@c@l?hitnﬁeﬁéﬁﬁh ﬁ\gﬁﬂé/tsarin%sg%am and
I VI conposition o e t

MO8 AN hh e BRI MCHIEr FEMED R PP RRESH DO AiP HOHE
overL Himih, théh 8 31095 Bldr 4 miN, BHd &fen bdckZ@Z%(BnmlOﬂ #fn. The

rovenents of hepat ocyt e- like ¢

I's In or
retenfi (ES 1418 MESERIAITa Ay ez et 2B ppiacsamol were
2.9, 8231 8Re Bglgrn_lﬂjﬁt'&‘b@?th?%ﬁ@etévﬂoﬁ aab pbrflai&nalmtm aafilé quadrupole
use e relative e on levels o
masgesResTomater ARAOU HAIPRES BAR FIOHOBRAY MErera (PPl
BiodyRtinsae$ $&16x,i oo Danb8a)Thé WS operated at turbo heater
temperature at 450 °C for 4-hydroxydiclofenac and at 550 °C for 1-hydroxymidazolam

and paracetamol, nebuliser gas was (GS1) 50, 30, 70, and 50, respectively. Turbo gas
was (GS2) 50, 60, 70, and 70, respectively, and curtain gas was 20, 20, 10, and 20,
respectively. Electrospray voltage was -3 kV in negative mode for 4-hydroxydiclofenac,
and 5 respective 3.5 kV in positive mode for 1-hydroxymidazolam and paracetamol.
The collision energy was set at -15, 39, and 21 V, respectively, and collision-activated
dissociation yas ai 5, 7, and 5, respectively. The MRM transitions chosen were
309.9>265.9 for 4-hydroxydiclofenac, 342.0>202.7 for 1-hydroxymidazolam, and
152.3>110.0 for paracetamol. A dwell time of 200 ms was used. Instrument control,
data acquisition and data evaluation were performed using Applied Biosystems/MDS

Sciex Analyst 1.4 software.

Cyp-activity of different hBS cell derived hepatocyte-like cells from different ages andin

the absence of inducers.

Cell Age Cyp1A2 | Cyp3A4 | Cyp2C9 | Comments

line

SAQ002 26-37 X X X
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hepat ocyte-li ke cells. Cyp3a4 is an inportant

cytochrone p450 enzyne in the adult liver. It
W@ ast# es 60% of the phase | enzynes acti vi BCEHEP10A7/004940
pi2dfap@dul t liver. Albumn is2 highly expressed in

mat ure and adult hepatocytes. UT&2B7 is an inportant

phaseaylsl enzyme (glucurpnosyl tfansferase) of the

1 £ £\ oY V. Al L - LA
recvef o U Uypoda,  AFDUTITTI ViU

UUI 03 VEL . N bl 1
SAE00 71409(:8 PCT/ EP2007/ 004940 P12338 PC 63 and UTG2B7

i ndl i

npr ovea,

mat ur

ed and

potentially nore

SA0G2n ¢ @1‘ é?wal

ear | yayafarl

Xhepat qeyte- |

er for

hepat ob

Xe cell
ast-1i

Sesepiqr 41§ tpLolfagernd gr matrigel

K showved t@ 1AZ\ 3Al SHA AT activity.

Fevel—rm—HNF4atphagene expresston i ndicates an

i ncreased nunber of hepatoblast-like cells. High
Examgple3 of Al bum n C,yp3A4 and UT&2B7 and in addition a
Co decgteas %%%‘?)“ HNF4al pha wil | indicate a mature

TR0 % Y Gnal popul ation of HCLC. Total RNA of
Thewehipositiop bésyd-adivitylwithieresepagoayteois essertisbeher Aoalysing drug

met3§0i3 iR BegiE 36 bldtid Ao mbfsbofisth AGhE Toilile!Hi WEPERNSp-

actigymonesitish of thel hBRC-deérivethimepatdayte-likeeells mxmomdbat of human
lified i i

nee B bbby ek PhREcind Qo6 0 FhAPAE Byt anc

Mldazmam asm) f(nnetabompm byecypBAB seyPpREARNdRYp3Adh edspetiively) avere

ool B PSR B iy RS 80 fiTrmr

hephtoagtes kefegri 120 inmibatiorGaRbedrigcadstail samplesampeeollected fmdC-
|
MS ﬁg gﬁ?rlm §ﬁﬂ &et%tgc}hlt‘ees ‘g’ﬁé s%@%éegzwe:rg 'bre?%?&f‘éeﬁf%ml&é%d by LC-MS

as prayieus beart desgribed lm@xlamplez: thrJdneatyp\astidty qmqquloﬂ ayas analysed

bet\&gl %?X%rﬁe% r}%f }nlsqgsté&xxj met hod). The results

ent as a rfold change between a sanple
and the control sanpl e in the sane experinent. 20

Cyeereiy Sobab AT Rog G3F 42 DRSAABnO REoEs 2, e T

patocyte-|ike
cells. Different QBJdi‘\a i ypdide| €p2Ced,

_ hepat ocyte-1Ii ke
Hun?‘a?t éirm\air’fdeﬁat&‘:‘;h’és FgFe, I ONGEY, ] o9, N

cul tures,
L_nedium repl acenent was

rej £ y anal ysed,
Hepgioeytetikagells §A34%r at 78 and'Vnduct’n |f act ors were
tested etc. 25

The teference protocol for
differentiating hBS cells into hepatocyte-like cells
(simlar to what is described in exanple 2):. Day 1

Theh®p ammnscomqsnmmﬁ e Iyenatmcytaam@ gsilla was sinibar to the yp activity

cordd-2nskerred tq. J;IE. SR shes cont ai ni ng
""gl’tréHESﬂVI““'r'ré'd Té’?ﬁs‘h‘%(er with 4ng/ml 30 bFGF.

Dayl 0 50% of the rredl um was replaced with VitroHESTM
Ex nted with 4ng/m bFG-. Dayl 4-15
%‘at | ast-1i ke cells indicated by HNF4-al pha
Impst\aEimments)of lepataeytentkei aellshe  peri phery of the col ony.

In order to improve the hBSC-derived hepatocyte-like cells a screening method based
on real-time PCR techniques was used. The relative expression levels of four genes;
HNF4 alpha, Cyp3a4, Albumin and UGT2B7 indicated the improvements of the
hepatocyte-like cells. Cyp3a4 is an important cytochrome p450 enzyme in the aduit
liver. It constitutes 60% of the phase | enzymes activities in the adult liver. Albumin is
highly expressed in mature and adult hepatocytes. UTG2B7 is an important phase |

enzyme (glucuronosyltransferase) of the adult liver. Rising levels of Cyp3a4, Albumin



10

16

20

25

30

WD 2007/ 140968 PCT/ EP2007/ 004940 P12338 PC 64 Day20
100% of the nedi um was replaced with VitroHESTM
waeepwplieereht ed with 4ng/ m bFG-. Hepat ocyt e- | | RET/ERI0DF004940

p1o@dgp@ppearing in the periphgry of the colony. 5 One
of the key-elenents of the protocol is the very rare

and QETGEB 7 .neucét%nh@ec%e ngmagj;red Qﬁ?b@t@htléll?trﬁ(brﬁi’obr(fct'bﬁﬁﬂhypsmcyte-
| erenti at

ike 75, bilFRaPhats 71 evdrarealar Rep AR rTaTA FFORISver M
Hnga'lﬁhl’aegénEWprekswa indicated bk iferedsed nambdP of hdpatoblast-like cells.
Highy 6V Bl gh ABLTIE G SAg R TG, 8 A B Saepiassg g
HNM4algHeNviTadidate a itdtureS0Wi oreBURdtioAkIEpdpYRstion of BCLT. Tabl e

7; Fig.40-42 15 111 Medium repl acenent frequency
HCMmedl umand VitroHESTM Exp. 1 in Table 8; Fig.

Toté‘@%of*’@ll%@%ﬂdﬂﬂﬂﬁ&f@@ﬂt ERﬁ@&ﬂ, (Héé%ﬂ)w fob dBtafiled Hesdription)
0) t) I'x a ii LL LL ii § ’M’Wg

wasraale usirbingigagss Hizof Fiefhod OYA wae”b af?m%eémé'

RNAIsg@mpliks [Bsihg 6li§8dFPThdreblterthd cONA watQinvplBeQir a rédttime PCR

reaction using ready-to-use Tagman primers, standard program and apparatus from

Applied Biosystems.

For analysis the numbers of cycles (CT-value) needed to detect a PCR product was
normalized to the CT-value of a house-keeping gene, GAPDH, in the same sample.
The normalized CT-value was thereafter compared with normalized CT-value of the
control sample in each experiment by using the comparative C, method for relative
quantification (AAC, method). The results were then presented as a fold change

between a sample and the control sample in the same experiment.

Different parameters and culturing protocols were elaborated with in order to improve
hepatocyte-like cells. Different mediums were tested, hepatocyte-like cells were kept
for longer time in cultures, frequency in medium replacement was analysed, different

maturation and induction factors were tested etc.

The reference protocol for differentiating hBS cells into hepatocyte-like cells (similar to

what is described in example 2)..

Day 1 hBS cells were manually cut into pieces and transferred to mEF-coated
IVF-dishes containing VitroHES™ -medium supplemented with 4ng/ml
bFGF.

Day10 50% of the medium was replaced with VitroHES™ supplemented with
4ng/ml bFGF.

Day14-15  Hepatoblast-like cells indicated by HNF4-alpha staining is present in the
periphery of the colony.
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Dayi’@ E EQ0B6% ofth&nteffuniias répl@cedwitoViboFIES™ supplemented with
4ng/ml bFGF. Hepatocyte-like cells are appearing in the periphery of the

colony.

One of the key-elements of the protocol is the very rare occurring replacement of

medium. Intrinsic factors are crucial for the differentiation process.

Improved protocols
| Different mediums
HCM-medium from Cambrex - Exp. 1, 2 in Table 5; Fig.37-39

] Supplementation with maturation and induction factors
a. Dexamethasone Exp. 1, 2, 3 in Table 6; Fig.40-42
b. HCM-medium, HGF, Sodium Butyrate Exp. 1, 2 in Table 7; Fig.40-42

1] Medium replacement frequency
HCM-medium and VitroHES™ Exp. 1 in Table 8; Fig. 43-45
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I. HCM-medium from Cambrex is a serum-free basal-medium supplemented with single

aliquots of bovine serum albumin (BSA-FAF; 10mI/500ml HBM, cc-4362BB, Cambrex),
ascorbic acid (0.5mI/500ml HBM, cc-4316BB, Cambrex), epidermal growth factor (rh-
EGF; 0,5mI/500m| HBM, cc-4317BB, Cambrex), transferrin (0.5ml/500m| HBM; cc-
4313BB, Cambrex), insulin (0.5m1/500m| HBM; cc-4321BB, Cambrex), hydrocortisone
(0.5ml/500mI HBM; cc-4335BB, Cambrex) and antibiotics (GA-1000; 0.5m|/500m|
HBM; cc-4381BB, Cambrex). The medium is optimised for primary hepatocyte cultures.

Protocols where VitroHES™ was replaced after day 15 or 23 with HCM-medium

resulted in improved hepatocyte-like cells. The improved hepatocyte-like cells derived
from cell-line SA002 and SA348 showed elevated gene expression levels of Albumin,
CYP3A4 and UGT2BY7 (fig. 39). Judge by morphology the periphery of the colony with
hepatocytes is wider in the improved cultures and the cells are less steatotic (fig. 38).

For study design see fig.37 for protocol details, see table 5 exp.1and 2.

lla. HCLC derived from cell line SA167, SA348, SA002 were differentiated according
to the reference protocol however, supplementation with high concentration of
Dexamethasone for 8 days at the end of the protocol improved the appearance of the
HCLC (fig. 41A+B). In addition, a trend was shown where elevated gene expression
levels of HNF4alpha, Albumin, cyp3A4 and UGT2B7 was clear (fig. 42A). For study
design see fig. 40, study design C and details of the protocols, see table 6, exp. 1, 2, 3.

llb. Hepatocyte-like cells derived from cell line SA167 and SA002 were differentiated
according to the reference protocol up to day 21. At that time point medium was
replaced to HCM-medium supplemented with HGF and Sodium butvrate (NaB) for
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1. 0 |Ingoﬁar%e Slinftequent medium replacement for the differentiation and

maturation process of hepatocyte-like cells derived from hBS cells was tested and
analysed for several different mediums, among them VitroHES™ and HCM™-medium.
The reference protocol was followed until day 15. After day 15 medium was either
replaced three times a week or once a week. For study design see fig. 43 and for
details of the protocol see exp 1 in table 8. A clear trend was observed for all mediums
tested. Rarely replacement of medium improved the hepatocyte-like cells according to
morphology (fig. 44A+B) and gene expression levels that were elevated for Cyp3A4,
Albumin, UTG2B7 and HNF4alpha (fig. 45). Data indicate that intrinisic factors are
crucial for the differentiation process of the hBSC-derived hepatocyte-like cells.

Example 19

hBS cell-derived hepatoblast progenitor cells

In order to establish a hepatoblast progenitor cell-line, 15 days old hBS-cell derived
hepatoblast cells were isolated and reseeded on to different coatings. Prior to
reseeding of hepatoblast-like cells, wells of a 96-well plate were pre-coated with the
different coatings; mitomycin C-treated mEF-cells with a denisity of 17-20x10° cells/cm?
, collagen | from rat tail (BD Biosciences, #354236) or Matrigel (basement membrane
matrix, BD Biosciences, #356237) diluted 1:3 in HCM-medium. Coatings procedures as
previous described in example 15 for collagen | and matrigel. The wells were filled with
50-100u! of pre-warmed HCM-medium (HBM™ ,cc-3199 supplemented with HCM™
SingleQouts of cc-4316BB, cc-4362BB, cc-4335BB, cc-4313BB, cc-4321BB, cc-
4317BB, cc-4381BB from Cambrex) supplemented with 20% FCS. Regions of
hepatoblast-like cells from 15 days old cultures were micro dissected by using micro
scalpels from BD and transferred with a stem cell knife to a collecting dish containing
VitroHES™ medium. The micro dissected hepatoblast-like cells containing regions

formed small clusters and were aathered from several plates. The clusters were
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W@ apwplieteht ed with single aliquots of bovi ne BEFEPRI007/004940
p12@dgpdn n ( BSA- FAF;, 10m /500my HBM cc-4362BB, Canbrex),

5 ascorbic acid (0.5m /500m HBM cc-4316BB, Canbrex),
hep&tetye typital @hﬂ%l@rnﬁt&&t Edlhérrdludfé'ﬁE with, tﬁﬁi‘a(o’&%[ﬂlkéﬁﬂb with small

cc-4317BB, Ca ansf [ 0
"UC'EB‘I%’BBJ’°‘(‘%‘H‘(R“;‘rB trsel BHSTB! o= PHOBRH Kt el e malority
of tH%Ehe stike célVduslél%fgrbﬁﬁ A mEOwerd éthdHalpddRMe for the

35BB, Canhr antibiotics (GA-.1000; .
nep3ioBiag) BAGIT CRABI ST 1 1SS By Al Of 1R Bohaigpasi e cell
on dbﬂé?éﬁ IS rﬁéﬁ'lgﬁlrw&ﬁrpbsiﬂe@ﬂirwfgqF@ i @, e9). Both(hepatoblast like

ocol s where VitroHESTM was repl ﬁced after

cells,pn miEFRzcellaygnangdhgpaipblastika Qezla on£o matnggl coatnngs

shoh@@ﬁmﬁtpﬁaldo%mvé alikls, hEF\W@VérlTIWé RwethitRAIP Gyt Ahdiess
s derived fromcell-linp

SA002, and SA348
stropgiysiaingy IR C@%B?@gstp hePpigbBsLIkrCels BLRW'}P" "\éﬁgﬁ A B,
D, E3Nthd ldtd Bidiédte that AHRF- cémldg@r Haoemw atbmk/@@yeémﬁepatoblast like

peri phery of the col on tes
celly 17 3 w@gﬁwm*&&%%l wéile difie t'ah%r' ?fH@PeEﬁa a5tk %C?'Eé%w hepatocyte-
like SERAL Qlibwed bh @ollag@h.| anE%atﬁga@yatﬁ@sl gn see fig.37 for
protocol details, see table 5 exp. land 2. Ila. HCLC
derived fromcell Iine SA167, SA348, SA002 were
Examplie@oenti ated according to the reference protocol

however, supplenentation with high concentration of 20
Funplionakgfug-A54158ORS 8 days at the end of the protocol

FunktibHaP ¥eting R&yardiRG BaAsscRteds |ntHIBSC b’éiluféd(rfdpgtooéfbﬂlrkB)celli were

addition, a trend was sho %{I e{Eevalh] % ved
analyspd by applying|indacyanipe oreeRAle tRI 2 re%ag Aas djgsolve
in dHﬁr&ﬁgtéN%Swét'eﬁﬂf a tbhdntrdfdd of fm@lrﬁltatdlytheréeﬂemlumen medium

st udy deS|

to asf@@l @cmgp@tr@tloneg{d r}zTh%l&dC? gglwlclgpl v?/ggﬁg(ﬁ%ag%g tpglﬁcéult%’re dish
andGRtdpateteat 37ed 1o éﬁ'ﬁr&)@*nbtelly 6@mﬁ¥éﬂ&7 ARBHthBAGELbavier ¢he cells

differentiated accordin 0 E%g r ef renﬁ:? Ipr?toc I| §
werg ginged, with phagphalig,puffergd s %' edf ularein ¢t was
exaliiNddRith 5 Reved Rl oBIvpe dHBpAtBoy Nk @e@llsSmieumduuttakeam;ethe ICG

(NaB) for WO 2007/ 14 9%8 PCT/ P20 7/0 40 tﬁl%ﬁ ||3C
dyehieh suggpsis thepeseare &f lypctanel dryg dr rg pthin the cells
(Fig#9)! acement for the differentiation and maturation

process of hepatocyte-like cells derived from hBS

cells was tested and analysed for several different

medi uns, anong them VitroHESTM and HCMIM nmedi um  The

reference protocol was followed until day 15. After

day 15 nediumwas either 5 replaced three tines a week

or once a week. For study design see fig. 43 and for

details of the protocol see exp 1 in table 8. A clear

trend was observed for all mediuns tested. Rarely

repl acenent of medi uminproved the hepatocyte-like

cells according to norphology (fig. 44A+B) and gene

expression levels that were el evated for Cyp3A4,
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Al bum n, UT&B7 and HNF4al pha (fig. 45). Data indicate
that intrinisic factors are 10 crucial for the
WQIRG07/440968 | at i on process of the hBSC-derived PCT/EP2007/004940
12%@% ocyte-like cells. Exaggple 19 hBS cell-derived
epat obl ast progenitor cells In order to establish a
Claiffpoat obl ast progenitor cell-line, 15 days old hBS-cell
derived 15 hepatoblast cells were isolated and
reseeded on to different coatings. Prior to reseeding
1. AQe! PBpakHH é'ériveh'fkﬁn RBS IcBils, Wlekein af |east%°mf ihefens i the cell

were pre-coated with the di fferent coat nrg
popwﬁ\ttmm'mt @lﬁ@%&ne&f therfollwing chararterstis filaiia-J-agfitrypsin,
Cytokbrad ) BiNrebbeta CABumin &raliverdiftyJAcid-Bifdingt Protdin atdihe cell

Bl osci ences, #354236 or Matrjgel (basenent nenbrane
popyigtion has @@eﬁt&yeP@ﬁH@st' %B@Q'féﬁj‘afﬁcﬁﬁ%%? 1:3 in
HCM nedi um Coati ngs procedures as 20 previous
described in exanple 15 for collagen | and matrigel.
A. Drugtragsnostefiere filled with 50-100pl of pre-warnmed
HCM medj um (49R0MEWM P/@@rtﬁé88||sséuhmltq:rr3trétrﬁ&udf¢rtdenu%mss|on of
Si ngl eQouts of cc-4316BB, cc-4362BB, cc-4335BB,
cc-4313BB, cBSER21 BB, cc- 4317BB, cc-4381 BB from
Cambr ex)y supglies® ﬁb/@gf the LISt Brotelfeandirsgedle expression of
hepatobl ast-like cells from 15 days old cultures were
mcro di ssecVBf2 by using mcro 25 scal pels from BD and

transf gy ed él\"léé"sta"@bﬁﬁé ¢eld exfidiff groteth andier deretdxpeession
di sh contai nin | troHESTM medi um The mcro

di ssect ed hegéﬁlstﬁ ard/on PREPEs| | s cont ai ning regi ons

B. ljrg{;mat?d@l'nb eq.;&y,ﬁggrs and were aathered from several
plates. The clusters were 9% 7/ 140968 ;
PCT/ EP28D7/ 0@l4easy 20f4 9'3he cplts %ﬁ‘e‘iﬁ%&e&%%’t%&?@cﬁé‘l‘”ess'°” °
characteri stgg$ Af_qat her cI ust ers with hepat obl ast -I | ke
cells with small 9 errE- f
| ayer (Wig. 43t Iga¢t2§,,{¢d oktheLceII§ ﬁg@elapfq &R apﬂ rﬁgT%gmrﬁssuono
of the hepat chégs%tzdfltk@fom&win cdwweswz QVEAS) A 2BEF-2C8, -
wer e st ronglg ositive for t %t%l ast marker
CK19 (Fi g. 47289, RE19#BPe-2k o?fﬁ‘ba%fl of the
hepat ob\;pst Atk 06% & tl5e @é]lsQib' Aoﬁt@elmbit pediein atifor gehe
were positive for CK19 gl; 47 G . Both
hepat obl ast -$5PRESSIF| RTHEF- cel | Iayer and
hepat obl ast-1i ke cells on collagen | and matri gel
coati ngs = showed HNF4al p Fosltlve ucl e] . ht(])wevtefr t ‘ f

2. A ¢all popuiagien ﬁaaormeg@fslaﬁnaw ergitihe &8¢ PORYIqHRp atfeast one o

sam?H@gﬁ%sﬁ&‘fér@dha?é&@%h@éjaﬁd)aﬂémbﬂb lofisaid Idrliemeedbloism
grown on nEF (Fig.47 A, B, D, E). The data indicate

charad@ris¥es- cel | | ayer have the ability to keep
hepatobl ast-li ke 10 cells in a progenitor state while
di fferentiation of hepatobl ast e cell

3. AegtacsSiaten aePRENSAPREY PLORIT WBHE G Ei o B Ronifon has at

leadtBblr 96dh S0l RYRasERBIIsaidShaFaotetistienal drug
transporters 15 Functional testing regarding
transporters in hBSC-derived hepatocyte-like cells

4. M@élﬁpo@mbﬁ%%dorlalhgal Riny ioh thel pré@airayt|siensg waereir( 1H8Gelldy e

cultures. |'CG was, dissol ved
populatlon has all six of said characteristics.

5. A cell population according to claim 1 or 2, wherein at least 20% of the cells in the

cell population exhibit at least one of the following characteristics Alpha-1-antitrypsin,
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in distilled, sterile water to a concentration of 5
mg/ M and thereafter diluted in nmedium to a final
wa@acasosati on of 1 ng/m . The |1 CG sol uti on WaBCHEB2A7/004940
p1238 Edhe cell culture dish gad incubated at 37C for
approximately 60 m nutes. After the incubation, the
Cytdketdtin 130 H\F-Bbeta NEBGMIN driLieRorpAlcR!-Binbing mdtewrdbnd the cell
(PBS), and the cellul ar uptake of |ICG was exan ned
popylatief hassthe fRllPWiRG PR REBESCRepat ocyt e- 1 i ke cel |'s were
able to take up the ICG dye which suggests the
resence of functional drug transporters within the
A. Deyg {ranspofefs. 48) . 25 WD 2007/ 140968 PCT/ EP2007/ 004940

P12338 jiRC 72t{da3t 1% ofthe LelkadxhibitePihatidnally S&tve\GAIT P-2aihd/or
hBS cell's, wherein at |east 20% of the cells in the

cell popul dPABR8exhibit at |east one of the follow ng
B. ml@ﬁ@ﬁﬂiéiﬁ%bﬁﬁyn{’é@haJ -antitrypsin, 5 Cytokeratin 18,
HNF- 3bet a, bunmin or Liver-Fat ,tb?/-Aci,d- Bi ndi ng- Fé{étei n
and t héVlcel 1at1gashaP%of dhe sells expibjtdupgtiopafactivipyrof GRIA1-1
fol I owiyyg siat |&ddano%t 6f theiceRSexhibill Hihclibridlg RefiteeCep1A2,
at least 1 %of the cells exhibit pr%tel n and/ or %ene

expr essi on d¥YP3fd angigs CypR{-9,mepaiyed by apalyzing ihe dgio| s

exhi bit protRtpaKkeéd.or gene expression of MP2, iii)
at least 1 %of the cells exhibit protein and/ or gene
expression QOATP-2 and/or QATP-8, 15 B. Drug

6. AR 3BPLIaBOM ScRRENGRSclav 13k 2] WRsTkin2A %62t 75Reofaied tells in the
exhibit protein _and/ or gene expr ?\Eq%@on of GST QIP 1f )
cell pyppyatiqreedibitihgfellowingchasagterslicn ARNe-1RRHIBPRINa ffickpratin 18,
HNELSHStaCXBURHS bV Fat§tAdigBHiding-Plotdiil @nd td €M ptgpulation has at
CYP450s -1A2, - 2A6, - 2B6, -2C8, 20 2C9, -2C19 -
leasp iy following charagteglics. 3A7, vi) at | east 20% of the
cells do not exhibit protein and/or gene expression

of GST P1-1. 2. A cell population according to claim
A. Drug {{pesrRartérs he cel | popul ation has at |east one of 25

sai d dripg transRenbe oftha ek éxhibitd fuAciorallphctiveaGATR2e
of said drug netabolism characteristics. 3. A cell

popul ati on aMMPALP®E any of claims 1 or 2, wherein
B. Orl§ nfe@bBoliBipg ehayrheés has at |east four, such as, e.g.
at-least 11 Ve ot 330 hS Cak Sl ional activity of GSTA1-1
V) at least 50% of the cells exhibit a functionally active Cyp1A2,
Cyp3A4 and/or Cyp2C9 measured by analyzing the drug

metabolites.

7. A cell population according to any of the preceding claims, wherein characteristic i)
is valid for at least 5%, such as, e.g., at least 10%, at least 15%, at least 20%, at least
30%, at least 40%, or at least 50% of the cells.

8. A cell population according to any of the preceding claims, wherein characteristic i)
is valid for at least 5%, such as, e.g., at least 10%, at least 20%, at least 30%, at least
40%, at least 50%, at least 60%, at least 70%, or at least 80% of the cells.
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30 4. A cell population according to any of the
precedi ng clains, wherein the cell population has all
W@ R0070409681 d characteristics. 5. A cell popul aRE€THEP2007/004940
progygr ding to claiml or 2, mherein at | east 20% of the
cells in the 35 ceI | popul ation exhibit at |east one

9. Aafeutggg%l/&%dog%ug%n fdrgc of$7% gteicédlné\lcﬁhﬁs Mmélhtdham'tdnsnc i)
is V%@fﬁrk%tr %ﬁqt LY olgucl'p_m; %gjeggeaﬁf' fg 3’03% a% least 30%, at least

40%; ia¥ Rlas8b%Y at¥ehst BORIaNgadl PO%] dsr aﬁnéiastt Be%CHlthe cells.
popul ation has the follow ng characteristics A Drug

transporters 5 iii) at least 1 %of the cells exhibit

10. A cfall‘géf)ul@ﬂﬁ{ adkoritd tbearf?%'f%éz?l%eédlﬁg clafPhd, RvHer&in chat@teristic

) IyRHIOHPY 2eAR! 0% S et 16,94 A iBPold 7f68b§5]’§t gtﬁl%%éﬁo% at

least P8%:0br 4theat@obsofandickld a functionally active CyplAz,
10 Cyp3A4 and/or Cyp2C9 neasured by anal yzing the drug
nmetabolites. 6. A cell population according to claim1l

11. Nceﬁpotiﬂ(ﬁléf&i ébﬁ%dnt{\@ﬁéng&?’?@ﬁrebbﬁn ¢lalirfis,iwhdréia chéeicteristic v)
['ati on_exhi bi e foll ow arac ristic
s VB GRBAUCRR P00 9HS 5. &1 BURRSIAOHP. BAes e apt el B, at least
709%\ dp YileBstBO% bF he-defté t Y- Aci d- Bi nd| ng Protein and the
cel | population has at |east the followi ng

characteristics A Drug transporters iii) at |east 10%

12. Afceli Iﬁ@p@lﬁlldrﬁa&bmn% to @nyf afNieé prdadihy cRrhs WehdréifiRharackhistic
and/ o Drug net ab

vi) i é%i@rfoeeb}@%?t 110h/e o 5. & i east oty ?@%%5%8& .%Fe?ﬁt K%, at

leasEB0RL alllead)6Bh, dt Rt 7607004t 1641t 80% dithexblisbi t a
functional |y active CyplA2, Cyp3A4 and/or Cyp2C9
nmeasured by anal yzing the drug 25 netabolites. 7. A

13. ﬁQ!eh pBB@IHh@H h&YdrdRgG & Shyner the pfﬁ%ﬁdlﬁ@ cldirts mmeudlaugaast about
. wherein characteristi gg% id, for %?
0/9 é%}gh agof- 9 akigastaboyt 40%, %ttleqasé utliltg% aglleqségg?ut 8, at least
bo@f 7(5%‘aﬁle?&%o@%d"@aeﬂtleasgg%ut@b% %ﬁ&t Ieéﬁ%boot’ 95% df emsdells in
% of the cells. . A cell |on rg)thnglto
the ﬁﬂ'i/PfoUHtWQ eefp@éé &t l?@swaq ﬂféhe %H'EY"E] &
antltr%ﬁsm i Sytoi@ratth 18HN#-3b&tasAIbain &m%ra?atty%c{ijd Blrmiind P@tdin.
o at | east 20% at |east 30% at |east
14. A cell population according to any of the preceding claims, wherein at least about
5% of the cells co-express Cytokeratin 18 and CYP1A2.

15. A cell population according to any of the preceding claims, wherein at least about
5% of the cells co-express Cytokeratin 18 and CYP2A6.

16. A cell population according to any of the preceding claims, wherein at least about
5% of the cells co-express Cytokeratin 18 and CYP2B6.

17. A cell population according to any of the preceding claims, wherein at least about
5% of the cells co-express Cytokeratin 18 and CYP2C8, CYP2C9 and/or CYP2C19.

18. A cell population according to any of the preceding claims, wherein at least about
5% of the cells co-express Cytokeratin 18 and CYP2D6.
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40% at |east 50% at |east 60% at |east 70% or at

| east 80% of the cells. WO 2007/ 140968
WOeON/ERRED7/ 004940 P12338 PC 74 9. A cell popedHEP29NT/004940
P12 ding to any of the pregeding clainms, wherein

characteristic iii) 1is valid for at |least 5% such

as, e.g., at least 10% at |least 20% at |east 30% at

| east 0% at |east 50%, at |east 60% at |east, 70%
19. 4,25 populatn dtoarit loRrv i preseding Sams WhesGRal lepstapout
5% B ceildEh-bprasy Cotokératn PBeeEWYRRE. ai ms, wherein

characteristic iv) is valid for at least 30% such

as, e.g., at least 40% at |east 50% at |east 60% at
20. hea# bog@atiorPdccdtdihg &Sdnyedl theprebbding elairds, wihereid a¢ itlakt about

., popul ation according to any of recedi ai s,
5% %‘g?éﬁpﬁ E‘hﬁ%‘%&?%&)"é‘??’@"(})m apg q\}s'g}i?%‘ﬁp?r&ﬁ?rg‘#%g?&*east
30% such as, e.g., at |least 40% at |east 50% at
| east 60% at |east 70% or at | east.80%.0f th
21. pgell gopulationsacaarding o RNY-RithsPrecedig Pf?g“%-a"%ﬁ?"&? Igfkabout
5% Bf e edildBavdl &ilast onb ef Blefolldandadddtidril tisaravte)istics val i d
for at least 10 % such as, e.g., at |east 20% at

| east 30% at |east 40% at 15 |east 50% at | east
A. @&&’Y,mat | east 70% or at |east 80% of the cells. 13. A
cell. popul ati on according to, an f the precedin
ol gt 1og &% Phing coladibILpGIR 2ad)of IR RPEESSIan of oMt
B. IhterellulabsdHesit%olatulb east about 50% at | east about
60%_ at | east

bout 70%  at |east about 80% .at
abotid 2bissst s o5 he s EXB AotTBANGIe” BRES BETFASPOLE AN
C. ﬁm?n@éﬁougmﬁgn@m@n express at | east one of the
follow ng ¢ '

ol 0 R oLl S SRl i SRR o o,
D: TraNgriplieH fagtofici d- Bi ndi ng-Protein. 14, A cel |
popul ati on_accordi n ecedin

to any of the cl ai ns
wned et Ieast 90% 8L theaslis exniBY g proteie a0Blor 9o0s SaygrERE of Oct4.
Cytokeratin 18 and CYP1A2. 25 15. A cell popul ation
according . to any of the cedi ng,cl ai erein
22 Pd pordatien 2GRS i daEbe anise i SLCPuapEiRR et e legst wo.
sucARd, £EYPAAGast Iree fofehbtachaiBtidsatii) oilii)ag); of #).ng to any of
the preceding clainms, wherein at | east about 30 5% of
the cells co-express Cytokeratin 18 and CYP2B6. 17. A
23. pddll pepMtich hedbréing ® ShyeF diamsy wv22( Whereirethediel gopulation

cl ai nms, wherein at | eas5t. about 5% of the cells
has gl fayrpf charaelaristics i iN1%) h¥) cyP2cs, cyP2C9 and/ or
CYP2C19. 35 18. A cell popul ation according to any of
_.the preceding clains, wherei.n at least about % Oof ..\ .
R L S e O
valia%ﬁalh 1P 66 % ClERrE2 Mg @OIéSﬂOZfO"/F,’bZBa&@t %74t 1886t 40% edtlleast
Jopul ation accor dj to a t r di.ng. cl.ai ns,
s0%hii ah 0. FUBST 1000 FeoBbief orl et PRy M B
Cytokeratin 18 and CYP2E1L.
25. A cell population according to any of claims 21-24, wherein characteristic viii) is
valid for at least 10 %, such as, e.g., at least 20%, at least 30%, at least 40%, at least

50%, at least 60%, at least 70%, at least 80%, or at least 90% of the cells.

26. A cell population according to any of claims 21-25, wherein characteristic ix) is valid
for at least 5%, such as, e.g., at least 10%, at least 20%, at least 30%, at least 40%, at
least 50%, at least 60%, at least 70%, at least 80%, or at least 90% of the cells.
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5 20. A cell population according to any of the
precedi ng clainms, wherein at |east about 5% of the
W@ 2007840968 expr ess Cyt okeratin 18 and CYP3A4 anBTEP2007/004940
p12538A7. 21. A cell popul atign according to any of the
precedi ng cl ains, wherein at |east about 5% of the
cells have at Ieast one of the follow ng additional
characterjstics 10 A. Receptor vi at | east 5% of I\’k&;
27. psrll goryalias) ?CCBFQB@@%’B(MPE"H’“@8?1@6e¥2’5?'@§b‘?'l%a‘8?”%'° {s valid

forﬁuealsﬂﬁﬁ%ceudwé@@ gf)\dé}ﬂéés@ao%obﬁl%ét%d% idt)eadt 409a%t 1% 50%,
he cells _exhi protein and/or g}ﬁr;e expr essi on of

at 'qaéiﬂm"é at laast 20%patiganbatieashP e Jicel®) at 1 east 1
% of the cells exhibit protein and/or gene expr eSSI on
UGT, D: Transcription factor x) at |east 90% o
28. Ah:@" pepylatienagasrdingto q;ryOqféh%p@ﬁa¢'69 clime Whgseindig 6¥Pf6$8'°"
of aQEBstAone &%@éYP@SG?HtenHQ RUh&idine up6s aaditioof 4h baden
1, wherein the ce popul ati on has at | east two,
such as, e.g. at least three, of characteristics vii),

29. K'dell)populéﬁon QécoYdlng ?ogany%fQI@é breREdiHY 3lairR8 et &ih Ahé'Expression
an cl ai ns wherein the cell ulatlg
of Qﬁiy Ahﬂm@&aﬁ%’*‘ Mahbi»@&'@fr aretinducitle ppon 9?"?’{0 1 ofj gy indyger.

X). 25 24. A cell population according to any of
clains 21-23, wherein characteristic VII) |s val | d
30. Agiell gopviatian acayrdipg ta Al efslaims @1-29 wheeeisth eﬁa%esétm of UGT
protleﬁﬁﬁﬁnd%g%le @onl KRftlon W Un idduckpast  50% at |east 60%
at least 70% at |least 80% or at |east 90% of the
cells. 30 25. A cell population according to any of

31, Se\' c@nfﬁ‘ép%r&ﬂacmﬁ&&awr@&ﬁ@%%o whetdit Jhel ifduceald sblected
for [east 10 % such as, e.g., at |east 20%

from &wroemensmtmseég@xwwa%&nel e@gPrazsle%"Oa? of KM e‘é@%m
at least 70% at | east 80% or at |east 90% of the
cells. 26. A cell population accordi

32. A\ ol pepolatiosaceRrding thamnefrdaims 281, &vhr%sam fhe i 6‘2.%“%9& comgrises,

R|fJﬁ35|C|ﬁt Démthés@neSBE%)@Eherﬁ)bﬂrbltaﬂEﬂhaﬁ@‘ﬁtOrﬂa@ﬁfaz@é angast
% at | east 30% at |east 40% at |east 50% at

Isonigzidt 60% at | east 70% at | east 80% or at | east 90%
of the cells. WD 2007/ 140968 PCT/ EP2007/ 004940 P12338
PC 76 27. A cell pul ati on accordi n alll ns

33. 2\1ceﬂe>opm§%?ﬁ3%¢fae é%?félf pidhe EF%PFd'i"Q m?d"’ ‘%/' tﬂ? ce

poﬂu%éﬁ exRibfits SHE MBS acBvif-of alleabBdiiel of ARC YRU5D pastein8aPo
| east 40% "at | east 50% at | east 60% at | east

Chamﬁr'sélFVP east 80% at |least 95%of the cells. 5 28. A
cell popul ation according to any of t he precedi ng

cl ai ms, wherein the expression d’iﬁ east one 1
34. Aveliwpylalier PReordiag 1o anepbhe P[&fsﬂma DS ORNIPMARe el

populfiBAS Exhibits GST enzymatic activity.

35. A cell population according to claim 33, wherein the GST enzymatic activity is at
least 0.4 umol/min/mg, such as, e.g., at least 0.03 umol/min/mg, at least 0.05
umol/min/mg, at least 1.0 umol/min/mg, at least 0.07 umol/min/mg, at least 0.09
wumol/min/mg, at least 0.11 ymol/min/mg, at least 0.13 umol/min/mg or at least 0.15

umol/min/mg of protein in a lysate of the cell population.

36. A cell population according to any of claims 21-35, wherein the cell population
exhibits UGT enzymatic activity.
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29. A cell popul ation according to any of the

precedi ng clainms, wherein the expression 10 of GST
WO\R00T/1401968 or GST ML-1 proteins are inducibl e UPGHEP2007/004940
p12@Pd i on of an inducer. 30.,7A cell popul ation

according to any of clains 21 29, wherein the

expr ession of UGT protein is inducible upon addition

an inducer. 15 31. A cell rp | atj on according to
37. éﬁ?" BPM’P%WQ@@'%” et é”'ﬁ’npteli-‘lgél NG glaees: "Yh?’%lség’t

poplilBfeR isRRtGHea WP vierB ST Rlddtd oRé nibARRRN FR7AIRed characteristics.
oneprazol e, alone or in conbination. 32. A cell
popul ati on according to any of clains 28-31, wherein
38. Alegll bB&Hétﬂfn ngf@any dﬂtﬁ@a@bsd.ﬁg cBﬁﬁ@fm{e'?@ﬁ @aa,ceu
Desoxyphenobar bj t Et hano vJor azal e ag
popylatien izuliuredan vilroden at 'm&en%mesh 4B SRR tcaawref'cs
the preceding clainms, wherein the cell population
exhi bits enzymatic activity of at |east one of the

39. &w&semﬁawbamr%mg (el diepreseding &ba'm%sfvfz?ziem&a@e%"

popBIaRH RtduRlredGk QitrdifBiatliSast 7y Helirsiith PEREAREDEhHhGEMicS.
wherein the cell populations exhibits GST enzymatic
activity. 35. A cell population according to claim 33,

40. NE%TI %bﬂulbhfh é%%-grcﬂﬁlgzmy‘ oF tﬁ’&bﬂe\éé&lﬁg cRirs, whtbeiheartcdl. 4

/ prol / m n/ nyg, | east
popglation further ?PFFH???&S ag{hq-fgggpro@lrog, Nmol / mi n/ ng, at | east
1.0 Nnol /min/ng, at |east 0.07,unol/mn/ny, at |east
0.09 Nmol/mn/my, at least 0.11 ,unpl/mn/ng, at
41. Aesall populaton\ BT RNYGR! the PieSEding 6la1S, VQ}%“?P&PW/W&
popQIfatl@r'i %tcﬁitélnéd‘mathé YrteAc®bf feBercll$ sBEHEE Rlirham or ouSéfeeder
cell popul ation according to any of clains 21-35,
Ce"%vher ein the cell population exhibits UGT enzymatic
activity. WO 2007/ 140968 PCT/ EP2007/ 004940 P12338 PC
77 37. A cell popul ation accordin any
42. Arcell @apwatien am%denwrai of tE%PEP"E%’%Q c %&M%’F‘Bﬁafdsce"
popbilatibh [sesbtaiRed infthe abSénddlof f@dtet care nonth with
mai nt ai ned characteristics. 5 38. A cell population
according to any of the preceding clains, wherein said

43. ﬁec!elll pBBQIHhéH h&ddrdifig fdJ-hZ WiHeih Baidi dell @of)@létléﬁ isl dbsihedising an
mai nt ai ned ¢ aracte

extrpe@uraamsﬂx Adhespinisag matrix/sof f'f‘ﬁ%°b‘n"é‘@i'8??1§°'8f’8?'ﬂ%‘

wherein said cell populationis cultured invitro for
at least 72 hours with |nta|n C cterls G5 }q
44. Acpell ROBUBIOTBHPIAES AR RIGHRITS d2105 2Any g 70 el population is

obtﬂﬁ@&@gh@g pldsBit GBI cukipé %QseSﬂiadlst@bled dwuhuhradidm»th one or more
further expresses al pha-feto-protein. 41. A cell

prots#)suplgne SRINREMINARE t 0 any of the preceding cl ains,
wherein said cell 15 populatlon |s obtained in the

presence of feeder cells sucfh uman or nouse, f eeder
45. A cell population according to claim 44 erein the one or more proteins are

selected from the group consisting of collagen, laminin and combinations thereof.

46. A cell population according to any of claims 44 or 45, wherein said cell population is

obtained using a 3D environment, such as a porous filter.

47. A cell population according to any of claims 41-46, wherein said cell population is

xeno free.
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cells. 42. A cell popul ation according to any of the

precedi ng clainms, wherein said cell populationis
W@Rioai#968 i n t he absence of feeder cells. 20 4BCT/AP2981/004940
P12 ation according to 42,;,gwherein said cell

popul ation is obtained using an extracellular matrix,

48. N%en abpméﬁurddémba |fr>én1 ﬁssfcewbewhe&ﬁh 81 1e8OEBoUN €M% of the cells in
nposSI| tion. 44 opu ati on accordin

n
the GHLAARIIONGPIESS charans Sl ebrin B ATFAT R e ToRg ative
cap&iyaindane B8N Peptatidhatssiat 1Bt twdCailthe/ fowRgTRE chbrictdristics:
coated on the inside with one or nore proteins, alone
or in conbination. 45. A cell popul ati on accor di ng to
A. Ré@per44, wherein the one or nore proteins are
selected fromthe group consisti ng of col |l agen,
| ard #lileasinde eldhe oAl PEYRIt RTAtER#Id/Or gapeAxPregSIog|qf alpha-6-
PORAtkglin,on according to any of clains 44 or 45,
wherern salod cell population is  obtained using fa D
enVi) ebigaeint% ok therrelis exhipibpralin PPP’PéEe"QL?XP'%\S%%T ptc-

B. |,|i}@ﬁ;@||@5,l éuhe@%%@léageto any of clains 41-46, wherein
sai d E)Opul ation is_ . 35 xeno free. WO 20 0968

PC‘I“I)EIbﬁ?Gf? Boof apcelis £x8ib preteingangeor eApE?éF'P”yS’ thon
C. ﬂgﬁgc\qsﬁo,ﬂa@thS ceI I s wherei n at | east about 10% of

the cells in opul atijon ?xpress at g@:t opg
of iNgtignst AOérﬂi t'N:?B"érﬁif Ri\PEOtBINANAfQE reéme\?é'oneég' ¢ gipha.
and the cell population has at |east two of the

follow ng five characteristics: 5 A Recep

49. P PORUIBY T as9edipg g S s tYherelp dheesel RaRy SaRlagPn @éﬁé least two

oftr%ferlsﬁ.ﬁ]t;%ﬂa@fcteahma 6- integrin, ii) at least 1% of
he celT's exhibit protein and/or gene expression of

A. Beggptor B |ntercellul ar adhesion nolecule, 10 iii) at
| eapkt 1436taPs bhlﬁe‘é@llé éxtﬁ%hﬂ)r’@téin B @b éhedd)ibt€dsion of alpha-6-
expressi on of 1, C Transcription factor, iv) at

| edB€91DY% of the ceI | s exhibit protein and/or

exnr) @6 a8 Bfof tdcells akmbBR protdif -and/of @khe PRNBESSMH Ofic-Met,
ccording to claim 48 wherein the cell popul ation has

B. 'Btﬁfqeﬂﬁﬂa@%?o”l@d@?“ Bhe fol | owing characteristics: A

Reqr?)pét@éaslt Y o@dt theaeslls exhWitdrotelrearidr exprossiohidf IQARIE R N
I'or gene expression of alpha-6- integrin, ii) at

C. Tr@mlpgom/ga@fort he cells exhibit protein and/or gene
expr g &t 188stofoss ofMBE cells exhibit protein and/or expression of HNF-4 alpha,

D. Cytokeratin
v) at least 1% of cells exhibits protein and/or expression of CK19,
vi) at least 1% of cells exhibits protein and/or expression of CK7,

E. Epithelial cell adhesion molecule
vii) at least 1% of cells exhibits protein and/or expression of EpCAM.

50. A cell population according to claims 48 or 49, wherein the cell population has at

least three of said characteristics.

51. A cell population according to any of claims 48-50, wherein the cell population has

at least four such as, e.g., at least 5, at least 6 or all 7 of said characteristics.
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20 B. Intercellular adhesion nolecule, iii) at least 1

% of the cells exhibit protein and/or expression of
WO @ARM40968 C. Transcription factor, iv) at | easPCI/BR200T/004940
p12idascel I's exhibit protein apgd/ or expression of HNF-4

al pha, D. Cytokeratin 25 v) at least 1 %of cells

52. R08II BbpHattirPARLRIiRG & &y SDERIMS 383, Wﬁe@ﬁilcr%ractéhétlcaﬁ |s valid
ast 1 % aof cells exhibits grotel and/ or _express

|l e
for %ﬂeaekﬁ% such as)iergh el le@st 1004, ablgrelst Qb atorast 06, ot 'reystaﬁO% at
least sa%t atli¥a&if6008 |t oK PORI hiSle Rt @0, Br aNIBASIO0YK BY BE T

of EpCAM 30 50. A cell population according to claims

48 or 49, wherein the cell population has at | east

53. ﬁ\%ﬁ‘%o@ulaﬁ@i s ?Fd &y SHtldirhs 45—’52 PhERIiA cl'w?ﬁétbﬁéticmlﬂ is valid
accordi ng any | ai N5 48-

for & dgast ava, éHC’ha% & Gt af Igastt! 0Pk @t 'eéatc?P"/asat?%aSé 30%a?t 'r«*a%ts‘{O% at

leas? 509 al 1BASt600, At 1tist 70%0ht 1884t B0 BF aEle8Et V% BFtheT21IINO
2007/ 140968 PCT/ EP2007/ 004940 P12338 PC 79 52. A cell
popul ation according to any of clains 48-51, wherein

54. Rrb%fl é%l%il&{ éé‘coh)u /gb o 5@) éf%laﬁh@ ﬁ85§3 Wﬁéﬁe‘in &%ra&éﬁﬁucﬂ@ is valid
| east

for qtdgast 5%@%!%@8 %a@tt'esﬁ%o%atat leéa?s%o"/eo%'e%stt 3P‘2é=a§t 'e%'o/%o"/o at
least 5042 abloaSt®% At Ist T6RS ht 18890808, pat least 50% of Hié-cefls.

cel | "popul ation accordi ng to any of claims 48-52,

wherein characteristic ii) is valid for at |east 5%

55. ﬁ%h p@?ulaﬁ'brgacco?élné Paly éfQ%|m§t4815ila%e%(ﬂ9/@ha?bctbﬁ§t&tw) is valid
| east 40% " at I east

for aldeast 15y Euch 25, 6u L1595 S0P, ahieaL I01e. BbGRBY A hea st E0% at

leas%ovﬁa%bét PP WLt ¥ 4P BORC 6P&1IES 9D% G¥ible BéIIsC! ai M8
3, wherein characteristic iii) is valid 10 for at

Ieast 5% such as, e.g., at least 10% at |east 20%
56. %tcelu%P&laﬁ&/ﬁcc%?d.h@&%nﬁ&%anmh 48l5A%he RV at |atastl aeaaat 15%,
east at | east 80%_ or at |east ?Iﬁa
such R, @8l Iagleast@boplt%% Tor alJepRtakey /a@ééeralﬁtﬂem# Ayt isast
aboft %%gastﬁéalsg;‘abomﬁl dl IR BBt A5 bt léabt\/ébdu$ 50%| bdleadtaibout

su e
557@@%)66& ab%ﬁ@@"/%@%eaakatroé’&g?%seb)ﬁa%ttatm "/éa%‘t'eaégégm‘&t“%'
at Iéa‘%@%o&%%& 3l Ie|a|§?étﬁo&@§'% aﬂgéﬁ,t dbaasgo%o%aaﬂelatshewnlgls% of
popul ati on accordin
the a8lisTn hepeR R IO ARPT B4 ISaBb0Re ST SR A %@Fgeafe havgy
p,o||ifg,@%geeg5wty,20% at | east about 25% at |east about

% at |east about 35% at |east about 40% at | east
about 45% at | east about 50% at | east about 20 55%

57. Ncéll%?hlaﬂ@r@ﬂ&co@@% téhny 6PGdim3IBLEE, Mhrei baid @@ popliatidn has
| east about 75%. . at | east about 80% at | east

at '%ﬁ?éeﬂe85‘9!53'%.'{0"‘1'%??3%‘58{&“"90% or at | east about 95%

F. Btlg traR§pdiRird:s in the popul ation express at | east one
of "HNF3beta and AFP and have Pr ol i ferative #bg
viii) at least 1% of the cells exhibit protein and/or gene expressn EP,

ix) at least 1% of the cells exhibit protein and/or gene expression of MRP2.

58. Use of a cell population as defined in any of claims 1-57, for use in a drug

discovery process.

59. Use of a cell population as defined in any of claims 1-57, in in vitro models for

studying drug transporters.
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25 57. A cell popul ation according to any of clains

48-56, wherein said cell population has at ieasi one
W@Roorheo96®! | om ng characteristics F. Drug tranB@DEPBOT004940
P123dgipg at least 1 %of the gglls exhibit protein and/or

gene expression of BSEP, ix) at least 1 %of the
60. g§¢ bba edhpdpulativhQisadefingd i &y FRREMENFB7R FbinaitradmoliEls Zor

30 58. Use of a cell population as defined in any of
studying;dfeg meiapolizigg €0gdMes a4 drug di scovery process. 59.
Use of a cell population as defined in any of clains

1-57, in in vitro npdels for 35 st j ng. dr.u
61. Upaakp6e!t eoruiatap aswehngd ioRy qie‘%ﬂﬁ&g%)rg@wﬁgmosi&'éé@s
studffrgHephfdgehbsis Guch a8t b, Raly haddtedenesisdef i ned in any
of clainms 1-57, in in vitro nodels for studying drug
met abol i zi ng enzynes. 61. Use of a cell popul ation as
62. 06é bngdell PoitiondlasCdeting® inlarfy/of didimb N-57, irf @ vilesislogelt dor
5 studyi ng hepat ogenesis, such as, e.g., early
studying fiumpneanatoregenerajive digorderSe| | popul ati on as defi ned
in any of clainms 1-57, in in vitro nodels for
st udyi ng human_hepat gr egener ati ye dis ers. 10 63 .
63. Uge.obp cgl eylatios AR defed mamRiaia 131 g?fy" WO&IG&PF?&X'C'W
testihgd?, for in vitro hepatotoxicity testing. 64. Use of
a cell population as defined in any of clains 1-57, in
a medi canent. 15 65. Use of a cell population as
64. 08& bhgdell PopuitionlasCdeting® inlafy/of didihs t1bE7, s ieiidanient Of
a nmedicinal product for the prevention and/or
treatnent of pathol ogi es and/ or di seases caused by

65. U%é l%fls c@??@ﬁlﬂétﬂini #¥defmE8 ih &%y oflgms 18T felepe reinatdcture of a
0 lver

Of i ssue. 66. Use of a cell popul ation .
mediging! peedychfos the wﬁvem%ﬂf‘rﬁs"d%féﬁaﬁf‘%m OF Hgt%ﬁgﬁ!ﬂsaea%?ﬂlé"sﬁﬁses
caused gﬁti@@i&EEﬁéra%rﬂ%UQﬁ a4 gt e dggenbrEion oblivelr tise.

di sorders. 67. Use of a cell population as defined in

any of claims 1-57, for the manufacture of a
66. BEiofh kAl poF skt ad defineleh @fesfadiimen -5 dérathe imaalavture of a
of liver disorders sel eét ed from the group consisting
mediging] predychiartee WeBEALPEIVEREISAWCRy primary biliary
cirrhosis; 25 nmetabolic disorders including
dysl i pidem a; type 2 diabetes;, ohesity; .liver
67. Yeaof aspl PorUiaipaerineg In ST E ARt FoTghe Mmanytacture of a
me&i@HSGodet Yorithe Brevetidh @f/oraredtmertasd éivertdisor@ers selected from
hepatitis C, and hepatit;j d’A; | il\/ﬁr necr os'@ caushed. by
the grqupesongizting pfaule IigRUng gisgrdegs inclyging REMATY PR <YFRgs
metab8licl diEBrHerseRENdhg tyslipRiehfattgpes i tifabeiesgotiesity liver disorders
hepat ocel | ul ar . carci noma. 30 . -
caiused by €.g. aiconol abuse; diseases caused by viruses such as, e.g., hepatitis B,
hepatitis C, and hepatitis A; liver necrosis caused by acute toxic reactions to e. g.
pharmaceutical drugs; and tumor removal in patients suffering from e. g. hepatocellular

carcinoma.

68. Use of a cell population as defined in any of claims 1-57, for the manufacture of a
medicinal product for the treatment and/or prevention of metabolic pathologies and/or

diseases.

69. Use of one or more cells from a cell population as defined in any of claims 48-57,

for obtaining metabolically improved hepatocyte-like cells.
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68. Use of a cell population as defined in any of

claims 1-57, for the manufacture of a nedicinal
Wee@dnewes or the treatment and/or prevention OPCT/EP2007/004940
p1of@t@bol i ¢ pat hol ogi es and/ g; diseases. 35 69. Use of

one or nore cells froma cell population as defined in

any of claims 48-57, for obtaining metabolically

i mproved hepatocyte-like cells., WO 2007/ 140968
70. Peg pEpneyermoksasis from2 gelbpereladion A5 defiged Brany Rl cimsdps7.
for &@d;}.@ ham@nqs\lvbrd@,mhﬁky@n.ke%ew@fl ned in any of

cl ai ns -57, for studyihg maturation towards

hepat ocyte Ilke cells. 5 71. A nmethod for screening a

71. AGRRAGH fbr s@feehﬁﬁ?aat &ﬁﬁbddﬂi’d%r ﬁéﬁé‘td‘c’eﬂt‘x‘lar R 'c‘éhﬁ!ﬁlsmg

exposin roma cel prouatlon as defined in
expesifg eelisdram meell Populatpn aedefd duaay of dilsde® eihinggompound,
and%?érnﬁ{e WRGhEORBRBAPolLRd fsQski6 td thetda, cel . 72. A
d for screening a conpound for its ability to
rmdul ate hepatocel lular 10 function, conprising

72. RIRAA @%r%@@eﬁm@@é‘@rﬁp&ﬂd'foﬁ%oé’dllﬂi' ld)l'ﬂoa§laféﬂ§édéﬁﬂ:elltﬁlar

any o l[ainms 1- to the conpound, determ ning
funqslnermwnsmgo?xméma@slls tforer?a@eo@puﬁt'% as defined ip wat/ of taims 1-

57 tB?ﬁé‘Er%] mpEHA, G%Frﬁﬂngvﬁr{ytbﬁeHStyﬁférﬂ?%%oh@'@;ﬂaﬁé&g it £ that

ange with an abil'ity to nodul ate hepatocellula
resylifrerp |cgntact1\5'th7®e cAMRoHRGENRFEIAing dhe srRAngeA By agilty to

modéf'atlé'hEthogélfJaﬁ"rf@rFEtlbﬁt' ng hBS cells or progenitors
rived fromhBS cells on a supporting matrix in a

serumfree nediumfor at least 5 days, ii) changing

73. N’lﬁetﬁﬁ&“céﬂ F|§|ﬁ§'lh%béw§s gvery 5 days to about every 25
, 111) isolating cells_by nechanlc

i) mzmrq @Iﬁfer@pt'atmganBsdP@@dmpmwjo'isri’@”&%q’ ffem EcPW %SUPPO”'”Q
mathik §iPa bér'u}n e He@fi‘ﬁrmtat Wabts aaysenzyne, V) opt i onal

sorting the cel based on surface antigen eﬁ ressi on,
i) changingi m@j'%tf&"haﬁo@@lvﬁryprbwséf)|aBHUta‘°§’ A 'in any

ii) |§§!at‘ﬁ4éqlaééf§ b mcharital iSoladMod accor di ng to C| al m 73

n the progenitors derived from hBS ce
iv) @tlpr\é'ﬁSS@PlaF'@@ﬁte esile ogtaingdHn Ekﬁcpd")am’o"%ﬂpe%‘%ﬂ'"h% Enzyme
v) og; %ﬂl%@ﬁlﬁb'tw@c@@ﬂﬁ%é%n sZﬁaceAarﬁT@bH@:dpr%@@l@hdl ng to any

ai s , erein serumfr diumis

in ovder te PRGN eehpARUETRY a@,ﬂgﬁnecg@ any of glaifps ﬁgﬂngccor di ng
to any of clainms 73-75, wherein the concentration of
bFGF is fromabout 4 ng/m to about 200 n,g/n‘}, sh%

74. Asmethiog accergigta sl 73, Wb?'ﬁf" thg PLegstorBierived Jrpm NES gls

exp?é’:f%lgt Ié‘asﬂgﬁéﬂ)f FINFQ[B&HtanaQ@:F“&"d"ﬂ\avefdr&ﬂb@h%lba;ﬂad‘tg/ m

t o about , or fromabout 4 ng/nl to about 10
ng/ m . 35 77 A met hod according to claim 75, wherein

75. W RerP0 RBSHMg t8 Anp bof BEfs 7 oR4, WeRedin the WMl free medium is
VitroHES™ comprising bFGF.

76. A method according to any of claims 73-75, wherein the concentration of bFGF is
from about 4 ng/m! to about 200 ng/ml, such as, e.g., from about 4 ng/ml to about 150
ng/ml, from about 4 ng/mi to about 100 ng/ml, from about 4 ng/ml to about 50 ng/mi, or
from about 4 ng/mi to about 10 ng/ml.

77. A method according to claim 75, wherein the concentration of bFGF is at least 4

ng/mi.
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WO 2007/ 140968 PCT/ EP2007/ 004940 P12338 PC 82 78. A
nmet hod according to any of clains 73-77, wherein the
WO poovi40968 di fferentiation in step i) is perf oPCEEPI00T/004940
p12?z5te,4 cast 10 days, such as, g.9., at |least 20 days, at
ast 30 days or at |least 40 days. 5 79. A nethod
according to any of claims 73-78, wherein the
supporting matrix conprises fe%der ells,
78.  gihod e [ sel B g Hereremniiie Vi didgrenidton i
stepﬁ?%Qfe‘?ﬂoﬂﬁed forankast 1 8aA}sBuch3as! 8.g. et R0dags, at least 30 days
upporting matrix 10 conprises an extracellular
OFaHB?Fti%@Qﬁstefl ned or undefined conposition. 81. A
met hod according to any of clains 80, wherein the
supporting matrix conprises a coating conprjsi one
79. Aimetied agrosding tsanyPiaRIMs 73 18, vhRERIm S %wpoe'aaﬂ‘%@
comtph§eé fé‘ébé’recellgfs@h@saég GufRinl orhduse fedep eeld. Used for
I'T cultivation 2. A nmethod according to any of
clalns 73-81, wherein the supporting matrix conprises
80. A ﬁﬁh@@&bé&&ﬁ&'&; anpSdlaids 7@ T whefeith tHe SUppoRihg matrix

according to claim82, wherein the porous
compripgean ﬁétgacgliwgf walfixL% dgfinetherHndeBredisgRmpIsitananet er .
84. A nmethod according to any of clains 82-83, vvherel n
t he Borous filter has been coated with one or

81. Aroetap® gccosdipa do apy PhrIRIBHOn WP thessugBorting Rapgomprises a

coaftt ribiShd Sheddmére ;S}b@'irﬁ‘ﬁal%ﬂae BfHin oneigdtiont B&atibgdnahe inside
nor e prote| ns are selected fromthe group consisting

of agpfastigicethgelivre vasachsehion cebeiv@iPi-ons t hereof . 86. A
nmet hod accor di ng to any of clainms 73-85, wherein step
ii) is performed from about every 10 days to about

82. émtyo%caw@g taanyel claMsethdt WEEIP dish3PRPartingymaifix

confdn@éé"ﬁ 3D%RAonWBAL Slich 83 8Rotduk filtér. per f or med every 14
5 days. 88. A kit conprising i) a cell population

as deflned in any of clains 1-57, ii) one or nore 35

83. l&%é’t’h@& LeEbriRG O ERINBY/ WherBintRéE BbRIUs FierChidst 4l perensial ¢frabout
Ii1) optionally, an instruction for use. WO

4#"2[50‘#?']]& 68 PCT/ EP2007/ 004940 P12338 PC 83 89. A kit
according to claim88, wherein the maturation culture

mediumis selected from the up .consi stin
84. ¥ methpearrardipgite QPESW&W @%ﬁﬁ'{eé%'n e POTQE: Iter has been

coaﬁéﬂf\ﬁlltrp&ﬁ’é)&smo&r @rofeitdalone e th drhtsiedtichTM  and
hepat ocyte specific culture nedia.

85. A method according to any of claims 81-84, wherein the one or more proteins are

selected from the group consisting of collagen, laminin and combinations thereof.

86. A method according to any of claims 73-85, wherein step ii) is performed from
about every 10 days to about every 20 days.

87. A method according to any of claims 73-86, wherein step ii) is performed every 14

to 15 days.

88. A kit comprising i) a cell population as defined in any of claims 1-57, ii) one or more
maturation factors and/or a maturation culture medium, and iii) optionally, an instruction

for use.
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5 90. A kit according to any of clains 88 or 89,

wherein the one or nore maturation factors are
W@ 2002440968 f r om t he group consisting of bFG-, BRCT/ERI0DHI04940
p1253st h Factor, Hepatocyte dgrowth Factor and

oncostatin M 10 91. A kit according to claim 89,

further conprising tools for nonitoring maturation.

o g8 e g et S o
i gE?@fﬁ&lsﬁr{y (ﬂ‘&/ltr@HEST"aS’ltro@iEBm %hpbléﬁh%hteﬁ%fh FG Iataulzologuous
i ve nes cadi n essi on
pre gemqrea reneb I opd BRsmteae sBer iU CESRe s 8, 15
AFP, al bum n, BSEP, MRP2, OATP-2, QOATP-8, GST Al -1,

CYP450- 1A2, CY
90. Apaseorsing. togqgéggla <% CYP;ng ZB? e%&r&%o%aturahon

facté‘r\é%é QelBétéd er}éPﬂréCgTadV cor@%ﬁnb’lbf 5F@HdE|§?£E'EJ|aI€GI:@WtH\ Faétor,

ser's manual . 20 93. A kit according to any of clains
Hep@@?"éﬂe Grewttyhaster and ﬂ’écqsé?d'lnéwf or nonitoring maturation
corrprlse |) antl bodi es agal nst at | east three such
| east four o | east five o

. r
91. éwra@ggrdm tﬁa}%@gamhséﬁ%mgr&"woeﬁ oy '?S‘ﬂ{"tt?f@gd%tﬂ[?m”

conS| st i ng of HNFSbet a, AFP, al bum n, BSEP, NMRP2,

QATP- 8, -1, CYP45 CYP4 ag\{f QO

92. B 50r5s, 1o ORI, POB e PP IeRS ISSToroRAG JiEbesetion corprise
i) P@N%%g Eﬁ?rﬁ\é?‘f’e'ﬂét thrds, su@YE’élE@g %‘M’easWSﬂaﬁé&st RS bf the
genes codlng for expression marlers selected from ﬂ1e group ggnsmtmg of HNF3beta,
AFP, albumin, BSEP, MRP2, OATP-2, OATP-8, GST A1-1, CYP450-1A2, CYP450-
2A6, CYP450-2B6, CYP450-2C8, CYP450-2C9, CYP450-2C19 CYP450-2D6,
CYP450-2E1, CYP450-3A4, CYP450-3A7, GST M1-1 and UGT, and

ii) a user’s manual.

93. A kit according to any of claims 90 or 91, wherein the tools for monitoring
maturation comprise

i) antibodies against at least three, such as, e.g. at least four or at least five of the
expression marker antigens selected from the group consisting of HNF3beta, AFP,
albumin, BSEP, MRP2, OATP-2, OATP-8, GST A1-1, CYP450-1A2, CYP450-2A6,
CYP450-2B6, CYP450-2C8, CYP450-2C9, CYP450-2C19 CYP450-2D6, CYP450-2E1,
CYP450-3A4, CYP450-3A7, GST M1-1 and UGT, and

ii) a user's manual.



