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term “H4paSPrOgRI W ha A8 “FCF%H]FI%IHt‘P&é?@ 3@8%%53*0 Shcqpes bRt gpstic stem

cells an%pl‘ﬂglr #%ﬁ Pﬁ'y gbIB20R8Y QQYLﬁﬁkotleépa%tsférﬂ 6ARIdrd@patoblasts, both

di st nct ons. For exanpl e, HBs do not express NCAM but
plunpqtmt pevgehiBAwvitheraof ancheymmitadasegenitgrs thateantdiffpisnHats igfp only one

d I h
lmeage@ B LR RpTe TR Sl ShP G obefbeldhe commt | 2'55

hepatocytic and hiljar tors 00
100291 EfGRaEe st e st B BRGTIL REoRT Y gl A T et G PRl from a
single @él]t bd ﬁﬁcﬁﬁf?@& S/ Eipﬁm@é’d reBéétb&l?XwIH REMEBH of THEgpHenotype of the
antigenic profile overlaps with that of the HBs;
parentfh oekbv &€ oloby forarayion? cefedstte 8t prepRyBYf diploidRapeeynkegls that can
t. AFRP o

a8l 55 g P SOSRERILE SRS By OTER v

and in¥oMWe¥ del1& Aithilnhieddyatillit936 Rhd &g subttltureorthaseidgy ‘demmotent”
hepatic stemcells and also from hepat ob| asts.

Slgmﬁ%@ﬂﬁd’tﬁy en form dayghtoresllsiafeanqerg éhqpeqqesfatgt “YHPOEIS 003 mmitted
progenetybsegge( ?e‘cfltsq Sha% fél&l % t4icf ferent mesenchymal cel |

|ste mature cells and, in parentheses,

P R

11m1t1n§%la%§) #l fetal @B he@ﬁa@aumfysﬁm in mmCms @ﬂHeﬂnegrmgmdmtm and adult
(henmppoi etic stemcells) [0034] V\h% most, if
livers mﬂtshawmg@w qnge oﬁs@&w&m@wwﬁ é&%fﬁfﬁl%%o felomesage and being

capablPh ﬁg?”' L Ol DENG +I{Eego ér’IIlérﬁeiefﬁéséf& EpCAMY, NCAMH,

I ved ce e teacﬁl ngs er elrn
ALB+sbreh@-+noK 1be, CDil B3/ eﬁartdhrh nagamze fdnnalf barbopaoetic markers tested

(5, QTR s, e ol B s aRES LG 1 VBEY 1) ana

{ : ARB b Rin. SEREHBECY hife Been fold R se to
forexﬂ?%‘t%g)?még%g,ésg{@%. Accor drl1 ngly, 9t he scopgno? t he give rise

hepatoplastsand to coremitiegin(unipotent)grdgehitoss.i ncl ude hepati c
progenitors of any and all mammals. [0035] It is also
[0031]9éReoldnad (HBY) até blpptengesﬂstfoumd gwoughbiretht parenphyrma phfetal and

propagatjon i or dan W|tht a
neonatfl varumnd rhiRdeicels GTTGRD desBatia ! 5713 GERTTYP A Bydne
CanalPAF Hérfgl 3Bs derive from the HpSCs. HBs share many antigens present on HpSCs




nmet hod. By way of exanple, nethods for the isolation

and identification of the hepatic progenitors have
whees/18estri bed in, for exanple, USP No. 6, 069PQ0BS2081007397

USP Application Nos. 09/487,318; 10/135,700; and

Q/ 387 I f
oot i S P SRS P A R ARt BRL Bl ican
and theStexpresebighifieast dneqattodf Aplizs fdeprotearhardafetad foratsi of P450s These

antigenic profiles and can be iso ted b

HBs giye sie9 foj6e UpiPeiaNb BKISFNitersy the fe%lﬁtltéed facyfic g’t"ghﬁ’é@r progenitors.
and hepat obl asts share nunerous antlgens

[0032] Sanerkeistedthienati@progenitoss are M pQIETS pRegFNItors 03 3}t1_1!er t&ﬁ jepatocytic or

biliary ﬁgat %?l/g‘ﬁela C‘rélenl ;grg??él (g%rrrlag?i%ﬁﬂlt at Of ﬁ&%ﬁg Z:%op v?{,%'ilzar
commt@%ﬂrog@&&ﬁr ﬁﬂéﬁ; CEIDQ Bt mtdAFRaSEALBy Whlereaetﬁe hepatoeytic

(e.g., CD146, CD3 VEGEr . or . ternatlvlel)él
commlﬁgcbg{qggmgqré RRRIESS @Fgﬁﬂd Iﬁ%ﬁ%\t’%ﬂoé % ﬁf’%med biliary progenitors
derive gfréétf?ﬂg&h%gﬁﬂ id %Wc@%%?x@ﬁl?@ﬁoﬁ%egh%ﬁla@kh? Et emcells

epat asts are 1

o BB iy (YL SRS A it

mesencﬁ’@ﬂaUS&@%@eQ@Vsﬁ&ﬂas thehnmire sellsdiel, eapsartiithesesgheio prastsers):
formcord-1like structures_ i né(g{}spe sed

includipg sierap § mesgncbymapstemecelish sndethelia an%iyb@g@h tellpteells (giellate
cell précﬁ?sopsgt A g%%ﬁérﬂ& ﬁéﬂl@ﬁgf(héﬁ5 Akt 88hi@ads (EpCAM

esse r oughout epatic stemcells but is

[0034] g‘&ﬂ&{a E}e()%htéfnoéﬁ 1 e g?%?;o eadd%@%ﬁm%?%%@g Sﬁﬁ%égltr(])r%erein

will belwigh Rg@ehécCto Huaiin-degived pel\l\tbepitﬂa:soral thleaedchingp hetesn should not be

(AFP) and 1CAM 1 are expressed by the hepatobl asts
limited i humanal Infaat, AB6 ABPEANATY STISN R Figy B CEPEEshid dBplsthe

teachm%s %teteql gohtﬁmgg]%{ngtgnt f%teﬁétlcgﬁo% 1§)?§S ﬁglslem{n‘ﬁiéﬁawo %erlqegally (e.g.,
mice, 1RB[ sEsNytD) Acoebﬂdnrgtp,uhamoqm of t30stesent mveptéet istinfendedhie include
adul t tlss hepatic stemcells are present in
hepatiq pregenitoas 9 QI;W%? eas the hepat obl ast s are
cells tethered to the ends of,%ge Canal. s of na. d
[0035]Tihis ahsapratesbinathepatic prRICOIORSULARF Ol HHE? BroppERP g apgprdance
: Q 1]
with th% é{{ﬁlt 1§w¢§1%i81§ g&?&eoé Sgﬂaﬁﬂ% t\t; g}rl(LsS% &ﬁat@&‘ Hgﬁfreﬁtlggc} gg any %artlcular
method' hBy Wagssfiekamplepntettmds forahe ebeiatwatahd ddentificatoont ofghe égpatlc

t f HpSCs,
progen\(rlt:q%;bgef a‘%\g{g‘g‘? n, reé(agtlgbegl %,86&{' ﬁ(ga ?ﬁﬁﬁfﬁ\}a@hcmon
Nos. O?ﬁgbg% RN B50; Rh@RBBRYISAN, BiE dﬂ%%@ﬁre@ br whidhh@¥lincorporated

ucing differéntiation (|. - self renewal ); (2)
hereiniimthediengrefy by eeferenceit i on (i.e., "lineage restriction")
of the HpSCs to hepat obl asts or (3) inducing nore
[0036]" @¥iatioStene el i aﬁtﬁéfepatbblams dnaw( ehayaqterusrth(anUgtrmt: prodides and can be
progeni t ors) (%ollectrv y refer

1solate(3nljymr Aasele described preyiqusty o eéﬁ’QB epal%ﬁ St? {;ellsbasr/ld\{-rﬁ\égtoblasts
share @@ﬁ&&é Ui Hﬁse(e CgOf e@@@e‘fuétfds% by PaR l@f alRERACTY I8d/1 f £RdYithelial

S use res. The invéntion al so
cell adpesion dmiaecul@S(tiEn@AM Dpanyd aremggative faphemepaietjc matkers (e.g.,

acorkgHih G5 il REnl SPEBSRER Sl pEERA . CBico

CD31 PVEGEE HERDR)N AlftenaRSE/) ﬁepamtc sténg eﬂ&rmﬂdiebstobl'ﬁstb lcen ]be
'sunmari zes the insoluble factors di scovered rel eva

distingutshad freot eachethen by siaedhei stere gelhbared- %ﬂ%%ﬁe\he@étoblasts are 10-12

pm), br;'arrlcr)]rtpggl%rg]g 1 cultures (the stem cells form dense, morphologically uniform



8 WD 2008/ 156667 PCT/ US2008/ 007397 Table 1. Effects
of Feeders/ Substratum on Human Hepatic

w@Ge@afifiveogeni t ors Subst rat unif Feeder PCT/US2008/007397
Nbrphology/antlgenlc profile of cells maintained on

coloni%iﬁg%r %%gpq_@%@ﬁg B(fqéls%)g'{i %El_é?r%etlh e;s*irrltﬁ F)' gtg bg &F\ég%annels
presum#ah‘é@ Earﬁﬁb{lh)/\ﬁﬁ isBusieiRsh @E&pd@ﬁtoﬁ@dplréss@htoé’ rceﬂalih &ntl gens

nitially mxture of hHpSCs and hepat obl 3
(EpCAM mrqswsthrqmmb@hmwt%%“%%1%?%? g &hihg‘? “cell surface in

o neFREBES A b T S (VRN b s

cells, V\(Beﬁah% l@kpharfe@)pgdelh lABE} antl 1C AMHMre axpragped d)yhb@h‘tnambd@!ﬁ In
and comritte uni pot ent ro t,ors, .Fi brgnec «

el i pomil B e o e b 4265 R ST GEPEYI i

plates’ %%ﬂe’r‘%a{é/t F%ﬂ%'t(fbleﬁ?soeﬁ% aRd @o?ﬁx%ant-cr}%a?élch aF&dil ;ﬂg_ﬂ[htibl’ﬂm§§@%) In

agen He atobl asts surface of
pedlatrmcﬂridengah tissuess the hepasiststain celld getprmpntanéh@cma& ef Hergng, whereas

epat obl ast co un 0
e nerp R o BN B A PO A O IR Aot
consistIstHAN SRmMRELo | 211§ & hdthdal BSsukMut Fouhtigh Eargshenbesi(é.g., nodules)
are on culture plastic, the hHpSC col onies survive

in diseanetl yivedsdp gt,leyhasisd. i n association with conpanion
celI's conprised of angioblasts and/or hepatic stellate
[0037] CBiel preseatinventic. proddes meghob tcphmtwg 1281 Iahmtqglemf‘cof HpSCs,

ofil e: S ni es are
preteaB Rt S G SRYC o BRIy b iRl nflngo
t hi ﬁif%ﬁierﬂfad 6 (Wl Gselfeten 2
NN R RN e e R i

1ndu01rlgldltﬁﬁcecntlmdm ¢j@ni binpagsfrestactior ARk thedipyfes 1 @Pawh!oasﬁn?rr@)

“ t
i s ST P BRES, BSOS AT vt
referre@Yiefehif@Fex Give mehtenddee?e ’Dﬁﬁﬁéthodllls énahl’ed ini piakt, bg Ith@electlve use
that are slightly Iarégg P dlaﬁﬁter t
of specaﬁ@ t@éﬁp’émsﬁfmhma fepdsagrlls @ﬂe ua Fﬂ ogltures, S myention o
prov1dﬁs 1[5‘5?18% §39 qna%q;( Ih?ﬁ&!u??sz hed édlﬁbl@ %C%e %Qtoﬁﬂ%s?)%nﬁ%i’lents that

positive
alone drfif lcallﬁbmhiﬁdg ah@\g for tht @rmgémnnoﬂ{pﬂa&j |lﬁpr)3fer{eé1 @lrﬁbﬁ g‘g@nce of

feeder @plgq?t o] eplf %{lmf;near;lngé) {h%tl}lgolgﬁe lfactors gilscovére&:Pe(}eVangIg SHect the

aforementioned modes of ex vivo maintenance.



A), for hepatic stellate cell markers (desm n and aSVA
and for endothelial cell markers (VEGFr, CD3 1, VW).

wQ 0®883660hr ee di stinct classes of feeders haveP@BES2008/007397
identified in keepi ng with the three nodes of ex vivo

MaRET ‘E?f_éfé"&f'F‘eéb?}&/S‘ﬂHs‘t%E:mM)H A RISV PL GERERs O

endot et Ta precur sors MofphOloanfigdntc profi€ oftelis HhidiMbBined on feeders

hepbsirstumiFeedent e cel | s (thST J) (OrforlanveE]h& more

alternative, conprising quiescent hHpSTCs) allow for

the eppaes+on of HpSCs|w thout 1 nduci ng KHpSCr

diffenevkcati on. Feedérs replete wth adipS¢at ed

endot his@ and hHpSTGs |l i neage restri cHepduBBstst o

hepat obl acw®+ Célisnefissy, |f eeder cel | s commfj,séNg mature

L.ver%q othelia orwesiri ne sffromn (represented h\/ STQ
el s)| KeBdcipsits 718 di flripliyrivixateef hHRSES 'ﬁ*&thEﬂai?lasts that transitions

Suspe
i chymal _cB3s (i nél uding,— bil12B¥ lytggwwg ohlasts 4 ¢ o
'"‘m“';gﬁgf‘?“;) Lt GRS CN o1 | hel | oved that LRERREESvior—of
the col QpletsAatstromgl i|dentified paral Hepmobtavat
ebserved—duri-ig H-ver—gevetopments—which |>W?uvel med
by parggsidie Signals fionPretemersaiEipatey diftarfiaing tohgpatoblasts and

epithel ium 9 WD 2008/ 156667 PCTF?B?&?%‘P‘B’EP?%“@?‘°%"O‘6F§91

Mat ri ribedieednst ry can be r el Fewaeits attagshadnthesy thai did rapidly lost viability

devel opamiin | n one enfpodi nent of t he Hepajablestson,  t he

pr esbpt Il ;piegenor s have |f ound that extrad®ipPed ar matri x

confmeM @llaggnnd in_ ofn near the |jver'Hspaqblags cof |

Bh GlHface B19Y¥E FRuidh echmsﬁwlb?rreﬁédoca{lﬁ that gre Pr (g L{Rre efrhgpatoblasts and

without inducing differentiati ofemypifted (pnipgtel) P_'Affgtlisng
Embesdded lﬂ{:r\ype%g_r_p_b.e ire he tpqwgegti of
All culture gvp ergxérq g_ /
the

V\ﬁ{ll? &k %? iation with
***¥Note: Ii (ﬂ' mes survwe n assoc¢iation wit
companion ceps C mprlse%ﬁ at§ Flo&)%isj gndp é'fgk {cSlia l pQ: LJor at e her ern

*Culture Md ho ence-ce s cultured on the

do m 511%[5 §s mt}fc@ll’snﬁ* uhifdrrR RUREASS Ehigh hublEus iedfopladific ratio, ~7-9

pm in diarhele¥ Ql%ht@ padkédiangd rhoufitle € BYEcompAPn g RIa: ihﬂucfe@ﬁgioblasts and hHpSTCs. Unique
Antigenic ﬁﬁn@r ¢ Avik- ] MeudinSt dibinir £ 9FPN some of the matri x

HemmpRACHb&r {seolgnies thanae mors)diragnsiomp with dord-hkestrpasnoinigipaqrasd by clear
channels (@l canglidoirasd (vah ¢plls th@tylp:@hghply lagget QI%Q%W) in g%@?rf pequwg%emc profile:
ICAMH, Cdﬁﬁadlei*(’s iyt HUIAGPat 1 x conpon nt S,

te

hasyd fil 2§ 31870, ndian
Hedgehogﬁ lamrggr? 7 lag?wo&,era&e 98 tlvggor ?{1&?8 tlc rtrgaﬁkers%ggp‘ijl 45 CD38, glycophorin
A), for hep@ d& gﬁlatgg\e&l max! ers 3esmm %ur @ { or end eh;_ll 2P Eb’ar CD31, vWF).

S SYynmetTTT L, t,el
di vi si ons (t he daught er cells are identical or nearly

[0038]! 'F’rlﬁ‘é'é diS@hct st did fHedde hae b idedfifiddih Releping with tHeehree modes

beli eved that the maturati on of hepat,jc ste {
o x it eSSl B B rcurors o
i I | St th& aR&hkti in
o RN il By 95, oo
quiesc&R MPPSTUsy aldove fgretheresisansienfodH i€ pavitioyp instysirig theis dlffftyentlatlon-

Fecderaaph oAt SOBIE Fada R I b AR e bisfipSCs o
hepatoﬁiagtfs e Fﬁﬁilzafebﬂ’é} celf§ Eorﬁ?ﬁﬁﬁé mat®e 3h&sthéllh 6:8981LANS stedm4 he

ver tissue In mature |iver cells are
(represfemed by a0 ccus)gamwpsas tceéltffemafmmo mamreep@m}amaé gells

00411 he f
inciudiag, Gy 809 Bespo e pelbn Bre ST RS R MG RY Br e co-
culturé@ ml id@fAHTRAI fafal 1o BeLdtRsrvell idoriag G0t devalvphint, lvehitinisngoverned

d several collagens. Fibronectin proved to be a
by parmneusmbr{mn apgsenghyme adiacepk todhe eritheligmyy ¢ he
angi obl asts or qui escent hHpSTCs but was expressed by
all other feeders studied. It was produced at the
hi ghest | evels by human unbilical vein endotheli al
cells (hUVECs) but the HpSCs do not attach well
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to it. 100421 So, its presence in the matrices appears

to be irrelevant to the biological responses induced
whyshssebeeders. The feeders that induced PCT/US2008/007397

sel f-replication expressed type 1l and 1V coll agens,

[0039]:_Iflm n'cﬂeatﬁ}g@ﬁgg lrrgl)geﬂ'ﬁtﬁée @ﬁ?% ic Sév?hog?&é%nﬁé@i&% embodiment of

the mvbmtnﬁﬂgfe présent indentors liave fenal thbl exsiaselanal matrix oquonnmte dound in
expansi on produced type IV col | agen_and | am ni n

or neare hygrpsestemicell ginhe. Wi Cramen g B BEbPG it
1ndu01r§é&1?{%}eﬁtlgﬁ(&f %%%g m&em :'n? oﬁ)gklt WsRRsérfifelish @J Qi ﬂa'?ent

vat e el evated | evel s of
apphca[t}SMhaamg séiﬁ)il4ﬁ>) 11/ph6, Oﬂ@éﬂi@iNovdmher |1|5d2%d—th¢e§hmumwﬁ which

ifferentjation e t he hi t a
s incofpera P hel oSN TREY DBCCTP S FE LG ) e ety ggmponents,
found in%buh@HcBifor ndak BieARRSsisfom @éldnf&ﬁ@ %r%%fb gtélth @1en spheroid-like
prot eogl'ycans. 10 WO 2008/ 156667 P 2008/ 007397
Structufﬁs@ms;oxﬁmﬁmc ohatiin compprenss (Dt lemiftipdand spsapa)to monolayers on

h
s S Sk 4, PO . o
the stefiReHMdheNRle aBichid thebilghals (dyviiiR)for Hopate pfdg&nit(yrpcﬁls o6 undergo

feeders caused |ineage restriction of hHpS ék
expansipiatseliremlication pragect atzsﬁmnthéﬁrlkdlﬂsgq%(t ¢ feughigggells are

1dentlc€ﬂoer%%;{lg1&e%ﬂhl%ﬂ? entd 11 as been hypot hesi zed t hat

mce niche 1s i nat ed by

oot 3 KSR RO BRERS SRR B0 g

with a GiqR&EoEBMktdon bh@agHosenpahtsashich diacat, e&rleasmnrpam Zhemg
the presentation of signals to the stemcells.
differegtiatiane Sloms extracel i HaBalEi COBTPONERS aff RAFRISSHGAYT 'e%wgc progemtors
r ith
o sy SRR 30 SRS ISR Kl o v
some diffedefitiitivhl Uesiothdrf)docitehinaegibss ef thhdivemfisshe mewhisbtfull pmature
owh or with respect to, l.ipeage r.estri ion,to
liver celisrare drind; Ficat wRHA et 2ad folf G Ecentingeyaf fhElhos
extensive differentiation was observed in hH

[0041]pA ki thafeedars potiace Bwliitle calegqrics of PATINAPBROR %Mptéégnclude
basal a\ﬁg%m?n xgﬁ%)i)ecgfeg écrtﬁlsallnd%}qalmrfl gﬁfn@%‘éb&‘éﬁ&lla@&& Fibronectin

d uni potent progenitors
provedCt@mélatrhﬁdxbiohip@hyntahat wesraot exy:’essed bymlyfemg;ldvlasts offgpescent

hHpS o b e %glgrzﬁseﬁ%rq?ﬁabé eades i ‘Y‘gﬁ!‘fm?’&wd a; the highest
levels ggﬁ%gﬁ H&ghﬁaf)@ﬁa eh@&ﬂg’ﬁal EXW(HUV]@C&)%@ the@pSCs do not attach well

ermned to induce the nobst extensive
toit. differentiation. The extent of differentiation was
found to differ depending on whether the cells were

[0042]p$catu@ Gra3Bncd 1ﬁph®fnatﬂcee appciekeid Hertrolev e to yipebiblogidal ragpenses

| ndeed, | h |
SN T A At
collag%rﬁ ]rellﬁﬂllnlnaagg 'leyﬁllf&&ang ggngléméﬁs qRRSANBIPST s SHUWERD YeltyeThe

ect ef of type | collagen and al so an
feeders thai indoteddifeage restriciiosttabepatotdasts andowithiSom@aued\expgiseon

NG T WA T e

chondfoﬁﬁ?ﬁlﬁf@pr%%ﬁlﬁﬁﬁ WrindhryTtultifestréplaxg iviittpactivhted HRFSECs, identified
hrough hepat obl asts and ul ti nmat el to mature

by eleyroditutly nl CSMAI0d CIRAG) N TBA fressms hidnausen Bmasimum
dlfferenlllltlon éxl?)?es ¢ &a%ff‘éﬂegpargéuw Sffhatrix and that included high levels of type I

and IV, laminin , fibronectin, and heparan sulfate proteoglycans.
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in "feeder-free" cultures. Table 2 provides details on
the extracellular matrix conponents produced by

waledoBas@nt feeders studied. 11 WO 2008/ 156667 PCT/US2008/007397
PCT/ US2008/ 007397 Table 2. Extracellular Mtrix

t f
o SRR B RER e R PRSI i v,
ﬁbroblﬁf-@k@eﬁe{aif livendgHvaatcelts iﬁﬁlbm&ﬂmelénf/ai meﬁmﬁymtﬂ[ﬁhm cells

Iet ion of stroma Typ Neg + + +++
(hMSCﬁ, p"ghqsp tWQ-typQs Qf ﬁepdemyg@sep\ynﬁarge,restrxpmoq of hH %ﬁo ujtg ﬁepatoblasts

Hence l@éﬁ’@"g kelg mgrgf gleast ih (pﬁgb h,%lggllogéss':'lpﬁé%rb%‘éﬁ hgpé\llﬁ&lfe@%hat the

r ot
stem cdPeticlecianlohidgatdé by g}yco%alﬁﬁ:‘glbdegls-(GAGs) with httle to m&lfatlon such

as hyal %;Hs: 5 hess PGy HOBGEeT COTIELriHsh PO REpACb SbyTier

minimi2 % %ft&%rhof haltHB HS stBintelB! Asithe @8- cells are pushed out of
co SI d | e expansion arrest; differentiation

the niclik, tlicyrcomtd iatd camtact @GMBIGAGY Iayd @gamgimny sathsmorprxtensive

sulfatlcingazﬁx:dgy (’\@owl%gﬁqcitorﬁd}?éﬁo@g lllefné‘g easé%rrl] Frllg)suse w&%trespect to

growth@Mvith iespdet to/eeaké kesﬁfdtﬂoﬂg@ Rafi®wssd ffelegfrated cellllfated‘lunan
| am nin nmouse 1gG 1, anti-chondroitin sulfate nouse

[0044] I’Igmlglmos@ Bk tendl VBTt itaRBR Wab BbSEWSEIn! HHp SC(SPC@BRIESTO feeder
Research Products, Canbridge, M), rabbit anti-human

cells, upylp whicl thbehHaf§€n WegGll(tng@@éh atresy aag dofferentiatedhinto hepatoblasts

and un\pogq gﬂrogﬁl’rllé(ﬂ% F]lt e, ral allgtteld gﬂea[ry ﬁﬁ gc:/%gxg I %%tté}s? Pe STO
feedersetﬁbﬁﬁ&d tieShipREst I%Ismda@eﬁllﬁldﬂﬁﬁatﬁﬂ pidteids andtvetounique in
onponents | 0047] The scope of the present invention

PrOducstgdtﬂS@G‘&ot be linmted to any one matrix conponent,
sol ubl e conponent, or conbination thereof. |In keeping
[0045] \/’\th ItchBageaardsi detgsmitverteiimduce ee xpp@ts@qtnnsm\ﬂeffeﬁeetmatlon The

bes.and t f f
extent G HereAGa o1 EOAAGRaHTE caparer el VoG e lf ey ygd on
top of&eé?l%eaaé&ﬁlt@{he&ypét édllagenBd. MRdded, ERImEPHoloRRally 51m11ar to
utilized for ex vivo mai ntenance of cells either fo

maturedepatnsytonwere found i thpee @lturestameheddeghin the collagen (Fig. 10). This
phenomenon is likely due both to a direct effect of type I collagen and also an indirect effect

via stabilization of HS-PGs by type I collagen.

[0046] Figure 11 summarizes the discovered sequential changes in matrix components and
matrix receptors that occur with the transition of hHpSCs through hepatoblasts and ultimately
to mature parenchymal cells. The invention thus defined can allow the propagation of HpSCs
in “feeder-free” cultures. Table 2 provides details on the extracellular matrix components

produced by different feeders studied.
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many of these conponents will be discussed bel ow, for

the sake of clarity, lamnins, type IV collagens
wa@eaBsasessype 111 collagens will be di scussed aBCTESM08/007397

representati ves of a cl ass of extracellular matrix

AEE-EHA-EHA

COTPOTEN 2 'xt '&zumrmtw wm D Ihests Piodudih S DARPOE RIS s T 1
emcell niches. 10048]

enbryo
Matrix Comporjdnty- | i m t| ngHeS@rrp 'eléVEﬁs errtBMﬁGHi o| Werpan Betad biverom@at s STO Cells
i ncl ude: speeppstie types of | col | age‘n‘f‘é’,‘““P?ﬂfF‘ﬁﬂ °ﬁ'g
Col | agens Type |V (further |incl udimgats A
ab, a6) and Collagens Type I11; Latf‘ﬁnﬁrnsﬂf’l nc 0 létw,n(’f
1. vl 32, 0. —a5)y—hyaturénans—Horns—ef—ehofiarotiin arn
Fiiat e prot eB]&q ychans (PGs) or ]twﬁgel r _qgl ycosan hogl ycan
Collagens mallms and f ortns pf hepar an sul fat¥ePGs or their ++
waaaul gt gyamrchai s \t g, cgrtarn synua_(;dHS) -
Adhesion | T¥inik2 WO 20081 156667 PCT/PS2008/ 32@9/ rmting  + ++
Molecules exanpl es of natrix! conponents fou ture tissues
Fibropestie st abl B8 orfrs of col | agens (B%y., type | and o
Proteo- Syhdecal @ISTS | OF NEg brpneciin; heparan sukgrat e-PGs (e.g., ++
glycans ey i n, pellecan),| heparin-PGs; dermatan-PGs (e.q.,
Beanetan| age- assdeg at ed der mat an sul f at ¥edPG) ; and +*
s 00#g L T addrt{om Lo Tnsorubip factory,  + +t
GAGs ] Jlr,tp,;agsgr pWE T, andf or_dif{erentiarfon fagrors can
Functional Effebs bf FEIFE [ NE sEiAkeplidafiont €] pﬁﬁllehgfe%sﬂkiidhrio Rp&atowdsts and with Growth
onhHpscs differenti ati ainimkigifagXanpl e, the addidérattaexpdnsioser um arrest;
can sl ow gi ow diffeéntibtive hepati c progenitors and cause differentiati
i neage reit riction towarg@s the hepatocytic fate and, on
e in glaral ldl%l t(‘;lc{llqewrﬂanl d_éexpansion nf m:cpnr‘h\uxal cell
S= COS. anty Wi
i oL ss:et fr&ﬁgrﬁﬁ%@g@étﬂgpl B :ﬂl%lﬁd entg;g%lhe Zlﬁﬁ?tgxt?tﬁ]g:lm\yn type I1I collagen mouse
antl-humaj , @i I' 1 I]
e EP i“Gél '8 (El %&ggdgglﬂd/{)omr ds an

anti-huma, t mou ro
rabbltant(le 8 J%P \?cjfl egl Jl ('gg ,yFlanhQ's

rat anti SRS Inga( ppgmgrq nents descri béd herein
anti- hu,ggnesym@ggg oyed I n conbination with a serumfree nedi um

Controld a8@JoliB3 fdrERrebmRal hg’im\hﬁﬁnﬁj&ﬁ\ﬁﬁ{rﬂ }ﬁ&ﬁbon@itsev iously for HpSCs

and hepatoblasts and I's described in U S  Patent
plication No. 09/678, 953, .the dj sclgsure of which
[0047]khej sgenst ftha peenapntion shpyld nohbe L@ety 10 AHLATE HARIX

compo?%rﬁss%ﬁblg E%\ﬁp&?iz rél?g%?lna&g]‘gg thdr&dr, IIH'k@éﬂlﬁ%Wlt'ﬂ tﬂé—teachmés

itory factor | F) pronote
herein,ah¢ preyerft dtiventipn desfibensndiepdtes (chqamsogné [Ny @nd aM seluble and
cells onto L STO | feeders, Becaus

insoluble porgpen taeig pompingtiay i e 4E7AGH ?Q?H%F\/%‘a A4 B8 that can

be utih%é({‘ 9IS v%%ﬁﬁfehaﬁ&%f@@ﬂé Eithdr et exipBfsibi obfoe Wi ffdebiteation. While
amly pronotes growth of hepatic progenitor cells in

many ofiheso com@EneTd ke dskonyd boyafardhe eikeradelanty, laminins, type IV

collagqga-rs Bpéﬁga asf}flt ﬁg@érﬁé@ﬁ g & §Cé100| %n¥nefr? Eﬁ?&eﬁﬁtl%s of a class of

extracéll%l%fr mhdttik @BmpoNéEhtsithat e FalRCit &Sindiigh ab’lhidbnctd iarendfryonic tissues
liary epithelia. As well, TG (31 increased col ony

ormstnmmyﬁrmc}mad area of rter6 cells when grown atop STO
feeders, but inhibited growth of Hep& cells on
[0048] pNarstimiting ©GEEesCfambiryomie mstrix Hpﬁgp:@nmtﬁjmsfpéﬁf@é@@p types of

cells indu
collagdgy s Tregn here 5 PR e dinetl” BRa v i dn sl pd
Collagéﬁsgﬁﬁesill?ﬂqm% (haehRNES1, 11, B2, a3, a5); hyaluronans; forms of

chondroitin sulfate proteoglycans (PGs) or their glycosaminoglycan chains; and forms of

heparan sulfate-PGs or their glycosaminoglcyan chains (e.g., certain syndecans). Non-
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known to be hepatic growmh stimulating. Interleukin-4
(I'L-4) is one of the inflammatory cytokines that
web@saswd’ dramatically in the co-cul ture. ThesRCEHO2008/007397

ot her soluble factors are discussed with greater
iS5 s s bOBRa bRy RELRGNBLE bR B o
collag€m¥ (@@ el adly @drttbﬂdf ﬂlﬁ@f@ﬁﬁﬂh@atﬁn sulfetepP Gs (g, agrm

I nvention provide ma@;é/i of the survival r0|fer | BBy, and
perlecanghenarigiRGs dempatan-PER (¢ g sartilagsaarsoanted dglrfeﬁ%%ﬁ ); an
eeder cells. Thus, the 13 WD 2008/ 156667
CT/ U82008/ 007397 i nst ant invention may replace, in
oo el xR nRese FiltRp 2501 on RS ER Y PR AR foctors can

influeRttROFdt@df ¥l proRfehaidatand/op idofferentinios. F[oﬁeﬁdﬁlple the addition of
Enbodi ments of the instant invention will now

serum §as shompgsawhy ofiidy hématwogworﬁ 3yt canzalinpage resm'faﬁﬁ%afds the
Hhopuldtfd
M G S T L
(stromtaamﬂ enduthelfa) rasmmaddl witlp lsmy ¢issuedfosmatidve Timchddltncm of epidermal
scribed i r e, atent .application
growtmgw%de@ém Elveargs re %"B’é&dsﬁnﬁgaaté&i’“c 2000, the
di scl osure of whi ch is incorporated herejn in it

[0050) Rreforably, won@fe@mﬁl@eentsdb? BlaHix gampRyjents eﬁ%%be[ddkﬁseeﬁ' are
<:mploﬂ%£‘€$5 o%r?atf?)kﬂtvgllt}pgg%]& ﬂk@m%@n%’? ap s@hfin-FRL $n P Rhs developed
were obtained from Cam Patterson
prev1o(1bllylﬂl16Hﬁ$®yamf héyatdbihasGaand is dascnﬁhdi peU.$HiPatent A@plication No.

c str O cells)

09/67§3 88 Sh s ToaT B HRSRG leTROTHES R FEHITRE AToc
(0051) Toe pisseht Grvepiaraons fued ief Dnrioukg) | Wi Ledpslsnia inhibitory
factor{drgﬂ]gﬁg%é%?& galloln?gr i R rieR ?&'t'iccﬁ% EAHRR (rté@? cells on top of STO

Isolation a d cul'ture of
feedero HBSE s DOHAL - Hu:malrL]iFeIra Imembees sf Meb eyqokmc@gg@ﬁarméy, these

elasti

not ed, supra |soI enc s were
fmdmgff sHpRArtithe BPtan tg qiw “’Z????&T%\Vg‘ %a’a?tp%télc
progerﬁlﬁﬁ%%flsc‘mqu B%@Pedﬂé@%lonysﬂg%ﬁt%d & ra@l‘ieﬂé’fdbllﬁ%fsybut increased
cul'tures of human fetal liver-derived cells at a

colonyfatiatign dfdipldig adilt Bt begrtoayeds tant avith linkage rastricsiondewandp

oo LB 43 SO, SIS A0, LR g
and ar%?_ll)gﬁé%%e% wihElR ?%vr?’étbf) QyiEsiRddéry, lﬁﬂ%lﬁbl't@ﬁérﬁwﬂﬂéf HepG2 cells on
p t

precursors that were not activated. Preparation
plastiof feeders [0059] All stocks of mesenchymal feeders
were cultured on culture plastic and in Endotheli al
[0052 [F0ovdulitupdfiHHPS (sEEHO (edrbeatls indiied érgwr EXpEessvID) of several

with 2% FBS. The onl exce se con | t|
b e SRS b 135D R B RS SRMAPB e o
know'ty &bhepatlc growth stimulating. Interleukin-4 (IL-4) is one of the 1nﬂammatory
cytokines that elevated dramatically in the co-culture. These and other soluble factors are

discussed with greater detail herein.

[0053] Without being held to or bound by theory, it is presently believed that the matrix
components and soluble components of the present invention provide many of the survival,

proliferation and/or differentiation signals generally provided by feeder cells. Thus, the
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were grown as described below Al cells were grown to

confl uence, gromh arrested with 14 WO 2008/ 156667
wWEANBWSBED8/ 007397 M tomycin-C, and then sw tREETS1008/007397

KM for use in co- cultures with hHpSCs. Further details

ol |

instan Iltvﬁr%w}f)f ﬁac\%f}r & ?ﬁpgﬁttﬂg écé:e;&rs ?e&lﬁ a}solﬁ C{.,est |ﬁ;{lqgeder cells

to maihtaih UWaBility @ndiéb@aiaﬁ% E)BﬁntlalRiﬂthé hethtip Wabtsons of
HpSTCs fromadult rat and adult human livers were

[0054 PERPBARSENRYof tHE ins¥nY¥iveRatwill Rew Pe@ekéritel byaesles on-limiting

were cultured on plastic and in KM+ 5% FBS. ST
exampfleseders were cloned from STO cel |'s obtained fromthe

ATCC and were tested for their efficacy on rodent

hepatic progenitors. Frd2ehMildidks of STG6 were thawed

and grown in KMto which 5% fetal bovine serum was

added. For preparation of primary cultures of hunan
KubothBtMEbdibinv@&Myler i ved nesenchynmal cells, livers were

enzymatically digested using 0.45 ng/nm col | agenase

[0055]} Xﬂﬁ:ulﬁfre@%r@ Bt A8 KM, adeRmy-fiée InSeinem ikl edsNRerwise noted) tailored
mechani cal |y d|SSOC|ated into single cell suspensiaons

for hem}lcmrosqutosi: allsanedia i deseribreking fry caompleeWe Patenh application
| |
vvind 5 il L O b 4R o R

hereini $ts @atite@E b tefarbce.  esuspended in RPM - 1640 plus
sel enium (10-9M, 1% antibiotics and 0.1% BSA. The
Sourcin@ldfeell g€ then plated onto culture plastic and in KM
supplenented with 10% FBS. The nesenchymal cells
o056 PpARERTH A e N A BRI ARGRLE ts sre crainsd fom
Dr. Can Pattaset(Iip&$its of Noahazalhiag Chypd dAlInY i @hclomyefl rurine

of desmn, . CD146 d aSMA. 1+ cel | s. wer
cmbryogis OB FAASTRLCA 61 P PIEpaieddam STOSERRSPBiRebfom the ATCC.

magnetically activated cell sorting (MACS) system
Sourcingjoddumendiventgsieant i - human KDR nmouse | gd  ( Cel |

Sci ences, Canton, MA), goat anti-nouse |1gG coupled to
[0057 vEignehi fetahfigarsy kiéamsweckmﬁagoml rage) weralobtamad- fremedvanced

1, nouse at ed etic m crobeads.
Bldoé@tﬁ%@““ﬂ%&ﬁﬁﬁ gf%f‘)%L cell's was 20, 000
cells/cnm2. Feeders depleted of stromal cells were
Isolat Bve selection for fibroblasts using
nonocl onal anti-human fibrobl ast nouse |

[0058} blrmpu@aﬁ:eulims wermprocessed ey we@xefyprcad&réﬂay iiglated parenchymal

ure I pSt uct | te
cels 5 PIdpt ¥ T apC GURRAPRS of HopPlul R4 ofVis, nuscs,
STO &UR er?ﬂin?d?g cGlehrks oPasm&0fet4) 0N e£-abdiwddaoells aﬂﬁpMﬁhg density of 5,000
2008/ 15666 PCT/ US2008/ 007397 Purified Mtrix

cells/guibskhezells pEUE0]KYhrlup? ép%B%@V%?ﬁlgé‘F apghthepswitghed EOM thereafter.
mhe | Dy A0 108 SRR QEAE oY aniolss nd

hHpSTNOeeduesors that Q@ﬂﬁaottabtevm&cl osure of which is

Preparation of feeders

[0059] All stocks of mesenchymal feeders were cultured on culture plastic and in Endothelial
Growth Medium, (EGM-2) (Cambrex, Walkersville, MD) with 2% FBS. The only
exceptions to these conditions were the hMSCs and the adult liver-derived HpSTCs, which

were grown as described below. All cells were grown to confluence, growth arrested with
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incorporated herein in its entirety by reference.

[ 0061] Fi bronectin: Fibronectin (Sigma, F0895) was
wa@omBasheonht o di shes at concentrations of 0.5, PAT/0S2008/007397

2 g/lcnR and then neutralized to pH 7.4. [0062]

Mltoma/?mé oh%nednt#m ! 6%13&:(1?{; g{ﬁ g%ILgS%%lQ )f \gﬁﬁ?fé?rgtﬂ qafgﬁgs iFlﬁ{]ﬁ? details

followf 0063] Col | agen, types Il and 1V: Collagen coati ngs
were prepared on dishes at 1 of 5 different protein

o hMRCHBERtE@BRt0(tRsde cttufe dRhed with BMBROp1:S 1% &tibidtics, ascorbic
Matri x conponents were added in acidic buffers to the

acid, 2giMHeglutarmacand 0% FBS. al | owed to attach over a
10-hour period at 37C and 5% CO2. After 10 hours, the

o Putliish prepurtionsdHPpSTCe trohyadullt rat araikidadti mmefndrverszwhmprspared by

or. vl long) T%'agtsoﬁ + HEBET g Pulored O Pt g BT + 5% FBS.
Cblla en |V gnm, C—553v2 with 0.5M acetic acid.
m?erwer gmpd ﬁrgapeSTO celistabtrjed from thedrie and were tested for

thei egfﬁﬁa%gg Rpnert prélchfiory BhotAbtodtR B ST0 o gt i) aroven

in KMaBaviichL59¢ fetipbblinBesraiseagaddedubbl es can mak e gels
unstable, the formati on of air bubble formati ons was

. FogPﬁ%gﬁr&hSﬁi of B—Hﬁaﬁpédlt%g&rbf{hum th%PH'vé}Qie'i‘lVE@ mdIBRPlyAMEEE S,

s or as a "sandw ch nmbed cel |l s bet wéen
livers were dnaymatcably digdsteslgesimg (. @@e&}/mwmﬂﬂgameéym Ncand @.3gpg/ml
deoxyptisRE B ap e iitie AR B o MR B sCh sl gpnss cross
2% Heh2116 Slek hita & eshinds of
oy vl LR ey, sl o e g i
slow-spegdhesatidfygetian @9 Hehfor:S romptes. ke supapdapicrecobeeizd apd
I O I
e R0 B8P O RBCS i B0 S, e o

were tBerS1aRa @nfd ¢ulfike blaytﬁf ardf indOVl sagplemlenteddeith 10%eF Bﬁ/ SThaEm
was allowed to at 37C agg) 5% CO2 .for 1 . hour

mesenglyymaicells pttached B’IT@H} MiREes tAPRFS. a0l R e SR 1§E°r%$f°ma1
feeder? Q%Igyﬁ%'ar%gtg@dtgde ﬂggg?@h f’ befightle b? 'nglagwgh feStia Iof desmin,

r cells7[0067] "After 1-2 weeks of
CD14¢ahd o8®A.cel | s were fixed with 4% par af or mal dehyde for
i mmunost ai ni ng. A anti bodi es used were as foll ows:

o KDRF6r G@’ﬂlﬂgﬁtlﬁdleﬁdhkblafvdl”ﬁiﬁn VlWCfetaSB hieepceligispedSions by magnetically
Bi ol ogi cal s, Swanpscott, , PE-conj.ugated anti - hurman

activatepsell éw@AMMfé?S/byz@UsM%@evoqi@W esbdumaEdsEs mows jge1 (Cell

Scxencg%%a]ﬁhu W%Ak@%t%i{&@& ?939 td gfg? B Hié%&%@éagfé é)r using

monodléyal aativhumah IGDS lakbBsenigE econgEated tamagnhmlmcrbbws | Plating

s R SRS |20

anti - chondr oitin sulfate prot eogﬂycan nouse 1 g
o Fe¢Birgdepleted of steamal ceNpperapreparnd, ﬁegatw&rsslr?ee@m Fprrﬂhﬂ%@asts using

L e e

accordid 2@NastifeGurer’s instfucamebaiMilteiNd)Biotea Aabiirin; GAYAThe plating density
erl ecan
for ﬁbpoblast-depleted supernatant cells was 500,000 cells/cm’.
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|g&a (Lab Vision, Frenont, CA), rabbit anti-human AFP
I gG (Zyned- 1 nvitrogen, South San Francisco, CA),
wa@pisAkgeran KDR nouse 1g@ (Cell Sciences, Cank@rUSp§/007397
Al exa Fluor 488 goat anti-rabbit 1gG Al exa Fluor 568
- bit 1gG Al exa Fluor 568 goat anti- nouse
Purify el rs)tga Fl uor 488 goat anti -nouse | gQRa

| ecul ar. es-1n en,
1006016} bt oo R R R oA OO s Jakgivgddn U.S. patent
applicfn' B¢ IR%eHA0D. 4¢/968, 0491 f16d RUQ&%M&V 15, bbo¥, thédisg@Bsure of which is
Val encia, CA). The extracted RNA was then
incorportedrtEeein imits entirotycyi 1efareR®NA USi ng SuperScript(r) 11
RT (Invitrogen, Carlsbad, CA). Real-tinme quantitative
[0061]HGRronastimp dlibronewsh (S$gma I%f_)@q&)swaeco&@bmnté dishps atroenserdrations of
robes shown in the TabI e 3 bel ow and anal yzed by the
0.5, 1. &BF 2p9/em ?‘Gb@‘egéa%tzé tePBct4on System (Applied
Bi osystens, Foster CA, USA Ri bosonmal RNA
[0062](Ligshir: ﬂ@mleladﬁlg@a |L2£)¥@):_\ te disheg atcqpaeentrations of 0.52 or
1.0 & ritrtot[t7 he nRNA expression Ievel s relative to 18S
H &8 'm ned and the fold changes were cal cul at ed
2-& CT. nethod. Priners used are ta
10063] a1 en Tapgidl AmadOR ?ﬁwgpscoe%wég”%spregéwrﬁéﬁ%é@t Lof5
f RATBincBh 43083395 1Y Rt 10.6 By € Bath
di fere?@%l Hs001té59}’§§%11 2 gg 83{9&1 ?g} %ﬁsfa{vﬂgﬁau Ponents
were a(ldb:dﬁ/ht)dlcb-bﬂifdxﬁmﬂie dmthest SF pe mattix wlas al@@methto attaalh aver a 10-hour

period aERTen)d $@0a0oRBEE ot tBy tishie VTS saieed b (kryadiation for

2-hour'r€'§%iﬁll%§%§§ed‘%x Wi{TPBKN %é&hﬁt gs gﬁaé'\@%)ﬁ W@Q&ﬁ;@%@éﬂﬂh pH 3

ain ( LAVAd 0015 am ni n-a5
acetic adidiand CoRAKE) [VHSI9R4,56993 3] with &HiM apet@lacihai n (LAMB 1)
Hs00158620 M |l am nin-ryl chain (LAMCL) Hs00267056_ m

[0064]?%?;&%%2,8%%7 gg@%@ gehid00 g@éﬂﬂsibn”ﬁ' echﬁ@’lo@@sZM&NﬁﬁGﬁ\?} was
7397 ndecan- 2 2998
modifigd ypie digpidzofl mt)vp%éwfﬁémzfpﬁ@ &’rt&Pﬁ Hzéﬁ %‘s@ﬂd 0.1IM
NaOHH%%QﬁLF Lk les g&!ﬁﬁeﬂé@g s eReGh1eChile |f§nﬁ£fonw}3§cﬁlbbﬁo@%anons
Freshl'y 1solate survived ex vivo on tissue

was prewinted: €Tz cdlagen | wasKMed\Hmdnfdr meonotaletssofiwetleor as 4 Ysandwich” to

embedégﬁslgq_tyvegﬁgwg Fa%llel%bclf%o lagen. VEGFR2+, CD31+, CD133/1+,

[0065] Monolayers of Cells on Collagen I: Liquid collagen I was maintained at 4°C prior to
distributing 0.4 ml into each well of a 6-well plate. After coating, the collagen was gelled at

37°C and 5% CO, for 1-hour.

[0066] Sandwich (Embedded cells) Model: Cells were sandwiched between layers of
collagen. After a 10-hour period for cell attachment period, unattached cells were removed,
and a second 0.4 ml layer of collagen I added. The system was allowed to gel at 37°C and
5% CO;, for 1 hour to solidify the top collagen layer.

Immunohistochemistry on human hepatic progenitor cells and human fetal liver-derived

feeder cells
[0067] After 1-2 weeks of culture, cells were fixed with 4% paraformaldehyde for
immunostaining. A antibodies used were as follows: FITC-conjugated anti-human vWF

sheep IgG (US Biologicals, Swampscott, MA), PE-conjugated anti-human CD56 (NCAM)
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qui escent hHpSTCs (CD146-1ow, desm n and aSMA) (Figs.
1-3). Colonies of hHpSCs consisted of cells tightly
wWhowadsd667 each other on their |ateral borders BCE/USZ00$1007397
mnimal attachnment to the culture dish per se.
However t '
mouse [T i Pt CORF O LB 101 FE EOGuERLEM ERupnd ELRAACAM )
moused%@iﬂ‘ébm St®J (Sd&;ECIé{I) Sehinti-Hiline, aSNItAambnmﬂtgGmetehmlh@l tyipg 1
e mesenchymal conpani gn eIIs

collageiigpit 1501 o3P Ran B ] Collanen ATl BH-ppaRLominin mouse
IgGl, Exﬁfe glﬁfx}dﬁ(ﬁhb shffﬁ@?r&?&kl&&%%fué@rl grﬁ§| d{SLHES, , anti-human

ativ ders [ 007 everal forms
ﬁbronmnihrm{@rse dg@t $Oncipena Rewlrﬂs],’rodutth,e@aprmdgeg MAl rqhhateagltl -human

s bl e SoREGRSTSS BN, whBb o

1gG2a gﬂéﬂ Vigsh, PPerhHAS € Al 8268ik aftehlimmah AHM gG/\(Z}}n@dﬁln%tm gennSouth

Xposure 'to serumis essential to stave off
San Frammoa@édu&ltdh‘ﬁmell KMR moushlasi! (ehistaiences Leaniany M), Alexa Fluor

fee [ r tor r
488 el BEERE A s et Ot FEH EOL ARG 1k s oat ani
mousequW aﬁH QAkea Pluor 4% goHt Aytimhodse ¢gE2s (Moleowldt mees—tlmhtragn

suppl enented with 2% serum before switching to

Eugcns,e@&)nfree medi um such KM for assays requiring

co-culture of feeders and hHpSCs. [00711 Wen
QuantivtivetRiahddime RPRer um free nmedi um (Figs. 1-3), hHpSTCs

were found to be quiescent, expressing |ow |l evels of
[0068ICPE4PR NAew a3 extedecbdoffivi. celﬂmmn@Rpkeaw@ Mioi €irgen, Valencm CA).

h t | 1-29
The extgeisTRUA whsdben TR arctasd THRON wilE SprmiTip LT
(InVltljég&h Cafi¥Bid ). %ﬂﬁme%ﬂﬂlt@u@@ﬁCR% ﬁdf‘fcﬂmeé).lsmg sequence

osure td serumalso " induced primry cultures of
Spemﬁcqirﬁilerls aﬂéprdbek Slsywrom thﬁmabhs‘ébelowamd@@plyeect by the ARbfgism 7000

Sequegya Perein ST (paRHRRE enEaPsH RGitn Ly ipgromal RNA

(18S) h%ﬁ]t Eh Werl Sype WasGised kb G}terﬁﬁ) oonﬁUVE’ﬁSe MmRINA eﬁﬁ)esmanhbvels relative
rine enbryonic stromal cells @SSTO often used meglgod

to | sSetmeiletamiwdendiss G Phangss waTe shIal pRg {he 20l t

wer e  prepar om cel | suspensi ons of 16 20 week- ol d
P”mefﬁ}hsﬁﬁgf @@168% {%Vrs by i mmnosel ection. Cells

FQCQIHH KDR /g e~ 11 1
eX LI = oy (o T A u. Jlleg Pb rli&& Ul L/UJJ. \d K d.

PECAM) , or cel I S that Pémain pon negative sorting
forl Tibroblasts Gheseby reducing jor elﬁ%aﬁal’!“ﬁ'gbew VO
ZOCE’R’@b@"""ﬁN‘ Gligsi#S20087 007397 strorrel cenbsager e

sel e(l:t e CS \Wiole livers ¢

r| cod N B0/ ar\d 1/U
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and K). Even if the cell suspension was negatively
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wer oos ﬁsve VWF, indicating that the cells were

ends:lvm@h13é‘l3P%3él |'s. After 5-7 days of RQPY7At7d m!
N€p@si c stelTate celTs (st rong&ogme_mpyessi ng
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em g. 7B) with an antigenic profile of
°°mb‘%at’c‘3ﬁn>§?h k@&ﬁgg | CAM 1-, AFP-, CLDN- 3+. hHpSCs cul tured
DA .

of ) act |vat ed taﬁvgefekéerg I neage

Feedero flee ! ng

acti vat ed h HoSTCs caused rh@(E‘ag |t| on, Wt
gells.
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[0087] The concentration of 23 human cytokines, 17 mouse cytokines and 2 non-species
specific cytokines were tested on cultured media conditioned by STO feeder, human fetal
liver-derived progenitor cells and co-culture of both. For human cytokines, increased
concentration of soluble interleukin-1 receptorca (IL-1R @), interleukin-1o (IL-1¢y), IL-2, IL-4,
IL-5, IL-10, IL-12, IL-13, macrophage chemoattractant protein-2 (MCP-2), eotaxin, soluble
tumor necrosis factor receptor-2 (sSTNF-R2), and regulated on activation, normal T-cell
expressed, and presumably secreted (RANTES) was observed in co-culture compare with
human fetal liver-derived progenitor cells cultured alone (Fig. 12, Table 6). Cytokines with

decreased concentration in co-culture were interleukin-11 (IL-11), granulocye macrophage-
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[0088] For mouse cytokines, increased concentration of interleukin-2 (IL-2), IL-4, IL-5, IL-6,

IL-10, IL-11, IL-12, granulocye macrophage-colony stimulating factor (GM-CSF), eotaxin,

granulocyte-colony stimulating factor (G-CSF), macrophage inflammatory protein-1ca (MIP-

10), interferon-y (IFN-v) and lipopolysaccharide-induced CXC chemokine (LIX) were

observed in co-culture compared with STO cells cultured alone (Fig. 13, Table 6). There

was no significant decrease of concentration of any mouse cytokines tested in co-culture.

[0089] For non-species specific cytokines, transforming growth factor-31 (TGF-31) was

increased in co-culture (532.3 pg/ml) compared with STO cells cultured alone (10.2 pg/ml)

and with human fetal liver-derived progenitor cells cultured alone (22.3 pg/ml).
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growthefahtarréié (tfﬁé‘ -@)thad iiehibijecoHeppd seld rawil andigurival HEpidgapal growth
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sence ronans [ turin
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no. 26 WD 2008/ 156667 PCT/ US2008/ 007397 60/ 893, 277
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R e

vivo. ANl oftHe d‘xaﬁlﬁ)wsﬁnclude hyaluronans, which are ubiquitous in the stem cell niche in

livers in vivo. It is thought at present that hyaluronans enhance the efficiency of propagating
HpSCs. However, the examples should not be construed so as to require the presence of

hyaluronans in culturing HpSCs in vitro. See, e.g., U.S. provisional patent application no.
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Lam ni n/ Fi byonectin Heparin I nsulin, |chains)

1. Condfifohs for DRIAASGHYT aelCells Ol

agen (and Prot

eogl ycan (o

r

Hepatic SleAICe1EMALN] Tope IHCMR [ YARinln) Hepar 1 n)| Hepan silate | |Ghdulin,
Hepatobltdgds, Adul t Hiviealldasrdr gcorti sone,  Li Varotddlycaaliel [ trapgerrin/fe, LIF,
fatty aci ds|bound to|human al bunin [IHS) fro@bpmdnt j kY, IL6 (and/or
for Gowh ¢f Adult He atoc tes Hepat|desiiads (di p|bih: HGE,
celI's Type |V Laminin|Heparan sulfatq Insulin, BCEL feefatty
T3, nust be= used for [conpl ete col |l agen proteog| yachﬁﬁz}::gan
(or IGF I, HG, ceII di vi si on) HS) fromfet al HIZLhepatopoletln
Hepatic Ste %ells andAS "l;%‘tcﬂi eind"t 'Lﬁmﬂ‘ﬁ'h' ds—bound arEHJsUﬁQt_e Insulin,
Hepatolﬁg ’w1th retiin TV." Condi tions, f &fglym)(ér”aﬁ'ansferrin/fe, LIF,
angiobl (ﬁfh@lﬂl | at |c&ﬁ &f Adult He atoc tes Hﬁ)%ﬁwﬁlﬁﬁ Kdrat . 6
[erafts] di pl 0i d Type E bronectin Hepari n | nstthlilivers EGF, | (dil/or IL11),
HGF, VEGF,

HDL, free fatty
acids bound to
human albumin,
and hepatopoietin

I1. Conditions for Differen

tiation of Stem/P

rogenitor Cells

Hepatic stem
cells/hepatoblasts

Type IV
collagen (and
some type I)

Laminin/Fibronectin

Heparin
Proteoglycan (or
Heparin) from
Adult Human
Liver

Insulin,
transferrin/fe

T3, IGFI, HGF,
hydrocortisone,
HDL and free
fatty acids bound
to human albumin

I11. Conditions for Growth of Adult Hepatocytes

Hepatocytes (diploid cells
must be used for complete
cell division)

Type IV
collagen

Laminin

Heparan sulfate
proteoglycan (or
HS) from fetal
human livers

Insulin, EGF, T3,
IGF I, HGF,
HDL, free fatty
acids bound to
human albumin,
hepatopoietin

IV. Conditions for Maximal Differentiation of Adult Hepatocytes

Hepatocytes (both diploid
and polyploid cells)

Type 1
collagen (with
small amounts
of type III)

Fibronectin

Heparin
Proteoglycan (or
Heparin) from
Adult human
livers

Insulin, EGF, T3,
IGF I, HGF,
Hydrocortisone,
HDL, Free Fatty
Acids bound to
human albumin,

and glucagon

[0094] In this way, transplanted cells obviate whole organ replacement all together.

Furthermore, in vitro devices such as bioreactors may be seeded with hepatic progenitors
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and polyploid cells) collagen (wth Proteoglycan (or
IGF |1, HG, snmall anmounts Heparin) from
wWoR@sosw®st i sone, of type I11) Adult human HDLPCFUS2908/007397
Fatty livers Acids bound to human al bumn, and
| ye n 41 | . .

el b5 bGP ot P 10 B ATPUB T LhSronment oty
popul&te devies BEFcompaftméhtstwitit eMbleaissseisttucagedi lnrthsov oy, bicustyficial

be seeded with hepatic progenitors 27 WO 2008/ 156667
devicgscn bspbbssdiey @bmaéﬂl%v& S} HacgeAl5yFIgpicatseand as a bridge
betwebR B{g%ﬁ ehitutk @ﬁﬁi ?Sn?]ﬂgntﬁ é)ﬂj binRedd, Ak SHRYihES Hﬂﬁf these

so they popul at® eV|ce subconpartnents with vi ab
investigagsnesuppest chatnuiizingnhdskicslisvangy bbianawenfei to |1mprovc¢e>¢11(§esrcmg

. .. can be utilized.fo ha col o st udi es,, vaccine
hmltaﬂ%‘QﬁéB&ﬂ‘é’i’?ng o heth pel) Rergey LR\qisaRtop pguie Figffegh geatments
OpUmgnd organ transpl antati on. Indeed the results
obt ai ned fromthese investigations suggest that
[0095@%11@'2&9 ﬂl\}eﬁﬁéﬁ h&s%éeﬁ dgﬁéﬁbgg lﬁgoxﬁl\écp&?w'itﬁ sF@&?ﬁ@\éﬁlb@@itﬁents
Imtations that current I nhibi't both cel

thereotfhewapye andbrhtbod @mt itas capablec fnﬂlﬂerdﬂd)dlﬁpaimnd ghis application is

tions. [0095]. Wiile the |nventéfﬁghas E escribed 1
intendie] i v ARY BRHIAT, S F AltETALA e HEEn OO S fgRne: 1 eneral,
the pr}/Mcl&)lesQﬁ tHOBREREAPshd 1|ﬁ@1'i.1dintg suéh 8eRAR& Bém itk f)r'%?ént disclosure as

fications and this application is intended

come gathiy knwn ereustmay practise withisy thglartde azthldhﬂﬁeonvqrﬁl@n pertains and

sl BRSPS PR oL PGBy B o sons

of theRpF&RIBH cHhims! osure as come within knomn or customary
practice within the art to which the invention
pertains and as nmay be applied to the essentia
features hereinbefore set forth and as follows in the
scope of the appended clains. 28 WO 2008/ 156667
PCT/ US2008/ 007397 We claim 1. A nethod of
propagati ng hepatic stemcells in vitro w thout
inducing their differentiation conprising: culturing
a popul ation of isolated hepatic stemcells in
serumfree culture nedia and on a |layer of matrix
conponents sel ected fromthe group consisting of
hyal uronans, other unsulfated or poorly sulfated
gl ycosam nogl ycans (GAGs), unsulfated or poorly
sul fat ed proteoglycans, enbryonic coll agens and
enbryoni ¢ basal adhesion nol ecul es, and conbi nations
thereof, in which the layer is essentially free of
mat ure col l agens, and in which the culturing
propagates the hepatic stemcells w thout inducing
their differentiation. 2. The nethod of claiml in
which any or all of the matri x conponents are supplied

by
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angi obl ast feeder cells, quiescent hepatic stellate
feeder cells, HUVEC feeder cells, or a conbination
W@ b@sasios7 3. The met hod of claim 1 in which theCT/US2008/007397
enbryoni c col l agens are of type IIl. 4. The nethod of
szd?hp|n11 in which the mature collagen is collagen type
5. The nethod of claim1 in which the basal
1. adhaethod ofiplopagdting hepatis stee ceBofrovine vathout anduning theou n d

redom nant |, n fetal t net hod of ..cla
differ UiFRORFATER G SEDGE REP sﬁﬁhowa oGRS S Sl Hpscnim:free
cultur©m, ﬁ%ﬁ%od 1%%!5} othdtAk @8mp ZnenT@?elé‘@éd“ﬂ&anle §todpBonsikting of

he proteogl ycans are forms of chondroitin
hyalursudufsamber wrsotfetedloy paody @ﬂ&ta@lycogmlmpglym KGA Gsh, unsulfated or

c stem,cells ar

poors il ooV S O ey F IR EC PrgLadHegEt molecules,
and colkBndfRnb@ckradr, claim 8 in which the liver is human

liver. 10. The method of claim5 in which the |aninin

| & hicR tlfqug &Nt E?stehﬁﬁl}bﬁéé"@ierﬂatﬁ@égllageﬂs 5&1 inrARRi¢h tide culturing

g/cn2. 11. The nmethod of claim 10 in which the |lamnin
propagatesathe hepatiostam celts with@ft irdveing their differemtiation2. The

method of claim3 in which the type Il or 1V
2.  CThé agthod ofichimnidinvwkichhhy onill af the omatexr k:ompbmntbate\seppiied by

. .about 0.1 to about 15 g/cnp. f clai
angiohlfst igsdencallicaasrept hepafy elie %Wﬁ?fﬁﬁnﬁW%ge &, or a
comblgggg{t;,g@gp? PCT/ US2008/ 007397 14. A nethod of

|fferent|at|ng hepatic stemcells in vitro to

3. i1 o?g’lt AV LGB WhilS tl'ﬁ é}l%r hike lelggeﬂg R (ﬁttm@ﬂ?f

hepatl C stem ce serumTree cul

4, ?? geir'ﬂarlxte é)% ? C():la m 1 g thher%%tu{'%&)o(iﬁgpﬁj &e&ﬁlﬁgéﬂgﬁg ‘i.ed

const &f I'ng o
on ol ecu i nati

. Mgt clhlnt\ﬂ@c@ﬁaﬁsadgs%moh 3P Bprif Toforms of

lamml%ﬁ’r[@p@@)rhﬁﬂﬁﬂﬁ in il tisbuaghi ch the culturing
propagates the hepatic stemcells w thout inducing

6. \/\E ¢ feflolfdtc ?a'i‘x?'l' 1Pl Wiich fr GARS Jilirheth BfalibAdnd a}élfdrfhs of

any or of the matrix conponerits are supplied
chondhytm adfdtesat ed endot hilia, activated hepatic stellate
feeder cells, or both. 16. The nethod of claim114 in

7.  Wihé€method ofrbuimonincwkioh tiagsrdtebglycynpeart Yoras! dfapendroitin/sulfate
The nmethod of claim 14 in which the basal adhesion

proteoghyicars (G P @é]mri se fetal isoforms of lamnin. 18. The
met hod of claim 14 in which the layer further

8. th?Jmetl@d ny%lmrlolrﬁla‘ﬁ@c}l {lge heppie emirsils are htaingd frem fetal,

t stemcells are obtained fromfetal,
heonaig lta{er, gﬂlvr%lrc or adult liver. 20. The net hod of

9, Cll"l?e me d oq’ cY\a@mcéjm V\t}helCL theellvelr 1S hdjnrnrz?nnll\llelrver

10. The method of claim 5 in which the laminin is at a concentration between about 0.1 to

about 2 ug/cmz.
11.  The method of claim 10 in which the laminin is at a concentration of about 1 pg/cm®,

12.  The method of claim 3 in which the type III or IV collagens are individually at a

concentration between about 0.1 to about 15 pg/cm?.

13.  The method of claim 1 in which the layer comprises hyaluronans.
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21. A nethod of differentiating hepatic stemcells or
hepatobl asts in vitro into commtted hepatocyte or
Whriosasesepr ogeni tors and progeny thereof conprPGI/HgR008/007397
culturing a popul ation of isolated hepatic stemcells
: [
an%stlh ﬁ?gdﬁ?ﬂ abﬁ%ﬁgﬁ% ?%nz@g}s olﬂ v?tg)()) ﬁc}slfr‘ Spaﬁjble{'g?st Sdnfprising:

culturﬁllg| o pupathtioh @ff eUdtyCRdatic BRI sd hérageﬁse cﬁlnbe aredit and,on a
and conbi nati ons thereof, and in which tFe culturi ﬂg basal
layer qfagtsigcompenents sdpcid fram bR SHUDBSHERRPT TnRpaRicef!fgens, basa

adhesigh m(h@ és°@S 3 a'nHtCSm% h{ gdrdogpatic or biliary

prog en r's an progeny reof 22. The net hod of

o é”a%%Ie gt Sl bt pBnd B e GEFREATR Sutturing

propaétﬁéb&hb Bepdtrl §téi1t1 celiseeilibsut éeducing tl’(yleﬂlﬂﬁerreﬂulimh f eeder
cells, or conbinations thereof. 23. The net hod of

15. CIrﬁé fethodi IT MHnCH thhRehiBREAY Er S1Pb1 he @Matiif c6@pbiadedarekppplied by
24. The nethod of claim21 in which the [ayer is

actlvammdatmhaaa¢tyvatqdd@peﬁc stplata fesdgneclls, osbotithe net hod of
claim 21l in which the hepatic stemcells are obtained
16. f Themfettaal of claimokainavhiclp i enbriyenio coagsintis typedV. codlogenn
2008/ 156667 PCT/ US2008/ 007397 26. The method of claim
17. 2%hé medidadf ddim 14 imewhitls thelbaaal ddheson nidleculds eomprike tktal
of ¢laim21 in which the sulfated proteoglycans are
‘SOforﬁ‘éﬁéIaé‘Hnghl f at e PG or heparin-PG or both. 27 A
cont ai ner_for agation of hepatic progen;jt
18.  cBhpmeshadepf cla(nal)l nc\’dﬂtslaﬂr?elﬁyer dhgrppmprisgs aya IbananS
matri x conponents sel ected fromthe group consisting
19. ofrhhywthadmfaalmm 14intwhichy e hepatiestemr cells 81d gbtaingd &peldfetal

GAGs | f at ed I
neona%ﬁlqegtazlac %i%tglgw%?/cgns )errb:rjgggi cacgl I ggeggo;né
dh I I 1d mbi nat i
0. ¢ Rer bethodgtaram RoRaD g Ivie‘r’issfi%mna@m y"?re'e”i;‘f'
mature col | a ens and wherein the
21, cAnpethed o dfmentiating Arpapictan selky o ekalobBis e s gammitied
hepatc%%?e 01'6[9?51'? rng?écs:nltgl% anysbgu é?lgltt LA6f cogﬂtlpr‘fén?g Rulturif Mpbmblation of

e conta I's ati ul'ture plate,” a bioreactor,
isolateal hdpabc steinl cells irasdran-frdd quituBdmediagodtoai aleyerfadmmatrix components

steel B3R e AP 205 BB Bagehfoncctn,
andc(ﬁ.ﬁ%lggﬁ(ggtﬁ&gmthe group consi sting of enbryonic
col 'agens, basal adhesi on nol ecul es, CS-PGs, and

conp| nn\?fncﬂ RFe éﬁﬁhﬁga%%dggﬁ&' dif V#ﬁn&tﬁ}f%f thé h@ﬁa%%@%én%éné or

free mature co erein the |ayer of
hepatdabiists inte compmitedt lepatiket Gtibiygirbgenioat andaprogensthersng
surface of the
22.  The method of claim 21 in which any or all of the matrix components are supplied by

stromal feeder cells, activated hepatic stellate feeder cells, myofibroblast feeder cells, or

combinations thereof.
23. The method of claim 21 in which the mature collagen is collagen type I.
24, The method of claim 21 in which the layer is substantially free of hyaluronans.

25. The method of claim 21 in which the hepatic stem cells are obtained from fetal,

neonatal, pediatric or adult liver.
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container. 31. A container for propagation of hepatic
progenitors conprising: (a) a container, and (b) a

wo 2008115667 mat ri x conponents sel ected from t he BECDUR2008/007397
consi sting of sulfated proteoglycans mat ur e

Nﬁ;ﬁé RS o ;ﬁ&%ﬁtmﬂm Rdivep i iRRg, ¢ her eof,

erern mat rix conponent s subst ant i aI Iy

27. € meal d o%%?alm €in WLHICh ¢ su{fatteg %rot&?él&é‘in@ Gfe he?b%ran sulfate-PG or
heparin-PG, or both.

27. A container for propagation of hepatic progenitors comprising:
(a) a container, and

(b) a layer of matrix components selected from the group consisting of hyaluronans,
other unsulfated or poorly sulfated glycosaminoglycans (GAGs), unsulfated or poorly
sulfated proteoglycans, embryonic collagens and embryonic basal adhesion molecules, and

combinations thereof;
wherein the layer is essentially free of mature collagens; and

wherein the layer of matrix components substantially coats at least one surface of the

container.

29.  The container of claim 1 in which the container is a tissue culture plate, a bioreactor, a

lab cell or a lab chip.
30. A container for propagation of hepatic progenitors comprising:
(a) a container, and

(b) a layer of matrix components selected from the group consisting of embryonic

collagens, basal adhesion molecules, CS-PGs, and combinations thereof,
wherein the layer is essentially free of mature collagens; and

wherein the layer of matrix components substantially coats at least one surface of the

container.
31. A container for propagation of hepatic progenitors comprising:
(a) a container, and

(b) a layer of matrix components selected from the group consisting of sulfated

proteoglycans, mature collagens, fibronectin, and combinations thereof,

wherein the layer of matrix components substantially coats at least one surface of the

container.
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