Title: PROCESSES FOR CLONAL GROWMH OF HEPATI C PROGENI TOR CELLS

Abstract: A nethod for propagating mamal i an endodermal |y det Ap@d005

progenitors such as hepatic progenitors, their progeny, or mxtures

t hereof is devel oped which includes culturing manmal i an progenitors, their

progeny, or nixtures thereof on a layer of enbryonic mammalian feeder

ceIIs in a Hie medi um The cul ture nedi um can be su Ienented w th one
nore hor es Znd ot her growt h agents. These horr‘rﬂ)l(r‘g}éDJ WEH St her growt h

a ents can incl tinam de, semm
a?bunin (3-nercap &ﬁ%ﬁgﬁﬂ} Eﬁregﬁﬁgzﬁﬁﬁﬁ%F?kiéiﬁﬁghﬁﬁ@?ﬁ@ﬁgcn and H2Se03.
The culture medi um can al so |nclude anti bodies. Inportantly, the culture
medi um does not include serum The invention includes neans of inducing the
differentiation of the progen- itors to their adult fates such as the I

di fferentisation | Bﬁ@gﬁf pfor cells to hepatocytes or biliary cells
by addi ng, o} ex?{ug§ trHﬁepi erﬁ% grom h factor, respectively. The nethod
of producing nanﬂ@bmwwmﬁmag@nhﬂ@msmmSWimxmnmnsﬁmdbmagmmhnfprogenitors can be
used

mammalian hepatic progenitors, including pluripotent cells, stem cells, and other early

hepatic progenitor cells. In particular, the invention relates to methods of propagating

hepatic progenitor cells using defined culture medium and feeder célls in co-cultures.
10 Moreover, the invention relates to the cells used as feeders and capable of sustaining

hepatic progenitor cell growth.

2. DESCRIPTION OF RELATED ART

Identification of multipotential progenitor cell populations in mammalian
15  tissues is important both for clinical and commercial interests and also for
understandings of developmental processes and tissue homeostasis. Progenitor cell
populations are ideal targets for gene therapy, cell transplantation and for tissue
engineering of bioartificial organs (Millar, AD. 1992 Nature 357, 455; Langer, R. and
Vacanti, J. P. 1993 Science 260, 920; Gage, F.H. 1998 Nature 392, 18).

20 The existence of tissue-specific, “determined” stem cells or progenitors having
high growth poténtial and/or pluripotentiality is readily apparent from studies on
hematopoietic stem cells (Spangrude, G.J. et al. 1988 Science 241, 58), neuronal stem
cells (Davis, A. A., and Temple, S. 1994 Nature 372, 263; Stemple, D. L., and
Anderson, D. 1. 1992 Cell 71, 973) and epidermal stem cells (Jones, P. H. and Watt,

25 F. M. 1993 Cell 73,713), each having been identified clonally by using the particular
methods appropriate for that tissue. These progenitors are regarded as the cells
responsible for normal hematopoietic, neuronal or epidermal tissue homeostasis and
for regenerative responses after severe injury (Hall, P. A., and Watt, F. M, 1989
Development 106, 619).
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subsequently in one or nore of the follow ng processes: identification of
gromh and differentiation factors, toxicological studies, tfpg 2005
devel opnment, antim crobial studies, or the preparation of an extracorporeal
organ such as a bioartifcial liver. 1 April 2005 WO 02/29012 PCTI US00/ 27428
PROCESSES FOR CLONAL GROWMH OF HEPATI C PROGENI TOR CELLS 5 1. FIELD OF THE

| NVENTI ON -m)eozBJo sent invention relates to novel con&i ta}lygn]s for clonal
growt h of “manali an hepatic progenitors, including c 983‘{4%% cells, stem
cells, and other early hepatic progenitor cells. In particular, the

i nvention rel at eSht pammplirodduldiverinopagmidongcaphmitp &t revpnrbigeithdor cel | s using
defined culture medi um and_feeder_ cells in co-cultures. 10 Moreover, the

i nvention r efFse bepaipigric imyry ar pattighheppleciopy @ybackly CoBRAWr®. of sust ai ni ng
h tic- b J Ay s RTI AT
epati ¢ progpp,of ofs, @%&Q‘&M@%&ﬁﬁ%ﬁn%@g - Cl)ﬁ‘o?r .

I dentification of nmul'tipotential proge pop in manmal i an

15 tissues i gveh toaghttasTivedio idallyar quiekdeititigsab wahiht £ NRARER DalaMog €Sts and al so
for understandi ngs of devel opnmental processes and tissue honeostasis.

Progeni t of cerent stysbigsin Ge moves hawe bedndusapreteditogegasst thet adgle preenchyarbpy, cel |
(M1 D, =185 g e gt gk ol B el b et mebiasn B 1993
Sci ence 260, o,Qfnen3R0%rmit-cthy, 15998, Wdﬂfo@ 1304273} 3knim2P ATOG1 §9945t €nce of

ti ssue-specific, "determned" stemcells or progenitors having high growh
potential anfdiawe F3LTIUPO Tass bxpedithantsi ntadé @@ df heyerapemativer &llom st udi es on
hemat opoi etic stemcells (Spangrude, G J. et al. 1988 Science 241, 58),

neur onal st ePaPelaqns §miting the gbility fo prove thahthe Frow potent®l olsoge derivadr e 372, 263;

Stenple, D. L, d___Ander,son,.D. J., 1992 || .71, 973 d i dermal stem
cells (Jolﬁes,&mlh-’fa&1 .Pwﬁﬁc&YWtcgg’%ﬁUbW%i%% @I‘tlparﬂf,gy‘?%ﬁﬁq{; B@Z‘gh havi ng been
i dentified Cfr&ﬂﬁi:ﬂméfur9¥ta§§bflﬁeﬁa'fb%ct@ﬁa%l%lfs‘{l.@?rogéﬁ%ﬁ?f%ﬁl?cﬁﬂér&@ﬁé ate for that
ti ssue. These progenitors are regarded as the cells responsible for nornal
hemat opoi et i gydigsshovomeadvidence épbidienyepithelial differentindor sisteald Instaindd hddor
regenerative responses after severe injury (Hall, P. A, and Watt, F. M
1989 Devel opifheiflbuminsurolinags transgynesigp athertfr caspiRErofiRUREbiS przymapr i | 2005

deficiency; both types of hosts have conditions that selected for the hepatocytic

15 lineage. Therefore, the assay was incapable of testing for bipotent cell populations.

Several histological studies establish that early hepatic cells from

midgestational fetuses have a developmental bipotentiality to differentiate to bile duct
epithelium as well as to mature hepatocytes (Shiojiri, N. 1997 Microscopy Res. Tech.
39, 328-35). Hepatic development begins in the ventral foregut endoderm

20  immediately after the endodermal epithelium interacts with the cardiogenic mesoderm
{Douarin, N. M. 1975 Medical Biol. 53, 427); (Houssaint, E. 1980 Cell Differ. 9, 269).
This hepatic commitment occurs at embryouic day (E) 8 in the mouse. The initial
phase of hepatic development becomes evident with the induction of serum albumin
and alpha-fetoprotein mRNAs in the endoderm and prior to morphological changes

25 (Gualdi, R. et al. 1996 Genes Dev. 10, 1670). AtE 9.5 of mouse gestation, the
specified cells then proliferate and penefrate into the mesenchyme of the septum

transversum with a cord-like fashion, forming the liver
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WO 02/ 29012 PCT/ US00/ 27428 The mammal i an adult |iver has a trenmendous
capacity to recover after either extensive hepatotoxic injuf PrEt2095rti al
hepat ect ony (Fi shback, F. C 1929 Arch. Pathol. 7, 955); (H ggins, G M
and Anderson, R M 1931 Arch. Pathol. 12, 186), even though the liver is
usual ly a quiescent tissue without rapid turnover. Data fromb5 recent

st udi es inv%'u(g2 mouse have been interpreted to suggest that adult

par enchymal 8Y% have an al nost unl imted growh po'EféfH{Sf"’éW‘IZ?y as assayed
by serial transplantation experinments (Overturf et al. 1997 Am J. Pathol.
151, 1273); (aagemAlibougifine Bber Bass thef) Btreasof 8:208RAEROBe indb4Q)n maligSe experinents
made use of heterogeneous liver cell populations limting the ability to
prove that t Ifse Greolinhhematopeieticatlispwhicl opborlizel the ffopad tiver ot Bl0dmthadolse  par enchymal

cells, from a,.subpopul at.i Q dult parenchymal cells and/or from

i mmature sta %“Sf?fg"’ﬁ#é&:}aﬁ?"a Pé%{/iﬁ’l%@e’flﬂ oilpgneg.the hgpaficcpllstoshoy anpyr t her mor e,
the studi es sROWMNEEMLE IGNE Py hLoed halndl ff erentiation, since
t he hosts usgg&ha Setlﬁ@t(:;ﬂer a?%%hﬁ@u¢o ?t}r?éggb'tlrgglngegilerﬁsgée 1%‘?’ ,ﬁgl.}n t he ot her
case, a tyrodB3)e Imatsdhgy,reem day fien gdefiirgdienemeontdotdndidpemaof hosts have

conditions that selected for the hepatocytic 15 |ineage. Therefore, the
assay was i néupaipicet obf nyraber ofiggnes bas 45| tp lsthebepatic fdilupsospaptods aodfer Sever al

hi st ol ogi cal _studi es establish, t hat I atic ce

ni dgest at i onf];ll?crﬁsjsgtou%r ﬂ"h‘ﬁ‘i‘ﬁiw SW&W@P@%#QF&@% %F’I}t{léa?g%%t@o differentiate
to bile duct y7eihN@hibsBIIAS: V893 Nfurd s BGHI SRRk IV hC piiri, N
1997 M croscopy Rgg@lTe(é?h. 39, 328-r35)’. Hgbg/tk?c g’\?éﬁ%%lbfr?g?]?ﬂ%}ggi ns in the
ventral foredat. 66s20ndRhmid2, (. etruhd9SaNaalry 37 699). Hspeiatin e eisipionepi t hel i um
interacts with the cardi ogenic nesoderm (Douarin, N. M 1975 Medical Biol.

53, 427) ;10 HeasEE P of the sty anivited qascafler(Gaiatsas, S. ctab 11998 Pryv. Narhdpad i c

conm t nent oOGGU r i C..d 8 in t e. The initial phase
of hepatic dgé\;q'e %Ap%éﬁ@g%%ﬁn%aéli’ee\%%ﬁdie@Dﬂe{q@mf’ﬂgzﬁgﬁ& BRPEF e er um al buni n
and al pha- f etapide (RigNA FERNABI9E Rud 2876 1800E L 0. and 1999 Rlend-93485 g0 Ogi cal
changes 25 (Gual di, gR. et al. 1996 éeggg& @v. 10, 16%)6. At % 9.5 of nouse
gestation, tKBnaepdcétil #8WIcetdusint 0] pran kdsdlein atverehritipgiemet rat e into the
mesenchynme of the septum transversumwi th a cord-like fashion, form ng the

liver 2 SUBSTSPROFECsiiRetRerptpRofssisgy spite pifhe brozizamession otheiomtipat@CT/ USO0/ 27428

?Rl ﬁ’ggs ;Afsst hg&ﬂh Ittislﬂ% cichrvvﬁ{eth%%saﬁg Q&l@ ar'e TI&II:IIIeSIaCS ysse%gu%e ot dc\?e%pln}éhtalt he increase

stress stimuli or that the particular microenvironment in fetal liver per se causes such
destructive effects (Doi, T. S. et al 1999 Proc. Natl. Acad. Sci. USA 96,2994). On the
other hand, the basic architecture of adult liver is dependent on the appearance of the
initial cylinder of bile duct epithelium surrounding the portal vein (Shiojiri, N. 1997
20 Microscopy Res. Tech. 39, 328), Immunohistologically, the first sign of the
differentiation of intrahepatic bile duct epithelial cells is the expression of biliary-
specific cytokeratin (CK). CK proteins, the cytoplasmic intermediate filament (IF)
proteins of epithelial cells, are encoded by 2 multigene family and expressed in a
tissue- and differentiation-specific manner (Moll, R. et al. 1982 Cell 31, 11). CK19 is
25 one of the most remarkable biliary markers, because adult hepatocytes don't express
- CK19 at all, whereas adult biliary epithelial cells do express this protein, Only CK8

and CK18 are expressed through early hepatic cells to
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due largely to hematopoietic cells, which colonize the fetal liver at E10
in the nouse (Houssaint, E. 1981 Cell Differ. 10, 243) and 1APlidREe t he
hepatic cells to show an extrenely distorted and irregul ar shape
(Luzzatto, A C 1981 Cell Tissue Res. 215, 5 133). Interestingly, recent
data from gene-targeting nutant mce indicates that inpairnment of a nunber
of genes h% Jgﬁﬁ' to lethal hepatic failure, apoptosis and/or necrosis of
par enchymal % 2 het ween E12 to EI 5 (GQunes, C. et alPCTP8ue™8 B0 3. 17,
2846); (Hilberg, F. et al. 1993 Nature 365, 1791); (Mtoyam, |. et al.
1997 Mech.  Reilt hefdfocy@y Moll{ BCRH CHIL1982, 3811194t E13.9 BohdYad déveopdbsr, 699) .
Especially gene disruptions 10 that are part of the stress-activated
cascade (Ganicarespmdingto B¢ ithe mage ghephiliscy, prédarsprs araberdlily Suted byBsh 95, 6881) ;
(Ni shina, H al 99 Devel poprent., 126, 505) or ti-apoptotic cascade
(Beg, A. et ﬁlgﬁ@b@% S@’?‘gg’mfé"il)afypﬁ_}“?or rXPEES (3{]1.9'&"999 Sci ence 284,
321); (Tana . i 3 in severely

i mpai red heigg‘{cg)ygﬁrg f@%&ﬁ%?ﬁﬁg%l{ﬁ%‘éﬁ%&te%?dé&% eﬁg%%)icg{ée}ﬁho%dﬁitﬁ e{Obr oad

expr essi ors ofCKihend Iochd expréssidn dOAITE (BBiojitiN. leBd. Canéer RaV 190 S o1 Hhepatic cel |l s
are intrinsically sensitive to devel opnental stress stinuli or that the
particul ar mAdthenshbenabegelings chrly o Bl hin theretare thaghtdebeadgsegeneqyeh  destructi ve
effects (Doi, T. .S .et al 1999 Proc. tl., Acad.. Sci...USA 96, 2994). On the
other hand.  PRRIEL IR besrUT BOG AT PR g S RONA

nt on the
appearance Ofbna{}%pi_tﬂeﬁmmkneg%l B &Y 8k ras b abtbiGline@PHrAGIVE WiBagdiT T oundi ng t he
portal vein (Shrojiri, N 1997 20 Mcroscopy Res. Tech. 39, 328).

| nununohi st olhagimpatudies, stdhas thbdetingregovial vetthe, lelvd doetcemddnafar bepatd

intrahepatic bile duct epithelial cells is the expression of biliary-
speci fi c Byt 6¥raad rlang @t@{e conditipnptegiisils forthecdemonsigion ehang bippfer nedi at e

filament (IF roteins epi.thelial .cells, are encoded by a nultigene
famly and ez?ﬁag‘égrg%?nft?fw%h? Béflg{l}ee?nfé%ngﬁ%‘i‘f ferentiation-specific manner
(MIl, R et al. d288ndelbothdalysts bne hdfdrIbitstledPthOBPlotilve &BhsidRet remar kabl e
biliary markers, because adult hepatocytes don't express CK19 at all,
wher eas adul thematdriomiiy cedipintalrigittalabifityl tb sbsckve exvivoesmndidni of hepatidelln. Only CK8
and CK18 are expressed through early hepatic cells to 3 SUBSTI TUTE SHEET
RULE 1 g cytes (Ml I,
( 26) 1 ABrriorsponiderT pRostipothipeprisyny sivn Zust R bt HdioaEDL (Mol |
it. et al 1& O?ﬂel sur%a%?zarkgx% P?]e%éd to ﬁ‘gctilér}a?ﬁhtﬁe%n a{ogc%et{c%ﬂsq\ﬁéﬁj l?v%pﬁa%’ .
corresponding to 2R the NOUSE, e TRR ry precursors are heavily
stai ned by botds inveliikBie@MAetciPRntak, F0 6t a8 Immadfl ToNF 98I 19 TIRY, tHEECUr SOr' s
express CK19. As

for hepatic progenitor cells are still poorly defined, since the studies are in their

infancy (Sigal, S. et al. Hepatology 1994,19, 999). Furthermore, the ex vivo
proliferation conditions typically used for adult liver cells result in their

20  dedifferentiation with loss of tissue-specific functions such as ALB expression
{Block, G. D. et al. J. Cell Biol. 1996, 132, 1133). A somewhat improved ability to
synthesize tissue-specific mRNAs and a restoration in the ability to regulate tissne-
specific genes fully post-transcriptionally occurs only in liver cells maintained in the
absence of serum and with 2 defined mixture of hormones, growth factors and/or with

25 ‘certain extracellular matrix components (Jefferson, D. M. et al. Mol. Cell. Biol. 1984,
4, 1929; Enat, R, et al Proc. Nail. Acad. Sci., 1984, 81, 1411). Proliferating fetal

hepatic cells, however, maintain the expression
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devel opment progresses, maturing bile ducts gradually expr ess CK7 in
addition to 5 CK19 and | ose the expression of ALB (Shiojiri, T Rprild00g)
Cancer Res. 1991, 51, 2611). Although hepatic cells as early as E13 in the
rat are thought to be a honobgeneous population, it remins to be seen
whether all early hepatic cells can differentiate to biliary epithelial
cell linea ogﬁﬁl how their fates are determned. Definitive |lineage-

mar ki ng st 8% uch as those usi ng retroviral vect UYL ot been done
for hepatic 10 cells, and clonal culture conditions requisite for the
denonst r at i olf @bh &An R6tBiaE RPve. WARKL fot REAEER IR fickBk héw RSPt been
identified. For clonal growh anal yses, one major obstacle is the explosive
expansi on of andﬂﬁmh@pf@ﬁmgeetm vigro. Theserid angufilled needifdriideptificatiamyger ve ex vivo
expansi on of enri chnent process for the

hepa cells Therefore
hepati c popuf’%{%ﬁﬂwtﬁﬁﬂs B Ugal? SRS ZH"PE@PFW@B‘FGF Sd&eW#f ker s needed to
n detall (DurR SRERRRGE b s ol by s SRR Bl " | OoeT t o
hepati ¢ prsogelond gmw&qﬂoiesmnmpambfogmms kxyshtyeidmdminsivms&%rﬁt udies are in
their infancy (S S. et al. Hepatology 1994,19, 999). Furthernore, the
ex vivo proBiomdyiy fff’@ﬁi%Mﬂlﬁwﬁ%@@m@é@wmedﬂﬁ@emadh}bto liver cells

It i th Q t.I at f 1 jfi f ti
Lo 8 L SR SR Bl 75 S B RS Lot on
1133). A SO”@M&%%H’HQ&HH&%I%H} brbiik chiBck, BYBLhES) 28 Biv Hf f3peci T ¢ mRNAs and

a restoration in the ability to regulafe tissue- specific genes fully
post - t r anscr L 3¥3), coraisting otﬁeggmgstemilcgﬂslgmvdmg\cMSelycﬁgdﬂ&r mivatcainaed in the
absence of serumand wiith a defined m xture of hornones, growh factors

and/ or wi¥nh $5dedatigh g5l éﬁ'&ﬂ“&% Boweyetathe paienias of Q@&iﬁﬁ@ﬂﬂé@ﬁ ig theg@tiper son, D. M et
| . Mod. Cel 4 A d.
gm 1984, 8 1Lw%§f %ld n%%g Pibp uéltrug’fil ng&fm&ﬁ by ?‘?5[5‘3?11 %er?:'éqt F]g’“a] ﬁ%ﬁ]éver : ﬁai nt ai n

the expressi Dl utifiyBSTI TUTE SHEET (RULE 26) 1 April 2005 WO 02/_29012

PCT/ USOQ 27428 of such serum proteins in vivo. What has not been clear in
the field i s howQterrhavedtenped @rtbwhepatodyepatvize. i PaaitNers in vitro. There
is an unfi Ilgglneed for identification of conditions that sustain the ex

vivo expansi ont&P4 Hipiehen ¢ pbefaips thsculis of depajoryies dersads qniadlitee-i s an unfil | ed
o hon 30 iheleidnki e AR O MLAMI AR el TAGTRL Dy © 002

growt h pofentia patic proge JeSPEop s ¥ iver tissue:
cl onal need for hepatocyte culture conditions where no artificial framework is necessary and

that provides the condition for hepatic progenizors to be expanded and cultured.
Furthermore, there is a need for cloned hepatic progenitors with bipotential
differentiation capability, that is ability to generate both biliary and hepatocytic

20  lineages, and suitability for use as components of a bioartificial liver, for testing of
hepatotoxins and drug development, among other uses.

U.S. Patent No. 5,559,022 to Naughton et al., claims liver reserve cells that
bind Eosin Y, a stain that was used to characterize the “reserve cells”, but did not use
well-established markers for liver cells, nor provided methods for clonal expansion,

25 hor provided markers by which to isolate viable liver reserve cells. There is an
unfilled need for methods that teach how to isolate and culture cells that have many
features essential to hepatic progenitors, including expression of at least one specific

marker and the
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growh is defined as the ability of a single cell seeded into culture being
able to generate a popul ation of daughter cells that are cl bABI3PCderi ved
fromthe seeded cell. Ohers have described colony growth (Block, G D. et
al. J. Cell Biol. 1996, 132, 1133), consisting of aggregates of cells
growing closely together in liver cultures 10 seeded at high cell

densities; BJboo\Q%vggr, the colonies of cells described in_these prior studies
coul d not B2 %GBl t ured and, therefore, by definiti S THeYE™ ot ¢l onal and
of limted utility. Qthers have attenpted to grow hepatocytes in vitro.

U S. Patent MaentialSo Sitfereithatt iiito cideitghit@nteebr billary wllaiTibre isi@oan | t ur e of

hepat ocyt es depends on a three 15 di nensional framework of bioconpatible
but non- i vi W§liadreed fos methygsderelonal sepwviheffappatieprozenisers Flonal grepiditiocyt e cul ture
conditions where .no artificial framework .is_.necessary an t.hat provi des
Che condrt 1 oo a Rkt md dRolya i PETRY o B BERE R oS Benehc v et
Furt her nor e, phh8f&si s a need for cloned hepatic progenitors wth

bi potential "differentiation capability, that is ability to generate both
biliary aAd hepatlts Paient SA05.772rte Bgwisg claimsla sdiuteaipdiviat fyr &b prowdeTi®s conponent s
of a bioartificial liver, for testing of hepatotoxins and drug

devel opnent , PaisRbNE; 410 F2 rguires the jisg of 34} gyl okplestasolsksdl kel t o Naught on et

al ., clains |jver : > el 2 [ Si a.stain that was used
to charact er%’dzde/eg{lﬁé’eaﬁ&éelglgrr%ghé%{cbsE&,Ha’%?gw g’l(gs)n(k)@uscén ﬁ\%é} cﬁ%‘stabl i shed
markers for fheysi a SRkl a cil@ive RERAM ARG HRINIES addVptifil IS, hsRansi on, 25 nor
provi ded markers by which to isolate viable liver reserve cells. There is
an unfi | | edpmgeaiioricdt gmwthhods t hat teach bow to isolate and culture cells
t hat have nmany ures._essential_to hepatic progenitors, including
expressi off of " at ttfg §tfnt§$?e2’§lﬂg)é#H@“‘%@R@?t%ﬂ@@ﬁ@r%“S@B@fﬁ“WTE SHEET
(RULE 26) 1 ﬁ@atbéyt&oﬂ]%o}(&sﬁaéh% Akt iﬁ%‘i{ohjﬁggfﬁo‘}zézdg@?@‘s ]‘lcﬁtL,acﬂo.

differentiate I nt'o elther hepatocytes or ifary’c ere is also an
unfilled neeélhthe gt @ffifepitidpragtdatlor éralérbwia boldead fofhepie@aRi t ors. O onal
growh is essential as a clear and rigorous distinction and identification
of pl uri pot ekikewiggHtS Bateny 5835195 taiiwi-HEcuch 8 al. PamesmetBdei@Bss7ERgt o Pont i ng
clainms a culture, mediumfor cell grQwth. Th Patent No. 5,405,772 requires
the use of 33680 PYHmEIIBHeEErBre Bietsei g apfiled néed for clonal grovith

15  conditions so that defined populations of cells may be used for testing and also for

methods for the culture of hepatic progenitors.

The U.S. Patent No. 5,858,721 to Naughton et al. claims transfection of
stromal cells. The 3,858,721 patent is limited, however, by the requirement for a
framework of biocompatible, non-living material. The instant invention by contrast,

20  there is an unfilled need for growth conditions that do not require a synthetic
meshwork.

The present inventors have recognized the inadequacy of growing mature liver
cells, such as hepatocytes, rather than the far more useful hepatic progenitors. They
have carefully defined the isolation parameters for hepatic progenitors and

25 fequirements for clonal growth. The progenitor cells and the methods for selecting
and culturing the progenitors have many uses, including utility in medicine for
treatment of patients with liver failure, and utility for evaluation of toxicity agents,

and utility for evaluation of drugs.
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nucl eosi des, and either 2-100 p.g/cn2 collagen IV or 0.5 - 100 g/cn®

fibronectin. There is a need for a culture nmediumthat is sh8eif3085f or,
and optim zed for, hepatic progenitor cell growh. 10 U S. Patent No.
4,914,032 to Kuri-Harcuch et al. clains a process for culturing

hepat ocytes. In contrast to the instant invention, Patent No. 4,914, 032
fails to tegc jther the culture of hepatic progenito Qr clonal growth
conditi ons%oo%??gipati c cells. Likewise, U S Patent Pg:f’@%@{z-fa% to
Kuri-Harcuch et al. clainms nethods of assessing agents by treating

hepat ocyt e cul t urlé&sPatenheseS,5%,28handr5{789 P4sdo Reid bt floeach temedd fgr owt h 15
conditions s hat .defi ned popul ations of cells may be used for testing and

also for ne 8 OWEE‘%’BPIFW@dSPﬁ“ﬁ%Bﬁ@WE- Fretsgeiar titskios advpprtedy, S, Pat ent
No. 5,858, 72&3&0?&?@'9(?@”119}?; sﬁr%m%lceﬂs% a&c{nﬁgﬁl];dg%r'e'dg{&agé;].@laf Itg?r,tgga | cells. The

5, 858, 721 pat ent ed, however, Dby Ul reme f ramewor k
of bi oconpat kubbteua, B-skiuki g, HiBh@AIytefincl RRdinfASE SAlitbREkHafoPy contrast,
20 there is an unfilled need for growth conditions that do not require a

synt heti c5 neldispaie lprogaiiersp Hewevan, the definpd mediurn useé wepsopogmingpled thehe | nadequacy
of grow ng r’rﬁlture I[lveLE5 .cells, .sqﬁg alf hepzilt ocytes, rather than the far
more useful FSSHtYsed By By Bl gy tion; fhegellsiyetralated oo piified dgfi hed t he i sol ation
paraneters f i L 19 S ' : onal grow h.
The progeni t%?s%gﬁﬁ?b%gm@%g%r%t ﬁodg%‘a%ésh%ﬁ%g%k?ﬁgﬁggﬁlé&%?@%ri ng the

progeni tors tatedanihat spplg thai iy ting the dinbdybriy/stiomalBelll Wdrdyegaftd as t r eat nent  of
patients with liver failure, and utility for evaluation of toxicity agents,
and utility Péparaeiuss el anbrehic rapnd wereuRsTliFheTEs Gllfiags. BRusE26) 1 Apri |
2005 WO Q2/ 29012 PCTI U 7428 US Patent Nos. .5, 576, 207 and 5, 789,246 to
Rei d, et O@I .eobé%%lhc 183%%%“6?’ fﬁﬁﬁ%‘égkr‘??ﬁ?{’ ed by, 85 BfSpl enent ed def i ned
medi um  Thesgrafichiahd SbidWpRRudsly At 6k ﬂéﬁﬁlg?}{ecﬁﬁ%&@%\’eﬁﬁlié ver stromal cells
in conmbination with defined extracellu?ar matrix substrata, and a
serumfree, taewnableab hysudethatnied TMfekiderswitbnot aaettisippos td jost hepxgpansi on 5 of
hepatic progenitors, However, the defined nediumused was nore conplex than
t he one usedP'BEENiPrEbYEqaR bepeedifonpEtgenitor fropryaulips tissuapnce Bieatied onto purifi ed

mat ri x subs{)r tvpe |V collagen and lamninin wher e here they are
ol ated direc a‘te)%tt, gaﬁ,ghggagc progenﬁor RS Veft Seeded M h! cgll densities zmads

15 expansion of them was observed as colony formation, meaning that the aggregates of

the cells, not clones of cells, were induced to proliferate.

3. SUMMARY OF THE INVENTION
The present invention relates to a method of propagating progenitors, their
20  progeny, or mixtures thereof. In particular, the present invention relates to a method
of propagating endodermally-derived progenitors, their progeny, or mixtures thereof,
The cells are derived from endodermal tissue. Then the endodermally-derived
progenitors, their progeny, or mixtures thereof, are cultured on a layer comprising
feeder cells in a culture medium. The progenitors, their progeny, or mixtures thereof,
25  can be vertebrate cells. The progenitors, their progeny, or mixtures thereof, can
express the phenotype ICAM or ICAM-1 positive and classical MHC class I antigen
negative. The classical MCH class T antigen is also termed MHC class Ia antigen.
The present invention also relates to a method of culturing hepatic stem and
other progenitor cells using a serum-free, hormone-supplemented, defined medinm
30 and feeder
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the feeders (that supply that matrix); and the enbryonic stromal cells were
prepared as primary cultures of enmbryonic livers and were nbfPE&208| i shed
as cell lines. By use of 10 enbryonic stromal cell lines, the feeder cells
are provided by a far easier, nore practical and nore reproduci bl e means
of supporting the cells. Mreover, it is reasonable to assune that the STO
feeders w | estrict support to just hepatic progenitors but can be
used for ‘{()%&ﬁﬁotl{)rs frommultiple tissue types. The Pﬁg‘{utg?wmﬁ%tent, t he
2582%';0?8?@%2%%‘1%%@?% s BB el Ay ORI, Tt he

aggr egat es ofells, oheombitiatians ofpyeseniton erils a@fpmgellﬂtﬂspmmr ePrefdlidbe t o proliferate.
3. SUMVARY MENELON. 11 £ SER wileHE Bk de A Invesid a met hod of
propagat i ngcgm%elggorflct ors, ‘ﬁ:ﬂ ? geﬂg% prog elér?gt}i %Eem xteuroggeq%%ﬁtet?aéo In
particul ar, mpbodnfeloning hﬁPW@h{ﬂP@tﬁﬂtP&gmﬂe@eﬂﬁle&lg recifioepliussf propagat i ng
endoder mal | v gleibe SroRRHSRE h9EHon Rk fo SRR closi 1Ebagt Ur es_thereof . The
cells are de?l veldﬁéf rrgm e%ﬁﬂgderrﬁ%a[il F]Essoue Th encmﬁ{eg g}f’fgodernal | y-derived
progeni tors, ?rltulité*eﬂtmﬂﬁ@&ﬁyeﬂsoﬁgw@wwwqwmwgwa@éT@Hbqtﬂw otnha | ayer
compri si ng Fetbtirse biVeRebflt! dpbtied AT Phofe B nRERARR E96 eir
progeny, or mﬁgt rlgs tﬁe\?eoB s%arﬁ be verr?l]ggrate cells. Thntsa progenitors,
thei r progeniporegrefasiblot @pé@@%lﬁr@@mt pewpRitopsels &e BumaRprigltenRig.\#es | CAM or

| CAM 1 posi tfaY%bﬁFB’r:ﬁAu@élﬁ'oﬁﬁh z%i’e?a%@tﬂefﬁﬁﬁfpbtgﬂg ophtiEtdeiiygge The cl assical
) e S b T e e s ™ e
TRy s A i S i e Pl
PCT/ US00/ 2744 teashasaise w@@yom%%eﬁemah@bns ¥I€) meuse erplpycaicregisnesd of cul turing
the progeny feédepéeﬁgﬁfhépgﬁcprﬁgl%ﬁl{o% TRE reCRPENOAL b RAH BfbRERESARLOr cells and

progeni tor progeny. Prefera he progenitor cells are hepatic

progeni t or s. navElsemmsiece, mﬁ@ﬂﬁuYé@EWmW@d M tangiit iy thasinyegtien. Thet hod of

cl oni ng h@paédnﬁ%xﬁbmeumdeeﬁgm%ma@@es&agﬁsh%du&avﬁm paRQAI fidefiGH! tUre S
conditions. Preferably, the invention relates to a nethod of cloning
hepatic pl uEl5pailives wiheyymalignant ransformatior pftheeBat i ¢ pl uri pot ent progenitor
cel|s may be der ipybrmd:E, AP iR tidn RABEHERERSR oPGontR bRy B2 SBRCI €5 and rnore

preferably mammal i an. Even
of sustaining propagation of hepatic progenitor cells, and their progeny.

The invention also relates to specific cell lines that, when used as feeders,
20  support hepatic progenitor cell growth.

The invention additionally relates to methods of cloning hepatic progenitor
cells. The invention teaches the use of the hepatic cel! lines and the HDM-STO co-
culture system for development of an in vitro colony forming assay (CFA) for
defining clonal growth potential of freshly isolated hepatic progenitors. The CFA,

25 when combined with cells purified by specific antigenic profile, reveals bipotent
hepatic progenitors, For example, progenitors from E13 rat livers, corresponding to
E11.5 in the mouse, and with high growth potential have the same phenotype as
classical MHC class I (RT1A! Y, OX18 (pan-MHC class D%, and intracellular
adhesion molecule 1 ICAM-1)".

30 The invention additionally relates to the culture medium capable of sustaining
clonal hepatic cell growth. The culture medium features several specific hormones

and nutrients and an absence of serum.
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nore preferably, the hepatic pluripotent progenitor cells are human
primate, pig, dog, rat, rabbit or rnouse in origin. Most pref &PHER0P5t he
pluripotent progenitor cells are 10 human in origin. The invention teaches
particular culture conditions that are required for the ex vivo expansion
- of hepatic progenitor cells, and their progeny. The invention also teaches
use of enbgyenidg,f eeder cells, such as STO nouse e”b$XB@§ﬁnﬁ§J|s1 as

feeder cells for hepatic progenitors. The feeder cells are”uSed in

combi nati on wi t hFahen@Mehe H8mtoR £RRE0 M&Qﬁlﬁ?@ﬁlhla%ic%ﬁigbﬂm;ﬁmd' um ( HDV)
taught in the jnvention. The 15 conbi nati on enabl ed the inventors to
est abl i sh vaPFR Vilhieedep el bioguietic rodugF | | ines from EL5 rat |ivers without

mal i gnant transf ghdiavdnéh Rithek RS B thehodd diddGh R Ric e 1 nvention rel ates
to nethods of_cloning feeder cells capable of sustaining propagation of

hepatic pr odBfiengptiqaeinsludingprerutioniof hegptenytepd bilkars csliRheRatyPe al so rel ates to
speci fi ¢ gellkpidele® grotwitehctorBER) i8R 8 hif IBRABIT0 infldhcs HIPRLHmgPat i ¢
progenitor cell growth. The invention additionally relates to nethods of

cl oni ng hepd ‘?E“’%‘P‘Sﬁ@ Rigsand their fages asﬁ‘fberih?ﬂﬁ@ﬁﬁtﬁsd’ﬁb%@é(@ﬁ@@h@ﬁ@kuse of the
hepatic cell lines and the HDM STO co- culture system for devel opnment of an
in vitro col ony f &t PHeRgPessaf e ramm)invention this ismpraviled komdiodgf owt h pot ent | al

of freshly i %Qip@éaﬂﬁg aﬂpﬁﬁglﬁeﬁmr&é%hﬁors,_ g_p;%:ggh\;ééfg]%?g%%gn ined with

cells purified by specific antigenic profile _ hepat i c
progenit ors. “EBRrISERSHMIr e epdaderaaily Berived promsnizes, theit progyey & miswrasespondi ng to

El 1_5'ﬁ0th = a otpris - . u i i h t
P VP i e o L L e

as classical l\/ggﬁcl- ass_ | & : )
i ntracel | ul arhe é’é‘?géﬁlft%_*@&‘tﬂ%e%(: PORRAUTgs ther@t efivess iimtregitulaon addi tional |y
relates to thdheSib ible@uldRikba a0 ab &pRls Asbal By hisﬁk&%'tabﬂﬁ?at' ¢ cell’

I ¢ hor

grow h. The culture nmedium features several speci nes - and
nutrients and¥f™absence of serum 8 SUBSTI TUTE SHEET (RULE 26) 1 April

2005 WD 02/ 29012 RGhIWSQLPRIAIR (rekchNBlentidd thire islRSided WS Qe €l ates to the
culture of heptlc_ggﬁq%gemtors in mediumwth feeder ce bi osynt hetic

products. ThEeRIHY e grpwibfagions epmprisingpep vidinghspaticprogenitus iteiy hepatic cel |
di fferenti at piofeny] elittdic theRb AL JafipleQlisRQRBL RN s 1Rk dndr Y cel |
phenot ypes. hepatic growth factor, combining the progenitors, their progeny, or mixtures thereof,
and the sample, and observing stimulation of growth of the hepatic progenitors.
In another aspect of the present invention there is provided a method of
2 identifying hepatic differentiation factors comprising providing hepatic progenitors,
their progeny, or mixtures thereof, and a sample suspected of comprising at least one
hepatic differentiation factor, combining the progenitors, their progeny, or mixtures
thereof, and the sample, and observing differentiation of the hepatic progenitors.
‘ In another aspect of the present invention there is provided a method of
25 identifying a hepatic toxin comprising providing hepatic progenitors, their progeny,
or mixtures thereof, and a sample suspected of comprising at least one hepatic toxin,
* combining the progenitors, their progeny, or mixtures thereof, and the sample, and
observing the death of the hepatic progenitors.
L In another aspect of the present invention there is provided a method of
30 developing a drug comprising providing hepatic progenitors, their progeny, or
mixtures thereof and a drug suspected of a capacity to affect hepatic progenitor,
metabolisms and combining the progenitors, their progeny, or mixtures thereof, and

the sample, and observing a change in the metabolism of the hepatic progenitors.
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5 Epi der nal growth factor (EGF) IS taught in this invention to influence

both growth of the progenitor colonies and their fates as ef {\R@2005
hepat ocytes or biliary epithelial cells. In one aspect of the present
invention there is provided a nethod of propagati ng endodernal |y derived
progenitors, their progeny, or mxtures thereof conprising culturing

endodernal‘lvmgﬁgllzved progenitors, their progeny, or m.x /f.v%bﬁffﬁzs 10 thereof on
ul'ture

a layer conprising feeder cells in the presence of a c medium in
whi ch the progeni tﬂn%ﬁheﬁﬂﬁécf ofﬂﬁé)[g‘@g%){t infhtidH tﬁérgﬁsep%ox}l I & Qi &RT €SS
intercellular adhesion nolecul e antigen an express a cl assi cal
maj or hi st ockieHyiapnevel yltmacrwbl@leppmnrmnamwh@rg lasqﬁecnroggﬁltcnrh&tepr esent

L nvent  on ¢ MBSy orfiOHF A fkrcay TR ROLhshe odklc LJRREL HYRBGIEPL [ C Or Oueh
factors conprising provi epatic pro el r - progeny, or

m xt ures thei“&’@f‘m‘aﬁ'(fff&‘?ts%ﬂ’g’lﬂéﬂ&thepfemﬂéerSdhelcmnmmrmgxtates themsf one
hepatic growfy r L [ ogeny, or

m Xt ures thereot?@é‘gggné(‘jndfog gém/slgéaﬁnéeg(ﬁl%“g%g}g#h%%ngmc&%%u'fﬂg ron of growth of
the hepatic pr ogeltiangher aspast ofif @n&meﬁeﬂta%\pemﬂtbﬁretShmOvmeé%mhqdrmﬁent| on there
i's provided g ﬁlEQ{ge)Qlfac&Forbﬂ‘ﬁ%r CBMF% &’@&1 %h(&'a&é &Bg&ﬁtbr@tth&n factors
conprising providing hepatic gen Y, m xt ures

t her eof , andPrag%%rﬁSIﬁéx%{?g%Wgﬂd@ﬂlt%mmlmgqgltca% theeramge@n@" mi@pat i c
differ entl at heoflias bRkeacts i or

m xtures. thereof, and th%gﬂ%ﬂgmmﬁa‘mg%gg?w %&8 #%%?éetr?&l lgtglg%% of the
hepatic prog%‘FW?%ea‘ [iYeranot her aspect of the present invention there is
provi ded a net hod; of 5 i dent flé‘ye‘h' % a he atic toxin conprising providing
hepatic progeni t oFnofipraspec ?d & n“B‘fe“ nébere ésprevidadaghethadnd a sanpl e
suspected of Pfempmn&en@wmgleaaﬁ, tt@n@rdg@@abs Iﬁlxme@ tﬁ'ereof%ﬁ digng the
progenitors, thel({ prog_ Wone O oM xtures, thereo e sar%pl e, and
obser vi ng the deafh of PPHE ﬁé‘{)ﬁ?sfﬁnegﬁeﬁ?é‘éﬁf‘tgﬁ)‘ﬂ@rwhﬁhamﬁmr aspect of the
present i nvefﬁEFC@ﬂUflil‘mdhﬁlananwcﬁwad&@nand@febﬁﬁ eRbress3nF&vel oping a drug
conpri sing rogenitors, their progéeny, or mxtures

t her eof andgg&é{r ngblnﬁ%n &R a capacity to affect hepatic progenitor,
met abol i sms and dbhbi m““@?‘ftg'tbe mpwbgeﬁﬁ&,mﬁaﬂiu[‘e tRERGE BmprRingT} Xt Ur es

t her eof , anqeasg&gfgeﬁgple@ serV| ng a change in the et abol i sm of the
hepatic progenitors Blg%yﬂ digeET (RULE 26) 1 April 2005 WO 02/29012
PCTI US00127428  In another aspect of the present invention there is provided a method of

propagating endodermally derived progenitors, their progeny, or mixtures thereof

comprising culturing endodermally derived progenitors, their progeny, or mixtures

thereof on a layer comprising feeder cells in the presence of a serum-free culture
medium,

9a.
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I n anot her aspect of the present invention there is provided a nethod of

i dentifying novel antimcrobials conprising providing hepati $ApflZ®Ai t or s,
their progeny, or mxtures thereof, and at |east one agent suspected of
having an antimcrobial effect, conbining the progenitors, their progeny,
or m xtures thereof, and the agent, and observing changes in growh of the

‘hepatic pr@ﬁg?%%grg+ I n anot her aspect of the presen%gbaﬁﬁﬁ%#on there is

provi ded a preparing an extracorporeal |i i sing

provi ding hepatic progenitors, their progeny, or mxtures thereof and
culturing the progenitors, their progeny or mxtures thereof in a

bi oreactor until a sufficient population is obtained effective to serve as
an extracorporeal liver. In another aspect of the present invention there
is provided a nethod of propagating hepatic progenitors, their progeny, or
m xtures thereof conprising: (a) providing at |least one hepatic progenitor
whi ch expyesses intercellul ar adhesi on nol ecul e anti gen and- does not
express a mgjor histocaonpatability antigen, and (b) culturing the hepatic
progenitor in-a-culture medium conprising at. |east.one feeder cel

bi osynthetic product. In another aspect of the present invention there is

provi ded a net hod_of ropagating endodernal |y derived progenitors, their
progeny, or4nixtEgggnﬁﬁgmﬁﬁﬁONé%ﬁhW3Qﬁﬁﬁﬂ%@ﬁturing endoder mal |y deri ved
progenitors, t heFiEur@"l QORRNact@zatibh ¥t HepaS cell 1RE B&th dBN 5Fethi@H BlerCOMPI i Si NG

feeder cells in the presence of a serumfree cultdre nedium 9a
SUBSTI TU¥E SHEETFIELFEUEE ag @ssay) of splpyy formation apdiberplasiferer oellsT/ US00/ 27428 5 4.

BR EF DESCR PTI Qg3 EichRAMbNAR: Birguee by fnrnSlAi8R0GEI&RL | on Of hepat i c

cell Iines fromgday, 15 fetal rat liver. igure 2 is an assay of col ony
formation on fi bfshigdplteeeslly cells. Figure 3 is an expression of rat cel

surface anti gensgifite ¥ ashicdisheRBRRhSysEOF day 1B RTacier@dul t iver cells.
Figure 4 depicts_phenatypic anal ysis of day 13 fetal rat |ivers.
Figure 5 depicts characterization of hepatic colonies in the absence and
15 presence of EGE.
Figure 6 depicts induction of CK19 expression on RT1A" hepatic cells.
Figure 7 is a schematic representation of hepatic colony formation on STOS

feeder cells.

20 5. DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
The instant invention is a process for propagation and use of stem cells.

Various tissues are appropriate sources of progenitors, including tissues of ectoderm,
mesoderm and endoderm origin. The ectoderm tissues can include skin tissue, brain
tissue and other nerve tissue. The mesoderm tissues can include muscle, the blood

25  and hemopoietic systems. The endoderm tissues can include the gut, stomach,
pancreas thyroid and glands associated with the digestive system. In particular, the
instant invention is a process for the propagation of hepatic stem cells and of other
hepatic progenitor cells, The process involves exposing populations of isolated
hepatic stem cells and/or hepatic progenitor cells and/or their progeny, to growth

30 conditions capable of sustaining clonal growth, that is, growth at very low cell
densities. In a preferred embodiment, the process involves using a serum-free,

hormone-supplemented, defined medium to support the propagation

ol
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Figure 5 depicts characterization of hepatic colonies in the absence and
15 presence of EG-. Figure 6 depicts induction of CK19 expre%éPEﬂr?OQﬁ RTI Al -
hepatic cells. Figure 7 is a schematic representation of hepatic col ony
formation on STC6 feeder cells. 20 5. DETAI LED DESCRI PTI ON OF THE
PREFERRED EMBODI MENTS The instant invention is a process for propagation
and use of _st ells. Various tissues are appropriate_sources o

pr ogeni toré‘,ﬁ)oﬁﬁ%}%di ng tissues of ectoderm nesoder N3 dbder m ori gin.

The ect oder mvf liepdik @ogermor deCinbdeyebHifadiricslBl The Rclbiof hd SSEANd Ot her nerve

tissue. The pesoderm.tj ssues can include nmuscle, the blood 25 and
henopoi eti c Mﬁtﬁﬁ’églmfham%ﬂ’ﬂﬂﬁ@? PtHgniss ShERlying o gtacdhmeiaufase agdit | st omach,

pancreas t hy stetngint 16 rdathén REH0GoRhTabM 4 ekiCeIliafmstik Mnpdanlsem | N
i is a process for the propagation of

particul ar, t%g tjnstan in enﬁ%llo, f ]

hepatic st enP®8tdar gpivah gro or qiffesenfiation of e heppticayrossrifor ¢lis. e process

ihnvol ves expasi H&gprﬂ@ﬁcltﬂl catbbdient Qe ﬂﬁ&.ﬁisaﬁv%ﬁes HRAA k& cﬁkﬂfﬁhﬁg%}p%l@-gd/ or

epatic progenitar. cells and/or their progeny, fo grow condi tions

capabl e of sﬁ%ﬂ’ﬁ?’?ﬂ?ﬁg‘e&%’ﬁ’a&{@ﬁ%ﬁ“ﬁ? anéﬁ%ﬂag?%r?geﬁ%ﬁ}gﬁ- Fhe ferdereellow cel |

densi tices. |ﬂlﬁﬁbd1’ﬁﬁ1f1 ﬁspﬂﬂeﬁbiﬁn;imdia@d ﬁﬁ,ﬁs%h!; mélmgpg@ms,inam&dég%b@g, Rg a

serumfree, or none- s ment I ned nmedi umto support the

propagat i on W%ﬁeg% S e?ﬁ%@éh?%?deiceﬂbﬁ‘?r‘l"eﬁ‘%fsm 12/ 29012

PCT/ US00/ 27 488uesoBlshgmpetéritty, (e dgadtictlRderdltfom opibrydnit 8368, Afo, f eeder cells. The

function of thg ede ells is, milti-fold, .including supplying nutrients,

suppl yi ng‘ganprﬁitefag hﬂ%ﬁf’&’éff‘hf %g?nv%me Biowe Jiveg H§spg: o nﬁ%‘é&ﬁ"um certain

growt h f act ofesdencdls ey beagedticallyaiodiRd.r InX sGIOAPR PRSI ertRBRRE:, hor survi val ,

grow h and/or_differentiation of the hepatic progenitor cells. In 5 another

preferred enBSHFHRRYeS lh@“%ﬁgﬁié’é?gsﬁ%ﬁ%ﬁ“g@gs@@‘ fgekor cell's that are

capabl e of sust @inpinitthol bidscltinyhdpat@fstchepahdpaticirepamigneioppat i ¢ progenitor.
iles,_hirds, crustaceans, fish,

cells. The feeder, cell may.. be fromrept

annel i ds, noff ?:I“F}g%w&é??%bﬁgﬂaf&%ﬁﬁm@?“%ef erably hunan.
Preferabliy, mhembeegerin cahbisticiewihv@mblempit HyTloweRoetryl, bp&erSBugalAl SO,
preferably, tlhe fee%e.fcel.l s derive erH;FerTHé ni¢ tissye. Al so, 1o
preferably, FHEMD Al ceniciinzaiion. elgel he jsglate UoTRme andp{RseRIef ssye.
Addi ti onal | ycellt, heve thempleity oekpress Sty dpell gframephbibiipk shatked (ddseeht In a still
more prefer rﬁ%ce cTaigsO P,IIHRJQII-I‘L, CI)QFS"““, alpha-fetoprotein®, or albumin'}. It is another

embodiment of the invention that the hepatic progenitors express a growth pattern in

20 the colonies characterized by formation of piled-up cells as aggregates, colonies or
clusters.
It is a preferred embodiment of the instant invention that hepatic cells be
selectively grown in a serum-free, hormone-supplemented, defined medium (FDM).
The composition of HDM comprises a nutrient medium including, but not

25  limited to a mixture of Dulbecco's modified Eagle's medium and Ham's F12 to which

is added up to about 40 ng/m! EGF, up to about 5-10 pg/ml insulin, up to about 10-0

M Dexamethasone or other glucocorticoid hormone, up to about 10 pg/ml iron-
saturated transferrin, up to about 5 x 10-2M nicotinamide, up to about 2% bovine
serum albumin, up to about 5 x 10-4M 2-mercaptoethanol or equivalent reducing
30  agent, up to about 8 peg/l free fatty acid, up to about 2 x 10-2M glutamine, up to
" about 1 x 106 M CuSO4, up to about 3 x 10-8 M H2Se03 and, optionally,

antibiotics. Antibiotics can include
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process involves cloning feeder cells that optimally sustain hepatic cells.
Any net hod of isolating hepatic stem and hepatic progenitor tA8piil200p3
acceptable, including by affinity-based interactions, e.g. affinity

panni ng, 15 i munosurgery in conbination with conplenent, by flow
cytonetry, by centrifugal elutriation, by differential centrifugation,
etc. The i hepati c stem and progenitor cells, have the capacity to
expr ess soS?@J %g%gzl | of the phenotype markers (classi LU ass F,

| CAM 14, OX18a,: akPRasdk B Qb ahnin 2 otk VRt o the it | embodi nent
of the i nven?i&%n t’hatp_t he h%pat ?c(l:n’pr oogeWor sn'expr_e’sésﬁg gr O:Iv%t(8 ' pattern in
20 t he col onfhesofe Qe sicliadrin the art Bl Mnow fhat dtiken nifienpingdiad e.gHapds F40,as aggr egat es,

col oni es or l\feliﬂﬁltlgé,.%r orleto}3 I_hg Nge]ﬁir %ﬁ%riﬁcﬁﬁing . mqu %Dﬁ?»%&i i tant

invention that hepatic ce _ electiv %/1%;0\/\“ In a serum’free,

hor mone- suppriéarevring testes bevesed implir AAOMIDIAFLZ. Tha grog srigimglicoiditionsf  1DM

conpri Ses sa ﬁiékélle%ﬂénsim?flhHé@o‘f@x‘éke@&@rmgm%b%nc@%%an%ﬁoﬁﬂog#a% tteGocdy M Xt ure of
modi 1 ed Ham's F12 to

Dul becco' s I Eagl e’ s nmedi um an e is added up to

about 40 ug/ Ayticalp&he horopd) regpisemens ligte! 4bpysyar ghicaepmicoids, ingplik 0 about 10-6 M
Dexamet hasong,Qf.ff MECH M6 éﬂ]gﬁgigh&ﬂf ﬁ@ﬂﬁo&eﬂ@fof%&%ﬁﬁ%&lﬂ'o jig/nil iron-

0!
saturated transferrin, up to about X 10-2M ni cot , up to about 2%

bovi ne  ser upAParsiRNOther gsmensl Giers canpe pddpd andivnight hesie sepprdastananibl  or

equi val ent 1 gglllcinGi0308: B85 e cHideal t 1 f .acid, up to
about 2 x 10-2M gl utoam'lglg, Ehgcto a%gﬁ%srgagg%éh%ﬂ%ﬁ%&%g%“?o about 3 x
10- 8 M H2i8e Cthe herghonggonitisieals syeh as eanbe bidstby ere of aydinatyiskilliiwtbe wharei ncl ude 10
SUBST! TUTE  SHERT te BldnEofiR0 indrarflvbrhion? 005 WO 02/ 29012 PCT/ US00127428
penicillin, streptonycin, gentanycin, and others comon ip the art, and

conbi nati ons t héyaerpble @pges gkiudg OcPOing/m! BEF 410 ugiopl|inspling wx 1OWMitto ot her nutri ent

medi a, e.9. Homioy dexabfihasolYe @l Yibrd 98,- Gy GG Qiodel 8-2W DB #&L 1 €S 1 ncl udi ng
MCDB 151 and MCDB 3}(;)2, gsan,@a ter lr'anniy I tlesﬁc%g, bé used in place of

DVEM F12. Theatysged tranpferiiped-8 £ dHdd wirasingmige, 08P ~ 860 semmpdhusino#r 8 arle” use of the
feeders 1§ ! hot ahsenEanalol, 800 uINFBGSeid Bl 1S MRS Bk 3 s O the
hor nonal requi {_Q?Ten s listed, above are glucocorticoids, 1nsulin,

transferrin, 2aHf MEFSQo Sk 19" HeigOs A& ub palmsitic peid, Adn Q14 uM nabitolsic f or
progeni tor cglid 059Dl skl aci@ld X2 (MPEIER Y, 1LAM RickiCal, @ 03ddpgl and mi ght
have secondary growh
Tinolenic acid.
The serum- free, hormonally defined culture medium of the inventjon, is
20  suitable for the clonal growth of hepatic cells, This HDM contains a basal medium
that can be any of a number of options such as Dulbecco’s modified Eagle’s medium
(DME), Ham’s F12, RPMI 1640, Williams E medium, etc. A preferred embodiment is
a 1:1 mixture of Dulbecco's modified Eagle's medium and Ham's F12 (DMEM/F12,
from, for example GIBCO/BRL, Grand Island, NY). The basal medium is
25  supplemented with epidermal growth factor, EGF (from, for example, Collaborative

Biomedical Products) at a preferred concentration of 10 ng/ml, insulin (from, for
example, Sigma) at a preferred concentration of 5 pg/mi, 10-6M Dexamethasone
(from, for example, Sigma), 10 pg/ml iron-saturated transferrin (Sigma), 4.4 x 10-3M
ﬁicotinamjde (from, fo_r example, Sigma), 0.2% serum albumin (from, for example,

30  Sigma), 5 x 10-5M 2-mercaptoethanol (from, for example, Sigma), 7.6 peq/l free fatty
acid mixture (2.4 uM palmitic acid, 0.21 uM
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effects but do not replace the critical requirenments noted above Li kew se,
changes in 10 the hornone constituents such as can be nade bl/ Biile

ordinary skill in the art, are wthin the scope of the instant invention.
Preferabl e ranges include 10-50 ng/m EG-, 2-10 ug/m insulin, 5x 10-7Mto
5x10- 6M dexanet hasone (9a-fl uoro-16a-nethyl - predni sol one), 5-20 ug/m iron-
sat ur at ed rin, 2-8 x 10'3M ni coti nam de, 0.05 - 0.5% serum al bum n,
2-8 x 10 1&6@1% - mer capt oet hanol, 5-10 ueq free fat tli‘;T'gtIé?0874?ﬁ xture, 1-3 X

10"3 Mgluta 1-5 uM palmtic
acid, 0.1 - ghg lﬁ}lgaé?mto Qemx%%ﬁﬁ@egq%%%r{o%ﬁc@ aé‘éogs 0.5 - 2 uM
ol ei ¢ aci d, iwﬂmumub adi®)| Bk 00-2wi gﬁtanﬁﬂé(éfr&n Jorexfingle, cdEd/BRE), RiG acid. The
serum free horm)nal |y g&f' ned cul ture medium of the inventi on, is 20

sui tabl e for MHSUchal0- &Zﬁwwdmpamschrb‘sthfﬂimsedﬂRdwm ains a basal
Fagl s modi o e g Enol i in oo B 80T A U, oto. A
pr ef er r ed Senibb frsily, hegatocateigmiwthﬁaublﬂﬂ&mf aﬂﬁﬁamas()gremﬂﬁﬁlofsl ed Eagle's

N The bas Gorak b e melifh et KRR e Ram ayott n 1 actor . o
(from for ekembdued toGeplicaiodameffars whii mderhurggd orErﬂdmtcsﬂablﬁdhoﬂ preferr ed
prof or' ed corsaing e e kB addalibd MR sl el RERY R R H oy or

exanpl e, Si greejled altﬁlengmbmbmanm wmltlhesagmd«tltfmaérsf errin (gl gma), 4.4 xf g(r) 3M
exanpl o 3o st gmaye s PGt AR bysilon (o BT Set il e S gy,
7.6 peq/ 1 fr ewe pfoptgated fremiadingie ptogenitor(c2il, 4hatily] tha khigictlis @reatvnel, GRwady uM 11

S L, SR BRGS0 B A HAAT o1
aci d, and 0. &@licitis|defirell esirepagetivnldf, celB derive0 fidtdlagingle a¢ll. i 0§ of feve@an  f or
A o PR sl A YR R P R BT T T 1
i nsul i n-|iskecdys m/anmﬂlamtlcss,saex(dewﬂi)ue plaret vedlll emkrhod Ered linitiog dimtibd.y, hepat ocyte
growth factogs. %n{tﬁgglsfnknggga{? 3’&9 gﬁ%ﬁh‘%f{’ I%'}t%g?nsgﬁ &8‘%@%"' can be added

to the culture
ablation, by dilute culture on microparticles, by single-cell sorting using flow

cytometry, by picking individual cells with micropipet or optical tweezers, and by
agar.

20 It is a yet further embodiment of the invention that many of the cloned
progenitor cells are capable of mitosis. It is preferred that the progenitor cells are
capable of a least one cycle of mitosis and even more preferred that the progenitor
cells are capable of at least ten cycles of division.

It is a still yet further embodiment of the invention that hepatic progenitor cells

25 and their progeny are propagated in medium supplemented with metabolic and
biosynthetic products of feeder cells. The supplement can take the form of
conditioned medijum, that is, medium previously incubated with living feeder cells.
Preferably the supplementing can take the form of isolating from feeder cell-
conditioned medium those factors including proteins, peptides, lipids, carbohydrates,

30  and metabolic regulators that sustain and enhance the growth of hepatic progenitors

and their progeny. The proteins
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been found to replace feeder effects when added singly or in various

conbi nations, neaning that the feeder cells are produci ng ot fgfil 200§nal s,
yet unidentified that are needed alone or in conbination with these growth
factors. 10 It is a still further enbodi nent of the invention that the
hepatic progenitor cells are propagated froma single progenitor cell,

that is, t%ozékbﬁz cells are cloned. Gowng cells i N, col oni es does not
necessarily equate with clonal growh which inplicitl §T’£ﬁ“af”“é’§<p| icitly is
defined as prapagaf.] 19 [ ingke cell - Any of several
met hods of cl oni ng Eﬁgbmgﬁdg&{) lge a?{m%e?l%og%ﬁ aegf%,ma%hxc “gﬁi‘”ﬁﬁ‘ diluting the
progeni t or 1%actoe inaduding epidermalegréwth factot ad dnsulfpelike groiwkh faeidrt.ure pl ate well, a
method termed |inggLi i i i m enj t.or .cell.s may be cl oned
with the use of (r:#oﬁ?%&%%f%eg?ﬁtbvpgg%ﬂé?j%%/%GCH%CB’%&{]‘Y%]%?“IW“&Wf’lte culture on
m croparti cl éayer abjeedsr pryls.cvbersithossfesder aels arsemigydniconaduttgélbopdthey, by pi cki ng

i ndi vi duals celilafie Wink N BLE LR I Lgal. tweezer s Y agar. 20 It
is a yet fur Ethea r eer%o%li rrlenlit;b%(l%j?{E {ltﬁ% ffcﬁ{%éﬁgﬁa%engﬁoﬁgltﬁkﬁ%g&%asg h&%| oned
progeni t or c&boblagiy e ofhagraiible colls oy bo ginstically modifiqls ef. by trandfettivat It he

progeni tor Ce&ldrSerAl that HERGH I le of mtasis and even nore
preferred tha.tﬂrt?]e pr_aogenl t(%f%tsggz% ré'ﬂg@%"%g% ean’or’rogégmé]néjg “ten cycl es of
di vi si on. |t Pigsdog. rakhit, at, grznouse mespderma nddis chindrether npinntalian andhsséant | on t hat

hepati c proggRidamat&hd Se a1uith ' e bropagat ed i n nmedi um
suppl enented wi th netabol ? C gnglq' iﬁ‘?}g‘g‘ﬁl’%ﬁg‘?fﬁg%‘ﬁ)’?%s tﬂ%%%é?%lgg?ngeder cells. The
suppl ement® célected kas thetbilityde sappritt hepagin piiogénitomdllsredi um that is, medi um
previously incubatied Wbt dbpbiingn:f Pr. . the

suppl ementi ng can 1t aEe ct he H? o?@ng%fO?ﬁgg%tg??Ar%&WBhr%{lsgag{@?ﬂ’%%l | - conditioned
medi um t hos ePPaiterrcsls s epmittadito phepatocyte or hiliat dell &iseagd yphedssiectivar bohydr at es,
30 and net abedgiaibe GHaRdnRE Sf dohiRin [ Lhe.grow h of hepatic
progenitors Q_ﬂe{}r’%d lt he?r 61r dge‘{}l)y. %ﬁ%ﬁ%@(g{%&g}@ﬂﬁ%ﬁg@%ﬁﬁ SHEET ( RULE 26)
1 April 2005802/ 29012 PCT/ US00/ 27428 can include sol ubl e and insol uble
conponent;g of exty;ag el el . I di ng epi der nmal
grom h factor and 1i nsul i rg rf e gelfrgg\?vt(ﬂﬁ t%ﬁ@%@@%ﬁ%@%trl{%ﬁatltaelrd preferred that
hepati c cel | §empgells andeather happtic pagsoniter ¢ells bamstdasa companept of 2 Hicytificiabf f eeder

cell's, wher epfeififah GEHET asGf bliSedifofeaP i %QRIaEviQ 138l nfg! | S OF ot her

preferred embodiment of the instant invention that the bioartificial liver containing

isolated hepatic progenitor cells and their progeny be used to support the life of 2 _

20  patient suffering from liver malfunction or failure.

6. EXAMPLES
The following examples are illustrative of the invention, but the invention is
by no means limited to these specific examples. The person of ordinary skill in the art
25  will find in these examples the means to implement the jnstant invention. The person
of ordinary skill in the art will recognize a multitude of aliernate embodiments that

fall within the scope of the present invention.

6.1. PREPARATION AND ANALYSIS OF HEPATIC STEM AND HEPATIC
30 PROGENITOR CELLS

Rats. Pregnant Fisher 344 rats are obtained from Charles River Breeding Laboratory

(Wilmington, MA). For timed pregnancies, animals are put together in the afternoon,

and
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5 suitable cells. In one enbodi nent the feeder cells are stromal cells or
fi broblasts. The fibroblasts or other suitable cells my be1@@H@¥m§ally
nodi fied, e.g. by transfection. It 1is preferred that the fibroblasts or
ot her suitable cells be human, non-hurman primate, pig, dog, rabbit, rat,
or nouse nmesodermal cells, and other mammalian and avian nesodermal cells
are also sw Furthernore, the fibroblasts can he_cloned and 10

sel ected fgﬁgﬁﬁgﬁﬁbility to support hepatic progenitg TUE2 1t s a

preferred e ' : | ' ' tarl:s@l.at epatic
pr ogeni t or ggﬁ ﬁ%ﬂgg‘g%}g‘f’rrhrlnéh[&fe gg&? %@daatérﬁééig%?egi%at%g dyr}?t%\g %?%rsli?r%%lrl%l i neage by
“the sel ecti v&0025¢) pxcasad dor adwrlivebslnce, of epidermal growh factor (EGF),

or other differentiation signal. 15 It is a still nore preferred
enbodi ment of the instant invention that isolated stemcells and other
‘hepatic progé&sibliskmepeifiheraiecalidiges. staldivers np prepared fofm deydbotehe i ficial |iver

that ‘can e ystfloRSsifle EHLAGRIROLEMuildrtFinciatlethe MEX Wik pob, 1S @ StI|

more prefer _enbodr nent e rnstant”invention that the bioartificial
| iver cont ai bypsiani 8§ Smk B Aerd Quiite/mp hogmtpisindBigwe St. Eowin dI@)ed r progeny be

used to SUPPYHKH;, | ' ri fromliver mal function
or failure. gé %&@%&c@g&%ﬁ%&ﬁm&%ﬁﬂé%ﬁpé@a cgfr?%refcfvleg;g{“# tive of the

i nventi on, bdicoll-pagué FharmadioBiotesh, UppsalacSwedem for giadiertt dehsito t hese specific
~exanples. Th edi.Qal: i | rt .25 will find in these
exanpl es t hegeﬁggﬁnéﬁﬁoﬁﬁ?%lfgr%g%{dt%g C‘%ﬂﬁ&o%n ’*‘%ﬁ@“&%ﬁ“‘&%"?ﬁ PREEE son of

or di nary ki frto fissuetchioradishesgolted wise thmi/mé callagen iype TV @liddorativd er nat e

PREPARAT O et Plopelt B ) R T2RER e P cRASRENe MG O O |
ﬁag zr af(r) (rag naﬁto_dﬂts_é foe th18448 and rter6 ar élelébﬁlaiespfdiWIw.&hp éﬂman—lfreeis maRl ve ; r Sr eﬁ([ji ng
Fonot or | Doofp G0 oo melih, oo R ARARG ety MBlG™ © LT
VO 02/ 29012 By usgioipand Hgms &2 GOMENIFY2, SBURBE, Giamt JskuigNY3, tobser ved i s
ggls; gnat ed d@KicRis Mk S0 FlEr @bfadoftliSe BRI P5 fott fduf.0r adult liver

(Sigma), 10-7M Dexamethasone (Sigma), 10 pg/ml iron-saturated transferrin

(Sigma), 4.4 x 10-3M nicotinamide (Sigma), 0.2% Bovine Serum Albumin (Sigma), 5
x 10-5M 2-mercaptoethanol (Sigma), 7.6 peq/l free fatty acid, 2 x 10-3M glutamine
(GIBCO/BRL), 1 x 10-6M CuSO4, 3 x 10-8M H2Se03 and antibiotics. Each

20  concentraiion given is the final concentration in the medium. After 4 weeks of culture,
trypsinized cells are cultured on a feeder layer of mitomycin C-treated STO mouse
embryonic fibroblast line (American Type Culture Collection, Rockville MD).
Th1120-3, rter6, and rhel4321 are cloned from three independent preparations of fetal
hepatic cells and are maintained on STO fcecier cells with HDM. After the

25  establishment of the cell lines, the concentration of EGF is reduced to 10 ng/ml for all

cell cultures.

Cell adhesion assay. Adhesion of cells to fibronectin (Co]laborativé Biomedical
_ Products), laminin and collagen type IV is evaluated using 96 well micro-titer plates
(Corning, Cambridge, MA) coated with these proteins at 0.3 to 10ug/ml, After
30 removing the STO cells by Percoll (Pharmacia Biotech) gradient density
centrifugation at 200g for 15 min, 3 x 104 cells of the hepatic cell lines, th1120-3,

rter6, and rhel4321, are cultured
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Establ i shnent of hepatic cell lines. Fetal livers are prepared fromday 15
of the 5 gestation. Single cell suspensions are obtained by 1ﬁ8’[’ft§’-&95ng t he
livers with 0.05% trypsin and 0.5mM EDTA or 10units/m thernolysin (Signg,
St. Louis, M) and 100units/m deoxyribonuclease | (Sigma) for at 37C. The
cells are overlayed on Ficoll-paque (Pharmaci a Bi otech, Uppsala, Sweden)
for gradie jty centrifugation at 450g for 15 m lls fromthe
bottom f raﬁqgﬁ%?re inoculated 10 into tissue cul turﬂg:‘rﬁlg@ﬁzéégcoat ed with
17 ng/ M col l agen type IV (Col | aborative Bionedical Products, Bedford, M)
or 12 g/ m | angash well fGold ipbe mach DM Biaaareiiinpdvice B @bt Rt @6llst hl 120- 3 and
rter6 or rhel 4321, respectively. The serumfree hornonally defined culture
medi um HDM fiesh iapdipnwig the ’@?T@O%!m Pl W c@oehripgs Mahabdin, Eighagolis, medi um and
Ham s F12 ( Fl2.. G BCO BRL, .G and. Jsl and, tg 15 ich is added 20
ng/ M EGF (W&B‘%ﬂ?‘%"i 2505 U el v {3‘86@?&5‘2""‘}@ th’% %n (Sigm),

10- 7M Dexanetfasans il d-eihdd ac -:sgtmeﬂaaﬂacﬁeér‘ygﬁ{o@& transferrin (Sigm),
4.4 x 10-3M nicotinam de (Sigma), 0.2% Bovine Serum Al bumn (Sigma), 5 x
10- 5M 2- ner capt oet hanol (Sigma), 7.6 eq/l free fatty acid, 2 x 10-3M

glutamne (GVCOBRL), 1 x 10-6M CuSO4, 3 x 10-8M H2Se(3 and anti bi otics.
Each 20 conceéh? Pfinen Oge hedred sells pepargnh &0 feosm AEGE prgrcilgrediin 190men nedi um  Af t er

4 weeks of c > L Di e. gul. nafe | ayer of
i tomyei n ¢ EHa e iy B3 BAPEERS B Bhdien Wi 108 et ek EER can’ Type
Cul ture Col | @sdinedBrumRO% kBl gutdMile, 5 x TN 0nc3eaplobiBinGl and Aflinloh&14321 are
cloned fromthree i ndependent preparations of fetal hepatic cells and are
mai nt ai ned olo@Fdchesderseleetd for fnithedn cdibleriAfidnerccdrding 8 heedt abl i shnent of the
cell lines, the concentration of EGF is reduced to 10 ng/m_ for all cell

cul t ur es. 10Ce PR pAng Hhe grawily spesdAhopgh Ty fopkgrf i§ peformedsip dhedeuri n
Col | ab ti | I L. ami ni o. d coll t [V i
val uat od us) ek TREb P, STORTUES B peru il il PR MR VD |y Coat e

with these piitbRjdECakatDerd. (0he Hdgiord, STAY, is@fanstR3Rd Kn)%H?EF—HQ:—M&@negTO cells by
Percol | (Pharmacia Biotech) gradient density centriftugation at 200g for 15

mn, 3 x 104°ccFMChieo kindlypeqyisied fgore BY. J. MLi Avews, ThiWali @ndEliza Fakkr 6, and
05T 20023 por ekl e feseitel Dt pishias ot VE 5l s rroeniad o 200 VO

15 cells by DOSPER liposomal transfection reagent (Boehringer Mannheim). After G418

selection, six clones are isolated. Three clones of each are analyzed by CFA.
Immunohistochemical Staining of Colonies. Culture plates are fixed in methanol-
acetone (1:1) for 2 min at room temperature, rinsed and blocked by Hanks Balanced
Salt Solution (HBSS) with 20% goat serum (GIBCO/BRL) at 4°C. For double

20  immunohistochemistry of alpha-fetoprotein and albumin, plates are incubated with
anti-rat albumin antibody (JCN Biomedicals, Costa Mesa, CA) followed by Texas
Red-conjugated anti-rabbit IgG (Vector laboratories, Burlingame, CA) and FITC-
conjugated anti rat alpha-fetoprotein polyclonal antibody (Nordic Immunology,
Tilburg, Netherlands). For double labeling of albumin and CK19, anti-CK19

25  monoclonal antibody (Amersham, Buckinghamshire, England) and FITC-conjugated
anti mouse IgG (Caltag, Burlingame, CA) are used instead of anti alpha-fetoprotein

antibody.
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i'n each well for 10 hours with HDM After rinsing twice to renove floating
cells, fresh mediumwith the tetrazoliumsalt WST-1 (Boehri h§efl AAnhei m

I ndi anapolis, IN) is added to neasure the nunber of variabl e adherent
cells. After 4 hours, the absorbance is determ ned according to the

manuf acturer's protocol. 5 STO Sublines. One hundred cells of parent STO
from ATCC %@a%&wﬁ% ured in 100mm culture dishes for 7 d&és iLn DVEM F12
suppl enent € 10% heat - i nactivated fetal bovi ne & M2H38 « 10- 3M
glutam ne, 5 x 10-5M 2- nmer capt oet hanol and anti biotics. Four subclones are
sel ect ed f or Disseciawer ofdfH3 obfetrnbliverz eteldivera e disstetadjintoded-dodd Gt el O mor phol ogy

and the gro r rier6._i r in the four
subcl ones, %Sg?&?ﬁgﬁlﬁ%%ﬁ?gﬁgg a‘bdelt’@fg{ﬁﬁﬁﬁg“ﬁaﬁg‘ﬁﬁs% culture
Lo AR e B R S W B | 1 3L
The Wl ter affiziE)inEBSSprbpared meth il ool STEDES M MeSOpaadtaM Callonear i zed

plasmds at Nde | site are introduced into 15 cells by DOSPER |i posonal
t r ansf ect iSon Aftetdpahtiop BoHRE foi d@ minytip el shspynsiopisdigest@wi@h 0.625%ect i on, Si X
clones are isolate T nes.of,. ea are analyzed, b -A.
| munohi st oc cﬁgzﬁm&%”%g gﬂy@i’l‘f %@%ﬁ@f‘@gyag BOY j xed in
met hanol - acef @i typlkh idhBitor S, Rhally AR STPELRH Wil 200 ﬁ,g and bl ocked
by Hanks Bal anced aItISoI ?JItQ(i f(‘?Jiqullﬁy( HES%) vvietﬁ]}gg(% goé@ggdedrnit}% G BCOBRL) at
4C. For doubbexbonmimasedif$ighacheliepbinenof 3-ak phRelispeapentesbpiaad al bum n,
plates are ipcubated with anti-rat albumn antibody (1CN Bi onmedi cals,
Costa Mesa, Eplptiangfodidivensylist dpgvo siplves peifusignmettiodin paformadio t 1 gG (Vect or
| abor at orj.es J CA). and. FI TC- conj.u ed anti. rat
al pha-f et Opr ig?lgrlg ?ll%ﬁgg%mtﬁrﬁe )ﬁésﬁ(ini o Sa(’?\ﬁ??’ﬁ#%gﬁ?ﬁg% %S%t“’_‘%ﬁ bur g,
Net her | ands) en&@form%é%aﬁndh 8ll EIROCPilaAidBi f§>§(§‘ﬁa%gurﬁtnz%ag<lg 25

y mer s a F

nonocl onal anti bod am Bucki nghanshire, Englan | TCconj ugat ed
anti nouse | b@ ¢Cmbibmg, Burlingane, CA) are used instead of anti

al pha-fetoprotein antibody. 15 SUBSTI TUTE SHEET (RULE 26) 1 April 2005 WO
02/ 29012 PCTFlaBswroens gabpis<s s aicicwiyzest onpi(Sean Becion-Pickiesen, Fetal |ivers

ar & di SSeot el P YRPCATLA Sl U685 mEFERMANCHRIUAEERS, 0. 8M MySO!

and 1nM EGTA
15 Collins, CO). The cell suspensions from E13 fetal liver are incubated with HBSS,

containing 20% goat serum (GIBCO/BRL) and 1% teleostean gelatin (Sigma), on ice
to prevent nonspecific antibody binding. After rinsing, the cells are resuspended with
FITC-conjugated anti rat RT1A%P:l antibody B5 (Pharmingen, San Diego, CA) and
PE-conjugated anti-rat ICAM-1 antibody 1A29 (Pharmingen). In some experiments -
20 the cells are stained with biotinylated anti-rat monomorphic MHC class I antibody
OX18 (Pharmingen) followed by a second staining with streptavidin-red670
(GIBCO/BRL) for 3 color staining. All stainings are performed with ice-cold Catt
free HBSS containing 10mM HEPES, 0.8mM MgS04, 0.2mM EGTA, and 0.2%
BSA (pH7.4). The established three hepatic cell lines are trypsinized and fractionated
25 by Percoll density gradient centrifugation to remove feeder cells. The rat hepatoma
cell line, FTO-2B, and the rat liver epithelial cell line, WB-F344, as well as adult liver
cells are stained to compare with the fetal hepatic cell lines. The cell lines are kind

gifts of Dr. R.E.K. Fournier, Fred
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triturated with 0.2%type IV coll agenase (Sigm) and 16.5 units/mn
thernolysin (Signa) in HESS prepared with 10mM HEPES, O. smvi ﬁ@@@@,‘mand 1mM
CaCl2. 5 After incubation at 37C for 10 min, the cell suspension is
digested with 0.025% trypsin and 2. 5mM EDTA (Signa) for 10 min. Trypsin is
t hen quenched by addition of Ing/m trypsin inhibitor (Sigma). Finally,

the cells ted wwth 200 units/m deoxyri bonug] Sigma). In

al | experi ﬁrﬁe&&{ﬂé&%ﬁ X 105cells per liver are obtai n%&m@]%g@?éati on of adult
liver cells. The two step liver perfusion nethod is perforned to 10 isol ate
liver cells Hutbhinen Camef Reseah CetttrpSatk) WAgmé De.avits. Thasg@dvelsity ol min at 509
twce to enrich for | argek&arenchymal cells. Cellular viability is >90% as

nmeasured by NegibGHoling Chepd Kl NE; tswvectivelyfielly e blogked pud siived yith s. Cel I's are
| d P cki \Yo) i.n Vi d ted
TV O e OB SRRt ) 00 01

suspensi ons futegth [l Sutibedydia2isi(Rtaminges). | FICORatjQdtedMitinddBIE isoged ai ni ng 20%
goat serum (G BCOBRL) and 1%tel eostean gelatin (Sigm), on ice to prevent
nonspeci fisc &mOXBBGelllsnspetisiony of Mikde detal hepatic oel) lingshee seairlell witlar e r esuspended with
F1TC-conjugated anti rat RT1lAa,b,1 antibody B5 (Pharm ngen, San D ego, CA)
and PE- conj Rigiaviaed ani-mopss COOBollowed hyaiseropd stainpev irrap#idiy@ds 0 | n sone

experiments : i i Lotinylated anti-rat nmononorphic
MHC cl ass | gsﬁﬁl%gé[)ﬁ/ﬂa@%gﬁt?gﬁ%@%ﬂﬁgsg\r%ﬂébg@%tgo\%\%q by a second staining with
streptavi di n- r ed6/&8ous(afi BaiBRixpredsad in iffeRhOflafledbRbddby fitd. St ai nings are
performed with ice-cold Ca'mi free HESS contai ni ng 10mM HEPES, 0.8nM

MySO4, 0. 2mivpeetTa usagn the(evelosl eXpBAsqNIIFR patliculaT sigerstan bt N lexglessibm,@e hepat i c
cell lines are 1t rf/&si ni zed gngl f.ract i_ontg%ed 25 by Percoll density gradient
cent rifugBti G £ CERICER-@deyehof exPrastion tht s nommal RIpeb{as R MaRse| | | i ne, FPO- 2B,
and the rat | L 1 1 - V\B- & as adult liver
cells are st gdlu%%{%' aﬁgh%%ﬁn%ég%gf%ﬁteﬁl#h%q ot aFg’ﬁléég%?i ig)w\(lzi%:'s lines. The cell

lines are ki mebrch@ighdtty with Dveak B dull KMofe@letailddalescriftion@f h61eRUBSTI TUTE SHEET
(RULE 26) 1 April 2005 WO 02/29012 PCT/ US00/ 27428 Hut chi nson Cancer
Resear ch CeneXpressi®ecgp.taftematiygly. ba padepput these-fgir lepela enflisgforensi ty of North

E/aér gloin_na, Chﬁpr%esﬁgégﬂé\g@eé%ﬁﬁem [ vele{t'.&‘éc%l I s al esiob o’ E(red and stained with
jugate ; , AT EReY RO YHgH SIRETSOR PHET EXRlgat ed r at
15 flow cytometry, provides a continous range for antigen expression.
CFA for hepatic cell lines, sorted cells, and adult liver cells. The hepatic cell lines are
plated in triplicate at 500 cells per 9.6 cm? on mitomycin C-treated STO feeder layer
with the same HDM as used for maintaining each cell line. Before plating, cell are
trypsinized and fractionated by Percoll density gradient centrifugation to remove
20 feeder cells. The cultures are incubated for 10 to 14 days with medium changes every
other day. Double immunofluorescence staining of alpha-fetoprotein and albumin is
then performed. 100 colonies per well are analyzed by the colony morphology, P or F
type, and the expression of alpha-fetoprotein and alburin. The colonies are stained
using Diff-Quick (Baxter, McGaw Park, I) to count the number of the colonies per
25 well. In the CFA for primary sorted cells and adult liver cells, the plating cell number
is changed as described. As another minor modification, the culture period is

expanded to between 14 and 17
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integrin (31 anti body Ha2/5 (Pharm ngen). FITC conjugated anti nmouse 1gGis
used 5 for OX18. Cell suspensions of three fetal hepatic cellAPiiré85are
stained with biotinylated anti-nouse CD98 foll owed by a second staining
with streptavidin-red670 as well as anti-rat noAb to gate out nouse cell
popul ations. Various antigens are expressed in different relative nunbers
by cells. tical usage the level of expressio ticular

anti gen carkl";hboez'}2 expression, a 10 | ow | evel of exp&ggé’?@ﬁ?é% | evel of
expression that is normal or regular for many antigens, and a high | evel of
expressi on. Haystdnd the oargratidnivg ddxenahasbeWs ihGedsaiasl 10-M! &1 ghangeabl y with a
weak or dull. More detail ed description of the Ievel of expression can,
al t er nat i vel yrocsarepze perfopped as phose I the CFA &y edudt livericliscomaflonmpasnef  pur poses.

It should b | { hat y t .of ti ' by, f | e,
15 11 ow cyt of PRSP ISHGT HOLeEh fomets sl ependil it Pepatip essi on. CFA
for hepatic ¢rrbfore! ASRdefifQ uRHer©Blhk Solorfdd Qﬁ%i@!égepfr?dui:éﬂ%fonﬁﬁé éll?:mr&'s-rhe hepati c

cell lines are plated in triplicate at 50 S per 9.6 “on mitomycin
C- t r eat ed 5STEfEAdefbiliagydifferentistioh ot fveted ciig, dbibM immutigorefcaice MaI Nt ai ni ng each
cell line. Before plating, cell are trypsinized and fractionated by

Per col | dens Figying Pleaiuer and &Kl P pf thgyeelanisp Istperforedas & Ao ercdobide cel |'s. The
cul tures ar ecﬂlﬁ?eql?ﬁll%ggsgn&ror%%eﬁcg?%€%¥aag¥g O%plﬁﬁ@gl%eg%g?@?n S\aﬂlever y other

day. Doubl e I mmuno orescence staining and al bumn is

then perf or NBgse tHA@nEOK BicESS idtBhintéals b CRI &+ @NAYY Ae6hydy b6, COI ony
nor phol ogy, P or F type, and the expression of alpha-fetoprotein and

al bum n. Thecadwliss npeaning wultplacingds ofitge 61D dlls dQunechusteBabohore tharlvt Gaw Par K,
L) to count the nquber of the colonies per 25 well. In the CFA for primary

sorted céPl shEr&Rddlralls pre gemicd a3 3 GK1GHcalomy. Abpus {00cslopiergsrpel arej s changed as

Lo between 13 ang 149 epf BB Wil B ori et ol 5005 vo 0ol 20012

PCT/ US00/ 27428 days, and the concentration of dexamethasone is increased to
10-6M Al other C I a rforned as above. In the CFA for adult
liver cells, ‘E-gmﬁwﬁﬁi“ﬂ?é@%@g%ﬂ%w BeTAsRAT BERATG| i i nat ed
fromthe cell suspgRsiQEs r " undefi ned
nunber of the colonies mg%ﬁ%éég;ﬁggucegbﬁ?%%&?ﬁgagﬁg%gﬁg goir CFA of
biliary dsfferentd BORMONALLYWRRENED 8{HDFUMIoubl e i nununof | uor escence

Simple long-term cultures of rat B15 hepatic cells are attempted to see how
long fetal hepatic cells could be maintained and expanded ex vivo to produce progeny.
After a gradient density centrifugation to remove hematopoietic mononuclear cells,
the fetal liver cells are cultured on culture dishes coated by collagen type IV or

20 laminin and in HDM (sec example 6.1). The cells survive well for more than 4 weeks.
However, secondary cultures on fresh collagen type IV- or laminin-coated dishes do
not permit further expansion. When mitomycin C-treated STO embryonic mouse
fibroblast cell lines are used as a feeder layer for the secondary cultures, many
aggregates of cells grow. Eventually several stable hepatic cell lines are established

25 from four independent experiments.
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stal ni ng of al bunin and CK19 of the colonies is perforrred at 5 da

I@ﬁ) each of
the culture in the presence or absence of EG-. At day 5 of Pures,
any colony with nore than one CK19+ cell is counted as a CK19+ col ony. At

day 10 and 15, <colonies containing nultiple clusters of two CK19+ cells or
one cluster of nore than 10 three CK19+ cells are counted as a CK19+

col ony. Ab colonies per well are counted. Each,_point represents the
mean SD f%ﬁzé%?zpl i cate-stained cultures. 6.2. GENE KD

CHARACTERI ZATI ON OF FETAL RAT HEPATIC CELL LINES USI NG FEEDERS OF MOUSE
EVMBRYONI C CELLS \WhitdnohidtocRenhi6aRAaINGE bl R Fetdyie Vil altvininQkgTP! € | Ong-term
cultures of rat E15 hepatic cells are attenpted to see how |ong fetal
hepatic cel | erésmedin B camtinpeua gewing selbbopipionslesforesloningaf thegelplimsluce pr ogeny.
After a grad ensi.t entrifugation to renpve henat opoi efi ¢ nononucl ear
el s, ™ The PEMEroRR, BptaEFmLcl A B TS PP SRBLE oat od by

col | agen {yDeeil ppflitiofOor il Aaefals bl 3 . The cells
survive wel | foprpm)re th ggl{r?% vvegﬁ' eﬂ)a F 3 g%qgg(%y‘ﬁtélu tures on fresh
col | agen tsy péendédey woiforhapiesvfoelbriatatied Plbcidts, aﬁi@hasﬁlﬁéns@@dpfé‘ssﬁonfoﬂrt her
expansion. Wen mtonycin Ctreated STO enbryonic nouse fibroblast cell

‘lines are usé‘@h"a@mar"fe@bﬁé‘é #lbwalpevhﬂp&e ﬂ@ﬁf‘@%@%ﬁ&lﬁ%?%dﬂﬂcdp@% nany

aggregates o ver ahl e, hepat i c cell lines are
est abl i shed E‘?’%%f“l“f?‘“% Shpressipnd atéj’ﬁ 10 °§Zba8§f‘?ré%'i . TheShygRer| TUTE SHEET

(RULE 26) 1 ARfidelibRBR8s, \é@ooeoln%a@aa alPﬁyct,@g% a&%ﬂm Rirtocher ni cal
anal ysi s of al pha-fet oprot ein and al’bumn’are perfornmed In the continuous
growi ng cel | apiysis) b doreed begfatie el tihes fiomdndspentidneexperithentsiare@slected®at h pr ot ei ns,
al pha-fetoprqotein_and al bumn, are used as the markers to confirmthat

cel | populloat F%H?%PP&P%&’E‘*@'EP@PW ?ﬁ@ewéb%f?t?@lqnlehé@gl@lﬁ& lekl | popul ation
wth a tengcglgjg¥ o fog {Tk.ﬁd' l“?@féﬂf eI Ic%hmes " aﬁﬂﬂﬁﬁﬁﬁogl es, and has

i nt ense expression o op’ro iAoand var )t he flattened
nonol ayers, gakds efly Eﬂatwnémh@ﬁlayerhﬁmyﬁélcarbﬂessn@fé (EXPIbeRSH ON Of

al pha-fetoprotein and no al bumn. The enbryonic nouse fibroblasts, STO do
not show anymlteea@hatwhewtm ofthesh bro. Tteirstinplly the hererogeneityré rter6 astillysi s, three

cl oned hepatic ceJ | i nes from i ndependent e"ofi)e“ ments are sel ect ed by to

t he nor phol of5eXrd aftef tesp Foyndsof ssuyenilsl clonipg fdhafattpned coleny T spibes. Rhe14321

(Fig. 1)  hetero geneity of colonies derived from single cells in thel4321 and rter6, the cells are

cultured on STO fibroblasts for 10 to 14 days at a seeding density of 500 cells per 9.6
cm? (one well of a 6-well plate). The colonies are then characterized in terms of their
morphology and their expression of alpha-fetoprotein and albumin. Fig. 2a, 2b, 2¢, 24,
2e, and 2f shows the results. In the cell lines, rhel4321 (Fig. 2b) and rter6 (Fig. 2¢),

20 and in the original cell population prior to cloning (Fig. 2a), almost all P-type colonies
strongly express alpha-fetoprotein, whereas F —type colonies of cells do not,
Furthermore, the intense expression of both alpha-fetoprotein and albumin is observed
only in P type colonies. The morphological difference in the cloned hepatic cell lines
correlate to the percentage of the P type colony (Fig. 2b and 2c). The percentage of P

25 iype colonies in CFA of rter6 and rheld321 is 33.3% (+ 8.6% SD) and 65.7% (+ 4.0%

SD), respectively. The total colony number per well is counted to
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consists nostly of packed small cells, P-type colonies, whereas thl 120-3
(Fig. 1c) makes only a flattened nonol ayer of F-type col oni 84PriF8096s (Fig.
I b) is an internediate phenotype of these two. Interestingly, the
het erogeneity of rter6 is still observed after three rounds of sequenti al
cloning of the flattened colony. To see the 15 heterogeneity of col onies
derived fr%gé?sl n(g%e cells in rhel 4321 and rter6, the cells are cultured on
STO fi brobl 220 10 to 14 days at a seedi ng densi tKFTHFO%ﬁS cells per 9.6
cn2 (one well of a 6-well plate). The colonies are then characterized in

terns of thei dﬂcuﬁtamwwna@wmﬂdﬁ&aﬁy {coloXPetRGEEPITIRfeffRttepbyat frét iy ot ei n and
al bumn. Fig. 2a, 2b, 2c, 2e, and 2f shows the results. In the cell

li nes, rhel 43@143@1:1865 7%59:1&%@3)@@%4(’/@(‘1 1969, i'ﬁ@@ctadm Thathd 8-3or i gi nal cel |
populatlon pri nin al | e, colonies strongly
express al ph&® ’fé‘ﬁ&%’r%‘? i o2 %(’/\X(‘f'g‘?rgjﬂgg‘gg“]ﬁ?ﬁg&é% #OrPS do not .

Furt her nore, f jq.and al bum n

i s observed ngn ;élﬁgdgﬁsﬁoﬁgg]%cg g{r??]gvseg thcqgltlg%?gﬁﬂﬁo %%aﬁcgwéfde%})ence in the
cl oned hepaticlisteel | |ines correlate to the percentage of the P type col ony

(Fig. 2b and 2c). The percenta a)ge of P 25 type colonies in CFA of rter6 and
rhel 4321 is 33. 30}31%8*1@6%@@083 elactsgfth%etlhnesmwsasospw@w@xemqnmy The tot al

col ony nunber r i.S_C ST TUTE. SHEET (RULE 26) 1 April
2005 WO 02129685 ?9@ %@a’%?é?sgeﬂ’ SRt “r%ﬁ&fmﬂ’FE’sﬁeﬁ ¥ ticiency

(colony ef fi ¢l gReHM I&a&ns%fa&rﬁh@e&mgéaftyﬁetxeraﬁdﬁ&qnecﬁrheﬁaﬂgegﬁl is 45.7%( 1.3%
SD) and 36.4% ( 1.1% SD) respectively. The th1120- cell's tightly attach

to each ot herdlf&teor@vd:lbmental sﬁtg@r%emmmgmwﬂgh@nemaﬂfmﬁvemthef single
cell suspensions difficult. However, the thl 120-3 cells do not produce

piled up 1% éWE@%‘F@fthN@Q? Fige), ﬁ?’éﬂé‘?@ﬁ@%ﬂg&@%ﬁ@ﬂﬂ‘dﬂe&% #ell lines to
adhere to Spg@hslle%s&qmgpr@e?gg’zg 18 frﬁelﬁﬁigfﬁglil aia Bl bl £63 . EOM are tested,

because t he esion o I'ver pr teins as |amnin,
col | agen typeffickve fbskafuini¥oiaRGioh b tha2N g8, 1bﬁm19préi%@ﬁ&@§mﬁﬁay€d opnent al
stages. Wereas collagen type IVis the nost effective in the 10 attachnent
of th 1120- 3ﬂ(aFof@nmzry)C;ﬂt!sesmfmausefmlhVaech]sriulsungmrjf dr codsevaldul t | i ver cells,
it works less well for rter6 (Fig, |Ib) and rhel4321 (Fig. la). Laninin is

the most ef P@E?%%O%alﬂbéﬁ%mﬁ %Srﬂlbalaﬁé%? &R o adpsefarerigh g. " | ). This
prefer encg ' %dfﬁfeﬁle tg #1@3&32 fsuggeét%{ the Eelﬂlptoﬂfla%%nsoﬂcrodﬂpﬁlgslg t f et al liver

cells. In summary, e co
colonies are more strictly associated with hepatic progenitor cells.

63. ISOLATION OF STO SUBCLONES FOR THE COLONY FORMATION;
ASSAY OF HEPATIC PROGENITORS

20
To develop a CFA system to identify bipotent hepatic progenitors with high

growth potential, the culture system has to be able to support cell expansion at clonal
seeding densities and with conservation of critical original hepatic functions. albumin
and alpha-fetoprotein are two of the most significant markers for early hepatic

25  development . The culture conditions optimizing P type colonies should be the best,
since P type, but not F type, colonies maintain the expression of alpha-fetoprotein and
albumin during clonal expansion. Therefore, STO subclones are compared in their
support of P type colonies of rter6, One of the clones, STOS, supports the P type

colony formation more

20
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expr ession of al pha-fetoprotein and albumn in P type col onies and
preferential 15 adherence to laninin by rhel 4321, suggest thh&PERO08e| |
popul ati ons producing P type colonies are nore strictly associated with
hepatic progenitor cells. 6.3. | SOLATION OF STO SUBCLONES FOR THE COLONY
FORVATI ON; ASSAY OF HEPATI C PROGENI TORS 20 To devel op a CFA systemto
identify bipo t hepatic progenitors with high growh potential, the
culture sy Oe(#ﬁﬂé?s to be able to support cell expansinﬁmg‘fm@Iz%nal seedi ng
densi ti es andu shoGRISHEE Ydfided ThdHorE fabef th PHrenPlirleQkip 3 | G¢ functions.

al bunin and al phg‘-)feto r ot gllien a(eort\Ao o?ﬁ‘a%eﬁle r?oqig?' s?'gﬁéaﬁﬂégfnt mar kers for
early hepat i &el32pispepifpmethet STORds aomore effestivederdérntthan ths perontiSTOAFigg P t ype

col oni es ShOYLAHDEobRFDERS produst BSesed BE melHe - oni es

mai ntai n the e)xpr egsi on %? %{_?phd- e%sgep_r%t elmﬁé%gr]llgﬂatacfﬂgg&l%n%ggﬁasﬁ?ng cl onal
expansi on. Thet &wEd).S SFeysentibldpideialdepatio cilorpasiond AlthoughdtiemRNAIpport of P
type col oni egy bt BF fle HENEnOF AdMBeFh AN AR the P type

col ony fornatfi‘%r?ﬂnor_e 50" SUBSTI TUTE S%EET’STé-LEJ@IOB%;m%Q%?H 2005 WD

02/ 29012 PCTriggioniiaece indi exprpsiont amdng the sibelones (dsfanabshowmd nore than the
parent |ine @med e sthR€ tridstRetRtis ofrrﬁbﬁ%ﬁg%ﬁﬁ(ﬁog&@és%mnt hat STOS is a
more effective feeder than the parent STO (Fi g. e). The nouse H x gene
product, expiaRewamestin theeoleps SamatiopaesrysdBi 28). Oneleng obihe wansfestants, t r act from
E10.5, is eSs@RivkAls ufdorfild! cxPreRhd GeGlilelh &&%&gﬁp Lhghoh the mRNA 5
expression for the H x Jene 'i%ﬂ?nal y’zgd in egtfgjlH the (%ﬁ%su{'}c#ones, there is
no signi®Pi c&pkle prrsieacei e origingl meprpbplosee SITON atiplatinglythish pessises.ones (dat a not
shown). Furthernore, the stable transfectants of nouse H x in STCb do not
result in an inprovenent in the colony formation assays (Fig. 2f). One
clone of the transfectants, however, is used for further experinents,
because the transfectant supports a nore 10 stabl e persistence of the

ori ginal norphology of STO5 at relatively high passages. 21 SUBSTI TUTE
SHEET (RULE 26) 1 April 2005
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WO 02/ 29012 PCT/ US00/ 27428 6. 4. | DENTI FI CATI ON OF HEPATI C PROGENI TORS FROM
E13 FETAL LI VER USI NG THE SURFACE ANTI GENI C MARKERS AND THE! Apiil 200
FORM NG ASSAY. 5 Hepatopoiesis and nassive anounts of hemat opoi esi s

co-exist in the fetal Iliver. So far, the antigenic profile of

hemat opoi etic progenitors has extensively been analyzed, whereas studies
of early h%ﬁ) -@ rogenltors are still in their infanc The_ antigenic
profil e of A% cells is anal yzed using the three ﬁﬁﬁ%??@zcell lines 10
established in this study, an adult hepatocarcinoma cell line (FTO 2B), an
epithelial cell line fromadult rat |iver (WB-F344), and freshly isol ated

adult |iver @&l @ENWI@EOWHERAEK@&NBWKSEHOWFEMt liver cells,

the pattern of tRR/AROGINGITHENUIEAG ANTBERRS MARRBRAUWND figh ! |1 nes,
rhel 4321, is quite_ uni gue in that there 1s no expreSS| on of classical MC

class | (RT1A1) CPLGNY P.ASBAY.cel | line, th1120-3 15 (Fig. 3i-31), is
simlar to rhel4321 (Fig. 3a-3d) in the pattern of RT1Al, OXI 8 (pan- NMHC
class 1), and ICAM 1, whereas rter6 (Fi 3e-3h) has relatively high
expression of Rﬁ&BﬂPP@tﬁ%F@(%SS(VFﬁ@m@)SOf appigpredioteyist infloffdt@dr cell line from

a different hvexpﬁmetmgxme%gm@aﬁheﬁqemhaafayog it RERRGLARY oy Fhel4321, s

also RTIA 1 0Ox18dal1, and expression 1s simlar in
al | the cel |2nplyzedavherspy stugicp of qaﬂjéhqyatﬁf@ngm@fs aFQ'FFIIAmdh%f ipfapaydTHeCAM 1 i s uni que

among t hem atggnﬁ@tdfwhepam&ﬁttsgnaﬂfzedeﬂgthbﬂtee\t ati€&lilifed S RTIA 1+, OX18'

and | CAM 1*. nce, in the adult rat one rrow cells except mat ure
eryt hr ocyd esestablishaddn (hisswgy. en adulhepatacareisona eelllise. FTOLB)anepitekdlal hepat i c

popul ati on CaNTRAxPR; Al Ffke (WBIPA) Snll RERH Uofileh GanfiGhyke PAPUI AT ONS by MIC

class | expression he cel Zﬁ{)eny ons fromrat I'Tvers are stained

with 25 ant iComprad WHnHTQ-ZRAWB-Fad, ianrbrdiie Bver qelly the patteshefitke mase 2

col or-stai nllﬁgtaﬂetotﬁl@t*eteﬁtlepaﬁisféeﬁ%nemﬂeltﬁ? ém t@%&m&& whi ch fraction
contains the hepatic cel E pul ation F t| ons are |solated by

f1 uor escent cBtessipapidessie] 35 FRTAAD) Figets %bﬁb@ﬁﬂéﬂﬂ%ﬂllmﬁfor cl onal
growt h pey entisadiapfk Gmidlo fh@]ﬂﬁﬁs(ﬁfgtﬁ.stdm e of@énﬁtetg ggﬂ of the five
ol oni es by

fractions after sortin g hepat’i ¢ cel expr essi on

of 30 al buniMBEgskgssd) f\éft-bmheteeﬁrwn’) (Bige3echhihas relptivelyn hish expession

mor phol ogi CanknA‘eﬂﬁbjxmmE@ﬁAd&Bo ﬁ#“aﬁotﬁep@ellniﬂm?&ﬁa&fffeﬁﬁtpat' ¢ col oni es per
well. The majorjty of th epatic colonies are detected in the gate

RT1AMuu and eF‘P%EIWF‘t whighphgs an lﬂennﬁl@ombloaﬁt) gieP$21, isalgo REGA “f r equency of the P
type col ony @8 8Wb RPACAM-1*. Integrin by expression is similar in all the cell lines, while
20  the pattern of RT1A **! and ICAM-1 is unique among thern. The antigenic profile of
adult liver cells is RT1A ¥, OX 18, and ICAM-1*. Since, in the adult rat, all bone
marrow cells except mature erythrocytes strongly express MHC class I molecules, the
fetal hepatic population can be separated from the hemopoietic cell populations by
MHC class I expression. The cell suspensions from rat E13 livers are stained with
25  anti RT1A" and ICAM-1 antibodies. Fig. 4a shows the 2 color-staining pattern of
RT1A'and ICAM-1. To determine which fraction contains the hepatic cell
population, five fractions are isolated by fluorescent activated cell sorting and then
screened by CFA for clonal growth potential, Fig. 4b represents the result of resorting
of the five fractions after sorting. The hepatic cell colonies, defined by expression of
30  albumin and alpha-fetoprotein, are distinguishable also morphologically, enabling one
to count the number of hepatic colonies per well. The majority of the hepatic colonies
are detected in the gate RT1A'™" and ICAM-T" (Table 1, Fig, 4b gate 2) and the
frequency of the P type colony is 75.6%
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22 SUBSTI TUTE SHEET (RULE 26) 1 April 2005 WD 02/29012 PCT/ USQ0/ 27428 (

4.9% SD). Gate 1 shows a nuch | ower nunmber of the colonies, hABKIMSot her
fractions contain negligible nunbers of cells with col ony f or ni ng ability.
In gates 1 and 2, the expression of both al pha-fetoprotein and albumn is
confirnmed in all the hepatic colonies. Sonme of the colonies, derived from
cells in 9%002% are |arger than 5 others. To investiPc(SLate the MHC cl ass |
expressi on ‘on Ry hepatic cells in detail, three col USROS ng of RT1Ar,

| CAM 1, and Q}g&y t anet er ed
for the cell “fr actml)on%aﬁltelrl glﬁ%s%q%ﬁggogvtg nugﬁ?%ES%d%& %ﬁéhgtoﬁg{\ of theI >
granul arity ﬁﬁcﬂeﬁlcpntalnglealg@b@ﬁmbema’mdhm@polﬁnyrfommbmty breas L hepatic from
hemat opoi et ! gy £k lsfpresggr?&{ﬁéﬁdﬁﬁﬁo &%%gg%ﬁﬁhgco&ﬂ@%%m gPi d droplets as

early as Eli gestation PUZzar [C shows that the gate
2 cont ai ns t hepatid ogleaiss. Snmb’éﬁleefﬂomf@cﬂemwﬁﬁmrcnﬂsnggat@ Iaslar.@athamg R2 based on

the SSC SnCpBaRubal. atgafem&é)gggm%&s%éﬁk%gg@@ceﬁs&' 8 dfeenOws RTIAL

and OX18un p eno@g/ I e har bors nore
col ony-f or m pJore nlﬂgﬂfﬁéthgHiﬁéVIQ @ff@Kﬂ%Wlﬂ)thesiﬁ@wer(S%)ubmﬂsuggest t hat

nost of the %&%M‘S}d 15 rat liver
are hepatic gg%lﬁétem dd%c?ﬂ#kez]allq%%l et opre%?tgélfkﬁdg%ge elrzlgal?r?rﬁﬁl%+ colonies. It
is the i denﬁﬁa@&ﬁ‘ntia?ftcﬂbeﬂ"ﬁ @efplrnafamlefer forgpatation pf hepatic frgmbensdedosti¢ Fi . 3) .
Table 1. The g %%@&?Xtaﬁfepzlﬁi?%% b&ta!&ﬂip% et a(s%héﬁﬁﬁ% &!écll dwetal liver

based on the expression of RI1A and te I'no ated cell (per
wel |) Hep@t i Guesited{8i)pdie. drshpys ‘Eﬁtmeéﬁteﬁé?}l%ﬁs thedtighesy nieheneft i on (% 110008. 7

R310007. 0 2 R07T0 TRy g 4082 bR Al Rt RS piliton (ks crg 7

ng C
cont ai ni ng i Pdigaad elearb@hq:w&mlﬁﬁe and @Eﬁi & plighotype (Fig. gc 4d). The CFA
confirms that R4 harbors more colony-forming cells than gate 2 (Table 1). These

tesults suggest that most of the RT1A",0X18 *Y, and ICAM-1* population from E13

15  rat liver are hepatic cells producing alpha-fetoprotein” and albumin® colonies, It is

the identical antigenic profile found for theld321 cells (Fig. 3).

Table 1. The Frequency of hepatic colonies from sorted E13 fetal liver based on the
expression of RT1A and ICAM-1.
20

Gate | Inoculated cell (per well)  Hepatic colony (per well)  Efficiency of colony formation (%)

1 1000 8.7+4.0 0.87
2 500 1363+ 4.6 27
3 5000 10079 0.13
4 5000 63106 0.13
5 5000 5010 .10

R3 1000 70+2.6 0.70

R4 500 269.3+9.8 54

Colony forming culture on STO5hIx containing indicated cell number from each

fraction of E13 of fetal liver. Number of the hepatic colonies was established from
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fraction of 13 of fetal liver. Nunber of the hepatic col onies was
establ i shed from 23 SUBSTI TUTE SHEET (RULE 26) 1 April 2005 Whrd2088012
PCT/ US00/ 27428 triplicate stamed cuttures (nean SD). Efficiency of the
colony formation express the percentage of cells inoculated to culture
that went on to formcol oni es anal yzed after 16 days of the culture. 5
6.5. DI FFE H REQUI REMENT OF E13 HEPATI C CELLS AND _ADULT LI VER
CELLS The m_ 1 equi rement of the sorted hepatic celTPLER B1i 1iver are
studi ed usi NGPY9RE s@Eed Feresmes: ¥ HdBfisienny of hheolddPhormEER chass eng been
known as a j |ls. Therefore, the

p %ﬁ:@ﬁtage%“f it BhofdaQs el 11%9\8%11& ol o ¥(§'%l cﬁl%meﬁ a[nélyzgg F&% ar e

effects of EGE for colony formation sor epa

i nvesti gat ed. 1673 ofge6Wfusi ze of the RTLA |- OXig d"a | CAM 1+ hepatic
cell s becones bigger in the absence of EGF, whereas adult liver cells

yi el ded colonies only in the presence of EGF (Fig. 6 c¢). Furthernore, the
nor phol ogy’ of6-5t-heDgﬁ%BﬁN@§WEBQTﬁMMWEEHWAT&@bEBLS sNphe typical F

type, whereasp@l TrLivERAIzrRepatic cells produce P type colonies wthout
EGF. However, the 15 colony efficiency is reduced slightly by the absence

of EGF (Fig. 6a). Thesrerthsuiimgeyt of the psied bipetimoelliondE Biliver aresntdled absence of
EGF enphasi zeaginf e dbfed 5YOLReRE: aEdtﬁQHBi{Uf. tﬁﬁghf%nﬁ%geg[ﬁ% n daahhgugh the

majority of the colonies is P2 type, a cﬁp?tﬁ?e, it is
difficult to ek fapguiossiultHeer exlls 'ﬁ?fp’@@aﬁeﬁﬁfmtsmfwmrbﬂmmm of them do

not haveid Nef taRd BephtidBINPHOH AGiYpatcll MBe EliGhy- BB of O RBG F BRI &b Suggest that
C

fetal hepati(i cell,s 20 and adult” I'iver cells are intrinsically different in
their growt h el hepatineclisBecopaesibisger in the absprst pf RGH mbereisedultdfverRTI A' (Fig. 3
and 4) and cQbRRN¥Id¥R A8 in B hbdence y\%@is : en growth seens
to reach a maxi num the e%gnes_sllsoﬁnofo _1@’@??‘:0 ‘%@&glﬁﬁwﬁﬁl\ﬂl i's
assessed. As OFRIRIQEY of thy gglonispderied fromeaduls iyer eclis isdire tficaRpd, i s not i nduced,

whi | e that oﬁvh@zgs&uilg*meggiﬁgéljceﬂgrﬂ}@duls@y e&k#?%%@él{%o%v %ﬂ%ﬁc hange.

Furthernore, the average cell nunber of single ny i's" ¢ | ated from
the recovbr eGOIEW gtficigiapisreduge glighdy bsethe shgemcadt BGR (Figefhthteregiglys and t he

col ony ef f CiupRiro dgiiGh abab&ske SPhbY ARSI HEGNERodr b Sudhyds 103(Tabl e 2).
n e C

This indicates that the single cell formng t oni s dr'vi ded
appr oxi mat el Y1 1ad K Alhqpglsthe pajosity of thgyeolanied ésP2typesat tha 1 2t day of cuigliet i on.

it is difficult to distinguish the two types definitively because some of them do not
have the typical morphology like Fig. 6a. These results suggest that fetal hepatic cells

20 and adult liver cells are intrinsically different in their growth requirement as well as in
their expression of RT14! (Fig. 3 and 4) and colony morphology.

After 3 weeks of culture, when growth seems to reach a maximum, the
expression of RT1IA", OX18, and ICAM-1 is assessed. As shown in Fig. 5b-5d, the
expression of RT1A is not induced, while that of OX18 is reduced. The level of

25 ICAM-] does not change. Furthermore, the average cell number of single colony is
calculated from the recovered cell nurnber, the percentage of rat hepatic cells and the
colony efficiency. The estimated cell number reaches 3 to 4 x 10%(Table 2). This
indicates that the single cell forming the colonies divided approximately 11-12 times

on average under this culture condition.

24
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Table, 2. Calculation of the cell nunber in single hepatic CBIABH';?O%

| nocul ated Seedi ng density Culture | ength Recovered cell Percentage of

Col ony Average 5 cell nunber (cel /cm (day) number rat cell (%
efficiency (%9 of cell nunber in single colony to 50018181.5 x 10658414. 2
x 103 4000 x 10690443.1 x 103 400051204.0 x 10669213. 3 x 103 15
Sorted cel ﬁé@‘fz?%% R4 in Fig. 4c were cultured on STOg’ﬁITQ]% Oéya%r in 60mMn or
100mm dish. After the period indicated of the culture cell all cells were
recovered and the toal cell nunber counted. The percentage of rat cells is
fromflow cy®dfetri c Cagdtips pokthe ¢ofl qapibes in single hemalie eslenyon of rat | CAM 1 and
nouse CD98. Col ony efficiency indicates the percentage of cells inocul ated
to culture tBaduawent sefidg derity @hifie fehlitO Récired colp PatcehtigOs) Zichy | me&ag@t e- stai ned
cul tures @neafijunpas @bt ned f@agm t he extper i R SE) eifciqaan@l betn Wi t h.
Average of cell nunber in single colony = (Recovered cell mumer x
Percentage of rat ceH 100)/1nocul ated cell nunber x Col ony*s@§¥i ci ency/ 100)
6. 6. EVI DENCE FOR Bl POTENTI ALI TY | N RT1Al HEPATI C PROGENTPOR'®S At El 3 of
gestation inTThe rat, the hepatic cettsare thought—totave—=a bi pot ent
precur sorlogi §hg risédto the rdture hbpatibtytesand bil4 daegk 1@pithel i um
However, befgpe thegﬁi scoverigs of t%xilﬁﬁtant%i nvent&on?)?hg £ has been no

direct evidence whether the two fates originated froma S e cell or
not. To detefdne whét her the 280 RTI AZ0xQK18"' 6P CAM | 'Xlet 2B xhebatic cells
can differentiate to the biliary lineage in this culture system the
col oni es are™sTained by anti-CKI9 as a specific marker —for—brtiary
epithelial cells. CK19 is expressed in the bile duct epithelial precursors
aft er. d ¥ 1§orédkéhsyﬂjaﬁ 1{?%?1' .l{c%}erelc!ﬂ\fﬁgd 0%8'1‘&5!11&%6% %Ognrﬁleorqﬁl?rﬁlgsm on of
al bum n di sappears in the Eel'l's. e sorte 1

dish. After the period indicated of the culture cell all cells were recovered and the toal

cell number counted. The percentage of rat cells is from flow cytometric analysis
based on the expression of rat ICAM-1 and mouse CD98. Colony efficiency indicates
the percentage of cells inoculated to culture that went on to form colonies. Data from

20  triplicate-stained cultures (mean) was obtained from the experiments run parallel with.
Average of cell number in single colony = (Recovered cell number x Percentage of rat
cell/100)/Ioculated cell number x Colony efficiency/100)

6.6. EVIDENCE FOR BIPOTENTIALITY IN RT1A" HEPATIC PROGENITOR
25
At E13 of gestation in the rat, the hepatic cells are thought to have a bipotent
Pprecursor giving rise to the mature hepatocyte and bile duct epithelium. However,
before the discoveries of the instant invention there has been no direct evidence
whether the two fates originated from a single cell or not. To determine whether the
30 RT1A" 0X18%*" ICAM-1* fetal hepatic cells can differentiate to the biliary lineage in
this culture system, the colonies are stained by anti-CK19 as a specific marker for
biliary epithelial cells. CK19 is expressed in the bile duct epithelial precursors after
day 15.5 in the fetal rat liver at which time the expression of albumin disappears in the
cells. The sorted RTIA"

25
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| CAM 1" cells are cultured in the presence or absence of EGF] _AHHI(?OPﬁeir

fates are nonitored by the expression of CK19 and al bumin after 5 days of
culture. After the first 5 days, the CK19" colonies are negligible in the
cultures treated with EG-, whereas a few colonies containing CK19" cells

occurred ir&&&ga&z in the absence of 5 EGF. Although tﬁl}gﬁ%@&ensi ty of the

CK19 expressionis fairly weak, the CK19"cells show &% buni n
expr essi on. 1 t ] nies” apparently
express only ?fc?rﬁ)saaP%%%xrﬁ@%rt\ﬁcﬁgﬁsﬁgéé%h%{l/cg%g%%]l:’%g%m]fﬁgeéargxpr ession. The

pattern of t eon@redbythe eptrssionof CE4P hrgl albomin afendglays of ollmrey Afer theci procal . The

nunber of du i td l.qni. . . i i 1. olonies still is
i oher 10 B LxeS ARG AR s LIRS SRR D! DL S8 BT
t he col oni es vdsress afew colntigs cofitaining GKI9'tels @bdugedin thoken T8 rbsetayf (Fi g. 7b) .

Eventual l y; t i fl:ve: i nearly 100%
in the absence o at ‘day I g. ) oget her, ramatically

5 Uik @%%@mq‘ge@f%@%CKl@%r&emx&s ?ﬁJg%%ﬁ%hJ@%ﬁs
suppr esses t I#howasdecsd albwein ofpraSidm At dhed Athday of thegulgire, serhecotonies ur e (Fi g. 7b) .
These result = @Pﬂc e " A5 cells from
E13 fetal i ?gﬁ%gg%f%gﬁ%%ﬁa@%mvﬁP%?ﬂgy%l I g%l%\élxhrgsg%og. and their
fate can be Thapitigeynt the QK19 amtalbymiy| celisgn ¢ ftige copy isgecipro@REEOCOL FOR
| SOLATI ON AN i | S I . CLONAL GROWTH
OF FEPATI C STk SIIEE_!PA! il b G0 PR p o R yﬁﬁ%‘bni c tissue or
frozen ti $&udhgabsegee of BEE(Figl7ain dn thicpreyersy of BEFS adany of therpolonies eosdistf r om pi g,
beagl e, rabbi 29) i ! i l.cl
phosphat o- bur Td ERUaEy PRUFRRdYelany MERT b e MOSRBS Gl | o of i res,
the cell sugpEheicolemiesrerchesuibatyd@0%iin the s@emeftiCyptday 16 dig10. m n at 37 or
for 60 mn atAﬁo@fiﬁ?&,ﬁfcﬁéﬂ?ﬁEﬁﬁ% r&e&@e%@k#ﬁ%&@é@* H%ni@stﬂﬁg etic stirrer.

The renmai ning cé unks are nove erl ngdcﬁ e suspensi on t horough
nmesh. The celtheculiyre (Figy@n. These grudtsisugeest hat SisRTLHLIAXLEE" dind KAMW t h a basal
medi um (eyg. G B3 vaLaPka e e Gowikds bﬁﬁ{!“ : fetal calf
serum and vm'cth an opﬁvarvl ous 1growtﬁ%sup(%l gmen sﬁ%%.galgith%gl ut am ne,

sodi um pyr uv &eebe igiingnger by FE6R éodenifigad) ami no acids). Plastic 30 substratum
and serum suppl enment ed nmedi um are generic conditions that permt

6.7. PROTOCOL FOR ISOLATION AND CLONING OF FEEDER CELLS

CAPABLE OF SUSTAINING CLONAL GROWTH OF HEPATIC STEM

20 AND HEPATIC PROGENITOR CELLS.

Fresh embryonic tissue or frozen tissue (e.g. liver, lung, kidney, muscle,
intestine) from pig, beagle, rabbit, mouse or monkey is minced in calcium-free,
phosphate-buffered saline (PBS). After rinsing with PBS a couple of times, the cell
suspension is incubated with 0.25% trypsin for 10 min at 37° or for 60 min at room

25 tempcraturé with agitating using a magnetic stirrer. The remaining cell chunks are
removed by filtering the suspension thorough mesh. The cells are then cultured on
tissue culture dishes with a basal medium (e.g. Eagle’s MEM) supplemented with
serum (e.g. 10% fetal calf serum) and with any of various growth supplements (e.g.

2mM glutamine, sodium pyruvate, and MEM nonessential amino acids). Plastic

30  substratam and serum supplemented medium are generic conditions that permit
expansion of a cell population that is a candidate as support cells (“feeder cells™),

most commonly being mesodermally-derived (e.g. stromal

26
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expansion of a cell population that is a candidate as support cells
("feeder cells"), nost commonly being nesodernally-derived 1(‘é["’g’j?o%rorﬂal
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cells), and that provide factors supporting the survival, growth and/or
functions of another cell type (e.g. progenitor cells). The feeder cells
are subcul tuyr ith 0.05% trypsin when they becone _confl uent or al nost
conf |l uent. f egrﬂwseveral rounds of subcul ture, expaﬁggﬂg%}g’f@s are prepared
as frozen st S d stared as such until . use. An al ternative source of

f eeder cellsgeglsh %er%h aEBW?%ft%fFFVp% % évagﬁowgra?d@%f"ﬂ“&?‘&é’ of feeder
cells or feed®therellkypk (exe progédnitoraslls). CEhS Goeddr bellsfan!shiewiviag vathickosyd a ar e needed
to identify e opriate feeder cells: The feeder cells support 10 1)
cl onal growt H%%ﬂ‘n ‘ﬁ‘g%%?fgcecﬁ?%ﬁ’gﬁfe 5 Ampt epptipnt ARENSTIIORINAr kers  cl assi cal
MHC cl ass | subtilgendxpindabgit ary prepatedAMrdzepasdkt indetore@nsléuel untib@Bcl assi cal MHC

class | antigen(s)..dul | itive: 2) clonal. growh of progenitors with
progeny ngt hgfl%léer%ﬁ‘éens&uﬁ%gquﬁ%?r g}sscm}t%?lcg@?fﬂﬁ'&ﬁy Wﬁﬁf‘b{ﬂP&B@W Icglﬁ’ﬁ"r“i gen(s)

negati ve, | CéiVeclenreB drifecdsr cdiBinao 1T hryessethd follGn£iBSH ale nddted @en(s) dul |
positive, al =f et oprot.ei ositive, albumn positive or CK19 positive;
or 3) induci @Fh[glf%?l??pofo H?t?geﬁlegﬁeﬁf‘nt 0 both hepatic lineage and biliary

| i neage, requir ethetfeedeletlismepportpot ent hepati c progenitors. 20 In the field,
classical MHC class | antigen is also known as MHC class Is antigen.
Non- cl assical MHC class | antigen is al so known as MAC class | b antigen.
The MHC dnti gens haveclahiaf grewth of hepkeis pgypaitoms with the piinbiygic ematkerspeci es: RT1 in

rat, H2 in nouse, . in.h 1S or _ ex 25 The,, assays noted
above are descri bed g(gqs(’)l%ﬁﬁidgﬁlagérig%gg}l%{/ﬂeﬁmg%ﬁ%{)wsﬁﬁ ot c

progeni tors The hepatnooclpsiog HA dass] artigen(s) atligubsitite; 500 cells per 9.6 cn on
grow h-arrested, 4,.e. eated to.prevent. . proliferation, feeder
cells. The feederi)cel ﬁlosn%leaé’l- éevahg?@ﬁq’mé’}jsr“éushtpé%wYS‘H&ﬁée Ifhfléog‘fpf’ H’ﬁf?‘ffﬁem W th

m tomycin C or by irrdasicd MY (B80D0HE0@negaitts, IdANChpbisitige, upon cel | type).

The gr OthQ’ arrested f&:ﬁﬁ%@icaﬁﬂl—ié A Pangée?lg?&ulltp%giti\?e?glinhsau € Eﬁot];iend wth a serum

positive, albumin positive or CK19 positive; or

3)  inducible differentiation into both hepatic lineage and biliary lineage,

required to define bipotent hepatic progenitors.

20 In the field, classical MHC class I antigen is also known as MHC class Ia
antigen. Non-classical MHC class I antigen is also known as MHC class Ib antigen.
The MHC antigens have different designations in different species: RT1 in rat, H-2

in mouse, and HLA in humans, for example.

25 The assays noted above are described below:

A clonal growth condition for hepatic progenitors

The hepatic progenitors are plated at 500 cells per 9.6 cm?2 on growth-arrested, i.c.

cells treated to prevent proliferation, feeder cells. The feeder cells are growth-arrested
30 by treating them with mitomycin C or by irradiating (3000-5000 rads depending upon

cell type). The growth-atrested feeder cells and progenitor cells are fed with a serum-

free
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1DM As an exanple, HDMfor the rodent cells is a 1:1 mi xt ur bABH 280 becco' s
nodi fied Eagle's nmediumand Ham s F12 with added 10 ng/m EG-, 5 pg/nil
insulin, 10-6M Dexanethasone, 10 lig/m iron-saturated transferrin, 4.4 x
10-3M nicotinam de, 0.2% bovine serum al bumn, 5 x 10-5M

2- mer capto |, 7.6 eq/1 5 free fatty acid, 2 x 10-3M glutam ne, 1 x

10- 6M QJSOS‘%J]@BS%U:LO- 8M H2Se@3 and antibiotics. The c?ﬁmuﬁ(g@?mare i ncubat ed

for 10 to 14 }ﬁﬂsm%%ﬁan?%gg O@ﬁ%ﬁgﬁg@ %ﬁ?%&l-l%iﬂ%{e gf@ﬁ%ﬁcgoosum e

i mrunof | uorescence stainl oprotern, n,” and/or CK19 is
t hen per f or negdified Eqgltis sedifpiandhHanbieF R atid added § Oiag/pl BER Ay g/mAnsultn, 100 col oni es
are anal yzed. b e expression of al pha-fetqprotein and al bum n.

Fur t her nor e ll(ﬁthll%x ﬁ@ﬁ%?e’rjrBPyﬂ’g}“&j &W&ég’ﬁl&ﬁé," Igg’Md be usef ul
identificati goRbmidB®.298bdMe Mum AHAUE Bk 107382 (agﬁggi Lon of feeder
cells and hepa?i C progenitors zﬁe thg’sex%ohjgzclr)ng{l% tcr’1eate nﬂ?b% the identical
speci es. PBr efrexfatyf agid, the fleeMafutaeihd, $ xd0-6M QusOyihel s, $d8sue and 15 same
speci es as the. heg;a,i_lifc rogeni tors. However, nixing of feeders fromone
speci es  and PPEfenresr s g moybriedder 10/t 4 tas vl mediymehangessisive, even rodent

feeder cel | sot@éiday. MRoubl @EmEmfludiesbaAB: RBRAE 4Gl Bar-faa;?f&ehgmﬁum&%&m} e and

i nsol ubl e faﬁkgésﬁg ha c‘%tr} Eﬁ? Ej}gpeci es- and/or tissue-specific) help the
cl onal growt 15 ffiep Berfogmed igridentifying thefatr effbe nregeny, Agept A0% cslogies The sour ce of
the factors i analy2€ bh)thdap@isioh 21TR6{irbtBh biidBulde FeMhdbih:Ethef €€der cells of
the optimal species. and_tissue. cells can be of any cell type,

he feeder .
not just 9tr y moghploey: P9y F (e fonlg e usstphideutificatiopof gleeedovanty ¢ known, one
makes a biol pggedl |y active feeder cell population by introduction into any
cells of conplenmentary DNA or nmRNA for transcription or translation,
respectively, for the 25 synthesis of relevant nol ecules (signals) derived

from opt i mal THed@ABfondRklid of fedet 868ls rdhepHEP Blopchithts 88 iR Srigimed  t he
ar e. known ne n_al so_replace the feeder cells

critical facfor(s) C f
al t oget her b orgg}ﬁb‘}eﬁ?@lrﬁ’w?@‘ by rahlﬁdﬁm%fqus TR Gem theisgnetiseie ahet her they be
pr ot ei ns,15 pegpine§Rsies HakidlRpyid pd@Rors. [ HoNetks, miginy 6IRRABL 6@ Sne GLi&OPT Ot i ns,

and progenitors from another is possible. For example, even rodent feeder cells can

be used for human hepatic progenitors. Soluble and insoluble factors (that can be
species- and/or tissue-specific) help the clonal growth of hepatic stem cells or hepatic
progenitors. The source of the factors is :
20 1) Conditioned medium from the cultured feeder cells of the optimal species
and tissue. The feeder cells can be of any cell type, not just stromal cells.

2) When the critical factor(s) are known, one makes a biologically active
feeder cell population by introduction info any cells of complementary
DNA or mRNA for transcription or translation, respectively, for the

25 synthesis of relevant molecules (signals) derived from optimal feeder cells
active for hepatic progenitors.

3) If the critical factor(s) are known, one can also replace the feeder cells
altogether by supplementing the medium with those signals, whether they
be proteins, peptides, carbohydrates, lipids, glycopeptides, glycoproteins,

30 lipoproteins, glycolipids, or 2 combination of these constituting the signals

derived from optimal feeder cells active for hepatic progenitors.
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signals derived fromoptinmal feeder cells active for hepatitApfi@®pesi tors.
28 SUBSTI TUTE SHEET (RULE 26) 1 April 2005 WD 02/29012 PCT/ US0O0/ 27428 The
above exanpl es have been depicted solely for the purpose of

exenplification and are not intended to restrict the scope or enbodi nents
of the %ﬁﬂ@ O her enbodi nents not specificallﬁ,described shoul d be
apparent to gY8  of ordinary skill in the art. Suc COPREP “hbodi nent s are
considered to fal vAEMEE L Lhi apd spirit of the

pr esent |nvent|o§FBT us, EPE#SQ%?F ﬁkgf§$%5§8§§ﬁ§&Ffﬁited solely by the
claims that exsmiphfipatioy and panelintendahid rqstrist the wbpeom smigidingdtsotthei n ar e

i ncor por at ed f BST| TUTE SHEET ( RULE
20y 1 Apri | S0 S PG e ) e Al R BB 20t 1 ng
endodet mal | yoiedinaregkilbindhganti Senbothet momlqgntogemsldmd tofdllxt ur es t her eof
Ot ot "3 S b0 W RRA SSE TR IEL iR OB il cbdBhsdl 09°0Y: ]

m xtures thereof on a | ayer ?3|ng S |ﬁ he "presence of a
culture nedlwﬁwmﬁﬁ”HWﬁ#éﬂﬂrhbmpd@geﬂmtbﬂ®w their progeny, or mxtures
thereof express i l; 0 not express
a classical nmgj or}n%]@{seggt%%d#gg%ca ?i?égﬂg&ﬁltn?g I&S}bg&#ﬁﬂe éﬁ%&ggheg claim1in
whi ch t he pr@@@%ﬁ%ors their progeny, or mixtures thereof conprise
vertebrate cells. 3. The nmethod of claim2 in which the progenitors, their
progeny, or mxtures thereof conprise human cells, non-human primte
cells, pig cells, dog cells, rabbit cells, rat cells, nouse cells, or
conbi nati ons thereof. 4. The method of claim3 in which the progenitors,
their progeny, or mxtures thereof conprise liver, lung, intestine,
pancreas, thyroid, gonad progenitors, or conbinations thereof. 5. The

met hod of claim4 in which the progenitors, their progeny, or m xtures

T
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thereof derive fromliver. 6. The nethod of claim21 in which tlg&ﬂlgﬁééure
medi um conpri ses a basal nedium 7. The nethod of claim6 i r?

basal medi um i ncl udes Dul becco's nodified Eagle's nediumand Hanls P12. 8.
The nethod of claim1 in which the culture nmedium conprises at |east one
hormone. 9. The nethod of claim8 in which the hornone is insulin. 10. The
met hod of claim8 in which the culture mediumfurther conprises a

gl ucocorti cA8none. 11. The nethod of claim8 in REVEHIRKE

gl ucocorticoid hornone is dexamethasone. 12. The nethod of claim1l in
which the culture nedium further conprises iron- saturated transferrin. 13.
The:--ret-hod- of claim 1l in which th*e“cul ture nedium furt her conpri ses

" -ni cotii nanmi de. 30 AMENDED: SHEET “CARTECLE 19)~ g April 2005 WO 02/29012

PCT/-USD07 27425 14, “The et hod “of ¢4 m1 in whi'ch the culture medium
further conprises’ serum al burin. 15.7"The nethod of claim1 in which the
cul ture medium further conprises at |east one reducing reagent. 5 16. The
met hod of claim15 i,n ch the .redycin ent is j3- nercaptoethanol. 17.
The et hod of g} ai mAlmé%: d\Rﬂ?%ﬁ‘i‘ Sfipgen T?F‘P’glllya& imtf?Fﬁ“ W?B’@%e%&t"fl east one
l'i pi d supplenemnt thergd cofiprisingetlindg eadodemallyrterivéd pmgamtms;ﬂlmt ﬂsregehy,m d suppl enent
conpri ses u 9. of. cl.aim17 in

amxgc oB gia&& ﬁ]% ngmgfeedt ceﬁsm&ne pmfsel(,}1 ﬁ]p‘e ¢ aE‘f’cﬂ“m’ F')%l

whi ch the free atty acl corrprlses I mtoleic
aci d, st earwhichdisipthgerdlotsi heivredgdny, drinkxshres thﬁrwﬁfpxdl;esslmtm:dﬂém aghesion d, or

conbi nati o r}ﬁoléc{ﬁg Exﬁl%én' and do not express a classical major histocompatability antigen.
2 The method of claim 1 in which the progenitors, their progeny, or mixtures

thereof comprise vertebrate cells.

3. The method of claim 2 in which the progenitors, their progeny, or mixtures
thereof comprise human cells, non-human primate cells, pig cells, dog cells, rabbit cells, rat
cells, mouse cells, or combinations thereof.

4, The method of claim 3 in which the progenitors, their progeny, or mixtures
thereof comprise liver, lung, intestine, pancreas, thyroid, gonad progenitors, or combinations
thereof,

5. The method of claim 4 in which the progenitors, their progeny, or mixtures

thereof dexive from liver.
6. The method of claim 1 in which the culture medium comprises a basal
medium.

7. The method of claim 6 in which the basal medium includes Dulbeeco’s
modified Bagle’s medium and Ham’s F12.

8 The method of ¢laim ¥ in which the eulture medium comprises at least one
hormone.
9. The method of claim 8 in which the hormone is insulin,

10.  The method of claim 8 in which the culture medium further comprises a
glucocorticoid hormone,

11, The method of claim 8 in which the glucocorticoid hormone is
dexamethasone.

12, The method of claim 1 in which the culture medium further comprises iron-
saturated transferrin,

13.  The method of claim 1 in which the culture medium further comprises

nicotinamide,
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20. The nethod of claim1 in which the culture nedi um conprises

glutam ne. 21. The nethod of claim1 in which the culture rreHﬁGHWQQﬁt her
conprises trace elenents. 22. The method of claim21 in which the trace
el ements conprise CuSO4. 23. The nethod of claim2l1 in which the trace
el ements conprise H2SeG3. 20 24. The method of claim1l in which the

cul ture nmeqj rises an antioxidant. 25. The net aim?24 in
whi ch t he y#@ogﬁggnt corrprl ses H2Se@3. 26. The met h%gr%g?mg‘]%gl m 1l in which

the culture mediup fu 7. The met hod of
claim1 in which {Rhe f:rh ‘I’}P"edo"gea rﬁ‘f’"ﬂﬁ‘]h‘% éfé‘g‘“hzeéfﬂﬂa’é‘ﬁﬁal growt h
~ factor. 28. TFhempbehiad of cl ai m 1 in which the feeder cells have an-origin
_.Which. conprises ti l.east, one ver 29. - The. met hod of
cl"ai m 28 i n whi chﬁt he%ger't"t{"{) ll%" h%‘“‘gﬁméj ‘Vgl%ﬁhe%@%&ﬁhe met hod of
claim?29 in \nhliezshonemiumegne@ntate conpri ses human, non-human prinmate, pig,
dog, rabbit, rat, tion hereof . 31. The nethod of claim1
in which the feeder ﬁ ge ?r%]bgﬂgﬁbwm%j% CeqCIE e RS of claim 31 in which
t he cl one |snﬁilfﬁﬁxoetl&iml SUBSTI TUTE SHEET (RULE 26) 1 April 2005 WD 02/29012

PCTI uS00/ 27428 33 ich the feeder cells
conpri se stromal ceII emg@’ a"PﬂénWEfP%B 'H?Jlﬁ’%ﬁdﬁwcoﬂﬂrl%? %t he feeder

cells conpri seeﬁpld)supﬂﬂbma]ts 35 The met hod of claim1 in which the hepatic

progeni tors expregs uII [re 18 dull,, express
al pha- f et opr ot ei ﬁl% e%e?%te “b%?}’etg‘ghpd %“BIS@F%P{W’PP‘B@”” frgs
conbi nat i mnsfa:ttlyeménﬁxmra6 The rret hod of claim1l in whi ch the | CAM i s | CAM
1. 37. The metho al ch the hepatijc g ress MHC cl ass
b, dull expr esg1 Ipbordeog‘ga”\égi Wi the %%3?“&?&5‘3 R L] 'g‘ﬁr ot ei n,
express al bumlm;ncamp;pamtolmﬁmmacm, dll&cacﬁﬂ hﬁ(ﬂﬁbaditahnm& abidesreof .

combinations thereof.

20.  The method of claim 1 in which the culture medium comprises
15  glutamine, ’
21, The method of claim 1 in which the culture medium further comprises
trace elements,
22, The method of claim 21 in which the trace elements comprise CuSOy.
23.  The method of claim 21 in which the trace elements comprise H;SeOs.
20 24.  The method of claim 1 in which the culture medium comprises an
antioxidant.
25, The method of claim 24 in which the antioxidant comprises HySeOs.

26.  The method of claim 1 in which the culture medium further comprises

antibiotics,
25 27, The method of claim 1 in which the culture medium further comprises
epidermal growth factor. '

28.  The method of claim 1 in which the feeder cells have an origin which
comprises a tissue from at least one vertebrate.
' 29.  The method of claim 28 in which the vertebrate comprises an embryo.
30 30.  The method of claim 29 in which the vertebrate comprises human,
non-human primate, pig, dog, rabbit, rat, mouse, or combinations thereof.
31, The method of claim 1 in which the feeder cells are a clone.
32.  The method of claim 31 in which the clone is STOS.
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38. The nethod of claim37 in which the ICAMis |ICAM 1. 39. The net hod of
claim!l in which the hepatic progenitors, their progeny, or T éBd7%43at i ons
thereof grow as piled-up colonies. 40. The nethod of claiml| which further
conprises cloning the hepatic progenitors. 41. The nmethod of claim40 in

which the cloning utilizes dilution of the cell nunber, cloning collars,
gromh in grow h on beads, flow cytonetry, ations
t hereof . 42. ﬁ%ﬁmat hod of claim1l in which the hepaﬁcgm%@gg}éﬁl tors undergo

at least one mtotic cell division. 43. The nethod of claim42 in which
the hepatic progenitors undergo at least ten mtotic cell divisions. 44.

...-The met hod. of - gb.ai +Whk mehoddTickaih mharhialemafebdef@nﬂgﬁmsbﬂfo&mgdeme rise to
. _daughter .cells, ha f.claim44. in which
" 'the daughiter- céfl s\%&‘eg}e%rcgﬁ%gi %ﬁ)&% fepdesge %@P’i‘sggg"?ﬁ%%rret hod of cl ai m 44

in which the daﬁtght’ﬁremembdqfcmﬂfmmhiahthaha@aucrptcge:mﬁmeﬂpeﬁa\lﬂieylmﬂz 47. A met hod

of identifyly ”gﬁﬁgﬁ?ifsﬁuﬁr& Jhi“f& Fo?eé%{ﬁﬁeéé@dg@ﬂ. xgé’scﬂbﬁl%uh?&at' ¢

progenitors, rogen ures a sanp € 'suspect ed of
conpri si ngemembigaiops theyred hepatl c grow h factor, conbining the progenitors,

their progeny, 5 #mﬁi‘?ﬂlh%%} ril 2005 WD 02/29012
PCT/ US00/ 27428 gr nt!l%xtures { her eo and t eggaﬂM"R\JO and observi ng
stimul ati on of 3§r ovﬁhhl%ﬁwﬁi?félﬂﬁbbamhmﬁhﬂﬂ@@ﬁ%@wsxprﬁ#@mﬁqﬁ}@%od of

i denti fyi naﬁrei I@Aﬂ'eﬁ:{nn@s@@l‘k‘lﬁ&h'&Fz&s%ﬁ%ﬁpﬁt@iﬂ})&@é&sr&ﬂmﬂfn%ﬁ @dsng-"  hepatic
progeni tors, el r progen ures thereof, and a sanple suspected of

conpri si ngcﬁ‘%ﬁﬁm@%@s?fcéﬁ@“ﬁ%‘ﬁé‘!efeef differentiation factor, conbining the
progenitors, tRgir e agEaYor cifikn 370 whith tRsSIChives Rafv-1.and the sanple, and

observing di fferentiation of the hepatic progenttors:
. patic progenitors, their progeny, or
combinations thereof grow as piled-up colonies,

40,  The metbod of claim 1 which further comprises cloning the hepatic
progenitors.

41.  The method of claim 40 in which the cloning utilizes dilution of the cell
number, cloning collars, growth in agarose, growth on beads, flow cytometry, or
combinations thereof.

42.  The method of claim 1 in which the hepatic progenitors undergo at least one
mitotic cell division.

43,  The method of claim 42 in which the hepatic progenitors undergo at least ten
mitotic cell divisions.

4!:L The method of claim 1 in which the hepatic progenitors give rise to daughter
cells having a separate fate.

45.  The method of claim 44 in which the danghter cells differentiate into biliary
cells.

46.  The method of claim 44 in which the daughter cells differentiate into
hepatocytes.

47, A method of identifying hepatic growth factors comprising providing hepatic
progenitors, their progeny, or mixtures thereof, and a sample suspected of comprising at Jeast

one hepatic growth factor, combining the progenitors, their progeny,
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49. A nethod of identifying a hepatic toxin conprising providing hepatic
progenitors, their progeny, or mxtures thereof, and a sanpl% E@ Egted of
conprising at |east one hepatic toxin, conbining t he progenltors their
progeny, or mxtures thereof, and the sanple, and observing the death of
t he hepatic progenitors. 50. A nethod of devel oping a drug conprising
provi di ng i C. progenitors, their progeny, or hereof, and a
drug suspe?ﬁﬂghh)za capacity to affect hepatic progek hgﬁm%netabollsns and
conmbi ning the progenitors, their progeny, or mxtures thereof, and the
sanpl e, and observing a change in the netabolismof the hepatic

.progeni tor@mﬁ&est&rﬁemﬁtﬂde@ﬁplbdﬁrm&mgwmﬂmbfgammmeﬁml s .conpri sing
“providing he tIC progenitors, their progeny, or mxtures. thereof, and at
[ east one 15‘@%

pr-ogeni tors, thfel r Apnsngsenwenﬁf;unghepmrdﬁ&mhﬂmemﬂe&mrs @nﬂnﬁrlrgq;mvam@nt and
observi ng i

cpat nito A nmet hod of

prepari ng *h%a%é oge’gi & S“FS“’F" 0 lglrxg“ pr °S| ng SVl “%Bﬁo mmg‘?smé
pr ogeni torasleasthelhepapwd]fj@rmﬁauoorfacm,mmbnmtherpmgeﬂrbrsahadpwgémymrl ng the
progeni tor pr O, ctor until a
suffici ent'ﬁ%%uﬁgﬁﬂ%?foaﬁ&)lgg %ﬁnﬁg%]ﬂ%%?& F&\?Q‘% gptjs]%ﬁegm%g&b%%gext racor por eal
liver. 53. A ni hodmﬁhoppilfb@gﬁhgnlypmmammmsogewwmgéepamhel r progeny, or
m Xt ures f SR i C progenitor
whi ch exprp&%gﬁe@gi tﬁ%%{lylshl{}%’r‘m&?%ﬁ%g raéc{)dnﬂrm Eec "lé an{c? ﬁmgﬁgé%toes not
express a ambapaticlixin, cumhininetherdgpritprs Sheiripepaeny, oa mékturgsgherselypnddiei ng t he hepati ¢
pr ogeni torsﬂﬂe%d&g&ﬁﬁ%g@% ﬁiﬂﬁbﬁ%cﬂﬂar@t | east one feeder cell

) he net

bi osynt het1 c* produ claim53.in which the culture
medi um f ur t her 5% onfmeethed of deyelaping & fg eqmpEsing HEVifinehePaUTRIEBNIRE growt h f act or,

ni GO i nam e prdiny MR HADS, b\ RirABpecdd o SitkeREp4i6RTI CLE 19) WO

02/ 29012 55. net hod of cl aim 53 i.n vvhl ch the feeder ce} bi osynt hetic
pr oduct dﬁ%ﬁ‘ﬂ%%ﬁ@hﬁéﬁﬁ‘ﬁ%ﬂ g dhe EQSFRILAT, tRpE Progony; 9 B e b o i pid, a

gl ycol i pi %dﬁe%pi%%ﬂ@ﬁs@ﬁvﬁ a%ang%m%@maaboﬁsngdfﬁﬁﬁwaﬁﬁmg&;ma | i poprotein, or
conbi nati ons t her eof , etic, hances the

proliferation ¥r df*ﬁ'?eét}"éﬁft‘fl‘?{ ﬁn‘B’PI %ﬁ"f"@n %}’f%‘ M6 The net hod
of claim %gbmtowﬁm@a@, bragigieres watds, abdamymbﬂeeganmumemwhavmgemrprl ses

Ihg;;lt egylt éﬁ%@?ﬁﬁfﬁ%&eﬂ LB thl R hoR iP5k li¥eo @l QLD L AHE O S

agent, and observing changes in growth of the hepatic progenitors.
52. A method of preparing an extracorporeal liver comprising providing hepatic

progenitors, their progeny, or mixtures thereof and culturing the progenitors, their progeny, or
mixtures thereof in a bioreactor until a sufficient population is obtained effective to serve as
an extracorporeal liver.

53. A method of propagating hepatic progenitors, their progeny, or mixtures
thereof comprising:

(8  providing at least one hepatic progenitor which expresses intercellular
adhesion molecnle antigen and does not express a major histocompatability antigen, and

()  culturing the hepatic progenitor in a culture medium comprising at least one

feeder cell biosynthetic product.
54,  The method of claim 53 in which the culture medium further comprises

glucocorticoid, insulin, epidermal growth factor, nicofinamide, or combinations thereof.
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tSsuspect ed of having an antinict ob| al effect, conbini ng’ ‘the ™




factor, fibroblast growh factor, extracellular matrix, or conbi bl ons
thereof, in which the biosynt het| c product enhances the pro1 ‘P‘P@&Q Pon or
differentiation of the hepatic progenitor. 57. The method of claim53 in
whi ch the at | east one hepatic progenitor conprises at |east one cell from
human, non-human prinmate, pig, dog, rabbit, rat, or nouse. 58. The nethod
of claim 5%‘,(%\43 B}hfurther conprises cloning the at | 5 usin hepati c
progeni tor met hod of claim 53 further conprising ad%8 Ing a growh
factor. 60. The method of claim59 further conprising adding a
differentiation factor to produce hepatocytes, biliary cells, or

= comnbi nations thereof 61. The nethod of claim1 in whi.ch.the: cul.ture medium

b oserumiree 162 o Ehhot. gl RLSpea g ciode Ly deri ved

endoder maldo;npﬂﬁafapegﬁﬂepsrglgepreptﬁda,rﬂ;poﬁehﬂeral@fdomﬁyhpld)ﬁcarmzﬁraﬁes t hereof on a
| ayer conpri.sin ree culture

resence. of,.
medi um 63pr°tellﬁ’e%lr¥e q?in ofcip‘?fogelmmaéﬂm Sﬁ‘g eogﬁ.'ewhbc% eh°s¥n t heir progeny,
or m Xt ur esodutilesimest the proibiciatin otdlffgeqnattoungthe hiepdtio ptogenitor. pancr eas t hyr oi d,

gonad progenitgrs, [ i fupod of claim62 in
whi ch the nedi ﬁgm in { Jﬁﬁ%&g@co hé&%éﬁgrm&ﬁﬁﬁgﬂgﬁqggngdl um and Hani s
F12. 65. Tivwpases netin-dike moveh fecters, interleviiin- éfﬁnmlhyommfactpmhenﬁwntamommpn ses at
east_one ¢ rﬁﬁ?&%ﬁstg? b 06 &Ekééﬂﬁiar%mﬁ'o@%dﬂbﬁé&du@th&‘é‘éé%wﬁ'@&h@or mone i s

i nsulin, ucocort col hornone, transferrin erma row h factor,
or cormbi ndllqsmﬁ@ﬂ@ profugirmhangsy the Proliferstionios dffferpntiation;ofthe bepptis PW&P@PF t he feeder
cell's have an gri girﬂeeaé}hmfclaﬂrs@mvaﬁcﬁuﬁam@%shépm@ nitbRRBriseNe
vertebrate. 34 AMENDED SHEET (ARTICLE 19) 1 Apri 05 WO 02129012

PCTI USOQ Zlegsgonegeil fropphumppneapsbngsh PEmats, piggtee: biki""\)(il“ﬁ‘{*iFilf’l‘”ﬁﬂe vertebrat e

conpri ses hunagg, nqaemrafcmﬁﬂsmh@hfumeemnﬁﬂ@sclayaﬁgbbaauegs@ade i souse or.
combi nati ons thereof. 69. The nethod of claim62 in which the feeder cells
are a cl orfEPAYBOBRRY: net hod of claim 62 in which the feeder cells conpri se
stromal ‘cells.s9, Themethod of claim 53 forther comprising adding a growth factor.

60. The method of claim 59 fuxther comprising adding a differentiation factor to

produce hepatocytes, biliary cells, or combinations thereof.

61,  The method of claim { in which the culture medium is serom-free,

62. A method of propagating endodermally desived progenitors, their progeny, or
mixtures thereof comprising culturing endodermally derived progenitors, their progeny, or
mixtures thereof on a layer comprising feeder cells in the presence of a serum-free culture
medium.

63,  The method of claim 62 in which the progenitors, their progeny, or mixtures
thereof comprise liver, lung, intestine, pancreas, thyroid, gonad progenitors, or combinations
thereof.

64,  The method of claim 62 in which the medium includes Dulbecco’s modified
Bagle’s medivm and Ham’s F12,

65. 'The method of claim 62 in which the culture medium comprises at least one
hormone.

66.  The method of claim 65 in which the hormone is insulin, a glucocorticoid
hormone, transferrin, epidermal growth factor, or combinations thereof.

67.  The method of claim 62 in which the feeder cells have an origin which

comprises a tissue from at least one vertebrate,

34
AMENDED SHEET (ARTICLE 19)




71. The rret hod of claim62 in which the hepatic progenitors express

i ntercellular adhesion nolecule (ICAM antigen, do not expr é@"'r?é}oér

hi st oconpatability antigen (MHC) class |la antigen, express MHC class Ib
dul |, express OX18 dull, express al pha-fetoprotein, express album n,
express cytokeratin-19, or conbinations thereof. 72. The nethod of claim71
n which t Is |CAM 1. 73. The nmethod of claim ch the

hepat i c prg‘g)edﬁéﬁggo not express MHC class |a, express%wmmss | b, dull
express | CAM express OX18 dull, express al pha- fetoprotein, express

al bum n, express cytokeratin-19, or conbinations thereof. 74. The nethod of

c.glaim73 in whisg:h tﬂﬂembt%!\dfuwmmch {HeSrertehR caﬁﬁrne%uﬁin feh@kiB2 Whi ch.

further conprises cloni epatic progenitors. 76. The nmethod of claim
757 whi cl?‘?n't‘aFFeplﬁé’ﬁ%fqb“‘t'g‘F'dﬁ’é‘?ﬁ‘Fﬁ?‘%t’“é?ﬁﬁfﬁﬂﬁﬁf’fat | east” one “nitotic cell

division. 77. EMe meheﬁomclahﬁzm wiichi th wﬁaexeénstaiaecia&pat ic progenitors -
undergo at | ea nth d;)%llc | Vféasf 78. The nethod of claim75 in
whi ch the hepa S‘E%Ej‘% T34 F@‘mgﬁﬁ ghs er&ﬂlﬁ@‘?ﬁpé’tsemeléﬁlf‘@shaw ng a
separate fate. 7179 Themetddd claiofe2 & whiieh titthepatic mbgemtbrdehﬁesda:tbﬁianﬁix cells
differenti t (I(Ie el | The rreth of c m78 i ich the
daught er c@f‘%ﬂl%‘ f@l’r é‘?Mg?]é @80 SO HEHaL s(':‘i?? mﬁt?%ﬁi\f%\f%SHEET
(ARTI CLE 1@3ss Ia antigen, express MEC class Ib dull, express OX18 dull, exprass alpha—fetoprotem,
express albumin, express cytokeratin-19, or combinations thereof.
72.  The method of claim 71 in which the ICAM is ICAM-1,
73.  The method of claim 62 in which the hepatic progeny do not express MIIC
class Ja, express MHC class Ib, dull express ICAM, express OX18 dull, express alpha-
fetoprotein, express albumin, express cytokeratin-19, or combinations thereof,
74.  The method of claim 73 in which the ICAM is ICAM-1.
75.  The meihod of claim 62 which further comprises cloning the hepatic

progeniiars.

76.  The method of claim 75 in which the hepatic progenitors undergo at Jeast one
mitotic cell division.

77.  The method of claim 75 in which the hepatic progenitors undergo at least ten
mitohic cell divisions,

78.  The method of claim 75 in which the hepatic progenitors give rise to daughter

- cells having a separate fate.

79.  The method of clain 78 in which the danghier cells differentiate into biliary
cells.

80.  The method of claim 78 in which the daughter cells differentiate into
hepatocytes.
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