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(57) Abstract: A methed for propagating mammalian endodermally derived progenitors such as hepatic progenitors, their progeny,
™= or mixtures thereof is developed which includes enlturing mammatian progenitors, their progeny, or mixtrues thereof on a layer of
embryonic mammalian feeder cells in a culture medium. The culture medium can be sapplemented with one or more hormones
and other growth agents. These hormones and other growth agents can include insulin, dexamethasone, transferrin, nicotinamide,
“~- serum albumin, B-mercaptoethanol, free fatty acid, glttamine, CuSQ; and H,Se0;. The culture medium can also include antibodies.
Importantly, the culture medium does not include serum. The invention includes means of inducing the differentiation of the progen-
itors to their adult fates such as the differentiation of hepatic progenitor cells to hepatocytes or biliary cells by adding, or excluding
epidermal growth factor, respectively. The method of producing mammalian progenitors is useful in that the progenitors can be used
subsequently in one or more of the following processes: identification of growth and differentiation factors, toxicological studies,
drug development, antimicrobial studies, or the preparation of an extracorporeal organ such as a bioartificial liver.
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C epidermal growmh factor, respectively. The nmethod of producing mammalian
progenitors is useful in that the progenitors can be used sUABEF9EAtIyY in
one or nore of the foll ow ng processes: identification of growth and
differentiation factors, toxicological studies, drug devel opnent,
antimcrobial studies, or the preparation of an extracorporeal organ such
as a bioar Wéﬁ%{%@' liver. 1 April 2005 WD 02/29012 PCTI US0QQ/ 27428 PROCESSES
FOR CLONAL # OF HEPATI C PROGENI TOR CELLS 5 1. FCEUH'@H2rHE | NVENTI ON

The present invggs i growt h of
mammal i an hepat’i c %ﬁfg;sge%:@%rEgOMLm@ $ QFJIP gﬁ%ﬁﬁbgmgkst emcells, and
other early hepatic progenitor cel n particular, the invention rel ates
to met hods of propagating hepatic progeni tor cells usi ng defined culture
medi um and feeder cells in co-cultures. 10 Moreover, the invention relates
to the cell s use%@_&{)g$Wpabl e of sustaining hepatic progenitor
cel l growth 2 ATED ART ldentification of nmultipotential
progeni tor cell ﬂ@pme@tlilomtidnrrelma‘rmb\iemmdiﬂtﬁxsfdrs]sn@gromcifrrportant both for
clinical and.Camihablic kbbARdS tnlg nithiteal Qs WIIHR! 300008, O

developnenta proces tissu L ASIS ogehl
popul ati ons &epetid piegshitor eallyelnpartionlargbeiventiarrelplys to oethods of propshtazt at i on and

357, 455: Lt g%é’fﬁ‘%““ R Ry eI e btk Moot Gage, P

C

1998 Nat ufe 230\’61,8?)6 inzgtiofilvelatendp g eeils@sedfas feedsmurd sapahdd dfiscstaitbget er m ned”
stemcells OfiepRé o g{l’(ﬁ%ﬁ.ng hi gh growt h potenti al and/or

pl uri potentia | t | s rea apparent from studies on hematopoietic stem
cells (Spangr ude, et aI 1988 Sci ence 241, 58), neuronal stem cells

(Davis, A re 372, 263; Stenple, D. L., and
Ander son, D J %’Sgﬁgf@ﬁ“%‘%ﬁ Nﬂi(}uepi dermal stemcells (Jones, P. H
and Watt, 25 F. 73, 7 % each having been identified clonally
by using the part$€ fcé‘i“’n‘:’?r@f’]rli‘B?fgnt’é’rlﬁé espifor sll@oplptiopyin mapmalidge . These

progenit ggs ﬁsrsﬁes'fsqﬂ oAFol cﬁgllu%&mﬂeﬁﬁpﬁﬁﬁk@hﬁaﬁsg%rnor mal

hemat 0p0| etic, neur or epl er mal ti1ssue honeostasis and for

regenerat i veu:rdelsqanﬂir%esf datdl@pmesBMRSRssts Yndl figbneHodkbstasiE. Prédenitod by VAtt, F. M
1989 Devel opnent 106, 619). 30
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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SUBSTITUTE SHEET (RULE 26)




SUBSTI TUTE SHEET (RULE 26) 1 April 2005 WD 02/29012 PCT/ US00/ 27428 The
manmmal i an adult |iver has a trenendous capacity to recover at feil 2908 her
extensive hepatotoxic injury or partial hepatectony (Fishback, F. C 1929
Arch. Pathol. 7, 955); (H ggins, G M and Anderson, R M 1931 Arch.

Pat hol . 12, 186), even though the liver is usually a quiescent tissue

W thout ra 'dm/rz&d;znover. Data from5 recent studies ir}, t@ use have been
interprete %% suggest that adult parenchymal cells GEVEYAH2) most
unlimted growmh potentiality as assayed by serial transplantation

experi nent s ( OverkhgmmaglizaladultlyehapmremndoRatdpadity taibdbyverbBek3jther (RNim J. A
et al. 1994 Science 263, 1149). These experinents made use of
heterogeneou?;“?nis\‘/%l?epét@qor“’mﬁ)‘lfbﬁﬂp&‘?‘?ﬂ]ﬁ@telcﬁoﬂ’i”ﬁlﬂ’&a‘%‘h% GHPArsk t o prove that
the gromh p t4 Ctpfg% j | Op f; t, pa mal cells, from
a subpopul at ?%tﬁ&bjf’ggs’u t %é?gnwé%dn%ﬁg%%f 'sM'gfr%f‘g}r&'P?'g{‘rﬁlq ture stages of
t he par enchysmh theeghl the livier i usupliyoQRRtEdMRtiSshe witkdut G iRiRer. AR froft Udi s show no
evidence for biliary epithelial differentiation, since the hosts used had
ei t her al Buniepenysigrliss inibe mpvsg havg brendntapreted i stgpest diatedlplt pagehynal t yr osi ne

catabolic enz def.i ciency.. .both types of hos have condi{ions that

sel ected for cétﬁggavﬁgbﬁ?%&?ﬂ%teigowgr?(géﬁﬁ‘ﬁty‘?ﬁésﬁ@?ég%ﬁmﬂﬁéﬂsa #{Phwas i ncapabl e
of testing { apobhal@Nrmel & BOPMLI! b 151, M5 @il 3 Qlipgagal st udi s

est abl i sh thatpeearly( hepatic cells from n%’ ge ’t(gitn}n(’)ria'&fag?%%es have a
devel opnent abcidmicoBBerind)alThésy etperirténfsiedent otlieterdgendond ettt  epi t hel i um as

well as to mature hepatocytes (Shiojiri, N 1997 Mcroscopy Res. Tech. 39,
328-35). Hepbrrlatieps limityp e gbility doyprove thapthe prowthenetentia! olfservetylstivadndoder m 20

[ di at ft th dqd | i.thel i ' ith t di [
mesoder mi? cOUAR PARpRE A8l cRin fRbigP o ol e mal vl el £ Tom0
Cel | Differ. fnindBahire sta gilsthé}?aﬁlﬂéﬂyﬁlal(églmé RRniSE Wikhethor Y YONi ¢ day (E)

8 in the nmouse. The initi phasé of hepatic devel opnment becones evi dent
wi th the i nduetidseimvodo evieleneata bitionyiepithelth diffedeptineiod, eihe@plictost e@NAS i n t he
endoderm and prior to norphol ogi cal changes 25 (Gualdi, R et al. 1996
Genes Dev. 1%therpippmyn-urplingse transgepss ofi 5eothes §hsa.a tyypsinercaiabolis preaing | ed cel | s

then prolifegat. ate.into.the sen f the. septum
t ransver sum éﬁ%%ﬁn"gp%éhﬁgﬁg?’i%s? BoR F%‘H‘?‘O o0y eﬁ%@ﬁ"ﬁ"’?\"i@%"“ °SUBSTI TUTE SHEET

(RULE 26)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

2
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1 April 2005 WD 02/29012 PCT/ US00/ 27428 anl age. Al though the |iver nass
then increases dramatically, the increase in nmass is due |af §er
henmat opoi etic cells, which colonize the fetal |iver at E10 in the nouse
(Houssaint, E. 1981 Cell Differ. 10, 243) and influence the hepatic cells
to show an extrenely distorted and irregul ar shape (Luzzatto, A C. 1981
Cell Tissu 3 215, 5 133). Interestingly, recent data from
gene-target‘ﬁ@zﬁﬂfant m ce indicates that inpairnentmawmﬂm%ﬁﬁber of genes
has led to | ethal hepatic failure, apoptosis and/or necrosis of

par enchynmal efiages ARRupe®s litet Ziads treflnerebdd M BRaticilly, Bt inBlease HIQBs FMBO J. 17,
2846); (H lberg, F. et al. 1993 Nature 365, 1731); (Mot oyama, |. et al.

1997 Mech.  Beylargely to ematopgi@isteatispwhiciGiolonize the fetal Y95 atRID I the AdiRe 699) .
Especi al |y gepe disr |0 10 that are part of the stress-activated
cascade (Gani ?‘E%?é‘ft%%éét&ép‘ﬁié@gi@raﬁé!“ﬂ%?t.heﬁ'é’é‘ﬂ’.celé?é? showgp 95, 6881);
(Ni shina, H nely dishi2d t r .l - apoptptic cascade
(Beg, A et sttty dimats ﬁ&%@%ﬁ%%&ﬁ?ﬁ ,ﬁp‘%@%‘t?%ﬂ?fﬂfﬁ%a Ei ence 284,

321); (Tanakas). terestingly, recd Q&ka frbrfigiditdryetid®muda WiceGadicateefd t i n severely
i npaired hepatogenesis, not hematopoiesis, in spite of the broad
expressi on ofmpaEenipla pyuler efgenes hasderdo lefhal hepatic failyfeezpoptodironier hepatic cells

par ti cul ar - riRrOH A PROI R oR PR LY Py Curs LBt aah " destr uct i ve
effects (Dol 17,5565 ctberlF, P Y0932t 3! 1101/ AMMoyarit1: oy lSO9 B2 994) . O the

ot her hand, the basic architecture of adult Iiv ependent "on the
appear ance oDet.166, 27);§Schindt, & wil al. AN Neafre B3| €993 UEspectily bdhe bismplicatr r oundi ng t he
portal vein (Shiojiri, N 1997 20 Mcroscopy Res. Tech. 39, 328).

| nununohi ¥t o3kie Bar of theisifess-petivated cascgde (Ganiatrs Soiptfal dPBrpalptb dead

i ntrahepatic chi ithel al ¢ is the ssian of biliary-
specific cyt g@eir]%%?%ﬁgéséﬁ)%}s@’ %’r%fﬂ elfdl‘?é ,%e’ﬁio ™ ’Vr@%s@éﬁi TR fredi at e
filament (I F):ascﬁem%g Bt f 199 WEDRITE 16 DEHE D). 3 QoNERASI PN A, MUl ti gene
famly and expressed in a tissue- and differentiation-specific manner
(Moll, R et (Bnaka]lI8& alCE999. BanunityllD, 420KEH rdswlt iR Severly impaiele nost remar kabl e

biliary mar kgrs because adul t hepatocytes don't express CK19 at all,
wher eas adul Pes{opFaasis, nefbematenoiesis. in wiitp of thrbreadisrpression pf the igrctivasedn. Only CK8

L oo B © REEPHTS S MHoBU SR AN ad TRA e ool TUTE SHEET
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

3
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WO 02/ 29012 PCT/ US00/ 27428 adult hepatocytes (Mll, it. et al. Cell 1982,
31, 11. At E15.5 in the rat devel opment, corresponding to BLAPIiR00Re
nouse, the biliary precursors are heavily stained by both CK18 and CKS
anti bodi es, and sonme biliary precursors express CK19. As devel opnment
progresses, maturing bile ducts gradually express CK7 in addition to 5 CK19
and | ose th’ﬁ @/ ﬁoressi on of ALB (Shiojiri, N et al. Cancer Res. 1991, 51,
2611). At 1o é 1%epati c cells as early as E13 in thé’cfr@tso{’g'r"‘ésthought to be
a honogeneous population, it remains to be seen whether all early hepatic
cell's can di hhBrmRphdopleidy, R hi @y198n31,hel Ardi5.6 8l the thi dd@Agentand how their
fates are determned. Definitive |ineage- marking studies, such as those
usi ng r et r oviceradspopdiog okl 4 ifhe mouse tthelhdlary piesnesor ee héreiiatidied bpbetk| | s, and

clonal cul tur onditions requisite. for the denons tion of any bipotent
epati o pr 0o GiE S bl d Sre il mreraes OB CEGrAT] onal “gr owt h

anal yses, on | i 98690%3 J k hemat opoi eti c
cells, marri ﬁa t g&gglﬁb%%@s%’tﬁlghg%és%?ge e %%lﬁxﬁﬁgﬁ?%%d@%nﬁepati c cells.
Ther ef or e san CE1p asd168Mke eRpressids 6f AIE (Shivfri e pedl CrmeRel BIO1,01, 2788t be used.

Al t hough 15 the surface narkers needed to fractionate the hematopoietic
cel | s in fet dilthpyghseratizsels asisarbins BhY mdhe rafaredbovght tolestadiomogemequar zak, E. et al .

| mmunol . Toda 98,19, .228 t hgs for hepatic progenitor cells are still
boor 'y def i nEtPIEPRaaopy e o epr ey B RS g S et i
Hepat ol ogy 19fdy1BiheRd 211 lifehle! 416 hoWP FuSir fakel Gre S%elint® DEHRVE fiftfagldl 1 ON
conditions typically used for adult liver cells result in their 20

dedi f f er ent i adatking swidick, shehaisthode vting®tievinectof) lavd nenissen dons fos begfatias ALB

expression (Block, G D. et al. J. Cell Biol. 1996, 132, 1133). A sonewhat
i nprooved Hbi [elisyand glona glureegpditions reguitite farghedemprstraionakany igotenty est or at i on i n

the ability to requl ate tissue-,.specif.il.c.genes fully post-transcriptionally
occurs only |th a?%ggemé(gl‘:ﬂss ﬁ‘ﬁalnﬁttbéelgnnle%fm'lﬁd‘the absence of serumand with a

defined m xture Ofor HBAIBRAE andliLeVoR thAGloBRIANME Mplodivd EpaRiosef tain
extracel lular matrix conponents (Jefferson, D M et al. Mod. Cell. Biol.

1984, 4, 192@natépoitic cdls, n@tringlthefbility. to blstdve exAdadxpafBion, of Bépdtic @lls. 1411) .
Proliferati nai fetal hepatic cells, however, maintain the expression 4

SUBSTI TUTE Sfibersfoferperichmynt proggsy for tho bepstioRopeistiop syside wes Adisern 7428

15  the surface markers needed to fractionate the hematopoietic cells in fetal liver have
been investigated in detail (Dzierzak, E. et al. Immunol. Today 1998, 19, 228), those
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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of such serumproteins in vivo. What has not been clear in the field is how
to maintain and grow hepatic progenitors in vitro. There is T ARMLZR0P| | ed
need for identification of conditions that sustain the ex vivo expansion
of hepatic progenitor cells. Likewwse there is an unfilled need for an in
vitro colony formng assay (CFA) for defining 5 clonal growth potential of
hepatic prqﬁﬁ@'zsog{s freshly isolated fromliver ti ssue,. clonal growh is
defined as lity of a single cell seeded into FETUSIOET45% ng able to
generate a popul ati on of daughter cells that are clonally derived fromthe
seeded cel | . of Gklnenm frawias A0H6.; WALk BRY 16k BVbd HiddBk 86K nfEintdh, €t al . J.
Cell Biol. 1996, 132, 1133), consisting of aggregates of cells grow ng

cl osely togeﬁm‘m‘%’ hemqmgemtwmweg Theresemalafifled neeti Fgglideodfichtichenfisi t i es;

however, the C%h‘r?? tﬁa(st faglftﬁ' | s, descri, br‘i’? in these prior_  studies coul d not
be subcul t ur &F FSHREY G & vivg GXPaRyqY ’E‘?Pﬁtf?%?%toﬁﬁ?f -LiksWi¢ and of
i mi ted util i is A8 BaMS: it APy e e \ORAI REWGR N VILTO. U S,

Pat ent No. 5,510,254 to Naug ton et uré of hepatocytes

depends ors aclbhHigmwﬂk@otéhﬂi@ﬂﬁiepdmabrokﬁﬁﬂie\fﬁshlyIQiatelﬂlf@ﬁﬂWEx&iséd%lc@orﬂalJt non-1iving
material. There is an unfilled need for ocyte culture conditions
where no artﬁﬂwﬁlaﬂeﬁﬁl?da%@mbﬁtY®aﬁééé%@éWﬁ§mCﬂltﬂlrﬁilelll]gra'@ivwdes the condition

f h t t t, , th i
2 need Tor cPOREG yrapiioh St Aiak R REr v Yot stteiomape et Pl et ot on
capabi lity, Ohfshh d@RiibddcslohPrSHA BIBLEGDS L b b&zﬁéaﬂ g@@' Agpatocytic 20

| i neages, and suitability for Use as conponents of oartificial liver,

for testing 6133), hwaﬁ@@mma@ﬁaﬂhw@cﬁs@pmermmuﬁésher uses. U.S.
Pat ent No. 5,559,022 to Naughton et al., clains liver reserve cells that

bi nd Eosif YSeededat bighpefl Hﬂ{ﬂ%g‘)"ﬁé’@dth? eplemies pErellcdeporibed in theserpiser ve cel | s" |
but did not liver rovi ded
net hods for %ﬁ%ﬁa %)I%oﬁg?m on, reg IG%F v¥‘§f§f5‘t%‘?’€f{%?°§ ]Iﬂgfﬁeﬂﬂq’gh !too i sol ate

vi abl e 1iver mRsaikivg. cel | s. There is an unfilled need for nethods that
teach bow to isolate and culture cells that have many features essenti al
t o hepati c progeriitheyimye attemptediiorzpvehepatayss avisof UR. Phteadb. one specific

mar ker and tgg 5 SUBSTI TUTE SHEET (RULE 26) 1 April 2005 WO 02/ 29012
PCT/ US00/ 2742810,254 to Naughton et al. claims the culture of hepatocytes depends on a three-

15 dimensional framework of biocompatible but non-living material. There is an unfilled

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

5
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potential to differentiate into either hepatocytes or biliary cells. There
is also an unfilled need for nethods for clonal growth of hﬁﬁ&'ﬁ"i%’%
progenitors. Clonal growh is essential as a clear and rigorous

di stinction and identification of pluripotent hepatic progenitors. 5 U S
Patent 5,405,772 to Ponting clains a culture mediumfor cell growh. The
Pat ent No.ﬁé/%gn??z requires the use of 3-30 Rg/ m cPh(l),I eosotzerol, 5-30 g/m
nucl eosi des,” and ‘ei t her 2-100 p.g/cn? col |l agen |V or G RS0, g/ cn?
fibronectin. There is a need for a culture nediumthat is specific for,
and opti m zegoténtinl io fiéfpaitiac intp eit@Citpitaycs aibiliagr @M. ITherd @ aldon Pat ent No.
4,914,032 to Kuri-Harcuch et al. clains a process for culturing

hepat ocyt es. Vifilegpead for giethpds fenvtonpligsvainef hepalieprpgeanitors. idlowshgromibis 4, 914, 032

fails to teach .either the.culture of hepat.i.c .progenitors or, clonal growth
conditions for enﬂ%ﬁ%t? fe;lgar fqgg rous %fq?@'il/\onn%ﬁgﬂ@au%é?%ﬁiﬂpg%gfﬂaﬁ‘b5 to

Kuri - Har cuchp@fenfibrs, Cl @i n8 met hods of assessing agents by treating

hepat ocyte cultures. There is an unfilled need for clonal gromh 15

condi tions so t haLS.Rekntdedls,plipoPatingelsimof cudtetelnsdivanfolrell goed. T t esti ng and

also for nethods for the culture of ?ngatic progenitors. The U. S. Patent
No. 5,858, 72Rang NPt Grredtzesthe vse phi-saHa/mlphelesierel; 130 k¥ml st romal cel |'s. The

5,858, 721 Daf@fibsided. st HrbCA 100 IEY EliscR ¥y bitPs L FOMIfGBRL,L AL @ 1T ammevork
of bi ocorrpat|'1 e, non-lrving terral® e I'nsta I'nvention by contrast,
20 there is mmaﬁhéehadamﬁ&@hﬁ@ﬁunmhaw@am&&i,ﬁrid%&ni‘z&%r,ﬂ%aﬁtot require a
synthetic neshwork. The present inventors have recogni zed the inadequacy
of growi ng npogantoricel gpwihcel | s, such as hepatocytes, rather than the far
nore useful hepatj E)Fro ni éorqsi They have careful |y defined the isolation
par amet er’$ for h(iipg tent o4 2l B2 W@Sh?téhﬂﬁYDéﬁ@ﬁlc%‘Sf%Fﬂ@F%al growt h.
The brogen  Qhubld ARG HEERIARC!OF 1REHOR LB 03B Ly N9 The

progeni tors ve ‘many uses, ng utilrty n e cine Tor treatnent of
patients w t&fthed thedulthir@ ol hptic progehitaisiol E1bnl &rowth @vmlltiend foPikp@ic ckiRXi City agents,
and utility for evaluation of drugs. 6 SUBSTI TUTE SHEET (RULE 26) 1 April
2005 WO 02/ 2bigawisePEh Piaeh 030198 to Kuri-Havcuch et al. claims methods of assessing

agents by treating hepatocyte cultures. There is an unfilled need for clonal growth

OHD

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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US Patent Nos. 5,576,207 and 5,789,246 to Reid, et al. teach the need for
feeders and a hor none- suppl enent ed defined medi um These pri bAPEZ08Pes
advocated wuse of enbryonic liver stromal cells in conbination with defined
extracellular matrix substrata, and a serumfree, hornonally defined

medi um as conditions for expansion 5 of hepatic progenitors. However, the
defi ned nedi ed was nore conplex than the one used t he instant

i nvention; qvl(ﬁ)g)z%% | s were plated onto purified matri f%T@%lﬁ“?sat a (type IV
col lagen and | am nin), whereas here they are plated directly onto the
feeders (that supf Katenhies. di6;20%nd 588l 246 te Reidixt ylomich ttetmecdtad cel | s were

prepared as geg{;i rraré cultures of enbryonic livers and were not established
as cel | | i nefedegangdaborgronersypplemgolrd defuicd medipm, Thegq nrior stydies advopptedt eeder cel | s

are provided : i : | r.e.repraduci bl e neans

of supporti n‘é&*ﬁ%n%gﬁc?@#\%?rgg\%ﬁn ?O?Jblﬁ%ﬁdnﬁg%sdgpﬁ%g ?’g&a’t’%}u}%g@ﬁ e that the STO
feeders wi || subgttata; Q6italski@in-fhed HaMidnallyQlefittd imeRRMAL bdnditibi:Q@RhAQES but can be
used for progenitors fromnultiple tissue types. The prior patent, the
hepati ¢ pfogeitiepatic progenitgrse Hovigvese the defhedimedivim ggth wesshdre ceplaxithags and 15

expansi on of .them was observed as col ogny formation, .neani ng that the
aggr egat es ofheo?%%Lﬁ%‘?St%F‘V@F?}hg?c%EVG@IH]@, RRPEHARERD to proliferate.
3. SUMVARY Clivdhtdls /RN RS Sbrods B8 Mely 80 plaBli3héEfy biflg 3 et hod of

propagating progenitors, their progeny, or ures thereof. In

particul ar, théepreganiupplndenii),; methaembrybic ArofBll dverdfreafeaRagat i ng
endoder mal I y-derived progenitors, their progeny, or mxtures thereof. The
cel | s are dePimEYcHiEEHPiadaRRc Hya and wers et estiblishedtap eslidineso B mpeadf| y- der i ved

it , thei n i Xt t her. , cult d |
Conpr 1 st g pigute BRPRE g neliettn i retmroiten phe B oG RPPors, Cheir
progeny, or PhifoMuASmbRRRANbIZRAREE REpoUEEHERER! RoeSlel 14 The Progeni tors,

their progeny, or mxturés thereof, can express tﬂe phenot ype | CAM or

| CAM 1 posi t icesendgbiecto edsassthatalic SVHGeadbra sl dot mettictgepport @A hdpxe.  The cl assi cal
MCH cl ass | antqiﬂgen is also termed MHC class |a antigen. The present

i nvention al B8senEes P san ks usedderiossenitrs from myliipledssuedpnes.i Breptierm and ot her

DrOSETI Ol i BrBSIB S S S RS ERIS R 01 et um

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

7
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WD 02/ 29012 PCT/ US00/ 27425 cells. Also, the invention relates to a nethod

of culturing the progeny of progenitor cells, or conbinati ohépPgf2005
progenitor cells and progenitor progeny. Preferably, the progenitor cells
are hepatic progenitors. Likew se, the present invention relates to a

met hod of cloning hepatic pluripotent progenitor cells using specific
culture 5 (?(%Bdl ns. Preferably, the invention relates to a nmethod of
cl oni ng heé’g e | uri potent progenitor cells. The hé‘Ea{UP‘E?’ZEﬁZﬁri pot ent

progent t or o8k SuERefiSh 1R 1o { FOMARILMEAR! BHERY B DRl { D7 3L o

species and nore prefera _ ven ‘nore the hepatic
pl uri pot ent ¢sllsgeeimbinatiens pf proggpitor pelisand progeiiipnprogeny Ryeferdely, the rat , rabbit or

mouse: [ or | Ghikudfost RVIELRE phlbber Bhill ROHERN REARENLAT, ge | o are 10

human in ori The invent “teaches particular culture conditions that
are requi r edmethefrof cleaing kepotionlripstod mpgenifosklitusipg speeifipewdigeni t or cel I's, and

their progenymgfl, pRYEGRE, APinvaisPrelRSoRGRqE 6t QinufpHsioni ¢ feeder cells,

such -as STO nouse enbryoric ceﬁts, as feeder c’e(F S for hepatic
pr ogeni t or s. Plppeteptepsegspitas edlis.s Therhepatis plariporentmpgsiits £5ls maybe derized novel

ser um 1 o, o B bkibrlebu AR pRHEmahfhal vy Nt 0. The 15

conbi nation enabl’ed the inventors to establish various rat fetal hepatic
cel | lines fmempreferadly: he hepajeplaippicntpsgenitntellgira map, mimsteapigrgiog.on of t he

Cel | S Furt her b or i h BHERLR poRl Bl el ARGl ccfl g0 ng | ccder

cell's capabl e of sustalning propagation epatiC progenitor cells, and
t hei r pr dgenfumayjneorigiy die inyention ieeshesppicdar culfrasgeaditiqns thakast teqiifefes t hat, when

used as feed i i : :JThe invention
naat 1 onal |y e cx At SUBRGH b rOARELERE GARN el e Ry O TG | oent

i nventi on t edeseashaspes of smbryeniq faederePs suck av¥lQ mpyspembragy celifeasHDM STO co-

culture syst QIUBIhitoR TREfebddr M 2l Mbh WAl aassay ( CFA)
for defini n%gagf%ﬁgf&?g%vw h o%ogsnti afeb%f fgr’ﬁerg#y isollat gd klleSati C '

progeni t or s. 1oVplsergmAree in ty deBnrdimediymyHDND el & fruinyeptied Thy speci fic

anti geni G pr QfyipkBriod AMEAI R iRk SN stabMBRAkdu€ ralfeABIRPAIc R BlineE REm €XAND! €,
progenitors fromE13 rat livers, corresponding to "El 1.5 in the nouse, and
wi th hi gh grBitm lives aitheus maligagns trensformation offhesebt ype as cl assical MHC cl ass

I (RT1A ) -, OX1&uiRaheMife ifleAin rdidttiQd fe@RA of é]&rlfhl%qgédleﬂl-&le}%rcape@ﬁheg on

mol ecule I (ICAM1)". 30 The invention additionally relates to the culture
nmedi um capabfieugFinisgprppagsion gt hepatis mengeniterrslly andkaiqPrege®int h. The cul ture

medi um f eat ures S{YgELSioSRRGEEk o Q&Eiﬁ@ B&Sines that, when nsed 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 cuiture medinm 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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and nutrients and an absence of serum 8 SUBSTI TUTE SHEET (RULE 26) 1 April

2005 WD 02/29012 PCT1US00/ 27428 Further still, the invention! ABrAG88 to the
culture of heptic progenitors in nmediumw th feeder cell biosynthetic
products. The invention further relates to nmethods of inducing hepatic cell
~differentiation, including production of hepatocyte and biliary cell

phenot ypes dermal growth factor (EGF) is taught,.l i nvention to
i nfluence go%ﬁggirzovw h of the progenitor col onies angc#/ﬂsuto}gh Stes as either

hepat ocytes or biskitiaf &gt nbélibirkla@Slo ks culndd of@BRicPiREGlorsqf t he present
i'nvention there |sﬁg¥eovr ded. a nethod of propagati ng endodernally derived

progenitors,™ elgeeRll biogyntheticrodugs: t her eof conpri sing cul turing

endoder mal | y der irysdvdatiQorimick Riaks wllt@iols BiRE&RYepRlc Al xt ures 10 thereof on
a layer conpr, |srn feeder cells in the presence of a culture nedium in

whi ch t he prOYaRipinRsinclpdies RIO%F‘B’QQWPatWW%IH%?WHWFW expr ess

i ntercell gl asprdeﬁﬁﬁll wﬂffaétw(BGF&' &a@éﬂixhﬂﬁﬂn@ﬂdoﬁ@nﬂﬁéncém ﬁﬁth%fd assi cal
antigen. 1n another ct o resent

maj or hi st oc e

i nvention tHB% 0563“‘1519‘6‘9%/‘??@6‘1 g““"ﬁ@f"ﬁ&%?“l’j‘?fhel’fg’cﬁ%fé’ﬁg Wreﬂ’@eh‘éﬁ%lgr c growth
factors conpri si n%apr ovi di ng hepatic progenitors, their progeny, or

m xt ures t her eof Pt agpestafiicapresarf pasentéan thfre tmmyrdeérarrgsﬂ@ﬂ ofeast one

hepatic gr OV\ﬁpi‘bpfa@ﬁﬁg)én,doﬁ&HQl}meﬁgeJﬂ?@geﬂft&g%rt r%%nyétopslln{t ?J KLy, of

m xtures thereof, . and the Sanple, and obser I on of growth of
the hepatjc ﬁ?%&ﬁigtcﬁlr“gmgIeﬁfioéﬁmaﬁeﬂﬂ&@ﬁ)m@gewpfsmer pogsaner mlmnmstr on there

i's provided @eret fiodapd: .20 ﬁsd%%édéxydengmhﬁé%ﬁ&ée&e%'f!iEuﬁ{u‘?&%cﬁﬂdﬂﬁ factors

conpri si ng pr ler ng. heg)gtrc progenitors, hei r progeny, m xt ures
t hereof, and "8 Hppreged ﬁaéetr@a)gery, ebmﬁﬁqf@fhﬁgecé?xm@agﬁermﬂgiar hepati c

di fferentiat hamsibmbotule &4 dRY n&tfb%plr%s%%ﬁé&a%ﬁjg P Bkdm 'Ea% ﬁ?y’ or
g |

m xtures thereof, and the sanple, and observin ere |on of the
hepatic progé‘mgf“brs I n anot her aspect of the present |nvent| on there is

provi ded a met hodmaho@s dsﬁkeMﬂtﬁe/ﬁrE&n@nJ&ﬁ{?ﬁ%dl&e Es?c%dr?eﬁ%’ﬁye&ﬁo%' dhd P! ovi f“ ng
ereo a sanpl e

hepati c mogenrtors their 0 m xture
suspect ed of “CYrs g‘?pﬁtg‘: @P‘qp 9‘3‘?‘”5 Wrﬁ@ﬁa’fqv&lft%)@l)ﬁlc pregsnifirnithedr t he
progeni t-ors, pﬁ)@@b{l or iR heredf, akl zi@apr%%u&ﬂ@&E@&'fcomﬁﬂgné f%eaSUIR! €. and
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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observing the death of the hepatic progenitors. In another aspect of t he

present invention there is provided a nethod of 30 devel opi h@P& Bg
conprising providing hepatic progenitors, their progeny, or mxtures
thereof and a drug suspected of a capacity to affect hepatic progenitor,
met abol i sns and conbi ning the progenitors, their progeny, or mxtures

thereof, aRpdoydhye sanmple, and observing a change in E%Ufﬁﬁé ol ismof the
hepatic progenitors. 9 SUBSTI TUTE SHEET (RULE 26) 1 kp I 5 WO 02/ 29012

PCTI US00127428 | nlrpdﬁg{hge‘fs &@pfetﬁg Qentilfn netﬁ&QIiSdergerat A dhgre is provided
a nethod of _identifying Rovel antimcrobia g providing hepatic

progeni t or s, depdyipg n‘b‘febgélﬁvcm*mls mwumeyrqviwrgd@ﬁatlcamteamri gt one agent
suspect ed of prgty NG rﬁgture@%l'em" %@?'Ié’akt &Ef &us;?e@@fbf'ﬁﬁglg aEe progeni tors,

their progeny, of nmixtures theéreo e agent serving changes
in growth of atiucraipficet, W@g‘éfmtbmrggenltwsah@t pregenzsperstut thetvef, pr esent

| venti on ¢ hgiaand soBl I lesh s (BAARh B i ARILRAT pRAloAEty acor por eal 1 ver

conpri sing providing hepatic progenitors ir eny, or m xtures
t hereof and cul t ulviangthetsspast g’@;ﬂrﬂfﬁséﬂtsnvenﬂrﬁmtherprsqvg@m;ed@rmqmwtqﬁr es thereof

in a bioreact@pariphi lbxtﬁc&ﬂgrgdl ﬁb&@gmﬁ%ﬂ% ﬁ%\!l&ﬂg h%a@pérg%%ﬁ&ﬁqﬁgue ctive to

serve as an extracorporeal |iver her ‘e present
i nventi on t hEPENY.Or Hrgyies thgreal gndchlbting the lip?%pl&g‘atthelfrg)rm@a@ﬂ mixfuresgeni t or s,

their progengeredin FbickddbBurils @ Bliedt ﬁ%‘id’[lﬁ*} flg)btau{eagﬁpcrn%/ b9, 81, | east one

hepati c progenitor which expresses | ntercel l'ular ‘adhesi on nol ecul e anti gen
and does note"é“)'\“f:ﬂ‘l&"sa !i"erl‘raj or histoconpatability antigen, and (b) culturing

t he hepatic progeﬂ]l AT in a ?(;tuéture medi um conprising at |east one feeder
cel | biosynthetic pr SRS GETPect of M RSPSGay InveatiRntherp s Arprededrageatinid of nvent i on there

is provided Bromfh@hepfﬁic pmgemag@tﬂeﬂgyr@aqﬂQﬁ:ﬁ&ﬁlr&hgé‘&ﬂc&ﬁ&,ﬂ ogenitors,

their progeny, or hereof conprising culturing endoder mal | y
derived progenito Qrén ré“lwr mglai(‘)l@%swne hspatigprogenios whichexrseskeson a | ayer
conpri si ng ff@@d:eﬂulmeidhannmdldfwlepﬁ&gea@f;@d&g nét e§ﬁ@g@1ﬁgj@e culture nmedium

histocompatability antigen, and

(b) culturing the hepatic progenitor in a culture medium comprising at
least one feeder cell biosynthetic product.

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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9a SUBSTI TUTE SHEET (RULE 26) 1 April 2005 WD 02/29012 PCT/ US0Q/ 27428 5 4.
BRI EF DESCRI PTI ON OF THE DRAWNGS Figure 1 is a characterizal A8l Z¥05hepati ¢

cell lines fromday 15 fetal rat liver. 10 Figure 2 is an assay of col ony
formation on fibroblast feeder cells. Figure 3 is an expression of rat cel
surface antigens on various hepatic cell lines in adult liver cells.

‘Figure 4 I phenotypi ¢ anal ysis of day 13 fetal _r livers. Figure 5
depi cts cﬁggg%%ﬁgization of hepatic colonies in the 58@@#@@” nd 15
presence of EGF. Figure 6-depi-cts induction of CK19 expression on RTIA -
hepatic cells. Figure 7 is a schematic representation of hepatic col ony
formation on STO6 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 stemcells. Various tissues are appropriate sources of
progenitors, including tissues of ectoderm nesoderm and endoderm ori gin.
The ectodgermtissues can include skin tissue, brain tissue and other nerve
ti ssue. The mesodermtissues can include nuscle, the blood 25 and
henopoi eti ¢ systens.. The endoderm ti ssues can include.the gut, stomach,
pancreas thyroid and gl ands associated with the digestive system In
particular, the _jnstant invention is a process for the propagation of
hepatic st effr cel PRIENREXSRIREOF T Yﬁ&ﬁ%genitor cells. The process
invol ves exposi NEigioR i Ahh@dsizalon bsRbadk esl ildeRah usy SiaM &GS and/ or
hepatic progenitor cells and/or their progeny, 'to'growh 30 conditions
capabl e g’f sust aF BTG IS 3#5aY of Gplowik fprmationgn Tibsoblagh fepdenreds very | ow cel |
densities. In aZMQﬁéSh@ﬁdn%ﬁﬁgdﬁﬁﬁ&m$mﬁﬂ€w&hﬁﬁﬁﬁ%@ﬁ&ﬂﬁ&ﬂ@ﬁwﬂs'ng a
serumfree, horpone-supplenented, defined nmediumto support the
propagation 96 lsepgpiuitieresli=ET (RULE 26) 1 April 2005

Figure 4 depicts phenotypic analysis of day 13 fetal rat livers.

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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WO 02/ 29012 PCT/ US00/ 27428 of hepatic progenitor cells on a Iayer of
feeder cells. The function of the feeder cells is multi-fol BAPHZO0RdI ng
supplying nutrients, supplying an attachnment surface, and secreting into
the mediumcertain growh factors and extracellular matrix conponents
needed for survival, growh and/or differentiation of the hepatic
progenitorpgﬁh @. In 5 anot her preferred enbodi nent, the(grocess i nvol ves
sel ecting ¢ s that are capabl e of sustaining PRYVEPEHES of hepat i c

stem and hepamepatialpﬁgaﬁaoi@ns a&h&;&: of“faaerfcaﬁd@ﬁeﬁﬂitlbﬁoftﬁ%d&eceﬁg omreptiles,
bi rds, crustac "th eI ids, nolluscs, nenmatodes, insects, or

manmal s, prefsdt ?‘\}d dils i,ﬂg ?P%P'ﬁ‘&ff”;tf » SUpPIEng fashmentsprdecei@nd ve from
embryonic t m&u@mto%aﬁmdmmoaﬁﬂﬁ gﬂetvm fadidi€ant @R EEIREMAEx SfpoNGist F oM
enbryonlctls‘?ﬂefAlso,al ef er ﬁl't‘) the _feeder cells can derive from .
embryonic |i¥ ed fpruyival, g ‘3 i?égmf‘tf?é"frﬁl%@‘ii’é‘?c%‘égﬁl‘l?f?@y Be genetically
nmodi fi ed. sl nagist preferrddrh®odimerd, &w;@&e@mﬁbmm&mgmeeusﬂ{a&ﬁ@ aﬂléW ol ves
cloning feede met hod of

cells _that i mal | tai.n hepatic cel
i sol ating heBésPFt@mgg LR ‘1%??3?9 %ﬁy%?ﬂgéwwt’g%qr@si @hefé‘??&’écﬁ abl e,
i ncl udi ng bymaf bé fi’onh mpﬂﬂ%ﬁdichﬁisﬁﬁe&ﬁd, ﬁsnna‘zmelﬂs gnonasfcﬁ InBrodtdde) dRBNY, 15
i nmunosur ger

C flowctorretry by
centri fugal Xreq“ %P‘FE’F?UYE‘WM’ @F%E(P FE‘@&?FPF% E)Q?IPBIHI’IY@F‘E: The i sol at ed
hlelpat :c C ?]t emrl]mad mso,gﬁeferimy m‘z@Férszeusfda'lm flfoﬁ%r%@laﬁlﬁ tidshle. tﬁqci\oexm essé ngs or
all of t epnot ype gl assical M ass F, | CAM 14, OX18a
al pha-fet Brtﬁ%fah t%iggé?f 'f‘f‘i}fﬁ’ ?me%rl” eTbLGRE Fs tssusfiditaratly B ¢ he
in?/enti on :1 h&ede{rbse}shﬁpaégeﬁetiaﬂqmifie@rﬁaempmg@@reﬁangﬁl?ﬂﬁo&nﬁﬂﬁ&ern itn 20 the
col oni es characteri e cel | s as aggregat es,
col oni es or CIb%&“g’ge%aﬁ?h%tS@PPt& llé giecdl: t he i nst ant
ihnventi on thiat h@mgne&md:;ﬁ1k$aub§hep8t&|s&ﬁidnﬂﬁép&(ﬁ@’r@6ﬂtdrEbll@-lsserUm;ree, :
or none- suppl enent e efined. e _conposition of 1DM
conprises a ffiif b&n{“b]f’fg‘fﬁli}(rﬁ%ig}\ ?W&ga”% > Srfo FLLBEY %ed to a mxture of
Dgl beczg 1S /nirﬁmfnbmgeﬁagb@ntﬁnaﬁadwb 1t1fﬁoﬁ;@IémHﬂJﬁyﬂoﬁJc¥tofaaIﬂ\By' ﬁ-htnfdgslbaddeiloug tﬁ/l
about ug a_abo sulin, up to about
Dexanet hason‘g?‘tgﬁtm& Wecﬁgeé?nﬂﬁlﬁ%ﬁ‘uélﬁ%? atch'h’gﬁgﬁnl?@dlﬂﬂ’ﬁmt %er%%@f"gi%tof ig/nil iron-
Eatyr at ed treuﬂs,ﬂleferthdfnapupyﬂoax;&&@mme&rxﬂéﬂhe?ﬂﬂbm shmma@to@@srl]caupl to about 2%
ovi ne ser me t.oet hanol or
eq\lj: val ent E@@?ﬁ?ﬁg}%%n&&ﬁg%&%% citg FT{H?)rE isqngthey, acid, up to
about 2 x 10Oemddiglent aftticrieventiop tHadthe Eelpﬁtittprdgcﬂitoﬂs@xﬁedyh@ntﬁ%att&@ﬂ o about 3 x
10-8 M H%§que goqgﬂies(?:gt ?194db¥f0rmat10n 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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antibiotics. Antibiotics can include 10 SUBSTI TUTE SHEET (RULE 26) 1 April
2005 WO 02/ 29012 PCT/ US00127428 penicillin, streptonycin, gehfB#A0n, and
others common in the art, and conbinations thereof. One skilled in the art
will know that other nutrient media, e.g. Hamis F-10, Medium 199, or one
of the MCDB series including MCDB 151 and MCDB 302, can, after m ninal
testing, b%o%%ﬁé%l n place of DVEM F12. The nost m ni nal gondl tions 5 for
cell expansiofiTare use of the feeders in the absence F6f"! 0%7 Kor mones; and

ol ucocor t1 coPgin 3o Yol WA SIRRL I ARCRRMRONT . 1\ c

hor nonal i t igeenls Gne kilinddytba it will koew fhat athep piigsnbmedie s dilantiol- ﬂf@mal factors
can be addedpapdnToght old2Y e AR enIe 1564 Brchiaotiogot repl ace
the critical requirements noted above ew se anges I n t he hornone
const i tuentsafﬁqli@?ﬂﬂa@“@&?gsbﬁeﬂsndaldélaﬁﬁwfmwl%rﬂpmﬂym@mﬂllcbndltmnﬁ he art, are
Wi thin the S?&Q&l&;xarlrl%ﬁfarbﬁ ) féeaafﬁmﬂeq&mero@{ngmmo os! ARYRSndst1C! ude 10-50

ng/ M EG-, 2- I nsulin, exanet hasone

(9a-f | uor o- 16131%@? H’ylhﬂlmﬂéqus@m@}mm@w@ agpegluepearticids, insulingr at ed
transferrin, umn, 2-8 x 10
15 5 M 2- n”er(t:r?p?tﬁgglf %%r??ﬁ OBhS%%h%:@é Q‘?&h"&f"g&??’l toéa%g??%s%%rg&pl 3 x 10"3 M
gl ut anmi ne, QgXpansiopy Otter haynenabiagors gm@gaq%mdmgé@gvesqco@am\grwhm tic acid,
0.1 0.4 UMl ool A6k S RMoBAAGL G 1R5A] g in 2 M Ol i

acid, 1-5 uMlinoleic d, and |noI eni ¢ acid. The serum
free, horifrontie hgrmges onsiteats such prcapbeiinednby e of erdinayskilliimihe a1t gre20 sui t abl e

for the cl ona,kﬂug%\gwﬁeggth@ﬁggf&in%n@ﬁgl s. This HDM contains a basal nedi um
that can be any of a nunb g) 1 ons such as Dul becco's_nodified Eagle's
€.

medi um (DMVE), Hé’mfgahiei@ﬂgewd A9 n2/pil EGF vt v@/midrsilin x 16TM to A pref er r ed

enbodi nent i nmedi um and
s F12. ( DRy popmnbiois Ga ol AAGEA Redffide) S0 mgl fnd Tod. Ny The

basal medi unﬁauyatgﬁrayefgpne%m%’a& viFqtinareide. 885 A Tgesmaibumizg2-8 < 10EGE (f r om
for exanmpise, 50l &n&?a‘ﬁfo%bn\bﬁ 5- 16':15;{@%&?'@15’ RGUE )X RF Méiﬁ{aﬁfrﬁ rg.£d

concentration of 10 i ns rom for exa Sigma) at a
preferred comelhod st&q 15¢ 16 Bﬁﬁfﬁﬁp;s PoM ALK @m%@ﬂagér\‘éfl palmitoleic

acid, 0.5-1.2 uM stearic acid, 0.5 - 2 uM oleic acid, 1-5 uM linoleic acid, and 0.2 — 0.8

uM Iinolenic 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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(from for exanple, Sigma), 10 Vg/m iron-saturated transferri n_(ZBi gma),
4.4 x 10-3M nicotinamde (from for exanple, Sigma), 0.2% stABhZIPBUN n
(from for exanple, 30 Sigma), 5 x 10-5M 2-nercaptoet hanol (from for
exanple, Sigma), 7.6 peq/l free fatty acid mxture (2.4 uMpalmtic acid,
0.21 uM 11 SUBSTI TUTE SHEET (RULE 26) 1 April 2005 WO 02/29012

PCT/ USQO 2 mtoleic acid, 0.88 uMstearic acid, |uMoleic acid, 2.7
uM |i nol ei 3&%@;@% and 0.43 uMlinolenic acid), 2 x 1”6@&“6?%% anrine (from
for exanpl e, X - 3 10- H2Se O3 anti biotics.
The growt h ; iSRRI 0 ok uke %‘%’“ﬁ%&g eg"gﬁcl%éﬁ|“§/{§f}¥kc&aﬁ§i %?Gaggt not 1inited

to insulin-| ukBingkewedd) 2E 1O glutalRe X frorh, Tk Ak GBEO/BRE), 1§ 1hani |y,
hepat ocyte growt h factor HGFs), and fibroblast growth factors (FGFs),

( )

can be addedMfCuSR¥, %%1&'%&@2&%@&&%10&@9%0%@%@3 sedrdteiiyshebut have not
been found t ce .fee fects. when, added .sin or_1n various
conbi nat i ons?eeﬁe?ng%ﬁi lﬁcglucﬁ%gjf‘% {l%oﬁiémfeéé%lgf“h%’#? %““5&‘5’“ PrOSES): iedseier si gnal s,
yet uni derit i {ILg6 fantilyt hepatecyterpestetictads GiGEsh and Fbrebdustarevath F0rsW t h t hese growt h
factors. 10 } tipll. further embodi nent of the jnvention that the
hepatic pr oggﬁﬁts)gf %cb:ela‘ii&sed tOatirileecuﬁc%‘%Lr 8&3%%‘%‘%’&“5‘?‘%%?%‘1% Fﬁeﬁ%’“ Ed8hi tor cel I,
that is, thabesnfiendtl egacafeedar kifersovberCidded sigly o & VefiousRomithadioises does not
ot i nod as piatiluabie echl A0R e el oy Pl L iltreg B e Anl of sever a
met hods of chexdédadpnk noiweombinatinewith thesapewsifadtabl e, i ncl uding diluting the
progenitog, 15 cely; . or .l.ess er, cell culture plate well, a
met hod termed Ii r#l F%tgl Iﬁﬁ%ﬂgﬁoﬁmené}lf%ﬁ“gﬂ@n g%tg%ly-?p@t{g,proggqrtpgceﬁﬁy be cl oned
with t het ysleamﬁaropagaw@i ﬁgmraisinglis lprobgnitte@bmmﬁa't i_s,ahatf&ilelcalsiaﬁra:%onhy?di“}mg; e cul L ure on
m cropartic . - rtj in ow .cytonetry,. by picking
i ndi vi dual cgﬁif lsnbo\\édoﬁjﬁp%‘lgegrrmgg?cﬁsé?%ﬁ%?qu%r}gpﬁi%{?[%% %58‘3@,3%% lﬁﬂ%‘ﬂg d agar. 20 It
is a yet fureipbeitlpisidefitiederyropgativhef celivvderited fomtahmgle 0EN VANG bof dekealcl oned
progenitor cegl . m.t osi It I.S ferred that the
progeni t or cg’]et:hgdsgg(g()ﬁ@@%%ﬁg o S&%‘i“%e’ %ﬁgélﬁ‘@{ugngc};e MPEBYTs and even nore
pref err edst heels tornae pallogrdess,tper cell cdtnteplatr veelicamethbdzerafed Hinitihedibttion.en cycl es of

- - - - :“ - , - - t - t h t
ﬁle\r;:’;lts: gn'pr L;Féﬁ]ta&&é%%llt%%gﬂs nIaWBé agnred %ﬁ?&,%’ L{0% o@%loz%%g g‘lnr:ges'\, ﬂyQéich}vé on a

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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25 and their progeny are propagated in nmedi um suppl enmented wth netabolic

and biosynthetic products of feeder cells. The suppl ement chAPElg085t he
formof conditioned nedium that is, medium previously incubated with
living feeder cells. Preferably the supplenenting can take the form of
isolating fromfeeder cell- conditioned nmediumthose factors including

pr ot ei ns, i , i pids, carbohydrates, 30 and netabolic regul ators that
sust ain angﬁg(%zgﬁz(s:e the growm h of hepatic progeni t or SRR TR pr ogeny.
The proteins J2 1d MAE ril.2005 02/ 29012

PCT/ US00/ 27458 can ?ﬁéﬁ% ué{g%ésog%hgui%%’épg‘n%hgi“ﬁ%ﬁég & RO ERYE of

ext racel | ul afacipatipdlydingregidesmalgréwth fagtot amnd énsilivelike @rowth fepérder mal growt h f act or
and insulin-like g ol referred that hepatic cells
be sel ectively gr O\in%@%Pfééutﬁeg@grhﬁé%uﬁéalasfbg%tgeﬁdyggfo " Zttmé’&‘fl%, wher e those
f eeder cel | s laxerof fendiar gedlai vehersrthoaeliadder il dreembryaictoe aduli cellsiot @ilidre cel ls. I n one
enbodi ments t ReLHESIR! mGEs L I el r fiabreblasts . The
fibroblasts or aotﬁég]? Igwﬁt alﬁog&grgl Bsfgéangllyce Searég%r?e |681%18I°F§ﬁﬂ@?f|&sf fd, e. g. by

t r ansf ect i onfibjoblasty oy oferstisgbleesllstira e pénetidallmotifiedss.s bpiransiettion. Rui t abl e cel |'s

be human, nOR-RUYRA 4Rf &5BE:EL ' I ' rat. .or nouse nmesoder mal
cells, and ot ﬁ%? rram_ralFi an éﬁggg%%gﬂﬁwgggggé%mﬁgp PLIARPETRE o s ui t abl e.
Fur t her nor e, Pighdessmiphitotst, srsnesemesodsemal bellendd athet nia@uskidnend edanf or the ability
to support hepalkmaeRORE 'él%o%ﬁita ! Edthednlord, fhe bﬁﬁﬁ{tsecraﬁ glagmbodi ment of the
instant invention that Isolated hepatic ~progenitof cei 1S BE committed to a
hepat ocyt’® opeclastetl o the abidity|to suppretdgpatibprogénitoellect i ve  appl i cation, or
absence, of epi dgfiiabroMthol o] gm | fif erentiation

signal. 15 It i s_a1 s%riel | nor g%&%@é@é@%%@%ﬁﬁ@%ﬁ%&% 3 ?nst ant invention
t hat i sol at eBrogeiternpelisdieicemgitied fohenatongpearthiliaryeel drmaid torthecekite be used as a
conponent of ;A uRieRGE drkdned 8f enided . . extracor por eal

| i ver assi st a_ evice. 1t 18 aep‘st’?“@@%@%%@‘ﬁ%ﬁ@%%ﬁ%ﬁ%@%t of the
instant invefgln that the bioartificial |liver containing isolated hepatic

progeni tgs cel | s yaogsiNedt plede o@ﬁcﬂ%ﬁﬂeﬁ%mﬁﬁ&&%’bﬁt&gtq jfe of a 20
f mal allure. o.

patient sufferin romliver unct1on or LES
stem cells and other hepatic progenitor cells be used as a component of a bioartificial

liver that can be used as an extracorporeal liver assist device. It is a still more
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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The follow ng exanples are illustrative of the invention, but the invention
is by no neans |limted to these specific exanples. The pers?)ﬁ‘PB‘f 086 di nary
skill inthe art 25 will find in these exanples the neans to inplenent the
instant invention. The person of ordinary skill in the art will recognize a
mul titude of alternate enbodinents that fall within the scope of the
present in i,on. 6.1. PREPARATI ON AND ANALYSI S OF HEPATI C STEM AND

HEPATI C 33@‘%@%« TOR CELLS Rats. Pregnant Fisher 34%T ’F@PQ 2% & obt ai ned
from Charl es SeTel M timed
pregnanci es, tllaglnlo(r?r]{l@:at (k3 I]areh%LI %f&lﬁ%r%d;sde&ﬁalte@d e%%%%ﬁcr%ﬁdmh SUBSTI TUTE
" SHEET ( RULE Mziﬂgb\plremﬁedma&ﬂl\meﬂzm%lz PCT/ U800/ 27428 t he norning on
which the plug is observed is designated day 0. Male Fisher 344 rats
(200-250g) are used for adult liver cells. Establishnment of hepatic cell
l'ines. Fetal Esikishmentefdenstiegdliipes. Friohtivamyre pipwéd frdvedsy 1§edthat i on. Singl e
cell suspensi %&g Al & [ | 05% trypsin
and 0. 5mM ED A o? 103% ts/s{r%%gnsﬁér no%%?eﬁb?%caﬂﬁng%\ﬁwe% W%b%s and

100uni ts/ m  &eesioand BEMMFER s er IDHI(@iH@ﬂm)mOﬂxsm(&gm8$CL0ﬁhMC¢)eahdis are over | ayed

Fi col | - S f dient d t
centri fugat | asRBEBRERAyahel Gt PRST i MR el T 1 act i on are
i nocul ated Fgoll-pague ﬂlmabntetmmpﬂlamemmgﬂdemﬂeﬂmtﬂ7 ng/ M col | agen
e ) ARt A £ xR aTEthf e ELRRE R boBEEh S obibeillieg 2, 9

llami nin (Coll'a rve caI cts rter6 or
r hel 4321, 10r e pretissiccoltye dlﬁhhecogtedmth l?mg’nﬂbnﬂagmmbl\y(awﬁhommb cul ture nedium

(OVEM P12, o S P ook, BUIRINER) & 1ok othin Bl B0 [0 £
(Col | abor at i rodwitsd e il £2013 @dddﬁ@tél}%l‘lﬂi wpattivelpSihbe semm-£r& gma) , 10- 7M
Dexanet hasonﬁl{]1 V?éanaé- t&/egleg@){%ovﬁ%ld at.& |§B‘§£ee°r‘{ odﬂﬁe?' gma), 4.4 X

10- 3M ni coti nam I'he erum umn X 10-5M
2- mer capt oet Feghey medSinmand M?F&@}ﬁﬂl\méé}m@@@ﬁmlsm&NYWGM gI ut am ne

(GMCOBRL) 35 1yiticH B8 %’% EGR &oﬁ%oﬁa%éﬂ%@caﬁﬂgdu%t, 5 B k/gﬁ ngl.ﬁm Each

(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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20 concentration given is the final concentration in the nmedium_ After 4
weeks of culture, trypsinized cells are cultured on a feedeTAP%J)?é’P5of
mtonmycin Ctreated STO nouse enbryonic fibroblast Iine (Anerican Type
Culture Collection, Rockville MD). Thl120-3, rter6, and rhel4321 are
cloned fromthree i ndependent preparations of fetal hepatic cells and are
mai nt ai ned feeder cells with HDM After the 2 .shment of the
cel | Iines,‘%]%g%(%oncentrati on of EGF is reduced to 1%‘%’3’%@5’% r all cell
cultures. Cell adhesion assay. Adhesion of cells to fibronectin

(Col | abor at i \eeabh wetkfdt teHours R HIDM. S Afterlrdsthg twite & @m6owl floagRrellsype |V is

eval uated using 96 wel| mcro-titer plates (Corning, Canbridge, MA) coated
with these prffé%gl’éPqﬁl%ma‘FlﬂUh%teF@011@g$aﬁ1WSTﬁlf Beehringo Masahoin, fngiangpeliSTO cel | s by
Percol | (Pharpaci i ot ech radi ent density centrjfygation at 200g for 15
mn, 3 x 104“@??@€¢WWI%%%§W%ENEENa FF%@%{‘“’? I%g%gl,“s’ﬂ?ﬁter 6, and
rheld321, ar Guhicytiehline BRI TVEE rotEE Rk RuloBedf) 1 April 2005 WO
02/ 29012 PCT/ US00/ 27428 in each well for 10 hours wth HDM After rinsing

twice to rsenove floating cells, fresh nediumwith the tetrazoliumsalt
WS5T-1 (Boehringer Mannhei m_ | ndi anapoli s, is added to neasure the

I
nunber of vari@Bradnegsd Kee Bpdred s¢lls of pagmi RO fomy ALES arechliredin iWmymnce i s

determ ned a j: . f rer's pro L. 5 ST i nes. One
hundred cel | g'ﬁg‘geddb%rgseﬁﬁ& %“W@‘%%m&eﬁ |“’1“h 10 h‘fﬁ%"“f%ﬂ%ﬁ%@hl ture dishes
for 7 days i BovpMsbunl2x $OPI cRiRGAL S x 16-511 240%6apRahmbAG Ldriptigd fetal  bovine
serum 2 x 10-3M glutamne, 5 x 10-5M 2-nmer capt oet hanol and anti bi oti cs.
Four subcl on&suranteloseslagcelected for fufther thwertedhatencctosdingtatliieeell accordi ng to t he
cell 10 norphol ogjy and the growh speed. Al though CFA for rter6 is

per f or med% nMOR8%PEARd the gretntpecd. AlousidsTA fgpiro Bpedormeis deder persist in
tt hi t t ] I - { . n hbcl ,
ST08. i ot r anftohdt e B i ST B6s ol il b GREBRES 4ty o ovi ded

fromDr. J. Mitof\ghaB-treabfdent\Onk efbcion] TS, Baraldtdcled with pEF-HULACP{eo Medi Cal
Research. Linearized plasmds at Nde | site are introduced into 15 cells by

DOSPER | i pos erghF-ME tuse kindly ipevidedfagre Br. J.(\Bo'elawms, TheWaldranh@lizaHall Af t er (418

Institute of Medical Research. Lincarized plasmids at Nde I site ate introduced into

-

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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sel ection, six clones are isolated. Three clones of each are anal yzed by
CFA. | mmunohi st ocheni cal Staining of Colonies. Culture platé Pﬂr%oﬁl xed in
met hanol - acetone (1:1) for 2 min at roomtenperature, rinsed and bl ocked
by Hanks Bal anced Salt Solution (HESS) with 20% goat serum (G BCOBRL) at
4C. For doubl e 20 i nmunohi stochem stry of al pha-fetoprotein and al bum n,

pl at es arev{,(gﬁz pg}ed with anti-rat albumn antibody (|CN Bi omedi cal s,

Costa Mesa ;i ol onwed by Texas Red-conjugated anti TG | gG (Vector

| aborat ories, Burlingane, CA) and FITC- conjugated anti rat

al pha- f et opr éﬁw@@wﬁ&iﬁaffaﬂal livert. iFetaldiperg he didsected immicmatobatt fidd | bur g,

x;gg{ LﬁQFS) Hﬁgg%"gﬂ ?‘ﬁkn@?ésha é@gé%gﬂgﬁngwﬁgﬁg@%lénwﬂé?ﬁgé%%éinj ugat ed
I I I
ol pha et gprgtﬁér?t%{”gﬁfg%%w%g@%%%%#@ééﬁ‘ﬁ(%@%o 1 “Apri 1 2005 VO

02/ 29012 PCT/UBE) AR BprERaged ¢ith A6 HESTES, BI88aM Mebon,ahd limMahaCloFet al | i vers

are dissected into ice-cold Ca'i i' free HESS with 10nM HEPES, 0.8nM MySO4
and 1mV EGTAAfterfculstion 3 °C fay P sunathecelltsuap@namatsehgemd Witl00.0256% ype |V

col | agenase (Si gna / i.n HESS prepared
Wi th Tomv HERBEE 2‘%%&\%@5&%8?1% ﬂf‘l“&ﬁg ‘ﬁ*&i‘%‘&t‘%n at 37C for

10 mn, the glejn!l Iﬁ]{%@ﬁﬁ 7} 2 and 2. 5mM EDTA
(Si grra) for 10 mn ry%ig?noﬁ(glgﬁh)gﬁﬁﬂlggtﬁ%uﬁg%h%§&§gﬁ tth ??)Olnﬁﬁyﬁl |l mg/ M trypsin

i nhi bitor (Sd@majhonﬁnaawn(sagma)hh alt edpkrtmantse3-5 k @0celth pad liver 206bidpit s/ m
deoxyrlbonuclease I é i g . In all experiments, 3-5 x 105cells per liver
are obt ai ned! S"Iaf'@ﬂﬂf& IFIUH"*W”%(S‘TBPWOISFGPBYeTE@'ﬁXF@n n¥thed is wosfospadio | | ver per f usi on
met hod |smpe{sglgtg3 Ei]Ps }%Qte lg}%sate earr?%%! lES ‘H?F] %n%{at rfusion, the cells

are centrifuge t&? {Par enchymal
cells. Cell Uhxﬁfchﬁir elpaieﬁchkrﬁal%giQ(VQe‘EﬁlamﬁﬁWﬁ%@%astlﬁéﬁaﬂéHbg%b’a% excl usi on.

Fl ow cytonietric analysis | s are anal yzed on a FACS
( Bect on- Di ckblnsexalusiodbunt ai n Vi ew, CA) and sorted using a Mflow Fl ow
Cytoneter (Cytomation, Fort 15 Colli CO . The cell suspensions from E13

fetal |iver Sio¥ yiAEelEamaysis ?ﬂiSPIBS‘SﬂYZE‘H?WﬁAfﬂSﬁ@ (Bemgugighinse®r um (Gl BCOBRL)
and 1% tel CORfofiitiln %AvﬁbA?anﬁ%b&%gmg aﬂﬁoﬂo%eﬂow Cytometer (Cytomation, Fort

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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to prevent nonspecific antibody binding. After rinsing, the cells are
resuspended with F1TC conjugated anti rat RT1lAa, b,1 anti bodllABB' 2005
(Pharm ngen, San Diego, CA) and PE-conjugated anti-rat |CAM 1 anti body
1A29 (Pharm ngen). In some experinents 20 the cells are stained with

bi oti nyl ated anti-rat nononorphic MHC class | antibody OX18 (Pharm ngen)
foll owed b nd staining with streptavidi n-red67 RL) for 3
col or stai ﬁY(ﬁ]gza&ifl stainings are performed with i ce-X 3ﬁUéoﬁé£&% free HESS
contai ning 10mM HEPES, 0.8nmM MgSO4, 0.2nmM EGTA, and 0.2% BSA (pH7.4). The
est abl i shed Hhtckiesoh €agrter ReseaedhlCehtemBenttlay WA anyl 6. M-S Bchopidvelsitiof | onat ed 25 by
Percoll density 8radi ent centrifugation to renove feeder cells. The rat

hepat oma  ceNpith ¢yelinacChape Bill, N gregneesivelyColls e plogksd pndataingd witle| | | i ne,

V\B- F344, as as _ad i cel st.aihned t.o c are with the
fetal hepati lgﬁlcéﬁopﬁ Ffiﬁ?\d;gsg.’ Oﬁééﬁé—gﬁ]uqaéeﬁé@ﬁ%;gm%{ﬂﬁmxaﬁa{egg%f Dr. REK

Four ni er, Fr ahgiif B SulB53dy HALE (Shantige ()RUIIEC 26njughted\pit houdIRs isWeH2/ 29012

PCT/ US00/ 27428 Hut chi nson Cancer Research Center, Seattle, WA, and Dr.
M-S. Tsaéd, niOXas.<lellguspénsioMor thiee @aal bbpatiace!l Ghasped stakdiell iwith NC, respecti vel y.
Cells are bl ocked and stained with MC conjugated B5, OX18, PE-conjugated
1A29 or anti biejiny I%é‘ﬁ?‘ﬂﬂ&%eé‘@gg Epllowsd hy @ gecops taimingyith eV idiEA67Y Phar m ngen) .

FI TC- conj UQa%]ﬁ%ll%E'Eﬂti-e @éﬁ&ggej’lﬁmldﬁﬁ%g?ﬁ d 191\%\?:;[9.18' Cel | suspensi ons of

three fetal hepatic ¢ nés are s bi oti nyl ated anti - nouse

CDO8 fol | owed by varis@GafignSdddxBieted Midithreht eRNeAMMB by GHOTY) as well as
anti-rat noAb to gate out nouse cell popul ations. Various antigens are

expressed i npaéticflasagn thedevelaf expeesshonrif e patidwar enigkrscan beNOpxmstipcal usage t he

| evel of expyressi of a particuylar antjgen can be NO expression, a 10 |ow
| evel of 18xp|:°§’§ veg%,exlﬁeﬁs‘tg &levglo &’SP{FF%%‘%IJ%RHPM%%@%F%E'PDYW regul ar for

Tany anti gensuieddada Bkl Y ShreWoneKALR ASEL e el 1oy Sipage, Lhe tens *I ow

is used interchangeably wt weak or e ed description of
the | evel of intefchpigesidy @ith D@k oedull eMaidetitiddyeschiftioiRede lehdibf t hese four levels
suffice for many purposes. It should be clear that neasurenent of antigen
expr essi on b§Epresgn can.ghigrhasively,he fuadpabus {hegsrfeurdgyels prffiseiferasana cont i nous range
for antigen expres ell] lines, sorted cells, and adult

i on..CFA for hepatic
liver cells.P ogesthpsg?ql%beCc qey tgiftirrﬁggmgafnét o? antigen expression by, for example,

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?2 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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plated in triplicate at 500 cells per 9.6 cn2 on mtonycin Ctreated STO
feeder layer with the same HDM as used for maintaining each! 81200p ne.
Before plating, cell are trypsinized and fractionated by Percoll density
gradient centrifugation to renove 20 feeder cells. The cultures are

i ncubated for 10 to 14 days w th nedi um changes every other day. Double

~ b mmunof | uo C stai ning of al pha-fetoprotein and Lh.Js then

per f or med. %E@gﬁeoni es per well are analyzed by the P@%&%ﬁﬁ%rphol ogy, P
or F type, and the expression of alpha-fetoprotein and al bum n. The

col oni es  ar e dsyszind ¢ corldaitragonldf idxakRthRbne(Hocttedd to NeGavailPards, |1L) to count
the nunber of the colonies per 25 well. In the CFA for primary sorted cells
and adul t | i V%pedpsp arg perforraedis ahove dn e CFA fg adididivericgllssiaall gamibaasofdescr i bed. As

anot her m nor, nodi fi cat.i on, e.cul.ture period i,s .expanded to between 14
ond 17 17 SUBSPHGRS Sa vl i L'}%\"]ii PUSESR s Bopromsertion.

PCT/ USOO/ 2748 erélait on uiisinddHimBAREAE bisHids AHeibe ARKBIRIAARAIEm)S | NOT eased to
10-6M Al other procedures are performed as above. In the A for adult

i ver cel Iss, FerdiA ofbiliatyelifterenfiation ousopied @dls, ldoubky imeehdflao@écencaot el i mi nat ed

fromthe cell suspension after the preparation. Therefore, an undefined
number of t h&faipigg ghgllugni ﬁtKlaeftbwgqy@é&PPﬁW%édwswb@fﬂl@ For CFA of

biliary diff t.iati n r I | e . nununof.| uor.escence

st ai ni ng of g]_h@tl}rhﬁ ﬁl%%% n%ffé%gécggﬁgé%é?%aﬁ%gogQllegul Fr8Y FEIY IS days each of
the cul turembp thal nPCRELREL iYouRRSRBCR 10 coledly Aflaydd¥nP150f the cul tures,
any colony with nore than one CK19+ cell is counted as a CK19+ col ony. At

day 10 and 1&lonissobmaniesmaltpit elbswirnef twe CKiH cellsodr ust dhuseer affmdravharCK19+ cel |'s or

one cl uster 8’1; npre than 10 three CK1F9+ cells are counted as a CK19+
col ony. ABout oS 186 el pie soupied ayg K199 calony: bt &P colopishpepyrthre r epr esent s t he

SD 1 Ofubdui RlabiGRtLr Sl . NERATI ON AND
GARACTER! Zadhell Bt Bl Al £ DB e SR Rl Oems o nouse
EMBRYONI C CELLS WTH 15 A HORMONALLY DEFINED MEDI UM Sinple |ong-term

It f rat i ttenpted t how | ong fetal
epat 1 ¢ col | &2t RataoN A i A R ERRLGY &l S BBFhmituce pr ageny.
After a gradient QgRYiTtYs BSING MBS MbOSE BIRXG ORGEREPRORH;C mononucl ear

cells,

[=]

15 A HORMONALLY DEFINED MEDIUM.

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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the fetal liver cells are cultured on culture dishes coated by coll agen
type IV or 20 lamnin and in HDM (see exanple 6.1). The cel | $A803A05e wel |
for nmore than 4 weeks. However, secondary cultures on fresh collagen type
| V- or |amnin-coated dishes do not permt further expansion. \Wen

m tonmycin C-treated STO enbryonic nouse fibroblast cell lines are used as
a feeder | the secondary cultures, many aggregates of cells grow
Event ual | y%g(%\’%g;rog{ stabl e hepatic cell lines are est Jgﬂpgwggzs 25 from four

i ndependent experinents. 18 SUBSTI TUTE SHEET (RULE 26) 1 April 2005 WO

02129012 PCT/ USOGiziadatistdchamied hiaikio ehephidtaptotanaldy®businfe al pha- f et oprot ei n
and al bumin are performed in the continuous grow ng cell popul ations
bef ore cl oni ieffosnedipgheceptinugus growing celtpopulptions kefore clondigyif thefeedt Mipss.ot ei n and

al bumi n, are_used as the rkers confirm.t hat el |l popul ations

ori gi nat ed fPS%W%@%@%%PIPWH@%&&“%ére_(‘:‘%qdlas%BB‘E’I‘%&‘W"&HM&H‘Wa 5 tendency

to formpil e%elFﬁoplﬁﬁiolﬁori%n%tcﬁ%ﬁl%,l‘ﬁ%a@h?jﬁ&%eefhe c@ﬂ'go Hﬂﬁoﬂw{l{heanse expression of
um n, ile the T1 d

al pha-fetoprotei h and al atten nonol ayers, called
F-col oni es, tdndeney wiforinpilshefdelRXipcabisdP-olonids, 2all piddntéred @preicdion and no

al bum n. The enbryonic nouse fibroblasts, STO do not show any reactivity
to either anﬂ@%@%};ﬁo@maﬂfla‘bﬁmﬂhﬂaﬁ’élﬂ?@n@@ meriglagess, cillsth Bdolpdigsat i ¢ cel | |ines

from i ndepen t. EXREni .S sgl ect ed t.o the. nmorphol ogical criteria
of either P- %gmg?rﬁaﬁl £ %ée}glg%‘%{)aﬁ_ %gebpﬁhcgﬁaﬂgéialgﬁl&%hla 8’51]?1"_5’%9 sts nostly of
packed smal | nede!iiroblRst, ¥70, dHoPMbH Sny MREVEAS ciltl halhay. fdrkfmerlC) makes only
a flattened nonol ayer of F-type colonies. "Rter6 (Fig: Ib) Is an

i nt er nedi at e aplysischippdonstl hepatsell ling fromnitdependdnt expbritnentshe skledtairtagenei ty of
rter6 is still observed after three rounds of sequential cloning of the

f 1 at t enedOc oftsMprrheigsicd eritesipof pitherBywe erfetyas qoleniss. Rbeli37ditéig. 1kri ved from

single cells_] ‘ rterb.,the cells.are ed.on STO

fibroblasts f %lrgimrigl%%t@%ﬁacg%}%feng’ Ps%peecﬁo r?lgues_a‘ew%l%rf S§/h %#H%%i’? g%l I's per 9.6
cn2 (one wel hakk odly @ fM@Inkd BblaGer of Fhﬁpe%&bﬂé&lﬁt%rﬁt?% ltb?‘f%'an characterized in
terms of their norphology and their expression of al pha-fetoprotein and
al buni n. Fi gintePmgdiapdpheddype 2fithese fen. Intanaitily, tha beterogdneityrof gerbtssstill | n t he cel |

| i nes, rhel 4321 i.g. . 2b) and rter6 (Fig. 2c), 20 and in the original cell
popul ation pP¥e g‘f"cﬁt%’é‘ih’f?ﬁfqlfﬁds(oﬁf'e@‘?e“%ﬁ°n‘§$ pfflas flagtened polony o epfigni es st rongl y

express  alsPNfcid &Ry Yt Bdibhies WL RSm Bingld YRS mGRALD] &5 R6, GELARF a0 NOT-
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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Furt hernore, the intense expression of both al pha-fetoprotein and al bum n
is observed only in P type col onies. The norphol ogi cal diff&ABAIN t he
cl oned hepatic cell lines <correlate to the percentage of the P type col ony
(Fig. 2b and 2c). The percentage of P 25 type colonies in CFA of rter6 and
rhel 4321 is 33.3%( 8.6% SD) and 65. 7% ( 4.0% SD), respectively. The total
col ony nunt{% % r.well is counted to 19 SUBSTI TUTE SHEET (RULE 26) 1 April
2005 WO 02U PMPCTI US00/ 27428 cal cul ate the clonal Yrowt¥ 81 ci ency
(colony efficiency). The efficiency of rter6 and rhel4321 is 45. 7% ( 1.3%

SD) and 36. 4%aIcu1$tcll%cﬁB)Lgrdel$ﬁﬂﬁéﬂc¥@any ekh@enc) 1 IR QffRien&ak h&c kANt | y attach
to each other along their |ateral borders making preparation of single

cel | suspensitplfS2HisHf 7B 1.3%13\ended6 4% (5 d . 10ID)112epe@ivelz| The thd 20rfot  pr oduce

piled up 5 clusters. Next, the preferences of each of the cell lines to

adhere to spéﬁlﬁftﬁggﬁyc%tﬁ%‘(f%%aﬁ'f* %tperagn%"t’lF]&f(‘?{é’ﬁ’qﬁ‘%&%m%ﬁ‘ﬁPfeBﬁngEé\o are tested,

because the %F&@%él?éﬁs %si@?ﬁ&uft.!ﬁé%ve ,%llétﬁlmé-gcéféﬁ??&%l&g &lygs as lamnin,
I br Ifterent

col l agen type TV, an onectin, changes In evel oprent al

stages. Wser emstergol | agen type IV is the nost effective in the 10 attachnent
of th 1120-3 (Fig. 1c), simlar to the findings for the adult liver cells,
it works less mgth, proferences of pic of thaxell Zipes to 2bara BEpecificicgmpdnedts Laninin is

the nost effective substra for esion, of . rheld321 (Fi la). This
pref er ence isc’?%’ﬁttrﬁ?eﬁglfn{l 1oy )B‘fet?fféﬂ’ Y Hppion oGPotse v§regep§t al liver
cel I's. I'n sURREYECHRGRNS BIVEH colB¥RRR IV ORd Bbrofef 8rhigek gPr ot ei n_and

albumin in P type colonies and preféerential 15 adherence to |am nin by

rhel 4321, sudifesht dehelopnich®l stagtsd. WherpasicallagargpedV ddbicinog effectiveethe col oni es are
nore strictly associated with hepat.i (&\E‘r ogenitor cells. 6.3. | SOLATI ON OF
e

STO SUBCLBNES! tackirent pfth HP-x(ve Romaimita fimstisyey fopfhe pnitAdivercelBROGENI TORS 20 To
devel CF t i dept ity bi h i C.Dr ' ith high
ot b pot on ot el e hERL. 1) o8] RO B BE LIRS 0TS ML ™ O

expansi on at efbatedubsiSRatorandRn of héf1 gmgl. 1. This freleRfdeAihiRof criti cal
original hepatic functions. albumn and al pha-fetoprotein are two of the

nmost si gni f i ¢ehef prenakyenkurésef mewse fepal heep extlls.dn summary, the conserved
expression of alpha-fetoprotein and albumin in P type colonies and preferential
15 adherence to laminin by rhel4321, suggest that the cell populations producing P type

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
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25 devélopnent. The culture conditions optimzing P type colonies should be
the best, since P type, but not F type, colonies maintain théprebdi08ssi on
of al pha-fetoprotein and album n during clonal expansion. Therefore, STO
subcl ones are conpared in their support of P type colonies of rter6. One
of the clones, STO5, supports the P type colony formation nore 20
SUBSTITUTE@&HEET‘{RMLE 26) 1 April 2005 WO 02/29012 PCT/ US0Q0/ 27425 than any
of the oth B9 nes and nore than the parent |ine (£T6$W?a$§ The CFA of
rhel4321 alsqh£gg Mﬁﬂﬁxﬁpﬁﬁmﬁlgﬁ 1Y han the parent
STO (Fi g. 2e). Th§e rmuse‘3 ene ﬁ&eﬁé‘{mél%%}(ﬁr gglg\ég) %Oéresenchyrral
cells Iining ﬂlﬁ“é@sﬂﬂﬁo\ﬁeﬂfﬁw ﬁlétts @ﬂrﬂIE@@G@CﬁYesfeeégfs@mthe@hIelﬁtcSﬂ'Of(Blgal hepati c
cel | expansi eg.ThALbLRQEEN odiTENA is anal yzed
inall the ST subclonesfﬁgﬁere .ééﬁﬁﬁﬁéﬁgﬁf Hm acgﬂﬁ?ﬁgéﬁbeggn its
expression aﬁﬁﬁ@ﬁmﬁ@o§ubéﬁ@ﬁ@@h%&m&QWMMdethﬁwlfuﬁmummenﬂﬁ%@ the stable
transfect ant gy0d.iPiS e ?ﬁé%én@ls @e&jﬂaﬂ STB3 cion%]snﬂl@rgls ghTProvenent in the
colony formati'on assays . one e transfectants,

however, is alg@ﬁcanbilfﬁ#rmineﬁs exprgsdien ameng e Stﬁ)ebmé@tatm@homansf ectant supports
a more 10 st ahle R e SR sl Vb EJES_II’@?& na'3 g%/m%h STOS at
relatively high passages 21 SUBSTIT U April 2005 WO

02/ 29012 PCTHUSOGMmeRADEe elopy fqu_rmqmassmmig@ﬂ O ¢HER TG rRFIOTEN, TORS FROM E13
PETAL - LI VERy Lo B 53 5 p MR TR MRS ANBrbHE, el ONY FORM NG

ASSAY. 5 Hepatopol esi s and nasSive anmounts mat opol esi's co-exi st in the
fetal |i¥er StalS@)PﬁF%PrtCHCQ ¥ éhepriging anernhologindiiSTES ef relndvelythisb @rseades pr ogeni tors
has extensively been analyzed, whereas studies of early hepatic
progenitors are still in their infancy. The antigenic profile of hepatic
cells is analyzed using the three hepatic cell |ines
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10 established in this study, an adult hepatocarci noma cell Imefﬂ%TO ZB)

an epithelial cell line fromadult rat |iver (WB-F344), and!fpd
isolated adult liver cells. Conpared with FTO 2B, WB-F344, and adult liver
cells, the pattern of the nost immture of the fetal hepatic cell I|ines,

rhel 4321, is quite unique in that there is no expression of classical MC
class | RI;](@ Fig. 3a- 3x). The cell Iline, th1120 3 15 31), is
simlar to %)f%) 1 (Fig. 3a-3d) in the pattern of éﬁf‘%(pan- VHC
class 1), and I CAM 1, whereas rter6 (F|g 3e-3h) has reI atlvely hi gh

expression of RT1A1 and OX18 &ggg Addi tionally, another cell line from
a different ‘bxpB?EWATW@ﬁ TWRQ@NIT@BﬁFR@MFﬂi@[FB@&LtO rhel4321, is
also RTIA 1 OX1gfaklysRfdr: CE ANHY %?Fs@ nis simlar in
all the cell lines, S|Ie 0 the patterﬁl}ﬁo B and | CAM1 is unique

anmong them The Eﬁi-@ﬁ@rﬁc@l\ﬁfq&ﬁsé‘bf adult liver cel I s is RTIA 1+, OX18'
and | CAMd*. Since, in the adult rat, all bone marrow cells except mat ur e
erythrocytes strongly express MHC class | nolecules, the fetal hepatic
popul ation can bge@@B@lP%%aé@Hﬁﬁﬁfﬁﬁmﬁéﬂsh?éhm&m@mm@mﬂmFhe@fmlat| ons by MHC

Class | expriagel gt He &%éﬂssmﬁfgagaeticé&g&ﬁta& rsERchdoffiRgr © stal ned

with 25 anti RTIA and antib shows
col or - st ai ni #YrFsdtWhsreps S@Jdles iy hepptés ragapitoss arepgll debedr infarpy. THei ch fracti on

contains t heanﬂ%‘aﬂﬁ&:f&ile% hépan&)&ﬁ&‘i's Qﬁa‘lﬁé& usfnhiﬁ@ ﬂﬁée%gﬁahc?g%l L@Ese | sol ated by

fluorescent activated cell sorting screen CFA for clonal
growt h pdét erfstabljshediy ghis SE‘BY,@%MM@M?IWW el line (FP- ?:Bésﬁ@lcplthn]gﬂl of the five

fractions afae@rm%adnﬁmtﬁm(vbﬁ%u)can&ﬁésh gqs%ia&%&&nwg%nsned by expression

of 30 al bum n and al pha-fetoprotein, are distinguis al so

nor phol ogi caFFqHSPal‘B@W&IbFT%Bo T34y apdndni liveneellp thetpettenndt theapest i ¢ col oni es per

wel | . The N8k the gate :
RT1AMuu and ICAéI\L}%e}ﬁtf i fétehﬁeﬁa&p&hIhﬁescgél@%éqiqu?{lﬁgﬁgﬁ Eﬁgmﬂauencg of the P

type col ony ¢XBressign gh azgcaéwlﬁrqlapeﬁ@T%\zEﬁg(aaUL@ 289 cell ling 111200905 WO 02/ 29012
PCT/ USO0427428. il—?:ﬁ xgsﬁnﬁ@)to Bt A @digSh m@le éf@%{xe@?hﬂ&@ anof the

colonies, and the other fractions contain neg ers of cells with

col ony for mIWéCalaﬁsm 8 ICAN-haghersasyrtertHig. %-3hilhﬁéf9é@¥1pﬁlﬁb1§h pwpresfiothot h

al pha- f et oprpRei & ﬁﬂdn:@lslmghmuau&ﬁw 'aﬁdﬁﬁiﬂceu%@hémm@fme&epat' ¢ col oni es.

Sonme of the colonies, derived fromcells in gate 2, are Iarger t han
experiment, which has an identical morphology to rhel4321, is also RTIA "

0X18%" and ICAM-1*. Integrin b} 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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5 others. To investigate the MHC class | expression on the hepatic cells in
detail, three color staining of RT1Ar, | CAM1, and OX18 wi t hApHI2005
sidescatter (SSC) as another paraneter is used for the cell fractionation.
Si descatter (SSC), a reflection of the granularity of cell, is a useful
paranmeter for separation of hepatic from hematopoietic cells, because
fetal hepat '?c /%%luls contain lipid droplets as early as _Eli of gestation 10
(Luzzatt oo, 3 Fig. 4c shows that the gate 2 cont SCHISPFEH i ghest nunber

ool ory. | SRS S 0 FRHRRRS e LS oMo
(Fig. 4c, Adjractipiseompn negligiple nrmbers ¢fgells Rith helodydpmningabdite bl gatey 1 f or i ng cel | s
than gate 2 . . Al . he RTIA ,OXI S
QU and’ 1 AR BE et bR dfRMlohichl 8 8Bl 1bndHRR 1 a0 T

produci ng al pératidfaetoniss. Some af-the palondds islgrived fremeellsam gass2, ateflargeg than he i dent i cal

ant 1 gent ¢ sPr Ghir. Foluiitat e MERELDFdpfeidan e Epaiddetts ABLE, ehee ThE FT EqUENCY

of hepatic colonies fr mslorted I"TTver-based on the  expression of
RT1A and | CARar staping@ARE 1A nBAN-d1 and OX&$ witlf e sidesedtier)(S$patrother ol ony (per

wel 1) Effici Bl @y (& 7 500136.3 4. 627
35002)10. 07, of %et%so‘%gdaggme %@60. 138%%89@5%%%%8’%)?6&5%%%‘?30 2.60. 70

R4500269. 3 9gesdaritoisals if pispiningramatet for sepasiiosgidgpatic fremiemitetoistic i ndi cat ed

cell number {heMEa& ataftefiit bR cMainkidtrodi@l Rleady M Bl 1 of the hepatic
col oni es was esta a|§es‘r3u%d ??Jrﬁom g% SUBSTI T@E_%ﬁEé}T ?Rui%ggﬁnl April 2005 WO
02/ 29012 YCTugaty, 198128 Fig f¢ shpwithat ehegate Aoentainstthevghest pyrglgnof SD) . Ef fi ci ency
of the col onyypid QRN XGRS R2 biled ontf SRR Y6puPliof &rkSoddtiaay! ated to
cul ture that ?/vengt on g?% form col oni eosn ﬁmal 9zeg§p§?&t%r spordity

the gate 2 clearly shows RT1A" and OX18% phenotype (Fig. 4c, 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.

? 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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16 days of the culture. 5 6.5. DI FFERENT GROMH REQUI REMENT COF E13 HEPATI C

CELLS AND ADULT LI VER CELLS The growth requirenent of the sbfPddP%epatic
cells fromEi liver are studied wusing the defined STOb feeders and the
HDM EGF has | ong been known as a potent growh factor for adult |iver
cells. Therefore, the effects of EG-F for colony formation 10 of sorted

hepatic cells i nvestigated. The col ony-size of the 1A |- OXIg d"a
| CAM 1+ heh‘gqqz_gg_og’el | s becones bigger in the absence oErCTEéQ{”%ereas adul t
liver cells §plifegsEuepsuyprecenyt $O) Bificikrcy of e coduwy fofraffex s e 6 C) .

Furt hernore, d:henta f ' [ froamadult Iiver cells
is the typi calfe F t%@g\/\hﬁgir%%sm%@%e%%}&%ﬁﬁtgp%%ﬁ%%ﬁ ﬁ“@yzﬁaB%ﬁ'ce P type
colonies wt yspobthe cplsiiever , the 15 colony efficiency is reduced siightly
by the absence of EGF (Fig. 6a). Interestingly, the culture condition in

t he absence of EGE _enphasi zed the two types of P-colonies, Pl and P2.

Al t hough the Gvhj oPIHEFRENT GROWHT REQUIREMENTOF BISHERATIC RELIPARDday of

culture, it AsudtfifvERUdrico distinguish the two types definitively because
sone of them do not have the typical norphology Iike Fig. 6a. These

results suggest t Reaergwah squiremsaitof the swleft hepill callafrondB3tlivbriaveastudeal | s ar e

i ntrinsical | ysgp b QEMRYE STO5 febifs andiho L well as in their
expressi on of R%'I A (Fig, 3 andsarﬂlf aﬁgﬁégﬁgﬁéflﬁgﬁg%&%o%nﬁsaR??‘étr 3 weeks of
cul ture, whe®YFREHERT el lives colle dbpretoronth pifasinot BGEfor ety ssiitom of RT1A' -
OX18, andig %M&maﬁegwgss@g ah 1. Fl 1- weXpressi on of
RT1At is not induged, while E“rllcgt't?g_aof q\g?(i%&}yghgggg%%g& Tﬁgﬁf evel of 25 | CAM 1
does not chadgeM-Fheratieslpbeonshiszenie e gesense bl EGRumberasedultdivagl e col ony i s
cal cul ated f cemyidiRd cAGAANEh EShrks : € 6,0f rat hepatic
cells and the cyl(iz)l ony effi El_?enc_yﬂ., %ﬁ%%gg{}?%%]gépc%ﬁ%gﬁb%? reaches 3 to 4
x 103(Tabl e Zrehelogyof therlogiss desivedfeom adnleliver el is theayplical Btypa, ng t he col oni es

24" SUBST| TUTE L (L L sy efFoastre KGR WIGERATS Bokfoclts 27azs

Tabl e, 2. PCarlgruafidencyis reduesd slightly bitheydsenceof BGFgFig. tap dattiegingly) ony.

| nocul at ed Sepcimgo s i tfubihte 65 EOREHhhalRRA AU Sp& S oJiGEGEN! 29€ Of

Col'ony Aver a%? and P2. Although the majority of the colonies is P2 type, at the 12th day of culture,
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.
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-5 cell nunber (cel /cnm) (day) nunber rat cell (% efficiency (%. of cell
nunber in single colony to 50018181.5 x 10658414.2 x 103 466081298 0 x
10690443.1 x 103 400051204.0 x 10669213.3 x 103 15 Sorted cells fromR4 in
Fig. 4c were cultured on STO5hl x feeder in 60mm or 100nm dish. After the
period indicated of the culture cell all cells were recovered and the toal
cel | nunber d. The percentage of rat cells is fromflow cytonetric
anal ysi s ba(gée%gﬂ%% t he expression of rat |CAM1 and FSGYEYRHS. ~ col ony
efficiency indicates the percentage of cells inoculated to culture that
went on to formcolonies. Data from 20 triplicate-stained cultures (nean)
was obt ai nedT#hl%%th@aléyéef@rtiowhwﬂnnmbprﬁmﬁirqumpaﬁmqlwy- Aver age of cell
nunber in single colony = (Recovered cell nunber x Percentage of rat

ceH 100) / | nogpuated Lalnf defbtiyToRore YendO RQAYre EET PHERRENT NNy O Akmge V! DENCE FOR
Bl POTENTI AL| &Y miubér Rk’ HEPAT | (@y)PROGENTRER 2 Sathdl (Bl efBeialy (gestcat i on in the
rat, the hepatic cells are thought to have a bipotent precwmsor giving
rise to the mature hepatocyte and bile duct epithelium HoWe9ss 6K before
the discoveries of the instant invention there has been no H°%ct evidence
whet her the TwWo fates origrnated froma singte cett—or—mot——To determ ne
whet her te 3® RTI A118 OX18"' I|18AM | ' fBf=alithepatsBc cel |4 capxdd¥ferentiate
to the bilia l i nea in thi,g cultu st emy,t he co),onjes e stained by
anti - CK19 asﬁ%gspeci ?fc mar kerﬁf or b|r51%ixa§1¥S epigPheI [ alid‘ce%"&.lefmw is
expressed i n4@e bil &l duct epi2hel i al 40xe6Urso68 after2l dagx18.5 in the
fetal rat liver at which tinme the expression of album n disappears in the
cells. The sOrtTed RITAL 25 SUBSTI TUTE SHEET (RUCE 26)—1Aprt+—2005 WO

02/ 29012 PCTI US00/ 27428 | CAM1' cells are cultured in the presence or

absence qf Eged 3 1bfi§4'in FRL R veR Situred on STOShIx feeder in 60pm or 100mm
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"
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nmoni tored by the expression of CK19 and al bumin after 5 days of culture.
After the first 5 days, the CK19" colonies are negligible |11APW6209§Itures
treated with EGF, whereas a few col oni es containing CK19" cells occurred
in those in the absence of 5 EG-. Although the intensity of the CK19
expression is fairly weak, the CK19"cells show reduced al bum n expression.

At the 10t the culture, sone col onies appar ress only CK19
or al bum nt%‘é(ﬁ@)éo ers have dual positive expression. ei’%gfh’é""%é‘ig? ern of the

CK19and al b p | ... Th mb f

dual agos?tl \lj(rafcco g%%%iméa%ﬁ%gﬂﬁes%%Qﬁgsg%lct%lo\flgé%%ﬁ%%?%fsm%ﬂgl I n:Js ﬁirg(r)ler in
10 the absengeongpredBRh¢ Eipgessian)of CKA9 aﬂdelbpmmaﬁﬂdelawfof EfEre. ddeythef t he

col oni es Consq;ﬁts nl!hé( CREQJ’%IPH%'&H ncglgldléslflalte cﬁlﬁ@ s%rgm \Q%dﬂ:' g. 7b).

Eventual |y, the cent age 0 VE COl OnRi €s reaches nearly 100%
in the absend@hetﬁﬁs e colpniekepntaiSing EKE0 Fells occum':tmgmsmetb,e absGkeedf amat i cal |y

suppresses: t preYs)| t re (Fig.7b).
These resu it&%gggg'{gﬂt thltgris I%?cl 9%9%'%? gauu %#éﬂﬁ#ﬁhﬁﬁ cells from
E13 fetal |ishew @dmdialbmmemmsame Atdwdﬂtlisiastdfehelwllturausgmaqomage and their

]IcgthAng\ll iﬁlgp %I{%\F&%%%i:%%ﬁ S af?(io&&%&@é&l P@fﬂé‘iﬁA “ﬁ%oﬁ% GROWTH

OF HEPATI C STibrpatizg q&mqﬁﬂﬁm@mmﬁa@@lmlrrmmquﬂmamabﬁbpyom c tissue or
frozen tissu rom pig,
beagle, r abbﬁuﬁﬁerrr%agdgj %O(rgﬁlveé ?dsﬁkgnag%ga‘%ﬁivg 0&?%%@?%%%% il

phosphat el%ufW%ﬁb&nc@ﬁﬁGﬁéFlgﬂﬁsin thenpressnce of BGF, mgnywitthe coRSescongsipl e of ti nes,
the cell su T MEES P n at 37 or
for 60 mn at oo% 25 t%ﬁ%%?%?gt‘rﬁgam f bggl ta%afllk%ﬂeﬁlefbﬁ% ég&r;glgainnetl c stirrer.
The remai ni n@ogtye coloniatikashesmearlyr 1A vrele Byentd ofESHahdpytlAFisT@pensi on t hor ough

mesh. The cel Hdieh | th a basal.
medi um (e. g. AIEE) ?ﬂe‘? l\/$ lﬁ"g ‘g}%en Seg&va%%ﬁﬁcségr%%b Oﬂhléﬂ%%g etal calf
serun) and wtllwuklﬁyﬂ’@gm)aﬁm@s"@ﬁmqﬁttbalimglRé“ﬂrént@ﬂ(Se gdeC%iWH gl ut ami ne,

sodi um pygv AN L‘uﬂ}s& 30 substratum
and serumﬁésju%%&eﬁnent 33’5&(‘]{&9&%&%&%&%%%&3%8%1@%5?5 t permt expansi on
of a cell popatbainineneen ky EGE invitpedh 8at e as support cells ("feeder cells"),
nost comonly being nesodermal | y-derived (e.g. stromal 26 SUBSTI TUTE SHEET
(RULE 26)

P

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
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1 April 2005 WD 02/29012 PCTI USO0/ 27425 cells), and that prOV|de factors
supporting the survival, growh and/or functions of anot her! 2@l 2 P?pe
(e.g. progenitor cells). The feeder cells are subcultured with 0.05%
trypsi n when they becone confluent or al nost confluent. After several
rounds of subculture, expanded cells are prepared as frozen stocks and
stored as til use. 5 An alternative source of feeder cells can be
connercial?@”%@% abl e prlnary cultures of feeder c@FF@g]é” eeder cell
lines. In an he .f.o omnn cr| erla eeded to gentlfy t he

appropri ate g)d%nr ‘thel progide %rsf'}? eSIuTVV P9 umoions|%hnal growt h of
hepati c pr ogemihensel typk (dxe. pﬂogenmeamymeoeemm&nramu&hmahﬁmlom class |
antigen(s) n five itiv nd/.or oncl a VHC cl ass |

anti gen(s) d%?q% Sb(glgﬂhﬂ/ eco%é%’c’ﬁ Hfaﬁfg‘BP%ﬁM“&“ft ‘%F%beé?@rw sqfi th progeny with
t he phenot ypeibmﬂmieewmanded@ﬁsamﬁ‘cpal&ﬂ@s fozas fodks addistogedaf Sith wegakl ve, | CAM 1
positive, 15 n ncI assica ss | anti . positive,

al pha- f et pr & elterrln veosé)}utc?(\)ng 41° F}ffrﬁ“hb 8@1“? \7‘@‘g ‘)f'ﬂ%téfgmﬁréé’lﬂf“i“??e or 3)

i nduci bl e di bﬁfeadmnmnfmxmmmbdn knyhﬁeﬁhemﬂdmnﬂgagﬁiaai‘ﬁeéﬂed foary |ineage,

required to n ic progenitors. 20 In the field, classical
WMHC cl ass | %@fgﬁ QPPPOPH% %ee%ﬁg I as MHC class Is antigen. Non-cl assical

MHC cl ass | anti gEie féederatlisougpoown as MHC cl ass I'b antigen. The MHC
antigens have different designations in different species: RT1 in rat, H2
in nouse, and HLA in humans, for exanple. 25 The assays noted above are
descri bedobel ow. 1 cIcrhmlgrg«vthmtl’rmmmdgemtmwitbﬂlelpmaiypmmmkagem tors The

hepatic progenitors acflﬁm@al Laly 59 en@gl%eig% VE(AI{JA@’@@OS%‘e’ﬁ fl‘rgik)g‘]r owt h- arr est ed,

i.e. cells treated to preven pro The feeder
cells are grow h- arrasxldwbs1cz8®ﬂli§/classlaangang)ﬂd1@mme:h m tomycin C or by

{eeder cel s and 2 ogenriae A aiesiPh B3GR v Wbftiorr Feded7 "sDpsri TuTe
SHEET (RULE 26) classical MHC class I antigen(s) negative, [CAM-1 positive,
15 nonclassical MHC class I antigen(s) dull positive, alpha-fetoprotein
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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1 April 2005 WD 02/29012 PCT/ US00/ 27428 1DM As an exanple, HDM for the
rodent cells is a 1:1 mxture of Dul becco's nodified Eagle' tAREHO0GA and
Haml 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%
bovi ne serum al bum n, 5 x 10-5M 2-nercaptoethanol, 7.6 eq/1 5 free fatty
acid, 2 x - utamne, 1 x 10-6M CuS™, 3 x 10-8M H2Se(3 and

anti bioti c&%'ﬁ%ﬂcul tures are incubated for 10 to 14 P&Q@@”W‘?sn medi um

changes ever t ' r n tai ni.ng of

al pha- f et opr mﬁ'n&%gleg%eﬁﬁaané/ 0‘1? %E%EIL #g lﬁﬁé‘gm%gfﬁ%lseﬁ%s for identifying
the fate of wiediiptEnaglsisywedinbeut HoOOFIGotibnided 10 ag/el BGR S we/ed idsylint he expr essi on
of al pha-fetopgotein and albunmn, Furthernore the 10 .col ony norphol ogy, P
or F type, CE@F é“{h%ﬁ‘{?f’a IBHQH‘?F‘PT@QWWI’B@YF‘F\é'4r"elpe3%nt progeny. The

i deal combi ngihi@mft, fRL0RMme &Rl vk Sme%aa' 3 .1 ar t hose t hat
originated fromthe ident ingal speci g’s. ré‘?gfdgﬁ:?@%ﬂ%aﬁog’?gggﬁlr cells are
fromthe Sanfedfatsasil,2nd 163 Maueansie ¢ k 46-SRCUSDE, shelvetv Hr5H08gedi t or s.
However, m xing. of feeders from one species and progenitors from another
i s possi bl e. ZFEbioties, Thaspitresaednrupateddpn L0t Lrdays wigh medivpchanggeeveled for human
hepati c pr ogemériday. Doubke il idiiélcdnBSRliniy & afphtte@pdteld NBImik 3a/Be  Speci es-
and/or tissu -ﬁ)'e(:i fic) help ,ﬁtihe cl on%I grow h of hepatic stemcells or
hepatic pr o§§ FW&P“EPHB“;BU aulype therefe plibs Rspgsny. dbout 309 cploniehndi t i oned

nedi um from hb%l@ﬂédw%x?@ﬁﬁﬁbf aliGobteth BRI Mk BursRBGL @8 and tissue.
The feeder cells can gg%ﬁ; any cell_ typ nQt just stromal cells. 2) Wen

e,  not |
the critifal SHYMYFRIG & K ABwAouldprdseiRlddeatiticafionf digirdleypty active feeder
cel | popul at progenlpy i ntroduction into any cells of conplenentary DNA or
MRNA for transcription or translation, respectively, for the 25 synthesis
of relevant nol ecules (signals) derived fromoptinal feeder cells active

for hepatic Picdgandokdmstiondf febder &ehsaxfarﬂeiaiﬁspﬂogd‘nﬁ&&ailééh‘ééettﬁeﬁsrigﬂtihﬁéaﬂ, g_ne Ca_nt .
suppl enent i ng e medi um w

al so repl ace_t he feeder cell al t oget her

t hose si gnal E‘,’m\%‘ié‘ﬁﬂ%“l"f%’f‘%?‘ S‘-'BféraB]#’ %%CFF?, “ﬁgﬁﬁ%@,ﬂs%tﬁ%ﬁﬁ ates, |ipids,
gl Sr/TgppepFliSdeﬁa;nﬂ@ﬂ?}%ﬁ@ﬁ’tﬁ&lﬁ%qﬁs progéﬂitblﬁ.ﬂwh er Shikis .| goiglaé&%@i’rgﬁ:coﬁ@spe&ést a 't eed
gg| | Isng.t(‘.:![ Io\r/] egflﬂ&%gg{g%g&’j%glsﬁﬂ{)%%grﬂg%&&% _%o? tlax%g'le,sevcn rgéelntv fgeder crel(ljsnc]:at? P na eeder

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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28 SUBSTI TUTE SHEET (RULE 26) 1 April 2005 WO 02/ 29012 PCT/US00/ 27428 The

above exanpl es have been depicted solely for the purpose of 1 April2005
exenplification and are not intended to restrict the scope or enbodi nents
of the invention. O her enbodi ments not specifically described should be
apparent to those of ordinary skill in the art. Such other enbodi nents are
consi deredv&@z{z@old’ 5 nevertheless, within the scope _and spirit of the
present invention. Tbus, the invention is properly IFCHUPBE Y1 el y by the
clainms that foll i | 4i [ ited . herein are

i ncor porated by L ﬁ%@%ﬁpﬁm ceugéragd%#?ﬁdrsgl?&g"gﬁ‘%ﬁg‘%%t‘i%ﬂ TUTE SHEET (RULE
26) 1 April ecoplingrigpndee net iRaredisosiizriegork. or Anbrdineotd obthe pr opagat i ng
endodet mal | y; | r Al i i xtures thereof
conpri sing Chrﬁ%fﬂ\{-%@ﬁ@%ﬁ%@%@&w&%ﬁ%@%ﬂ%&éﬁl?gagfﬂ%: ?ttgci trﬁpsfjr ogeny, or

m xt ures t hepwdinayskil ngheart. Senlypthesimbgdifnentslae caneifidred tb fallt he presence of a
culture di 1 h: LteOr i Dpr. . QL. M Xtures

t her eof ggpr%%%@%ﬁé%%ﬁ?ﬁ%%&%ﬁ sp‘gﬁl&pr?%?ntéiéﬁnémgn |§gag)\rélngﬁr(11m§o not express
a cl assi cal iay@eHinited sdelpby Gipelpims fhatfiolléwgen. 2. The method of claim 1 in
whi ch the progeni Al a2 10 : rise
vertebrate celjs‘.&%a&%tﬁe utlhog%&g?i %h‘é’?‘ﬁf{zp%%ﬁ?:ﬁ’;{%ﬁ%"‘%‘g"'fﬂé‘g‘%ﬁ?t ors, their
progeny, or Mi%8F-es thereof conprise human cells, non-human primate
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 hereof derive fromliver. ‘
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6. The method of claim1 in which the culture nmedi um conpri Sﬁs a. 2@@@
medium 7. The nmethod of claim6 in which the basal nmediumi (ﬁ\qﬂlj

Dul becco's nodified Eagle's nediumand Hami's P12. 8. The nethod of claim1
in which the culture medi um conprises at | east one hornone. 9. The nethod
of claim8 in which the hornone is insulin. 10. The nethod of claim8 in
which the cul ture medium further conprises a glucocorticoid hornmone. 11.
The nethod $0%P8m 8 in which the glucocorticoid hor REHESIpE28

dexanet hasone. 12. The nmethod of claim 1l in which the culture nedium
further conprises iron- saturated transferrin. 13. The nmethod of claim1 in
whi-cl¥<t-he..cul ture nmedi um further: tﬁ*rfpm ses nicotinam de. 30 AMENDED SHEET

© (ARTI‘CLE 19) 1-Apri | 2005 \WO021 29@];2 PCT/ USOO/ 27425 14. The method of

elai'm™ in whi ch-t He culture nediuffutt her conprl ses serum al bum n. 15.
“The nethod of claim 1 in whichthe cul'ture medium further conprises at

| east one reducing reagent 5 16. The nethod of claim 15 in which the
reduci ng agent s |j thod of claiml in which
the culture rredjl‘um gfnﬁ °P§Ea5‘1’gefé3§‘id“m]6ﬁ“‘°1‘Y‘=§P'ag¢&ﬁﬁb| [TEREREY: P8 The et hod
of claim 17m1muremharc¢f cmhmsing piligigepdpkematytdetodpogeaiass, Meif frog@ny, bd fatty acid

m xture. e L l4c) e free fat acid m xture
conpri ses {Eg@;{hl C taaglgl%rcgml%mp%ﬂlel c“‘q%s\g.@ ere’échf%wg%?ﬂ?& &c acid,

l i nol eic acWhic,h tthmmwscﬂlawmgcnmr mixfuredshanef ¢xpress intérestlaafadhesion

molecule anfigen 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 bu mlm;tlceamp,rmhmtolew acid, stearic acid, oleic ac1d linoleic acid, hnolemc acid, or
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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cytokeratin-19, or conbinations thereof. 38. The nethod of claim37_in
which the ICAMis ICAM 1. 39. The nethod of claim| in which' €R&3498Batic
progenitors, their progeny, or conbinations thereof grow as piled-up

col onies. 40. The nethod of claiml which further conprises cloning the
hepatic progenitors. 41. The nmethod of claim40 in which the cloning
utilizes di I of the cell nunber, cloning collar i n agar ose,
growt h on g%g%ggﬂ%lom/cytonetry, or conbi nations thé?g@g®8£%§ The net hod
of claim1l1l in which the hepatic progenitors undergo at |east one mtotic
cell division. 43. The nethod of claim42 in which the hepatic progenitors

...-under go at. I'eags.. t€rhe meihbddf iclainCich whidh the Rbdan@ils cddhiprist mapdiod of claim 1l in
. which the.hepatjc progenitars give rise to daughter cells having a .-
" separat'é”fat 'é.‘%'ﬂtS‘."%gg’ﬁ@?%gﬁﬁlggl B *udh%%ﬁ%e“.%ﬁ“"@%ﬁ%_%‘ﬁm?ﬁ%m@%? ghter cells

di fferentiate iBfit 0 T micthodpfcleind Isin whickethebdphtipgrogénitak edpressMEC Alasafli ch t he

daughter cgld LS [ ey . QNS : Jhog of
i dentifyi ngd“h%ﬁa si(]é:f%?{g\iﬂme%}es%@%r?%é% (t)enlﬂr;?’&%it’sng pr o5 %%ﬁ@“%%%? ?j’c
progeni t or g combipdtiongthasepBny, or m xtures thereof, and a sanple suspected of

conprising at hLgast 91@151 : gonbi ni ng the progenitors,
their progeny, 3%2 T&ﬁ/%%l%%{)@SI—!E fﬂn?g%\%%{éﬁé?éWXpn | 2005 WO 02/ 29012
PCT/ US00/ 27428 36r  ribg mgibedsof cliey leia phick fethappfis poarng pxpresHC slsdinvi ng

Stimul at i OfyQlorehs R, {mts 0K 1 58IR Az biEss alhRBRRbER! Swre@Biburhin/BpRQd Of

identifyingfiepatic differentiation factors conprising providing-' hepatic
progeni t or etokeriE-19, progghipaiionsdhereqt xt ur es t hereof, and a sanpl e suspected of

conprising 38.  The method of claim 37 in which the ICAM is ICAM-1.
39,  The method of claim 1 in which the hepatic 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 danghter cells differentiate into
hepatocytes.

47,  Amethod 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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at | east one hepatic differentiation factor, conbining the pr enltors
their progeny, or mxtures thereof, and the sanpl e, and obshgg
differentiation of the hepatic progenitors. 49. A net hod of |dent|fy|ng a
hepatic toxin conprising providing hepatic progenitors, their progeny, or
m xtures thereof, and a sanple suspected of conprising at |east one
hepatic to ining the progenitors, their prog xtures

t her eof , %ﬂﬂ?ﬁﬁﬁﬁganple and observing the death of%%ﬁ@&ﬁéga iC
progenltors. 50. A nethod of devel oping a drug conprising providing hepatic
progenitors, their progeny, or mXxtures thereof, and a drug suspected of a

.capacity t@nﬁﬁr&q&erdaﬁﬂﬁth@sampeQﬂmuwgmma@beﬁgrmomeﬁﬁ@bi ning the
. progeni tors their progeny, or mxtures thereof, and the sanple, and .

obser vi ng B0%H%Fge i i the metabol i smof the hepatic progenitors. 51. A" -

nmet'’hod of i dends. fymmwaﬂemgmpmmmm&umm Simpdsingpewidligng hepati c
Cuspect ed BreH TR P AT Abr o bR e Suls PRy e Bogeni for s

t hei r progelkyst oxmmepm«mﬂeremaﬁoh@cl@nﬁqmbmn@tﬁetpe)gerﬂtgte,nhe;rpmgdxymnser vi ng changes
In growth .&f epﬁa@&%& g sa‘?:pf’g&@ hsQh . %v%’éentiptm%f rﬂé”ﬁ!ap 8&&%&%@&' ng an

ext racor porée rver rov ors, their
progeny, or m4&turagnﬂhépbéﬁﬂﬁﬁmaahqnh&cmmmPMgpwm@@mhﬁ@@ims their progeny,

or mxtur {Sﬁrtﬁé?{prJ:% mflo ot hiE BAGEH, abtiY duth 1@su§ﬂé£t£d '@\gﬁrxsﬂ Rugtion is

obt ai ned fve as an extraco poreal Ti 3. A nethod of
propagat i rvgehremﬁwm pqncbgmmtl@memtp%éheﬂrpmgwaﬁyuxwthﬁ%i #dde  t her eof

conpri si “%ﬁmgé‘)mcﬁc{]?ewﬂgtﬂegaeﬁthohﬁ@h%&aueﬁ%gehﬁ‘o?@tl c progenitor which expresses

intercellu esi on l'ecul e antigen and does not express a major
hi st ocorrpat ab| §6 t y Ageetiog afflevelgping 2 Ay comprising FrovifinghepaHeRoeRitoSnr ogenitor in a
culture ”&%ﬁhﬁ&h&&f'aﬁ@ﬁuﬁﬂ@eﬁﬁ%ﬁmﬁmﬁ%hﬁé@t& pt hetic product.

54. The rret hod claim53 in which the cul ture nedi um rbrh?t h conpri ses
gl ucocor t iREgFRitor, M@Whﬁiﬁsaﬂéﬁw PEREERNET, UeZ POTLYs 9 EHTTS Fﬁ°§e or

conbi nat i op$mt B ﬁ%@%ﬁ%ﬁh@@ﬁh@b@m&%&p&@pﬁg@uﬁm29012 55. : Tho
nmet hod of claim 3 in feeder cell biosynthe roduct conprises
5 e DG R

a peptide, a g?lycoﬁé??fq"a@f‘d@t By sakmpgrobials gomBrigne PROVIgME ARG - 5
car bohydr q;tr@em@rs thdi @eﬂy,, oﬁm@hn}ém@éo@,ta@danleaaaodelammuqﬁmdmf haymgemrrbl nations

thereof, | agnmcrcglgﬁ etffh ch coml?ng tth progemtors, their progeny, or mixtures thereof, and the
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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product enhances the proliferation or differentiation of the heﬁaétig
progenitor. 56. The method of claim53 in which the feeder cefipriZ00
bi osynthetic product conprises insulin-like gromh factors, interleukin-6
famly growh factors, hepatocyte growh factor, fibroblast gromh factor,
extracel lular matrix, or conbinations thereof, in which the biosynthetic
product en he proliferation or differentiatio epatic

pr ogeni tor%&ﬁ] e method of claim53 in which the }(c?{ug&aog?z%ne hepat i c
progenitor conprises at |east one cell from human, non-human primate, pig,
dog, rabbit, rat, or nouse. 58. The nethod of claim53 which further

= conprises cloning the at.|east -one. hepatic progenitor.. .59 The nethod of

claim53 further. conprising adding.a. qr h factor. 60. The nethod of claim
*759 further co'ﬂ%i“ﬁ’&ﬁ%ﬂ °E@m‘éf%:§fnfq'fhé¢g?‘??%%“t’f’ igsyhefic Prodyet o oduce
hepat-oeyt esmpiied 4 geptjdecedlycapeptive, lipogaptiatzilipidsa flyveliphd) b cartphydralie et hod of

claiml in ich,the.culture nedium.is serumfree, .62. A nmethod of
a1 o iR A SR S W in sl "OT O o

t her eof compiucishiagees the prolifieraipnenditferentiatioh bithellepitic gdggpitageni t ors, their
progeny, or kXt U r 2Qf. - I s S . r cells in the
presence of anks@éruﬁ}ﬁf?%tgﬁggﬁ%ﬁggm%r#é %ﬁrﬁﬁeﬁ%ga{%{g%{ﬁgﬁaof claim62 in
whi ch t he qomptseninsulin-dike groveh factps.dejerteykin-6 family growthdastors; hppstecyie sowthpri se | i ver,

| ung, int ' ' [ in O i nations
t her eof . 2%%& e rretéﬁ%g o?tm%:‘%}gig@nﬂ‘g% m?ﬁ?,% ?@&ﬂltqﬁdék %e&g?fhurlngilfnﬁig@gtd)es Dul becco' s
modi fi ed tisitketicpradugt ephaness he proliferstignpp diffgrentiativnef the hanais PEECHPRI m 62 i n whi ch

the cul ture megj UMGONHRIISPEiAlS3 EARh 1R easl 6 RRRR prd3buitorlddBpiley hod of claim
65 in which the hornmone is insulin, a glucocqorticoid hornone, transferrin,

epi der mal Fleashens cplbizqmehumap,nop-BHEST RO B dopatbbibat B MOWSFhe et hod of cl ai m

62 in which thg f egehethidlof 82iMAY FhidR Ak Simprivd tleding (BOARESt RS a ti ssue from
at | east one vertebrate. 34 AMENDED SHEET (ARTICLE 19) 1 April 2005 WO
02129012 PERlipRREF S, 28

59,  The method of claim 53 further 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 1 in which the culture medium is serum-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,
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,68. The nmethod of claim67, in which the vertebrate conprises hunan;
non-human prinate, pig, dog, rabbit, _cat, i souse or. conbl ARH;ZH93
t hereof. 69. The nethod of claim62 in which the feeder cells are a clone.
70. The nethod of claim62 in which the feeder cells conprise stromnal
cells. 71. The nethod of claim62 in which the hepatic progenitors express
intercellu esion nol ecule (I CAM antigen, do S nmaj or
hi st oconpat a f f%?{]y antigen (MHC) class |la antigen, &gélpg@sé}s%“ C class | b
dul |, express OX18 dull, express al pha-fetoprotein, express album n,
express cytokeratin-19, or conbinations thereof. 72. The nethod of claim71
Lok whieh the |LGAM iTe eied of claifeb7 inWABcH TR oRB a8 cobprBbs e, Ad-nalieh the
. hepatic progeny do not express VMHC class |a expr_ess,,_l,\/HC class |Ib, dull
e express | CARpA e?&érd@%?b@(i@' Roibind ?F‘“%‘R‘ﬁ‘i"‘@% ﬂ’&Tebﬁ'\a- f et Opiot €i'n,” express '
al bum n, expresg cylhekenaldf Baikd idWhichOdTeddaictiRRS ablgy, eof . 74. 'The net hod of
met hod of cl aim 62 which

claim73 in which e | i.s. | CAM1. 75 Th
further conpri 2@5 ﬁ%ﬁ@%ﬂﬁﬁg@aﬂ]@@%ﬂé segpreise szgmal g4lls: et hod of cl ai m
75 in whi ch t hgl.he[Tht inethqrod cleimi 62 b1 hichntbeieitic progehieasskprass Biterddiliiat i ¢ cel |
division. 7%z, . The f.clalm.75 in which the atjc enitors
under go at™ &esf'i);s(?Ll D}eg]rié &%&f{g?]?%e E’gdg PPt Bprer g!fajgﬁs'towatagﬁﬁg W?'h‘g)é%gf claim75 in
whi ch t he drspRtntigep expenMBEGckissdhb dd, spse 0X18 ddlgiptearalphefiop®telavi ng a
separate fgte.  #£9.Ih t a&lalmrg. | .ch the daughter cells
differentiate | ntg%n-gb%?l?%rc 9%319{' éé_\;o%gb%%sgga‘?%? claim78 in which the
daught er cel | s73i f ffoy weibgdof daip i in Boch ed BAMGEN¥dB1. 35 AVENDED SHEET
(ARTI CLE 19) 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
mitotic 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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