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Abstract: A nethod of obtaining a mxture of cells enriched 1hP ?égf’ic
progenitors is devel oped which conprises nmethods vyielding suspensions of a
m xture of cell types, and selecting those cells that are classical MIC
class | antigen(s) negative and | CAM 1 antigen positive. The weak or dull

expr-essi on “ﬁ“’ﬂﬁgﬁl assical MHC class | antigen(s) car}é,&g‘a@%%?%f or further

enri chment atic progenitors. Furthernore, the rs can be
selected to have a |l evel of side scatter a neasure of granularity or
cytoplas mc droplets, that is higher than that in non-parenchymal cells,
such as henopdEEHODSOF ISOLATMNG BIMTENT HEPA IFEC PROGENTDOR (ELISNnchy mal

cells, such as hepatocytes. Furthernore, the progeny of the isolated
progenitors gan e¥pPHRSSTI Qprotein and/or al bumin and/or CK19. The
hepatic progenitors, so isolated, can grow clonally, that is an entire

popul ation of pr egeiKkes diveliidn fekds VOV CANuARE nfafkds that difiRgadones  of
progeni'tors hav,eﬁ% %[(rgovvth pattern in culture of t;j)l | ed- up aggregates or
clusters. TH¥BEZICREIfERdcRoRoisP eills n PrHEavdbrdrTeRig BgfeHP 6i8dsar e appl i cabl e
to any vest elfisafagss tifedn Faﬂﬁp 800 cell@ithaRAbd sheRdtR@anRt klligese! | popul ati on
I S expected t@ tEe useful for _cell, theralgi e.s_li or biogartificial livers, for
gene t her api @85 14131 n6eaEYs fREelafRicRe PaigTatiteo PEPmplpF (IMECY 8 Lol ogi cal |

phar macol ogi @fgen, posifitt piae MREENHAr dHesiGl Qécals (RAM-1 ) ¥RSdull gadiivens. 1 Apri |
2005 WO 02/ 28997 PCT/ %%)/ 27429 I\/FT S OF | SOLATI NG BI POTENT HEPATI C
PROGENI TOR é‘ETLIE} iassical class I antigen(s). Moreover, the invention relates to the

hepatic progenitor and hepatic stem cells produced by the methods of the invention.

10 2 DESCRIPTION OF RELATED ART

-Identification of multipotential progenitor cell populations in mammalian
tissues is important both for clinical and commercial interests and also for
understanding of developmental processes and tissue homeostasis. Progenitor cell
populations are ideal targets for gene therapy, cell frangplantation and for tissue

15  engineering of bicartificial organs (Millar, A.D. 1992 Nature 357, 455; Langer, R.
and Vacanti, J.P. 1993 Science 260, 920; Gage, F.H, 1998 Nature 392, 18).

The existence of tissue-specific, “determined” stem cells or progenitors having
high growth potential and/or pluripotentiality is readily apparent from studies on
hematopoietic stem cells {Spangrude et al. 1988 Science 241, 58), neuronal stem cells

20  (Davis, A.A., and Temple, S. 1994 Nature 372, 263; Stemple, D.L., and Anderson,
D.J. 1992 Cell 71,973) and epidermal stem cells (Jones, P.H., and Watt, F.M., 1993
Cell 73, 713), each having been identified clonaliy 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

25  responses after severe injury (Hall, P.A., and Watt, F.M. 1989 Development 106,
619).

The mammalian aduli liver has a tremendous capacity to recover after either
extensive hepatotoxic injury or partial hepateciomy (Fishback, ¥.C. 1929 Arch.
Pathol. 7,955), (Higgins, G.M., and Anderson, RM. 1931 Arch. Pathol. 12, 186),

30 eventhough the
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1. FIELD OF THE I NVENTI ON The present invention relates to nogvel ce]l
surface markers that distinguish hepatic cells from henat opgf\?f'l gooéel | s.
In particular, the invention relates to methods 5 of isolating bipotent
hepatic progenitor cells with a uni que phenotype that includes cells that
are negative for classical major histoconpatibility conplex (MHC) cl ass |
antigen, p for the intercellular adhesi on nol CAM 1), and
dul | posi tﬁ@e“?o? noncl assi cal MHC class | antigen(s msft’)?ze‘{(%ver t he
invention relates to the hepatic progenitor and hepatl c stem cel S
produced bylitehis vsreiihogsescHut tishe wﬁthacerapidmmov&ﬂ D foGedehiRiii@NnOF RELATED ART

Tdent 11 cat o of kil RALERL) Bl ALOGSI PLa el PoRULAL Lons |0 mamal i an

ti ssues is inportant cll and rcial 1Tnterests and al so

for u_nder sdlang brlgmiei gnb@ﬂqiommtﬁmaahssqgecbh}%sés:ampimtmuos sxperith@re 0St asi S.
Progeni tor eglles DOPMAULORS.ALR s I, FALDSUS o lodiR0E L hoy apy. cel |
transpl ant at1 on an Tssde 1 engi'neerrrng o CoArtiErer al or gans
(Mllar,5A D49)1%@6Nmeum@tﬂﬁaﬂﬁ usé SBhetdrepangpens ivit cell pomilaadamiting J. P. 1993

Sci ence 26 0 ZLC&Y j;ogﬁ%?v%’thaf the pv%@?ngtentlaf c}‘t')r erve%gdgr‘ive& %?)m ag htepar%ﬁclh& | gln ce of

tissue- spem?l rmne S or progeni ng high growth
potenti al amts, (ﬁDmpll subnopdition b adhli payenchymabalil dnyloaﬂmpmncmrna:eﬁcrh@malst udi es on

henat opoi et | 241, 58), neuronal
stemcells Jfgs ?B}\%g&ﬁlok%&“éuﬁﬂ %E‘l#?e Su}%;esgﬂg ‘%ggﬁ nﬁé{oﬁ% 72, 263; Stenpl e,
D. L., and AwékdligloliffererDation, si@@the hthIuseﬁllad @ihg)altamih-wplinkes tramsgessem cel | s
(Jones, C i been

i denti fllgdl_b(ﬁ%?lﬂagl%lth\ép%ge aEzr eﬁa%g’h %Jnlcﬁ% enzrr%f%%u% &J?h&%\é%‘%?ate for that
tissue. Thes»edlpmm@emetedtp@foalhehqpaigamdmam Théreforeathd ssayemponsi bl e for  nor mal

hemat opoi et. I ssue honeostasis and for
regenerati vg&ggjnae%fst%o fm% c%é@er%dsl njury (Hall, P.A, and Watt, F. M

1989 Devel oprment 106 619) The manmal i an adult |iver has a tremendous
capacity to recéﬁ?@Fal@Ftﬁlégmf’éﬁtt‘%tﬁs’fa‘@ﬁfttéﬁ§ﬂ@é‘¢??élﬁaftﬂéffel%l c injury or partial

hepat ect o nynﬁﬁEésﬁﬁ&ﬁPﬂétusé: hve a@i&% gxﬁin%l‘l"blfotg ko, d]ﬁeren%%)o:bﬂé Figgins, G M,

and Anderson, R M 1 Arch even though the

SUBSTI TUYTE ﬁBFEE’Fm(aRUEIEﬂSZ?SWtETCAiﬂaioFYtezé@BOJW PW%GFCWMI@GO/ 27429 |iver

i f gsual Iy B, SP8L935 Cfdphtid deBeddptreMob HRUA the S8l thdfl MiBlermDat @ from recent
studies in
immmediately 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 embryonic day (F) 8 in the mouse. The initial

20 phase of hepatic development bmoﬁ% evident with the induction of serum albumin
and alpha-fetoprotein mRINAS in the endoderm and prior to morphological changes
(Gua;di, R. et al. 1996 Genes Dev. 10, 1670). AtE 9.5 of mouse gestation, the
specified cells then proliferate and penetrate into the mesenchyme of the septum
transversum with a cord-like fashion, forming the liver anlage. Although the liver

25  mass then increases dramatically, the increase in mass is due largely to hematopoietic
cells, which colonize the fetal liver at E10 in the mouse (Houssaint, E, 1981 Cell
Differ. 10, 243} and influence the hepatic cells to show an extremely distorted and
irregular shape (Luzzatto, A.C. 1981 Cell Tissue Res. 215, 133). Interestingly, recent
data from gene-targeting mutant mice indicates that impairment of a number of genes

30 has led to lethal hepatic failure, apoptosis and/or necrosis of parenchymal cells
between E12 to E15 (Gunes, C. et al. 1998 EMBO J. 17, 2846; Hilberg, F. et al. 1993
Nature 365, 1791; Motoyama, J. et al. 1997 Mech. Dev. 66, 27;

2
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t he nmouse have been interpreted to suggest that adult parenchymal cells
have an alnpbst unlinited growth potentiality as assayed by $épribd005
transpl antation experinments (Overturf et al. 1997 Am J. Pathol. 151,
1273); (Rhim J.A et al.1994 Science 263, 5 1149). These experinments nade
use of heterogeneous liver cell population limting the ability to prove
that the gr qg)%)otenti al observed derived from adultrc;%arench mal cells,
froma subﬁ@%f Ton of adult parenchymal cells and/ JCHPYH4idn- par enchymal
cells (i.e. progenitors). Furthernore, the studies show no evidence for

biliary epsdnhedi@bkt Alitbdsnant Bat 6900, BEsplcROf ednb tishpinsmisRGafag ei t her _
al bum n-uroki nase transgenes 10 or, in the other case, a tyrosine catabolic
enzyme def i top SeESactipipdicascads d3angisas, & .of . 1983 Froce Nptheadotrs USARE: sel ected for

f) he Pep?t OCiﬂﬁlBi,l;q\Iibﬂirlfh,etﬂgﬁal. fﬁyewfesapaiamﬁ_tiasfesfﬁwﬁilap@%oﬁ%&@@@@@%gb?f th etsth i tng for
i potent ce o] ions. Several histological studies establis a

early hepat f‘cetglefqldé F?‘Erﬁ%&rﬁ%aéé& 5&4'6%SC?WG§%§2%§W%W%I oprent al

bi pot ent 5al 1999. fufumifi10f 21 Rk teadin teRerdlly infpaBeitiepdpefiisidael i um as well as to
mat ur e hepaj ocyt es, ( Shi ,oérpigri N, 1997 M%roscpp Res. Tech, 39, 328-35).
Hepatic devETBSRYRTS: BBl te Srophepirssan k| 6?”6?‘8@%4 gean b 8ptfieal nedi at el y

after the epraderdiaic N ddiglihdidlly #heiaed E&vilbinkntal WeG il QGaiAL C Mmesoder m
(Douarin, N, M .1975 Medi.cal Bial. 53,427); (Hoyssaint, E. 1980 Cell

Differ. 9, @gppticulaqipjoroepyigapet ndgphliverpeiie cHeedPLd dergivbeiFsiSi ¢ day (E) 8 in
the nouse. ([Dhg TiSkttal 2999 2bcpMis Leadf Sch 906, 0TS Vel BpbBahatic@oes evi dent with

the i ndyction of serum a{&? mn . an a!dpjtga-fet opratein arIRNAae in the endoderm
and pri gﬁ t PSRAERROEESE & tﬁ(‘f‘?‘féﬁ?ﬁ%@gmf F@parRee Qe dpitial §G8eI Gones Dev. 10,
1670). At Eof®ilbduef epithénm sgesibdihd 0porkingin (SN, Nl BY7 8gdrbssopylken proliferate
and penetraje, int tge mesench) f.the sept transversumw th a
cord-like f ifgﬁ i3§’ng§8)f Wéls{oﬁf’é}égﬁ'v'g? f“é'i‘?l‘%é’gﬁ‘eﬁl%ﬁﬂt&faf’f‘ ¥he 1iver 25 mass
t hen i ncr eamgsheshtio bt ductaithelial B is tcaxpraSn oNbil@e-Spetific Shiekedafid gel y to
hemat opoi et | I ls, V\{Si ch colonize the fetal |iver at E’EO in the nouse
(Poussai nt, (G- G8gmins e Syplpue T Gedalsyi, 0F) s POMBEUTARL hepati o col I s
to showisn @K, aerBlodedyinfildget fanitk anll Expe@itt af 2 tshapad( Luzzatto, A C. 1981
Cel | Tissue Res., 215, 3% | nt st 84 , t%ﬁtafro gene-targeting
mut ant i cediiEefiatgngee ]f;)f a@?@ﬂ&l’ﬁeﬂﬁp ﬁé’ehgfrﬁ@r aﬁé’ﬁ%‘éﬁ has led to
| et hal hepahéserefraikhblé Biliard PRED,DeGuR RA1THep ARSEO Bt SprepaEIOGhy Ml cel | s
bet ween E12 to ElS%‘é‘ es %\% t al. 1998 EMBO.J. 17 Kﬁ%ﬁ kégi | berg, F. et
al . 1993 Nt Bpeteas %ﬂ‘?@’f}" 58%@:‘?&?"%‘?55 tgis prpfein. ﬂéyﬁ % V. 66, 27: -2
SUBSTI TUTE ddixbrsseditkdng@ &y hepatic cells to adult hepatocytes (Moll, R. et al. 1982
20 Cell 31, 11). AtE15.5 in the rat development, corresponding to E14 in the mouse, the
biliary precursors are heavily stained by both CK18 and CK8 antibodies, and some
biliary precursors express CK19. As development progresses, maturing bile ducts
gradually express CK7 in addition to CK19 and lose the expression of albumin
(Shiojiri, N. et al. 1991 Carncer Res. 51,2611). Although hepatic cells as early. as E13
25  inthe rat are thought to be a2 homogencous population, it remains to be seen whether
all early bepatic cells can differentiate to biliary epithelial cell lineage, and how their
fates are determined. Definitive lineage-marking studies, such as those using
retroviral vectors, have not been done for hepatic cells, and clonal culture conditions
requisite for the demonstration of any bipotent hepatic progenitor cells have not been
30 identified.
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1 April 2005 WD 02/28997 PCT/ US00/ 27429 Schm dt, C et al. 1995 Nature 373,
699). Especially gene disruptions that are part of the st r e54pP8A00v at ed
cascade (Ganiatsas, S. et al. 1998. Proc. Natl. Acad. Sci. USA 95, 6881;
Ni shina, H et al. 1999 Devel opnent 126, 505) or anti-apoptotic cascade
(Beg, A et al. 1995 Nature 376, 167; Li, Q et al. 1999 Sci ence 284, 321;
Tanaka, M et al. 5 1999. Inununity 10, 421) can result in severely

i mpai red hé‘f?a“%’ﬁgnesi s, not hematopoiesis, in spite SRR 2H b ad expressi on
of the inactivated gene. It is not clear whether hepatic cells are -

intrinsically sensitive to devel opnental stress stinmuli or that the
particular mcr %@Wﬂ@%?ﬂa}yﬁs’f% Tpioy qbgiatle i B explosps GEpawioa® 9 n dest ructi ve

effects ( D@imatofoistic clls, BhrriddBOabRItPG cbdAk bx vidCarfhnsiSCHF hepdbeds, 2994). On the
ot her hand, .the 10 ba(%lrr% archi t ect llglre,of dult liver is. dependent on the
appear ance BFT{HRa SiEhmeRt RESFess fy e hergtic papRation puust beiredh 819¥ER sur r oundi ng t he

Ipor tal h}/ei ntlhé ﬁﬁh&{ﬂiwﬂierstt%c ?;b&&g erti_Sifamf Mlatﬁ’ﬁiﬁed_tifc ch@ﬁiﬂli[ctlaﬁ?Jpr h?aﬂ@% :

nmunoni Ol 0g] cal, "o e. r.s S n.aqQ e al re 1.on O

T ahepat | eobate i i s b S ook Bt hadfr Bt o

bi I'i ar ya_spembs?, [ h@mﬁ@ﬂf?gegﬁdﬂaens(aﬁ!ﬁu p(ﬁ%{y @sﬁ@écgisifm,ul]etstltgie@ml&ftmasm c ded b

I nt er ned at T anent r I nNs, o1 . e a cells, are encode Yy
a nulti genetg?”alﬁ%aflﬁy @ﬁﬂ’ %ﬁ{fﬂ-@é’@@iﬂpﬁfﬁb& % gdgﬁjgfm‘hmomtfpﬁxé’fyﬁnti ation-specific
manner (Mol prolifRRatictcomiitiond 9fidalkpabed fa hdultlibpr.ceMdkdRlt insheine of the nost

remar kabl e biljar .rrar.lﬂﬁgs, becausef, dul.t he at geyt.es do.not express CK19
at all, wh Entiafion Witthiogs; o8 PSFUSsiRPfe FCH Pos SR 28 @%ﬂ’%?weésé‘? this protein.
Onl y CK&0 an@ldck18 D. ek 199607 €akEal. 1307 108Hh Asamdwhatiepatedabitiel tbs t o adul t

hepat ocyt es |1.. R et al 98 |l .31, 11). . At E15.5 in the rat
devel opnents,yg'g%ﬁgﬁb%??ﬂ?ﬁﬁm{aﬁi‘ﬁfé a%ﬁtytgﬁ@gﬂ%ﬁgsé?e'%pﬁc CHBIFIUYy precursors are
heavi | y st apogechnsdyiptionilly dotéitSontyid 1itaK8ella Rizintaneld @3he abstblcesBrum bi | i ary
precursors express .CK19, As devel opnen ogresses, maturing bile ducts
gradual |y e@f’ﬁg’é@%ﬁ@?‘#’i‘%“’%ﬁ%ﬁmﬂcﬁ %WCE{{?E&’E?%B‘% ro‘@%‘ & expr essi on of

al bumi n  ( Skirejeilulir mablix c@fnpatents UBEsof AN e et dRA984. bl CZ6Bi). 4, Al t hough hepatic
cells as_eay]ly . as F13 [ rat..ar.e ught to be a honbgeneous

popul at ﬁ%na{’oizg q?"%trgf:%f@é’ %e{ﬁieﬁr éaflﬂ%’%gﬁée%f cégfgl WWEatic cell's can

di ff er ent i ahinthio thaiek@ésyio® ol sidheskinml prateddslin libaneage, and how their fates are
determ ned. Definitive |ineage-marking studies, such as those using

Cul tur e cond 1 Saa R Rel pe e 4t Gl AT Sl 0 OOt ¢
progeni t or leekiopoitiapmgenitor dsle rThe B@natapeintiq frogenitor cedls and hematopoietic
cells express major histocompatability (MHC) antigens on their surfaces. The
20  nomenclature of MHC has not been entirely standardized. Thus the classical MHC
class I antigen may also be designated MHC class Ia or MHC class IA. Similarly, the
non-classical MHC class I antigen may also be designated MHC class Ib or MHC

class IB.

_ Among work on MHC antigens, U.S. Patent No. 5,679,340 to Chappel claims
25  modification of cell surface antigens including MHC by binding antibodies to two
antigenic epitopes. In contrast, Chappel fails to teach that MHC and other antigens

can be used for isolation of progenitor celis.

Others have attempted to grow hepatocytes in vitro. U.S. Patent
No. 5,510,254 to Naughton et al. claims the culture of hepatocytes depends on a three-
30 dimensional framework of biocompatible but non-living material. Thus there is an

unmet need for

4
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SUBSTI TUTE SHEET (RULE 26) 1 April 2005 WO 02/28997 PCTI USCQ 27429 For
clonal growth analyses, one major obstacle is the explosive %ﬁﬁﬁﬁgpén of
henmat opoi etic cells, marring the ability to observe ex vivo expansi on of
hepatic cells. Therefore an enrichnent process for the hepatic popul ation
nust be used. Al though the surface markers to be able to fractionate the
hemat opoi e s in fetal liver have 5 been invest] ted |n det ai

(Dzi er zak, RE§M§§W4 1998 Irnmunol. Today 19, 228- 36)(%“P B for hepat i c
progenitor cells are still poorly defined, since the studies are still in
their |nfanc (Sigal, S. et al.. 1994 Hep atolo 19, 999& Furthernore, the
ex Vivo WéP‘ﬁlﬂqoﬁhWWQﬂcﬁh@aWWﬂk@a‘i‘ PWWQ@%@G peafitigniior bephtiover cel | s
Cesult in t Do Qilek R Hale80 Wl )8 2o b iEResORF 1 ¢ functi ons
such as al bumn expreSS|on 10 (Bl ock, D. et al. 1996 J. Cell Biol. 132, .
1133). A somgfpef ??%ﬁg@&wamr?aeﬂ%orwth higppfepialqifierentipion fapalilisiei fi ¢ mRNAs and

ability to {RGMnaESSs %ﬁ&b@mﬁﬂfﬁbﬁﬁs@a&%ﬂﬁ&eﬁt&'&ﬂaﬁbm-@ﬁlﬁﬂ fived3sCri ptional ly
occurs only in liver cells nmaintained in the absence of serum and with a

defined #i xteﬁrvlé0%‘169%@}9%?@%dm@ﬁqywppm%ewwﬁﬁﬁ&%r with certain
extracellular matrix conponents (Jefferson, D. M et al. 1984. Ml . Cell.
Biol. 4, 15 1929s. Eﬁt&ttNB.SﬁiQO&itol\%ﬁmon&ﬂ.al dighihd Jiver Bis@lé delty tadti ng f et al

i on serum proteins in

e e R T8 Shim ol P s B el Pt P el s TS P o P ey

speci es conNaisEs9, Otnaﬂsw:@pﬁne%nestmﬂgemmkm foeﬂbﬂtﬁicau’ﬁhefmefmieﬁ@oi etic

pr ogeni t or |1 s and, he oi.et cel | gconpatability
(1vfQ) anti G zlf‘iémrcﬁﬁovt‘%é? ELHésuf?’ exPa’Fﬁlgn ﬁesﬁg%%ﬁﬁ'lngﬁ%{’ &8 aﬁﬂé has not been
entirel ymta;nﬂaaﬂnmﬁmﬁﬁbmm&hmméaﬂsml thévtiS an cifdlsénded &mt i gen may al so be

desi gnat ed I ass | n .or S t.he . non-cl assi cal MHC
class | ant %ﬁ %?%CBIEH%C@ ?‘é%i*ﬁ‘w%%“‘r’%@%"“ﬁ o ]i‘ep?\}ﬁc class I B. Anobng
wor k on MﬂCpmgetrﬂt@tart&Iudidg Expréaibrevtlspeiitic markers Shd3dpotentiCadiffadntietai s 25

nodi ficati-on, of; ¢ rfa ant ns,. 1 ncl ydi b ndi.ng anti bodi es
to two anti GEfRe Efﬁafo "Iﬁﬁryﬁ%iﬁt E‘é“a}tlyneég ﬁggﬂ’f’wqpréi?n% eatgh that MHC and
ot her anti ga’rtﬁehepmptmgenusxstIomlgtosﬂixatss&nﬂaleéaqﬂemgelmgbmns cells. Oxhers have
att enpt t row hepat Ie5|nv S. Ptent No. 5,510,254 to

Naught oﬁgjet &ggmu%:i ﬁ?ﬁﬁ “?ﬁ%loguflrflmrpge]?)tfhe%%‘fo%?%eglﬁrses depends on a three- 30
-di mensi onal franmework of bioconpatible but non-living material. Thus there
is an The present inventors have recognized the inadequacy of growing mature liver

cells, such as hepatocytes, rather than the far more useful bepatic progenitors. They
have carefully defined the isolation parameters for hepatic progenitors and
reguirements for clonal growth. The progenitor cells and the methods for selecting

20  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.

3 SUMMARY OF THE INVENTION

The present invention relates to a method of isolating hepatic bipotent
25  progenitor cells where the cells do not express the classical MHC class I antigen
’ (MHC class Ia antigen) and do express the ICAM antigen or JICAM-1 antigen.
Furthermore, the hepatic bipotent progenitor can optionally express nonclassical
MHC class I antigen(s) (MFIC class Ib antigen) containing monomorphic epitope of
MHC class 1. Progenitors from several tissues can be used, including, but not limited

30 to, liver. Thus, the invention
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unnmet need for -1 -SUBSTI TUTE SHEET (RULE 26) 1 April 2005 WD 02/ 28997
PCTI US00/ 27429 culture conditions with no artificial framewotRPEWRPOS
providing the condition for hepatic progenitors to be expanded and
cultured. Furthernore, there is an unnet need for nethods of cloning of
hepatic progenitors wth biopotential differentiation capability, where
the cells woyjglopBesui table for use as conponents of a bio-artificial
liver, for 5 testing of hepatotoxins and drug developnﬁﬁﬂmmﬁﬁﬁﬁg ot her
uses. U. S. Patent No. 5,559,022 to Naughton et al., clains |iver reserve
that was used to characterize the

ceI | s that ,
"reserve cell SB& E?O%h&]ﬂpéom?lm Bpﬂgpgg@‘tﬁrz"? scfbrb are plasicg] MHGwass I est abl i shed
mar kers for iwtgetivelnd aptioosllydICAM-Mitivee SREVigs, thssxle&eﬁbm@%on&ﬁ&éé'téje met hods f or

cl onal expans I ve ce i ded markers 10 by which to
i sol ate vi abl éeﬂfth‘%/ge?fmr%%gﬁegrglmegﬂg@ﬁegs w%tﬁfg “ﬁﬁ"é‘?@sslt@ljh‘??oﬁ?ﬁqfl | ed need for
met hods to i M@P&ﬂ@ebuﬂdm@mbl&stﬁb@iﬁvl@,&{%nﬁ%ﬁg/ceilﬁﬂﬁt% séssential to

nED | P OB I B RLERS  BBSEA it > 20, L

Equal | y needddﬂﬁmbwmb@mbﬂsaﬁﬁmﬁmﬁxwmwu@wmwwﬁmmﬁ&m§P@&ﬁﬁ@aﬁdC progenitors.

Cl onal growt S ear d.rigorous_ 15 distinction and

i dentificati gﬁéeg?&%?%@% 18% g% d‘lilafésﬁiﬁ %&ﬁ’é‘@r{’?ﬁaﬂ? Rlurippieat sgggaioht i nvent or s
have recogni Eeuﬁ tﬂheh¢mm1émpaiwpm§enMrmwsmgyUa&mﬁﬁveﬁéby@gs &8l 1's, such as
hepat ocytes, ; éﬂﬁﬁkhgﬁ? he f nDre eful hepatic pro enltors They

have carefully i ne %e P &% %m@F@ﬁk “HEﬁ I progenitors and
requi remelt s Hfammabﬁlor%zbngommeferablﬂt& Hapaﬁgpmnpdwht s8tkhitor 8diglark Ne et hods for

sel ecting 2 9ok Ne progeni.t o aye many_uses, including
utility in nggﬁgﬁAﬁE{&QQ%ﬁ sat’ R e@?“%ﬁt%%ﬁ??eWﬂWHEWﬁW@mealIure and
utility for esatniter ¢elinarefumani wighy TRg@RtSost Pr&&}ﬁbld&étﬁddt%ljsgé .fval uation of
drugs. 3. SU i nvention relates to a

met hod of is t|ﬁgﬁﬁgggpkuygm%gFgﬁﬁmmﬁg ﬁﬁﬁgﬁﬁﬁ?%m hepsfit s where the cells
do not expr epwgtiterschiedifiremibte, M Geicragay dan AiHeied®l, s hiaschd antigen) and
do expressg thnﬁéﬁggﬁntlgen or |CAM1 antigen. Furthernnre the hepatic

bi pot ent progeni Can optionally express nonclassical MC class |

antigen(s) (MHC class |Ib antigen) containing nononorphic epitope of
In one aspect of the present invention there is provided a composition

comprising bipotent hepatic progenitors which express at least one mtercellular
adhesjon molecule (ICAM) antigen and do not express major histocompability

complex (MHC) class Ia antigen, in which the bipotent hepatic progenitors have a
20  capacity to differentiate.

In another aspect of the present invention there is provided a compaosition
comprising hepatic progenitors, their progeny, or a combination thereof in which the
hepatic progenitors and their progeny:

{a) weakly express at least one MHC class Ib antigen,

25 o . .
(b) exhibit a higher side scatter in flow cytometry than non-parenchymal
cells, and '
{c) express alpha-fetoprotein, albumin, CK19, or combinations thereof.

-6-
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MHC class |I. Progenitors fromseveral tissues can be used, includin but
not limted 30 to, liver. Thus, the invention -5 SUBSTI TUTE! 8PEiEPOPRULE
26) 1 April 2005 WO 02/ 28997 PCT/ US00/ 27429 rel ates to a met hod of
isolating hepatic progenitor cells that are classical MAC class | negative
and, optionally, ICAM1 positive. Likew se, the present invention relates
‘to a nethod @{)g&%ati ng progenitor cells, where the cells express the
phenot ype of positive but classical MAC class FCHEYYIHe, by

removi ng cel'l s that express 5 the phenotype classical MHC class | positive.
The dul | expressi on. of nonclassical MIC class | can be used for further

i sol ati on of progen: Y6/ oéléef?@eCtPf'g? @F?fﬁ‘l'?"en‘ﬂ%herﬁ if\peqvideda mediodbes to a

met hod of i solobteining aawigtued B RértBrakQ@BR dnficHl Wl cells. The
hepatic pluripote ) eggkﬁgggslggog&%%h%%pem es

n progﬁmtor cells my be o
i ncl udi ng fish, an%’nl bi ‘“V‘%BF?lﬁ“%!??“SI‘%{\ﬁoﬁﬁﬁrlS”é&\‘tmﬁlﬁmwra!nlls aahd nore

preferably 10 mamd)i anrenfoviap foRMR: d&[l@ﬁsﬁérﬁ#ahMyosé&goig%%g%}e%ggkgﬁ: ﬁogfln;l.n

progenitor cell imate, pig, rat, rab

Most prefer abe t@gpcll%?l[f)d’fﬂéﬁf‘ tOpragg'énuat Bixtge| qf scells @ntichednini lepagici gi n. The
" very nost prepegatitbs. met hod yi el ds hepatic progenitors that are bi potent
hepati c progenitors. Thus the bipotent hepatic progenitors can
differentiate, or their progeny can differentiate, into either hepatocytes

15 or biliary cellB. stlﬂanﬂﬁerlaﬁpeaﬂﬂ'tlﬁs[ﬁ@ﬁﬁt if¥lendidASGhd}E ?s%ﬁcwldédnd r?&ﬁddo >t her elis
provi ded a conposition rising bipotent hepatic ‘progenitors SWhi

express at Ieaszfm'%%mi‘xﬁ'fréf’ Fiebynts pells gprrebed ipmrogenivedompsi@AM) ant | gen and do

not express nmajor (aj staﬂaﬁmi’ﬂﬁ?élidell%ﬁspe&mfﬁé&eéﬂéﬁé@lls%hé‘s5 la antigen, in-
whi ch the bi potent(grepatl C ogenitors have a capacity to differentiate.

| n anot her aspect t hggq‘b’fl it e1theR Qsdr o5 ubstamtiadly simubansoidied a conpositi on
conpri si ng hep:abvmg ﬁﬁlﬁ)@%ﬂieﬂ Qispensiol Bhdse &!’I]@gﬁp&pmgg at PJB% 1\@?& cBn thereof in
whi ch t he tIC qenltors and their progeny: express at
| east one M—Ié enand i aéﬁtglf@)ghthe cell suspension those cells that are positive for an

ICAM antigen, to provide a mixture of cells enriched in progenitors.

In a further aspect of the present invention there is provided a method for

identification of progenitor cells, comprising:

(a) providing a cell suspension suspected of including progenitor cells;
and
(b) identifying cells which express ICAM antigen and do not express

MHC class Ia antigen.

In still another aspect of the present invention there is provided a method of

obtaining a mixture of vertebrate cells enriched in hepatic progenitors comprising:

(a) providing a vertebrate embryonic stem cell,

(b) expanding the embryonic stem cell to give embryonic stem cell
progeny, and

(c) isolating those embryonic stem cell progeny which express at least

one ICAM antigen and do not express MHC class Ia antigen.

gy~
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(b) exhibit a higher side scatter in flow cytonetry than non-parenchynal
cells, and (c) express al pha-fetoprotein, albumn, CK 19, or?AefA%94ati ons
t hereof. -6 SUBSTI TUTE SHEET (RULE 26) 1 April 2005 WO 02/ 28997

PCT/ US00/ 27429 I n yet another aspect of the present invention there is
provi ded a nmethod of obtaining a mxture of vertebrate cells enriched in
hepati c progenitors conprising: (a) obtaining a cell suspension conprising
vertebrate %WVF%&%EIIS and (b) rempving fromthe cel FCEUMPEHUY; on t hose
cells that express at |least one MHC class |la antigen to provide a m xture
of cells enriched in hepatic progenitors. In still_ another aspect of the
present invention there is provided a nethod of obtaining a m xture of
vertebrate cells enriched in progenitors conprising: (a) obtaining a cell
suspensi on of vertebrate cells and (b) sequenfially in either order, or
substantially sinmultaneously, renoving fromthe cell suspension those
cells that express at |east one MHC class |a antigen and isolating from
the cell suspension those cells that are positive for an |CAM antigen, to
provi de a mixture of celts enriched in progéenitors. In a further aspect of
t he present i nvehtdnothetdypackofithe presontiiemsation l@tpvided useiof ametfaciveat j on of
progenitor cel L 8lNg: . el ; USRERSIbaAtiSHUSpect ed of
i ncl udi ng p?%%gﬁPf%ﬁgggkﬁégggﬁﬁﬁ%Eﬁ%Pﬁgﬂ?@gyﬁﬁgﬁﬁgf s whi ch express | CAM
anti gen andthdeofioin expresuaseutivplly @reestableacanmifri derivhighy the jhppay {Beher aspect

of the pr esel%tgeriitlgf‘sg& Iie%rhntlggﬁ\?%ﬁt R LAVAAEA e?pré@tl\m cffs 1aCRtignoNg a m xture

of vertebral&®ce nriche 1 Nepatic Frogenltors conprising: (a)
provi di ng atheenanebetatof @ mbdigamsntiostreating  liver disprylerox AgHUICHR t he enbr yoni ¢
stemcell to give enbryonic stemcell progeny, and (c) isolating those

enbryonic stemcell progeny which express at |east, .
: In yet another aspect of the present invention there is provided use of an

effective amount of a bipotent hepatic progenitor harboring a gene which corrects a

genetic disorder for the manufacture of a medicament for treating a genetic disorder

in an individual.

A cell population enriched in progenitors can be obtained by a method of first
obtaining a cell suspension of vertebrate cells. Then, sequentiaily in either order, or
substantially simultaneously, the cells that express at least one MHC class Ia antigen
and those that express an ICAM antigen, are removed from the cell suspension to
provide a mixture of cells enriched in progenitors. Equally, a mixture of vertebrate
embryonic stem cell can be obtained that is enriched in hepatic progenitors by
providing a vertebrate embryonic stem cell, expanding the embryonic stem cell fo
give embryonic stem cell progeny and isolating those embryonic stem cell progeny

which express ICAM antigen and do not express MHC class Ia antigen.

All methods of separation by physical, irnmunological, and cell culture means
known in the art are included in the invention. The methods of separation specifically
include the immunoseparations. Immunoseparations can be flow cytometry after
interaction with a labeled antibody. Immunoseparation methods also include affinity
methods with antibodies bound to magnetic beads, biodegradable beads, non-
biodegradable beads, to panning surfaces including dishes, and to combinations of
these methods.

6
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one | CAM antigen and do not express MHC class |la antigen. SUBSTI TUTE SHEET
(RULE 26) 1 April 2005 WD 02/28997 PCTI US00/ 27429 | n anot her ! 48f2%05%0f t he
present invention there is provided use of an effective anount of cells
enriched in human |iver progenitors, their progeny, or a conbination
thereof, in a pharmaceutically acceptable carrier, in which the human |iver
progenitors_ e ss an | CAM antigen and do not express _MHC class |a antigen
for the n&ﬁ“@g%ﬁhre of a nmedicanment for treating a IR EPOG%0r der or
dysfunction. In yet another aspect of the present invention there is

provi ded use of Faitherrfiid, @thbpsbic PidBdaiér aRf bightddi ek QIE, AEBat prbgeRy,00€Ni t or

har bori ng a ich corregts a genetic disorder for the manufacture of

ene
a medi canenf2PBionglyexpesy ghgr T InglpdRg bt o ng ey imitediialphdtual . A cel |

popul ati on ffupiofie dbirflin A HOGe  Nide QE-BerGinh hiigatdpblead RBIMRY fefil BRE AP of first
obtaining a cell §us‘gt§nsi n _of vertebrate cells. Then, sequentially in

ei ther or def PGP o OBUASEHI BpiBIC 8Pyl t aneously, the cells that express at

| east one MHC class |la antigen and those that express an | CAM antigen, are
renmoved Hrom t hélepatt bters odlyeresEltsrthat mighioor enighcheot exprasx dlpiracfetogroteial | s enriched in

progenitors ual.ly.. a.nmxture of vertebrate . er%r ognic.stemcell can be
obt ai ned th%rta'[:b:arsn%éjrqy “éarésg}“lcﬁt%]e%ﬁ R %9113 eet?ﬁr%%llr‘l%n a§ mb‘}%&’ ng a vertebrate
enbryoni ¢ stedrere gich 3s @K8andi ng t he enbryonic stemcell to give enbryonic

stemcell progeny and isolating those enbryonic stemcell progeny which

express | CAM antygRfaithidaalo 81 6E%: M fGabhans, braahilogans, AT et hods

of separation bg ghys_l cal, immunological, and ce ure neans known in
the art ar epPiefseblyaegtic progepitor cells diyterpoping Hygecchetolraepansef dejeciing ait i on

speci 1 6@l | yrd il 14fleholyeinl SRURARTRAR RIAPA Sxprd ST AABERRRA ONS can be Tl ow
cytonetry after interaction wth a |abeled antibody. |rminoseparation
met hods al s@oseselispatbinglerpopilatipn thapdonatpxpids classicat YIHE ¢lagsd apfiiggihd t o magneti c

beads, bi odeméva@a&h&ngﬁ@ﬂ%f%ggeﬁfto&mgﬁg?e&ggﬁs&ﬂa% nali@of@@iRi N9 surfaces

i ncluding dishes, and to co ations o ese nethods. -6b- SUBSTI TUTE
SHEET ( RULEc2p&y defecisghr i | 2005 '
The invention additionally relates to hepatic stem and progenitor cells, and
15  their progeny, characterized by a phenotype of classical MHC class I negative and
ICAM-1 positive, which cells can optionally express other phenotypes, including, but
in no way limited to nonclassical MHC class I dull positive, 2 higher side scatter than
hematopoietic cells progenitors, or a pattern of growth as cells that pile up. The
progeny can express alpha-fetoprotein, albumin, or CK 19. The progeny of the
20  hepatic stem and progenitor cells so isolated can retain the parental phenotype and
optionally can develop and express additional phenotypes. In particular, the progeny
cells can optionally express the hepatocyte phenotype and the biliary cell phenotype.
Among other features, the hepatocyte phenotype is characterized by expression of
albumin. Among other features, the biliary cell phenotype is characterized by
25  expression of CK 19.

The composition of hepatic progenitors, their progeny, or a combination of the
progenitors and their progeny can also comprise cells that weakly express at least on
MHC class Ib antigen, exhibit a higher side scatter in flow cytometry than non-
parenchymal cells, and express a polypeptide consisting of alpha-fetoprotein,

30  albumin, CK 19, or combinations thereof. The composition can be derived from

endoderm or bone

-
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WO 02/ 28997 PCT/ US00/ 27429 Furthernore, the hepatic progenitor and bipotent

stemcells, and their progeny, can optionally express other16ﬁ§ pes,
including, but in no way limted to al pha- fetoprotein, albumn, a higher
side scatter than hematopoietic cells fromfetal liver, or a pattern of

growh as cells that pile up. 5 Hepatic stemcells are cells that m ght or
-m ght not al pha-fetoprotein or albumn but giyve rise to cells that
express algﬁﬁkﬁéﬁoprotein and al bumn or biliary naq%gFQOEJ%% as CK19. The
invention also relates to a method for the identification of progenitor
cells, pre&smplmﬂneaaﬁﬁ;bsﬁmmmgaudm{us%'cmbeﬂwr E}Qa%'l[{&% }F-leer cells to a
means of detecting a class | phenotype 1 n combinatfon with | CAM1
- expr essi on, mﬁﬁ@r§W@hP¥¢V$W§“mﬁﬁ@§€ cells within the popul ation that do not
express classical MHC class | antigen. Likew se, other markers of
progeni tor or hepaEr DESCEPODWIESTIRUDRARAINGE pha-fetoprotein can be
detected. The invention additionally relates to hepatic stem and progenitor
cells, and 15 tHpeterl1ApH(Dye charactetatiacdf depadedt]] hiyesdromhian it fpgaeraof ¢l assi cal MHC
cl ass | gegﬁtlve and | CAM 1 positive, which cells can optionally express
ot her phenotypes, including, but in no way limted to nonclassical MAC
class | dull positive, a higher side scatter than hematopoietic cells
progeni tors, or Fisupd¥edrinaghsaypipaiony feomatieh befeedsatellpi | e up. The progeny can
express al pha-fetoprotein, albumn, or CK 19. The progeny of the 20 hepatic
stem and pr Ogen'ﬁg‘ﬁfeﬁeiﬂﬁa@ﬁpﬁe&%%ﬁf‘a@c&%ﬁ}f{c@éﬁg&sBrhﬁan&fkrh%@ phenot ype and
optionally can devel op, and express additional phenotypes. In particular,
t he progenwmlégﬂﬂgmﬁﬁﬁwﬁﬁﬂhonalIy express the hepatocyte phenotype and the
biliary cell phenotype. Anong other features, the hepatocyte phenotype is
characterized by?igaiepl%ﬂ&mﬁépidﬂsfphe@b@wﬁhﬂysis‘klﬂﬁﬂgfeﬁtlbtﬂi’vefk.eat ures, the biliary
cell phenotype is characterized by 25 expression of CK 19. The conposition
of hepatic prog e i f the progenitors
and theltleg pr oge%?"d(;:egj;‘*lSL 51?%91%!?8%8{&8&&%@aﬁgcoﬁ?%?m{ﬁ%&l&%?%r ess at | east on
VHC cl ass |jpesamdeiof BGF. exhi bit a higher side scatter in flow cytonetry than
non- parenchymal cells, and express a pol ypeptide consisting of
al pha-f et opr ot ei cal FONS r.eef. The

p p 'FEéurez‘%r iﬁblve F@as Phdudtién ik K 9exiOBH BRR T O hep R

conposition can from endo

Figure 7 is a schematic representation of hepatic colony formation on STOS

feeder cells.
15

5. DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The instant invention is a process for isolation of progenitor cells and a

composition comprising progenitor cells. In one embodiment, the invention is a

process for the identification, isolation, and clonal growth of hepatic stem cells and of
20  the hepatic progenitor cells. The process involves exposing mixed cell populations

derived from an endodermal tissue suach as liver to antibodies specific for an ICAM,

for example ICAM-1, an adhesion protein, and classical MHC class I antigen, an

antigen that characterizes hematopoietic cells and most other nucleated cells but that

is substantially absent on the cell surface of hepatic stem cells and progenitors proper.
25  The cells can be from any endodermal tissue, including but not limited to liver,

pancreas, Jung, gut, thyroid, gonad,

8-
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SUBSTI TUTE SHEET (RULE 26) 1 April 2005 WD 02/28997 PCT/ US00/ 27429 narr ow.

In this conposition, the endodermtissue can be |iver, pancr%ﬁ‘&f" 3019ﬁg, gut,
t hyroi d, gonad, or conbinations thereof. 4. BRI EF DESCRI PTI ON OF THE

DRAW NGS Figure 1A-1Cis a characterization of hepatic cell lines from day
15 fetal rat 5 liver. Figure 2A-2F is an assay of colony formation on

f eeder cel b; 2,’:!;99}”9 3A-3X is an expression of rat cel] surface antigens on
various hepat@%%ell lines in adult liver cells. Fi d’&?’gs%ﬁfg%fm depicts
phenotypic analysis of E13 fetal rat livers. 10 Figure 5A-5D is
characterizati on of hepati ol onies, in the absence and resence of EGF.

Fi gure 6A- 6%@5’&@?‘5”?%@&6@0%@%@%@' Wﬁé’g’éﬁiﬁﬁ‘g ARl W epati c cel | s.

Fi gure 7 i Sothersatydigputic ropadnoresidng ftdpable Ghcldi@ipal affintwbaedlly f or mati on on STCh
feeder cells 1t5 5. DEIAI LED .DESCRI PTI ON OF THI%. PREFERRED EMBCODI MENTS The
i nstant i nv@ﬁfalcb‘?’ils’i%"ﬁgﬁ&%%a@%g’ DU IR B BHBSER t or cel Is and a
conposi t i oncoupleptehtk wigh fisvogsesmergr TiedlovytomsroRpartidhaslialsebd , t he i nvention
is a process for the.identification, isolatio nd .cl.o rowt h of
hepat i o St enekeiubeg MG draies S s bpdRt el EHRLRIREL bt ocess

I nvol ves ex¢as i mijgens XBd yeiahdre prefpikddadnbodi®ent dies graced ifvbloes, ian endoder mal ti ssue
such as liveyr.to ant.i bodies, specif]j r. .an. | CAM or_exanple I CAM 1, an
adhesi on pr%c{dgﬁoﬁ,sg%ctrtfag@ ‘éeg%?héﬁow\flﬁtﬁﬁ‘ée{lygg@ Sfdeé??ft?ré%%é,)’ SRR i gen that

char act er i zégperidemah cylloiaegrammlaciey ok smamihf opsilasofidigpid dieptdieafesidre@e! | s but t hat
I's substantjally absen n.the cell surface of hepatic stemcells and

or ogen: t or sieprsseR TBESSHE tedfrbCimartie FREnT i et e mml 11 ssue.

i ncl udi ng bparenciymal detls, tiehl ad lembiopastic cell antiomalselld inifegp] ligy byt loweer oi d, gonad,
-8 SUBSTI TUTE .SHEET ( RU IjzrmglGC)ells]éu AL {hlosezoo Oﬁlag(ﬁg%?mﬁ;;g / US00/ 27429

an i matvte parchic 11 adult liver.
markers expressed on alpha-fetoprotein (AFP)- positive progenitor cells, such as
CD34, CD38, CD14, and/or CD117, can be used in isolating bipotent progenitor cells.
Likewise, other markers for the removal of non-hepatic progenitor cells, including,

15  butnot limited to red blood cell antigen (such as glycophorin A on red blood cells in
human liver), immunogiobulin F; receptors, MHC class IT antigens, ABO type
markers, CD2, CD3, CD4, CD7, CD8, CD9, CD11a, CD11b, CD11c, CD15, CD16,
CD19, CD20, CD28, CD32, CD36, CD42, CD43, CD45, CD56, CD57, CD61, CD74,
CDw75 can be used. Purthermore, other techniques known in the art may be used as

20 components of processes used to isolate progenitor cells, including, but not limited to:
ablative techniques including laser ablation, density separation, sedimentation rate
separation including zonal centrifugation, cell elutriation, selective adherence,
molecular weighting including cell weighting with tetrazolium salts, size sieving,
selective propagation, selective meta;bolic inhibition including use of cytotoxins, and

25  multi-factor separation.

In one preferred embodiment of the invention the progenitor cells are obtained

from a fetus, a child, an adolescent, or an adult.

It is a preferred embodiment of the instant invention that hepatic cells be

selectively grown in a serum-free, hormone-supplemented, defined medium. It is

30  further preferred that hepatic cells be selectively grown in culture using a layer of
feeder cells, where those feeder cells are fibroblasts or another mesodermal cell

derivative. Itis
9.
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or froma liver or froma whole organism Any nethod of isolatin hepatrc
stemand other early hepatic progenitor cells is acceptabl el APH&QQ |ng by
affinity-based interactions, e.g., affinity panning, by inmunosurgery in
conbination with conplenent or with flow cytonetry. The flow cytonetry
separation can also be 5 based on internediate |evels of anti gen

expr essi on anpl e of nonclassical MHC class | antigens. a yet
nor e preferwgogfzg%odi ment, the process involves, in PLAGPRY 264ﬁ9 seI ecting
for cells that show relatively high side scatter (SSC), a paraneter

dependent Oprefefbd thdt & f@HaB&lls Akeitidhar) horPliRAR brirdte, pigl @PbARMRC |1 pi d dropl ets,
a feature O%:Pdhe a%rc cells. The SSC in the_hepatic progenitors is higher

than in oth B L PERRAARYiop pRtilian, apphibiagcormisting et ells e cel I's or

stromal cel ki adcBpibet a:lzsiyererbzepha\féuehaﬂwmmehhﬁdﬂtuen’eeﬁeiwrs%epaf enchymal cells
such as those in ad]ﬁ g addi tion, other markers_expressed on
al pha- f et opPBIEMF F?—kj“ou% ‘“scfiefr? m BroBR AT 3l tigspq aresacoeiably. Hdsa cps4, DS,

CD14, and/ oyet tlot bfefer@ @ Bnl@intts Eflat ke fécd@lcalsibbdoketl R BREePP@ENi tOr cel | s.
Li kew se, er mar keLs for mpval of non-hepatic progenitor cells,

t h
i ncl udi ng, ?LEB 16 By SURPGEE hymati Stteé‘?da"ﬁ@rqgetﬂwiﬂe%dt igefil R e such as
gl ycophor i nerfbodiinentad thh ireadios elad repaua steﬂﬁldﬁfﬁpiloéemtbeée)ls bd ¢aBOedaebul in F.

recept ors, C, cl an mar kers, CD2, CD3, CD4, CDv,
e g“’%%ﬁ’“&‘“"%ﬂa&‘ ey P"&Bi%lg 1"%@‘“"“ epicestsend copg,  cp32, CD36,
CD42, MS,c@m&uoﬁﬁ@ulaM?clomn CD74, CDw75 can be used. Furthernore,
other techniques known in the art nmay be used as 20 conponents of processes
used to bsol at eog‘gﬁ%{;é&e%{bo&el lt%fth!axr:]l%e %011(:0?1 riStSJGlSJ;[nM"IO%haSI m Eed to: ablative

t echni ques inclu aser &t on, den epars Pa%di nentation rate
separation prngs:hm!rcdlg thabmadlassiesl (MHE d@al imgati,vemelIICAM upcrsrtae.rﬁcmm sel ective

adher ence, mol ecul ar  wej gm tho'}l%xs&ate %'bﬁ:gtm%ce o \rz@h@ '\[P ng W th retrazpl | um

color 50 1s aconvem st
salts, size Siév ec?lve I on %t%Bbolic inhibition

i ncl udi ng ud@smﬂl\/&;ﬁtws)heg&veamdwommtstto daﬁa@iﬂlmcdbpma/[lon I n one
preferred caiagl IR DmAliah A IMERLL R NS RLAGEN MOy g & Obt ai ned

froma fet ol'escCent, preferred
enbodi méht ifls.tThe démtoaﬂ@résmemliﬂomaﬂahlaﬂeﬂamngmpm ﬂ:le:tthtss dﬁﬁle cellsl ectively

grown 1 a GSUIA 88 aMELIRNSSYRILAIERLE e, ENS CoBlc | ¢ 15 30

further preferre ic ce TTVE rown 1 n culture using
a | ayer of cldseEMgcnaedxpsssewreqﬂemtlmb@émmsmnc cellb frem afem cflisle obl asts or

anot her e 5198'% %fs ax?declnlmaug&{eipé{tgéy%e\g ‘(aaithclu%h 1n§tufe %epatocytes have less

expression than hematopoietic cells). In rat fetal liver, classical MHC class I negative

20  cells include: bipotent hepatic progenitors, enucleated mature erythrocytes, and an
unidentified cell population. In addition, the cells can express nonclassical MHC
class I. Furthermore, the progeny of progeilitors can express alpha-fetoprotein,
albumin, or CK19 and can also exhibit a growth characteristic in which the cells grow

in piles on top of each other, that is, in clusters.

25 It is an embodiment of the invention that the isolated progenitor cells have the
capability to divide and produce progeny. It is further preferred that the progenitor
cells are capable of more than about ten mitotic cycles, It is still more preferred that
the progeny are progenitor cells or hepatocytes and biliary cells. It is a preferred

embodiment of the instant invention that isolated hepatic stem and progenitor cells be

-10-
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SUBSTI TUTE SHEET (RULE 26) 1 April 2005 WD 02/28997 PCT/ US00/ 27429
preferred that the feeder cells are human, non-human pri mat el ApfilZ00Pat | or
nouse feeder cells, but any manmalian, avian, reptilian, anphibian, or

pi scine feeder cells are acceptable. It is a yet nore preferred enbodi nent
that the feeder cells be enbryonic cells, although feeders from neonat al
or adult tgfsgﬁwg;e acceptable. It is a 5 yet nore preferred enbodi nent
that the f&eth el s be cloned and sel ected for thePC§ﬂ$@P??9to support
hepatic stem and progenitor cells. It is a still nore preferred enbodinent

of the inventiqgn tha heg)ati g stem.and progenitor cells be cul tured under
cl onal gr owWtHFEEHdP £ PEALCYIG 9 W@%ﬁ%@’tﬁ?’ﬁe ¥ ibfselscespplicatoneof on as hepatic

cells and Epideamdigeswiiofactar @GBUI ation of clonal origin. 10 One preferred
enbodi nent of the invention conprises mamual i an hepatic progenitor cells

that are cl assi | I egative and |.CAM si,tive. Atw color
sort is a conve%?@%@r%:ﬁ@%% %ﬂt’iqg%r%;fasg%tv é’esﬁf’lf)%uf%f?fg@éhﬁs: | CAM 1 positive
and cl assi giditiodHgexpres slpha-fetegettin wel ndentiwdy gecificfet dpis- t 0 defi ne t hese
cells. | Sirt | | | At includes h t opoi eti c,
mesenc hygjrr;aat\:\ffegoglrrcl’%ﬂlr'natl{l %ljn;églefpg%)fgr{eﬁgglﬁ%ﬁéeélﬁﬁs%.pro?ﬁ%m&cg\éeﬁ éege%g?g ¥ ﬁ%ssi onis quite
vari abl e detpgndidijtianpzynthesive albtrain asl bidd aptitedyg gletific fof flmiexanpl e, it is
different in cells in an activated or quiescent state). Cassical MC

class | anti genxtiissaﬁ?ﬂnﬁ&éﬁ@f@h&@m%dhn&v&étﬁaﬁ%,-Bea@%qa iisglta%& cells from stem

cells to mature cells and on mature hepatocytes though nature
hepat ocyt essténiand pragajtor eslpbeaised 2p p canipanenheffa eopeieadatlies| ¥ 8p. In rat fetal

liver, cl asgigeRinoeréleasabddittatid e\ SnlQnteflidnthd: € bHAE ogéaPO,t ent hepatic
progenitors, enucl eated nmature erythrocytes, and an urﬁ) entified cell

popul at i1®n. iverhagipaiselasd stem prd reqeenitpr eelinand st drogenydn Bted sxtuppokt VHC ¢l ass | .

Fur t her nmor ey, i 61 P5L68 B¥reRhe RIPBE LN Sioh 8Bl €ss al pha-f et oprotein,
al bum n, or cCK19 ﬁéld can ea gso exhi bi t aogroewmﬁ characteristic in which the

I
cells grow in pjles QMOF of each other, .that is, in clusters. 25 1t is
an embodi ment of P%RERHPRAOPS AR HALE culHes cpdiffors By Asreydsh PHiEe cel | s have the

capabi | i ty &xoivelexasigonatepaticqabiedioptNg A8y dehdnstrafedframttbiey, TREef erred that the
progenitor ., cells are c re than about ten mtotic cycles. It is

@fabl e 8f no
still nore Preatesspleged sltnes EREIO mogtsempryaniecss gamevedided & fpadenr " hepat ocyt es
and bi | 13r yeeli€ I Ths feelidr céIB warepREcd iietoi®Ratica i@ dinsRN ker@th-fedle i nstant i nvention

that isol ath%gmor}lglrl)ya eiﬁgeds éa%lnlgma(ﬂgl\ﬁr %geecg}n i(t)lgﬁoﬁ eerllalbﬁ:d Ptg irfvg'n(%ors to
establish various rat fetal hepatic cell lines from E15 liver in the rat without malignant
transformation of the cells. The inventor discloses the use of the hepatic cell lines and
the HDM-STO co-culture system for development of an in vitro colony forming assay
20 (CFA) for defining clonal growth potential of hepatic progenitors freshly isolated
| from liver tissue. The CFA, when combined with cells sorted by a defined flow
cytometric 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 phenotype as negative for classical MHC class I ( RT1A region in
25  the rat), dull positive for OX18 (monomorphic epitope on MHC class I antigens), and
ICAM-1 positive. The phenotype of RT 1A negative and OX18 dull positive is
equivalent to nonclassical MHC class I (MHC class Ib) dull positive. EGF is
disclosed in this invention to influence both growth of the progenitor colonies and

their fates as either hepatocytes or biliary epithelial cells.
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conmmtted to a hepatocyte or biliary cell lineage by the sel bAPAZD05
application of Epidermal growh factor (EGF). In a preferred enbodi nent,
the process involves selecting for cells that additionally express

al pha-fetoprotein and bind anti body specific for al pha- fetoprotein. In

anot her prgJer g enbodi nent, the process involves selecting for cells
that, in a d}c{z{zﬁv'{ synt hesi ze al bumin and bind anti b(f(‘fwguﬁlé%ﬁ%i c for
albumin. It is a still nore preferred enbodi nent of the instant invention
that isolated stem and progenitor cells be used as a conponent of an
extracorporeal liver. It is a further nore preferred enbodi nent of the

instant invention that the extracorporeal 10 liver having isolated stem and
progenitor éel | FXMPLEBYei r progeny be used to support the life of a
patient suffering fromliver malfunction or failure. The invention

di scl oses particular culture condigihgps that are required for the ex vivo
expansi on of hepatic progenitor cells, here denonstrated fromfetus. The

i nventors selected s nes of STO.frouse enbr ic cells that proved ideal
ws Toeder 15 cal Qs PHq s imizdy TEPKER Rl AR RERMRus 1 on i ch a novel
serum f r e, antigersnwmadilyfothef masdylomatichnelened eBsfaltholgetheyoardmesakipidn enabl ed t he
inventors t ) i Ak | OUS t feta epat i . lin fromEL5 liver
in the rat %,‘P{ﬁ%%‘%?l? i#?an?sﬂlggﬁlgiﬁctwﬁlst rr‘[él‘%@snfl T 1B siogqr}g“é Ml&\ﬁgﬁ écglﬁsg"’: e inventor

di scl oses t hamanslgmebof thieladiegd MHC antigdnk islaiferegonaf gpecitd) éor EfMpBTIO co- cul t ure

system for deve ﬂ@}ﬁ f an in whiro L ony f.orm n ssay 20 (CFA) for
defining cl gur%ﬁné %Eo ang%etng%rfleg?edg#l‘ '%@f?g%ﬁlp%sdlgﬂ]l&%&%? ‘?r eshly isol ated
fromliver tlasisaMHTintigdk M sevded speciesrbi ned with cells sorted by a defined
flow cytonetric profile, reveals bipotent hepatic progenitors. For exanple

progeni igrs fr B Rich B M 1SS R TFE SRADEH 4n the nouse, and
wi th high grow %m!pot lecn?%{a{:c%%vem%gge p gnoﬁﬁpﬁgg@ﬁ%@?@gﬁfor cl assi cal
VHC cl ass | antigfRy ajso keqyings MEC gdss ohibatcan Yary eden witlos spe¢iese Thor OX18

(monomor phi g @Rt 6 @OndYEIGssRhABEC bnil LER lo ositive. The
phenot ype of RT1A negat?ve asnd OXlSnugélhtsl pggfl)s F%gﬁeg’e%%%vgl ent to

noncl assi cal MHC cl ass | &M—IC class Ib) dull positive. EGF is 'disclosed in
this invention totnarsiidler adhssinn geleipen! P3¢z PrayasisyeePretdr oni es and
their fatesa@s nRidbher b aRakREVIES s@krtihilyl ahyiQRtrhathfl #ehts. -11

15  p2-integrin, LEA-1 (CD112/CD18) and Mac-1 (CD11b/CD18). This molecule is also
important for leukocyte attachment to endothelium. In addition JCAM-1 has arole in
levkocyte extravasation. The term ICAM-1 is used to designate the form of these
molecules found in mammals. The terms ICAM or ICAM-1-like are used to
designate the homologous and functionally-related proteins in non-mammalian

20  vertebrates.

Debulking. Debulking is a process of removing major cell populations from a
cell suspension. In fetal liver the major non-hepatic lineage cells are red blood cells,
macrophages, monocytes, granulocytes, lymphocytes, megakaryocytes, hematopoietic

progenitors and stromal cells.

25 Duall positive. In fluorescence-activated cell sorting the intensity of emitted
light is proportional to the number of fluorochrome-conjugated immunoglobulin
molecules bound to the ce]l which, in turn, is proportional to the density of the cell
surface antigen under study. As the surface density or intracellular density of antigens

can vary from a few to hundreds of thousands per cell, a wide range of fluorescence
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EXAMPLES d ossary Classical MHC class | antigen. The group of S

hi stoconpatability 5 antigens commonly found nostly on all nucleated cells
al t hough they are nost highly expressed on hematopoietic cells. The
antigen is also knowmn as MDHC class la. The nonenclature of the classical
MHC antigens.is a function of species, for exanple in_humans the IVHC

anti gens are Péhkd HLA. Table 3 provi des nomencl at ur& T8 2424 ssi cal MHC
antigens in several species. 10 Non classical MHC class | antigen. The

group of maj or .histaoconpatabilit i gens |.s0 kno as MHC cl ass 1 b,
that can vah%mgggﬁ EF%F mﬁ‘?ﬁ@@%&gaﬁﬁﬁ%“”ﬁgﬁaﬂﬁFéP@F@ng t he noncl assi ca
VHC ant i gendetarmineé¢ smdintermptiate es, see, e.g., Table 4. 1CAM Intercellular
adhesi on nol ecule-1 (CD54) is a nenbrane glycoprotein and a nenber of the
i mmunogl obulin superfam|ly. The ligands for ICAM1 are the 15 (32-integrin,
LFA-1 (CDl1l a/ CD18) and Mac-1 (CDI |b/CD18). This nolecule is also

i mportant for |eukocyte attachnment to endothelium In addition |CAM1 has a
role in |eukocyte extravasation. The term I CAM | is used to designate the
formof these nolecules found in manmals. The terns | CAM or | CAM 1-1i ke
are used to designate the honol ogous and functionally-related proteins in
non- manmal i an 20 vertebrates. Debul king. Debulking is a process of renoving
maj or cell populations froma cell suspension. In fetal liver the mgjor
non- hepatic lineage cells are red blood cells, macrophages, nonocytes,
granul ocytes, |ynphocytes, negakaryocytes, hematopoietic progenitors and
stromal cells. 25 Dull positive. In fluorescence-activated cell sorting the

intensity of emtted Ilight is proportional to the nunber of

f I uor ochr one- conj ugat ed i munogl obulin nol ecul es bound to the cell which,
inturn, is proportional to the density of the cell surface antigen under
study. As the surface density or intracellular density of antigens can
vary froma few to hundreds of thousands per cell, a w de range of

fl uorescence -12 SUBSTI TUTE SHEET (RULE 26)
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1 April 2005 WD 02/28997 PCT/ US00/ 27429 intensities can be nmeasured. The
val ue of dull positive (or dull) is enpirically determ ned hAgrit 2005
intermedi ate - 12a SUBSTI TUTE SHEET (RULE 26) 1 April 2005 WD 02/ 28997
PCT/ USO0/ 27429 between the intensity of bright-fluorescing cells with many
antigens and dimcells wth | ow expression of the specified antigen. The
ntensity also be defined in terns of gates or intensity intervals.
The dul | p@?‘zvg phenotype is a feature of a weakl f%@ﬁ?”@%‘é?ad anti gen.

~The phenotype is al so described as weak or |ow 5 expression. Conal grow h.

I'n cell cul bdutedn te irdgity c@bﬁyﬂt—ﬂudr@cih%‘léélﬁ PReALSAntiechQpll intbone  single
initial cell to forma cl oneﬁg{{efice] s derived fromthe one parental cell.

The cl one Bt oy exrressigy ofdhasy RUFEE Mhbe IS FiE Ay Giso Bg d5ERdin of cells. O onal
growt h al soternisef g of Dehdi® iMGR. ThOMS] PASERIBHOWpE B aS4RRAFL the viability

and mtosis of a single cel]. 10 These condjtjons typically include an
enri ched anﬂea&]ér?ﬁr‘?ﬁ%ﬁﬁg@l' Jﬁ‘ﬂﬁ"%?“@ﬁ?“ﬁ@é‘? ribedgs el ¥ of serums, presence

of speci bi cexpfegidnh factors and hornones, substrata of extracellular matrix
of defined chem stry, and/or co-cultures of cells that supply one or nore

of the growth fagtors e or trix c onents. .Terns of enrichnent.
The term "rermvgﬁ’mglregé ’%‘E%’@@g‘b@?r&%’%%ﬂ@w %gge eaz%tnmoi%o a%fde either to
retain or dsimgieanital cilhtoSormst dlaneref celtsaletivd dmm tieene ey celf Ten a m xed

popul ati on a f. several. means with the intent of either keeping them
or of di scfg%(n ioﬂégén?%agr?f pmﬁ@ f?rglrarﬁoﬁ)fl%%'lcg t%r"o(?ﬁ%lﬁ‘néfgf’%g?gglaaisgt e froma | arger
group and kefp to hpemtlitiolsmessssapriogppirt the vidhdity sndoaimsibel dasegleatlied from a m xed

popul ati,gn ro i non- nr.o itor. ¢ s...The term "purify" neans
to separlgt eﬂg&%ﬁnﬁtﬁé\%ﬁh’?{égl@g&%%%nﬁghﬁ? E“ry"&% Blglt‘ g#hﬂP%%t%e&%bat i C progenitor
cel | s fr equarabieyceax feirimst prasetkiest sppaific grewth fasmtsiandhormmenhitstntd dfe cel | s di vi de

and remain j tua r oxidn.t w. The ogeni,t or cell formclusters in
whi ch cel | séxgr?%ﬂ%?rl eg&uog)&%ﬂr?‘éé é(glﬁmlgr%%tmlgd’éorr.ggfl}el%’feg ofcr?hsttﬁaet S‘fpﬁflsreog? di mensi onal
mass of pi | @dogrf delgreviafacomdijosmmed or motrik ced@merde| | s or to ot her progenitor

25 cells. The clusters are also ternmed P-colonies or P-type colonies and
are distinct fremysfenrichment. The term “remove” means to separate, select and set

15  aside either to retain or discard. Thus, stromal ceils can be removed from a mixed
population by any of several means with the intent of either keeping them or of
discarding them. The term “isolate” means to separate from a larger group and keep
apart. Thus, progenitor cells can be isolated from a mixed population of progenitor
and non-progenitor cells. The term “purify” means fo separate away unwanted

20  components.

Cluster growth. Hepatic progenitor cells frequently exhibit a distinctive
feature, in which the cells divide and remain in mutual proximity. The progenitor cells
form clusters in which cells are piled up one on another. Cells in the three-
dimensional mass of piled-up cells are adjacent to feeder cells or to other progenitor

25  cells. The clusters are also termed P-colonies or P-type colonies and are distinct from

cell monolayers.

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
will find in these examples the means to implement the instant invention.

30 Furthermore, the person of ordinary skill in the art will recogrize a multitude of

alternate embodiments that fall within the scope of the present invention.
-13-
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cell nonol ayers. The follow ng exanples are illustrative of the invention,
but the invention is by no neans |limted to these specific b%&ﬂﬁ0@§ The

person of ordinary skill in the art wll find in these exanples the neans
to inplenent the instant invention. 30 Furthernore, the person of ordinary
skill in the art will recognize a nultitude of alternate enbodi nents that

fall within the scope of the present invention. -13 SUBSTI TUTE SHEET ( RULE
26) 1 Apri WOB6¥° 0 02/ 28997 PCT/ US00/ 27429 6. 1. PREPARKHIGKZAND ANALYSI S
OF HEPATI C STEM AND HEPATI C PROGENI TOR CELLS Rats. Pregnant Fisher 344

‘rats are obtained from Charl es River Br eed| Labor at gﬂ%ﬁ'{ W1 m ngton, M.

For tined pﬁégnaP noon, 5 and the
mor ni ng on whi c PROGENSTORCELLS bser ved i s deS| gnat ed day 0. Male Fisher 344

rats (200-2 are d_for adult cell hrrent of hepatic
cell lines %? gnﬁ’@?ﬁ‘?@@ﬁ 84%%? aT§|b'iai ?/Jeff Cliﬁg sa‘%" rE Bmc’ﬁr epared from
day 15 of tmlhgﬁgtbmmn ForSinieg lpR g@tits, mmpwmgewrm tﬁb&f&tmﬁ@ﬂ by

i ncubat i Ilvers W f, 5% tr n.and 0.5 T, Ounits/m

t her nol yg EEHR™ @PQ] tﬁ%ﬁi‘%lso ﬁ@FSWrﬁawﬁB ?@ # % bonucl ease |
(Si gma) for rast 2@750g) aiEht@ed@&ﬂddﬁltE*FeEceﬂyerl ayed on Ficol | -paque (Pharnacia

Bi ot ech, Uppsal a, Sweden) for gradi ent density centrifugation at 450g for

15 mn. The ' . into tissue
cul ture di s %@Ié,?)’éwog%\ﬂmﬁce?%w ;93}% B%ﬁ‘éé%_?w‘%}ﬁog% aborative
Bi onedi cal Bepduldios dapéfiéfanezesthian. &mgla®lljsuay¢nﬁond agwhiimdd® (Col | aborati ve

B omedi cal PragG! bR oo 20ach AR sbAREEPE. ARIAT B dRPECt T Vel V.

The serumfree rm)na ure rre 1 m xture of
Dul beccdUs (fighiaf Steﬁouﬁaymhxﬁl m&dmtsl’mi dnxiyriblervtlsaséILGighiaevitBIZ;. G BCOBRL,

Grand Islan I add rat| ve Bi onedi cal
Products), gh '\mrﬁm?"ﬁ%ﬂﬁi djn%)e?ﬂfﬂm?'ﬁ?gﬁgmﬁg agascg‘ﬁ% Ilé} |gma) 10 pg/m -
iron 20 sat gmfaereden'su)ammﬁﬁgmon at(ﬁsngfma)sm ThecellrddMha bawiifnaiinde ( Si gna) ,

0. 2% Bovi ne_Ser n_¢Si t hanol (Sigm),
7.6 peq/| f Fedord ?dbﬁl}tggs c"itu eglnﬁ%b%a%fwltéggﬁy C%@%&ﬁ | x 10-6M
Cus™, x 106@%&6!?&33@01&@[11@1Ernducts;BﬂifonisMAEannugmﬂdmnmat| on given is the
final cq8 Ce{&o oralive ﬁlgmétﬂcei\il lgrg&julcgmor lﬁ{ﬁs 3 and rter6 or thel4321, respectively.

The serum-free hormonally defined culture medium, HDM, is a 1:1 mixture of
Bulbecco's modified Eagle's medium and Ham's F12 _(DMEMfFlz, GIBCO/BRL,
Grand Island, NY), to which is added 20 ng/mml BGE (Collaborative Biomedical

Products), 5 pg/ml insulin (Sigma), 10-7M Dexamethasone (Sigma), 10 pg/ml iron-
20  saturated transferrin (Sigma), 4.4 x 10-3M nicotinamide (Sigma), 0.2% Bovine Serum
Albumin (Sigma), 5 x 10-5M 2-mercaptocthanol (Sigmaj, 7.6 peq/] free fatty acid, 2 x
10-3M glutamine (GIBCO/BRL), 1 x 10-6M CuS04, 3 x 10-8M H28e03 and
antibiotics. Each concentration given is the final concentration in the medium, After
4 weeks of culture, trypsinized cells are cultured on a feeder layer of mitomycin C-
25  treated STO mouse embryonic fibroblast line (American Type Culture Collection,
Rockville MD). Th1120-3, rter, and rhel4321 are cloned from three independent
preparations of fetal hepatic cells and are maintained on STO feeder cells with HDM.
After the establishment of the cell lines, the concentration of EGF is reduced to
10 ng/mi for all cell cultures.
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4 weeks of culture, trypsinized cells are cultured on a feeder |ayer of
mtonycin C 25 treated STO nouse enbryonic fibroblast |ine (kﬁﬁf“i A Type
Culture Collection, Rockville MD). Th 1120-3, rter6, and rhel4321 are
cloned fromthree i ndependent preparations of fetal hepatic cells and are
mai nt ai ned on STO feeder cells with HDM After the establishnment of the
cell lines, the concentration of EGF is reduced to 10 ng/m for all cell
cul tures. MOO228PRST| TUTE SHEET (RULE 26) 1 April 2005TRE8%28097

PCT/ US00/ 27429 Di ssoci ation of E13 of fetal liver. Fetal livers are

di ssected into ice-cold Ca++ free HBSS wth 10mM HEPES, 0.8nM MgSO4 and
1nM EGTA ( pPissogiptionTaf 813 ofifesl Svesr Betal tivers aye dissededdnte kre@old Gathime |V col | agenase
(Sigma) an U F oV VDA | ed with | Oniv
HEPES, O. 8%%9%%&'4@%%%6&012¥%%ﬁgr |ncu%g’?ﬁ7'gﬁ%§?ﬁ% Cfor 10 min, the
cel | suspentitoated withdl.2fetypely onlldgena: (G258 anti i §.p swits/nd thdrmlyEimM EDTA (Si gma) for

10 mn. TryRpsin.i hiol | noy/ t sin inhibitor
(Sigm). Py el e R MRS bl s el e

deoxyr ibbﬁ)_nuﬁféﬁai:gbaﬁoﬁ zisisgﬂm)m10¥m,g{e:cele?(p@hﬁm@?i|§este81v_&h B.0d06cel | sI per liver
are obtained.. ol atli 0 t liyer.cells. e twy step |iver

per f usi on n@fpﬁ‘ﬂanqég%lgﬁjg%’ém@ °ru]10§131"a TgPsj i fipn qrgy gd_by\ﬁg gpn Berf usion, the
cell's are cemidgirhlugpsn infibitol (Yignid). aFindHPghd selicae tredted Sith REunftiml | ar ge
parenchymal cells. Cellular viability is >90% as neasured by trypan bl ue
excl usi on. dexyribereae biPiems dy Al paprdmingnd-6K 18&Fispetlyerador onect i n

(Col | abor at §y.gneBi onedi cal 15 Products), lamnin and collagen type IV is

eval uated using 96 well mcro-titer plates (Corning, Canbridge, M\ coated
with these proteins,at 0.3 to 10g/m ., After. removing the STO cells by

Per col | 1¢ prfilfigeicha Ty cells EP&H? SR IYGEREiRign methd g ne ﬁﬁ’ﬁ‘ﬁ"on at 200g for 15
m'hn,14§2>i 1%15%@111(6‘50@@6%pé’tﬁ@i@ﬁ,itﬂélclslﬁ:cal:e deiitgﬁ%ed fbmlxﬁﬁeths'ﬂﬁmea%& and 20
rhe , are cultured ip eac qQr, .10, rs wt ter rinsing
twice to r eer?ﬂ%mﬂa@ﬁﬁfﬁrﬁﬂ%@??g?v&q@%“?@&? t EHM9AREedDE VBB | um sal t
W5T-1 ( Boedhid drg@siodVannhei m | ndi anapolis, IN) is added to neasure the
nunber of variable adherent cells. After 4 hours, the absorbance is

det erm ned &ﬁf a%%gs‘%opi%ss%)g Aﬁgsion%?geﬂg %(\f}bygnggti}x%C&fan}ré?ﬁg JSiomedical
15  Products), laminin and collagen type IV is evaluated using 96 well micro-titer plates
(Corning, Cambridge, MA) coated with these profeins at 0.3 to 10pg/ml. After
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 thel4321, are cultured in each well for 10 hours with HDM. After rinsing

20  twice to remove floating cells, fresh medivm with the tetrazolium salt WST-1
(Boehringer Mannheim, Indianapolis, IN) is added to measure the number of variable
adherent cells. After 4 hours, the absorbance is determined according to the

manufacturer's protocol.

STO Sublines. One hundred cells of parent STO from ATCC are cultured in 100mm
25  culture dishes for 7 days in DMEM/F12 supplemented with 10% heat-inactivated fetal

bovine serurm, 2 x 10-3M glutamine, 5 X 10-5M 2-mercaptoethanol and antibiotics.
Four subclones are selected for further characterization according to the cell
morphology and the growth speed. Although CFA for rter6 is performed in the four
subclones, one of them, STO6, does not persist in attaching to culture plates after

30 mitomycin C-treatment. One subclone, STOS, is transfected with pEF-HIx-MClneo
or pEE-MClneo kindly provided from Dr. J. M. Adams, The Walter and Eliza Hall
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STO Sublines. One hundred cells of parent STO from ATCC are cultured in

100mm 25 cul ture dishes for 7 days in DVEM F12 suppl enent ed! @206,
heat -i nactivated fetal bovine serum 2 x 10-3Mglutam ne, 5 x 10-5M

2- mer capt oet hanol and antibiotics. Four subclones are selected for further
characterization according to the cell norphology and the growh speed.

Al t hough fg Jter6 is performed in the four subclones, one of them
STO6, does ola {?gr sist in attaching to culture plat e LCILURTEY tonycin
C-treatnent. One subclone, STCS, is transfected with pEF-H x- MCl neo or
pEF- MCl neo @ﬁg Ii\ifé%dgv' ed fromDr. J. M Adans, The Walter and Eliza Hall
-15 SUBSTI TUTE"S ‘(&Hgif“é“%) 1 April 2005 WD 02/28997 PCT/ USOQ 27429
Institute of Medical Research. - 15a SUBSTI TUTE SHEET (RULE 26) 1 April
2005 WO 02/ 28997 PCTI USOQ 27429 Linearized plasmds at Nde | site are
introduced into cells by DOSPER |iposomal transfection reagent (Boehringer
Mannhei m. After (418 selection, six clones are isolated. Three cl ones of
each are anal yzed by CFA. | nmunohi stochem cal Staining of Colonies. Culture
plates are fixed in nethanol 5 acetone (1:1) for 2 mn at roomtenperature,
rinsed and bl ocked by Hanks Bal anced Salt Solution (HBSS) wth 20% goat
serum (G BCOBRL) at 4C. For doubl e i nmunohi stochem stry of

al pha-fetoprotein and al bum n, plates are incubated with anti-rat albumn
anti body (ICN Bionedicals, Costa Mesa, CA) followed by Texas

Red- conj ugated anti-rabbit 1gG (Vector |aboratories, Burlinganme, CA) and
FTTC 10 conjugated anti rat al pha-fetoprotein polyclonal antibody (Nordic

| munol ogy, Tilburg, Netherlands). For double |abeling of album n and
CK19, anti-CK19 nonoclonal antibody (Amersham Bucki nghanshire, Engl and)
and FI TC-conjugated anti nouse 1gG (Caltag, Burlinganme, CA) are used

i nstead of anti al pha-fetoprotein antibody. 15 Flow cytonetric anal ysis.
Cells are anal yzed on a FACScan (Becton-Di ckinson, Muntain View, CA) and
sorted using a Mdflow Fl ow Cytoneter (Cytomation, Fort
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Collins, CO. The cell suspensions fromE13 fetal liver are incubated with
HESS, contai ning 20% goat serum (G BCOBRL) and 1% t el eost eahAGEI 200bn
(Sigma), on ice to prevent nonspecific antibody binding. After rinsing,

" the cells are resuspended with 20 FI TC-conjugated anti rat RT1Aa, b, |

anti body B5 (Pharm ngen, San D ego, CA) and PE-conjugated anti-rat | CAM 1
anti body 1A29 %Phanm ngen). In sone experinents the cells are stained with
bi oti nyl at VAT r at nmononor phic MHC class | anti bocﬁ’sT Ef0Et2 ’( Phat m ngen)
fol l oned by a second staining with streptavidin-red670 (G BCOBRL) for 3

col or stai Nj {Aghrizd lasﬁﬁd@bmdégﬁte%fe‘?Inth‘ﬁﬁJe@fnm?cglls"H tﬂbspﬁ,ﬁnggé ;ﬁ aCat++ 25 free HESS
cont ai ni ng | OM HEP Mﬂq ,X\ and 0O BSA (pH 7.4). The
qr

- establ i shedﬁ%qﬁfe@@n%&’é}f@d@@g ap%éﬁ)aﬁﬂefwﬁ)@ieﬁm@%dmsmractl onat ed by

Percol | denghibig, IfAdicRALs of &k hib htigRtd yeda0 renove feeder cells. The rat
hepat oma cel |l |i ne, FTOZB and the rat liver epithelial cell |ine,

WB- F344, as_wel cells are stained to conpare with the

| Liv
fetal hepat {"tfm@@’rlfmﬂhf%%’ Stagpifg "E‘E‘T"f’m?’: Fuaeplates e fpedp iepd- of or. R E K
Four ni ers Fﬁoexandr{uuo;m mﬁmm ﬁ%ﬂﬁﬁﬁpeﬁ@;&@ﬁﬁs@@mﬁ&[ﬂcﬁd,by H&ﬂ@lstaia@oedV\A and Dr.

M -S. Tsao, _ Unj rth Carol ] pel Hill respectively.
Cells are b§%@? HP)% %&" W&Sﬁmﬁﬁ;%acoi@‘@ r??ﬂfhu@ﬁEET (RULE 26) 1
April 2005 hﬁﬁ%ﬁ&ﬁ%sﬂ@f@ﬁ@oﬁ%&ﬁ&n@ﬂ%ﬂ@la&ﬁaB&cu@@&uth}DE‘Eoﬂj ugat ed ,.
1A29 or anti FIT rat integrin P i n y,.Ha2/ 5 (Pharm ngen
FI TG conj ugigd 4?8”‘%3&588@?“@{?% ftﬁwes(%@@a}ﬁ ?gygﬁ‘é'*benm ons of three
fetal hepat Rm-@ejugatdman@sabm gGS(Vedmmomohés mirmgama |C&DQ£HHIICJ - nouse CD98

fol |l owe byase st |n 670 as well as anti- 5
rat no tocoélﬁlﬁﬁedgat?i‘? artrﬁ]%ai]!éaefl e‘né’gﬁaf’]ﬁf&ﬁgy unolg%t i c cel | |ines,
sorted cel | SilbugnMethadlahds). | oy ésuble dbbltng ofrdllﬁmme@abmg cétiicklipnes are plated in
triplicate at 500 ce 9.6._C ated STO feeder |ayer
with the salEREBRY ﬂ%é@.@ﬁl}%ﬁ.ﬁn&ﬁws% %d)caé‘%ﬁ WU or e pl ating,
cell are tanyipsous Ig@@baatmngﬁﬂmgdmepma;meMnmﬂ 6f0dnti aRRRtchioteg adi ent
centrifugati %B‘FF[O remove 10 feeder cells. The cultures are incubated for 10
to 14 days Wi Ynedi um changes every other day. Doubl e i nmunofl| uorescence

staining of al pha-fetoprotein and albumin is then performed. 100 col onies
per wel L5 ar Boangbryetichnplysis. Hslle ot aniyzaion p RO C8gy (BdetooDidkinsenype, and t he

expression o, P03y €L MRE Al R A MR eyddie: (ORGSR e Stai ned

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

20  FITC-conjugated anti rat RT1A%b.l antibody B5 (Pharmingen, San Diego, CA) and

- PBE-conjugated anti-rat ICAM-1 antibody 1A29 (Pharmingen). In some experiments

the cells are stained with biotinylated anti-rat monomorphic MHC class I antibody
OX18 (Pharmingen) followed by a sécond staining with streptavidin-red670
(GIBCO/BRL) for 3 color staining. All stainings are performed with ice-cold Cat+

25  free HBSS containing 10mM HEPES, 0.8mM MgSQ4, 0.2mM EGTA, and 0.2%
BSA (pH 7.4). The established three hepatic cell lines are trypsinized and
fractionated 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

30  are kind gifts of Dr. R.E.K. Fournier, Fred Hutchinson Cancer Research Center,
Seattle, WA, and Dr. M.-S. Tsao, University of North Carolina, Chapel Hill, NC,
respectively. Cells are blocked and stained with FITC-
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using Diff-Quick (Baxter, McGaw Park, IL) to count the nunber of the
colonies per 15 well. In the CFA for primary sorted cells anHARAIACS| i ver
cells, the plating cell nunber is changed as described. As another m nor
nodi fication, the culture period is expanded to between 14 and 17 days,
and the concentration of dexanethasone is increased to 10-6M Al other
_procedures“?c{e erformed as above. In the CFA for adult liver cells, snall
nunbers of 'C (H‘ﬁ%? of liver cells are not elininated fromtRE?o cell
suspension after the preparation. Therefore, an undefined nunber of the
col oni es ] Lok I L&jary

“differenti E%Q}g%at%hﬁ]sf}gg)?t? gd@%ctgigl[l@gsﬂg%u(gIa%{%ﬁ@?%a%f%g%egﬁ%gf stai ni ng of

al bum n andanGK&y Haf/5 Prardioteon iIFERC-¢opjugpeirahd moed Ig(t is bsed iy ©Xd8ch of t he
culture in resence, or S AL . 1e cul tures, any
colony wt h&%ﬁs}l %e?shoélﬁoolﬁreee Eﬁh%é?@%@%%ﬂ%fgg@égﬁyl%%g 25 col ony. At
day 10 and ib&yse CDP®vllegeddy ateabmi saginpwithispéptavikinasd@0 ss wdll as moi- CK19+ cell s or
one cl uster pof r h r + cells are counted as a CK19+ col ony.
About 100 %orfl%ﬁ)tg at%g?}%v?ﬁel%cgg Ogm%tgoﬁsﬁt ed. Each point represents the nean
SD from triplicate-stained cultures. -17 SUBSTI TUTE SHEET (RULE 26) 1
April 2005 A ophaatocrel ies osarisapydeg: iver @iNCRaTpane wEnerARACTERI ZATI ON

OF FETAL RA PATL.C | NES, USY NG FEEDE E.EMBRYONI C CELLS
WTH A Hdiﬁﬁ!&ﬂwlhﬁqﬁgkfek‘ﬁﬁf %R/fms?wmé“%‘%?%ﬂwgﬁ‘ﬂ% 8L of rat E15
hepat i c cel with thé ame DN P el oomsganihpecibedlding Befdraplathgpalie cel | s coul d be
mai nt ai ned and expanded. at vivyo t r.oduce .pr ny, . After a gradient
density cenWFlf“ﬁﬁjgat“?grﬁ&togat?d\e%ﬁxe ! déaﬁ%tf’ F ttcfnggﬁ%aﬁg%tﬁg’?n@é{? cells, the

fetal | il0erfegietdells. dFhe calturds arcdetutored Gurll6 wrid ddysstithsnedinmtchahgdsyevapl | agen type 1V

or lamnin_and i see_exanple 6.1). The cells survive. well for nore
Chan 4 weekdhe fes,bobe R EEAGR TR Gk R PRk A ittt Yoo 1 V1 o

| am ni n- coathecperfafthedi Sl0esiogies peotellzer amblyzefl by tha eslommpumaptelogy) P ovien mit omyci n
Ctreated STO e Qni c. e fibroblast cell.lines are used as a feeder
Cayer for CHE SRR GREGiop T HBR ALt aR bR na, me bl UeSpEF OV,

Event ual | y wimg@ii@iQuik fidxer, MuGatiPerk ) to cunnibs mamter efshealonistged  from four

| ndepengent . AL RS pilal O AH AR Rk o0 Hophify &l nithpa- T et oprotein

and al bum n
is changed as described. As another minor modification, the culture period is

expanded to between 14 and 17 days, and the concentration of dexamethasone is

increased to 10-OM. All other procedures are performed as above, In the CFA for
adult liver cells, small numbers of clumps of liver celis are not eliminated from the
20 . cell suspension after the preparation. Therefore, an undefined number of the colonies
might be produced from the clumps. For CFA of biliary differentiation on sorted
cells, double immunofincrescence staining of albumin and CK19 of the colonies is

performed at 5 days each of the cultire in the presence or absence of EGF. At dag 5
of the cultures, any colony with more than one CK197 cell is counted as a CK19+
25 = colony. Atday 10 and 15, colonies containing multiple clusters of two CK19% cells

or one cluster of more than three CK19+ cells are counted as a CK19% colony. About
100 colonies per well are counted. Each point represents the mean + SD from

triplicate-stained cultures.
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15 perfornmed in the continuous grow ng cell popul ations before cl oni ng of
the cell lines. Both proteins, alpha-fetoprotein and al buni hAPE¥0%sed as
the markers to confirmthat cell populations originated fromthe hepatic
| i neage. A cell population with a tendency to formpiles of cells, called
P-col oni es, had intense expression of al pha-fetoprotein and albumn, while
anot her cluster produced fl attened nonol ayers, called F-colonies, 20 with
di mi ni shed %&?}Pgﬁgi on of al pha-fetoprotein and no al F&HUAY2H2 enbryonic
nouse fibroblasts, STO do not show any reactivity to either antibody. For
further analysis, three cloned hepatic cell lines from i ndependent
~ experi ment s 6@r e GEVERATION ¢ WA’F}%@F@W&MT&EMTE ther P type or
F type col oni es L INEAUSING FERRERS SFMOUSE BMBRXPNESRELIR WITHhst | y of packed
smal | cells, P t4/BORMONSLYDERNED MEDIVM} 120-3 25 (Fig 1C) nakes only a
fl attened nonol gyer, of F-t Uge co] oni ei. Rter6 (Fig. 1B) is an internedi ate
phenot ype of t he¥BPlf g'te}qﬁ%/ igs of i1y heppiferellrefoRipnbionse ba¥ rter6 is still

obser ved 5af toag fédd hparic NI Eld B¢ mESEHEd nH alpatde@ B V3G tOfrodldepbieal.t ened col ony.
of .col.onies derived fromsingle cells in rhel4321

To see the et erogenei t

and rter6, CHE ac%‘?d?egt ‘§Psét¥ CROHESHHAO Srporsrksmatoppigiismpapmiciegcelsy (o 14 days at

%i_hseed: ng dﬂiﬂﬁtﬂ}ivggf:elﬁ@ﬁcfﬂ&lkdd%n]@ﬁfua&@sh@sc@at@d@ oﬁmdgenhfpapéﬂv&f ﬁ I6-We| | gl aLe_)-
e col oni es are the aracteri in termp of _their norphology and their

expr essi on M?Wéqﬁgﬁﬁfﬁﬁaﬁp éﬁ'dT%ﬁcﬁlﬁfﬁF‘i‘ﬂvel‘l'F]bfor?%eﬂ?@“ shows the -18

SUBS'rI]'I TUT:El $JME&I. Hawﬁz&, 260ndary Aptutes oaﬁééﬁédwgdﬁzyﬁpzw 1aBﬁ55){.H§€éQé 27429hr esults.

In the ines, rhel4321 (Fig 2 and rter Fi C,, and in the

origi naﬁscefi‘IShes g%'ﬁ‘lﬁ Pﬁﬁtgﬁ%ﬁrﬁgwg?rb %SBHWH@W‘(“FE&&?%%T(%W%I | P-type

col oni es st mong fijroBp tatilines 04 BEPasfadtcafGEEbthe bRIL RIS, gy col oni es of

bells do not. Furthermore, _the jntense . expressjon of bot,

al pha- f et op?gﬂeéfﬂﬁs‘gﬁﬂg%oﬁ’uﬁiv‘??aaby??B?éﬁ@@ﬁﬁ‘%ﬁtﬁfcﬁ nepate EIgl?floni es. 5 The
mor phol ogi ¢ &bmddut fnaspeiieer ekgeritnb@s.cl oned hepatic cell lines correlate to the
percentage of the P type colony (Fig. 2bB and2C). The percentage of P type

colonies in CF Ltero rhel 4321 1s 33, 3% (. 8..6% SD) and 65. 7% ( 4. 0%
SD), respecti vfahin%pmilﬁgm ‘B gﬁ“@ﬁ%‘%ﬁ%ﬁ%@@’?% ea?]%\gl\lg‘frﬁunf‘rg counted to
cal cul atig t pefooharimthe cgtimwnderefihg cllenpyatibmdkiorecleaint otthewtiyipes. The ef fi ci ency

of rter6 an ?ﬁge % 79 (g{ 1.39 %3 n ?.4‘V 1.1% SD) ,
respectivel g?th eﬁg’r%%’f%e-@%g%ﬁné blﬁlré]ﬁt%‘i{ﬁsg'? a{%h'[gat egs tgﬁ% 1"BRer al ong their
| at er al bor ceéirpepuiaicnstgigipetedfommthe bepaid linsign gl ellpepulation witenshdensy

to form piles of cells, called P-colonies, had intense expression of alpha-fetoprotein

and albumin, while another cluster produced {lattened monolayers, called F-colonies,

20  with diminished expression of alpha-fetoprotein and no albumin. The embryonic
mouse fibroblasts, STO, do not show any reactivity to either antibody. For further
analysis, three cloned hepatic cell lines from independent experiments are selected by
the morphological criteria of either P type or F type colonies (Fig. 1A-1C). Rhel4321
(Fig. 1A} consists mostly of packed small cells, P type colonies, whereas th1120-3

25  (Fig 1C) makes only a flattened monolayer of F-type colonies. Rter6 (Fig. 1B) is an
intermediate phenotype of these two. Interestingly, the heterogeneity of rtet6 is still
observed after three rounds of sequential cloning of the flattened colony. To see the
heterogeneity of colonies derived from single cells in thel4321 and rter6, the cells are
cultured on STO fibroblasts for 10 to 14 days at a seeding density of 500 celis per

30 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-2F

shows the .
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difficult. However, the thl 120-3 cells do not produce piled up clusters
(Fig. 1C). Next, the preferences of each of the cell lines tbARENI0E to
speci fic conmponents of extracellular nmatrices (ECM are tested, because

t he adhesi on of nouse liver cells 15 to such ECM proteins as |amnin,

col | agen type IV, and fibronectin, changes in different devel opnental

st ages. e |1 agen type IV|sthe nost effective in the attachnent
of th1120- S‘;"(@{zﬁﬁlq simlar to the findings for tHHETHIW4 i ver cells,
it works less well for rter6 (Fig. 1B) and rhel4321 (Fig. |A). Lamnin is

the most  ef{@EtinViG SiRL el 1 INEROMm i) AE gﬁ@%g{nﬁi&um) This

preference is simlar to 20 t of prlrrary cuIture nouse fetal |iver
“cel |'s (Hi r apogulaionggrior to ¢lggny (Flgl%),sﬁ@mﬁhm typ¢ deonigbtirorgly exgreex pr essi on of

al pha- f et opfiglgitPpraed @eﬁmﬁgb su&’mésweugau lﬁg'tﬁft Anske, tpn&fmeeent i al

adherence to |l amnin gest t e cel I "popul ati ons
produci ng P"XPS?EF@U(%P%?IE@ fﬁ?lﬁ"*ﬁ*ﬁﬁ@ %ﬁ“ﬂﬂ’ﬂs obseredsanlyi im P &the pdletheshepat i ¢

progeni t or 'Pﬁ%lnho?pll_m@ gioal df@@a&ﬂ@éh%d%&%‘ﬁh@éﬁ%ﬁ&&ﬂ;% COLONY FORMATI ON,
~ 25 ASSAY OF HEPATI C PROGENI TORS To_devel O’F CFA systemto identify

bi pot ent helsErentazesf 8§ Briype splenyiFigt2bRiapdC)g lmpqaenpe%eﬂﬁwmcolonme culture

system has i ¢rR&f abtk Gnd 153D ROE Buqekls7Nansdsom, @l.osd gmal  seeding
densities and with conservation_ of critical OI‘I%I nal hepatic functions.

Al bumi n andesPEgteEY s Biedppleelenimmber rerellgs cqupied ihsdeulais hnelenakant narkers for

early 30 hepabth erridRy |6&Rﬂ§@ﬁﬁ 6 Lifiddef 6 ddd ing P type
col oni es sﬁ%ul d be t d%( best Cle%?ﬁce 191 SU%QQF%UTE%%E%?}{S?%%E 26) 1 April

2005 WO'92/ 2‘853@73@@1@ WS@O("Z %@b@gﬂﬁ%velyb(fbe Hb204 cells sightlyegabni es mai nt ai n

the expr esstbephefhe@&dagareﬁ@&@meaegaajaﬁgcbmpada@umfﬂnéiwen@& Glsepal expansion.
Therefore, STO subclones are conpared in'their support of P type col oni es

of rter6. CHECH Hoyeve, bl 20-Geelis do aetpradrgeiledi clpstery gs- 1611 ony f or mat i on

nore than any of the other sublines and nore than the parent line 5 (Fig.
2D). The CFA of Nehehuﬁa&eﬁesaempﬁhemnneabacﬁE@& dp&lf@cdﬁiﬁ@ﬁleﬁlifemi ve feeder

t han the par ent i’:‘gf{“ The use ene rod expressed in
the mesench Etn?ﬁis a('i‘itasé‘?t st %d[h c}n(?fﬁ% ‘3”1' 8 essential for
fetal hepatth eucﬁ (8 i praxipedasanﬁﬂn cémdghotughvt hﬁf’rﬂﬂh&ue)émngé‘ssli on for the H x
gene is ana4 n? n1>t2 %@i % sub ones are |ts 0. slgmlfl cant
di fference gevg s eﬁ“@"sf gen byp Bicmosteffective

attachment of th1120-3 (Fig. 1C), similar to the findings for the adult liver cells, it

works less well for rter6 (Fig. 1B) and rheld321 (Fig. 1A). Laminin is the most

effective substratum for adhesion of rhel4321 (Fig 1A). This preference is similar to

20  that of primary cultures of mouse fetal liver cells (Hirata et al., 1983). In summary,
the conserved expression of alpha-fetoprotein and albumin in P-type colonies and
preferential adherence to laminin by rhel4321, suggest that the cell populations

producing P type colonies are more strictly associated with hepatic progenitor cells.

6.3. ISOLATION OF STO SUBCLONES FOR THE COLONY FORMATION,;
25 ASSAY OF HEPATIC PROGENITORS

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
30  hepatic development. The culture conditions optimizing P type colonies should be the

best, since
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- 10 subcl ones (data not shown). Furthernore, the stable transfectants of
nouse Hix in STOb do not result in an inprovenent in the cof ﬁﬁiﬂaogﬁmati on
assays (Fig. 2F). One clone of the transfectants, however, is used for
further experiments, because the transfectant supports a nore stable
persi stence of the original norphology of ST at relatively high
passages. 15 6. 4. | DENTI FI CATI ON OF HEPATI C PROGENI TORS FROM E13 FETAL

LI VER USI NE ¥ SURFACE ANTI GENI C MARKERS AND THE — CICEU2¢8M NG ASSAY.
Hepat opoi esi s and nmassi ve anmounts of hemat opoi esis co-exist in the fetal
liver. So far, the antigenic profile of hematopoietic progenitors has

ext ensi vel y Phwehutiot B yas golaries W&gemeéﬁenn@éalahwfe@pmgmnmgat ic progenitors

are still i Biphdig ko BloR S¥pansldhe ThEEb IV sibdRned drd SnilrelfRiI C CellsS is
anal yzed using t ﬁennlghroee hpggséti c cell Ti nses nest abI@?ﬁe%mﬁlﬂ this study, an

adul t hepat SPaMEIKAYRS celanips qf pters. Prembihe glonesg T QSpsupprstsithglP tyreel | | ine from

adul t rat | kyely féoiRidndMea tharB of skt Yablisd bt Bdte MG pdrdny Bl Cel l's (Fi g.
3A-3X). Conparéd wit TO 2B \Q#B F344, and adult liver cells, the pattern
0

h F

of the 28 miae 2Pt GFA o5kl alse panfirbrdhat BTCS Semor dffeetiye foedrs 14321, is quite
uni que in thak the PRECSTS (Fif QB XIME BOSk Ak Rhe FoRES lefitbssditiing! ass | (RT1At )
(Fig. 3A). The cell line thl120-3 is simlar to rhel 4321 in the pattern of
RT1Ar (Fi g. mS¥pchymstegls (g disptiveragsEombI0GHs gsentiglfyr fetahgpaticoalh 1 (Fig. 3K),
whereas rtegfalig. ARAE HEmRNAI Sfte@%RIoe hS HOD AL isFhdfYed inbikg. 3E) and OX 18
(Fig. 3F). Additionally, another cell line froma different 30 experinent,
whi ch has aRT® sbppreedhereis PpHEnilRgy: dibroperdn isppregsingmorgbs D), is also  RT1A
t-, OX18pt msiode%hﬂaaar-shé@.em&nﬁfe, BXRARSEh@Etdnss B mBAsk Ak thn al | the cell
lines, while the pattern of RTIAa'b'r and ICAM1 is unl%tjf anong them The

anti geni c pPbP] Jodiobesulidr, i impjoyerpent ip e Qelppy fprmatien astaps(tie J Queoe) 1 Apri |
2005 WO 02/ &R thPfedrlstdSRE, At Sr, B For ffthéF bhdrindentt oeQusede3) . OX18" (Fig.

3V), and ICAM1' (Fig. 3W. Since, in the adult rat, all bone marrow cells
except mat ufrEsiEFigpE sAPBRI AR TS HablsRIsisteres pf tha wrigipaionorpholegy of STR %cul es, the
fetal hepat feiROPUEAIkREEsCan be separated fromthe henopoietic cell

popul ations by MHC class | expression. The cell suspensions fromrat E13

L vers 3520 84St IR oRUr mEPA I pROSENTON, ErBM ARGRE. P 0. 4AL to 4A2

shows t LIVER USING THE SURFACE ANTIGENIC MARKERS AND THE
COLONY FORMING ASSAY.

Hepatopoiesis and massive amounts of hematopoiesis co-exist in the fetal

liver. So far, the antigenic profile of hematopoietic progenitors has extensively been

20  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 lines
established in this study, an adult hepatocarcinoma cell line (FTO-2B), an epithelial
cell line from adult rat liver (WB-F344), and freshly isolated adult liver cells (Fig.
3A-3X). Compared with FTO-2B, WB-F344, and adult liver cells, the pattern of the

25  most immature of the fetal hepatic cell lines, theld321, is quite unique in that there is
no expression of classical MHC class 1 (RT1A!) (Fig. 3A). The cell line th1120-3 is
similar to rhel4321 in the pattern of RT1A" (Fig. 3I), OX18 (pan-MHC class I) (Fig.
31), and ICAM-1 (Fig. 3K), whereas rter6 has relatively high expression of RT1A
(Fig. 3E) and OX18 (Fig. 3F). Additionally, another cell line from a different

30  experiment, which has an identical morphology to rthel4321 (Fig. 1A-1D), is also
RT1A ", 0X18%", and ICAM-1%. Tntegrin b1 expression is similar in all the cell
lines, while the pattern of RT1A™" and ICAM-1 is unique among them. The

antigenic profile of aduit liver
-20-

SUBSTITUTE SHEET (RULE 26)




2 color-staining pattern of RT1A1 and | CAM 1. To determ ne which fraction
contains the hepatic cell population, five fractions (Fig. 4Bpil2095413-5)
are isolated by fluorescent activat ed cell sorti ng and then screened by

CFA for clonal growh potential. Fig. 4B-1 to 4B-5 represents the result
of resorting of the five fractions 10 after sorting. The hepatic cell

col oni es, defined by expression of album n and al pha- fetoprotein, are

di sti ngui sREb28887 so nor phol ogi cal |y, enabling one t FABENZ™he nunber of
hepati c col onies per well. The majority of the hepatl c colonies are

detected | ot eaaterTh) dith 898 S Bt Toblgond, Sl P2 1 e, oate

2), and the frequency e Pt ony iIs 5 6/o 4.9% SD). Gate |
(Fig. 4B- 1)a@hwgllézommmowmélewﬂmﬂm)@yﬂmcytqsh@oneblebmsew(énd t he ot her

fractions cghl ﬂzugle&ﬁ% | theerl lﬁgﬁ[ﬁgg% aﬁ% B@ E ated’ﬂo%‘th&ﬂén%ﬁéﬁetfcor mng ability.

In gates | and res fetoprotein and albumn is
confirmed |¢¢H@PPU1¢WQ@W tlass Eexpepntias Th@@ﬁﬁusmnsmér@mabﬁﬁ3é@ers derived from

(cells |05 0afEoinodiifh BRIPK! shORANDY BRbSdice! Rigl AN USRS MHC cl ass |

expr essi on hepatic cel|s 1n detail, three co stai ning of RT1A',
| CAM+ 1, and2 QarsstajijingpaticpoofiRidAsind EsAMtlt de dftg%)e vhirch &Reion eentaylr amet er i s

used for t Ne ?&Iall.lc defl 3Gl Q812 EibeQhctions B8 484 18IB-6 R ol yef | €Ction of the

granularity o ,'I's a useful paraneter for separatlon of hepatic from
hemat opoi etﬂ@re@@qnt@ﬂvqﬁeé@@mgmgéq entserpaned by €A fosclershgrav® | i pi d droplets as

early as El},0fa0eqt i %@B Fi ﬂe]%}cseﬁt%é relsdlt &%sé‘hﬁé@% B abetbite gate 2

contai ns the highest nunb colony-formng cells. Gating R2 based on the
SSC, 25 19 heafisoioingt Fweeaélﬁrc%ﬁ@nr@%ﬁ mp@bxwewp@f gbvgpiegpdiadpbyrhows RT1A - and

OX18d, u  PhePBIVRE xk Eisﬁmguﬁgblé alfs@mﬂighéo Eﬁﬂhﬂ tjo cont - 4) . The CFA

confirms that R4 harbors more col ony-Torm n% | s than gate 2 (Table 1).
These r esul msabsigfgeratic ¢ofpaies PeFieh. ermamltwfm epati@qlw arg fefeqedAM 1

popul ation B%@aﬁl@flﬁaﬂ’ aﬁdféﬁM?%ﬁabiEQPﬁg'z@ 2 ?@ Lt@Z)E&rf&%bCf}e
al pha-fetoprotein” and al bum n' col onies. denti cal antigenic 30

profile f omf@lefPo‘iﬁ’ParW@M@ Zflﬁ%éfp #8%SB). gGatelf\(Ftlga 413@) showpa muBBET| TUTE SHEET
(RULE 263 1n./Afed dr ﬂ%QQfémM%e%ﬁx%@fzacegﬁycMﬁe%ﬁé}ﬁg n@ﬁﬁis%f éells The Frequency of

hepatic colonies fromsorted E13 fetal [iver based o expressi on of

RT1A and | Crith wlongiaraing ailify alegter band % tﬁ@?xpvvéalqn)qﬂb%ﬂlplaa fetapreﬁga ( per
vel 1) Ef fi ci A aihuRin i¢@nfmia ol MR PRe EBnich 1088 df <OBni&! derived

from cells in gate 2, are larger than others. To investigate the MHC class I expression
on the hepatic cells in detail, three color staining of RTlAI, ICAM-1, and OX18 with
20 the sidescatter (SSC) as another parameter is used for the cell fractionation.
Sidescatter (SSC), a reflection of the granularity of cell, is a useful parameter for
separation of hepatic from hematopoietic cells, because fetal hepatic cells contain
lipid droplets as carly as E11 of gestation. Fig. 4C-1 to 4C-5 shows that the gate 2
contains the highest number of colony-forming cells. Gating R2 based on the SSC,
25  the population corresponding to the gate 2 clearly shows RT1A! and ox1gi
phenotype (Fig. 4C-1 to 4C-5 and Fig. 4D-1 to 4D-4). The CFA confirms that R4
harbors more colony-forming cells than gate 2 (Table 1). These results suggest that
most of the RT1AY, 0X18™", and ICAM-1* population from E13 rat liver are hepatic
cells producing alpha-fetoprotein” and albumin® colonies. It is the identical antigenic
30  profile found for thel4321 cells (Fig. 3A.to 3D).
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2500136. 3 4. 627 3500010. 07. 90. 13 450006. 3 0. 60. 13 550005.0 1.00.10

R310007. 02. 60. 70 R4500269.3 9.854 Col ony forning cul ture on? &Pib3I0e
containing indicated cell nunber from each fraction of E13 of fetal I|iver.
Nunmber of the hepatic colonies was established 5 fromtriplicate stained
cultures (nean SD). Efficiency of the colony formation express the
percentage of cel]ls inoculated to culture that went on_to form col onies
anal yzed aft Q¥ days of the culture. 6.5. D FFERENT ‘ERERRL?REQUI REVENT OF
E13 HEPATI C CELLS AND ADULT LI.VER CELLS 10 The growth requirenment of the

"sorted hepatic cells fromE13 |liver are studied using the defined ST05

feeders and ToMe!. FibuEremesncyof denaticiploise fom srstrm Ebk el lyet hased on theowt h f act or f or
adul t |iver cxpgptien of RIAAPHSM-{he effects of EGF for colony formati on of
sorted hepatiec—cells—are—thvwesti-gat-adeIthe-colony-size of the RTIA 1-
OX18do | CAldhtd + | hepatd @) gekils Rpadmsypegger Effkidd o cahgpneen @l EG-, whereas
adult liver 15 ¢ells yielded colonies only in the presence of EG- (Fig.

5A). Furt herlimr e, the r phol ogy gf i &e col oni es deéﬁled fromadult Iiver
cells is the typical ype, wher 484 1 RT1A1- hep c cells produce P
type col onies wWthout EGF. However, -22 SUBSTI TUTE SHEET (RULE 26) 1 April
2005 WD 02/ 28997 PCT/ 8800/ 27429 t heesakeny ef ficiency27is reduced slightly
by the absence ¢f EGF (Fig. 6A). Interestingly, the culture condition in

t he absence of EGF e si zed the pes of P-co ies, Pl and P2.

Al t hough the9m1 ori tggo t he col onfo\é&;tf% P2 type, at b'?%e 12th day of
culture, it is ¢gifficult to distinguish the two types definitively because
sone of 5 thém gdo not5MW&ve the typbsalo.aror phol ogy. Théde results suggest
that fetal hepajic cells and adult liver cells are intrinsically different
in their grow h|requi nt as wel in their exp sion of RTIA (Fig.
3 and 4) andg\f:o ony mg)(@gﬁol ogy. Af %gftq? weeks of cul{)ﬁ?e, when growt h seens

to reach amaxiptonT—the
R3 10600 7.0+2.6 0.70

R4 500 269.3+9.8 54

Colony forming culture on STOS5hix containing indicated cell number from
each fraction of E13 of fetal liver. Number of the hepatic colonies was established
5  from triplicate stained cultures (mean * SD). Efficiency of the colony formation
express the percentage of cells inoculated to culture that went on to form colonies

analyzed after 16 days of the culture.

6.5. DIFFERENT GROWTH REQUIREMENT OF E13 HEPATIC CELLS AND
ADULT LIVER CELLS

16 The growth requirement of the sorted hepatic cells from E13 Liver are studied
using the defined STOS5 feeders and the HDM. EGF has long been known as a potent
growth factor for adult liver cells. Therefore, the effects of EGF for colony formation
of sorted hepatic cells are investigated. The colony-size of the RT1A ' 0X18%Y,
ICAM-1" hepatic cells becomes bigger in the absence of EGE, whereas adult liver

15  cells yiclded colonies only in the presence of EGF (Fig. 5A). Farthermore, the
morphology of the colonies derived from adult liver cells is the typical F type,
whereas all RT1A" hepatic cells produce P type colonies without EGF. However,
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expression of RT1Ar-, OX18, and ICAM1 is assessed. As shown in Fig. 513 to
51), 10 the expression of RT1Al is not induced, while that of Ae3P0P s
.reduced. The level of |ICAM | does not change. Furthernore, the average
cell number of single colony is calculated fromthe recovered cell nunber,
the percentage of rat hepatic cells and the colony efficiency. The

esti mat ed %all 1punber reaches 3 to 4 x 103(Table 2). This indicates that
the single el or i ng the col oni es divided approxi M@FV’%@ 12 times 15
on average under this culture condition. Table 2. Calculation of the cell

InurﬂoeL-Ri n S&Bg&&%yﬁﬁﬁﬁhdyqsféﬂl#c%d&?ﬁghtly&@@l&da@éeﬁ@oﬁﬁd}ﬂ’f@g‘é@jﬁ\.9 densityCul ture
engt hRecover edPer cent age o onyAverage of ce|ll nunmber in

nunber (cel | gﬁtﬁfﬁs@&%ﬁ& ﬁ%Ier?ﬁ‘i‘fjb@“rl%l 33‘5?q°e?f%(%fw&5@?f¥@e@%tﬂcﬁbq e col ony
50018181.5 R—c&l@ﬁéﬁﬁllaéhdﬁz.xmﬂlﬁﬁgm@@nﬁf ﬁ&ﬁiﬁﬁtﬁbdéloﬂ@ﬁgﬁﬁ%e,fhtﬂieﬂ]ﬁ?’ 408051204- Ohr
10669213. 3 103 Sorted..cells. fromR4A in Fig. 4C-5 were cultured on STO5hl x
feeder cel | $8Y;0h W8 ’Balﬁ?‘"’fkﬁmﬁuﬂg‘g?]i‘%%”f’ E’Pesgﬁfé““b"é]ryibﬁffuﬁeﬁﬁmﬁﬁft ed of the

c EI ture sel themldb ?ﬁﬁhdcﬂae\»ﬁﬁ::i(ﬁl m@@?ﬂ@ye?hes@eﬂltg f@gektQid: fetd hépmlu nmber g ou né ed.
The percent age rat cells is fromf]ow.cytonetric 20 ana i s based on
the expr ess?%ﬁmg’fad‘f@{wrl mﬁ’ﬁﬂ‘“’"ﬁéﬂﬂ TG %‘T‘"Bﬁ%ﬂ“g?@‘i“&?sé%ﬁy i ndi cat es
t he percent agetheit expekdic of RUCAN @ifgetlarld @) sidlcblodyandeptatogent on to form
colonies. Data fromtriplicate-stained cultures (nmean) was obtained from
t he experinents 4, rallel wth, - TI.TUTE.SHEET (RULE 26) 1 April
2005 WO 02/ 2899f*f%%ﬂ%%o‘gf'ﬂs’&ghé&\%?‘%‘ég%‘g?ugg%aﬂ“r‘%%’“ it ngl e col ony =
(Recover ed e@tessionofiBEIA'X ONd8,cohiCige 1dfassestd. AsehdwnlifBig/ BRoxciD,at ed cel |
nunmber Co ! )\ EVI LPAQTENTI ALI TY | N RT1A1-
HEPAT] C%O'PMF%?g%% ‘%'}%9%?%8’2%1}‘%%{1&%’@% F%g“‘%élt ﬁ‘r"’tq veei??épati c cells
ar e t hought IGAM-+h deee net change t uthermpte gbeaveiage ogll mimmgr ofisgigletaonytie mat ur e

hepat ocyt e i ct _epit ILum However fore e .di scoveries of
o T net ant Aiafl S 0dieo KB AP MM, wcBUH Bl of SRS CY L he® o
fates ori gi engeifitienm Thesistirgdie! ool himber rearbes 3 176 x A€ (Bblkeizhelhshet her t he

indicates that the single cell forming the colonies divided approximately 11-12 times

&

15  on average under this culture condition.

Table 2. Calculation of the cell number in single hepatic colony.
Average of cell
Incculated cell  Seeding density  Culture length Recovered Pescentage of Colony number in
number (celbiem®) (day) cell number rat celf (%} efficiency (%) single colony
500 18 18 1.5x 10° 58 41  42x10°
4000 51 21 6.0 x 10° 20 44 3.1x10°
4000 51 20 4.0x 10° 69 21 3.3x10°

Sorted cells from R4 in Fig. 4C-5 were cultured on STO5hIX feeder cells in 60mm or
100mim dish. After the pericd indicated of the culture cell all cells were recovered
and the toal cell number counted. The percentage of rat cells is from flow cytometric
20  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 triplicate-stained cultures (mean) was obtained from the experiments run

parallel with,
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RT1A1- OX18a | CAM 14 fetal hepatic cells can differentiate to the biliary
lineage in 10 this culture system the colonies are stained b@‘p%{r?ﬁp'éCKlQ as
a specific marker for biliary epithelial cells. CKl19 is expressed in the
bile duct epithelial precursors after day 15.5 in the fetal rat liver at
which time the expression of album n disappears in the cells. The sorted
RT1A1" ICAS,{’H' cells are cultured in the presence or absence of EG- and
their fated%F&onitored by the expression of CKI o PSS UEHB® i n after 5 15
days of culture. After the first 5 days, the CK19 colonies are negligible

in the cul Awk@8 of df skl Wstalle BSfny 2MNELEAS Al higMbeE LPORMES: £t ai ni ng
CK19}cel I s occurred in. those in the absence of EG- (Fig. 6a to 6b).

Al t hough th“éﬂfll?ﬂ)/é‘?%clﬂf‘“;’/dWﬂnﬂﬁ%rﬁﬁilgnyeéf}@&“@gm%n is fairly weak, the

CK19' cel I s show reduced al bum n expression. At the 10th day of the

culture, as,sho L i , prelal pparently express 20
only CK19 oGr‘éaI B ﬁN%%%?%g&gNﬁ%\%ﬁgﬁ*{fﬁgﬁﬁ?@geexpressi on. The pattern
urmi

of the CK19'and Q}g SceI s in a single colony is reciprocal. The nunber

of dual zpositi J %’ﬁ%@h Id J bl | still is

hi gher isn t he aéggﬁgdg%gg{a%%%%g(r ig. eg%a.gélﬁra\g?@g%}logggég%@&ﬁ?EGF, many of

t he col oni epsecursersiyng s totheypatura hipatasyte and bilexdugttepithetium.Ol¢wedtety (Fi g. 6b).
Eventual |y, i 11 j eaches nearly 100%
in the abs ebﬁgog&gg‘%%%%&%t _ggegﬁsi%%’fg@%%%%gﬁ%tﬁé‘g@%eﬁ?r" E&CEG: dramatically
suppr esses Wietherthpearfatprosigipiteddioroe e gharicd or nohr tnudgisrminewketetthee  (Fi g. 6b).
These resul 3 &l 1+ J A %g gé}\ﬁ ls from E13
fetal |i verlir%gn gl he%%ir}?ila%%ﬂ}eg/\%ﬁé $“The %ﬁﬁ?%%%b%ln ag%;ggﬁld their fate
can be 19 nfthis e ysism, H@rolopiesdrg stagned by apti-GE19 as 2 pegiB8TkeFFE SHEET ( RULE 26)

NON, HUNAN. RIS PRt Gl R Aol i Pl oS L.
CLASS |  ERlay &RED. thetfhal saidiveratiwhieh tne theexpressicarefialbingh digippears if thact i on of

cl assi cal 1a A i vert ebrates,
ks, gmgﬁmh RTPA RAN SIS bS8 InVin SROSRE xﬁﬁseaﬁ%g

and the sane | > case for the | CAM antigens. However antigens are
not found iEOE. padhainiblesaremonitordby tineipgenien o CK19 pud athgmin aflenfpr ehensi vel y

i nvesti gat qusm? t:ﬁﬁﬁ’g %tepﬂche MRl 4 a%?g, ik @K%@%Gﬂoﬁ@s are negligible in the

cultures treated with EGF, whereas a few colonies containing CK19" cells occurred in
those in the absence of EGF (Fig. 6a to 6b). Although the intensity of the CK19

expression is fairly weak, the CK19¥ cells show reduced albumin expression. At the

10th day of the culture, as shown in Fig. 6a to 6b, some colonies apparently express

20  only CK19 or albumin and others have dual positive expression. The pattern of the
CK19*and albumin” cells in a single colony is reciprocal. The number of dual
positive colonies and CK19 single positive colonies still is higher in the absence of
EGF (Fig. 6a). In the presence of EGF, many of the colonies consist only of
albumin” eells at the 10th day (Fig. 6b). Eventually, the percentage of dual positive

25 - colonies reaches nearly 100% in the absence of EGF at day 15 (Fig. 6a). Altogether,
EGF dramatically suppresses the appearance of CK19*colonies through the culture
(Fig. 6b). These results suggest that the RT1IAY, 0X18%" | and ICAM-1*cells from
E13 fetal liver can differentiate towards the biliary lineage and their fate can be
infiuenced by EGF in vitro (Fig. 7).
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Al t hough the information on CAM antigens is |imted, the biological
functions of | CAM antigens are conserved in many nmammal s suthPH

nouse, and rat. So 10 far, I CAM 1 conpl enentary DNA has been cloned from
human, chi npanzee, nouse, rat, dog, and bovine. The conclusion fromthe
sequence data is that the nolecular structure is highly conserved in al
speci es. Iore by choosing anti bodies specific for the ICAM | in a
gi ven speC|é%maﬁ@ anti bodi es for the designated cl as<C WU$Wﬁaﬂantlgen
according to the table, the cell populations enrlched in hepatic 15

progenitor | n =| Tah Hi atability
Antigens - Klg'me g %@E%%E%&OS\E E’Eﬁé % RS assical MHC
class | AK D, LA, ME, F, G H J, X

OX18 recogni zes nor phi ¢ epi tope of rat M—IC cl ass | antigens.
Therefore, the i n S Mdﬁ{ l,as as well as

cl assical MAC cngthsn ?8&%?’: C&Pega hﬁﬁ%ﬁ%&%ﬁﬁ 0#1%%’(3: a55|6c% ﬁ/HC class | |oci
are not def anmgehsmeh@b}ycmpqumong)mma&aﬂthetsamaxsﬂesasbﬁtrleen menbers of the
sanme specie fo ure, n t be discovered as
a noncl assi @%ﬁﬁ ﬁ@égﬂs %WGVFME%%%ﬁsptﬁ—a‘Ef%unﬁnmfver? %ts%%g cies. One

enbodi nent miugdmhere|the\nmaitqomprehmsmlymtelamgdtedinommmtrerﬂalyath k;;recim'uenot ype of
hepat i c progeni to hrat e table of key
cel | surface “ar eﬁlﬁ”‘h;ﬁ"gyrpukgﬁg@ é‘é%eﬂ“%teh %M’ﬂﬁ? ESSHEET (RULE 26) 1
April 2005 mwamgaﬁ% chGTHveISODAR M 8nalssothons Aumdvindues, sndfrgir Séepat i ¢

Progeni b [0 ﬁg@ es MouseHuman

Cl assi caﬁRT%II‘kl'gM ! c%%gﬁ%%ﬂﬁétﬁée and}eaﬁ&ﬂéﬁﬁ% ﬁ clng%gs 12D negative

and/ or H 2Lnkdeg and@owagafmvemhdeU&oMAsqunnﬂgaitls thet tiemableonlaHl A- C negati ve
structure is highly conserved in all species. Therefore, by choosing antibodies

(@

specific for the ICAM-1 in a given species and antibodies for the designated class I
MHC antigen according to the table, the cell populations enriched in hepatic

15  progenitor cells can be isolated.

Table 3. Major Histocompatability Antigens - Nomenclature

Species Rats Mice Humans
MHC RT1 H-2 HLA
Classical MHC class I A KDL ABC

Nonclassical MHC class I | C/EL M TL, QM E,F, G, H,J,. X

0X18 recognizes a monomorphic epitope of rat MHC class I antigens. Therefore, the
antibody recognizes nonclassical MHC class I as well as classical MHC class I. The

- exact number of nonclassical MHC class I loci are not defined in any species, because
| 20 it varies between members of the same species. Therefore, in the future, a new locus

might be discovered as a nonclassical MHC class I in subpopulations of these species.

One embodiment of the invention is a method of predicting the phenotype of
hepatic progenitor cells. This feature is iflustrated in the table of key cell susface

markers in various species.
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Noncl assi cal Dul | positive forDull positive for itDull positive M—lC cl ass

| C/E and/or Mand/or Q and/or Mor E, F, G H J, and/or x 1April 2005

| CAM 1Posi tivePositivePositive 6.8 CHARACTERI ZATI ON OF RAT BI POTENT

HEPATI C PROGENI TORS AND COMPARI SON W TH ADULT HEPATOCYTES Table 5. Cell
Surface and Internal Markers in Rat Cells. MarkersBi potent Hepatic

Cel | sAdul tﬁ@&&g_&yt es** Data From Freshly Isolated Ce|lls | CAM 1++ CDOO
(Thy-1)-- ass | MHC (RTi A)-+ OX 18Dul | + Dat a9 M4 t ured cells +
in several of the Al pha-fetoprotein+cells in nost col onies Al bum n+EG-:
many cells ’@éb"‘féi 'Mﬁkéfs for Bdphtic Fr&pWRifor €8ks| $isddQA e ThBniEERaEG: few cells
positive - -EGF: many are positive 5 EG- = epidermal growth factor that
when added t© Sﬁé o U LUT EpL0Nar TTONS ﬁ%@ars_t 0 drfm;,gmt e cells towards

the hepat ocytTg ?gllec qﬁlg'méﬁf"gb%ﬁg% %Hf ent| MEApTTiary |ineage. In

t he absence t rnvcan QN towards both
biliary and hepa cyt ic |ineages. *(¢ a% t adult hepatocytes
and adult biliary epithelia are 10 neg Ve for & ui shank SM et al,

| din Pathol 1999 52:730-734) and CD 90 (Gordon,(y EIL%'— Anmeri can Jour nal
of Pat hol ogy 157: 7714 786) **Adul t hepatocytes are-jhase that can

proliferat e "Ry, yReh 'mm bishive f?™ "Dhf'positive for L Dull positive

F-'-

MHCclassI | C/Eand/or M and/or Q and/or M forE,E, G, H,
J, andfor X
ICAM-1 Positive Positive Positive

6.8. CHARACTERIZATION OF RAT BIPOTENT HEPATIC PROGENITORS
AND COMPARISON WITH ADULT HEPATOCYTES

Table 5. Cell Surface and Internal Markers in Rat Cells.

Markers Bipotent Hepatic Cells Adult
Hepatocytes®*
Data From Freshly Isolated Cells
ICAM-1 + +
CD90 (Thy-1) - -
CD44H + -*
Class IMHC (RT1A') - +
0X 18 Duli +
Data from Cultured Cells
Alpha-fetoprotein + + in several of the
cells in most
colonies
Albumin +EGF: many cells positive +
- BGF: fewer cells positive
CK19 +EGF: few cells positive - BEE
-EGF: many are positive
5 EGF = epidermal growth factor that when added to the culture conditions

appears to drive the cells towards the hepatocytic lineage and blocks development of
the biliary lineage. In the absence of EGF, there is spontaneous differentiation
towards both biliary and hepatocytic lineages.
*QOthers have shown that adult hepatocyies and adult bﬂiary epithelia are
10 negative for CD44H (Cruishank SM et al, J Clin Pathol 1999 52:730-734) and CD 90
{Gordon G et al American Journal of Pathology 157:771-786).
** Adult hepatocytes are those that can proliferate by hyperplastic growth in
culture under the conditions specified above.
*4 CK 19 is not expressed on adult hepatocytes in vivo. However, in any
15 culture of adult liver cells, one can observe one or two cells that express some CK19
but without apparent inducibility by culture conditions and without distinctions
morphological
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cul ture under the conditions specified above. *** CK 19 is not expressed on
adult hepatocytes in vivo. However, in any 15 culture of ad AP 4QPar
cells, one can observe one or two celI's that express sone CK19 but wthout
apparent inducibility by culture conditions and w thout distinctions

mor phol ogi cal -26 SUBSTI TUTE SHEET (RULE 26) 1 April 2005 WD 02/ 28997
PCTlUSOOlZ&%Q between the positive and negative cells. This is in contrast
to the obs&tfVB#%8hs in fetal liver in vivo and in t HETERYHHRs of hepat i c
bi potent cells and of other fetal liver cells. 6.9. ANTI GENI C PHENOTYPI NG
OF HUVAN FEBehkeeh ii¢pRitGklahEndgatide saa Thidtisih critiidt fo theedbhGvatib® ible@t] Nned Wi th

ant i body t oliebdAivo Sed/i@ il culnpe @i hephtic®idtet celld ade oft ditfel fRehl Biér deyi®- col or cel |
sorting of HLA (ABC) vs. CD14. These popul ations include a group

Stai ning andoana Ry e R B A P B ) gk o 1a

staini ngFand hi %mlaﬁfeﬁlﬁ‘; ?or g}? tﬁmmsah@ Sérﬁﬁ §év -feto protein, the

10 R3 cells are positive a-fetoprotein and t R2 contains two
subpopul at i papglations pte ydeptified b twanotvht‘o%ltsantmgofffﬂm (ABP) VﬁCEGH. THgRTHER | SOLATI ON

OF HUVAN H | C , : | ON MARKERS

| NCLUDI NG E@@K@W ééﬁ%dsgsgh Fﬂ%ﬂg@e@vhﬁbli LBUM N, 15 AND

CK19. | n or ening sdsdthew CDYi slaining pidiagotesy groupdsigeand Pée:hikram?nkhym on is

i ncubat ed jgake B J ass |

nmononor phi \é\hgﬁﬁj}?odsé%ﬁgfrﬁ%%ﬁgﬁﬁ I e?h%&lﬁéaq’&a@ﬂa el{ﬁ n?%@c%ﬁm ze that any

of many 18t hB? CelﬂF @F@P@ltb’h fa ﬁbha-f@bmmml apd el RP pontagyis &E@subIPOpﬁlhmaes cein,

i ncl udi ng, Modggfwﬁlbmﬁl&%gw hodami ne and Texas Red. As an 20 alternative

i ndirect-i mmuno f uorescence is used to label the cells. That is, the

fluorescent | abel_is conjugated to an antibody directed to the
N

i munogl obuf-+h SPRLHER I 1N QR dy is elicited.
The cell sanpl e I IRGPIES RION MABKERD INCy escence - activated cell

sorted using any%ﬂéfi\? Cotssd oMt e AT PRROTERE AL Nor  cust oni zed cel |
sorter ifstrunedf@C patic progenitor cells that have 25 internediate or
dull 1l uor escenfn oryi\érrtohsefeaemong'rggrlplﬁg ep?iglgels Ehece Osﬁs%’é s?oln?s iggllbgtgdo x%ﬁ: are

fluorescein-conjugated antibody to the HILA class I monomorphic epitopes. The one

y 4

skilled in the art will recognize that any of many other fluoro chromes can be used in
place of fluorescein, including, but not limited to rhodamine and Texas Red. As an

20  alternative indirect<imrnuno fluorescence is used to label the cells. That is, the
fluorescent label is conjugated to an antibody directed to the immunoglobulin of the
species in which the primary antibody is elicited. The cell sampie is sorted by high
throughput fluorescence — activated cell sorted using any of a variety of commercially
available or customized cell sorter instruments. Hepatic progenitor cells that have

25  intermediate or dull fluorescence with the labeled anti-monomorphic epitopes are

selected,

Compositions entiched in rat hepatic progenitors can also be advantageously
prepared by sorting liver cell suspensions using antibodies to CD44H. Liver cells that
show a high level of sidescatter also express CD44H and express alpha fetoprotein. In

30 particular, cells that express alpha-fetoprotein also express higher levels of CD44H.
In contrast, liver cells that have alow level of sidescatter do not express CD44 at

higher levels.
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‘sel ect “éd.ch')r'rbo's'i't i ons enriched in rat hepatic progenitors can al so be
advant ageously prepared by sorting liver cell suspensions usPRB 4096i bodi es

to CD44H. Liver cells that show a high |level of sidescatter also express
CD44H and express al pha fetoprotein. In 30 particular, cells that express
al pha-fetoprotein al so express higher levels of CD44H In contrast, |iver

.cells that _have a | ow | evel of sidescatter do not express CD44 at higher

level s. -278E8H TUTE SHEET (RULE 26) 1 April 2005 KST5)388Y7
PCT/ US00/ 27429 Liver cells that show a high | evel of sidescatter do not

show a CDO0- depeveedns thetisbéw NBigh BRI bikiddcRiadd &% SHIWAL@EDID- eXpr essi on.
However, cells dfgh t .show a hog | evel of, siﬁescatt r show a CD90- dependent
di sti ncti onJ§PRP ?%ﬁggcfl@? B3iPb-EoRroteinsyprassion o HowqVer: ¢ells fhalshewg oWt he cel |'s t hat
express al phaelboblipiandShow ACBW-RYMEQS Sisthc@ned aipth-thigpelksm of CDI0. As an
alternative, anti b%ji es faf cific for quaiﬁﬂ rphi ¢ ggl tope;, i ncl udi ng but
not |im t ed XPLssioy A pesticuiay, fegelis thaf cxpreps ajphpsfisoproten alsq fxpigss fighident i fy and

i sol at e 5hepadis & quoogeni tors. Furthernore, antibodies specific for
noncl assi cal HLA class | antigens, 10 including HLA-G HLA-E, and HLA-F,
are used to i demsiah yltetrnative, smibadied sfreifiafar polymsrpigeeritbess, itddldingblrat express the

antigen. It _is. evident [ e thods, are r i1y adaptable to

non- marmal | 5?%?“’%‘5&8’?’?}‘6“‘%?’%@%??@ Fnd B, ?rff?edg‘??ﬁﬁi‘liéﬁ?“% KTI ON OF HUVAN
HEPATI C PRERpRE@RZetiSsNG 15 H GH THROUGHPUT AFFI NI TY | SOLATI ON METHODS
W TH ANTI BODI ES TO EXPRESSI ON MARKERS | NCLUDI NG ALPHA- FETO- PROTEI N,

LB N, LAl oot pedi i bl dofiitele j&%ﬁgsqtai;%énspr otocol is

presented in di agranmati c rmas fo : agram i sol ation of human
hepat i c 1r etpolnding HL2G, BLAdh pud HlahFoke usédig identifip hid isplatdengticon by physi cal

net hods a”dér%enﬁ&%éiﬂiﬁ&tieﬁpr&%ﬁa@%ﬁdggﬁ? fromhuman tissue 1

It is evident that these methods are readily adaptable to non-mammalian

hepatic progenitor cells.

6.11. FURTHER ISOLATION OF HUMAN HEPATIC PRECURSORS USING
15 HIGH-THROUGHPUT AFFINITY ISOLATION METHODS WITH
ANTIBODIES TO EXPRESSION MARKERS INCLUDING ALPHA-FETO-
PROTEIN, ALBUMIN, NONCLASSICAL MHC CLASS I AND CK19

An isolation protocol is presented in diagrammatic form as follows:

Diagram for isolation of human hepatic precursors

20  Preparation of single cell suspension by physical methods and/or enzymatic digestion

from luman tissue

/

debulking to eliminate red blood cells using lysing solution

25  Negative removal of non-hepatic progenitor population expressing high levels of the
classical MHC class 1 HLA-A, B, and/or C.

'

Isolation of hepatic precursors cells expressing ICAM-1
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debullcing to elimnate red blood cells using lysing solution,l 25 Negative
renoval of non-hepatic progenitor popul ati on expressing hi gh1 ARGAADS0f t he
- classical MHC class | HLA-A B, and/or C. 1 Isolation of hepatic precursors
cells expressing |ICAM1 1 -28 SUBSTI TUTE SHEET (RULE 26) 1 April 2005 WO
02/ 28997 PCTI US00/ 27429 Further isolation of hepatic precursors by the dull
expr essi on | assical MHC class | antigens including HA-E F, G H,
J, X 1 Fur“ﬁoé?}ra&i%ol ation of hepatic precursors by hiPﬁﬁmg(ﬂB@z%catter
relative to non 5 parenchymal cells, the productivity of progeny expressing

al pha- f et opr BiriiisolfoR b fePhtic piedursol§ b§ tRdul &:pRadiondt AtRssRANGAti al , or a
conbi nation of steps O heﬁl net hods  of dgﬁzgl Ki Bgég(nd elimnating the red

bl ood cel |'s conponent C@Shagens Boufips Fafs and these nethods can
reduce sone of the stromal cell population as well. These nethods include

to gl yoophor i n HAristtonsF hBY RRoRet W RLHE seteiree Rebhods | nol ude.
sedi ment &t | panenvlBinGt celly, thepeydeatiaityi af progenydeprassiny alphadeioottia, aftuhér, t han
Percoll, e.g., Ficql rifﬁgﬁ'on nd. |l elutriation. By these
met hods red bl ood&c&elﬂ%o?a%loal‘ég‘%?%m epé{%cg?tﬁlggqogﬁ%es%goi etic cells, and
stromal cells are renoved. 15 Isolation of cell populations that are

positive for | Chidel mahshs bR@hltiYLan SfiminSin@ R ir&Rllool/biils BdR@ent antigen are
further characterized with other markers i ncludin noncl assi cal MHC cl ass

I'to identi f§ Rephentaseppslygesdiandghese mpthods Gaf rﬁﬁh@ﬁ%w{eﬁg%%t@@élrfyﬂof t hese

pr ogeni t o Gkihifonladft. ethespiniclhodicidae Hhiondion bir@l pRBkASMC pr ot ei ns, such
as al pha-fetoprotein and/or al bumn, markers that _are | ong-known to be

char act & i sPpedficsienloipnising antipods toglvcaphiogn &, CI Y, prbote FRHIEBRS: n and al bumi n are

represent atthéé@n@ihodsh&lﬂﬂ@Eeldhneﬁt@t?ﬁﬁﬂelﬁﬁfyk@Fﬁatfoﬁh RERAF Eadieddd (ERNI tOr s that
cannot be used to_select _for_ viable cells since_labeling the cells for

those pr ot eh#rercalsigdicolb@pabesprifugation aptcel) plufrigtiong By hese methods

red blood cells, polyploid hepatocytes, hemopoietic cells, and stromal cells are

removed.

15 Isolation of cell populations that are positive for ICAM-1 and negative for
classical MHC class I antigen are further characterized with other markers inciuding
nonclassical MHC class I to identify hepatic progenitors. In addition, the progeny of
these progenitor cells labeled with antibodies to the cytoplasmic proteins, such as
alpha-fetoprotein and/or albumin, markers that are long-known to be characteristic of

20  hepatic progenitors. Alpha-fetoprotein and albumin are representative of the well
known markers for hepatic progenitors that cannot be used to select for viable cells,
since labeling the cells for those proteins requires permeabilization of the cells, a
process that destroys their viability. However, cell samples from a population can be
tested for alpha-fetoprotein, albumin, and cytokeratin, Thereby, the characteristics of

25  the whole population are deduced. However, the high correlation between the cell
surface markers (e.g., ICAM-1 positive, OX-18 dull positive, classical MHC class T
negative) and clonal growth capability with the cytoplasmic markers alpha-fetoprotein
, albumin, or CK 19 demonstrates that viable cells can be isolated using selection for

the surface markers alone.
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process that destroys their viability. However, cell sanples, from.a

popul ati on can be tested for al pha-fetoprotein, albumn, anHAES’lt%?Qérati n.
Thereby, the characteristics of 25 the whol e popul ati on are deduced.
However, the high correlation between the cell surface markers (e.g.,

| CAM 1 positive, OX-18 dull positive, classical MAC class | negative) and
clonal gro bility with the cytoplasm c marker -fetoprotein ,
al bum n, or O&%}igg)ﬁem)nst rates that viable cells can %g%!ugﬂgﬁg%%d usi ng
selection for the surface markers alone. -29 SUBSTI TUTE SHEET (RULE 26) 1

tEPATI C PRE %@ﬁﬁﬁ@%@%ﬁﬁ%ﬁ%@ used. by
y a ce

itself, to identi type such as the hepatic precursors. However,
L1 very usef ca5uaRaft] Wit byisdElaohiifh LY yRAG «WiBRsUCH 5 as
fl uorescence activated cell sorting or markers.” For a popul ation
i dentified BpcusorsgHoweyer# issry usefileh anagivast sosseieetion bipillraheasssudh,  one nust
focus onsa subRRREIELIRed 4B kbBE oM aitdRe iRy ﬁoﬁtﬁatﬁﬁ?@ieﬁﬁfedﬁ?@r acteristics
(See Figure 4c). It is inportant to realize at mature hepatic cells are
hi ghl y gr angiVarmaden ih ayepsyicl MIH Jasglb oreomist fepus.on g bubpemuptien ¢ progenitors are
i nt er medi at gefhgﬂkgrﬂ%g{dggda&é{.;Ch%ggﬂgt{ggﬁwﬁ@g@z;ﬂarenchymal cel | popul ations
have even |l ess granularity than the hepatic "precursors. In cells from
fetal tissue, cgnsisting alpnost entirely of nop-parenchynal cells and
hepatic progeni tidf EPofaREio geape: that maintsdenstic erllsarn Aighly eHBNIH R8st granul ari ty.
Hepati c progeyhisidide scuier); 3 RGeS Prog&itb Gre GfdrhedRAPM lsbil Oy tthdhe | S
[ ntermag' ate in ragul flri t%/l,b%/1 fl ow ﬁ%/tomat r,%. 15 Conpositions enriched in
human h gat?cl‘}'%ﬁﬁﬁcg‘%‘ﬁ £t RoPEipng have e less grpulaty fop theepais epar ed by sorti ng
liver cell gsteReRSHQBS ftofi 0@l tRile] ddBktieSalindst édtidly bfhon-paeddhyhal i on with
anti bodies tqQ HLA, the human versi.on of. C. Al the nethods of
i mmunosel ect oI ArRaUGRIPEEIRFS: ths BFRaKcypagnitorghaxe the pighest grapplaiya npl e 1 ow
cytonetry i Hepatis@ehehitrd BieRtted Hahd 8l papeldich teleBiigfabasle B2 Whi ch express
relatively internediate | evel s 20 of HLA and do not express CD14, and cells
desi gnat ed %" g’ﬁ?ﬂ%%ﬁﬂ@@@r elatively high levels of HLA and relatively
hi gh | eygl s of 14. . The K el.Is are further characterized to have two
Subpopulat | ons GPERISPBEEIgRT Broie Dk BoaRoE e Phe Ra

advantageously prepared by sorting liver cell suspensions using antibodies to CD14 in

combination with antibodies to HLA, the human version of MHC. All the methods of

immunoselection are equally applicable. As a particular example, flow cytometry is
used to isolate cells: cells designated R2 which express relatively intermediate levels
20  of IILA and do not express CD14, and cells designated R3 which express relatively
high levels of HLLA and relatively high levels of CD14. The R2 cells are further
characterized to have two subpopulations by expression of alpha-fetoprotein. The R3

cells are further characterized to consist only of cells that express alpha fetoprotein.

6.13. REMOVAL OF NON-HEPATIC PROGENITOR CELLS BY NEGATIVE
25 SELECTION WITH ANTIBODIES TO GLYCOPHORIN A or CD45.

The hepatic progenitors are distinguished from red blood cells by use of
monoclonal antibodies (Glycophorin A for human} and a polyclonal antiserum to red
blood cell antigen if monoclonal antibodies are not available. Also, cells that express
common lenkocyte antigen (CD45) also express classical MHC class I antigen.

30  Therefore, by defanlt, CD45 is not an antigen that can be used to identify the rodent

-30-

SUBSTITUTE SHEET (RULE 28)



cells are further characterized to consist only of cells that express al pha
fetoprotein. 6.13. REMOVAL OF NON- HEPATI C PROGENI TOR CELLS BYAREGRPPVE 25
SELECTI ON W TH ANTI BODI ES TO GLYCOPHORI N A or CD45. The hepatic progenitors
are distinguished fromred blood cells by use of nonoclonal antibodies

(d ycophorin A for human) and a polyclonal antiserumto red blood cell
antigen if nonaocl onal antibodies are not available. Al so, cells that
express coffhBfi®eukocyte antigen (CD45) al so expresSAEULEY MHC cl ass |
antigen. 30 Therefore, by default, CD45 is not an antigen that can be used
to identify the -rodent -30 SUBSTI TUTE SHEET (RULE 26) 1 April 2005 WO

02/ 28997 P&PM%E%‘E@@“F.%’&&WS 25 PLYERAE T Lafeenhgthe nesai¥ed as an

al t er nat i veselctishiiyRlagsiRRINIHC Qlagslie negative selection by classical MAC cl ass
| . 6.14. | DENTIFI CATI ON OF HEPATI C CANCERS AND RESPONSE TO TREATMENT 5 The

233&?2:srﬁaP%¥fé?ﬁﬁggggﬁﬁgﬁ?#ggﬁﬁﬁﬁ?@5H?§R%§§B§#§§Q§?%?@LfgiQ?n can be used

to characterize Tiver cancers to better define successful treatnents of

those cagcers. Tgéﬂla@séwemegs%&%riaénﬁfﬁ&gaﬁ&g L MBS, Of stemcells and
early progenitor cell popul ations. However, these ‘rahsformants of ten

retai n expresshkyisaldilA diss bartiggge ACeMimaalphecipioprotaimcambenisedtot hei r nor mal

count er par t Garablb MR NivGARRES Brbelbr Girink Stk Mheli\GHRose BRLLEN € Markers, can
identify cancers responding in distinct ways to oncol ogi cal therapeutic

modal i ties C&cys in gnempirhsmaiomints of deepdls and aatlyaregovitor ealld adj uvant
therapi es) . pBulkeons.! RENT SO TARIAMN o Ieg}{as YRR STEM CELLS 15
es

I §§h§%ﬂ

The markers described here and the nethodolo or selection can be also
be used0t omikus gheted mith their pamalicpyriarpads.i lavar eamcess, diswgniskadiby theseem (ES) cel | s
to certain &ﬁké%?cmaﬂ_@%,Ezﬁhcieﬁﬁl?!&aﬁm&?fé%d?&iﬂ@i@ﬁﬂc@&ay@ﬁ) Resishdl e al | -purpose
stemcells for use in reconstitution of any tissue. However, past studies
of inj ect i ofierareutignedalities (6 gachemothsrppangic dmgsslipiiay, 4nd adiuyedt s, sone of which
were mal i gngghpiesfhe only way the ES cells are to 20 be used clinically is
to differentiate themto determned stemcells and then inject the

deter m ned 1 eMSEbhAieATINR IR R o b BBV e} 8 e 1 e

culture

15 The markers described here and the methodologies for selection can be also be
used to characterize the differentiation of embryonic stem (ES) cells to certain fates.
ES cells are becoming popular as possible all-purpose stem celis for use in
reconstitution of any tissue. However, past studies of injection of ES cells into tissues
resulted in fumors, some of which were malignant. The only way the ES cells are to

20 be used clinically is to differentiate them to determined stem cells and then inject the
determined stemn cells. Thus embryonic stem cells are majntained in cell culture
under culture conditions that permit proliferation to form progeny. The ES progeny
are subjected to flow cytometry after incubation with antibodies to classic MHC
class T and ICAM-1 antigens. ES progeny meeting the criteria for hepatic progenitors

25  are expanded in cell culture. The markers we have identified can be used to define an

hepatic fate for a determined stem cell.

6. 1’6. USE IN CONJUCTION WITH GENE THERAPY

The markers of liver progenitor cells identified here are used to identify cell
populations for gene therapies. To date, gene therapies have often not worked or not

30 worked well with targeting to mature cell populations. The major successes in gene
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under culture conditions that permt proliferation to form progeny. The ES
progeny are subjected to flow cytonetry after incubation w ﬂﬂpﬂhéqug’odi es
to classic MHC class | and | CAM 1 antigens. ES progeny neeting the
criteria for hepatic progenitors 25 are expanded in cell culture. The

mar kers we have identified can be used to define an hepatic fate for a
determ ned stemcell. 6.16. USE I N CONJUCTI ON W TH GENE THERAPY The nmarkers
of liver pr %‘Bﬁ??’br cells identified here are used to"qTalé‘f?P?% cel |l

popul ati ons for gene therapies. To date, gene therapies have often not

wor ked or naééragibs caaskRtle Bezh bx Mol glnel iR Rh inHmbvidie progaiteebll  popul ations. The
maj or successpteag.i n ,gl%%g -31 _SUBSThTUTE SHEET (RULE 26) 1 April 2005 WO
02/ 28997 PCHIPLIEEYE2 OIP-A58 PR seRGherapie Lo VR Afra sl BelatiGri vo gene t her api es

i n henopoi etstempedgan hidptogesilot cellPienittdtyl odsrotodde A@oORSgen€X Vi VO gene
t her api es f{ﬁr |.i ver are, useg_v_vi tﬂ hepati c- determ ned stem and progenitor
cel I s i sol alPFaPIBIEIng fagefd dcctalapectprs” pigdmprayad by fqusingop 8958 ny ol vi ng
"target ed impeatahtpaticeeicnids. lathese waRithoeterdys o @etsdlieg cbet hose 5 that
target hepatic 0 itgrs. l.n these ways inbo errors of netabolism can
be i npr oveﬁ}Pr?VﬁfﬁzFlgﬁﬂgWQ FRIPBI Frintspigiory ehalgicPmples LABHEH conmpl ex | defi ci ency,
]E)henyl ket onpl:reh?ket@aﬁﬁgﬂmlﬁéﬁﬁa,,heﬂaémaataptyfoemﬁhialhyfeﬁiﬁrmﬂo@c her egi tiar y
ructose in era ,W. son's dj sease nochr gnat osi s, endopl asm ¢
et our um ST Vs SR el R R s PP i BEREERy dr oxy- del ¢ a
5- C2|7- 3 ter o&licb:séeﬂwekbm&mf a@le 1Jﬂ]:edelﬁr&rﬁiﬁcrmyS-OQV-yte@gEdleh}aio@éna@e ﬂi seﬁs es
i ncl udi lciency o ucose- 6- phos t ase ucose- 6- phosphat e
{r ans| odBae Bty PR ol G (iede ghospRG p St et
phosphor y| aglecoke-tkpivasheie trafisiiclsy, dalgindhinxénth@hd, tiver @hospHosyat @8 def ect s
i ncludin r gani aci durjas, .defects of acyl-CoA dehydrogenases),
E)or phyr i a,g @ﬁgﬁﬁﬁyf N %‘%ufaﬁﬁ?%’gmdaﬁmﬁr?&?ﬂ%%{ %efeéfgglef}?“ﬁ%wgnsf er a)se. 15
Hepati ¢ pr ogiiniidspdefect@fadyCars dxtlydragenaga)) @opiyelapdny bisubinakilliaans :
Phenyl keton%rﬂa étPK*% IS,an aut osomal recessive disorder caused by a
deficiency ¥ Oﬂﬁl Wu ‘F%IH’FF%‘BS ﬁi’f&r oxyl ase (PAH) in the liver. PAH catal yzes
the conversion of phenylal anine to tyrosine using tetrahydrobiopterin as a

cof act o3  Pat i Eapatic piopdnitetindhbisd for gfve thecipyreatfolldwsr et ar dat i on and
hypopi gnent ati on of skin, 20 hair, and eyes due to increased anmount of

phenyl al ani ne i Q@Yo (19&0) i fO@H L &ive disorder caused by a
deficiency of phenylalanine hydroxylase (PAH) in the liver. PAH catalyzes the

conversion of phenylalanine to tyrosine using tetrahydrobiopterin as a cofactor.
Patients with PKU show profound mental retardation and hypopigmentation of skin,
20  hair, and eyes due to increased amount of phenylalanine in body fluids. Although the
rigid dietary restriction significantly reduces serum phenylalanine levels, reduced
compliance, even in adolescence or early adulthood, often leads to a decline in mental

or behavioral performance. Gene therapy technique is one alternative to dietary

therapy for PKU. The development of a mutant mouse Paheni2 for PKU facilitated
25  effects to attempt this approach. So far, three different vector systems, recombinant
adenoviruses, retroviruses, and DNA/protein complexes have been developed. The
effect of adenovirus-mediated gene transfer lasted for only short period after the
injection because of the host immune response against the recombinant virus.
Although recombinant retroviruses and DNA/protein complexes can effectively
30 transduce PAH-deficient hepatocytes in vitro, the clinical utility of the ex-vivo

approach is limited primarily because of the low number of
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rigid dietary restriction significantly reduces serum phenyl al anj ne |evels,
reduced conpliance, even in adol escence or early adulthood, 18PteeP%Beads to
-~ a decline in nental or behavioral performance. Gene therapy technique is
one alternative to dietary therapy for PKU The devel opnent of a nutant
nmouse Pahenu2 for PKU facilitated 25 effects to attenpt this approach. So
far, threeé@‘f2 gg_?nt vector systens, reconbi nant adengviruses

retrovirus Zial DNA/ pr ot ei n conpl exes have been deVi&iT 615@&743%% ef fect of
adenovirus-nedi at ed gene transfer |asted for only short period after the

i njection b t he S ofise I nst t.he r.econbi nant
virus. At gﬁg aFc & %Geﬁgglyreﬁlg%%e‘wgg ‘P'aﬂ{‘? SEOREET IS BHpl exes can

ef fectivel yhfgﬁ)gﬁowﬂlrmtémwl%ﬂ:kbmtﬁlﬁatmmbldmmaﬁbﬁeﬁtab@ej n vitro, the clinical
utility of the ex-vivo approach is limted primarily because of the |ow
nunber of -32 PUEEHhIAIPEriBHERT thefipl o 6 hutblogqus hépafio progii@on2/ 28997

PCTI USO0/ 27429 cel I's that can be successfully reinplanted into liver. Use
of hepatic progenitors with high gromh potentiality can elimnate the

pr obl em Aentliatietiofdigpaiie proginisers fiom k EKUgpntion pufogepainechial digies fromuse aut ol ogous
hepatic progenitors 5 Isol at f. hepat genitors froma PKU patient
(or for experinental studi e@ﬁf‘%%meqw%g%gi ent mce, Pahen"2). 1
Transduction of the cells with human H cDNA and neonycin resi stance gene
for sel eCt' ﬁlﬁcnﬁrA(?f%neQXHs\GM lum?r( P}Qﬁ EoiA G %ﬁﬂ%%tan%e 11Te or vivo
expansi on of t ce on fee ercerts contal i Reomycin I esi stance gene
with 418 for 7-14 day selectionqdGieshy vitakor ger- erawncthodéh spase. This pronase is
not effggtive for feeders. Therefore, | 15 only hepatic progenitors with the

PAH cDNA and neonycin can be recovere® from the culture. 1
Ex vivo expansion of the cells on feeder cells containing neomycin resistance gene

with G418 for 7-14 days.

v

Harvest the cell with dispase. This pronase is not effective for feeders. Thercfore,

15 only hepatic progenitors with the PAH cDNA and neomycin can be recovered from
the culture.

v

Infusion of the cells into the host liver via portal vein or spleen.
6.17. USE OF BIPOTENT HEPATIC PROGENTIORS IN CELL THERAPY

20 A rat model of liver failure is used to evaluate heterogenous cell
transplantation therapy. Liver failure is modeled by surgical removal of about 70% of
the liver and ligation of the comnmon bile duct in an experimental group of ten male
rats (125 to 160 g body weight). A sham control group of ten age- and sex-matched
rats is subjected to s similar anesthesja, mid-line laparotomy, and manipulation of the

25  liver, but without ligation of the bile ducts and without hepatectomy.

An enriched population of hepatic precursors is prepared as described above.
In brief, the livers of 12 embryonic (embryonic day 14) rat pups are aseptically
removed, diced, rinsed in imM EDTA in Haok’s BSS without calcium or magnesium,
pH 7.0, then incubated for up to 20 minutes in Hank’s BSS containing 0.5 mg/ml

30  collagenase to produce a near single cell suspension.

Bipotent hepatic progenitors are prepared by any of the above methods.
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I nfusion of the cells into the host liver via portal vein or spleen 6.17.
USE OF BI POTENT HEPATI C PROGENTI ORS | N CELL THERAPY 20 A rat!ABHEA008f |iver
failure is used to eval uate heterogenous cell transplantation therapy.
Liver failure is nodel ed by surgical renoval of about 70% of the |iver and
l'i'gati on of the conmon bile duct in an experinmental group of ten male rats
(125 to 16 o wei ght). A sham control group of ten and
sex- mat chegvoqng is subjected to s simlar anest heS|P£T’Uﬁ‘ﬁ874lz? ne

| apar ot ormy, and mani pul ation of the 25 liver, but without l|igation of the
bil e ducts and \Gntdapﬂﬁeem@aieaeﬁaQB&mthﬁﬂbﬂeEdﬂ&dﬂﬁ@ﬂﬂb@hi on of hepatic

precursors i s prepared as descri bed ove. | the livers of 12
enbr yoni ¢ (Q??B‘E’???Eﬁ?@%dw A ‘i S“%%@&FS%@B?@E%WV‘“W% di ced,

r ihnsed i nb1mM;EdBItherhatﬁaﬂgacf$ofaﬁ$wahiaﬁtutan@@hﬁlcbﬁggpgroﬂp&giﬂﬁ@ umo pH /7m0 20
t hen i ncubat r up to s BSS containing 0.5 ny

col | agenase’ aP%’ ‘E}’affgeareamﬁ%tﬁ{g“gﬁﬁzpﬁe%gk%atgéﬂgoﬁeé‘hgqpﬁﬁ PragPiSFent hepati c
progeni t r sc@memmne@&mgdmbmsaﬁ[yenoMﬁﬁmlmbﬁvﬂomm@dﬁgcai 1esSUBSTI TUTE SHEET
(RULE 26) 1 ril 2 Q2/ 7. PCT/ USOQ three after the
hepat ect omy L& %ﬁ?&eﬁ%%‘wﬁ“ﬁ?ﬁ ifefent atoupg, aﬂlma]gﬁﬂg; ﬂ‘ﬁ%malupand sham
control, amascmojué?;hqﬂrticﬂmal(ﬁ mfmabuﬁmohanf‘ iddeidslioBnThe expose the spl een.
ne hal f of, each o er.i t al m.cont r. Qup ani mal s,
randond y ch@%%osug?r%ssgr"ﬁfygié’? E{Kq abfg %&&d%ﬂd{f‘fm%f‘aéjg% bot ent hepati ¢

pr ogeni t or sintrgerpmaily.i on, directly into the spleen. i nci sions are
cl osed with surgical stapl es. The nunber of ceI | s adm nistered to

part i culbr o 1 05 2R g By E R ARGl e Eong Bl 1 OO0 1

11 nnrnosup{)r%mmnsfqr%sglj Zﬁ@p@zamznﬁored twrgdak@eﬁ?ﬂjgzlreﬂ%?my dr shagod i n: s: er efl

aily intr ;]ﬁnﬁ 0 mma gl ut any
transferasel%ggédta a |nec>flaul nﬂ%t ogl\rﬁg S?’?ié?l Vi %&lr esd ngﬁ?Err’onl tored two days
bef ore the Vidgaorssnpion ad asﬂwilnnsmapapéb@luﬁx/amm@dmﬂleam &pis. post - oper ati on
days 3, 7, RSk | and a vi sual

i nspection o Idg{éﬂm&%e ag‘%gﬁé?é}g%]g}me%g on tShe lgliakgnz&gg%o%{m& 28 days post
hepat ecﬁi)nyevaﬂuaﬁosafﬁ\ﬂewmhaw mal s are killed for histological 15 eval uation
of spleen and Iliver.

The above examples have been depicted solely for the purpose of
exemplification and are not intended to restrict the scope or embodiments of the
invention. Other embodiments not specifically described should be apparent to those
of ordinary skill in the art. Such other embodiments are considered to fall,

20  nevertheless, within the scope and spirit of the present invention. Thus, the invention

is properly limited solely by the claims that follow.
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The above exanpl es have been depicted solely for the purpose of .
exenplification and are not intended to restrict the scope ot ArfiA®Snent s
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
considered to fall, 20 nevertheless, within the scope and spirit of the
present invention. Thus, the invention is properly limted solely by the
clai ms t hat"¥ %8R8, - 34 SUBSTI TUTE SHEET (RULE 26) WBCEBFPEYE, WE CLAI M
PCTI USQO/ 27429 1. A conposition conprising bipotent hepatic progenitors

whi ch express, At | east one intercellular adhesion nolecule (I CAM antigen
and do not ‘maj or hi stoconpability conplex (MAC) class la antigen,
in which the bipoint hepatic 5 progenitors have a capacity to
differentiate. 2. Tmc@ﬁ;;maai doinpﬁsi@fbim’wﬁﬂmpahc%ﬂagehhb:@b«hicm%pmﬁﬂti c

progeni tors, express ast one lass | ntigen. 3., The conposition
of claim2 I |Q§F$ﬁ@rﬁﬁ69ﬁ5§§?$¢ﬁ%é%?Tﬁ?F?@gﬂgﬁgﬂ¥“S@%ﬁ%essed. 10 4.
The conposi histodemphbilitly asniplek (MHOMIas M dnkigen) iCAMCR Bk bipeiat Hepatit CAM- 1. 5. The
conposition_of claim|l in. whi t he hepatic progenitors have a sidescatter
in flom1éytgﬁg?ﬁvg&ﬁPEHWF?yW€§§“?Wﬁﬁ the sidescatter of mature parenchymal
cells. 6. The conposition of claiml in which the hepatic progenitors have
a 15 sidescatt el i n THegompopitionwfickaym Wvnivdirhiths: hepatinpegenittreexpiessag cat t er  of

non- par enchynmpl & the sidescatter of mature parenchymal cells. 7.
The conposit%%ﬁmgﬁhcﬁg$2? h#n whi ch the hepatic progenitors are capable of

dividing and giving rise to progeny. 8. The conposition of claim7 in which
the hepatic prodeni t'oesomsositipn of cliim i véhich eiMEC elays Trangigalis weable h. 9. The
conposi ti ongQfecsed @i M8 in which the clonal growh requires extracellular
matri x. 10. The conposition of claim7 in which the progeny grow in

iled-u
P QO 4, The composition of claim 1 in which the ICAM antigen is ICAM-1.

5. The composition of claim ! in which the hepatic progenitors have a
sidescatter in flow cytometry which is less than the sidescatter of mature parenchymal

cells.

6. The composition of claim 1 in which the hepatic progenitors have a
15  sidescatter in flow cytometry which is between the sidescatter of non-parenchymal cells

and the sidescatter of mature parenchymal cells.

1. The composition of claim 1 in which the hepatic progenitors are capable

of dividing and giving rise to progeny.

8 The composition of claim 7 in which the hepatic progenitors exhibit a

20 capacity for clonal growth.

9. The composition of claim 8 in which the clonal growth requires

extracellular matrix.

10.  The composition of claim 7 in which the progeny grow in piled-up

clusters.
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clusters. -35a SUBSTI TUTE SHEET (RULE 26) 1 April 2005 WO 02/28997

PCT/ US00/ 27429 11. The conposition of claim7 in which the pﬂ @Bh@oéxpress
al pha- fetoprotein, albumn, CK19, or conbinations thereof. 12. The
conposition of claim7 in which the progeny are hepatocytes or biliary
cells. 5 13. The conposition of claim 12 in which the hepatocytes or
biliary Ce'*&ggﬁg@‘?i tionally express a cell adhesion nplecule that can be
used for sel@&6h or identification of a parti cul arpcgf}lg?)%zﬁﬁf’ati on. 14. A
conposition conprising hepatic progenitors, their progeny, or a

conbi nati on theridof Tiw cpinpasition biesldire f at wiichphogessny opsssaipiiat hei r progeny: 10

(a) weakly %&o@?@aﬁﬁnﬂneﬁ%ﬁ 8}'?:81%1 2 oﬁétﬁ‘&éof.l b antigen, (b) exhibit a higher

side scatter ow cytonetry n non- parenchymal cells, and (c) express
al pha-fetoprotein, al bumn, CK19, or conbinations thereof. 15 15. The
conposi tion of dRai nTtesompesifan efivlain g mhelpeh theprpgeayenbapaipeytesphei r - progeny,
or a conbi ngihQRrelisher eof are derived from endoderm or bone marrow. 16. The
conposition of "claim15 in which the endodermis selected fromliver,
pancreas, lung, gqut,_thyroid, gonad, or conbinations thereof. 17. The
conposi tPon of cPai npf\ﬁ?g’?f‘?f’svéﬁ’i‘%ﬁla%y‘ﬁr“ﬂ’&gﬁl?ethﬁﬁ’%“@iﬁﬂré‘%‘éwl%ﬁM 20 anti gen.
18. The conp@sichiiBiexgéss & bl ddhetibn inblevdd @t chd W ukddAddsapdibgen is | CAM 1. -36
SUBSTI TUTE S EI;.T (R%E 26?\1 1 %ri | ., 2005 WO 02/ 28997 PCT/ US00/ 27429 19. The
conposi t i on'SGFHEREPN §f 4 RarticilatpbrRoRUIEe: hr ogeni tors do not express MHC cl ass
| a.

14. A composition comprising hepatic progenitors, their progeny, or a

combination thereof in which the hepatic progenitors and their progeny:

10 (a)  weakly express at Jeast one MHC class Ib antigen,

(b)  exhibit a higher side scatter in flow cytometry than non-
parenchymal cells, and

{c)  express alpha-fetoprotein, albumin, CK19, or combinations
thereof.

15 i5.  The composition of claim 14 in which the hepatic progenitors, their

progeny, or a combination thereof are derived from endoderm or bone marrow.

16.  The composition of claim 15 in which the endoderm is selected from liver,

pancreas, lung, gut, thyroid, gonad, or combinations thereof.

17.  The composition of claim 15 in which the progenitors express ICAM
20  antigen.

18.  The composition of claim 17 in which the ICAM antigen is ICAM-1.
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20. The conposition of claim15 in which the progenitors express, at | east
one IHC class Ib antigen. 5 21. A nethod of obtaining a n‘ixﬂgﬁpﬂlﬁps
vertebrate cells enriched in hepatic progenitors conprising: (a) obtaining
a cell suspension conprising vertebrate liver cells and (b) renoving from
the cell suspension those cells that express at | east one MHC class la

antigen to L a mxture of cells enriched in hepatic progenitors. 10
22. A net héﬁd@ﬁwgﬁt aining a mxture of vertebrate celqcérméﬂ’fzi“é ed in

progenitors conprising: (a) obtaining a cell suspension of vertebrate cells

and (b) Seque““@."yﬁer&g -Jsilagﬂof%aﬂﬁ'ﬁin%hicﬁ;ﬂ*%z;}o?ﬁgtj{)@dh}{ot%;{  taneously,

renmoving fromthe ce pensi on those ce express at | east one MHC
class |a 15MaKid¢lggelr and isolating fromthe cell suspension those cells that
are positive for an ICAM antigen, to provide a mxture of cells enriched

in progenitors. 783. ThekBhhRiod &Tclaid @Ml vbich depRRe@brs RkREAS M kBl one el | S,
conpri si ng: yé%)(gprow ding a cell suspension suspected of including

progeni tor ass [yPRtEeBO (b) i denti fying cells which express | CAM anti gen

and do not express MHC class la antigen. 24. A nethod of obtaining a

m xture 8f vert eltr at & netbd & obtaiing Aedxire oheReitCcellPimBigieRiid Ih&icconpr i si ng:

- 37 SUBSTI TUTE SHEET éigUITE 26) 1 April 2005 WD 02/28997 progeny, and

PCT/ US00/ 2 7905 FYS CPPEV P& ng a vertebrate enbryonic stemcell, (b)

expandi ng the enbryonic stemcell to give enbryonic stemcell (c) isolating
t hose enbryoni c st enfecel pbigningerell svipension eonmricisgs veatbrite v cellomal | CAM ant i gen

and do not express MHC class la antigen. 25-' Use of an effective anount of

celI's enriched in hugpn Jel¥@hg from the cell suspension those cells that express at least

one MHC class T2 antigen to provide a mixture of cells enriched in hepatic progenitors.

10 22. A method of obtaining a mixture of vertebrate cells enriched in

progenitors comprising:
(a)  obtaining a cell suspension of vertebrate cells and

(b)  sequentially in either order, or substantially simultaneously,
removing from the cell suspension those cells that express at least one MHC class Ia
15  antigen and isolating from the cell suspension those cells that are positive for an ICAM

antigen, to provide a mixture of cells enriched in progenitors.

23. A method for identification of progenitor cells, comprising:

(a}  providing a cell suspension suspected of including progenitor celis;
and
20 (b)  identifying cells which express ICAM anfigen and do not express
MHC class Ia antigen.

24. A method of obtaining a mixture of vertebrate cells enriched in hepatic

progenitors comprising:
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progenitors, their progeny, or a conbination thereof, in a pharmaceutically
acceptable carrier, in which the hunan liver progenitors expr®E2008 | cAM
antigen and do not express MHC class la antigen for the manufacture of a
medi canent for treating a liver disorder or dysfunction. 26. Use of an
effective anount of a bi potent hepatic progenitor harboring a gene which

corrects a gepghideedi sorder for the nanufacture of a nedicament for
treating a genetic disorder in an individual. -38 SUBSPFRUBPR2MINEET ( RULE

26)
(2) providing a vertebrate embryonic stem cefl,

b) expanding the embryonic stem cell to give embryonic stem cell
progeny, and
(© isolating those embryonic stem cell progeny which express at lease

one ICAM antigen and do not express MHC class Ia antigen.

25.° ._ Use of an effective amount of cells enriched in human liver
progenifors, their progeny, or a combination thereof, in a pharmaceutically acceptable
carrter, i1 which the human liver progenitors express an ICAM antigen and do not

express MHC class la antigen for the manufacture of a medicament for treating a liver

disorder or dysfunction.

26. Use of an effective amount of a bipotent hepatic progenitor harboring
a gene which corrects a genetic disorder for the manufacture of a medicament for

treating a genetic disorder in an individual.
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