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(57) Abstract: A method of obtaining a mixture of cells enriched in hepatic progenitors is developed which comprises methods
I~ yielding suspensions of a mixture of cell types, and selecting those cells that are classical MHC class 1 antigen(s) negative and
SN ICAM-1 antigen positive. The weak or dull expression of nonclassical MHC class I antigen(s) can be used for further enrichment of

hepatic progenitors, Furthermore, the progenitors can be selected to have a level of side scatter a measure of granularity or cytoplas-

mic droplets, that is higher than that in non-parenchymal cells, sach as hemopoietic cells, and lower than that in mature parenchymal
= cells, such as hepatocytes. Furthermore, the progeny of the isolated progenitors can express alpha-fetoprotein andfor albumin andfor
- CK19. The hepatic progenitors, so isolated, can grow clonally, that is an entire population of progeny can be derived from one cell.
The clones of progenitors have a growth pattern in culture of piled-up aggregates or clusters. These methods of isolating the hepatic
progenitors are applicable to any vertebrates including human. The hepatic progenitor cell population is expected to be useful for
a cell therapies, for bioartificial livers, for gene therapies, for vaccine development, and for myriad toxicological, pharmacological,
and pharmaceutical programs and investigations.



METHODS OF | SOLATI NG BI POTENT HEPATI C PROGENI TOR CELLS 1. FI Ek % THE

| NVENTI ON The present invention relates to novel cell surfac RE4P8Ps t hat

di stinguish hepatic cells fromhenmatopoietic cells. In particular, the

invention relates to nmethods 5 of isolating bipotent hepatic progenitor

cells with a unique phenotype that includes cells that are negative for

¢l assi cal stoconpatibility conmplex (IVHC) cla gen, positive
for the |nterceTPLIar adhesion nolecule 1 (I CAM1), %%&%§Wﬁ?é%03|tlve for

noncl assi cal MHC class | antigen(s). Mreover, the invention relates to the
hepatic progenitor and hepatic stemcells produced by the nethods of the

i nvention. 1OMETHOBSCH ISOLANDGS BREDFENTHARA TIC PROGENTEOR @ELSS

mul ti potential progenitor cell populations in nmammalian tissues is

i nportant bofh f efsy ¢l iR h\lﬁ%ﬁ‘l@ﬂmr cial interests and also for
under st andi ng of devel opnental processes and tissue honeostasis. Progenitor

cell  popul atlon$heagr@e1ttﬁiﬁa{uoﬁMe@art&nofa&eelgﬁﬂ&ehﬁﬁ@@mmm&ﬁ ist ranspl antation
and for tissue 15 e E]Tr}iee 9 bioartificial gans (Mllar, A D 1992
Nat ure 357, H#B#icc 1152‘3 CI$OPO e&ﬁ&F“?/a@&ﬁP?u ﬂjhﬁ“ﬁﬁ%ﬁ%&’ﬂém’f@o‘%o 920: Gage,

F. H 19985 NadfioRt otela&)epatfﬁbﬁagﬁﬁtbﬁdemﬂxaﬁﬁn bé stiehlRype BREintludes " det er mi ned”
eni tors. havi.n r owt otential and/or

stemcells or
pl uri pot ent i%ﬂhio “E‘%IgTeéle%%ﬁfP’i%}/” 5‘?‘18 St‘fc %Pﬁ@f@&"@?%%%*ﬁ%%pm etic stem
;(gga I's (Span%u@ﬁ kitied fortﬁ@ﬁﬁrc@!gi%ﬁ@dlﬁsﬁﬂﬂo}%cg%)l (Izom63 pﬁﬂduﬁlp@diﬂv@el S 28

Vi s, ture an
Ander son rs’%mﬂ%@'%ﬁ]gﬂfq clapg I ang BFeQSH: e FYRItioR £ g‘gtlh? s (Jones P. H.,

and Watt, F.Hvpatit 9Rgenitbiehll hepatic s?eﬁﬁaeus PeRbedba e AgtHoaLd ted@Bhtichi ed clonal |y by
usi ng the particul ar nmethods appropriate for that tissue. These

progenitors are l.s—r esponsi ble for nornal
hemat opo:l-){gatl%l ngﬁwﬁﬁ%ﬁ%@ﬁﬁ?i ssue honeostasis and for
regenerative 25 fd@ﬁﬁﬁﬁ?ﬁ%ﬁﬁﬁlﬁﬁmﬁﬁéfg&ﬂtbﬂyeﬁ'g%a{aw in i AN VALL, F. M

1989 Devel opnent 106 619 Ian i'ver has a tremendous
capacity to tﬁé@b%npoﬁmtéﬁth&rtckmal aném@nwalentﬁeqmmé@l@xfot injury. or partial

hepat ect ony .l &{l}\t&ﬂa I8¢ defvelp %@%ﬁ e%EFJhnd & §5H t (cﬁigg' ns, GM,
and Anderson, &) %931 Hlllc a(t) ho’S E %ISIB oo agl(?) %rhough t he
SUBSTI TUTE SHEEQ‘IOQRUF_Eﬁ@ @}ge'EE fﬁ[ﬂpﬁel theg@m,g:ell transplantation and fOI 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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WO 02/ 28997 PCT/ 11S00/ 27429 liver is usually a quiescent ti siég }/% hout
rapid turnover. Data fromrecent studies in the nouse have Rl 2005
interpreted to suggest that adult parenchynal cells have an al nost
unlimted growmh potentiality as assayed by serial transplantation
experinments (Overturf et al. 1997 Am J. Pathol. 151, 1273); (Rhim J. A

et al.1994 i 263, 5 1149). These experinents rrqlglﬁ
vﬁ%zﬁ%@r |fd§a)?5‘8%)rove that the

het er ogeneous cell population limting the abi

growt h potential observed derived fromadult parenchymal <cells, froma
subpopul at i liner Bluswattyd quigennttizeie withdut ceidlhenevad DNara ffoomenoudipainenchymal  cel | s
~(i.e. progenitar Fur t.her ek R I es sho vidence for biliary
pi Chelt o Gl PGS bl inioR Buferfut it SR S0RM AR B4 R

al bum n- ur odmps sdinited gegdrneentidityas assayed byhserid trsplatéioe sxparithgnisosi ne cat abol i ¢

enzyme def | ¢} ehghe: LBA AV Pl 1050, BAKE 1 AC80f1dda305, L Bt sel ected for
t he hepatocytic Tinéage. Therefore, "the assay was 1 ncapabl'é of testing for
bi pot ent 5 cell¥9p dibese atpenmsnts 15ely aseal hdrregemongiverade!l]l popubiieslingsigabl i sh t hat

|y hepat, I f ' ' | f h I t al
cor ) hepat e it b o SRR BRLERP SRR R e BARA T L
mat ur e hepatelic fivas: s@igiopwijtion bf adill paic@&ipmil ehomdopiyonRes: pabadmal 39, 328- 35) .
epati c, dev el oRTRleehah bt BV ER: Blow BLotb. BPARGFT™ | MMedi ately

after the en ruminteracts wth ogeni ¢ nmesoderm
(Douari n, NpithdlialidiffGeneighincsrice Be bists us@ hadalther aftiHopinswoliingss trafisged®80 Cel |

Dffer.,9, 26 I | 1 . e ic day (E) 8 in
t he m)usl(z. #h‘gh}er?ﬁ];?%aﬁe’ggp%ﬁggaéagggghég%@% %&%%éﬁ%%%snt {)S}elsgltg)vﬁes evident with
t he i nduct i conditdns Sef selertad fout hepatagytic brlepdea -Thereioprtbe @bay wakRNAs i n t he endoderm

and prior Egﬁ‘@egw&@;fgﬂg%’%%ﬁﬁﬁ’ﬂaﬁ?@l di, R et al. 1996 Genes Dev. 10,

1670). At no statl e specified cells then proliferate
and penetrate into the nesenchyne of the septum transversumwth a
cord-1ike fashi &evrera biptplogien! stpdics establish thaflearlychepatic els g the |iver 25 nass
then i ncr egg@sesAfigiPletutR hivg a dbBBph el BigSEntialty PR Ferdntiae Witk Afcge! Y tO

hemat opoi etic” cells, which colonize the fetal |iver at E10 in the nouse

( Houssailht ,epitheliyny@y welbqsto mppue pepatocytes (Shiojizh NelP7 Migresemi&es- T4s8 hepatic cel | s

to show an gxizgese| Nepaticde@iidpRidn: BRGNS if the Ghidbregll 8RBadnkUZzat to, A C. 1981
Cell Tissue Res. 215, 133). Interestingly, recent data from gene-targeting

mut ant mi cémpsdPelREY hetatedrrmtapithaling iieracss Wil thrprdipgenisedegd has led to
Lo e ERJER B e g o S o agy sy, 112
al . 1993  This hepatic commitment occurs at embryonic day (E) 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
(Gualdi, R. et al, 1996 Genes Dev. 10, 1670). At E 9.5 of mouse gestation, the
speciﬁed cells then proliferate and penetrate info 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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Nat ure 365, 1791; Mtoyama, J. et al. 1997 Mech. Dev. 66, 27; -2 SUBSTI TUTE
SHEET (RULE 26) 1 April 2005 WD 02/ 28997 PCT/ US00/ 27429 Schni 4ril 2005¢t a |
1995 Nature 373, 699). Especially gene disruptions that are part of the
stress-activated cascade (Ganiatsas, S. et al. 1998. Proc. Natl. Acad. Sci.
USA 95, 6881; Nishina, H et al. 1999 Devel opnent 126, 505) or

anti - apopt scade (Beg, A et al. 1995 Nature 376, 167; Li, Q et a
1999 Sci engi:d%g% B21; Tanaka, M et al. 5 1999. |nufSHEP218* 421) can
result in severely inpaired hepatogenesis, not hematopoiesis, in spite of

the broad ezpmessd.erel.abos Meuk BACEISY. alspdilfRGe disﬁlpﬁo%s AlareGh®8f Whet her
hepatic cells are intrinsically sensitive to devel opmental stress stimuli

or that thi&®pEstIcHvAdcasside Gty Sritnto%. r?’?feN@FAF‘idv@F U§dP5se causes such

dest ruct i vesmi fMagis, H(dPai 1999 D&eza@he@lzslﬂﬁ%ﬁh ophyad &asca&&@é Sci . USA 96,
2994). On the ot hand |tecI€ ure of adul% liver is

dependent oft ¢ Flle{]ggﬁ Naareii é’ellgﬁfl‘l’t%ét ﬂ? ﬁ&p Sé!‘m@)?lg‘l" Aderanalt Mopti b duct
epi t hel i 8m $999.17@kmeEtHNQ, 42|11ﬁ:aﬁ1£'?:ﬁlﬂlﬂh N CLAL, ﬁpﬁbédllelpité ndds, bP97 M croscopy Res.

Tech 39, 3 | . mupohj st aII . first nof the differentiation
intr aheé“ﬁ{ap@mﬁ?ﬁ’ g Sa{chf %S?oeiw ET%P ?a?tgatﬁ‘i%ﬁﬂ%xlbﬁs adsiegh of

bl liary- speﬁheﬂ:ﬂe@hdgyﬁccckm;aaetmtﬁnm((aﬁsj@ensnﬁléupde%lepnﬁbﬁtalﬁ@@s@rﬁmmﬁm c

i nt er medi at f| . a %P@r ot el Iﬂﬁ‘ of epithel |% 15 cegj are encoded by

a multi gene it wdfetplfivey ppr € cfises sugdestpetie eesiit i at i on- speci fi c

manner (lVbI dDm Rs atal 13999 PARBRarCabd. 531 USA 89, 2993160 118 otBst Rardf thé he nost

r emar ka Ila e because adult hepat ocyt esbqq t express CK19
at aII g? {°t° B‘{"‘fﬂ‘& ? FREPT thg 2ppeargrge ¢ dredy ﬁthl s protein.

Only CK8 an@fbm& epﬁh@ummrr@a&@gihé prreLgh (Sasitd NDBOakiGoseslyRes.t 0 adul t
hepat ocyt es 15.5 in the rat

devel opmentTgp@%ﬁ@@p&’ﬁﬂ‘i“?@“f%@%ﬁ’ ﬁlz’ﬁfuﬁﬁ‘?ég“r?gé'@gljf}%"ﬁt&“mb‘?l iary precursors are
heavi | y st ainfepaiy biatub: epitikBal asl isthetexpiddsiob otbiB&y-spRbitlc S@dkeratibi | i ary

precursors ress CK19 evel op ses yring bile ducts
gradual |y e&@e@ peofesns; the ‘é’&@? TG ‘“"%@1@ %ﬁ&?}g‘éﬂ{lﬁ SIE'E)IF’gsm on of
al bum n15( Stﬁﬂ@jaﬂeléhcodﬁby@lmlﬁigene]fﬁﬁdy dod BpedsselR@ba tishiky and611) . Al t hough hepatic
cells as ea as  E13 int t t .t a hoymogeneous
popul ati on, f reriglinp-spect C@%ergg@[\?inﬂgi ﬁ%ﬁ%gsp%?‘%@gﬁeﬂa‘e cells can
differenti axh&t feﬁlaikumawa@maﬂ(aelbb@hsemﬂd hebdtdﬂ:@&gﬁ) nobd¥greRiaKIDhei 1 fates are
determ ned. aIl W érgals EuiuYt%lhary cpf?l%?al g&fs lﬁo cx%r €SS t‘[‘ludslpreo%em %Jnfth&SanEi %?(Slg using
are expressed through early 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 earlyr 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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retroviral vectors, have not been done for hepatic cells, and cl onal
culture conditions requisite for the denonstration of any bi ﬁB’E"é%thepati C
progenitor cells have not been 30 identified. -3 SUBSTI TUTE SHEET ( RULE
26) 1 April 2005 WD 02/28997 PCTIUSOQ 27429 For clonal growth anal yses, one
maj or obstacle is the expl osive expansion of henatopoietic cells, marring
the ability to observe ex vivo expansion of hepatic cells. Therefore an
enri chnentx'ﬁ)r&corsqus for the hepatic popul ati on mnust b G@é‘ﬂm“ﬁathough t he
surface markers to be able to fractionate the hematopoietic cells in fetal

| iver have 5 been |nvest ated in detail (Dzierzak, E. et al. 1998
| rnmunol . Today qrlongl growilganalysespge maiprpbst ifafheexpéqswaéﬁmmeswoéa |s are still

poor |y defi Hbﬂﬂto}:ﬁbtfd%alsﬁfrhﬁnﬁé Heliany @loBsebit et bivd dipanh&eéﬂhepaaé aney (Sigal, S et
t he ex vivo tEpollferatlon

al . 1994 Hepa 999 Furt her nore,

condi ti ons %?m?%%% eyn%wef PF%?PSS£<ameéeﬂapamuwn|n§mtrb§§mdt Although e ¢

dedi ffer entma&umBl ﬂmliﬁeﬂ b BSableb frﬁdﬂSifatbQ}éaSt@ﬁlﬁtb &ﬁcﬁ&@ﬁfﬂe@f@c&éﬁsgf aIAbum n
expressi gn oc i 0

sorrewhat? e M%evgﬂaﬂe%%n'? RESLTS %ﬂ%ﬁgf’?ﬁ’é& P38hrnAs And abi | ty
to Iregul at ethbsieiitﬁﬂi@aﬁm@geﬁit& cgB ARSI pﬂoﬂjr’defiﬁ&ﬁﬁmdem&l‘sﬁﬂfeg pt i;tmﬁal lé ]gccu(r]I s only
in liver ce [ um apd with a define

m xture of %ﬂ%ﬁfggglgﬁ %%%@?Ptgf’é‘h@/ %93 vﬁs“fth TR T H VV8xt racel | ul ar

mat ri x COWp@&ﬁ&ht&n(cdﬁﬁtfoﬁﬁ@plﬂaﬂstedlﬁr a@ilt Ibr.cellsA8llt intdiz  Cel | . Biol. 4, 15
1929; Enat 411 alife at| fetal hepatic ceI | s,
however , M’ﬁwﬁ‘“i’%‘@%@? %gg‘\mﬁsﬁ'e%qc @tﬂ?ﬂ] § SIPRFESI9% vivo. In

addi ti omot O(Blltﬁnzﬁ DCetpl. QMm CarBiale132si13)ha sbaévetat :h:pmﬁd abnxtgmany speci es

cont ai ns Qietic .pro itar. cells. The henat progeni tor
cell's and h TSHEBFSB‘? fpgeiiic @F‘ﬁg‘sé‘glﬁﬁ?é" Wﬁﬁ‘lﬁ?uﬁﬁ?"sﬁ%"@g e P | ty (1vfQ

anti gens onpdstringcripivhilRaRaurs obein AGr odismnintahibdineheabseMdGr fmgn Nnot  been
entirely sta da di d Thus the cl assi ss_|. antigen may al so be
desi gnat ed EIREL g‘ﬂﬂ”% %@W%?s@“rtﬁ?“@fsr?ﬁ”&frw@mﬁ% non- cl assi cal MHC
class | antdxgamllu@ynagixsompenente Feffnah,ax MVEIGL. Absts Mol Uelmﬁmwc class | B. Anobng
wor k on P n 0 to Cha clains 25

nodi fi CA%M Hﬁg#’l %?Ft%tbﬁagc}eﬁ;ﬁt tpﬁ’illﬁeéaufl%ggaﬁ%elp% RH%&%P%I ndi ng anti bodi es

to two maintain the expression of such serum proteins in vivo.

In addition to hepatic progenitor cells, the fetal liver in many species contains
hematopoietic progenitor cells. The hematopoietic progenitor cells 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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antigenic epitopes. In contrast, Chappel fails to teach that NHC ang ot her
antigens can be used for isolation of progenitor cells. O ht

attenpted to grow hepatocytes in vitro. U S Patent No. 5,510,254 to
Naughton et al. clains the culture of hepatocytes depends on a three- 30
dinensional framewor k of bi oconpati bl e but non- Iiving material. Thus there
s -an ”3%?@@%% for -1 -SUBSTI TUTE SHEET (RULE 26) ﬁﬁr%IZgOOS WO

02/ 28997 P 727429 culture conditions with no aHFi 8228 £ r amewor k and
providing the condition for hepatic progenitors to be expanded and
cultured. Furthernpre, there is an unnmet need for nethods of cloning of

hepatic pr offdliecediions vith 19 sfisrbiumeorkand peviding thasondiior Rphasric ty,  wher e

the cells &;&aa@to%aemmeaaﬁwmwt@@ ﬁﬁh@ﬁ@p%ﬁ‘ﬁﬁl@ﬁm@m&ﬁrartl ficial
liver, for t esting of hepatotoxins and drug devel opnent, am)ng ot her

uses. U.S. Pghedsef ‘Pl@lmBB’fB@@U‘Uﬁ%e’E“EPTNﬁ%’I*RP@ﬁHt@ diffgrentiagqneapplilifsh ver reser ve

cells that whidigle EPSWBuldbe Ritfctbrusk mam%&té@%@mta@uﬁ‘cmw&tf&“ ze the
"reserve cells." U'S. Patent No. 59, 022 does not use well -established

nar ker s 5orteFt@éﬁflreP?t@%PSoﬁﬁdé‘i‘lgﬁ?"?‘@l’m“r“éé@?f\gé’t et¥PY s, nor provi de methods for
cl onal expansion of reserve cells, nor provided narkers 10 by which to
i solate viable IU S/eateﬁtmeﬁﬁeoeﬂoﬂ\&ugﬂdmsal élh}fhﬁ Hver Ses@te aelif thitl ed need for
net hods to lture cells that e _napy, res essential to
nepatic  pr bECRADR Mt bl Rl B el S B DR, < and the
pot enti al tNo o, 559, ezmtas it #se vuembsnabﬁsﬁednﬁarkﬁemaidanybmn of livet dedetiey cel | s.

t he hepati.c progenitors.

Equal I y needed are ona

C onal ~ gr owfH*i"& Pg%"g% %Qﬁ ffﬁ%‘ﬂ%{l ‘Txgﬁlﬁmrg?fgesf’w %‘ffﬁ%‘l?gr PR aRkSSt i on and

i denti fiigat b;omhlﬂftonb]arelvpblbamérrdwpactdls:Tmsag@mistamnﬁxlled'inﬁd fairesent inventors
have recogniz i.nadeguacy..o row ng. m cells, such as
hepat ocyt es™ tﬁ%dfsﬁi 1%%(% ﬁklilée‘}f/’gsr&ﬁ@?“@nﬁg fe 'Tc%%%egt’aﬂc{etﬁ?%gem tors. They
have car ef ubﬂog(anﬁﬁi |meﬂmtg bepréssial Etspeotfic parkenetdaiiespolential Itrecﬁﬁmmaipr ogeni tors and
requi renent s foj r 0 |tor eII met hods for
sel ecti ng H‘hﬁ?‘%ﬁ?{g’fﬂ?&’ﬁg‘\'ﬁ%ﬁ@dlﬁr %‘P%I%S&% Ocrl’rsatsﬂmei é%o“%l ncl udi ng
utility in mhhhbpm pfogénitofsr €lhalgrotwitob espmtxalemaemndm,gbrouer failure, and

3: Iuglst y lgor dlstmghounaa% %enu%catfog )éfp%r'{p&er?t gp@lilc progcgi?o% utility for evaluation. of

-

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

5-
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3. SUMVARY OF THE | NVENTI ON The present invention relates to a nethod of
i sol ating hepatic bipotent 25 progenitor cells where the cel PBMilRPOFot
express the classical MHC class | antigen (IMHC class |a antigen) and do
express the | CAM antigen or |CAM1 antigen. Furthernore, the hepatic

bi potent progenitor can optionally express noncl assical MC cl ass |
antigen(s) ( s | b antigen) containing nononorphic epitope of MC
class I. Proglxdgﬁ%g%z from several tissues can be used, P¢HEPWI42Mg, but not
limted 30 to, liver. Thus, the invention -5 SUBSTI TUTE SHEET (RULE 26) 1

April 2005 / SN0/ 27429 rel ates to a method of isolating
hepatic pr o\é?ﬁ%ta%ﬁag%?*@ggﬁg%néi’@ﬂgw%%%%ﬂww&Fla%léallhm%yali ve and,

optional |y, |GaNvVEapdoptionally, ICAMEpMbiG®, Likbwisd)he pRftht ivaN@R iRl L el ates to a

met hod of i so i nitor. cells ere the cells express the phenotype
of |CAM1 poi’?%#lé\fgofgs&?g% p?%?@%ﬁehwf%{ﬁ%%egs TeRE Jivhepetyrdnf r enovi ng cel | s

t hat express T@AIMréPpﬁ@{qbuvb&iwlmblmtndg’k@e,%??&ﬁvihg&%{h&ieylﬁesﬁThe dul |

expr essi ons of ' class. | .can pbe used for further isolation
of progeni 7 orth%]@féﬁést?&%%@glr%%ﬁg f’ss{[ﬁcﬁw‘?' r?\%gﬁ‘fl BProssiop ghnouclsecah net hod of

i sol ating andVBCeHsnkranbgmed for futhar ibolaitestpraaeigeRils Prefera6®ldhs- The hepatic

pl uri pot ent i I e of an ertebrate species including
fish, anphi bﬁg‘%g&srye%l?l{ef tlggrllll,ealgé/rﬁ?f Sﬁf,%“”agﬁad el Plucotent Reeaniter f er abl y 10

manmal i an. Evelis. fbe beppticafheipatit yrogdutie cki pay beofRhyveitpdepbeilr 0geni tor cells
are primte, pi t Aabbit ..dog, or nouse in origin. Mst preferably
the pluripot é?\oﬁldglgrf%g’éﬁn}’%glr Eegplfag,ag@éw 1ap, gndimprgprefemly ver y nost

pr ef er abl ¥ matamaeklign. divesmbre paferably, tprtage blufifotent féeniff &R0t €Nt hepatic
progenitors. . LRotent hepatic . progenitors can differentiate, or
their pr ogen;eﬂég%’ p&?? ?t’gédg)ﬁ’tﬂl%%togfm %?’SI‘@F't%%gP‘Fi@BBIﬁ'W‘@EOWS or biliary
celI's. 20 25plogendinecedispeltmanin drigin. Phiashosi fofGRH4 BéhddYRIR népandr Ovi ded a

conposi i on OBkt BHAGK ilc BRRAIHS. HhRUS Ul et O CXPTESS AL least,

one intercel
progenitors can differentiate, or their progeny can differentiate, into either hepatocytes

15  orbiliary cells.

In one aspect of the present invention there is provided a composition
comprising bipotent hepatic progenitors which express at least one intercellular
adhesjon molecule (ICAM) antigen and do not express major histoco.m-pability

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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adhesi on nol ecule (1 CAM antigen and do not express major histoconpability
conplex (MHC) class la antigen, in which the bipotent hepatitABH'&%ﬁi tors
have a capacity to differentiate. In another aspect of the present
invention there is provided a conposition conprising hepatic progenitors,
t heir progeny, or a conbination thereof in which the hepatic progenitors
.and their pr cadk @) Weakly express at | east one MHC class | b antigen,
(b) exhi bit g‘gﬁ%ﬁggﬁ side scatter in flow cytonmetry thBRVEIN2BAr enchymal
cells, and ('c) express al pha-fetoprotein, albumn, CK 19, or conbinations
t hereof. -6 SUBSTI '[UTIt:_ SI—‘{EET gRULE 26) 1 April 2005 WO 02/28997

PCT/ US00/ 27429 | n yet™ ANbihaped epagpredspt inyratipn thaye jstordvided mtriethod bhier e i s
provi ded a_nebhiadingle mighteai birtgrats ShsdHitRd A hoy@lc LRRLARS, Giplisyen' | ched in
hepati c progenitors_co ﬁi.si n’%: £a) ohtaining a Ce suspensi on conpri si ng
vertebrate Iiver c&Pl sn§ 3 ng B vell USRSDTIRICOmPESNgE Yeetehretk liveneslromdi on t hose:
cells that express(at Im&:ingﬂﬂmmé-@nelhsﬁéﬁiohﬂm?éﬁepgﬁ&e&? RlPpLge a mxture
of cells enri Ll;lee%li@ hegaltic_ progenitors. In sti ano Ter aspect of the
present invenfion thet® i & PG Bebrowderst wigurafol esHs siriched i hepaticur e of

" vertebrate ceplogendtnrsi ched in progenitors conprising: (a) obtaining a cell
suspensi on of vertebrate cells and (b) sequentially in either order, or
substantially sinultaneously, renoving fromthe cell suspension those

cel I's that expressatilllagathir agRer IS bsdSiSnvedti ' | fighg from
t he cell suspebrtlési.on t hose Eelqjlas thatﬁar_e _osiotn?\(ﬂéerégg?mgé\%al%%aorﬂqi gen, to
provi de a m xTUre ot MBS &l HFhratn edls eprichedig ersenitoss comprising: ur t her aspect of
the present inventgapn td‘lﬂhﬁng'zSceﬂrst‘ﬁEﬂﬁﬂo@vé%ijaQ@elFs%ﬁd i dentification of
progenitor cells, @frrpri Si ng: (a). providing a cell suspension suspected of
i ncl udi ng progenit c effiuent ally dn €ither order, or substantially simultaneously,

removing from the cell suspension those cells that express at least one MHC class fa

oS

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.

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.

G~
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(b) identifying cells which express | CAM anti gen and do not express MHC
class la antigen. In still another aspect of the present inveAPi#P0fhere is
provi ded a nethod of obtaining a mxture of vertebrate cells enriched in
hepatic progenitors conprising: (a) providing a vertebrate enbryonic stem
cell, (b) expanding the enbryonic stemcell to give enbryonic stem cel

pr ogeny, angﬁéc% i sol ati ng those enbryonic stem cell gro eny whi ch express
at | east, OH2AM anti gen and do not express MHC cl BSHUS0243t i gen.

SUBSTI TUTE SHEET (RULE 26) 1 April 2005 WO 02/28997 PCTI US00/ 27429 In

anot her aspect of the present invention there is provided use of an
effective anount of cells enriehed in human liver progenitors, their
progeny, or a conbinati,on thereof, in a pharmaceutically acceptable
carrier, in which the human liver progenitor$ express an | CAM antigen and
do not express MHC class:la antigen for the manuf.acture of a nedi canent
for treating a liver disorder or dysfunction. In yet another aspect of the
present invention .there is provided use of an effective amount of a

bi pot ent hepatiT progenitor harbodring a geié which corrects_a_  genetic

di sorder for themmnthtraspest & thfpresentanientionehare & provided ueiahgn effestvfet i ¢

di sorder in L AdiVi ¥ . ] ; L&hrest d ddndiageni tors can
be obt ai neda%gl&éoﬂ%t"%%%}ég‘%d lﬁﬁ}l@fﬂ il‘b%?%l%%}gspﬂg%%g{o _&ghés}pensi on _of vertebrate
cel |'s. Thenthemofjuianti pliakmaceuticeliyt legepgbldesarmiasy in yhidy st jhymps, liver

si mul t aneous] eniltoﬂeexgl%ésla% Ib%rgﬁtgﬂ ErPdPhot gek V€ cMCaGinagsh A antigen

and those that express an | _ I gen, are renoved fromthe cel

suspensi on the mapniuinge! amadiggmentfoptreatiag ¢ Bves disprderog dysinstidyeni t ors. Equal |y,
a mxture of vertebrate enbryonic stemcell can be obtained that is
enriched in hepatic progenitors by providing a vertebrate enbryonic stem
cel |, expandi ng frhgctentthsroaspast of thn reesert inventie)i theredpiprayiist Uss PEMR cel | |
progeny and j.S ' : i . Which\Wiirsdks £xpress | CAM
anti gen ande%:%k%%dl@%bégggﬁﬁg—@%?%g 3 ??ggﬁlgﬁ:ﬂi glérl}ln.gp‘{A%lg grret hods of separation
by physi cal gerdetivninatiodbctt masufabtere of a sgHicamant fias rgafing 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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known in the art are included in the invention. The methods of separation
specifically include the i mmunoseparations. Innunoseparatlon§pﬁé%0§e flow
cytonetry after interaction with a | abel ed anti body. | munoseparation

met hods al so include affinity nethods with antibodi es bound to nagnetic
beads, bi odegradabl e beads, non- bi odegradabl e beads, to panni ng surfaces

i ncl udi ng %kgg %,Tand to conbi nations of these nethads. -6b- SUBSTI TUTE
SHEET ( RUL § T Apri|l 2005 WD 02/28997 PCT/ US00/ 27458 B er nore, t he
hepatic progenitor and bi potent stemcells, and their progeny, can

optional ly expr @ﬁ&eﬁh&i@ﬁhe[h@@ﬂ@bﬁéﬁ)@ﬁorahd’lﬁlbdt&td’ﬂ@ncelﬂhltandﬂﬂel ophgy, limted to
al pha- fetoprotei al bum n, a hig e scatter, than hematopoietic cells

fromfetal WB?OHQIB'FXPISSSBE‘F‘E@FW“@FS E;‘FIB‘f\Eﬂ’lb'ﬁé“ nograydimitedio alpht-e up. 5 Hepatic

stemcells &to@meeei hiburkih Athighite sdkterhiadl BémaRPbicRXRIEHSEM fkplivar, ot Oprotein or
al bum n but Lve Flse to ﬁells t hat express al pha- fetoproteln and al bum n

or biliary *FRIFREFFOUHEHHSBELI8UP-The | nvention also relates to a nethod
for the identification of progenitor cells, preferably hepatic progenitor
cells, by exposiHa@tib tore celts @tel callsttimt avighem ndghofiot ebgrese dlplagfetaprd®in VHC cl ass |

phenotype [ INakis 1 ssi.an d .dentifying those
cells mﬁthI% bla%ﬂ’erflon ﬁ% Q%krmsﬁﬁﬁég R hj%’Iaass %%P C cl ass

anti gen. Lmhﬁmmsehmﬁﬂﬁ@r mar kers of progenitor or hepatic phenotypes such
as al pha-fetoprotein can be detected. The invention additionally relates

to hepatic stemmgng,RLEGRARILIAES tSQHeﬁodt@ﬂﬁe:d&éﬁEiﬁ%‘hB c})%g%t‘éf‘%an characterized

by a phenotype of classical MHC class | negative an p05|t|ve whi ch

cel |'s can opeferghishepplicnipaenibes cellsHiyrexpopiagiiiergstisto aimrarspdfeiggtingut  in no way
[ m Ced 190 DRl ASHhER Mool A En Ay BORIHE nraligh Si 0 scal (er

t han henatop0|et| s progenitors, or a pattern of growh as cells that

pile up. Th@osepﬁlbgethyMﬁp@%pﬁé@w%mmﬁéwwﬂnla%anamn or CK 19. The
progeny of {#g.ig0xheRaties of} Ie%&]a&%l ﬁHnEt%esQ@hlﬁaiﬁlﬁ faagbehed can retain

t he parental ghenotype and tional an devel op and express additional
phenot ypes. capfe gaigcteflcul ar, the progeny cells can optionally express the
hepat ocyt e phenotype and the biliary cell phenotype.

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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Anong ot her features, the hepatocyte phenotype is characterized b
expression of albumn. Anong other features, the biliary cef f‘PBF%WoE‘t ype is
characterized by 25 expression of CK 19. The conposition of hepatic
progenitors, their progeny, or a conbination of the progenitors and their
progeny can al so conprise cells that weakly express at | east on WMHC cl ass
-Ib antigen,_ exhibit a higher side scatter in flow cytopetry_than non-
parenchynal’w%@a{”?f and express a pol ypepti de consi stil??dmg?%mg

al pha-fetoprotein, 30 al bumn, CK 19, or conbinations thereof. The

conposi ti onmGaRy be ﬂgﬁohg@sgioﬁ R Bhd RBADEE D ﬂ%@?ﬁnérZasﬁHEﬁ%Jt,TUTE SHEET (RULE
26) 1 April 2005 WD 02/ 28997 PCT/ US00/ 27429 marfow. In thfs conposition,

 the endoder #toids synad, epgpmbmationgdereofpancr eas, |ung, gut, thyroid, gonad, or
conmbi nations thereof. 4. BRI EF DESCRI PTI ON OF THE DRAW NGS Figure 1A-1Cis

a char act eri.zat iBRIEPDESEEIBIION GrelHE bRAawanGsom day 15 fetal rat 5 liver.
Figure 2A-2F is an assay of colony formation on feeder cells. Figure 3A-3X

i s an expressi oFigfe 1Aa1C B e bHarsstenidatioreof heatige Sinagromaky Dtahapati c  cel |
lines in adi;' t liver cells. Figure 4Al1-4D4 depicts phenotypic anal ysis of
E13 feta? rAFTlivers. 10 Figure 5A-5D i s characterization of hepatic
colonies in the absence and presence of EGF. Figure 6A-6B depicts

i nduction of CKFBumZdrdsisinossapaf Ripanfonhaion i tedsedells. Figure 7 is a
schematic representati on of hepatic colony formation on ST feeder cells.

15 5. DETAI LED RESRRAPT! o Shredidh oPRERRRRER: FMBAPhMENGS nbfifc | NSt ant

invention is_a process for_isolation of progenitor cells and a conposition
conpri si ng PP&gesir el ivacells. | n one enbodiment, the invention is a process
for the identification, isolation, and clonal growh of hepatic stemcells
and of ' Figure 4A1-4D4 depicts phenotypic analysis of E13 fetal rat livers.

10 Figure 5A-5D is characterjzation of hepatic colonies in the absence and

presence of EGE.
Figure 6A-6B depicts induction of CK 19 expression on RT1A" hepatic cells.

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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20 the hepatic progenitor cells. The process involves exposi n m xed cel |
popul ations derived froman endodermal tissue such as |i ver 1 £81@M0Ppodi es
specific for an 1CAM for exanple | CAM 1, an adhesion protein, and
classical MHC class | antigen, an antigen that characterizes hematopoietic
cells and rmst ot her nucleated cells but that 1is substantially absent on
the cell s f hepatic stemcells and progenitors, pro 25 The cells
can be fro 'ﬁég%ﬁdodermal ti ssue, including but not FF&F‘]‘.@EZS{O liver,
pancreas, lung, gut, thyroid, gonad, -8 SUBSTI TUTE SHEET (RULE 26) 1 April
2005 WO 02/ 28997 PCT/ SOO/ 7429 aqr f Ii er or froma whol e organi sm
Any met hod ?)'Ef%r SRR leiopBR R MY "SPﬁ‘é?Iatg‘ﬁP‘l’f?“ %AIQC progenitor
cel I's i s acebgptalybepatic mgudbﬂt@lsbyacad‘pfablaj1ﬁc}‘udh@8@dffmit3nbaeédact| ons, e.g.,
affinity panpin by | nosu n_conbi.nati,on.with conplenent or with
1l ow oyt omel it e PUREEY JrruBpSiRit B il U be & based on

i nt ermedi at emipmhtsur ofth fisw b}@(ﬁﬁbﬁ@X'ﬂi&éﬁlﬁﬂC@ﬂ@metﬁm’epﬂﬂimﬂels@fae noncl assi cal MHC
class | t re. re erced cess invol ves,
T addi 31 b pinRe Y Fuod Hafit SnSt st ranap pagIa MHES o scat ter
(SSO), a patiasbintigens.dRpesident prefarraiebodigent glicamotkR irivblvespifi anount of
cytoplasm c .0 eat h Ils e SSCin the
hepat i c pro%figlrlflgfl S?JSCtmg%oﬁfegﬁer E‘%W]ﬁa%ely(c)}tl@e el %ﬁ“ﬁ%@a"r%ﬁ&ﬁ tral cells, such
as hemat opode@éndentombduslaograrmlamymahm@md dfsytopiasﬁﬂtl@lid dmpl!ﬂ afeliute of oOwer than in
mat ur e parenc ch a tho er. In addition, other
mar kers exp ®E ng oﬁﬁﬁ%h “F&F%ﬂﬁ?%?% OIS(I/& erthﬁ%g’l E’Vé progeni tor ceI | s,
such asio C%nc@m’a&;elli:ﬁiibuas lemeliopaietiCodh ér stomal dokis 1mmﬂjlwenbmﬂmimt| ng bi pot ent
progenitor cel.ls i

progenitor @??ammr?@feﬂ‘%‘ﬁ'g‘,w S'tﬁg trJaf‘ ﬂ%?grﬁﬁglv%d t gdléo m)t% 008f cgloln gﬁltoﬁtgle(rzl
(such as gl mﬁhqahmpressed\omalphaédoﬂmhtmmdﬁl@atlplostnrerprogbmmsamlt iswBBg , | mmunogl obulin
coe, “Cob, CERYRRE RIS sy ibind e iGa b SRR S SR a2, Coe,
CD42 CD43 LIEIM& otﬁﬂbﬁﬁrke@fﬁ'ﬂ;e &6l of mﬂﬂpatm@gﬂﬁtomm heludised. Furt her nore,
ot her t ?gh ug#o%?nm 2P b?oodc%lla]%ggcn?‘ﬁéﬁ lyc %orbn%gon retilglﬁ Pent S of processes

used to'Tsola progenitor ®d to: ablative
t echni ques huneth ligirn jnrhwegobudib Fatdeptors, Mﬁﬁslas%ﬂ B paAs, dtH(bﬂype sedi mentation rate
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

o

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 metabolic 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.

SUBSTITUTE SHEET (RULE 26)




separation including zonal centrifugation, cell elutriation, selective
adherence, nolecular weighting including cell weighting MAtﬁAP@V¥Q§oI|um
salts, size sieving, selective propagation, selective nmetabolic inhibition
i ncluding use of cytotoxins, and 25 nulti-factor separation. In one
preferred enbodi nent of the invention the progenitor cells are obtained
froma fet ild, an adol escent, or an adult is a preferred

enbodi ment (Puﬁﬁgplnstant i nvention t hat hepat i c celﬁgnwgmagé?ectlvely
grown in a serumfree, hornone-suppl enented, defined medium It is 30

further prepefetratindt i feche Rellsiat @b, ﬁoxhﬁmﬁﬂb:ﬁﬁa{té Fi%'ﬁdt 8f M i N cul ture using
a | ayer of a%??rilp bceI | s, ere those_ feeder I's are fibroblasts or

anot her Ry manym awt"la%eP“P%ﬂa I@HQHBWW%ET (RULE 26) 1
Apri | 2005 m&&aﬁt&wmsPﬁ?hb%@%&ééaﬁbdaﬁ@hﬁﬁa&aﬂf&mtceﬂsm@ feeder cells are
human, non- human, pr nﬁle, %lmg nouse . feeder ceIIs but any
manmal i an, rEqpicq ]L?p tpysh A %{ﬁ{ﬁ?fp B‘?"&ﬁal opdulb fissps arpaceetalier it | s are
accept abke. ydtmor@r@ermaemm@nahamrﬁeedcam@elbﬂmraﬁds‘eiaétbdfoh@efeeder cells be
enbryonic ¢ h feed rs fromnpeqgnatal or adult tissue are

I alth
accept abl e. eqﬂfty °§“§’°‘$B§Pg |QF°§?"étP’r°€HS HbbH R Prelettd t he feeder cells
be cl oned a&afbodideaici thel ui‘v&mohhﬁthe?iﬂkktbﬁl}indﬁog&biﬁpéﬁﬂﬁgém‘éd@nd% emhand
progenitor cells. It is a stil]l nor eferred enpo t of the invention
t hat hepati @014 %‘W‘hﬁﬁm&"%sgé‘ﬁﬁ‘%{’jb?mﬁ‘gf“ﬁg{ BOPPLRBHCGHESRY ¢l onal growt h
conditions,m@hﬁkﬂbmumgﬂﬂkmbfﬂ@widﬁﬁi|f|catlon as hepatic cells and
expansi on of a population of cIonaI origin. 10 Cne preferred enbodi nent of
the inveption c el l.s that are
cl assi cg‘iSI VHC c%éﬂeﬁgg%eegg’t |“\?8nt %&bﬂco m’e %E i L color sort is a
conveni ent pragdnmi ctll thasm daselcalhﬁ{(bclmlmgauveaidllstm Cﬁd}tﬁze posit i ve and
cl assi cal S a de i ne.these cells.
| CAM 1 p05| $§%?%§f$wm%%€ %%%goﬁﬁcebpeé%ﬁ%ﬁa(iu%qéPmé aﬁ%senchymal
mat ur e hepad;lassicalM}KladldssIneﬂue’e dre gv emrapfeteesipdofissihen ceﬂs KpAM & variable
dependi ng u | for. ex different in
cells in a ngglﬁ%g %}éﬁh&ﬁ lﬂuéigsstr:hgngtg%n&lf %csgﬁ agg?[gdﬁa"ﬁﬁ%mcﬁ ass | antigen
is expr é%se@lls)rﬂ"hakifbgrmlww@msw iheite vopble dé¢perdingaipbrsthé stams Stherelisel | s to

(for example, it is different in cells in an activated or quiescent state). Classical MHC

and

class I antigen is expressed on all nucleated hematopoietic cells from stem cells to
mature cells and on mature hepatocytes (although matnre hepatocytes 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
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mature cells and on mature hepatocytes (al though mature hepatocytes have
| ess expression than henmatopoietic cells). Inrat fetal |i vEAPAIA09SS| cal
MHC cl ass | negative 20 cells include: bipotent hepatic progenitors,

enucl eated mature erythrocytes, and an wunidentified cell population. In

addition, the cells can express nonclassical MAC class I Furthernore, the
pr ogeny of >t‘ﬁ%rﬂg‘%{e tors can express al pha-fetoprotein, bum n, or CK19 and
can also e a grow h characteristic in which thé’%‘@ﬁﬁ“@”@% ow in piles

on top of each ot her that is, in cl usters 25 It is an enbodi nent of the
invention that .t e olatedg %gtor g | s have the capability to divide
and produce®y a hgpatopyle qr ilipny cell Ieage thﬁaﬂﬁcﬁ‘?t@?lﬁét‘%%gem tor cells are

capabl e of Epaeﬁnﬂmﬂaﬁa&(ﬂcﬁp mtotic cycles. It is still nore preferred
that the progeny are progenitor cells or hepat ocyt es and biliary cells. It

is a preferred f e 1 nstant vent i t isolated hepatic
stem and progenl 5(?91% eg}bg(gm‘:’r&’ghe %f?nf[ gﬁﬁ'ﬁp %56) 1 April 2005 WO

02/ 28997 PCHAUSODY 27p439 alpiwrietbjiroteidl amdj)iralahﬂ@dy spegaﬁefooﬂp}b}l i ary ceI | 1ineage
by the sele a n_af na In a
preferr eg eﬁngégm R?Ldoﬁﬁltedr&erggg%g%%%ﬂ\%g v ISOC%% n%l¥es ﬁ%’c%?ﬁfm( s t hat

addi ti onal | $atgr pdditia, arhqhbs&ehlbmmpramilmdranwwy yiecific fandlbimddy specific for

al pha- fetoprotein. In another preferred enbodi ment, the process involves
sel ecting for celi §st111tn§b3épref!er'fbd%ﬂ%dﬂrhéﬁ%ftﬁe)ﬁ%?ﬁ%ﬁﬁoﬂh ﬁfﬂa@ and bi nd

anti body specific for al bumn. Is a sti nor e erre enbodi nment of

t he |nstantStqﬂhﬂPéﬂ?fqgefﬁtOt‘PPH%bQ@QﬂlﬂaP@EDPOEqné%aaﬁﬁramfﬁg@lﬂl‘tebrﬂléel | s be used as a

conponent ok e X rAGRA BRP Sifthent af\ﬂﬁrmstah@m\»eﬁuda thak #6 ERBEo RLf DY eferred
enbodi nent of the i'nstant invention that the extracorpore 10 I'iver having

i sol at ed® stléfleﬁ‘ﬁiﬁ@gtﬁﬁiﬁ?}éﬁﬁi@éﬁ‘dI%@Pml@f@ﬁﬁmdlﬁ@if@%ﬁé’d’éﬁvdw“m to support

the life Ofthéiﬁgéfiféﬁént%ﬁeﬁﬁ%’i’rdﬁgh\fefﬂﬂhh&ﬂb%zafmlréUnCt' on or failure. The

i nvention discloses particular culture conditions that are required for the
ex Vvivo expansi of hepatjc progenitor cells, here denpnstrated from

fetus. The invi’i‘&%‘f@“ %E’Peééla‘g F%‘@?Ct%‘fdl‘:@?ﬁhﬁﬁ{%@u}%ﬁ’cf%‘%l c cells that

proved i deadxvas ei;ﬁmrofi;@a@@rég@mtoIMs m&edaﬁonmltédsrom&@s gped i n combi nation
with a novel, serum nonal | y defined nedi um HDl\épee.:1 The conbi nati on
[+

ee, O
enabl ed th énYeﬂvgﬁFlﬁ?tgf splalmes o S mouse embryomc cells that proved ideal
15 cells. The feeder cells were used in combination with a novel, serum-free,

hormonally defined medium (HDM) '. The combination enabled the inventors 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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establish various rat fetal hepatic cell lines fromELS5 liver in the rat

w t hout malignant transformation of the cells. The i nvent or1 8PElE088es t he
use of the hepatic cell lines and the HDM STO co-culture system for

devel opment of an in vitro colony form ng assay 20 (CFA) for defining

cl onal gr owt h potenti al of hepatic progenitors freshly isolated fromliver
tissue. when conbined with cells sorted by a defined flow
cytonetri c%‘f?r%lfz?gf’ reveal s bi potent hepatic progeni {EGHYSOOEHPO exanpl e
progenitors from E13 rat livers, corresponding to El 1.5 in the nouse, and
with high growh potential have the phenotype as negative for classical
MHC class | ( RTIA region in 25 the rat), dull positive for OX18
(mononor phic epitope on MHC class | antigens), and |CAM 1 positive. The
phenot ype of. RTEXAMJHS ve and OX18 dull positive is equivalent to

noncl assical MHC class | (MHC class Ib) dull positive. EGF is disclosed in
this invention to influence both gmewih of the progenitor colonies and
their fates as either hepatocytes or bili ary epithelial cells. -11

SUBSTI TUTE SHEETI&RUH g?&sgl 1 r'izlg,EOOSu A %%8997 PCT1 US00/ 27429 6.
EXAMPLES d ossary e ¢ adSE PPN FPEN® Sip of major

hi st oconpat ahlgénstcgmlﬁoramohlgmmﬂpmnﬂmnﬂgateﬂ@dhdlthmgh thyy amest bighlyicl eat ed cel | s
al though ! he, 218 ol R lacdbidfll e FPLRESOIOGIRUABGE BhL G, GRL! 5. The
antigen is arso known a tIrassF NOIMENC f rse t he cl assi cal
VHC ant i gensomesclatuieghibe i:l@asicdﬂ\ﬂﬂpmg@s js afforcti@ncd sekies, fan exalwlmns t he MHC
antigens arg te . T vigdgs.no ncl atu cl assical MAC
antigens i nEusné&\rll£e'{rﬁa‘@alﬁ]ﬂs_d‘;;%%%"’élgl %ﬁnﬁqloeﬁ‘ cITgsm B%?%Rﬁlr&mé? ng qf antigen. The
group of naflassicdl MHOabgpa iredvdral spgciesant | gens, al so known as MHC cl ass | b,
that can vary even within a species. The nonenclature of the noncl assical
MHC anti;gens va I.£S |1§iﬁ%: ntercel |l ul ar
adhesi ongm)l ecuINg-%la X élcgﬁ‘éa rﬁe S gl_%%l rtl)l%%teofél Igi!ya menber of the
i munogl obuﬁliflﬁengubeﬂqifa‘mals Credess Ibj Gateaisvafyomven OANS 4 spagies. ﬂ'hpe 15 (32-integrin,
LA 1 (CDLI R 87l MarashicARNC bt SO Bles s bk Ses L BGUIR g £ 2l SO
inportant for |eukocyte attachment t(% endo |t| on | CAM 1 has a
role in

ICAM. Intercellular adhesion molecule-1 (CD54) is a membrane glycoprotein
and a member of the immunoglobulin superfamily. The ligands for ICAM-1 are the
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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| eukocyte extravasation. The term I CAM | is used to designate the form of
these nolecules found in mammals. The terms | CAM or | CAM 1- I'AREI 2008 used
to designate the honol ogous and functionally-related proteins in

non- mamal i an 20 vertebrates. Debul king. Debul king is a process of renoving
maj or cell populations froma cell suspension. In fetal |iver the major
non- hepati ¢ _|ineage cells are red blood cells, nacrqophages, nonocytes,
granulocytggynpy hocyt es, negakaryocyt es, henatopoié%ﬁ Bpgﬁenitors and
stromal cells. 25 Dull positive. In fluorescence-activated cell sorting the

intensity of enjtte | i ght i.s 0 i onal .t he nu r of

f1 uor ochr onﬁlfeggh‘fsﬁﬁua e@gaqﬁﬁhuﬂgdpﬁﬁgggﬁuhpo%fpéogawégegl@g%%ﬁ(t o the cell which,
in turn, isdgermped iddomeiedige t he 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
fluorescence -12 SUBSTI TUTE SHEET (RULE 26) 1 April 2005 WD 02/ 28997

PCT/ US00/ 27429 intensities can be nmeasured. The value of dull positive (or
dull) is enpirically determned and internmediate - 12a SUBSTI TUTE SHEET
(RULE 26) 1 April 2005 WO 02/28997 PCT/ US00/ 27429 between the intensity of
bright-fluorescing cells with many antigens and dimcells wth | ow
expression of the specified antigen. The intensity nmay al so be defined in
terms of gates or intensity intervals. The dull positive phenotype is a
feature of a weakly expressed antigen. The phenotype is al so described as
weak or low 5 expression. Conal growh. In cell culture, clonal gromh is
the repeated mtosis of one single initial cell to forma clone of cells
derived fromthe one parental cell. The «clone of cells can expand to form
a colony or cluster of cells. Conal growh also refers to the conditions
necessary to support the viability and mtosis of a single cell.
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10 These conditions typically include an enriched and conpl ex basal

nutrient nedium an absence of seruns, presence of specifi c! é\lpﬂ\/&qqu actors
and hornones, substrata of extracellular matrix of defined chem stry,
and/or co-cultures of cells that supply one or nore of the growth factors,
hormones or matrix conponents. Ternms of enrichnent. The term "renove" neans
to separate, select and set 15 aside either to retain or discard. Thus,
stromal ceM&2@Y be renpved froma mixed popul ati on W’UQWW"&? sever al

“nmeans with the intent of either keeping themor of discarding them The

term "i sol absweefBd Rfenbi®y of 6AEH-AhRestih BN QwitiBhSan€eM A dinkeleep apart. Thus,
pr ogeni t or c,elll S can be jso %T}‘fd froma m xed popul ati gn of progenitor and
non- pr ogeni Vit O?,’éFHf%g?’m"IFfég"cS@ od gRitEpT- yhbe jpensly may alsp padeliicd iynay unwant ed 20

conmponent s. tefshsWs bfdds ofin@ndity intérleAThE Al RARW phetotypeis b Seafufeiient | y exhibit a
di stinctive eature, in whjch the cells diyide and remain in nutual

proximty. Y5 FRIETd apttgen ¢ Dheyphenofypg isplsq draqribpdas wsali@iieh cells are piled up
one on apot&@fessideel |'s in the three- dinensional mass of piled-up cells are
adj acent to feeder cells or to other progenitor 25 cells. The clusters are

also terned P-colonies or. P- e colgnies .and ar i.stinct from cell
nonol ayers. The%Jfogf I%Wtrligmé:?(% r%’é:%g@grqwiﬁflﬁgjﬁ?ﬁ%wdgug ls{}tﬁo ®i nvention, but

t he i nvent i owgld isitiallvgil todormearisne bi cails dedvetl dromhiesme spentdl fdlic Texanpl es. The
person of ofdi nar Kill | he art A j hes xampl es the neans
to inpl enen%lgrieﬁgc%i%%f]ae’ﬁqm? {r?f\}%ﬂhﬁ Cg%l.ly ?i\équﬁﬁrrotf ﬁ%(rg‘rrggré%l g’ioﬂ'gl ag%r son of ordinary
skill in thefessns theednditiomsoeepssaryac suppar the tiabiléy add mitwkit efasaigle cehbodi nent s t hat

26) 1 A3 ﬁ%%%@%&ﬁ?‘éﬁ%@%ﬁ“@%ﬁ s %%g@ip%? i R /ENS:EEI\L(Y%E
OF HEPATI C @EEivhoaNDsermRAitEncePROSEN SFORh CElotsSndRadrponeRsdgivamnel Fi 344
Cats are obiol g (A SHekL£R ST Ael. AL EedL bRty 1Nt on, Y.

;
For timed pregnanci es, ani nae‘?s are pu@xt ogether 1 e tefnoon, 5 and the
nor ni ng on eumoodvof thegrqetiufpcios, mhswesce dairg caegnegmat ed day 0. Mal e Fi sher 344
rats (200-250g) are used for adult liver cells.

Terms of enrichment. 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.
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Est abl i shnent of hepatic cell lines fromenbryonic day 15 livers. Fetal
livers are prepared fromday 15 of the gestation. Single cef ﬁpﬁk%oﬁénsi ons
are obtained by incubating the livers with 0.05%trypsin and 0.5mM EDTA or
10units/m thernolysin 10 (Sigma, St. Louis, MO and 100units/m

deoxyri bonucl ease | (Sigma) for at 37C. The cells are overlayed on

Fi col | - paque. (Pharnaci a Bi ot ech, Uppsal a, Sweden) for radi ent density
centri fugathQ) 12397 450g for 15 mn. The cells fromt hPot6HE racti on " are

i nocul ated into tissue culture dishes coated with 17 ng/m collagen type IV

- (Col I aborative Bi onedi cal Products, Bedford, MA) or 12}9#% /m lamnin 15

(Col | abor at fde BREFARATIIN ANBANALNSIS OF HEPATICSTEM ANR ¥ or rhe14321,
respectively. TROEMNIMR FFEE hormonal Iy defined culture medium HDM is a

1:1 mxture_of . Dul becco's, nodifjied | g di ym and_ Ham s F12 ( DVEM F12,
G BOCBRL. - BRI SRS st ORRECT CooenTOtrT SFeRiap FIOOREF ( Col | abor at | ve
(Bi omedi)cal (\t?mmriﬁgteﬁ,MA). Podedipreiying gksi, Mﬁ@@ﬁtog&&rmmﬁm hasone

Sigm), .10 iron 2Q satuyrat transferri [ ., 4,4 x 10-3M

b cot T harh qaices borkihe Sy ol Bt Sl enpttey CtiRbnet a1 0w

2- mer capt oefanapu-2508 agrisdd, for/adtit egédls.f ree fatty acid, 2 x 10-3M gl utam ne
(@ BCOBRL), | x 10-6M CuS™4, x 10-8M H2Se®3 and anti biotics. Each
concentrati j i inals o . i i . jum After 4
weeks of cu? ﬁbrg}g?%?trdf%e ?Jﬁﬁeczefelgfp%gio lsep%’?émgcu tlgp‘éé&pgtﬁagh‘g}egg%er | ayer of

m t onyci n Cp2grddioat dag | Siithegosiaton e fipgly omtlisespérsionodn dlgdinddibpe ( Anerican Type

Cul t Col I . hl s - 14321
cl ong(rjef roninﬁlﬁb%{é |enhd§8m'8'rql§% *‘%@éﬂp“‘é’ggﬁ’%@@? or;}g‘?rggmﬁg%a d|3J(3:ﬁcel S ZLS are

mai nt ai 1éd @ignB] . LesdkiO) el 108unit/inhdeeiiibonuditdsel (Sigmm) BsatdBtd.shnment of t he

cell lines, the.concentration.of E s reduc to.1Q ng/ for all cell
ol tur oo T SRR ERE B gl PhabSpeh BEE b S BBl Ry 06057

PCT/ US00/ 27 g28erDdssigodesitifugatioo it 4508font5 thipt The dellsfemm thébdtain ffattioar s ar e

di ssected into ice-cal ++ fr H Wit h HEPES, ;0. 8mM MgySO4 and
1mM EGTA (pﬁ?fnﬁfusa%epﬁlgtoﬁfs\%?ugmrﬁfil § s ?ﬁ%t%u%r“ﬁ‘t@g’\}’ﬁq ?&ﬂ aéefnf%etwype 'V col | agenase
(Si gma) and(CbBatrativd Bishedicat Fredurs) Bedford, MASbgiPa)z/mliandBi8S prepared with | Oriv

HEPES, 8 SOd. and Q;z_r ' i t 37/C for 10 mn, the
cel | su g% en Io('l\){%oolragﬂre d]?ian&gc%c%léﬁ’r\%ﬂ*%%ﬁr tB b/o% and @e%&%ﬁe]&al ,qespec ively.
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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trypsin and 2.5mM EDTA (Sigma) for 10 min. Trypsin is then quenched by
addition of Img/m trypsin inhibitor (Sigma). Finally, the t8plil208fe
treated with 200 units/mM deoxyribonuclease | (Sigma). In all experinents,
3-5 x 105cells per liver are obtained. 10 Isolation of adult liver cells.
The two step liver perfusion nethod is performed to isolate |iver cells.
After perfusion, the cells are centrifuged for 1 mn at 508 twce to
enrich for WePE¥bar enchymal cell's. Cellular viabili RTVSNEHEY, as measur ed
by trypan blue exclusion. Cell adhesion assay. Adhesion of cells to
fibronectin (Collaborative Bionedical 15 Products), |lam nin and coll agen
type |V is Biywcigheredf Eddofg! G vl livarcaredigseqieskintp icgreeld Calemeni ng, Canbri dge,

MA) coat ed M:‘.'sﬁé‘w&t?ﬁﬁ:ﬁwBﬁ@ﬁﬁb.@ﬁm&%%&nﬁq%ivpﬂ?‘f%gﬂé\ﬁi Ofhe lifeR Y1 N9 the STO

cells by Percoll (Pharmacia Biote gradi en nsity centrifugation at
200g for 15tritirated With0.200 W peId doBagerfase (Rirmiapqmd t16.6 woisinkl theinmdssin t h1120- 3, rter6,

and rhel432 t i 0, ! DM After
rinsing 20 &\%T%i%t}gégrs éjﬁetr?%gd ?&o@%wpfgw@l&(ﬁfgﬁ@%ﬁm&%l?h t he
tetrazoljsﬁrm&@%:uw?ét37°((:_Efele1:0rrﬂhngercell\/h@gsdﬂﬁbnlm}sdiga%?map.giﬂ%, I'N) ihs added to
measur e the nunbe I | e . ,adherent cells. ter urs, the

absor bance WSIB@%%%?WM@TJQQ'@W@FW&BWT ePSI 'ﬁ‘&?"ﬁ?deq'y'ag Bt ocol . STO
Subl i nes. Gyre gt Giypsin @Ebiked (Sfmap Figly, thel Nd drorRafd Gith 200amitdkt ured in 100mMm
25 culture dishes for 7 days in DVEM F12 supplenmented with 10%

heat - i nact i deaxsioruslease I iamandn glbexppimentsc3-3 8 18igpfipetlviafe, 5 x 10- 5M

2- mer capt oefag@l and antibiotics. Four subclones are selected for further
characterization according to the cell norphology and the growh speed.
Al t hough CFA for rterg is perforned in the .four, subclones, one of them
STB, | dds deigpef il Ty PEP iveT Wﬁ%ﬂ%‘*‘ﬂﬂ%ﬁ@?‘”&?‘? ©r 30 nitonycin
C- t r eat mentjsol 4 Bves bUNE| ARG perfaliol thelcBlistaFeARattiRgédrdr Whinfat PEtwitd - MCl neo  or

pEF- MCl neo kind]y provided fromDr. J.. .M Ad , The |ter and Eliza Hall
-15 SUBSTI T F@Pﬁm@%@ﬁs-lgﬂbﬁ‘ﬁ%w WGW Y BERPUSOQ 27429
Institute odludREugadl. Research. - 15a

Cell adhesion assay. Adbesion of cells to fibronectin (Collaborative Biomedical

15  Products), laminin and collagen type IV is evaluated using 96 well micro-titer plates
(Corning, Cambridge, MA) coated with these proteins at 0.3 to 10ug/ml. After
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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Li neari zed plasnmds at Nde | site are introduced into cells b{PHEIER

| i posomal transfection reagent (Boehringer Mannheim. After (418
selection, six clones are isolated. Three clones of each are anal yzed by
CFA. I mmunohi st ochem cal Staining of Colonies. Culture plates are fixed in
met hanol 5 Cﬁ} one (1:1) for 2 mn at roomtenperature, rinsed and bl ocked
by Hanks BMCWEEY Salt Solution (HBSS) with 20% goatfCS&PU*¢G BCOBRL) at
4C. For doubl e inmunohi stochem stry of al pha-fetoprotein and al bum n,

pl ates are [ncub d.wih nti-rat al bum n anti body (1CN Bi onedi cal s,
Costa Mesa, t“&;&e?%ﬁ?dﬂﬁ\%e%’sw%Texas Red- conj ugated anti-rabbit I1gG (Vector

| aborat ori es, Burlingane, CA) and FTTC 10 conjugated anti rat

al pha-fetoprotein polyclonal antibody (Nordic |Inmunology, Tilburg,

Net herl ands). For doubl e |abeling of al bum n and CK19, anti-CK19

nonocl onal anti body (Amersham Bucki nghanshire, England) and

FI TC-conjugated anti nouse 1gG (Caltag, Burlingane, CA) are used instead
of anti al pha-fetoprotein antibody. 15 Flow cytonetric analysis. Cells are
anal yzed on a FACScan (Becton-Di ckinson, Muntain View, CA) and sorted
using a Moflow Fl ow Cytoneter (Cytomation, Fort Collins, CO. The cell
suspensions from E13 fetal liver are incubated with HESS, containing 20%
goat serum (G BCOBRL) and 1%tel eostean gelatin (Sigm), on ice to prevent
nonspeci fic anti body binding. After rinsing, the cells are resuspended wth
20 FITC conjugated anti rat RT1lAa,b,| antibody B5 (Pharm ngen, San D ego,
CA) and PE-conjugated anti-rat |CAM 1 anti body 1A29 (Phanm ngen). In sone
experinments the cells are stained with biotinylated anti-rat nononor phic
MHC class | antibody OX18 (Phatm ngen) foll owed by a second staining with
streptavidin-red670 (G BCOBRL) for 3 color staining. Al stainings are
performed with ice-cold Ca++ 25 free HESS contai ni ng | OrM HEPES, 0. 8nM
MySO4, 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 renove feeder cells. The rat hepatoma cell |ine, FTO 2B,
and the rat liver epithelial cell line, WB-F344, as well as adult |iver
cells are stained to conpare with the fetal hepatic cell lines. The cell
l'i nes
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30 are kind gifts of Dr. R E. K Fournier, Fred Hutchinson Cancer Research
Center, Seattle, WA, and Dr. M-S. Tsao, University of NorthAgHr40fna,
Chapel Hill, NC, respectively. Cells are blocked and stained with FTTC -16
- SUBSTI TUTE SHEET (RULE 26) 1 April 2005 WO 02/ 28997 PCTI USOQ 27429
conj ugated B5, OX18, PE-conjugated 1A29 or anti FITC-conjugated rat
integrin P_j f'inti body Ha2/5 (Pharm ngen). FITC-conjugated anti nouse |gG
is used for" X8 cel suspensi ons of three fetal h P23 | |ines are
stained with biotinylated anti- nouse CD98 foll owed by a second staining
wi th strept absarfiRARIE % N 1 R late iftfoaiidl into I HDOTRAR hQogat € out nouse cell
popul ations. CFA for hepatic cell lines, sortéd cells, and adult |iver
~cells. The h#sketios reaganf (Bophsiager Yapnheign)q Aiier G4h8 sefectinn; $aglencarre 500 cel |'s per
9.6 cn? on EhbheMVEkeR cfendslofdlcRste Rbiy-iaRden. | ayer with the same HDM as used
for maintaining each cell line. Beforé plating, cell are trypsinized and

fracti onat egmtl)l%/’ﬁﬁer%ol |l densi t%( %r adient centrifugation tq renove 10 feeder

cells. The Faechepical piapoing & €donesr Crgng Rlates gredisd mtanele di um changes

every of hesiceay(l:1PRYD i d FEsIGhgetifi€ SERNSR bidcRidbl Beni8fBaphdha- f et oprot ein
per wel |l are analyzed by the

and al bum n_i s the formed. 100 cgl oni es .

col ony nor phoi ?n&%gg’f'—‘“h ?tSSWE(%h@r@%Ir)é‘%‘époﬁmcﬂm@Fpha-fet oprotein
andkal bu ;n nimxﬁﬁ@hiﬂ@ﬂhﬁﬂﬂs@ﬁofafpﬁa—ﬁ;oﬁioh&ﬁﬁbnd letiniﬁﬂ plakek fireQd:hlﬁ‘dtédl l(uaﬁxt erh M:Gan
Park, IL) to _.count the.,n of the colonies per. 15 . In the CFA for
primary sor fgaaat %ﬂ'ﬁ?ﬂggﬁ&@?‘?%?ls’@@f%{?%@g)fB]IIOé‘fefi YR | nunmber s
changed as Rebs®hjuftdd anfabRNRGITEctdTilabomatonRdbdrigahe, @A) atid@Tcul ture period is
expanded_to between .14 and 17 days, and the nceptratjon of dexanet hasone
P e T8 e ETedB S AR T ORPHE PO BELHIFDy CRGE BRI as. above. I n t he
CFA for  adUilburd, Nekdrland). | Bor bR ldbelig abausnindnd CiUppsE-0K1b i ver cells are not
elimnated fromthe 20 cell suspensipon after the ration. Therefore, an
undef i ned nUfiE n%?“"%ﬂcg (gﬁfﬁéﬁ%gucq?ﬁggqﬂsgjﬁegﬁla&&fégﬁfﬁ@ﬁugw cl unps. For
CFA of bi | i atiynalidTE@ (@ilthg, Builiogen@C A0 well ingtal bSanti dphdbiewpiotinof | uor escence
st ai ni ng ofm%éb#m n and CK19 of the colonies is perforned at 5 days each
of the cult °Ph the presence or absence of EGF. At day 5 of the

cultures, any colony with nore than one CK19+ cell is counted as a CK19+ 25
col ony. 1At Bay ckonamdmabsis. dellome asiyeaivnaiFACBgn (Bhctonibligkinsdnyst ers of two

CK19+ cel | SMountain View, CA) and sorted using a Moflow Flow Cytometer (Cytomation, Fort
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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or one cluster of nore than three CK19+ cells are counted as a CK19+

col ony. About 100 col onies per well are counted. Each poi nt”’*@ﬁ'r@@énts t he
mean SD from triplicate-stained cultures. -17 SUBSTI TUTE SHEET ( RULE 26)
1 April 2005 WD 02/28997 PCT/ USQ0/ 27429 6.2. GENERATI ON AND

CHARACTERI ZATI ON OF FETAL RAT HEPATIC CELL LI NES USI NG FEEDERS OF MOUSE
EMBRYONI C L{§ WTH A HORMONALLY DEFI NED MEDIUM Sinple | ong-term

cul tures of t%E3¥ 5 hepatic cells are attenpted to se"g?DPHSW gzgong fetal
hepatic cells could be maintai ned and expanded at vivo to produce progeny.
After a or adhRpled Ny, PRRRL LM IR £ad ATCRERYACIBTRIORPR LT | C_mOnonucl ear
cells, the fe I Tver are cultured on cu ture di'shes coated by

col | agen t ypntibddy Hag/5 (]Planmngen) &RC-¢onjupibid afS epueXghipuedfor OX18.The cel | s
survive wel for Vv jtures on fresh
col I agen ty%% SPWBHSIOHE ame?ﬁe%l Icl:e ﬁlté%%}l ﬂ%%ﬁd&&%eé%ﬁ%%{bqﬁﬁed&#m t further
expansi on. MthCDDS foﬂywdrby@stcommaenhgsmsemmﬂnedﬁmmmmmrobl ast cell

| i nes ar S er, 18 t he secondary cul tures, many

aggr egat gs % tPgatra?‘g%m ven?o[lf Fﬁ?y ‘several stable hepatic cell lines are

est abl i shed from four i ndependent experinents. | munohi stochem cal
anal ysi s of CBd fohbeppeq @ﬁﬂz@qSeiorrec%m&ér atidigdili lverngeds. TBhe pepafiorelbieesialg t he

conti nuous gr.o I at bef re cl the cell lines. Both
proteins, %ﬁﬁ“f‘ﬂ{hﬁ? ?}tsg(?‘%ﬂ%‘??& gf%u?ﬁrﬁloryfg‘(ﬁg%%gggatf T kers to confirm
that cell pﬂpﬂé ahiemwﬂsgiﬂnahaﬂmﬁmpmmdfm!liinepiiadfare;plhmngaalj;m A cell

popul ation w d ne cal l ed P-col oni es, had

i nt ense expW§5'iz%nm§% %‘%ﬁlbﬁ@?m%{c{%sgt?’ ﬁraﬁ]ﬁ%ﬁen%%%fﬁ?%mr%w?e anot her cl ust er
pr oduceg:IOf | fagdedeie Tmlﬂnihlm;mmculﬁa&:kilfc&!d{) Erl@@ﬂhysrmthsnedﬂm chanpds ederyn ni shed
expression %heg%%p &Bl];lgt %%{e@ccﬁce%talq]o a{%gluhm fn toproteltn ciﬁ?b Qu.c mouse

fi brobl asts® any reac her ]body For
further anﬁdsmrfsrmeﬂ ht(@&obmmdwdimmalgzedby thc Icolmgisncfrpholvgy l‘ﬁ’cbeEendent

experinments are ect ed I I cal criteri ither P type or
F type col o d?cif—eeépmfsﬁnf Pha:-}zﬁ%pfngggin%ﬁ?% Thagolonsss & stt?né1 dremst ly of packed
smal | cell susmgml"y-mawkmmu Q&Gamgk,dh);tominﬂmemﬂnmﬁof(ﬂﬁ glodi@perrakes only a
flatt en%j m)rhm ISHE EIFR for prm)ﬁl@r sor?eg clfd dsaduiﬁ’ ek gcllg Fﬂe%latl%ggell ' mBHY

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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i nternmedi ate phenotype of these two. Interestingly, the heterogeneity of
rter6 is still observed after three rounds of sequential cl dAPALZIBE t he
flattened colony. To see the heterogeneity of col onies derived fromsingle
cells in rhel4321 and rter6, the cells are cultured on STO fibroblasts for
10 to 14 days at a seeding density of 500 cells per 30 9.6 cn2 (one well of
a 6-well plate The colonies are then characterized in terns of their
mor phol ogy MAH284%i r expression of al pha-f et oprot ei n BEAEFSY256%i n. Fig.
2A-2F shows the -18 SUBSTI TUTE SHEET (RULE 26) 1 April 2005 WO 02/ 28997
PCT/ US00/ 27429 results. In the cell lines, rhel4321 (Fig 2B) and rter6
(Fig. 20), &Ad iGENBRATION SNDAHARACTERIEATION QBFETAL RAT HEPATIEN ng (Fi g 2A),
al nost al | P-t yfe&ELEJIRIRS B3ING FEFRERS QBMPUSEEMBRYRAIE CELIS IB n, wher eas
F-type col oni es HHOBMONALLY BEAINERYEIMEMror e, the intense expression of
bot h al pha-fet oa{ot e;{og andeﬁl bumin is observed only in P type colonies. 5
The nor phol ogi c &foan eﬁ"ftrhté:‘ éP‘?ﬂ%‘é’cPc’rlféﬁ%%t‘ic’@P%‘iOImllioﬂes correlate to
the per gentoagetdhephiteaif dodlP 6c Gath1@MY dnffbpandd B v de dch elaﬁrcent age of P
type col onlgz in CFA of rter6 and rhel 4321 is 33. 3% % SD) and 65. 7% (
4. 0% SD) fenfesmadiepiepsity 4TIV ion to EHIo¥HEPRIRNEC moBpIugledr Iceqss counted to
calcul ate t hﬁf@mﬂsalceusgfe@mufede,ﬁf:um@mys obﬁ@iwu@fﬂﬂyﬁd §eYy) . The efficiency
of rter6 an rhel 45 7fV 36.4% ( 1.1% SD),
respecti vel Seﬁe’éaéqp EIPﬁcPlésgrt" Vﬁ(‘f’ﬁl fof orgthah ot her al ong their
|Hgt eral bor daﬂ’eﬁcls.;-rggw&g&, m@aayanme o@fresg cdlBLe tHRIV- cﬁmgﬂﬁl&a&m( Fdl ffi |1 (c:: ;JI t.
wever t c 0 _not odyce u usters ig. :
Next o iie prste et Rt arano MliGaeryih be e RS Speci fic
ngponentsfnﬁﬁseﬁbﬂo}&l&@@dﬂlﬂbﬁfr@ﬁ&ia’sla@&ﬁer(lzﬁ%l tmsecdnwaﬂhneaﬁﬁajdl se the .
adhesi on of nmouse liver cells 1 eins as_lamnin, collagen
type 1V, an®HRBFsHs Sep as@@?&@?ﬁfﬂhﬁéﬁeﬁﬁ%ﬂt‘a | stages.

Wher eas col fralgmrmy@eudeﬁtek@nfn&ﬁs,nost effective in the attachnment of
th1120-3 (Fig. 10, simlar to the findings for the adult liver cells, it
works less well for .6 alvaD held32 | A). Lamnin is the
nost effective Tsu "OP}S% hemg (}éfsa?ganfeg)o mgéﬁlealniﬁé aﬁ I A). This

pr ef er edge psfosimﬁitlnaccdnum@@snghgcﬂlppmﬂamw)bebwdmmgsfméceMUeBe fetal |iver
cells (Hr a%@t ;oteﬁls aaph}?% OTBIA ﬂld :¥¢ use({l Lﬁhectgagl?e?s&ggonﬁex e ssion of

al pha- fetopro |n an be col oni es an
cell populations originated from the hcpauc lineage. A cell population with a tendency

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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preferential adherence to Iamnin by rhel4321, suggest that the cell

popul ations producing P type colonies are nore strictly assbéPEtZW5wi t h
hepatic progenitor cells. 6.3. | SOLATION OF STO SUBCLONES FOR THE COLONY
FORVATI ON; © 25 ASSAY OF HEPATI C PROGENI TORS To devel op a CFA systemto
identify bipotent hepatic progenitors with high growh potential, the
culture syste to be able to support cell expansion at clonal seeding
densities ﬁ%‘g&#ﬁ conservation of critical original M&H8%%2% uncti ons.

Al bumi n and al pha-fetoprotein are two of the nost significant markers for
early 30 hel@ﬁﬂtbcln%‘é@ﬁ%g‘?ﬁbﬁ%ﬂr@?gﬁ%ﬁd{{e% %ﬂﬁ)%@&%héﬁ -l &Y P type

col oni es should be the best, since SUBSTI TUTE SHEE 26) 1 April
2005 WO 02/ p@vetionpom toderinpFigid) i %Sb@l P-ype colppies fmopglpexpresol oni es nai nt ai n
the expressjy %aklehamfegmw QEc%nEEs%f@Hs@Jﬂ?)WﬁuﬂhegH&EQQn fpal expansi on.
Ther ef or e, clones are conpared in their ort of P type colonies
of rteré. mremoqoﬁbot@plmﬁggtoprgqxwd APl phsevefonfy lﬁgﬁ@e cdeliesny f or mati on
more thaf amé oo 1cﬂtdﬁf%fen§e%’ihbH@&d%@ﬁiﬁ@&ﬁl%n@s@%k&é\%tHEarent line 5 (Fig.

- 2D). The CFA of rhe 4321 al so confirnmns STOS I1s a nore effective feeder
than the paicEfRtagEOhe Eitype coleny. (FW%BM?Q 'FIIIBPG woiee pouseelonicexpr essed in

t he rresenclmamlofaa{sh@zhamm3@B%Ez$tel6%esﬁ)a§cpés'rfa/mmo%lﬂa5 Is essential for
fetal hepatic cell _expansion. Althou NRNA expression for the H x

gene i s anaFipsaiyelynThe tptakcaleny BSIbriPEHEs %dﬁ goynteq tysplelqtasthpglongd gnj f i cant

di fference drbwtheBicRaR (il SfficRiFN Arhk BRicikRy SHRGS SRR as Agt shown) .
Furthernore, the stable transfectants of fmuse H x in STOb do not result

in an i AbrodrigniD)ad 8945 ol WD} seieaiivelin Thsb e Serfsgighthpgtachone ¢l one of

the transf agbanbher AR laterdl BordGeMalify réﬂdlraﬁcﬂ%rfs @AlisiBkns Pecause the
transfect ant sugports a nore stabl e persistence t he ori gi nal norphol ogy

of STCE at diffigylhaHayersy. tl*ﬁtam?rég%&@got pRagugs pijed “PBENH‘P fiEAFl ON OF HEPATI C
PROGENI TORS FROM E13 FETAL LI VER USI NG THE SURFACE ANTI GENI C MARKERS AND
THE COLONY mem@]éﬁ&&xncemramcapmb €3 ieud aIhem KSIpyificcddRgstiests Of

hemat opoi esi_.s co i éﬁ)
P of extracelle i(ar matrices (é are tested because the adhesion of mouse liver cells

15  to such ECM proteins as laminin, collagen type IV, and fibronectin, changes in
different developmental stages. Whereas collagen type IV is the most effective in the
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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~liver. So far, the antigenic profile of hematopoietic progenitors has
extensivel y been 20 anal yzed, whereas studies of early hepat16pﬂﬁ%§§n|tors

are still in their infancy. The antigenic profile of hepatic cells is
anal yzed using the three hepatic cell lines established in this study, an
adult hepatocarci noma cell line (FTO-2B), an epithelial cell line from

adult rat I i ver g\/\B F344), and freshly isolated adult liver cells (Fig.
3A-3X). Conft¥é’With FTO 2B, WB-F344, and adult |iveC™&%&? the pattern
of the 25 m)st |mmture of the fetal hepatic cell lines, rhel4321, is quite
unique in that there is no expression of classical MAC class | (RT1At )
(Fig. 3A). FhwedstgotF iyae colppigsappiain de exprepsiangyf alphy-fetgpow®20d j n t he pattern of

RT1Ar (Fig. al%%ﬁmd%%%loﬁﬂ%fba% %Q@t@r&@TO(sEﬁoﬂmes 230 dompAfasli lgfeiM 1 (Fig. 3K,

whereas rter6 has relatively high expression o om,gr I(] Fig. 3E) and OX 18
(Fig. 3F). ?I’E‘?fé’ﬁﬂ%el"?lomﬁsrﬁft%f Oeeecrflthewion@ Swnmptmsﬂfeé’rwt 30 experiment,

whi ch has aeolbr@eaﬁhmlmdz%mwﬂxe Gtﬁhr EufbBrled BimdrE tndn thé &Ién%e is also RTIA
t-, OX18tt and | CAM expression is simlar in all the cell

lines, wHi | &i%RB- ﬂ%&‘??@ﬁﬁf@rﬂ“ I%CW%STWPW@%WVQW%WW them The

anti geni ¢ peyaf ink farédk SO W §2E 1, VIBE o HRUBRT; JddEﬁEeﬁh‘&EeElmyLE 26) 1 April
2005 WD 02/ 28997 PCT/ US007 27429 cells is RI1A if (Fig. 313), OX18 (Fig.

3V), and | CEgenchypatiogfs ligipg digegtiseteact from BIQg, is gygentipl ‘ff’%lft""‘i1 hepatic Bdhe marrow cel | s

except mat UpgaRion! AR B8 mRNAQREENiLHPIHE Bi3x géﬂgsaﬁhﬁéémlau&m ecules, the
fetal hepat| C_popul ation can he separated fromthe henopoietic ceII

popul at i onsSHY subrlenes,| thesais po ggpiticantdiffpencem s exprepsiap 3aeesis ons from rat E13

livers Joar qubdibih (8 n¥d shbwidNfibrthE bRl meashid deflibclangt nBedgsin Fi 9. 4ALl to 4A2
shows the 2 color-staining pattern of RT1A1 and | CAM 1. To determ ne which

fracti on comt@ fpdiot erl mhajygproxeresaf ip ths splonydprgtion sssayefis #01P%ns (Fig. 4B-1

to 413-5) agGnelobb BiffichiMs, hbkdver, g%@a@mrﬁ%&ﬂexﬁ&ﬁﬁn@%ém%@{etl ng and then
screened by CFA for clonal rovvth potential, Fig. 4B-1 to 4B-5 represents

the result stﬁ%t%prpwe aggorg %ﬁ?éﬂernﬂv@wfc? sicibs wsmlfeoraqul@w s 4hg. The hepatic
cel | col oni pavalafignRskaky. expression of al bumin and al pha- fetoprotein, are
dlstanU|shabIe also nDrphoIoglcaIIy enabling one to count the nunber of

s I A D L Y
FORMING ASSAY.

2), and the fre

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
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of the P type colony is 75.6%( 4. 9%SD) Gate | (Flg 4B-1) shows a much

| ower 15 nunber of the colonies, and the other fractions coni&Prl 2§l i gi bl e
nunbers of cells wth col ony f or ni ng ability. In gates | and 2, the
expression of both al pha-fetoprotein and albumn is confirned in all the
hepatic col onies. Sone of the colonies, derived from cells in gate 2, are
l.arger than others. To investigate the MHC cl ass | ression on the
hepatic ceM&2%Hetail, three col or staining of RT1 CT/US@RR#2Y., and OX18
with 20 the si descatter (SSC) as anot her paraneter is used for the cell

fracti onatl&ﬂsm%ﬁgsc&%grﬁh éﬁ%ﬁ@h‘l X?]%‘#ﬁﬁ%% QW%%{%%\%M! ty of cell,

I's a useful paraneter separa at1 ¢ fromhematopoietic cells,
because fetﬁ!ﬂlt s Ri bpre neasiow sells gxneptinpatue ¢rﬁh@cm@mneb@xm%éﬁﬂ y as Ell of
gestat i on. i mffsols! o 57 1B BYRIALy b, ARAL At e AAIRBR Lhe hi ghest
number of co onl;ll1 orm n lﬁ) B@ta}lng‘ %gsedﬁén tﬁe S é 25 the

popul ati on Q?BrPPE%%’@MM%{@ glass h@cpg‘«a&tl@ he ¢ell gpspgnsiopsdiygsn RBIAliversnd OX18d, u

phenot ype (gL &alnéhCWIgh &QR‘?&I%MF Qlétxbé@és F%%ﬁl%ﬂh shbBEtEFA confirms that

R4 harbors nore colony-tormn 2 (Table 1). These results
suggest t hat colorpiiningfpatidneofRTLAland 1CYidd T o defermineAc 'ffa%pmﬂaﬂtﬂlson from E13

rat liver agey %@caéellﬁ Opuﬁﬁcl)d ﬁvﬁa%ﬂf’@ﬁtﬁ«-lﬁ@@ %P&él@&l&%&cﬁi n' and al bum n’
colonies. It 1S the identical antigenic Pro Ile found for rhel4321

cel | s (Fi g.wreseeyt Wiyated cglh sorting)maiithepgyeen ARUlenabgpwh Apri| 2005 WO

02/ 28997 PCE%U §£&%?g7£§9goli@bﬂ Eprdsentd 1hE reslIEFAEREYs FihetRP AbdibnsCO! ONi es from
sorted E13 Tetal |iver based on the expression of RT1A and | CAM 1.

Gat el nod®| adfisgsosting) Thehepaties!] cplqeisn defined by xprpssiop of alkystin 3dfipbEi ency of col ony

f or mat i on (t"ééogrla?eﬂp%d%&, %a@]@ﬂ%@ﬁ&%@cﬁ%@ Cetabli QQ)JchQ?ne% 13 450006. 3
0. 60. 13 55000 1.00. 10 R310007 0 "R4500269.3 9.854 Col ony forning

cul ture on STOSMheraEOTokNeH Pry Welh dTheanajoaitibal e hm}%@#omeﬁ @rdletected
in the gate RT 1AM and ICAMLTT (Table 1, Fig. 4B-2, i.e. gate 2), and the frequency

of the P type colony is 75.6% (£ 4.9% SD). Gate 1 (Fig. 4B-1) shows a much lower
15 number of the colonies, and the other fractions contain negligible numbers of cells
with colony forming ability. In gates 1 and 2, the expression of both alpha-fetoprotein
and albumin is confirmed in all the hepatic colonies. Some of the colonies, 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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sD). Ef ArEiZ00y of
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anal yzed after 16 days of the culture. 6.5.
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st udi ed

known as a potent

“effects of EG- for col ony ) .
i nvest i gat edablerhelhe Sregvrpcisqthepatig coloniss fram perted Etjde

#RE defined STO5 feeders and the HDM WSW3§42?ong been

grow h factor for adult liver cells. Therefore, the
formation of sorted hepatic cells are

gerhagdpp the hepatic cell's

becones bi gge¥estieR FRE1ABRbIAM-bf EGF, whereas adult liver 15 cells yiel ded

col oni es e

nmor phol ogy Ghtet hencadleonil @8 welgr | Aeede cbibiy (Peradl)| t Bilidierd® b cOB fonatios (dyhe typi cal F
type, whereas all RT1Al- hepatic cells produce P type col onies w thout
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PCT/ US00/ 27429 |
EGF (Fig. 6A).
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he coﬁghy efficiené %%preduced sligﬂg y by the absence of
Interestingly, the culture condition in the absence of EGF
wo typee of P-colieasegs Pl and P2. A7t hough the majority
is P2 type, at the 12th day of culture, it is difficult to
two t s definitiy ecause sone 5 them do not have
JholongﬁThese resu%ﬁ%yégggest t hat fgﬁ%l hepatic cells and
s are intrinsically different in their growh requirenent
hei r &)0fressi on of 6BE0& (Fig. 3 and04) and col ony

er 3 weeks of culture, when growth seens to reach a nmaxi mum
of RTfp-, OX18, a LGAM 1 i s asses . As shown in Fig.
he expression of R#ﬁ&ﬁgfé not inducegﬁymhile t hat of OX18

: - the average
cabddléat ed from t heO#®covered cel |l nunber,
pf rat hepatic cells and the colony efficiency. The

nunber spgaches 3 t X0403(Table 2). ¢his indicates that
formng the colon?g§369éided approximately 11-12 tinmes

5i ngl el®8l ony i s

the single cell

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.

10

DIFFERENT GROWTH REQUIREMENT OF E13 HEPATIC CELLS AND
ADULT LIVER CELLS

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

growih
of sorte
ICAM-

factor for adult liver cells. Therefore, the effects of EGF for colony formation
d hepatic cells are investigated. The colony-size of the RT1A ** 0X18%,

1* hepatic cells becomes bigger in the absence of EGF, 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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15 on average under this culture condition. Table 2. Cal culation of the
cell nunber in single hepatic colony. Inocul ated cell Seedi ng1 ﬁ‘@ﬁ%@qof)c,‘ul ture
I engt hRecover edPer cent age of Col onyAverage of cell nunber in

nunber (cel | cnr) (day)cell nunberrat cell (% efficiency (% single colony
50018181.5 x 10658414.2 x 103 400051216.0 x 10690443.1 x 103 400051204.0 x
10669213. 3‘@ 1%3 Sorted cells fromR4 in Fig. 4C5 were cultured on STG6hI x
feeder cel M PA80mm or  100nm di sh. After the peri od GIa1CHPEd of the
culture cell all cells were recovered and the toal cell nunber counted.

The per cent ageol&y effitlendyat feluck®slichtB By ftheQBiehicdbPRBE (Fig 629 anal ysi s based on
t he expressjon

of rat | CAM 1 and nouyse 8. Colony. efficienc i ndi cates
t he percent esmglye@r- pPatupe copdifondn e %‘%""’E’E%Fé’m@’*‘ﬁ{z digntwodypes nyf orm
Cﬁ' oni es. @leaniéstmrﬁnﬂPﬁ.pAﬂtHbl i agrﬁhl él%@brﬂ?dftﬁdﬂoloﬁiéﬁis% t@a,rabma\m( obt ai )ned fr omI
t he experinents run  par el wth. -23 SUBST| TUTE SHEET (RULE 26) 1 Apri
2005 WO 02?5%’@39“1%‘??‘%%6@?1&5%5@“&9@%0B’Pesdiﬁﬁlqmvﬁgr?ﬁ%“seisﬂm%?fngl e colony =
(Rrert(;overed fhelh|do ﬂ?l]@b@ﬁheXyﬂR?rlﬁ@ﬁlﬁo@@@. Ulhesd @dults Sugdekt/ 4D el hapaea!| at ed cel |
nunber x Col ony efficien 100) .6.6.. EVI DENCE FOR BI POTENTI ALI TY I N RT1A1-
FEPATI . PROSERI e Al e B B SR PP Y Mo Rllpat ¢ col | <
ar e t hought asie thBiawressidal o RIeAY (FigPs @auy S@dkol@iyshdighologge to the mature
hepat ocyte and bil e duct epithelium However, ef ore the discoveries of
the instant inv ion there has,he L rect, evidenc whet her the two
fates ori gi nat egs‘?%el?%“r’ﬁefés (gicﬁtg eé%]ée %%%dr??eﬁo t.ror o][1 %jrél?xér%lﬁlfl’ﬁlée whet her the
RT1AL- OX18expte@idulof RTTAST, OIX15epdiTAM-d ¢ dssssenisdhdvinen Eigt iSBteSR,0 t he biliary
| i neage (4 n hi.S. C e S ] [alall re stai.ne y anti-CK19 as
a speci TI al)'C %ﬁg?%?éefﬁ?noc’?k&g‘igllf g%(indg%?Tv%]hg?fhgfof@Et:l?% .rgdﬁ%f;rlﬁesleveeg%f?essed in the
bil e duct elAM¢ ko hotphage rBicthamear! the avergecell Buniber of sinple chledyds rat |iver at

which tine t [ ion of 1.n..di sappear.s .in the. cells. The sorted
aFk%]a%é Fr 50 recovereid cgﬁ BIEH% %thte Eérceglrﬂée of raéhepalt.lcc Is $ the

RT1A1" | CAl\ﬁ S are culture sence *or absence of
colony efficiency. The estimated cell number reaches 3 to 4 x 10°(Table 2). This

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

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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EGF, and their fates are nonitored by the expression of CKl 9 and al bum n
after 5 15 days of culture. After the first 5 days, the ck19t ABdIZ08Pes are
negligible in the cultures treated with EG-, whereas a few col oni es

contai ning CK19}cells occurred in those in the absence of EGF (Fig. 6a to
6b). Although the intensity of the CK19 expression is fairly weak, t he
CK19' cel | s show reduced al bumi n expression. At the 10th da t he

cul ture, adOHER i n Fi g. 6a to 6b, some col onies apﬁgpgﬁﬂtﬂ if( express 20
only CK19 or al bum n and others have dual positive expression. The pattern

of the CK1Ryca6 oftlel Hiithber BEInkS céléhf& RS R k PerbB@idYrefal . The nunber
of dual p05|t|ve col oni es and singl e 03|t|ve colonies still is

hi gher in t%¥1 %M%E‘BWHDWH‘@]@“W@?}WW he presence of EGF, nany of

the colonies consist only of album' cells at the 10th day (Fig. 6b).

Event ual | he ni es reaches nearly 100%
|x thg abge'sn%:e gwggoﬁi&?w%g%#¥?%@dﬁ[ﬁ I EG- dramat i cal>ll y i

suppresses the appearan(Be of CK19col oni es through the culture (Fig. 6b).
These results sy L OMdage! 1's from EI13
fetal liver can g?ﬁ&ﬁe%@%)%%lgﬁtr%r gatltc%eﬁjsgll\élchou gﬂaneag‘é and their fate
can be i nfpreursercaivipgrise@Rhs matyp hepatogyid ayd bﬂf)ductezmhemstwm SHEET ( RULE 26)
1 April 20 3 HUMAN AND

NO HVAN. AT O PR e e s reea M R s "ol hss caL e
CLASS |  EPvptReB: twpifetesmiziaeted fsom ealmglnneu peuoariﬂn @temmwer theincti on of

cl assi cal I\ﬂ—{chl %duﬁIcév[? agﬁg,ﬁw@gl cﬂ'ﬁﬁ@ﬁh&@ i gﬂvertebrates
and the sane is the case t ant| gens. wev ant i gens are
not fouh@ ithis pulipeersysiem. élneecglomm stained byyentisClaldas ¢ Breciﬁmark@éwpr ehensi vel y

| west | oAt aidPlAfHLRSIOICIIGH. AL, BPAR firepirlill UGN AL, | nf or mati on on

| CAM anti gens i Imted ol ogi ca func I ons antigens are
conserved idy kahip thefptatridiven a¢ whislstina thexpessionef albumein distppeasgn the far, | CAM 1

conpl ement aiy. B R@F@“I@Aﬁ@@e&ﬁ&QEHltthléﬁﬁi%aﬁg&kﬁEQ@%Eeﬂ edfouse, — rat, dog,

and bovine. The conclusion fromthe sequence data Is that the nol ecul ar
EGF, and their fates are monitored by the expression of CK19 and albumin after 5

15  days of culture. After the first 5 days, the CK.19" colonies 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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structure is highly conserved in all species. Therefore, by choqgsin

anti bodies specific for the ICAM | in a given species and AP es for
the designated class | IHC antigen according to the table, the cel

popul ations enriched in hepatic 15 progenitor cells can be isolated. Table
3. Major Hi stoconpatability Antigens - Nonencl ature Speci esRat sM ceHumans
VHCRT1H 2H CIaSS|caI IVHC cl ass | AK, D, LA, B, C Noncl assical MAC class | CTE,
MIL, Q ME, 2” H J, X OX18 recogni zes a nDnonDrpHPEHQ@ZF%%e of rat MHC
cl ass | antlgens Therefore the antibody recogni zes noncl assi cal  MHC

class | as The . ex nber of noncl assi cal

VHC cl ass | |OCI %ﬁg@%ﬁgé QR%@)R Yt varies

bet ween nenbers anq‘ Ifuture a new | ocus
a

m ght be di scov noncl aSSI cal MHC class | in subpopul ations of
t hese speci es. nventi qn d of predicting
t he phenotype of epa C progearq&)Emﬂog‘lga(la}r ncmnﬁfﬁgsmf I‘)ﬁ{ure Sffs) illustrated in

t he tabl & ofntikey meiglﬂysmséza@bamomvektdnam mdvigrshroels ttepae fethe - 25 SUBSTI TUTE

SHEET ( RULE ﬂ&H 99 P 274 able 4. Markers
for HepatlcI o AEF ‘é‘%‘% @Qn '&ngoun m}%t‘%gP \Z/ﬁﬁgl on.

Speci esRat I\/mng@Hamm nﬁsta&mpmhalnm’dlyﬂmwemtedm]deﬂéﬁ ofiegiabmte gpeaiesd/ or H HLA- A VHC
class 12D n RY ; LA— B negative

and/ or HLA-‘E%E:%I@%?@J%%H% assi %@J%Iﬁﬁ‘%ﬂ %%gg({)afr)%ﬁ p03| tive for

i tDul | posi IJAM ariliglds eteasselved ik mamchommdldmdy o hu@uanaibn endvtoBe E, F, G H, J,
and/ or %b

far, ICAM-1 complementary DNA has been cloned from human, chimpanzee, mouse,
rat, dog, and bovine. The conclusion from the sequence data is that the molecular |
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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| CAM 1Posi tivePositivePositive 6.8 CHARACTERI ZATI ON OF RAT BI POTENT

HEPATI C PROGENI TORS AND COVPARI SON W TH ADULT HEPATOCYTES ThBWE! Z05¢¢| |
Surface and Internal Markers in Rat Cells. MarkersBi potent Hepatic
Cel | sAdult Hepatocytes** Data From Freshly Isolated Cells | CAM1++ CDOO
(Thy-1)-- CD44H+ Cass | MHC (RTiA)-+ OX 18Dul |l + Data from Cultured Cells +
I n several (% b&s Al pha-fetoprotein+cells in nost colgnies A bum n+EG-:
many cellsvg C2le + - EGF: fewer cells positive CKIEIER IR\ cel | s
positive - *** -EGF: many are positive 5 EG-F = epidermal growth factor that

when added .4 Dy 0 BepRMNhiRR BolsARRRRA ot Thkue. Cel |5 tovar ds

the hepatocytic |Iineage and bl ocks devel opnment of the biliary lineage. In
the absence OTgRELE;™ TNeT €glS™ SPONT ancOps, JT 11 er ent igLLan —t owar ds bot h

biliary and Tyt T ST o EE S —Sto rat—adul t hepat ocytes
and adul t b w%%ﬁé%g AP SRTE %ZK"H ﬁ\g}lggg AT 0r ui shank SM et al
| Cin Pathol & 2:730-734) an 0 ﬁwf rdon, ﬁ[ Aneri can Jour na
of Pat hol ogy 157:7714{786). **Adult hepalocytes ar t hat can
proliferate by hyperplastic growth in culture un orgﬁgconditions
specified above. ***{CK 19 is not expressed on ad %L%aggatocytes I n vivo.

However, | N gy issical | Dull positive for ~ Dull positive for Tl Dull positive

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 hepatocytes and adult biliary 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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15 culture of adult liver cells, one can observe one or two cells that
express sone CK19 but without apparent inducibility by cultuf@”Egﬁﬁltlons
and without distinctions norphological -26 SUBSTI TUTE SHEET (RULE 26) 1
April 2005 WO 02/28997 PCT1US00127429 between the positive and negative
cells. This is in contrast to the observations in fetal liver in vivo and
in the Cuééﬁﬁ@f of hepatic bipotent cells and of other_fetal liver cells.
6.9. ANTI *BPENOTYPI NG OF HUMAN FETAL LI VER CELLSS'BER fetal 1iver
cells are stained with anti body to CD14. Several populations are
identified batwicnthe@oditiie afEhdgatse tdlls. MWisQ in bnfradt ABRS) ob¥egvatibldlfietall NESE

popul at i onsliven fd wideandin He@uiuré@s haparitgdeielhad silokier fe@blvebiells.Nt er redi ate HLA
stai ning and wi thout CD14 staining and anot her group designhated R3

e T A A B e T TS
and e 2, cont Sty s ALAORML BB BB O, Sl o1 Sl 11 AP
EXPRESSI ON MrmgERs ke identifipd hGw ool SSHare! BACABICA s CD14. AlhRidA- FE'rI]'ODROlT:EI N,
ALBUM N, L5onhRnCHl e | Bofl 485k 3 B854/ IRBOMRERR G 80 L opes the ce

suspensi on Gorescel n-conl ugat ed nti body to the HLA
class | no nﬁimngmdovﬂémttc@éé stainifp endanather glopp designatad R?’Wbarmtmzmi Hyl recogni ze

t hat any of g@@ﬁ 5o fob S g,of fluorescein,
i ncl udi ng %‘ not h[ﬁn% g H&h%ﬂgﬁo P\‘glglgsr\%ﬁ%?lﬁ%@hgédpﬁé&séﬁan 20 alternative
i ndi rectt |nﬂﬁﬁﬁsﬂbu@ﬁéséén@b&kQWOGQGMQ@ﬂR&BQMMEMED%@ww@mehat is, the

fl uorescent ) ahglr Lficc@mhUgai®d to an antibody directed to the
irmunoglobu?lJ OP ¥ 3 QspeC|es in which the primary antibody is elicited.
The cel | le is sorted b h| h thrgﬁ&h ut_fluorescence - activated cel
sorted u5|n6(hn§U8FH§R$gwf ATGP B¢ custoni zed cel |

sorter instrume INHave 25 internediate or

g’ﬁgﬁ P NG
dul | fl%grescenéﬁnmﬂfﬁ FH%JW %ﬂVﬁHgﬂxH%HH%EPEW$éu€ﬁﬂ@5bes are sel ected.

In order to select monomorphic epitopes the cell suspension is incubated with
fluorescein-conjugated antibody to the HILA class I monomorphic epitopes. The one
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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'befbb”s'imt'i”c'i'ns”'én'r'i'ché'd in rat hepatic progenitors can al so be advant ageously

prepared by sorting liver cell suspensions using antibodies 16PUBAA 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, liver cells that have a

. low l evel @Qf sidescatter do not express Cb44 at higher levels. -27

SUBSTI TUTE "SHE2¥”( RULE 26) 1 April 2005 WD 02/ 28997 BEFUSMEHRS7429 Li ver
cells that show a high | evel of sidescatter do not show a CDO0- dependent
di stinction in glighaif &kepswi BRleaX preR&hendo ddovRvaIcpweel | s that show a | ow
| evel of sidescatter s,ho,waft Cg90-dependent istinction in al pha-fetoprotein
expr essi on. 9PRRdSELAsHRalipyin alnpgriloprfqinexprssion Knweyeiscells Bat:shevet 9¥r ot ei n al so
fexlor esls hi gmﬁa ofﬁdels@%t@sliowme@fMpenﬂé%ﬁﬁtiuaﬁdnﬂ iﬂgiaifme%m@iﬂti bodi 23 speci 1|‘3 '23

or pol ynor phi c .epi.t opes, inc I n ut. not limted to, HLA-A2, HLA- ,
and ﬂLA}/ B\AQ%SPI%?‘@EJ% icpfgr, tb&éﬁ]kéglf"’}t/g‘ﬁﬁff ailfg‘%"?eﬁpg’te‘%@i?aetxwéssﬁ%ﬁeni tors.

Fur t her nor elevadfidnedi es specific for nonclassical HLA class | antigens, 10
i ncluding HLA-G HLA-E, and HLA-F, are used to identify and isolate hepatic
progenitor cell Ashatlteeativecasibbdied spoaific (e PolythérphiSeptroped didludingdtit t hese met hods
are readily apt abl.e t n- i-an at i r.ogenitor cells. 6.11.
PRI R | SO e Ao A AT P e P R B e i R T oL PUT

AFFI NI TY | ShapAfid poigeditadsHODS W TH ANTI BODI ES TO EXPRESSI ON MARKERS | NCLUDI NG
ALPHA- FETO- PROTEIN, ALBUM N, NONCLASSI CAL WHC CLASS | AND CK19 An

i sol ati on prot o%g el or@%%&%&&@sﬂe&ﬁbfﬁjnﬂﬂﬁﬁﬁ% & a7 @g%nsfol |l ows: Di agram

for isolation o uman hepatic precursors: reparation’ of single cell
suspensilBn bylugingdl4-4, HhdtHh euktahd/ ayusedie jdeetify enddsodpsshiepain  f r om human

tissue 1 progenitor cell that express the antigen.

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 sPFe icsteplotipn ieing infiods toglcaphopn &, CI#Y, AERoe FBICBI®: N and al bumin are
r epr esent athds€ mefhodshenae Eeldhnekt@tﬂiﬁﬂelﬁﬁfykﬁpﬁatfoﬁ in REMGElagiedd NI tors t hat
cannot be used to_select for_ viable cells .

than Percoll, e.g., Ficoll, zonal centrifugation and cell elutriation. By these 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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since | abeling the cells for those proteins requires per rreab{' | i zaqti gn of
the cells, a process that destroys their viability. However, Apgl 400 anpl es
froma popul ation can be tested for al pha-fetoprotein, albumn, and
cytokeratin. Thereby, the characteristics of 25 the whol e popul ation are
deduced. However, the high correlation between the cell surface markers
(e.qg., ICA jtive, OX-18 dull positive, classical ss |
negative) %Oé[)zjgﬁg*nal grow h capability with the cyt OSFE@%%:@%#; kers

al pha-fetoprotein , albumn, or CKl19 denonstrates that viable cells can be
i sol ated usj j f t I 29 SUBSTI TUTE
SPEET ( RULESSE) Womﬁéﬁé%w&W 2. FURTHER

| SOLATI ON OF HU C PRECURSORS USI NG SI DESCATTER. Side scatter
cannot be used, g sdahG@hdnot deQsdddGslif, b i@enfif§alcell %ﬁ?su@l‘l‘%%%e%@ 4ife hepatic
precursors. However, it is very useful as an adjunct to sel ect i on by ot her
means such Bregusoss| Heyess & irceryaiselihag aeadivaele selsefion by gtherareanssndter s. For a
popul ati gn | kb d i ; - I VHC cl ass |,
b6 mast 1 o e el e e o e, EoPHe R BB o

char act er i sgivengnariss sudtiagglpssica MHC glgss [, enqg mysblogusion a subpemulationze t hat mature
hepatic cel hggingfty dirQfab Yoallr AR istcS ROV iy, hi gh side scatter); the
hepatic progenitors are internediate in granularity; and the 10

non- par enchymal _cel | $O ul at.i ops havzl even | es ,gﬁr anul arity than the
hepatic precur Jdti&poraqt o gsafize thyl grffedp 1"?‘3“%%?6@‘, ¥ERI(ShAY al nost entirely
of non- par epgydigRdide sCabi);ShetRphtd 9Rdniters RE OBLPEdAS 8 grahll@ithiaRdthé C progenitors

have th? hi ghest gra U|Eri%}¥‘ h—ieEatl rogenitors are selected as the cell
popul at if®n TRPerepdymal £t poppfrtanghavy evep lerity {hap hefiendtie cyt onetry. 15

Cgrmosi ti on@:e@fsbﬂs.cm&el1sgfbbﬁmamssda,ecm}i§ﬁﬁg 6 lel}%ﬁ&péﬁzome@h@m be bodi
advant ageous repare Y SQrtin |ver ce sSuspens! ons usl ng ant i bodl es
to CD14 in Ceh%?}:ﬁihﬁg{“f H%W#?%%iﬁ?ﬂ%%ﬂ?@?@%haﬁﬁ? hlﬁff‘ét FHHaYver si on of MHC.
Al the methgdse Régenitol i RREEEHRN popelagiuia syna@pplieabl e. As a particul ar

exanple, flow fﬂét j)tniat?ry is used to 1solate cells: cells designated R2
whi ch expr eB &N NGRS er medi ate | evel s 20 of HLA and do not express

D14, and cells Jes o od R i G b SR R 8 ShitheS e alsd Go Y
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
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hi gh I evels of HLA and relatively high levels of CD14. The R2 cells are
further characterized to have two subpopul ations by expressi RMA00S

al pha-fetoprotein. The R3 <cells are further characterized to consist only
of cells that express al pha fetoprotein. 6.13. REMOVAL OF NON HEPATI C
PROGENI TOR CELLS BY NEGATI VE 25 SELECTI ON W TH ANTI BODI ES TO GLYCOPHORI N A
or CD45. The he atic progenitors are distinguished fromred blood cells by
use of mondt %3'{ anti bodi es (d ycophorin A for humdi"&HE74® pol ycl onal
antiserumto red bl ood cel | antl gen i f nonocl onal anti bodi es are not

avai | abl e. @Iso cells ress . common | eukocyte antigen (CD45) al so
express cl alPRCHrosgrier ¢4 é@‘% isused s pRligmatiys OWB?@??@Féth@dﬂ?ga&é? ault, C45 is

not an anti gstidoltaiclatial MECUYESd. to identify the rodent -30 SUBSTI TUTE SHEET
(RULE 26) 1 Apri | 2005 WO 02/ 28997 PCTI US00/ 27429 hepatic pr ogenitor cells

but is used :?FKE_ .@% ,%@ sel ection by
cl assi cal %Eﬁhﬁg@g&@ ?@ﬁf 1%5%29\1%}?%% NCERS AND RESPONSE
TO TREATI\/ENT 5 e markers we have used to identify hepatic progenitors
ncluding  NONCHASHLAEL wEkAs Gl fRaduifHebdeHSsonhdditaignd al pha-T et oprotein

can be used to characterize |liver cancers t etter f| ne successf ul
treat ment s efnclatiisaldldppient aligengdGoMr kand plphadfetnprptgin campeaisedtanst or mant s of

stem cel | s apdceRleliVerRERES Rtk &Rk lsuccaqeﬁateﬂeaﬁlhrﬁmmo'gpme@ , these
transformants often retain expression of the antigenic 10 markers shared
with their ﬁex%lmgeetmlte@%aalﬁﬁognampfﬁéfrm@ah@éwlymgsmtongam shed by these
anti geni ¢ NgjkRfics. ﬁ@sﬁhv&rdtﬁ&khﬁﬁéfoﬁﬂ&%%ﬁénkﬁﬁg o oftﬁb&h?eﬁﬂcn‘:t ways to

oncol ogi cal therapeutlc modal ities (e.g., enot her apeu drugs,
radi ati &%, wfleradped itk their purpalspederparts Liver canmmeM OxthakD SELECTI ON OF

EMBRYONI C Siﬁgén%éf@mlénm%@%keg Rsporditd ih BechcDRIye iRo1b iG] et hodol ogi es

for selection can be al so used to characteriZe the fferentlatlon of
enbr yoni c s@@ﬁ%@o%@%@& Gh%@ﬁhe}é?i?wﬂ?@’ﬂl@smdlﬁ@ wdpdisvagi e beconi ng popul ar
as possi bl epghliespur pose stemcells for use in reconstitution of any tissue.
However, past studies of injection of ES cells into tissues

6.15. IDENTIFICATION AND SELECTION OF EMBRYONIC STEM CELLS

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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resulted in tunors, sone of which were malignant. The only way the ES cells

are to 20 be used clinically is to differentiate themto del &PH 28 stem
cells and then inject the determ ned stemcells. Thus enbryonic stemcells
are maintained in cell culture wunder culture conditions that permt
proliferation to form progeny. The ES progeny are subjected to flow
cytonetry %e‘,te; i ncubation with antibodies to classic MAC class | and | CAM
1 anti gens. (E‘gzﬁg%geny nmeeting the criteria for hepatlfcéwﬁ?“(}b‘é%i tors 25 are
expanded in cell culture. The markers we have identified can be used to

define an theqpitd 16 ddi@hfie bedh etvifteb@ RS insleRGddicic brogéitd@enn USE | N CONJUCTI ON
W TH GENE THERAPY The rkers of |iver progenitoy cells identified here are
used to i deRPPEYORE e ereIoNe, st P4t §eBHuerfRgs f‘gfé’r‘f%t apspdifhderatiy gate, gene

t her api es héa@mbitd @ RelproyeiitoeetlioRolAet bydar morokodd AM3| the nd h targeting to
mat ure cel Ith 0 uI.a%ons“ 'Iégg_rm'bor sucgesses igég?ne,-Bl SUBSTI TUTE SHEET
(RULE 26) 1"ASRIPs nv0Geme AEsstsd imisable Vestor eisadmproves by Ichinespihose t o date have
bﬁen fex vi vmatgﬁgﬁhéﬁaw;apgeﬁﬁoré.nnmmf ﬁiiﬂiotﬂlel | rﬂfﬁﬁﬁ!ﬁiaﬁ%’iﬁmﬁﬁﬁkh popul ati ons.
Therefore, ex viyo ne._t he ies for ljiver ar sed wit epatic-

det er mi ned E‘}Pé‘fﬁe‘gmfﬁ’g?‘éagﬁﬁ"@ r?%‘ﬁf@?@&l“ﬁ’i“@ﬁf‘ﬁvgﬁwy’pr otocols. Also, the
gene t her aptiefgkdtonued, giligpsérhiahg@ioaehal 19josiatmib) lRerediRe| Micsose ar e i nproved by
focusing on. those 5.1that target hepatic progeni.tors, In these ways inborn
errors of rr\?%og%%‘f“?’ g’ﬁfs%“a%dlﬁgse’ a%‘?c'ﬁ@’élfff’s'si’ glmnﬁﬁreﬂ%‘}mbﬁtﬂ“’rgfaa, respiratory
chai n conpl diseade, @tioxiheinaype 1, Ihamyddset dhusiCa7-seeldackyabgibe, hepat o-renal
tyrosi negi a, .hereditar ruct.ose .intolerance (|l son' i sease,

haenoc hﬁ@n&qegglf%c,y B8 Isg%aﬁ? Seasgs {1 H’Idﬁ‘ﬁ]%fé% %?]g‘g\auﬂ‘?sg” gﬁg‘@%%er oxal uri a
type 1, 3 bgticsday-phiosphiteti@hslorash-dehtachihenayrie, il edd phbspigenasad10 defi ci ency,

gl ycogen stqrage di sease i.ncluding deficie f .gl.ucose- 6- phosphat ase,
gl ucose- 6- p&8§%ﬂ%@%ﬁ§l¥"€iﬁﬁa’ ‘E’s‘k&%"éﬁ’"&%‘gﬁ”&h Tﬁsﬁflb e@%@@‘ﬁ@?‘il% XM phosphor yl ase
and phospheidytigsdidotsiol mybe9A ddhpdrdggnaad), do@hyrid pdntl Olirudin widiahsf er defects
(including grganic .acidurias, defects of acyl-CoA dehydrogenases),

por phyri a, tﬁp{%\‘sygﬁafﬁg}}lﬁlg?r}yﬂ@p%g?sge di phosphat e gl ucuronyl transferase. 15

Hepatic progenitors can be used for gene therapy as follows:
Phenyl ké$ onur i aBepartiprogeniten cambe bssd fra kene €y isdellalissor der caused by a

Phenylketonuria (PKU) is an autosomal recessive 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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deficiency of phenylal ani ne hydroxyl ase (PAH) in the liver. PAH catal yzes
the conversion of phenylal anine to tyrosine using tet rahydr&ﬁipﬂb%@ﬁi n as a
- cofactor. Patients with PKU show profound nental retardation and

hypopi gnent ati on of skin, 20 hair, and eyes due to increased anmount of
phenyl al ani ne in body fluids. Although the rigid dietary restriction
significan r ces serum phenyl al ani ne | evels, reduced conpliance, even
i n adol esc&%%jzgggyearl y adul thood, often leads to a JEHPHEh nental  or
behavi oral performance. Gene therapy technique is one alternative to

dietary ther or . PKU. e devel opnent of. a_putant muse .Pahenu2 for PKU
facilitat edcalgé]ate?afl g%ﬁugcef%}ﬁgf?lg%mﬁﬂt? Weél‘pgsf‘ec?gg%?u@(‘ioﬁeﬂ?ofs Wi ee different
vect or syst bigh growthqoehiatigrtn dikémoathe prsidan memba\eboveses, and DNA/ protein
conpl exes have been devel oped. The effect of adenovirus-nedi ated gene
transfer | ast e®idgoam foxley vishgent theeapy oxnsa httelogdus bepatinpegénitors because of the
host i nmune response agai nst the reconbi nant virus. Although reconbi nant
retrovi nees and DNA/ protein conpl exes can effectively 30 transduce

PAH- def i 8i edsolaepefihopajic proganitory from ¢ PKUipetiant forforexperimental shydies fromhe ex- vi vo

approach is limted primari/l ) se .of ,t.he-l ow nunber of -32 SUBSTI TUTE
SHEET (RULE 26) 1 Apri | 20@%@#‘2 GrPBETIS00/ 27429 cel I's that can be

successfully reinmplanted into liver. e of hepatic progenitors with high

gronch ot enfyalid i G SRk b 08 RS SMRALLONS. Aeye. D aoram for

ex vivo gene therapy to use 'a ogous hepat'1 ¢ progeni | sol ation of
hepati c progenitors fr ésactonKG4pakyi Wt or @errvifabmethodser i ment al studies from a
PAH-def ijgi ent mi ce, Pahen"2). 1 Tr ansiucti on of the cells with human PAH
cDNA and neonycin resjstance gene forY selection of G418 by viral or
non-viral nehgeexpagion ofthe rilyon fesdsensls WAtBTE DIEYEIB Fsistaeng Speeder cel | s
contai ni ng neonyci n resi st ancgiipens forw uhlafed18 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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1 Harvest the cell with dispase. This pronase is not effective for feeders.
Therefore, 15 only hepatic progenitors with the PAH cDNA anl HBH%Vé|n can
be recovered from the culture. 1 Infusion of the cells into the host |iver
via portal vein or spleen. 6.17. USE OF Bl POTENT HEPATI C PROGENTI ORS I N
CELL THERAPY 20 A rat nodel of liver failure is used to eval uate
heterogenogﬁ6@§+ transplantation therapy. Liver failure is nodel ed by
surgi cal ’bf about 70% of the liver and Ilgat|3ﬁmﬁp‘?%e comon bile
duct in an experinental group of ten male rats (125 to 160 g body weight).
A sham control @n@pthet afi thedgRtectdgl oSsBm bFREABE the ritb&hi S subj ected to s
sim | ar anesthesia

i ne aroto and ni pul ation of the 25 |iver,
but wit hout e"IPFIQﬁW%WTSEMQWEU‘Bi qﬁgsél ‘ggér:\ Hﬂ MGSI9R{OFEPSFY. An enri ched
pﬁpu: ation m? sﬂh&ﬁa()ndlhaﬂ‘bﬁwdﬂi Sfolisexpeinfehitelad Sidm asnt@bS6ip dbdisabove. | InI brief,
the livers o 1 y rat ups are aseptically
renmoved, di {’95%0 EBY Iﬁ’e‘itéff)i"n‘%t%xnil ﬁa"&iﬁ% el@ HCREEEICR) ci um or
magnesi ufn cqﬁtﬂosltuﬁl d:feh@lnmmuﬁaénedﬂfmemparé aoﬁ@wfm fiudi®$stiplesHank' s BSS
cont ai ni ng uce near . singl e cell
suspensi on. %g “Bg‘geérn% “ﬁ%ﬁf%{”i”&tefg‘ft8a§ﬁfeﬁﬁf “%%é"%?@ﬁﬁﬁ?&bwugﬁﬁ of the above
met hods. - 3@ ab&SUBBT inflaiulsHREE Tof, RUL_B626), 16, Aﬁaﬂdl 102008 WO 02/ 28997
PCT/ US00/ 27429 On da e af r. t operation, the
rats, both “E'%E@W%@%@;‘fyc E‘ngr%%gglfﬁbr"gfwm ‘g%'ﬂi‘ ?‘;;C@Hl]f o a5 nm

abdom nal i mgigetiomealip expose the spl een. One hal f of each of the
experinental and shamcontrol group animals, randomy chosen, are injected

with Olug. M caghelobba iRAL Skl 9RBN) SRESEERLLANS, coMPOST Lion,

di rectly into t spl ee ons’ are c ose surgi cal staples.
The nunber @mnmhﬂfﬂsasaenwﬂms@emedtomwmdafy@em theglrepaiptongfor sl s can be

about 103 UhriohQdd Q- cdgié r n%’ 106, 107, 108,
b n?;%
109 and 10107° I m’runosu?)n roes{@grraladn SI%()Z 1%%@231%%%9 kg body wei ght,
is adm ni st@&t@m@aﬂnﬂwn dnfh g vigpbinsredive af letpargy are recorded on the same days
At 28 days post hepatectomy all surviving animals are killed for histological

15 evaluation of spleen and liver.

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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10 Bl ood | evels of bilirobin, gamma gl utanmyl transferase and al ani he

am notransferase activities are nonitored two days before théAﬁéﬁ%¥@ctony
or sham hepatectomny operation and on post-operation days 3, 7, 14, and 28.
.Body wei ght, water consunption, and a visual inspection of |ethargy are
recorded on the sane days. At 28 days post hepatectony all surviving
animals are killed for histological 15 evaluation of spleen and |iver. The
above exanpi%2$¥3e been depicted solely for the purdﬁ@@swpﬂﬁ’
exenplification and are not intended to restrict the scope or enbodi ments
of the inv%ntion. O her enbodi nents not specifically described should be
apparent to ‘of ordinary skill in the art. Such other enbodinents are
considered to fall, 20 nevertheless, within the scope and spirit of the
plresent ihnve][lt: Icm. mu(snpotqitigdompﬁsiﬁgiquenﬂkﬁpa}ﬁbp@geréﬁtyr\s/\ghi(r)djé%%ggsgql ely CEy t he
cl ai nms t hat ow. -34 BSTI T T (RULE 7 W\E CLAI M
PCTI USQ0/ 27&?8‘”?."\{%/ C%]gw'bgdgf”ﬁn %ﬁﬁﬁgg@} ?fé)‘gﬁi 3}5‘8%%%5?'3 PSP progenitors

whi ch expr ehistocdinpalikita sdmplexeMHT) elas & dntifen)in atlick G Bipoifttepsivl € (| CAM) anti gen
and do not express. major . histaconpability conplex (MHC) class la antigen,
in mhichgth@mg?ﬁ%fWV“%???WW&’%Q%WW%%nitors have a capacity to
differentiate. 2. The conposition of claim1l in which the hepatic

progeni tors expiess B cothpaigion ofwhinVHE vaiichdls helptia progapiéors expressdhe conposi ti on
of claim2 j [ lass Ib antigen is weakly expressed. 10 4.
The conposi%?%ﬁQ§?@%P%§§¥¥QF%'mhich the 1CAM antigen is ICAM1. 5. The
conposition of claiml in which the hepatic progenitors have a sidescatter
in flow cytonet By whibkggomeesitienef clagphinthich heddde glass & angigenimvenlds par enchymal
cells. 6. Thegeqposition of claim11 in which the hepatic progenitors have
a 15 sidescatter in flow cytonmetry which is between the sidescatter of

non- parenchynal cell and the sjdescatter of mature_parenchymal cells.
P ?8 y 4, ’ﬁle composition of clagn in whEc the ICAM antigen ispICAM~1. y

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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7. The conposition of claim1l in which the hepatic progenitors are capable
of dividing and giving rise to progeny. 8. The conposition of APrg9A57 i n
whi ch the hepatic progenitors exhibit a 20 capacity for clonal growh. 9.
The conposition of claim8 in which the clonal growth requires

extracel lular matrix. 10. The conposition of claim?7 in which the progeny
grow i n pi I(‘%r’jé% clusters. -35a SUBSTI TUTE SHEET (RULE 26) .1 April 2005 WD
02/ 28997 PCIT U&H8] 27429 11. The conposition of clai m %20 t he pr ogeny
express al pha- fetoprotein, albumn, CK19, or conbinations thereof. 12. The
conposi tion of dilai nTte compaesttibr bi cldire 7 pr elgehe mognheprssaiphtes or  biliary

cells. 5 13{31265%2%@%[%?%!¢I%l§/§?or%f)m€’1h§foﬂ§tﬂ[&<fc1'f.n whi ch the hepat ocytes or

biliary cells ona express a ce adhesi on nol ecul e that can be
used for selection or identification of a particular subpopulation. 14. A
conposi ti on conp?i si e crepesition ofslag & i wiiehsthe progeny arphapgieeyies obr  a

conbi nati onpfihgc@rf in which the hepatic progenitors and their progeny: 10
(a) weakly express at |east one MHC class Ib antigen, (b) exhibit a higher

side scatter in flow.cytonetry than non- parenchymal cells, and (c) express
al pha-f efoprot eilf; aPlEAFPPS f@}“ﬁﬁ@d@ﬁﬁ%ﬁ%ﬁféy@%?’%@ﬂmﬁ 15. The

conposi t i onaditioBAiBieRprdsd a bell Adhusieh mblReuidvaRaid ke uidggeAkdtes &, their progeny,

or a conbi na%l (%n t her eof , ﬁlre erived from endoderm or bone marrow. 16. The
conposi t i on'SGFHHEREPN §f & RarteplatubRoRUIEes: endodermis sel ected from i ver,
pancreas, lung, gut, thyroid, gonad, or conbinations thereof. 17. The

conposi tion of dkai nAtémpositivdiomprididpchepatio gepdniians SheinpprgemsordaCAM 20 ant i gen.
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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18. The conposition of claim 17 in which the ICAM antigen is ICAg%)%. - 36
SUBSTI TUTE SHEET (RULE 26) 1 April 2005 WD 02/ 28997 PCT/ Us00} 274240029, The
conposition of claim15 in which the progenitors do not express WMHC class
la. 20. The conposition of claim15 in which the progenitors express at

| east one MHC class Ib antigen. 5 21. A nethod of obtaining a m xture of
vertebrate I nriched in hepatic progenitors conprising. (a) obtaining
a cell susﬁ@ﬁ%ﬁ%ﬁ$conprising vertebrate liver cells gﬁaﬂ%ﬂP%F novi ng from
the cell suspension those cells that express at |east one MHC class la

antigen to provijge aTﬂgcérh sﬁo@éfcﬁaﬁhh§%nw&%%%gérﬂoﬂﬁpﬁétieg%%Ogeni tors. 10

22. A nethod of obtaining a mxture of verte e ce rirched in
progeni t or sME¥nPasE B ng: (a) obtaining a cell suspension of vertebrate cells
and (b) sequentially in either order, or substantially simultaneously,

removing from the, cetiecsHsRBBSsRMbih h?ﬁ%vh{cﬁltﬂeiro%aﬁtbm%%ﬁés_@&ﬁeﬁonkeast one MHC
class la 15 antigen and isolating fromthe cell suspension those cells that

are positi vMHACHBsH PR  antigen, to provide a mixture of cells enriched
in progenitors. 23. A nethod for identification of progenitor cells,

conpri si Bg: (a) 20r ovA ehethed & obRining 2618 Sf RAcBISRECIGEhea fin Aep@cudi ng
progenitor cells; and . .20 (b) identifying cells which express | CAM antigen
and do not ERFPEUSCOMGRE| 555 1a antigen. 24. A nethod of obtaining a

m xture of vertebrate cells enriched in hepatic progenitors conprising:

- 37 SUBSTI TUTE SHEET(@) RUbERIEEY a cell suspension comprising vertebrate liver cells and

(b)  removing from the cell suspension those cells that express at Jeast

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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1 April 2005 WD 02/28997 progeny, and PCT/US00/ 27429 (a) providing a
vertebrate enbryonic stemcell, (b) expanding the enbryonic $fe | to

gi ve enbryonic stemcell (c) isolating those enbryonic stemcell progeny
whi ch express at | ease one |ICAM antigen and do not express MHC class la
antigen. 25-' Use of an effective anount of cells enriched in human Iiver
progenitors, j rogeny, or a conbination thereof, in a pharmaceutically
accept abl e c%?r%%dessrm? in which the human liver progenit8FFU¥HEss an | CAM
antigen and do not express MHC class |la antigen for the manufacture of a
nedi canent for treatird® a [Pfoyising auerishiptd embrpmicdiesreeihct i on. 26. Use of an

~effective anount of a ¢ potg : b i . bor. gene whi ch
corrects a genetic di sordergq‘lgdrjﬁﬁﬁgct[d ﬁlﬁ?%%]?%:ﬂtég ¥ehe§{bﬂ@8]l°gtglﬁ€%{ for
treating a geRE¥M:-@fsorder in an individual . -38 SUBSTI TUTE SHEET (RULE
26) ©) 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.

* % %k
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