WD 03/ 078588 PCT/ US03/ 07852 PRI M Tl VE AND PROXI MAL HEPATI C STEM CELLS
FI ELD OF THE | NVENTI ON [ 0001] The present invention relates to human
hepati c swermoedsBs, pluripotent cells that give rise to maTlrse3/isser
cells. These include two stemcell populations: a very primtive
progenitor, ductal plate stemcells, that give rise to proxi mal hepatic

stemcells, the p i t Mocyt es and
biliary cells. Thei)gffc“c!’wﬁ Aﬁﬂi\?gﬁ%b& E TEM s of isolating

t he human hepatic ductal plate stemcells and to isolating proxinal
hepatic stemcells and commtted hepatocytic progentitors and committed

biliary pgf i HQ% LiHa@ns conprising cells of the present invention
can be used’f rdlggﬁEand igljzll%?[\?herapi es and for the establishnment of

bioartifigy or gans. BCKGRQJND THE, | NVENTI . Anat oy .Qf . th uman
Li ver [oo@lﬁiheg‘%ﬂ‘?i Sreﬁt BT rettes BRI ERRS ot RSP BrBbieh kM TR0
is the acihaugive Nl ©@mhatur€ 1i9&S cARCt Thébel ificlntg aWb Ztdh |dek epcpulatiend: aveynd two
di stinct vascul ar beds: 3-7 sets of portal triads (each with a portal

venul e, hpipaitive napgeaitpiodactabplatestam cellsdhat givedisettp eroxyanl hsmatiq/stemrglly t h

th tral ' t T | i ' t
e on 5Bkl ]G duye e 1ol R oyGafd BRI SOUETTRE Bt o2

| i ned on enestr efinin e
Si nusoi dsinve@ionadleo retmed togmethedswof hsotdiag pbe hamaahdparenducall plas siehatdllse.

Recent data have indicated that the ﬁanals of H%{j%rh% smal | ducts | ocated
around ea®H ©riselaungproxupalthepafigsstes cslly ad comgpitiesl hgpafosxtic REEeRHPBTdand
splice in | ; y (Qﬁig;g Linb Oty NG tBe PALER! Rvertion | ar
to that o%&gﬁl getdt l}e{%rgrﬂjggéﬁﬂi%e, Nﬁ%ézggﬁﬁgpg oleogy. t30!91421‘;3{-112%3).

[ 0003] A ecrrbeowed farcell anéhgerBpherapio$ ami fos ¢he establislaners of hwagHed leegans. f r om
hepat ocytes all along the sinusoid. As a result of this organization,

hepat ocyt Wnss~each of which faces a sinusoid, and an
api cal doﬁéﬁﬁ%@%}ﬁ&%iﬁ%gﬁmo regi on of contact between adjacent
hepat ocyt ﬁs. Tt}e baiﬁll ﬁorrai contact the blood, and are involved in the
absorpti ofr aHptemyoLiheHugan fiver . o rmonents, while the apical domains

formbile canaliculi, specialized in the secretion of bile salts, and are
associ at elfO02hr ollgs RIENanysEREYFH @i Hpctinaalwerik ohithe M3iure liyeictssthe BEEYS 1 ows

fromthe Rfﬂ{chaih FEAW:Efon ?Qﬂg%ﬁ%@l{lﬂ& 2heti %}Bﬁﬁ‘d S annctt@g%\?ﬁﬂ%&l@j gy to

the term nal hepatic venules e central vein. -1 WO 078588

PCT/ US03/ &1862portd @h4ds Badeditivia golntiak veriude, depatcudratriotey apadattelerduct)fer gei nus

's divi degergprl]ltepy, tarrll Sv?thztl?enceesn:tral vein at the hub. The liver cells are organized as cell plates
lined on both sides by fenestrated endothelia, defining a series of sinusoidé that are
contiguous with the portal and central vasculature. Recent data have indicated that the
Canals of Hering, small ducts located around each of the portal triads, produce tiny
ductules that extend and splice into the liver plates throughout zone 1 forming a pattern
similar to that of a bottle brush (Theise, N. 1999 Hepatology. 30:1425-1433).
[0003] A narrow space, the Space of Disse, separates the endothelia from hepatocytes
all along the sinusoid. As a result of this organization, hepatocytes have two basal
domains, each of which faces a sinusoid, and an apical domain which is defined by the
region of contact between adjacent hepatocytes. The basal domains contact the blood, and
are involved in the absorption and secretion of plasma components, while the apical
domains form bile canaliculi, specialized in the secretion of bile salts, and are associated
through an interconnecting network with bile ducts. Blood flows from the portal venules

and hepatic arterioles through the sinusoids to the terminal hepatic venules and the central

vein.



zone 1, the periportal region; zone 2, the m dacinar region, and zone 3,
the pericentral region. Proliferative potential, norphological criteria,
pl oi dy, awO 03024588 i ver-specific genes are correl ated w t RCTarsas/oi8srati on
(Gebhardt, R, et aI 1988 FEBS Lett. 241:89-93; CGunucio, J. J. 1989,
Vol . 109. ringer ational, Mdrid; er, P..et al .1988. _
Cast r oont BB hgy Bass &1 356 rgrociesuli e, demasinsis Shifed inbiihote #pg
conponent gne 1 M Héjrllpﬂﬂt PXEG z0RE DO Tnh@ac?e@drﬂ@ﬁonaﬂﬂ§&E|p‘fﬂenﬂer¥claﬁtral

di rection of Bl ood flow fromthe portal triads to the cenfral vein, are
responsi biegiohor Pediferabye phiestizlomemrplomogi¢al rerésamppleidyhend meast ﬂir\'@emeﬂﬁc

Conat on BYet He oRs et KB IBedorn EERRER R GRh sSSP

zonat i on g@fimuéioytyam mgsmlhebaS@ngep IefRtiondly Malid; dibet,NB.LESHL 11988 O
such gradients, are nore %desent ative of nost tissue- speC|f| c genes and

appear t oGbgragateealage?d: Wor t §iradientptinj thej eoncentaen caf| blood rcompopeits.abl es

ot her t hap fbl,g0d, f o g{cpostSQﬁeﬁglﬁu][ LFHY IRATRE e &9&9@{, I BIRAHN Wt fhe

hepat ocyt es, Fuct eprt I"angi ocyt es),

cells, t hpor[aﬂighaﬁ@ t@ﬂid/mnalt\hﬁx ey tegponaibit fbersbnnalof tmazctmusm,rfbﬁmﬁnmé ter cell
types, such as Ito cells and Kupffer cells. These %y prom nent roles in
pat hogeni ¥CHERfd £omBRAtmetatiqpeo) almyme@&e%v%qnieg)gqnﬁmﬁ nHoMieNeEn herPespartal

fibrosis, Z(p’ll#lOItl NG fhed é}?éhn&fyﬂt 110% '&)’ﬂnéﬂntﬂ? anHafh@ %élaidrﬁltlghm&ft 1 ons

of the normal organ a arently small. 2. Devel opnent of the Human Liver
[ 0006] Thglutamiee sglmhetlasmsxoamrm pelyutwo, cn‘re tihgenesiting 6o (penle egradierds, darg enoiec ul um

formed fromthe. cau f or equt d the septumtransversum. part of the

pl anchni EPRSSRLTRy o Most ESRORIRTEoReTG AHe ER L B¢ CTriigPhdsdptier « he
endoder Majn@Rid RR&hé HNsi FHi& L aATdbTes Witel thano s 6l Y BRIngicARAAEIMMENt Pr obabl y
via fibroblast growth factors. The igem fied hepatic cells then

prol i f er al0903hd dermiditmnetq h@l@ﬂthrYéeS slénbﬁy@éltbﬁllat! Ieells dehalangtacates s eanslum
with a cor Lon rn nj he. di r.e
epi t hel i af! cﬁ‘(&e‘g t?e regﬁ?‘é tW Ingtrk]lE Ip§rtalrI g Cﬁﬁral%ga% S c-l(; t%mq lre% cell types,

devel OpmamcmasqtanE at Kiygferi lcvlﬁ&f ThBst plag padrametidiotd in (peihbgenm tbndieeze
hepat ocytes or chol angi ocytes, and the fenestrated endothelia,

respect i vel (e livgr.aaspemally i mflammation amg fbresis divt itheipdisess cRNEbYRSN foufhsn] i
bl ock "V%amrg) ei%lsﬁﬂ Lﬂfcnohé J)Hﬁ%ﬁ@ljiﬂaﬁ]grgtan%ré {%%Fénﬂg%&aﬁf contributions from

this tissue devel opnent I'ver consists of clusters of
proxi mal hepatic sten1ce||s bounded by a continuous endotheliumlacking a
basenent 2eMevalvpnaend ofithenHantanHdmepoi etic cells. As the endotheliumis
transforned to becone a discontinuous, fenestrated endothelium the

vascul at Uf6ES Pelealivet deR€lopohd alrem@mh@twheergemwm diveftRuley ebeeid Wit h

the -2 WO 03/078588 PCT/ US03/ 07852
from the caudal foregut and the septum transversum, part of the splanchnic mesenchyme.
The formation of the hepatic cells begins after the endodermal epithelium interacts with
the cardiogenic mesoderm, probably via fibroblast growth factors. The specified hepatic
cells then proliferate and penetrate into the mesenchyme of the septum transversum with
a cord like fashion, forming the liver anlage. The direct epithelial-mesenchymal
interaction is critical in these early developmental stages of the liver and dictates which
cells will become hepatocytes or cholangiocytes, and the fenestrated endothelia,
respectively. Mutations in the mesenchyme-specific genes hlx and jumonji block liver
development, illustrating the importance of contributions from this tissue. Early in its
development, the liver consists of clusters of proximal hepatic stem cells bounded by a
continuous endothelium lacking a basement membrane and abundant hemopoietic cells.

As the endothelium is transformed to become a discontinuous, fenestrated endothelium,

the vasculature, especially the portal vasculature, becomes more developed with the
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production of basenent nenbranes. The portal interstitiummy provide the
trigger for the devel opnent of bile ducts, and as it surrounds the portal
venul es, wepmabrsssarterioles, and bile ducts, portal triasgsTarsesbhmssmed.
Proxi mal hepatic stemcells rapidly proliferate and parenchymal plates are

f or med, pro ably i.n response to ch es in.the. amount and. |on of
such ti ssRf&¢ W’é’érﬂfﬂaﬁn‘%&wr@%‘as Q%@F%%rsmﬁﬂﬁlnlﬁ prgv@ggheehgge %nd
connexi NSge %vasprﬂé‘rﬂtofvulremme ah®hO R utBindf theDottal WHulddOheptit artefiolbdie
henopoi eti c cel to the bone marrow. Recent studies suggest that somne

henopoi et ansl lpieog@m, tports! iriads jarst formed. t Reoxawal hepgtic stsae aellsr pisht prolifesate and

nerono! ot L SRR Pyl Rk ARATLTTh KA hradllh QUG e

liver forastribati&ref ¥eeH ﬁsdubfcﬁga’iﬁmﬁ@%ﬂledﬂaéﬁ akOc: CAMEN0SdAEP] [@S E-CAlBiy,0Nni C
day 10" or E10, with the invagi nation of the cardi ac nmesenchyne by

endoder m #nskeenaexing, coineida oty thee”@lp@aﬁw@fof fpst, debretall z%trhéthememi@@@lls
Current Qui, +88né1ﬂ 5@“ it si%cﬁe% s%ggen 3t Ir§e ﬁﬁrﬁ%@&ém édﬁé?&ﬁ&qg”' tion

of liver cellTs in ryos eve usl
hybri di zathe @duls t;uldscﬁat fademnrRNA addediopgieat plear cdilettmper béemi moletéElﬁ)on( batar et
K. 1998. Current Opinion in

Ge t Devel o t. .
1999 Devetdirstmag angimyrgivety¢ g eﬁldg)O %20@\22 ﬁmﬁole 233%@%& f:”eﬁs ar
obser ved p@o’ﬂhe Findott 1§ RY1 Pmef int @ﬁb@aprcyﬂfeﬂ%arabtohﬁ dz‘;swckw?e& héitas

produces heart on day 9-10 in all” rat and nouse |ivers assayed. The
liver becmym&crcblscb@ﬂ oaIEw witls j the en‘btglrﬁman aofdthescaioat mésesrohyme diyanet er

by E13. aral | el ennpoi t denti fi abl
nemopo ot PEogtTT BeRR RLIE R RD SE S A Bk & 108y RO in”
nmont h (i NGBAHIRE R DRV opinkht. BN26- maPEaﬂiesefaébgma@moes;vér EE1RT iBthé @mbfos
erythroid cells or red blood cells) occurring ElSé_@é\]grodents) and by the

5t h- 6t h niast beepi achiayadiby) using e wau Jehrdigatieny ymﬁre@pf@r A enfeding fpher s of

t hese red nat % of
the numbSRETSPTERTTF (TS FodsRurlelEOpRlh AGRIAL: 0 BEIRS1E" O o
day 21 i n3r;aieed X. 1amimvaroptnlaﬁtai Bidogpa(@ilandb). (00: IR 00)r SABP-ckpretding tdiB
nunbers of henopoietic cells decline dramatically such that by 2 days

post nat al aFioPeeTyebidiehe idgel HRRIORiOh the SRRRINC HFaTthe rr(qsemsawe th%tw%é% the

maj orit t he
bone. ' mar ey G OREE 8L o e B o B e
celI's. TheisilelseE1hawens abodtwomonimdiamdterdyeeld. at i ons. [0009] First, the

henopoi et | ¢ rog nitors prefer relativel aer obic con i ons .and st of
them i or 0881 o iR @oEURL hemansigs il wih iBs 4 ML by oSt

el evated 9@%9@1’1@ bbb Nint RRchs VAT BY TR TN FChona (iR Rufand)ad! wiltDghe | N

addi tion, there have
peak of erythropoiesis (formation of erythroid cells or red blood cells) occurring by EI8
(in rodents) and by the 5™-6™ month (in humans). At the peak of erythropoiesis, the
numbers of these red blood cells dominate the liver and account for more than 70% of the
numbers of cells in the liver. The end of the gestational period is on day 21 in rodents
and 9 months in humans. Within hours of birth, the numbers of hemopoietic cells decline
dramatically such that by 2 days postnatal life (rodent) and within a week or two (human),
the vast majority of the hemopoietic cells have disappeared having migrated to the bone
marrow. No one knows the cause for the migration of the hemopoietic cells. There are
however two dominant speculations.
[0009] First, the hemopoietic progenitors prefer relatively anaerobic conditions and
most of them migrate to the bone marrow (which is relatively anaerobic) with the
elevated oxygen levels in the liver with the activation of the lungs. In addition, there have

speculations that the loss of the pregnancy hormones may also be a factor in the
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specul ations that the | oss of the pregnancy hornones may al so be a factor
in the -3 WD 03/078588 PCT/ US03/07852 m gration. Postnatally, the | oss of
t he henopwDa@BI0T8SEE ogenitors in the liver is correlated WPCR/GB030ARL I C
reduction in the nunbers of hepatic progenitors and a parallel increase in

t he nunbers and turit f the tac { ] c S I

mac ur' ty BrERe | Tl B fodf o R HHRbERe Bibhehlsblshnc ey ofpiyes
rodents) wanf awrrditic Rdi@WwnThBidwurhberrankepatic Pyogehiests heé a parsienina@adecpat i C
progenitor cells are localized to the regions of Canals o Hering, with

I f
t he doni ndRmnumbeisend mptuntyofthehepateeytenandiybipny cetls.| Kt mapurity af thediverisry of
each live I (5T hI withi ] t he
cl assic aé% F@g?ﬁf%98%§$ﬁ§%ﬁgégkﬁgk ngéﬂ?gsggé\%Pvéﬁgﬁgﬁygﬁﬁézﬁkﬁﬁg%inus
bei ng def Bpekknpie irpheihaig yephatic progesidrscetif apolocalizetlrtd abks regéms bof d@emalsanfi ng a
bile duct, _an hepatic artery and an hepatic vein, and in the cepter a
Central vEFRREREM BeEEran hmbrs of st peese the Bl tiads T e pecoPFy of | e
spokes inmﬁhW@%@khngxﬁﬁﬂge%fQﬁthnﬁbﬁﬁﬁbpﬁery to the center. By convention
the plates are divided into three zones:” Zone 1 is near the portal triads;
zone 2 i s[00ilGhci Ahereatierd theoriassy arshitegture bhthedivet peihuy i astblidied vatt gachi pl oi d
cells of the liver are in zo 1l: tetraploid.cells are i,n zone .2; . and
tetrapl oi FNLELs i egﬁanpl?ﬁﬁflr‘]& X, ¥F gg&sgﬁ p8%‘ﬂlt§a(§r Saq%norfdﬁglnzg.aebfﬁed%gt tern
i s hi ghl yashgaas hfté’xﬁ AU a8 H'é?htw wdih,amalin the deaaga deh@il ventthai SonABct@ ROMEOL i C
process (Sigal, S. H, S et al. 1995 D fferentiation. 59:35-42). 3.
Li ver Di seegecaj@oRipjespddiveyesdls, like spokes i a adred; extend fromethe parigheapiythe
250, 000 p e 410Spi i Z i ver ' [ ver
cur ati ve FORersBHESRSHRIIE R ol afe dfFiced Mol e ZotE T2 dik A0 ThE 8
t ranspl aniridsyrn@end midaethad andaoné B iddndal € BhahleginsOkhealnly tigloid cetistafng
factors in liver transplantation is the availability of donor |ivers
especi al | reglivasrare iR ez s tteErmeId: ¢elle ¥ rBr 2anevderad; (fragipigh petaploid and
transpl an ' t Ly f4 0 ents . [ hLhgdeat h
but ot - nagy RGeS oot n HEh e T TE TR S pictRY U DA Bk
successf ulineagk ttho Leplds ne @e rapopfofiorpreceso (liga, Sudh, Soanalks 189Y.eDdigpgntiatien t he
possibili%% o%%using themif the liver is obtained within an hour of
death. [O '§f4 |l transplantation into the liver is an attractive
alternative therapy for nost |iver diseases. The surgical procedures for
cell trangpligpéapisesseare mnor relative to those needed for whol e organ
transpl antati on and, therefore, can be used for patients with various

I B R T T R 1O

pat hogenslivérf falny, aL@eoftransplants are curative for some forms of liver failure, and
approximately 4100 transplants are performed a year in United States. One of the
limiting factors in liver transplantation is the availability of donor livers especially given
the constraint that donor livers for organ transplantation must originate from patients
having undergone brain death but not heart arrest. Livers from cadaveric donors have not
been successful, although recent efforts to use such donors have supported the possibility
of using them if the liver is obtained within an hour of death.
[0012] Cell transplantation into the liver is an attractive alternative therapy for most
liver diseases. The surgical procedures for cell transplantation are minor relative to those
needed for whole organ transplantation and, therefore, can be used for patients with
various surgical risks such as age or infirmity. The use of human liver cells is superior to
liver cells derived from other mammals because the potential pathogens, if any, are of

human origin and could be better tolerated by patients and could be easily screened before

use.



human origin and could be better tolerated by patients and could be easily
screened before wuse. -4 WD 03/078588 PCT/ US03/ 07852 [0013] Attenpts to
per form |Iwoas/essBs transpl antati on have nade use of unfra®Cirarsas/emss2 mat ur e
liver cells and have shown sone neasure of efficacy (Fox, I. et al.

J.
1998. Ne | and Jour nal of di cine. 338:1422-1426). However, .the
successeﬁopggﬂi r SR H’fﬁf%”B WF’é?ethr%H%B?a °% a‘(’:eerlnf‘%? l(s‘f%fﬁ)a?mg‘iaﬁge t he
cells do RQturdliW dells ¥hd RaveFhoWARLIR! Beashifof dffitdc9dek,iON. @fal SHYS! RBwi al
nunbers of |arge mature liver cells (average cell dianmeter 30- 50 m) is

conpl i cat Eeglayd Iaweial of dededinss 388: 1821 PG Jlovrygr.dbasucsessporedrng aueqtion,

I ti i i al f | \ienbol | , se.cel |l Cl
oL 00 AR o 5 TR o SRR e o BOERS6E ERBLABR 48,1 e

on i MUNORUBRIEDRI MfSuBtAFRI h@hbdrl@f 1drgermiange livef cellb €iverdgevel didrhérad B0y,
mature liver cells have not been successfully cryopreserved and

conpl i cat 2 Umyisscompliented by qilieirelgndency oor firnatlasse HEgEgaes Aponi mectien,

suitable liver tissu t he preparatdon of .cell suspensions,and the.

i medi at ereﬁlé]ﬁf’%é'}?/Ot'c:)‘?eﬂalllpfgatac%rfl&gl‘?gprecolwfrn sy c?lﬁeeilggiaerga}rﬂﬁq THOPRSEEH st em
Cel I's [ 00&fHctiSh es8p6idel forcigepaaienglth ®& hadihtdined ®hlimbamesugphesiap irdgrfot theer

di sease. Totipotent stemcells are primtive cells that can

sel f - r epl Teauiner ofe theiny diveot efinally, satgeolve celliugateemot cesen ssugressiubyr e

t han one - ivel h : ' 5640
determ ne%ﬁé&é)’?ﬁtrg%{ IaIg(?? ﬂ@?ﬁg‘g%d ? %ﬁgta:{%ﬁ %ﬂggtt%s%é&gé}e tg‘ ngﬁé@%t s?f of
the |iterafitabk 1pser tissuenthe etdparatien iof edll sispaesionfsraadtlichienrhedi st deliveey ofithenbr yos
or that on henopoietic, _epidermal, or intestinal tissues. [0015] More
recent |y, call§dodiniH themRieShave been nodified to recogni ze particul ar

cl asses of stemcells. Those with the potential to participate in the

devel opmegt Wjtipdtdnt&eéh Ce¥pes including germcells are referred to as
toti potent stemcells and include the zygote and normal enbryonic cells up

to the 8 |1Lq stagén (cten? altPhd! Eﬁ%matﬁ@{%ﬁ%gd ?l]aﬁgmf%rllf\’er dReRQ. ggtlétﬁttgnt ES’

cells, cohsist of permanent ce popu ns ri‘ved rromtoti

nor mal cektks defls bleaptimitirgtcslls tHaatanveetfereplicasd, areeploripaent] ie.tpredueardayght&80s.

ES cell lines can be cultured in vitro with mai,ntenarg]ctg of totipotency.
t

Wien ES cellsswih anorej et @ae Haick tahean BrihrxBnaytippdtiaat t4ed Vareeail e to
resunme enpryonhSd Q@%eéﬁﬁl?h@ﬂ?%ﬁﬁ?&oﬂﬁlftlbielcd RALE o isid3e M BRikOReRiuR Jror mal

but chinmeric, nouse. ough ES ce I nes have been established from
many specstes Celbsusdesivesatithepi frpmetle. Jiteratntey onhembmyoes eors yisit eon Hemopeieticused

routinely to nerate. animals with novel phenotypes (knockouts,
t ransgeni E@)ﬁerﬁ% HEIYFHG AP ed

[0015] More recently, the definitions have been modified to recognize particular
classes of stem cells. Those with the potential to participate in the development of all cell
types including germ cells are referred to as totipotent stem cells and include the zygote
and normal embryonic cells up to the 8 cell stage (the morula). Embryonic stem cells,
also called “ES” cells, consist of permanent cell populations derived from totipotent,
normal cells in blastocysts, that were first reported in the early 1980s. ES cell lines can
be cultured in vitro with maintenance of totipotency. When ES cells are injected back into
normal blastocysts, they are able to resume embryonic development and participate in the
formation of a normal, but chimeric, mouse. Although ES cell lines have been established
from many species (mouse, rat, pig, etc.), only the mouse system has been used routinely
to generate animals with novel phenotypes (knockouts, transgenics) by merging modified
ES cells from culture to blastocysts and then implanting the blastocysts into
pseudopregnant hosts. Embryonic germ (EG) cell lines, which show many of the

characteristics of ES cells, can be isolated directly in vitro from the primordial germ cell
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ES cells fromculture to blastocysts and then inplanting the bl astocysts
into pseudopregnant hosts. Enbryonic germ (EG cell lines, which show many
of the cWwermaorssss stics of ES cells, can be isol ated dire®@cyusSosoimsstro from
the prinordial germcell -5 WO 03/078588 PCT/ US03/ 07852 popul ation. As

with ES cells, the EG cells conptrjbuted to.chiperas, includin he germ
li ne, \Ahel?PHUfﬁU@et 88 Wi gk%ﬂ%r‘ﬁ%?&f E?lﬁ[Wif&“‘%g@eﬂl‘f"efﬁsgmcﬂ‘dﬂ%bﬁ &H8d

experi nenfiz DALR idiERAI hefbihfiedyskuman ES cel | cul tures can be established
from human énbryos. It has been suggested that these human ES cells may be

i nj ected [0016] t i feoers, highhheublgeed aperinenys Wiave reporigd] Bat dumes dpStdetlut e
damaged organs and tissues. .However and, EG cel | s t igenic if
i ntroduce tUre 4N %m‘ﬁ@b%ﬁ%%mv@a’aa%@%g Of'nlt§ﬁ§lgesqntsélgg{s eedrtH?tﬁé%S%i nUfer o,
form ng tesaknsalagi trompeted ihtefiguey e tHehgope! @i they ivinwed ale ihwemastfusiecel | s
into patients is Unrealistic and with_the rave possibility of creating
tunors i ndanmgegprganstasd tiseuesy dlewensrt B and r%?a%lé% arg dBori gem¢ psinfPdugedr sui ng

the plan of differentiati e I r. i . i nt al
conalt orle SBLEEABbERb P T SFL LR e, PRl gh gL R
i nocul at eghdrefioge, PR pRAS indcalatekaimi ES delielittoipatisnts neaslistie afl vitctess i n

generating henopoietic progenitors. However, the concern renains that
resi dual £8ve @pssbility efhereatig tumars 4o ey PiiaEs- + Ha Qvesqomss this, HBPASHferf@lIes, i f

the cul tu%xpoﬁ &1 el NARM AL &fe | Bla Ebfp%ﬁlifﬁgﬁtiatin N IRUMERT Yo | UNGdder M SGRICH 10

devel opnmenital bi ol ogy reveal s the nyriad controls dictating the fates of
cel | s dur migosviroymgetaesinsljtiansao BEcamed Hetemminkd stemacallsabataranahgebd sadalyal

t ool ith little hope f | i ni : i | | .th ies. Th
only. r el Pept oo oRdy erishrERle, Begoranes g o Gang PR ees 15

to use defghifdiaft SloftRiGed.! Hdwevehith cohdt®n 98NN thRALAAGAI S ic8lld BStHel Ct ed
to alimted nunber of cell types. 5. Determned Stem Cells [0017]

Det er nmi nechlsirenowéipbse the aissaftupotigenesisdf Ithe ewtresug énacalatad iptoed patiat.r
genetic otential tg that,for a, lim . punber of .cel | .ty ve
oxt enst velrgy T vt ssedn P BloprEld Sih R e TR R R

t el oner asgeffa@b df 661BIRSIng tehtryslehesislitRe S $ERENWiIC edrhdin @9 an @kperfhdritalttbyl
speaking, self-replicate, that i1s their progeny can have | ess growh

pot ent i al withdiitle hepepier shnicalprrograpmis s geld o8 geeethermpigsy d hejandy fe3ligtimeRtianed
progeni t OfS, .: cel | i e ri.Gt i eir
genetic pf)()t%é: #F %gf?{&g&éa Ssllﬁ r?SP ea%?ge%% %g%pgé.sqaé%g%eo%%(%@?{e({/\ﬁgéedeg%%g? %Jepld
progeni t othe gah&id @heniakbd résoriaed montimittedurhbgaifoely types. progenitors. In the
hepatic |ineage there are commtted hepatocytic progenitors (giving rise

élcj)cilgoét og}/t])e&%n%rl\l%dcsct)errnr]néehgd biliary progenitors (giving rise to bhile

[0017] Determined stem cells are pluripotent cells that have restricted their genetic
potential to that for a limited number of cell types and have extensive growth potential.
Increasing evidence such as that from the telomerase field suggest that determined stem
cells do not, strictly speaking, self-replicate, that is their progeny can have less growth
potential than the parent. Determined stem cells give rise to committed progenitors,
daughter cells that lose pluripotency by restricting their genetic potential to a single fate,
e.g. hepatocytes, whose committed progenitors are referred to as committed hepatocytic
progenitors. In the hepatic lineage there are committed hepatocytic progenitors (giving
rise to hepatocytes) and committed biliary progenitors (giving rise to bile ducts).

[0018] The transitions from the stem cell to the adult cells occur in a step-wise
process yielding a maturational lineage in which cell size, morphology, growth potential
and gene expression is tied to the lineage. The metaphor of aging is useful in defining the

process. The “young” cells have early gene expression and the greatest growth potential;
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[0018] The transitions fromthe stemcell to the adult cells occur in a
step-wi se process yielding a maturational |ineage in which cell size,

nmor phol ogwo ogesss$r potential and gene expression is tiedPca/usowoissneage.
The netaphor of aging is useful in defining the process. The "young" cells

have ear| ene, expressi on and the greatest grow otential:.-6. .

03/ o785adhpETTUSFBa e ives e B e ied o BRE MsdlimisidinReigene
expr essi ogto@tifl okl aaHok Yordw &t lallmi TiRdlakd) cdiveidn b eowiderad “sl@” Botin Bicweiadl al | .
The late cells can be considered "old" or in biological terns, apoptotic,

and ul ti nigfnes, yapapietis| eudvdiimaely. arghdoygedreffi obka mafusatienel pinergesprocesssul t s
In a nat Uk tst Do r?lf Rx'i‘ncw%? félll %.ugssﬁg%nﬂl 41%\0@3 fo?rre%e%gfz&%ﬁa}?ﬂe?qg@lﬁitegr
I in the t he matar pr

i njuries. I'ssues fer i netrcs o ationa ess. The

mat ur at i onigduek dferge tiaf kihdties of tHe atutitiohsl progessl Thé haaraivipl khcage ytite
occurring in less than a week; that of the liver is slow occurring,. and in
the rat |84ayqie mpslivith aremplets eyplopeepransin lessthar pavegkehiphelche liyRkis

cComer Ci i in-isol atikng: i ifying immture progenitor cells
fron1Iivg$0%g%§%§§éﬁkﬂfﬁ§%f%§g%?“ﬁﬂggi%g%ﬁ'ceII popul ati on may have in
treating [00Ve)r diThemsies.strbhg clisiealodndhepaherciap iragest inosadating ael idetifgingene

t her api es, can overcone qrn of.trﬁgshortcgnings gfsociat d with use of

mat ur e | i {RPATHES RTQBEIIQE £lfsofiom AiyeR Recavseot dag frapagt Mak sugh) ceflRopyigion MYy ef or e

moni m zi nghvERE te@inB il @i Qases! FhOBsE8PR patic HréRnitdR&n el lafid RENE HRMpRsi ve
growt h potential neaning that fewer cell's are " needed for reconstitution of
liver tissmeovercempanirenof th shotopmingre aproogeadi wathsuseavt matiugi hwdr egllsi geni c

kers that .night eljgit i | ogij j ect i di t hat
Tttt e orda TnisseuhY el B oL hhE BEeheb B e o SRar L ver

Progeni t o e[dAi0% ARG RS EAR Hale &l RivdEBARNpoEREl i@k it R Tew s dNoWR to be
an extrenely challenging task due to the shortage of markers that

posi ti vel yeeded dott rdconstitityey of dives tisJusein enpaticav ailfindllye thartprégeditess have

candi dat es. of hepatic progenjtor.s, are.those nogl anal  antibodi es at are
o opar o0 DUAPALTREEhERRES iR G LR RE P BRon BRMARMGR M%) Pt

i f isolat@ﬂebfgghhﬁ@hgm@?ﬂﬁﬁaﬂmhgsﬁﬁgﬂg@ﬂk&kﬁnsults. These anti bodi es
however cross-react with antigens present in henopoietic cells. [0021] The

termoval cells is derived froma nyriad of studies in the fields of

car ci nogefredsadationjobhivey Bregenitorsani mal s exposed to carci nogens or ot her
oncogenic insults experience a dramatic |oss of mature liver cells (killed
by the vai0020k i dsalatian) oinliver pregemway iffom levapaiss koownftoshel dn eairtmely7- 15

L i, O SR EL A 0L STAPS UL AT0, bR KOS, P S
only available antibodies for candidates of hepatic progenitors are those monoclonal
antibodies that are prepared against subpopulations of hepatic progenitors, called oval
cells if isolated from hosts exposed to oncogenic insults. These antibodies however
cross-react with antigens present in hemopoietic cells.

[0021] The term oval cells is derived from a myriad of studies in the fields of
carcinogenesis and oncogenesis. Animals exposed to carcinogens or other oncogenic
insults experience a dramatic loss of mature liver cells (killed by the various insults) and,
secondarily, expansion of small cells (7-15 um in diameter) with oval-shaped nuclei and
bearing markers that comprised both hepatic and hemopoietic antigens (Grisham and
Thorgeirrson, 1998). The studies on oval cells led to the hypotheses that they are hepatic
progenitors that are triggered to expand under the conditions of the oncogenic insults and
that with the proper conditions can go on to be tumor cells. The phenotype of the oval

cells varies in subtle and not subtle ways depending on the oncogenic insult(s).
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Thorgeirrson, 1998). The studies on oval cells led to the hypot heses that
they are hepatic progenitors that are triggered to expand under the
condi t i onwOB/0res88 oncogeni c insults and that with the pr®oarusosomdsti ons
can go on to be tunor cells. The phenotype of the oval cel | s varies in

subtle a not subtle S oncogeni ¢

05/ 078506 EPY RO kR e Bt v s s8R IATE gl Bkt beedbisi  shea
i n cul t urgediuinhUnditfRe.cl AGrifReI|ES. OrhorF@dtWIQQ&dﬂépaQEIStenﬁ @ellﬁihsi‘ram and
S. Thorgeirrson, 1998, Hepatic Stem Cel In: Stem Cells, C Potten,
editor, Acelie@ Rotmreeditomcadgaisdrcssn N esBased i thgse Hpdinghard gpjsaulics

char act er t e e i o) |

treat rrent&shz(lw%13 n%/gr{g Sé)r{é%loﬁgtgg JteLa]t“%elrgl (\§)eerir:1% u%grgsghgréenchg%lgﬁgﬁgﬁé}tirlén“é Sor med
progeni t ofeslizdcthithater ovadrs aed hlahgfaatly pﬂhkfbﬁhéd{pﬂfgemmm bied eHay ot dlasi$ afened
progenitors (Zvibel 1, Fiorino A, Brill and Reid LM _ Phenot

char act erP&tidhopr ‘éﬂm?léﬁe%@ﬁ}ﬁ%dd’é?ge“PtPﬁe@"%Qﬁ]dI Fioraade Beifet prd g“"?é@ﬂrl ation
of gene @XRLGSS Icﬁa}a&%z%cfnf@frﬁmépa@ohfarbeﬁgﬁleg Sind m,efa%eegp%am HUuPRoP3f gdm- 223,
1999). [0022] "Atte s have been de in the btain the hepatic
progeni t ogxpeespion bpfggfﬁ ¢rgntiasion ag@lggé%ltffétﬁntlétlm6 AB-AB5t199¥ sati | e popul ation
for cell en her t he 0 and
5, 789, 246@2@9 o Gyt pis Ry bednfiagt ¥ e it o SBhin QO FeguitlProgbhidie (| o,

cytonetr Ypdpﬂlld@lToﬁV!,Lfé@eﬂedj&)f lbenl(hd nmbp@patilapbpnamdn foneell kv pene thertapppfitiat i ons
of rat hepatic cells have been isol at ed R% renmoval of |ineage-commtted

cel I's fol BsRed PyPasdVesclr Uh2dTomnd; 3 20e(Reisheital e uphescerllsyrfacsmpkesande
det ect ed b a e i oval qcel

Ot gen e PRl R A0iofkur Cld SpBERk! 9 ety PABbESRGO AR R hver
(cyt oker a$mbpoﬂ>91)at1om of rabhigentis .cellhbaveobaegasaigted diy reinovﬁrofslutepgqscbmﬂmtmds
denpnstr at rticul ar characteristi ortant in.isol at

el iet i RN R g oA i T S A o R R e
Thus, thesgaRuasSiena H}%ﬁﬁgtec@ey&hm BYA10681 Ofntib&Rt akhAGHNUARP-PoSIBRE, C
progenitors that may be uSed to treat patients with |iver di sease or
dysf unct i dhumifpositpvee sad CK kragativn (eytekesdtine $9)t ¢elllsmarkets. ahhbe porogring gat
nmet hods of tre THE .| NVENTI ON 024] The present
Mvent onife SPERTRER S PP hC BTG, dmRaTi ofelon D

hepati c sidenfificktibn bPairidhed epitie prdgeaitods Frotn RIdexd Iivgdr. hepatic stem cel I,
bilia progenitor. The human primtive hepatl C

hepat ocyti c _progenitor r
stem cel | [0@E3fhegﬁh‘i§emef%ﬁms@xﬁ)mé@¥é% dexglep sBethodsy o aallating) amam hepatichuni n.
[0025] Anéo .?J]}??m?a‘i’ H%E%e (qsec?' fgg t g?éél}% %ﬁ’l fl%ei?'n(%lke%s@ o?o({;?t?lﬁ!:tﬁdn nlEhe:

conprisin ecur sor
hepat ocyt presedi 1rbAeh11@f atisfies this need and provides methods of treatment as well.

a

SUMMARY OF THE INVENTION

[0024] The present invention is directed to a composition comprising a human
primitive hepatic stem cell that is a precursor to a proximal hepatic stem cell, hepatocytic
progenitor, or biliary progenitor. The human primitive hepatic stem cell of the invention
expresses expresses ep-CAM, AC133, and albumin.

[0025] Another embodiment of the present invention is a composition comprising a
human proximal hepatic stem cell that is a precursor to a hepatocytic or biliary
progenitor. The human proximal hepatic stem cell of the invention expresses expresses
alpha-fetoprotein, albumin, and cytokeratin 19.

[0026] Another embodiment of the present invention is a method for isolating a
human hepatic progenitor comprising identifying a cell that expresses ep-CAM and

AC133. The human hepatic progenitor isolated by the present method preferably
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progenitor. The human proxi mal hepatic stemcell of the invention expresses
expresses al pha-fetoprotein, albumn, and cytokeratin 19. [0026] Another
enbodi memvoaB/oreses pr esent invention is a nethod for isol aticmgisas/otsanan
hepati c progenitor conprising identi fyi ng a cell that expresses ep- CAM and

br o1 o7 abl PR DSROYEBaE AT BIRR" e LBErEI BT T HOBES or redl

enbodi menfurRdn héjRatLIERE LMol E@/@rﬁdn@r&entﬂs&@fejrmy at SiEmiteepatic Rt elpbPgeni t or
is a stemcell, preferably a primtive hepatic stemcell or a proxinal

hepati c spremmﬁéhepat{ccsmrelhnot her enbodi ment of the present invention is a
et hod f ofooh 70l ald 103 o UTRRCR LMLl YENERRIEoR iSTR GRkloCRIRLLS)
cul turing-a xt GFETST & ertved rom Urmen | Tver t1ssue on a sdrface

under conglirhdropismittVietepatd e@in Eelir canpiziay ¢ultusingm medtlirevdftdells gex voat fro@e
medi a conprising a regul ator of carbohydrate netabolism an iron carrier,
and a neW%h'éV%r“éﬂ{%?%S‘%fﬁ?éFGﬂdef\m&‘?lgﬁ?s which|sglsgt fog ahgpaticstean felt Wathng a
human pri i fite mERRLfipdlifdh d@ghhamlld%car hodiate Rl BIRAA AT Bfrick.Mhd
present inventi on ed “human t| ve hepatié stemce

expr essesa epmbale phailidthg fanwr,ablznebyn ccﬂmb' prfelfmerdadﬁnypnsinga henmarepammabses

cytokeratin 8/ 18 an tokeratjn 19, Anot her enbo t of the
present i PRP&RE SiGM ‘ieg g?’rﬁf L b ‘?dé'Bé%{t% %YCS%WH%%%'%&&W@MH% stem
cell COWP;Sﬁrﬁiti% H‘ég&%&é"ste'ﬁg céll r@x’ﬁ?éééé% éH Cagk) %ngB' Y afgudith, Eﬂﬂ*ﬁf&f&ﬂahﬂ?

tissue on a surf under conditions which select for a hepatic stemcell
W th serfmmhérrceerase@lcanmrmml%l&@@ymdqmtmkﬂ of car bohydrate met abol i sm

an iron c Ler, an oduc ing .fac

For med oSS! ngSther R bapafl oD LR bENAP b G dh el Pt R v ne
cel I's fromrhdiep@Rimilhephiid semicyied pRMeadulfudint O midtire f RIS ke veldfrom
enbodi nent of the present invention, the isolated human proxi mal hepatic
stem cel | husmay lives dissugt gsha syréace ppdereionditign which, sel@ﬁtdfoeytth@rCa%qm calhwithn g
preferred i [ I fagtor is
provi ded %ﬂﬁﬁqggég%g%gfkpﬁgﬁgg %iﬁﬁérgb ﬁﬂ%&@ dé$§%§ﬁ¥g pre gk?yﬁgn STO
f eeder ceh henﬁuﬁiarﬂﬁﬂ@dldiﬁlg faktoe, el herebyod ccﬂoﬁ)t rs(fb’ﬁhecbﬁirhpnsﬁtfg)ﬁﬁllmﬂnpmﬂn&rve
enbodi mrent of the present invention is a hod for isolating a. human

proxi mal PRP3HE ﬁt@ns@eélwﬁe%wltwgﬁh? s¢lkdremn M@%?qlﬂ@/ withiageyelepentabiacordar i ved
from hun?gréfé eltn'oéél PBP"%H ”glgggﬁqﬁ\%ﬂﬁo%%hsﬁﬁlﬁ?ﬁnfaﬂrOﬁxlﬂﬁpﬂ%zﬁlcﬁem

cell with serumfree |a conprising a regul ator car drate

nmet abol i sstemacell rempresmsralpha -faogto®in, nebtunean eanolr ogtokemagn f ECtlor o pletaredy a
| on for isin h

cotony Iseml())odﬂ3 ng% t IcaS[I)re en({1 ml\“llgll%llgmprt e &evelopmental factor is provided by a

secondary cell, preferably a feeder cell, preferably an STO feeder cell, an endothelial cell,
or a stromal cell.

[0029] Another embodiment of the present invention is a method for isolating a
human proximal hepatic stem cell comprising culturing a mixture of cells derived from
human liver tissue under conditions which select for a hepatic stem cell with serum-free
media comprising a regulator of carbohydrate metabolism, an iron carrier, and a
membrane producing factor, whereby a colony is formed comprising a human primitive
hepatic stem cell, and culturing the cells from the colony with a developmental factor. In
a preferred embodiment of the present invention, the isolated human proximal hepatic
stem cell expresses alpha-fetoprotein, albumin, and cytokeratin 19. In a preferred
embodiment of the present invention, the developmental factor is provided by a
secondary cell, preferably a feeder cell, preferably an STO feeder cell, an endothelial cell,

or a stromal cell.



hepatic stemcell, and culturing the cells fromthe colony with a

devel opnental factor. In a preferred enbodi nent of the present invention,
t he i sol awedslussas proxi mal hepatic stemcell expresses @cphzsos/etsspr ot ein,
al bumi n, and cytokeratin 19. In a preferred enbodi nment of the present

i ti d | t f ded b d
e o o 0030F L S SR T Do Rmer o e bRt Pyen ity YL isp RO TR e Fetiea
Col I, OF s@mellONB anbick ermbSdiMEn 08 A7 8RS m%g@wmmea o SARGhEeT

enbodi ment of the present invention is an isolated primtive hepatl c stem
cel | . Yet hepatie hem eatbodi ment of the present invention is an isolated human
proxi mal hepatic stemcell. BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0031] FI G

éafilrn“éﬂitn&?ﬁ B CRIE RO r TP Dt %’éf"(ﬁs (Top Pancl ) and Day 5 (Bot om
P
ey 5 to BT 1 %&%ﬁ@f@é@@% teh SR OO BR iR Bl o™

cul ture. b&i@&th]ynﬁl Gellﬁordpmnsdmmeesa)sl errcbp B@egfandoj@rw(mdohspamal)pl astic for
al bumn (row 1) CK19 (row 2), ep-CAM (row 3) and NCAM ér ow 4). [0035]

FIG 5 de[ﬁsﬁglratFé,@ @tdéirrmnﬁ@atﬁwolew Eﬂﬂr@gowntm%@ coiurs temi Ray §to &3Y46 and
CD133 (to? and AC133 (bottom. [0036] FIG 6 denonstrates a primary
culture of proximal stemcells after 7 days on a STO feeder |ayer staining
for al bun{0038} owPJ[§3 3dhmbastfaﬁsccptomtyéie}na\(wmn HasticanttuekK19 (row 3). [0037]

FIG 7 de ra devel opnent of . a col o cel d fromplastic
cultur e SR ar diCof iRt Srimne e STagal O plysts o eurip o 15,
denonstratglgr(gbq\; Qp@ AaNakdw 35 sRINERR Gy on an STO feeder | ayer.
[0039] FIGS. 12 and RB denonstrate the enrichment of AFP-expressing cells

in  human(0039kr d%IGI §. denEo4nitesstapingl ir tolademsmudivredtan plagtid ol 146randf a
Zo-Cant [ b17 PEA O EIBRSTNG orow n curve of o Stem cell colon o8
from3 |iwm3s] CWHIGU6mRAstRIt@SE prEm@y&iultareof WeSkmabste@tell ShBddays on a
measr emag;l% ?eteggrtlg)(/jerizatlrﬁrrlg %ozr a(ljbauﬁn i(rrgw 1), alpha-fetoprotein (row 2), and CK19 (row
3).
[0037] FIG. 7 demonstrates the development of a colony cell removed from plastic
culture and plated onto a STO cell feeder layer.
[0038] FIGS. 8-11 demonstrate eruption of cells from the colony on an STO feeder
layer.
[0039] FIGS. 12 and 13 demonstrate the enrichment of AFP-expressing cells in
human liver cells.
[0040] FIGS. 14-18 demonstrate the isolation of a subpopulation of adult human liver
cells co-expressing albumin, CD133, and Ep-CAM.
[0041] FIG. 19 depicts the growth curve of 9 stem cell colonies from 3 livers
cultured on plastic over a 3 week period. Growth measurements started after 12 days in
culture. The curve shows that the cells grow with a doubling time of 5.2 days.
[0042] FIG. 20 depicts Western blots of albumin (ALB, upper group) and alpha
fetoprotein (AFP, lower group) expression in freshly isolated fetal liver cells and during
their subsequent culture on plastic substratum.
[0043] In the left hand grouping two cell fractions are shown (P and I) based upon
centrifugation through Ficoll. Cells which pelleted in the Ficoll are designated P, and

cells that become layered at the interface between aqueous medium and Ficoll are
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cul ture. The curve shows that the cells growwth a doubling time of 5.2
days. [0042] FIG 20 depicts Western blots of albumn (ALB, upper group)
and al phawofoswogssot ei n ( AFP, | ower group) expression in freghisgsmset at ed

fetal liver cells and duri ng their subsequent cul ture on plastic
substrat um ] n ef, r oupi two ce fractions hown
(P and 1) it dnotte <k medls MR hOwR AR AR CBE APRERPE G BHosEi et oq

in the Figbly &8 (gﬁﬁlt%%%c%terar&@!us)cc@lth@dtotte}ﬂashecf@tn@vdeeysermslnght Kha
interface bet ween aqueous nediumand Ficoll are -10 WO 03/ 07858

PCT/ US03/ msﬂwodemogﬁeltle@bsun whirch hiereghas qﬂhduneprbtf@m (W pdosalbuaina(Aiar and
AFP expre 0 o] on ceI | s t,.c stemcells)

cul tured % f‘ féésqr?t mf( gstan q{ds }? pr(b% Té&d\égrlfg?&gb%m control | anes
in which there was either no protein (bI ank) al bum n (ALB) or al pha

f et opr ot eDETMERD DESCRAIPIIONLOFUDHES INVENEFIONVas | oaded in each | ane.

DETAI LED DESCRI PTI ON OF THE I NVENTION 1. Definitions [0044] In the

descri pti pn pdritidy | ows, a nunber of terns are used extensively to
describe the invention. In order to provide a clear and consi stent

under st a”ﬁioﬂ@] of rh hﬁe déé%?i tibh Qﬁatt'f%noéﬁ‘da GlufHbEB of diflstighe NGed Qﬁteﬁ&@@l&tbo be
gi ven such ternms, ow ng definitions are provided.

"Cl ust er ddscdbd ﬂerlemntlatu dn"order tocpmmida adréczeramdrmnsfsteatsum@e&larhimgohther efers

to cell surf ce nol e(g 1Iles reco lginl zghd é’ nonog!| onal anf] ie fﬁﬁ ression
of some BSSTEAUT gl RS f corcopepidy b1 atten, Sth @t Br WPLFES! ona
pat hway, mlﬁm ar@fg@bﬂggl on of others varies according to the state of
activation, position, or differentiation of the same cells. [0046] Cell
Ther apy: [@4E]sed @Ry eiGlustemef differentiatipn” phdeepion [dsfesminang’ ahasednh&/eino or
ex vivo t fer qf I t t o)
al | ogeni c{e%%? ef?icgﬁ SU%%A 91 ‘r%)ger?gl%s re?tg%ﬁyteﬁ 6 %n8a8 aéa%]t%pdl%y %)&?&gl%g p(gm fic
target cesdme CDsardgbecHit for Gelllsi sf apyrtioalar tmee@s Qiraﬁﬁteldtlbﬁial Fayhvaly hiedbthe
media, carrier_or diluents, or any pe of drug delivery systens
i ncl udi ngexmf%waémfie& ganeﬁémdln&te¥tus%%%e§f agfivatigny prsitien, orvagtr@n%eloand S0
on. They £ gJﬁég Ee used in a bioreactor in which they provide critical
functions and t i oreactor used as an assist device for patients with
l'iver dysfa6} i orCe Thg:@@gﬂAsGmmlrhmteed ttﬁrtegm‘f'cetlbthsrapyl’ giferp tpthel infudwoadri ve
cells that that |ves rise to one ate A "hiliary

hter cells of o
commi tt ede)b}”éf@é’ﬁgi gk of %f\}’@g cfl SI’Qp'tLlJ]gt‘B'?SI el e 128 a%fﬂg)g%'ésnobél 95—98’59’?1?@&@
anti geni cald ¥aRp1ahR8 (8RR R ABinRY o8V QiR tthidetl@ils R PAREntARILs fhay be

transplanted in any suitable media, carrier or diluents, or any type of drug delivery
systems including, microcarriers, beads, microsomes, microspheres, vesicles and so on.
They can also be used in a bioreactor in which they provide critical functions and the
bioreactor used as an assist device for patients with liver dysfunction(s).

[0047] Committed Progenitors: Highly proliferative cells that that gives rise to

daughter cells of only one fate. A “biliary committed progenitor” gives rise to bile ducts
and can be recognized antigenically by the expression of cytokeratin 19, but not AFB. A
“hepatocytic committed progenitor” gives rise to hepatocytes and can be recognized
antigenically by the expression AFP and albumin, but not cytokeratin 19. The
commitment process is not understood on a molecular level. Rather, it is recognized to
have occurred only empirically when the fates of cells have narrowed from that of a
predecessor.

[0048] Gene Therapy: As used herein, the term “gene therapy” refers to the in vivo

or ex vivo transfer of defined genetic material to specific target cells of a patient, thereby
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"hepat ocytic commtted progenitor” gives rise to hepatocytes and can be
recogni zed antigenically by the expression AFP and al bum n, but not

cyt oker atwo 0307858he conmitment process is not under st ood pam/Esosroisszul ar

| evel . Rather, it is recogni zed to have occurred only enpirically when the

fates of IIs aye narro d fromthat of, a e r

Ther apy: AETBANE eI e paiyain Hidiaf0e RGP ¢ Rat 60 o
ex Vvivo tfo'mﬁé Qitirfite fRipdIe bf gaBRdnitiag et Aekiak atparﬁﬁl(ﬂﬁt tiseaseagtget Thigldag of a
patient, thereby -11 WO 03/078588 PCT/ US03/ 07852 altering the genotype and,
in nost sinclydeimediflying e Trﬁgett erdl et v leifoqum%eth@a%'étm&arhespatfe@f t he
ultimate f tar S Thi s
can ol RHERARGHFy REGYRA B9 (BlecRl) N9 FoBRILL U EASRESRIBLAE, | ¢
into the galgesdis. genéht emﬁtaﬁalve:hd/ tradsfeec thier pogenibes.t aFgeliethotg gelmimally
progenitor cells in vivo to deliver the exogenous enetl mat eri al and

t r ansf ectelt%eﬁrdo@f@ﬁ?ft‘@F sellygan Reriet & agté?féﬁ‘it%ra‘i‘ﬁ § theIpRY FIPALENS I Bsni t or
cell's cangy euéieggu%uﬁl B}&fu&%mﬁ?g 1 Rrihiieh AR¥es Bfe m&ek@%s?feﬁm%sis tRQUr ce

of bIO|OgIC6ﬁ pr o inition states, the anderlying prense
is that thessthetapentapgntiic pypendires ardesigded Esulamtedlxepregnmd tredt, ot dlieranel y
prevent treat, or overt qQr covert . plolg ical,conditio

nost si tu%‘fqrb?fscov?lﬁBa[hf’]lolg‘r?ﬁ]t@“fiHE’r“a BRGSESIHBYPRS nate; th@?@lwcﬁpglc(gdures
is to alt nettﬂﬁa@hﬁﬂé’édﬂ% i9fo AR e pHend@post spesific t%%eﬂtpOQHIatl$@049]

Hepati c | 1's: A subpopul ation of liver cells which includes hepatocytes
and bi I i Fﬂ%%el |Hepatio(feils: HMepipopulptioyeflites eells whish iprdyses depasecytss andem

cells, e ce,lél s ultimately give rise to mature parenchymal cells that
conpri se a‘/to yt es and biliary cells. The hepatic progenitors include

the foll OWOBQ] tmu_%@gmgmﬂs A (sappdpripdtionh of stamceld, | thesenddlls (uh)mﬂé)llym tted
progenitors. [0051] Hepatic Stem Cel|s: A subpopul ation of hepa

progeni t OBYE TiSAAP HRALHE pargnchwnel ¢edls b aomprise brpateqytes” a“éln'é!hmﬁr‘i?*lﬁ mﬂhe
hepati c Shé;ﬁ}ls?h%g%mm& %{r .;ﬁcf%mg QL tmuwg@glﬁ%@' E) hécgzgatsfemelwﬁaur sor”

refers to type o at “gi ves etoa type of cell.
The precu(lﬁmomma;tecupmg@moys give rise to the second type of cell. The

pr ecur sor |ve rise,to the secon pe. of cell, through one or
nmore ot hegor{}gi} ?é‘ai%ébﬁy—@&-l% edd s pbmfaﬂ i M g?Rf”é‘CI—lérﬁﬁ?‘?‘Lor%t‘@ﬁ#u el's: As

used her eigim{ie hESiste EdTlst bY@ “DeRAMd hepati@BnF&lilss” refers to hepatic
stemcells that give rise to proxi nal hepatl c stemcells. [0054] Proxi mal

Hepati c S{G52el IRrecursorisédd used bemin, theetetrer ‘precysoi nefrs epdirdt dype of cell

that gives rise to a second type of cell. The precursor may directly give rise to the second
type of cell. The precursor may also give rise to the second type of cell, through one or
more other intermediary cell types.

[0053] Primitive Hepatic Stem Cells: As used herein, the term “primitive hepatic

stem cells” refers to hepatic stem cells that give rise to proximal hepatic stem cells.

[0054] Proximal Hepatic Stem Cells: As used herein, the term “proximal hepatic

stem cells” refers to hepatic stem cells that give rise to hepatocytes and biliary epithelial
cells.

[0055] Liver Cells: As used herein, the term “liver cells” refers to all type of cells
present in normal liver, regardless of their origin or fate.

[0056] Stem Cells: As used herein, the term “stem cells” refers to highly
proliferative cells that can give rise to daughter cells with more than one fate, that is they
are pluripotent. Totipotent stem cells, such as embryonic stem cells (ES cells) or
embryonic cells up to the 8 cell stage of a mammalian embryo, have self-renewal (self-

maintaining) capacity in which the stem cell produces a daughter cell identical to itself.
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stemcells" refers to hepatic stemcells that give rise to hepatocytes and
biliary epithelial cells. [0055] Liver Cells: As used herein, the term
"liver ceWba3/orssBers to all type of cells present in normaell/usSoyerss:2
regardl ess of their origin or fate. [0056] Stem Cells: As used herein, the

term "st cells” fers to highly roliferative cells t.hat .can.give rise
o daught BY BRFRL e e Gere K SHeP P bim St PPy sk rEPicten:
Tot i pot endelist &/ ﬁl@hk)&entsm hive eXtBiisranbfowth eiipsaly But( RSeCqldstonable self-
enbryonic cells up to the 8 cell stage of a mammualian enbryo, have

sel f - r enega¢wglgapcityrHi e £ose ofgptipeipastany cells. apme Haughter sebheddentispld@uces a
daught 1l i L . . .
contrast, TaersrhinlaSRy chiul B esirttat B iaRe P eldie plcRdbig, (|

hepati c sWhith i€ Rk than aliecpdrbntlsi [Intintasand daansinek sremsdiells, phvdadgietapadgist y but
have questionable self- renewal capacity. In the case of totipotent stem
cell's, soietiyalgReEACY#I] somelase i cammpitingts a spngde, specalitt fattand sonme " conmi t
to specify t ek i ctd ng»thel . genet.i At i t keh is

|l ess t hanfot%ﬁzﬁpar\gpﬁ%d @gtt{ﬁr{%t ﬁgg’cag’e ({gf ‘gﬁe%rﬁc(ﬁg{dﬁg glgnélgge“\q ,Stﬁaéglﬁéw dgtught er
cells releaitiongl oir fqneoe noye, Amilesankeriviseanditatedomm tting to a single,
specific fate. [0057] Wien the terns "one," "a," or "an" are used in this

di scl osurg, .t.hey ne “at _least one’' or "one or nore," unless otherw se

i ndi cat edi é'aé‘?&ﬁﬁﬁl@rﬁ\g?ﬁﬁﬂa%nﬁ%&f‘ti c Lineages. [0058]

Al pha-fetoprotein (AFP) and al bumi n, both cytoplasm c proteins, are

especi al | W%IS%] i adMleharfgiapsptsing AR paRd calbpmie g BRthwiSIPPLAS BUS eRfOKdNSHr Bei ns.

Messenger .. BAGy GLEAM Ry fRHephtd mieagﬁs %ﬂ%ﬁ?s%%&% ofdfif. eM@gs%ﬁg@rd in

henopoi et ¢ progenitors ut are not translate r exanple, a varrTant
form of ARRAstNAoding fveridm gorsarhthdsatprothins hepatpressakinl lenimpoiatiol pprogements of

t he exon 1 encoded sequences with either _an n on 1_or two. exons
(Kubot &, SHiGR S EPRGARS: TG DATP Lot VAIb TG fab ER R FH SR ppfpm hilin
Ther ef or epedafie cenpbggéplg&n%g bhaseeloh0] Rh&SRE NS qichctNGith Amdakh Alernate

identification of t hepatic subpopul ations fromother cell types in the
liver. W eddnnl tonéwdeaxeh® fKnbptd,i Sterm tahd Reyd.esbnuidedbfalsa-m patentadppliedtion).s

recogni zed as, a ron osi tive indicator .o afi.c rqogemitor celdls. In
the oar | BagtoicPe,ght SFeRRD His M8 siake i ihed SRRl En SFLOGHickRhn §Ftne
produci ngh&afié Babpigpulafidhs £Binthd?@eh tgéels!iﬁlrth/e . Weddl greYdeQelopinganeshel f

t hese daughter cells commt to the biliary |ineage AFP expressi on ceases.

However, PERnegmfeSEP gnd glleuminsissrerognized aepatrony thesifivadegjeatonef hepaiie
per i nat al pgLiod WIen 1htd 8, RUAREERS 861k AN AT AL ML LR ASERE0R &5 ONe
of the prine€ipal Characterrstrcs the ‘adu epat ocyte.
producing offspring that enter both biliary and hepatocyte lineages. If these daughter
cells commit to the biliary lineage AFP expression ceases. However, AFP expression
persists in the hepatocyte lineage until the perinatal period when it is suppressed, leaving

albumin expression as one of the principal characteristics of the adult hepatocyte.

3. Processing of Human Liver Progenitors

[0059] The isolation of liver cells usually involves enzymatic and mechanical
dissociation of the tissue into single cell suspensions followed by fractionation with
density gradient centrifugation, centrifugal elutriation, differential enzymatic digestion
protocols (i.e., hepatic stellate cells), and/or with selection using cell culture (reviewed in
Freshney, “Culture of Animal Cells, A Manual of Basic Technique” 1983, Alan R Liss,
Inc. NY). Liver tissue may be obtained from a fetus, a neonate, an infant (birth to 1 year

old), a child (1 year old to puberty), or an adult (beyond puberty). Density gradient
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3. Processing of Human Liver Progenitors [0059] The isolation of liver
cells usually involves enzymati ¢ and nechani cal dissociation of the tissue
i nt o si ngwe oserdsssuspensi ons foll owed by fractionati on w PaT/IheR8ISEY
gradient centri fugati on, centri fugal elutriation, differential enzymatic

di gestion tocols (i c stellate nd/, o i th selectron
i g col terBiibEdig § Pé«??ré%aw?@ S B RS b O B S
Manual of hBagbfaskgchni que” 1983, Alan R Liss, Inc. NY). Liver tissue may
be obtained froma fetus, a neonate, an infant (birth to 1 year old), a
child (1 year old to ubert , or an adult (beyond puberty). Density

gradi ent 41 ulyrirgg 0F Bsampiepatics engSelly And Qther Bregenitoss pref er abi y used
to fractionate and isolate different cell populations (e.g

hepat obl a®080] 4 Pr&ihial rh'epgioO‘steﬁl ooeilsaandHepainitedst lezpamelpregeﬁndrsarémme

Progenrtors 00.6 Pr oxi ?fr c ste ceII and co %F Fepatr C

pr ogeni t ofBOYERGi V(f}r Sté?fﬁms %Pe%lm Ram Ef‘élaé'r‘@) WUP Finityg

medi um s upPhERA RStmhbd akd @é@t‘ﬂr Bactopd (08 O%o?@ﬁ@‘éﬂﬁ&sﬁﬁdaﬂ{ O¥é1bndeact or s
[ 1-6] . C onogeni c expansi on and prol onged mai nTenance of key rnarkers of

t he proxi maintm;)@t @fdestrearkere of the mfmmﬂrhemattledtqm g@enoﬁ mmlt@d@rfagendoqsl oi d

adult liver l can i f. the enbr ver

cubsti tut g f PSRy dely 18R RN etk Bhie Vs Bopishiss He

hor nonal | bed@tfutdale\dlth SEQi f¢Bdes WBIY BIEsHhisidatydrt With rasséfumafrebrm}&foaamy aéfhedand
preferably hydrocortisone [7]. Gven that these conditions support a

di ver se r@AgamoSUpIBRGd o ﬂ}sblrlﬁ'f@%‘&ferfll‘/§§u@daﬁtfferebﬂénh)@(ﬁq)%‘g'soﬂérﬁht| on

of diploi I e for

the pri mgr\\;/éguthéeﬁotgg4 C%n%hglknscg'}l{péﬁg H'IR/ ?Q?A%n&gﬁ r?t%&t ﬁglgl I-E?U tem

Cel | s [ 006&h cbheybasaivn df v oid alnlticello [ XMedifterane chaditiofs arsmhatedng sﬂmtm tive
hepatic stem cells from human |iver tissue conprising applying a cell

suspensi ofPT & PRI VE PeRAUCSEE} cellsi ssue, preferably enriched for parenchynal
cells, to a plastic surface and subjecting the cells to stringent culture

condi ti ons, tbaihti6h b PARTIGvEBEPAtR SteHfCelie! | S, the proximal hepatic stem
cells and the commtted progenitors. Stringent culture conditi ons | ncl ude

the use ofonstPT UL SEE UM ALARLREAAANE LE sl U AR Fhnfity Bollyar at e

met abol i s a sou rane produci ng pre erably

an anti - oxdldafidm l{uﬁﬁﬁZiveAUEHuef(bh’f[Edlrfge@.pﬂ)&h@B cefl smqrdn@nhydreatvai flehmhodri smi s
insulin. A preferred source of iron is transferrin. preferred nenbrane

pr oduci ngtlrsaet Ryeferably entighed dort PQS?PChb,‘BﬁbF?lbsr Hga@r?étlersurﬁ%ﬁeeanrh ypigstingthet
pref erabl yy5ftg @ﬁlng@r‘ittdﬁlt@ﬁ'c@ndlﬁo% & ?&lirﬁﬂlaé%btuféxlll\g@'&llé, fhe proximal hepatic

stem cells and the committed progenitors. Stringent culture conditions include the use of
serum-free medium supplemented with a regulator of carbohydrate metabolism, a source
of iron, a membrane producing factor, and preferably an anti-oxidant.

[0062] A preferred regulator of carbohydrate metabolism is insulin. A preferred
source of iron is transferrin. A preferred membrane producing factor is a composition
comprising one or more lipids, most preferably, free fatty acid. A preferred anti-oxidant is
selenium. The serum-free medium is preferably further supplemented with
hydrocortisone. The liver tissue is preferably obtained from a fetus, a neonate, an infant, a
child, a juvenile, or an adult, and most preferably, from a fetus.

[0063] Primitive hepatic stem cells are isolated by culturing the liver-derived cell
suspension on a plastic surface at low cell densities (e.g. 1000-2000 cells/cm?). The
stringent culture conditions result in emergence of primitive hepatic stem cells from

human liver which are precursors to proximal hepatic stem cells. These primitive hepatic
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selenium The serumfree nediumis preferably further supplenented with
hydrocorti sone. The liver tissue is preferably obtained froma fetus, a
neonate, womnfsss, a child, a juvenile, or an adult, anacmassns/prssferably,
froma fetus. [0063] Primtive hepatic stemcells are isolated by culturing

the liver-deriyved cel]l suspension o StLE..S ow,cell .

densi ti esSi¢@ cglls gf@m)b ﬁ&%ﬁogqxgrﬁs? %?;QR{\&A(:Z ﬁgeﬁﬁﬁﬁf’t@%éé’%ﬂ&ﬁqnﬂﬁs .
resul t i Ny RMELESIIERI0RS oPihie dip¥Rs REOAM, € AVEIR CAldlcSkif.r om human |iver which
are precursors to proximal hepatic stemcells. These primtive hepatic -14

WO 03/ 078®864]PCT Qnigs(i 3kidl7ig3ke ait el cesorizé thatritieuprasent inventiaromex pe ssesl tBp- CAM
AC133, CK8/ 18, CK 9é %gg al %11?8 artld subpopul ati ons of them express N CAM
CAM 5. 2, SAGEPnmfive pe5as™ es BFSUSRF in the art will recognize that the

present invention nay be used to isolate primtive cells fromother tissue

types. 6.¢. 3sUlatiorPof e Proginkil Mkdpatic Stan@ells Stem Cel | s [ 0065] Human
proxi mal hepatic stemcells give rise to hepatocytes or biliary epithelia,

or conbi nghkoNs 0 exieml PalkCH&t - XSS Ep-
o Coar ST, MBS0 YIRS A AIRPE o L B ghevinds
subpopul atfithalsa, @xq@Enessatia@l 3BercofHitamnpproxinmd| hepagpatiem s¢lbneocadpress dm be

i sol ated ar | met hods,. 1 ncludi i ).inmmunosel ectiagn of cells that
co- expr esgxﬁli-{’- &%S?ng )CYE%F’EaEl‘Pi L% f‘lipeaéfe%égefrbe%{ldcé IR AN li%Bﬂglf ations

pr ef er abl g pehk iadied. FImARHRRFMM MBpateidrs ceNd &4 1R HEMRUMRMRIAbA! meihddsiCi Ng
factor, or (iii) culturing human primtive hepatic stemcells with a

devel opremekidingntyommpnosgedsion qheeltfe et opnexpress ERGUEMnir etusingj Kver
preferrably. pragyide a r e

el ude. agrerofL e pRETEIE e o b b SIS REH R Vel thora
endot hel i aludigg | factor, |&ol(al)i aolt@ingHauaianc pringigesi hepatiby stemmueils elvétht iaon

[ 0066] The present invention alsg involves a nethod of isolating a hepatic
pr ogeni t ofevelopgiental visdugiag i fre@rcdine dexsionasntals inlsmg bartormv igsierablyi ng

cell surf @%Gidgarbgee{ §ecloﬁcﬁ)zﬁgict‘jl.cPlfe rred s@@(ﬂ?ﬁ&fc@fsqgglﬂhé %h-STO %ﬁ@{).&&l a

progeni tor nmay be 1solated according to present invention by s’ef]ecti ng
for cel | serhbgbniexppeessonegd cEhMr aarddphdfabeebl y t hose cells that further
express AC133. The i mmunosel ected hepatic progenitor of the present

invention_,preferably further express al bum and nore preferably further
express Cydiation P%Hi@?‘t' '@ﬂ‘gﬁ?ﬁ?ﬁ @3,' I'Pﬂ’é“ﬁoﬁ‘%ﬁﬁ’é‘el ected hepatic progenitor
is astemcell. [0067] In one enbodi nent of the present invention, the
i sol at ed H8paL i c Thearreant igrention alsojpyelves 4 merogaaliigolalingra kepatic PIOgeRifst her
enbodi msnfror?lf liL&?deRQgé 2k §J§¥§ﬁ§dn9 Npaskd Con ﬁmn‘fi‘lhgglecting cell surface markers
specific for a hepatic progenitor. A hepatic progenitor may be isolated according to the
present invention by selecting for cells that express ep-CAM, and preferably those cells
that further express AC133. The immunoselected hepatic progenitor of the present
invention preferably further express albumin, and more preferably further express
cytokeratin 19. Preferably, the immunoselected hepatic progenitor is a stem cell.
[0067] In one embodiment of the present invention, the isolated hepatic progenitor is
a primitive hepatic stem cell. In another embodiment of the present invention, the isolated

hepatic progenitor is a proximal hepatic stem cell.

8. Production of Hepatic Progenitors

[0068] The present invention also involves a method of producing proximal hepatic
stem cells and committed progenitors from hepatic primitive hepatic stem cells
comprising either directly plating onto STO feeder layers and in the HDM or by

transferring the primitive hepatic stem cells from colonies on culture plastic to a STO
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hepatic progenitor is a proximl hepatic stemcell. 8. Production of
Hepatic Progenitors [0068] The present invention also involves a nethod of
pr oduci ngwprogxisses hepatic stemcells and comritted prog@Qriusps0f8sOM
hepatic primtive hepatic stemcells conprising either directly plating

nepat i ¢ <ieagi byt N7 pRaPld el ARl tim GEIERP Lt Bl I Bl &7

03/ 078588piaitiveBepdt s&hR céieeder | ayer and al | owi ng the proxi mal hepatic
stemcells to enmerge fromthe col oni es of rimtive hepatic stemcells.

[0069] Pri@RpRal Repdimakhepatipstcr) sadlsand cOBMed BIPSERIRSE MY R beaprodrssd be
d d Amitiov i : i . .
produce fr{)rhﬁ??&glhkgh%da\ﬁg.sgg}oée}ﬁllggy%%ﬁl%lfge&{ @&Xteﬁ%hffﬁéﬁsﬂggg&n %H]atthgﬁes

surfaces, etri preferably non-charged poFystyrene

sur f aces) (préfemblye mmldhargedplpabyistycer(eprsaffacahl ytissyeol gty eplestsur(peetesblyxposed
to ionizin as so that the polystyrene is polarized wth a referential
ori ent at | BIYSY AR §uEHcss CERRR SR IATTRY Zehst L Heonglyiarennes BRelaREadoVihidch t he

cell's are, Lo afdapolintalior bPREEAIVE (Sr HEYiEVS ARIEs S8 ArHE hdPgad 3o hidieh
cells can be bound), textile fabrics (preferably nylon, cotton,

pol yest ergells symtohastack), sweafot arridisngesf¢pblyfositatsl headwtedehich erlpodnybeabauindss,

| | f , h t , h het |
ot ot o1 SXE Gy Blerny MY SOk PO SI) copmineBt IRl S erabiyo,
Proxi mal Regatrofm sdlgatERk] Sol Astos@ABHE filn@lats), POBNbIIRT EstdTBY o bher Btiieduced

fromprimtive hepatic stemcells by culturing on biological surfaces. The
bi ol ogi camatesighs} alcwonges{prséeralamatyra) or pyrbetices@ongmsd t he surfaces in the

cat egor i e@g?@fve'Prgﬂgzlsals H(Iéﬁszi?ic s%ﬁggﬁseahfiggﬁmﬁﬁgﬁl gg)%}eni?&g.r Sfeilgoulg roHBéerdi X

coati ngs petri trssue cu re C, mcrocarriers or
textile fabni psmitBieohapgiic atens teliabescultagnl ion biokgiratserfhces.nThathiglogicalncl ude
(i) extracellular matrix (a conplex m xture of proteins and carhohydrates

produced BYEE) ¢ bhepatben REPYEY SPtnethaariaces MR &M calrgsics RO onphyss f#g
col I agens, ag?ﬁ& CoelBarP E:ngteéﬂﬁatcelﬂfl?’it ﬁ@ﬂlxy €o4ties Ao YelETdiREO! s deulthie! )

extracel lu matri x conponents Ividual,” purified matrix conponents
used al onglastic, micooaroiersadri textsle ffahricopBiohogicd isorfacs usedkin thatpresehimamentiogr owt h

and/ or expression of tis ue-specific functi.on(s),. includin fi rgnectin,
o o e B oih Xt B aaHo b ORI 6M R 0 RGeSy U ng
type | coblogG&R: b YRAs lahl 1©0Ab@YBRide! YIRE beiveen! {cdgethd( EORSEsiAd IcBRagng, t he
nost commonly used today in cell culture), cell adhesion nolecul es or

"CAME" soahesibn photeihs,aireteog) utanis Landdetee podteins)afio) extraeellpdarwhdtigh cemponeots, and

D O AR BT e ARl Bl SR T SRR ol bt
cell attachment, growth and/or expression of tissue-specific function(s), including
fibronectin, laminin, collagens (there are more than 20 families of collagens) including
type I collagen, type III collagen, type IV collagen (these three are the most commonly
used today in cell culture), cell adhesion molecules or "CAMs" some of which are
calcium-dependent and some of which are not, and proteoglycans (molecules that consist
of a core protein to which is attached one or more glycosaminoglycan chains, polymers of
a dimeric unit of glucuronic acid or iduronic acid + an aminosugar). These include
chondroitin sulfate proteoglycan, dermatan sulfate proteoglycan, heparan sulfate
proteoglycan, heparin proteoglycan), (iii) tissue extracts enriched in extracellular matrix,
inlcuding Matrigel (a urea extract of a transplantable murine embryonal carcinoma. Can
be coated onto any of the surfaces given in group I)), ECM (extraction of cultured cells
using dilute alkali, dilute detergent, high salt extraction, urea, etc. and leaving behind an
exudate enriched in extracellular matrix components coating the surface (any of those in

group I)), amniotic membrane matrix (extraction of amnions with dilute alkali, dilute
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a dinmeric unit of glucuronic acid or iduronic acid + an am nosugar). These
include chondroitin sulfate proteoglycan, dermatan sulfate proteoglycan,

hepar an swbfoatessspr ot eogl ycan, heparin proteoglycan), (iiPCTINSSIUmSEXLTracts
enriched in extracellular matrix, inlcuding Matrigel (a urea extract of a

t ranspl ant abl e rine enbryonal carcin .. n .. he coated onto any of the
e aoea Ent Heh SO F T Sh Rt cls e BTt Sepind ar0F 63 pEINS PR ly

di lute al 4Rl dmnighd) W sleairBeNkxtrdthigh of dlsucewith aedH o) (e e MeNaCl)amd

| eavi ng behind an  exudate enriched in extracellular matrix conponents

coating t hecleases tadeave dakyindfallithotissup's colipgenspand)any assasiased companpRta sechngst ri x
(extraction of ammi

PCT/ US03/ Blon PLP 81?1 a Iglxtl\\"i) tsgriugrih lctlée:{,j%ﬁ\tga(llefl; el c(%agsioglr)_le,lfrti Sistied Or WA B3 t?l?65§1§h

€s
racti urea, etc. an eavl ng

behi nd mavithX%ecAMMRNBEAHS agesRNroteins, EdpecialifibRecti@ NtedehO ifahigh devels in
(extraction of tissue with high salt (e.g. >3 M NaC) and_ nucl eases to
| eave behsardmy|dndt (v pelybsine & pAyleng ek écoarng Al hescoresiliedy sbseshaming such

as adhesifl(?gls i'grug%ﬁ?gzt%h\,ﬁiﬁk“?‘%reﬂ%l%?&“tﬁggﬁif one coats petri dishes or

tissue culture seruny “one a adhesi on proteins, especially
fibronect [0071pr eeotimahhépagh stedv e¢ls dnd cosrmmitiagd preeditérs )mayodlyd es produced

pol yl eucine (coating with these positively charged amno acids is used to
attach epfPRePHEItCehIpatip sk celly Py quipring o'egar] gmgﬁmaf%ﬁgpéw AR cel I's
and conmi hied Qi QERRHIP Bard¥RY e@lot® VEBHOdrasdue fHMMR hS AtdRnePREC stem

cells by culturing under condition described in Antthony ~“Atal a and Robert
P. Lanza, Nedi Yaok00Mbtthcs inforporsteddetEmybyreteréneg. Acadeni ¢ Press, New York

2002, whi i.s incor.porated herein byreference. . tic progenjtors

S oauced BintPRESLBR Bt PEus MEsTh I TR B3t p Bl SRR PO Rtar i ¢
stem cel | fepahie RRhPGEYE, Hepa@BTHd dobinie@ PedbchRES, anddliddy lcomhyitteDpidLéi k.
progenitors. 9. Therapeutic Approaches [0072] The isol ated progenitors of

the present invention may be used for liver- directed cell and/or gene

t her apy of- gEherapeudiccApproaghest s for virus production (e.g. hepatitis ©) to
generate vaccines. Also, the progenitors of the present invention may be
expanded [(972Vi vdlter solatcdv progbiiops i of sth eprgsenp umantibin apsy )beausddt foe levepanded

TS Sood Lty S SRS, oo PRI byt SRR e
clinicallg)e ofRha@GadaidsCARLUHeGftogehitoss JPQHE greﬁéﬂt%miﬁntﬁoﬁﬁ?@ﬂéﬂ for

maj or invasive surgical resection of the patient's liver. Once the
progeni t oexviae ogslivebbiophigs (6.2 arch biopsy)ged she expardascelpysasfor paelogeured

N T M M T
use I n antfaKcan bedusg@Bknically or for academic studies. This would eliminate the necessity for
major invasive surgical resection of the patient’s liver.
[0073] Once the progenitors are established in culture, gene transfer may be
performed using any of a number of different gene delivery vector systems. The growing
characteristics of the progenitors of this invention permits the use in an ex vivo gene
transfer using certain gene delivery vectors (i.e., retroviral vectors) which will require cell
proliferation for efficient gene insertion and expression.
[0074] An alternative approach for gene therapy is to design vectors that target the
progenitors specifically and then to inject the vector, coupled with the gene of interest,
directly into the patient. The vectors would target and modify the endogenous progenitor
cell population.
[0075] The progenitor of this invention can be used in an autologous or allogeneic

liver-directed cell or gene therapy. Clearly, the use of autologous hepatic progenitors will

eliminate a significant concern regarding rejection of the transplanted cells. The

-17 -



transfer using certain gene delivery vectors (i.e., retroviral vectors)
which wll require cell proliferation for efficient gene insertion and
expressi oWO )pO®wE4d An alternative approach for gene therapgTitsos/a788esi gn
vectors that target the progenitors specifically and then to inject the

t | ed wi f t t t h t. Th
Vot or & WBBEMIoR YebiAteTHot o PEHEY GG BRI o ADORSRS 6 FHBIE WEREat  on.

[ 0075] Thelemaﬁggémct fif su gﬁés‘és mw&arlmumglmrqwdmlpheﬁ@namol ogous or
al l ogeneic liver-directe or gene therapy. Cearly, the use of

aut ol ogoul0fépat IQﬂCpr ttgenutpb)ggqurl allegenigi peEAgENi4O1S| grm isplegask podfiedrand
regar di ng L on. of the I d cel 03/078
PCT/ US03/ 89@%“2‘%‘}% &l Torde ?aé}{] ggll "V Eht ?%%]ne{rrlté-gtpg)r( Elmgu ltm c?gn&n ive

for all ogemsplaged! bﬁdkaﬂ&f)eme h@stausfe gehdiRi inoalifidagieni i@ @ésﬁfed| aftauggﬁaics
m ni mal i mmunol ogi cal rejection phenorrena [ 0076] Once the autol ogous or
al | ogeni cmpdibigatinm and befoze itrapsplanddthost igenedigalin anodéligd eglisamay heexparege

genet i cal Jtar}/d/&D gél%(dteeifj pRded’ 81’5"%9 1héw&5none)§f?@%%§% s8iBn ft ' QiOn‘ﬁﬁ'age SQI% éble

transpl anted back Tnto the host enetic |ca|on|s esire after
geneti c matkef.i Tamsgataan bb eﬁ@« atd tha rhspﬂna rbmpahnsat gemeictopid dryhermotopiced
cells may be expanded and/ sel ected based on the mcorgl?eratl on and

expr essi ofitof 'Y HAMPHRE dnie %d?ﬁ?f?ceco‘ﬁ%ﬁ‘wnt Simtutam opdntfaselenicnt o

the hepat j,c. 60L&k TRse®' IiRfAsHIEhRRAECERIn MREY BE APRInfinishrhiiéh rdﬁ% oft drRR%P! ant
into the h patic conpartnment, portal” vein infusion or intrasplenic

i njecti onb@mudedhqmuuswdgemmg dpépmited ivig ectinwasphanyc bejectiom adve rintst thet | on
route of ﬁho L.ce e hepatic progenitors transplanted via an
i nt raspl effR¢ if ﬁ?rBB? m)ve into the hepatic conpartnent. [0077]

Addi ti onafoorefli calddmiaee dmEgisalMiYok86ieSt mah bfdgst efd | thacyffithcyhamathigatic
engraftnment of the transplanted hepatic progenitors. Animal nodels have

denonst r agrgiaftmendtofithe sanmlmtednbmﬂe@mwltorad fimmst medelshase demenseigiadesi s
factors, &{3 1% é)a%ﬁll g]r ?mga%é\ﬁgn%stﬁtxgﬁ df an\geegaﬁ&gsr ?‘i JPE ”5?@'8&&“ %{L hI ty of

the transpla epat ocyte er nat roachi’s pl ant the
geneti cal fagtomdidel ad thy @@gnifinens dnd allbmqt @pfi the tsartsglan{eGOHéi)]ato'Epteslat an there

have been probl ens associated with hepatic cell therapy _.approaches

i ncl udi ng2lkEPAterrPPETAck e (e dapsplant ﬁ%.grweﬁlyalﬂbbmdgfeﬁsir @@éﬁ%ﬂ}@rw A ECORISO| i

formati ong; ﬁand i mmunol ogi cal rejection, etc.) The problens with current

hepati c ce t her apy approaches may be due to the fact that the donor

cel |l s bei [(®78ked Tar elateprthaﬁenlhavanbéeyl pobbletms| awseciatdl Wsthahepaar ecedthdretapy ved

after isolatiOtl“u1 and réalnjectlon r?_l s .
approaches including” sourcing of the cells, inability to cryopreserve cells, emboli
formation, and immunological rejection, etc.) The problems with current hepatic cell
therapy approaches may be due to the fact that the donor cells being used are
predominantly adult liver cells and are short-lived after isolation and reinjection. In
addition, the use of adult cells results in strong immunological rejection. The progenitors
cells of the instant invention offer greater efficacy because of their limited capacity to
elicit immunological rejection phenomena, their ability to be cryopreserved and therefore
offering opportunities to tissue type them (and thereby match the donor cells to the
recipient) and to offer an "off-the shelf" product, and because of their extensive
regenerative potential.
[0079] With respect to gene therapy, the ongoing efforts make use of “targeted

"

injectable vectors,” the most popular route for clinical therapies under development.
These approaches have had limited efficacy due both to immunological problems and
transient expression of the vectors. The only routes for gene therapy that have proven

merit-worthy have been ex vivo gene therapy and have been done almost exclusively in

- 18-



addition, the use of adult cells results in strong i munol ogi cal rejection.
The progenitors cells of the instant invention offer greater efficacy
because oWotobeissss i mited capacity to elicit inmmunol ogi calPCT4jSes0186n
phenonena, their ability to be cryopreserved and therefore offering
opportunities tq tiss e éﬁﬁ @1 ﬂéR r eby nah%nlthq dopor ellﬁ to the
reci pi ent JHORPIGHS ch?geél,l OLK ot Pﬁe & At £¥ VP S§ R herapy VL RIS 0(57 thei r

ext ensi Ve%or rlﬁ,letﬂeih%uaw& PRt sbmkhow A8rEBled Wbt thodeeSidgEiitdre) @ﬂnﬁrdvhaﬁ&t@y, t he
ongoing efforts make use of "targeted injectable vectors,"” e nost

popul ar reffecsive.otinge] thajveators ¢rar bepinsrodusedes~ ey eltomyefied progeaier eghlsi Bches
have had || t i nsi ent
expr st ofoai efbelh sUFBEL it RiBlcd i I PhO S ERlepE BPUETRo o LR
proven rraéltlﬁemmdrwuhmnhaepotemau Menrgmnenatlheaﬁpyncamdohaf/anﬂnemlogom

al nost exclusively in -18 WO 03/078588 PCT/ USQ3/ 07852 henDPO|et|c

progeni t ofeagtimss of \gpilgy ety de tipe &gpedi 99 Jhrstarpemaishedy onthsr SeraRiERtsr s
cells (o Iy t itors)
W1 " pr oy mHEfIBHIERA R St ARLP R RO I I R S e AT BPLOTIER.

i nto purifndwlipiyaglni tor cells; the nodified cells selected and
reintroduced in vivo. The advantages of the progenitor cells are their
enor nous ﬁ@gﬁ?ﬁlgp otential, their mnimal, if any, induction of

i munol og °F&88ions or ability to be tissue typed and therefore

mat ched to the recipient's i mmnol ogical phenotype, and their ab|I|ty o]
di fferent {9988] t o Tmeowaééorbavrﬁarhélsa%ttycpltnéstweaw Binirafrlyhe@ém stemy gellsopiger

Uses 1 008ln i 36E3c  Phe) B GREC N A ih (B2 pRBEATRLr VAERRE & 51 o

cells are ny an iverse ey inclu resear unman ce
product i omtdfiralsadioneslagical stotliey; 4)alrsg d&)eld;mxam o$)cpgotem| msmufahtem;ng eh)sm(gr ug

devel opnent ; rote nuf acturi.n usin S hosts for

or oauct T offesF I & FeBtidon piraHE et e Bt BRIF Sy Taqipise,0) JapT A ErapEs;  7)
liver geng figr g&leestherﬁﬂﬂgs 8indi PAiddriifiGhRlivelsV @k EQAtbeC dBed 8nUaREarki)
research, ~ toxi col ogical and antim crobial studies, protein manufacturing,

or clini cmxliqpl@caé ahd\ﬁeltlmuag@alsstusigpsx emem:omnuﬂmtumg oheliaiselly tag 2ofiverhe

primtive_ an proxi pa f erenti at

hepat ocyt ESht ERpy et b€ BB RER: ohalifys S rBEER hehTis BrS selslt ve
used bot hdﬂ‘fﬁfenhh@téanhtd:h@fatd@wearaMd baieg celenendedn omas fpfré@.@ntrﬁh%rﬂﬁ‘)ﬂ\/dah Qerent
in which they are placed. [0081] The availability of human hepatic

progeni t opseddiotis fqr depaticarbligrt tagrsdepending ypon they aH¢recmyicmnent & which Hayy e
research on qugn cells, will facilitate the devel opnent of

[0081] The availability of human hepatic progenitor cells (all four categories) will
enable much more extensive research on human cells, will facilitate the development of
successful forms of liver cell and gene therapy, and should enable the development of
human bioartificial livers for use both in research and as clinical assist devices. At
present, the limited supply of healthy human tissues precludes clinical programs in liver
cell therapy or in human bioartificial livers. The progenitor cell populations should have
sufficient expansion potential to overcome, or at least greatly alleviate, that limited
supply. Moreover, these cells and their immediate descendents show preferential survival
to ischemia, both cold and warm, relative to that observed with mature liver cells,
meaning that livers that cannot be used for liver transplantation or for producing healthy
mature liver cells are sources of the progenitor cells.

[0082] The invention is illustrated by the following non-limiting examples.
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successful forms of liver cell and gene therapy, and should enable the
devel opnent of human bioartificial livers for use both in research and as
clinical welaBerssdevi ces. At present, the limted supply ®@cCTheasnbtsy2 human
ti ssues precludes clinical progranms in |liver cell therapy or in human
bioartifiﬁbégg?héfgs. The progenitor cell popul ations shoul d have

sufficien n potential to overcone, or at least greatly alleviate,
that |im Peeparatipwp by HePhticCuR Susjdmeivn Krohi BetanTiskiei r i mredi at e descendent s
show preferential survival to ischema, both cold and warm relative to

that obseromd] W tihvéredsdine wak \bBfaire@l frém fetiBabongednnB8-22 iveRkS gédidiongmirot be
used for liver transplantation or for producing healthy mature liver cells

are sour c@Btaged bielgstive nminstiopepf rregnapopTheryamplanafdiviebssug were shippesk ed by
the fol | owi Ng. nEN-dbF t i | €Sp..: / P S03/ 07852 EXAMPLE 1
eto Om&glﬁﬂﬁ@plgl%%ﬁwﬁu?)éﬁ%n?eﬁ wi 0 fé)té@%%?ne_lsgynp

Preparati on o uspensi on Fr'om I'ssue [0083] Liver

ti ssue wago0sal ai ressut voloniectangabirb@t veel? th- A2 r weeditirgastwishanatll agffer
obtained by elective term natiaons of pregnancy, The sanples of |iver_ tissue
were ship I soeplamegted iWithrbRying sargms GIBHF’@Héﬁ@édFY\%W?F od ¥t A12ewitne
serum [0084] Tissue . g fr 2 A er:a p ared: wash
in cell bg‘? ?%’r @EPMeY%&%HgfeJﬁe%ntggowpt ’bgﬁ/‘?né%snggrcﬁﬁggl tr)l?}g‘l nA&gESA(\ l?{iogti on
V, 0.1% BRguimyittgen Capbsitioivb Oarlstsel, eCaldoniac ildvar36&upMyvas anbidivided as

tim bi al i1X, AAS (G b RU it Co ti | sbad, .
oal 1 For it Bectsga o Pagnbes RES it byt asRof L 20kl o feu ikt 208hing o 3
ML or | essykqy @igeshicOd dboRfribbnubla®alsl e st E6uis ORtoAIbRNAL 6 f¥Rer hY)

col I agenase and deoxyri bonucl ease (Sigma,” St Louis, M.,; both at 6 ng per
nL). | nclnsabition was condudtest ed 331C 3vith fieavent ragijatéon fergil? at 2Bnminytes1mnd 20
m nutes and ..resul.t in. a _honogen spensi of cell agagregates.. The
cuspeonsi ol MU BT Redhs SARRATORBLE: GHRGRRS sty on R S v

for five mroudhes4defuQe 8ickeahid PRMSitaR00 RPM fod dve inmiffutes B&fofOlebtispentid inHanks
buf fered salt sol ution, su%%%Fnented with EGTA (0.2 mM Si n&%s Hepes (20
mV] Boehr FHgBm-feshsplatiay of BEmks duffged spkayoluipiasepplomenivgd g TAA8-% er ned

HBSS nod. J i i i . I

honopor et M amal HepEl 0T, B3It RERRAL BOETGH AN REPIIRER (017
enzymat i c8idnya)dnd esined HBSSpmndi on is shown in Table 1 with the

AFP- expr essj cells being 6-9% of the original cell suspension (Fiqgure

12) a)r(18 Wquiﬁgg coTﬁ&a?%}fr@% dlhy digesty S&ﬁPea;“ {Brﬁoﬁl%%?ﬁ @@593@6%@% i) ﬁg Wit h

a_signi fis%a@uﬁemsa!&m%'ganc BFinﬁ@mHQ}eﬁiﬂn%t&ﬁi){ éigés)%@@stB&]sRﬁﬁg_@m@gﬁls of

CD45 and gl'ycophorin A eXpressing cells”in Table™1). If the original cel

suspensi ofabke 1 with the AFP-expressing cells being 6-9% of the original cell suspension (Figure
12) and with a comparable percentage of albumin-expressing cells along with a
significant contamination of hemopoietic cells (see the percentages of CD45 and
glycophorin A expressing cells in Table 1). If the original cell suspension is
cryopreserved, some cells, such as the erythroid cells, are lost enriching the albumin and
AFP-expressing cells to 15-20% (Table 1). However, the most striking enrichment
occurs with the partial enzymatic digestion with collagenase to yield aggregates of
parenchymal cells that are then separated from the non-parenchymal (floating) cells by
repeated low speed centrifugation as described below and yields a cell suspension that is
more than 80% albumin and AFP-expressing cells (Table 1).
[0086] Hematopoietic cells (mostly erythrocytes and erythroblasts) and floating non-
parenchymal cells were then separated from the parenchymal cell fraction by repeated
slow speed centrifugation at 30 g (300 RPM) for five minutes in HBSS mod. The pellet

was resuspended and re-centrifuged in 40 mls of HBSS mod until the color showed
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cryopreserved, sone cells, such as the erythroid cells, are | ost enriching
the al bum n and AFP-expressing cells to 15-20% (Table 1). However, the
nost st riworg/oessss chnent occurs with the partial enzymat iPCTAiSg®85DN W t h
col | agenase to yield aggregates of parenchymal cells that are then

centr i f ugBlT A 58 aBeERRCE batnwanh STbi Dl # BhopbfBSohF R s e

nore t hanrea&%cﬁfd@ur@rmvar@cl%EBf%&mhﬁ%&na@ afi€Irtsusiehsiohe 14) 15][ m% was
Hemat opoi etic cells (nostly 'Hl)e/\t hrocytes and erythrobl asts) an oati ng

non- par emehvlmﬂ baela §que¢léom af %W%ﬂcedlge%?ﬁ tl%efrf;ﬁar@cﬂ@am¢ sebition

fraction ate ce f.or five
m nut es |tlro?¥l %@% 1(5“”“5 muéﬁlggst%(hm rerrsletjég%engaa %Rer’ gelcgl tr::\)}%hﬁr%érl n 40
m s of HBS$fy0d until the col or shomed 20 WO 03/078588 PCT/ U803/07852

m nimal contamnation with red blood cells. Normally, as reported by
others, tIW087] r ediieriesnltingcelbsuspepsion yeaseyagied cenee Hengatmlorligwets, each

resuspens& 'f'an[u?'lé' abgiét] 2x]§a es ’C Ole?’galsaé Héfh%'nﬁ} ﬁ xﬂLbcyf O]ﬁ"l(i-g)&ggﬁcbt"&gem]am

enzymati c 1on 1 n agenase Sol ution st evin

t hr ough aPl’ﬁ@mmlameatawsh B if SOumD Bilcérheutes| drel $punaatc 3000 RIF’M rfee 20
buffer. [0087] The resulting cell suspension was washed tw ce then 5 nL

al i quot s, MEWEG- Ce%framﬁhﬁglt@%ﬁtanéwdﬁ WEES resushrBfied seRyicdyinoppgngmagiags
Fi col | g{t’vﬁgoogﬁggﬁé?%m ABab gt %'fs La%ym&ﬂﬁéd'\onﬁ PgJa Faiue%rtubes

and spun r' 20 m nut'es. fromthe intertdce and pell et
were res uspmadmbn%qdanmlhﬂyyasserssmbratwmga reniacytoihBReM Cedluyppbibtyewaebutiaclg an

al i quot of. eac st ai ne W|thtr an bl.ue for n rati.gn and viability
s esarrentieliy el i AREpHio el vk SEraNRie) ebOd 6t CHERYmET nisE t han
95 perceng are&h?m'ap&lﬁ%ﬂgnzﬁ@d‘iﬁe' HeH@RbieAB cHMiRehts MavRRrd &MnRstensionttha

par enchymal | s elimnated the henopoietic constitutents | eaving a cell

suspensi owag ﬁiaIYOXIW@mSQ?’@AFRWEte?SI&) %thﬁFhexm@@tsn aighe éiHPSGXPWSémgH]eHr ity

SRR D e L et e M SR i L s N
03/ 078588@?&5&{&&@3{&}2&5@36’1@11% 1. Flow Cytonetric Anal yses on Fr eshl y

isolated Fetal Liver Cells % Positive in Original % Positive in Enriched
Mar ker Locat i onCel | Suspensi on, OCS
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Surface
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n.d.
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Cytoplasmic

n.d.

OCS= original cell suspension; C-OCS= original cell suspension was cryopreserved in a
proprietary buffer. The cells were later thawed and then analyzed for expression of the markers.
A number of cells, especially the erythroid cells (enucleated subpopulation) do not survive
cryopreservation. Parenchymal preparation= after elimination of erythroid cells and other
floating, nonparenchymal cells by repeated centrifugation at low speed spins; n.d.= not done

EXAMPLE 2

Preparation of Hepatic Cell Suspension From Adult Tissue

[0088]

A human liver was obtained from an authorized organ procurement

organization. The donor was a 13 year old female who had suffered brain death. The liver

was digested using a whole-organ perfusion technique. The single-cell suspension was

then fractionated to obtain viable cells using a 2-step Optiprep gradient (9-12.5%) on a

Cobe 2991 cell washer. Live cells were then separated from residual dead cells by mixing

equal volumes of the 9% (band 1) and 12.5% (band 2) fractionated cells individually with

25% Optiprep for further fractionation on the Cobe 2991. Based on flow cytometric

analysis of forward and side scatter parameters, the cellular composition of bandl and

band 2 appeared similar. The cells were cryopreserved.
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WO 03/ 078588 PCT/ US03 /07852 EXAMPLE 3 Col ony Formati on From Adult Human
Liver Cells [0089] To assess the presence of |liver stemcells by col ony

f or mat i omyvooelorssss rom Exanple 2 were thawed and pl at ed ateca/usessissy of

12, 500 Iive cells/well on a 6 well plate, in triplicate, onto a STO5

f eeder ﬁ% 'E[Bﬁoiwssue cul ture nedi um used was DVEM F12 cont ai ni ng
pen|C|II| M cin (50 Wm/50ug/m), bovine serum al bumn (0, 2% w v),

transfe”CBloﬁlSlQ%gﬁﬁhanfrbﬁﬁAﬁahmrﬂ@ﬁ Usvet CehisuEq/ L) ni cotinonide (4.4mV),
selenium (3 x 10(-8) , copper (1 x 10(-6) M, 2-nercaptoethanol (5 x

10(-5) M G@o%@}gl U%%ﬁ&s(tﬂ%esené&@ﬂ'lw& §t8M0édMis) by ByIgh P GeimtdiieaNeel(s1@6m7) M,
with (+tEG) or w thout ) the addition of epidernmal growth factor.

[0090] CeFkamplelevere rhaweédmfi oratgl aia!y@nmm ek, Shldvecesi lohwedloncnt med dlate,
visual | 2ol Bhiicdd filo TYF008 RABY 150 £ ROLESNEE S ORSRLUEE LR L s ©f

unfractiona C o1mn EC S

dyi ng cel ¢éntaifiing :pemellpﬁ/bleépt@rﬁym lOﬁﬂU/rﬂlVS(qugﬁnl)ClﬁNmepS’eﬁﬂﬂlhﬂiuhﬁﬂ (®R%O%/VY,0
centrifugation on Optiprep g@adl ent., However, colonies were observed from

both the WBaterin éHanﬁaﬁdfrze i acids GetipEghs nigtingmide @otroM)esslapie (BBser ved

inth 3
IEGF erredl uré)%gggﬁféﬂ% 8ggr8c}gﬁo%?]%gaa?ergmégl(érve ng)ﬁ L'Eig%r“\q}f g}?ﬁgm band
2 (11 fronmuiEGSugmﬁd,lhyﬂrocbnfmm(}(EGF MjamlthWEGH)@rwmoat(EGFaammldmomf

col ony forgn c%l culated for this experinent was 0.03% EXAMPLE 4
Co- Expr es®} e@’wfewm C9¢D133, And Ep-CAM In A Subpopul ation Of Adult

Human Li veypofe! | %eﬁl@%’&i cﬁﬁhﬂeé f¥e5 Qlay§cﬂx‘?,ﬁe%(f E(S]HMGQB&EntJ:d H@K/ﬁuﬁ%&%&" ally
as descri ed In Exanple 2. The presence of cells expressing the cel |

sur face ahghtgeierosoopyl. Ntk oelpries Gemrobservedtingamy, wellst gf mﬁ‘rao:eomms pékt dbis

TP T e camay %8 dhie §i ity RHEES of fedf ol e RO, &7 Kok Sunc? 28GRSR 8Y thsna

ant i body. ce‘tpcgd XiatToh @rivr 1d cepttiE@Rktionfont DPtiFRp! radveite HWBeRQDidnidkewtre 9
14A) . The ositive cells were depl eted b magneti c cell sorti ng u5| ng

ant i - CD450bgsrise |f6wab0tham b%@d&a%wnéépféﬂls ﬁrafa@trﬁavgn%tqt@ WA@@SMW eBsaws and
th t t t B t
mgneti o BB At REe R crh bR PR rmeebbr SRE Ty, 4Rl B

M|t enyi Bledlmm, arldD45topd 8blohiee weed bisepedlin th! 3 achefrdepbaati @d(11 Byom pEGm ng",

fluorescence activated cell sortin or other nodes of negative
i mrunosel BEHUBh. 2 Arerar -BEp| Befew): thhe preal; 8?%9%5&59@8@3/ tfoyingefells

remai ni Ngcd18,14P& for this experiment was 0.03%.

EXAMPLE 4

Co-Expression Of Albumin, CD133, And Ep-CAM In A Subpopulation Of Adult
Human Liver Cells

[0091] Cells were isolated from donor livers essentially as described in Example 2.
The presence of cells expressing the CD45 cell surface antigen, or Leukocyte Common
Antigen, a tyrosine phosphatase expressed widely on white blood cells (leukocytes) was
assessed by fluorescence activated cell sorting (FACS) using an anti-CD45 monoclonal
antibody. Approximately 17 percent of the cells were CD45-positive (Fig. 14A). The
CD45-positive cells were depleted by magnetic cell sorting using anti-CD45 monoclonal
antibody and super-paramagnetic MACS MicroBeads and the autoMACS, an automated
bench-top magnetic cell sorter. Both the magnetic-bead labeled antibody and the
instrument were supplied by Miltenyi Biotec. CD45-positive cells could also be depleted
by “panning”, fluorescence activated cell sorting, or other modes of negative

immunoselection. After depletion, the fraction of CD45-positive cells remaining in the
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-23 WD 03/078588 PCT/ US03/07852 |iver cell preparation was reduced to
approximately 1 percent (Fig. 14B). Depletion of CD45-positive cells
facilitatwe iBlessBurt her anal ysis of antigens on hepat ocyt esTarsd3/spat i ¢
progenitor and stemcells. It also should facilitate the isolation of

Coa5- posi T = Rarmra@noyid Faeilo oy il Rty Do mffgR o ©

expr essi ogDas-posities caayr faoiedidsLie mm@ehxhaysmmeaxfﬁgwﬁorvméﬂmocgws ah@hepdiidehyde,
perneabi |l i zed by treatment with 0.2% Triton X-100 detergent, and stained

by sequeanﬁ‘Fm'iOﬁéG‘E)é&ePb“rﬁuﬁn ¥t Blsa sheuld aqilifete the ietation of eamhesdv@pulﬁaomﬁﬁfa

al bum n, AR % FI nity-purified goat antibodi es agai nst nouse i nmunogl obulin
ad (I gGl) abel'ed with the fluorescent dye A647. Background staining and
aut of | uor esceng.e Adbuiive cells was determ ned by using a purified nouse

nyel oma protein (also an IgGl), wth no cific binding activity to human
anti gens, [qoﬁz]pl a@éteéfdecﬂll‘?éloénf’% (H?‘b%l’i‘?sﬁ“f?oﬁ‘%igl h&RmPlgnpf B%QIVCMSF%M%t ely

97.5 percg 9& tehe gngrés%I & iR Nsp@si talmg(ﬁ @elid SBere TRRed 9KinNY for

positive st ining (r out i ne) was determ ned npari son to the nouse
nyel ona ppnafennalddmdleoper(rmﬂabxlahrbM)trea[rﬁ@ﬁa]ntW@a%rﬁrtemtX OO0 FaEeseof, 4ndr war d

A e R e
cel lular gbagiRfAd 'aﬂ’lrﬁ@clﬂlrlﬂéhagoa‘itahHde;'ésaigaﬁerBioﬂ%‘é I¥muf @IRREH Ve dIgG.)As
shown in Fig. 15B, thé al bum n-positive cellular population from ad

human | i viabeledmpthi tbeéluaresmi]t dye AP4¢| Baskgoafundetdiningand apieflapiegesnge pf gw
forvard (e A ShRaNAN » bt o8 HaliSm Hodia@B U 1HBPRah oy, s

vel | as adart)onal Bisen |gen|

that t hesgpegigicl &n&@geacnwnpebthmncmgbﬁd, aftpludet Bf €t britBalbanwd Irndmem@mcyt es
(average si ze approxi mately 18-22 m croneter dianeter). The Iaagest
hepat ocyt &gibo &p‘gmswm%v 75 pgrcent ef Breels wareaatpyainypasitbis (Fig daf)-akhs) ¢

hurman || ngitm%pﬂ%? Sty s?aﬁr%n%‘{fkﬁeéutﬁ r\!?a?se t@rgmh&i BWcoH{ %H?drﬁgi E{ét mofe0Pabl y

because of gfreater suscepti Ity to deat uring’the perl 0 et ween
har vest i nglyelbrrtatmote'rrgmmmhdopmd\msj on, and/ or great er susceptibility to

darmage during the isolatio 0 ver, so shows . that,
"n addi ti B9%%h ¢ ﬁ\éear%alteme@t B%Bﬁraﬁ(fse BW&E‘? Scﬁ‘é?{ya e%“?f‘s“g‘i‘fasfca%‘ife%af‘z‘@d by
| lower fopuard @lﬁgac%ér% %ﬁiér%opﬁiaﬁ@nsexﬂ{eeﬁw@“)'dﬁﬂ Ride TRGuECWe primarily

(approximately 2.5 percent) album n-negative cells in the preparation
al nost exﬁinutsmnseifyceﬁhkawsueraydIlmvaCF:kbmlwaa:thcandl canplexityc agspectiveRi. d\s sto@n.

These mayinbkelg.d FS%’ the allbufmr(l) {)os\{t?vcy ce?erFar pOplﬁl tlgn Frgr%had%?t lu?r;[a% hsvter gompnses a
majority class of cells with relatively high forward (FSC) and side scatter (SSC). Analysis
of size and morphology, as well as additional biochemical and antigenic markers(not
shown), shows that these cells have properties consistent with mature, small hepatocytes
(average size approximately 18-22 micrometer diameter). The largest hepatocytes
(approximately > 30 micrometer diameter) from normal adult human liver apparently are
under-represented in our preparations, probably because of greater susceptibility to death
during the period between harvesting of the organ and perfusion, and/or greater
susceptibility to damage during the isolation procedure. However, Fig. 15B also shows
that, in addition to the mature, small hepatocytes, many cells characterized by lower
forward and side scatter also express albumin. The few (approximately 2.5 percent)
albumin-negative cells in the preparation almost exclusively show very low forward and
side scatter (Fig. 15C). These may be dead cells, or very small cells such as late stage

precursors of red blood cells.
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precursors of red blood cells. -24 WD 03/078588 PCT/ US03/ 07852 b. CD133

[ 0094] The antigen CD133 (ACl133) is a cell surface glycoprotein of 120

ki | odal t owe 03tohes88 has five transmenbrane domai ns. The protPeTrusoyomssmi | ar or
ort hol ogous to the nouse protein promnin. The human CD133 antigen
originally was, i jfied on a subset of early progenitors, including stem
cells, in the 1%32{#@ of bl ood-form ng (hematopoietic) <cells. Certain

ot her i Mmuoyse cahkanB¥d €DI3TOABE33) i8aldelisEFaseMotqRbted &PiZoNeg!lddamdrisn

human enbryos (week 5), endothelial cell precursors, and neuronal

pr ogeni t othgt legs fevedransmembeane deprainss il bé peteiTiz gaular sbomaogmsro thepvpessd on
certain h n t I re ive | .l 1 s C

retinobl a@l{tgger%é) %ﬁl&%{' flire}%c%#%n% ggr:i ?:‘% naoﬁgefﬁﬁléﬁeg%o%%. ldﬁfﬁgﬁkdﬁ%tae?ur? S?tSOff ound
concent r a¢Ll Progérioed)tindhdilg isknPtéBen fRNiMeape op blfodSbanisg (HeMa@doietic)
mcrovilli. Wien found on epithelia] cells, it localizes preferentially to
the api cafellspGertaiprothergmmpaiuns£els |expreps ChH8Anmsheing devstapingprithelupg in

studi es, i i Vay | j i i . strate
o133 pr ol I EPERbERS et s), AR R TR, na AR Bn b b BB BPTRREL
presence dfllsdBxmetsad ef @P33:alehaibiéerf @pottérbopcatan human tumoys dndrramor-

ti ssues, incluydi adult liver, [0095] W used stainin i.th
fl uor esce‘ljl‘?“-"le_atf@ng&f“ﬁ%ﬁﬁ@] 6?159“_“8 'La?‘_ﬁ a&ﬂdﬁ%ﬁ%lpg}scia’écmoggﬁ%ﬂﬁgaap&?seq}ech for
cell's exppreash N9 thitRl €ok3swraA8d | f8&BrenfalPH fin %%%Tadﬁﬁh%tﬁﬁfé AdelsbonshiiR Mgl | ver

cell preparations. Surprisingly, in light of the prior negative reports, we
obser ved miraovidi. Wher foupd of epheeli@Dadlsdepoesliaes prfeeantioBy kastheswecakibyt nd4B)

h i1 i ni.ng, f 133. Fig. 16Ar. | imately 5
e cent o130 obRPTOE L TG SBiEi5ar d0PURS 1SRG 1T varBHRE [odveni | o
(two year mgh@lohiftedhe¢ntidi), haVd €aiRidemeadtomira® CBUBS thadttinadx ppesdivhaihni afultof

CD133-positive cells, including cells of the size of small mature

hepat ocyt Bunarhepjthgbigiisgies despitg thepregance pf dieqiehle messenegRMNAdPE thepaptein

i ndi vi dua I i a 33-positive popul ation (upper box in
Fig. 16A) Jnirgwggag} t%g‘ﬁegshﬁyiutﬁggfaﬁgﬁ hg?ﬂie cells in the preparation

i denti fi ef0as] matWe a@sddsst@ning widpaflociteat-beleld endnasloaalaitibodieand anghysis
scatter (Fi % 16A) and forward |ight scatter (not shovvn%:. It al so conprises

many cel | 8 Fiat ©0a1eareirfar celfs exarssmsdhediibhi Byieeam puut-brrmicpletsdoutat ur e
hePaL 06! Bany LA S A PEILAST 1 pEAORE L BAOCALB tprar g oo
16B showsolsenieditham majori@Pd8 3hqpOHI4tidepletsl liwricolla fgee ddig.ntR show7p4i tofe
recovered, ol ne ot b153 g, FE el appit ity S perle D155 ol 21AHLOMCS
preparation from the liver of a juvenile (two year-old) individual. The presence of a
substantial population of CD133-positive cells, including cells of the size of small mature
hepatocytes, has been observed in cell preparations from additional individuals, including
adults. The CD133-positive population (upper box in Fig. 16A) comprises roughly half of
the cells in the preparation identified as mature (small) hepatocytes on the basis of side
light scatter (Fig. 16A) and forward light scatter (not shown). It also comprises many cells
that are smaller than and morphologically distinct from mature hepatocytes, as judged by
light scatter..
[0096] Magnetic cell sorting can be used to positively select the liver cells that
express CD133. Figure 16B shows enrichment of CD133-positive cells to approximately
75% of recovered cells after one cycle of magnetic sorting utilizing the autoMACS
instrument (Miltenyi Biotec). The use of higher amounts of antibody-coupled MACS
MicroBeads and adjustment of the sorting conditions [insert language to the effect —

should be straightforward for one ‘skilled in the art’??] should permit the isolation of
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instrument (MItenyi Biotec). The use of higher anounts of antibody-coupl ed
MACS M croBeads and adjustnent of the sorting conditions [insert |anguage
to the efwews/n7ssshoul d be strai ghtforward for one "skill e@Cirusphiersart' ?7?]
should permt the isolation of -25 WD 03/078588 PCT/ US03/ 07852 nore highly

enriched CD133-positi |. at th titat | d

(Al so mot BT AEnG: FeioHid: (BNLBR BB PR FePtieo gt el g ianlabee O ¢
enrich fO{Arsb%otethS&ha%bﬂqba@ofcﬁds thle- imuriowél 8@ bntin YedRed ERbArth foFtie- 168
and forward scatter (not shown), the enriched CDL33-positive cells

conpri se &PI3%positive CElld3 @ub{ﬁ@p@llba(t $ige scatied dhitg fli6Bdandh f@%@rmtﬁdémtet ed

ol ecul o EROAe b Ehed. R8sy 310 comdfy OBl A1 bR R yBRBSRA

is a glycpphefial A thd@bnﬁategldtejdmvla@émp@bbar@momal cium ion-independent
cell-cell adhesion. The protein is expressed in many human epitheli al

ti ssues, and aﬁ}pé@'QAtM be up-regul ated substantially in proI | feratl ng

epi t hel i at o@‘? |s,T§]e V\éeb?t{ggﬂiln&“t y&méloﬁ%&%c?l&?\;ép rmst,%ﬁsfe R Ocyt es GRYVES

reported nmbryoni c uman expr€ess
det ect abl éfOEEp -1GABGR40t KiSn 4: dﬁd Rsey) €4 ,glycaprotdﬁn ireplénatediHn hdarphitio; saciufhi j n

CM Litvinov SV. 999 " I’eSSI n of CAMin normal, regenerat.i.ng,
met apl ast [%; m%?&nﬁgréw?ﬁﬁ cadﬁ eaw@f%rgps BIPIERSEh AR GRAPY 1D iplﬁfhal By

contrast, tlésﬂeﬁozfn@aixp[ﬁgl‘él o by rﬂ%ﬁre?bl‘é%ﬁ Lwstantialy & ptr&ﬁgl%hﬁgtepﬁﬁel%'\éells

expression in  hepatocytes, and reported that "only bile duct epithelial
cel I's st ainelydow tumxmloytllﬁo(EJt He £oearrm<ll geheagheneepbited th&g imrd- wg@memhsyod@t ected

incells jdentified as atic ecur S ns jn i C iver
r egener at MIAARAYCY BIo8§ Pe %Cytfﬁd SEFS %sf?ebo%a}b QFy éé‘&&f @T"g tdﬁn BJ 8l s of
certain | Kyigker WD ssePavani RhiiaOM, Eﬁﬂﬂh@ﬂ@'\pqiﬁ%\@g)nOEﬁﬁ'esschQQBEpBS’AIﬁAﬁS
anal yS| S we consistently detect a m nor popul ation of positive

cel I s i n perchoegeraetiad, metaplasti, ged neanlastip lixprmr v of Pa&bmoaasr_ﬁ_ﬂmréﬂn | es
d adul I 4 t
gnS pgrge}%S' Coimgstt i %Maﬁ)%kfstlh\ﬁﬁ]amp\l}én i&é}g%rﬂgg%rdﬁ%%%%om %’}{@égcel le al go

can be obhgrawrstek narhd véportee! that poiyubist ti@cnSepﬁﬂhEEafl dﬂplﬁm qrositfvely By thar cent
of CD45-positive cells. Fig. 17B shows the Ep- (gosmlve cells from one
such hurrahntlgeoeﬁqaubpﬁ»eamttgﬁn (‘ba55¢et?fé?4:é‘htce]i1§1lqel‘iéf‘? 35 dKePalyF PrAGUISPISol gat ed
as shown S gat ed
regi on fOrBYughglgsn{n‘ra\gT19%21&318?@&)3@% at ﬁoe%g?]lzr)?’ agE‘i‘?ﬁ‘ﬁQgﬁg%Eﬁarm‘iﬂl}ﬁn‘?ng‘gﬁ gen,
Fig. 17A cdlsud cenpgn tixemmimetsy partisularly ShdlangioQueidompes.cent  of the cells are

tE E;accg/fst pgpng VeiB P% gnall?sl?se lweagoa}lls stensly ((g?e;[c? anr%;[no§ P})% atlon r;r)?r]:_sp &%\X,‘S that
positive cells in unfractionated human liver cell preparations from both juveniles and
adults. The Ep-CAM-positive population comprises approximately 0.4 to 2.5 percent of
the cells. As shown in Figure 17 Ep-CAM-positive cells also can be observed in liver cell
populations after depletion of > 95 percent of CD45-positive cells. Fig. 17B shows the
Ep-CAM-positive cells from one such human liver preparation (0.57 percent in the region
of the plot gated as shown by the red outline, as compared to 0.15 percent in the same
gated region for a control antibody that does not stain any known human antigen,
Fig. 17A; thus approximately 0.57 — 0.15 = 0.42 percent of the cells are Ep-CAM-
positive). Double label analysis (data not shown) demonstrates that the vast majority of
the Ep-CAM-positive cells in the CD45-depleted population are, as expected, CD45-

negative. However, it appears that some(roughly 1 percent) of the CD45-positive cells in

our human liver preparations also express Ep-CAM (data not shown).
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the Ep- CAM positive cells in the CD45-depl eted popul ation are, as expected,
CD45- negative. However, it appears that sone(roughly 1 percent) of the
CD45- posiwpDwa/0zesB8 s in  our human |iver preparations al soPEXArsesy6878Ep- CAM
(data not shown). -26 WD 03/078588 PCT/ US03/ 07852 d. Co-expression of

Ep- CAM CD133, ,and Al bum.n o or liver cells from adult
hunan |iver th%t 'ﬁ%§?‘%¥$&?%@?§ ‘Eﬂ‘.ﬁgégb B 1s were incubated with
nonocl onajopest i boxié esaréted GBLBVEr 2Bk EPmGAM! huadshivdl tREEdpreR GRHBRICIVW th a
different fluorochrone. As shown in Fig. 17C, approxinmately 42 percent of

the cel | sandCPAB3. %@liswveralla¢ub@945~1@w®p@'enadanubowgmCﬂlﬁérandcfm CAM,
prepar at | gy shal pgd ASKERLADLN T Rel S dtAeanahg o rfledife of D

133 st ai Al ng e experinment esult from

actual diigpesamaesy 4D etiestrofl the/eellsclalthlsgfaﬁpﬁmt(IMdémaaﬂ ddl B\lirﬁiiﬁ lidanor s,
as a consequence of age or other _vari abI es. or from uni dent| fied

vari at i onéeli prepatgon ﬁ@mesmefe@@ﬁm fseyD [bd A he sempwhatlopge e%fﬁ‘b@f SR8 t hat
st ai ned S{ 591?%%“% n@&%&éﬁﬂ&%h%ﬁ HH Bigt PeA hf f}roérw%gaéé tk:lﬂ_l d:ffgrenf)ngB)

appr oxi ma percent also stained positively-f
Thus, in b&tbweem peagrt cetlupraparhtions rirgm elpfiferanti domoayp ps axcomsdgakycelof3ageeorcahdér of

the total neg tive co-expressed Ep- and 133. 100], The
Coll | pr opHAOIonOULEH T BT S FRET b EXHAR A feGUO ATRE (o8 1heal t o
that usedydgduidfos @Q@Ltﬂﬁkﬁ sgtmgﬂy fﬂdfﬂﬂﬁ CXM eHWaNwihAWRe i Bd 'ﬂoﬁﬁdar}% ang 15.
As noted above approxi mately 5 percent of the cells in th

CD45- depl EtRM apeﬂomnpm@uﬂé)t pamnwbpméajneqop@almvahelfqr €5ﬂ33allflan1l7i3) alrhaps £ hle few

o DU R, TR e S ] 7 B RS

(appr oxi n@glglcys exPRsSedI®-CAM indCDiIBB. cel |'s found to co- express CD133 and
Ep- CAM showed forward scatter and side |light scatter characteristic of the

al bumi n- p&d0P] ve Thelgel prepaeajion aped o the @ypgrimsnt siopd 19Fig-Hd Wasidertisal ©gi on

f the pl f. Il
o the b Banied BRI SERK pBIFERES R BaS R KR 1R |2 ATRRPUREE. D
|iver cehppmotihatelg ®7expereas dpth€ANlland thDTIN adadeted meles;s)phlatrmm ssadriedm

al bumn. e. Co-Enrichnment O 33 And Ep- CAM ressin |1s [0101] As
shown i n PRSfiIvelr wlpuww%a@emﬁ%@&gﬁf %P%f‘gﬂ%ge SEnelisfe| Pallginy  ng

al | ows thgr BRr{ Sl ARk a@éﬁés&%f tABo&slih Fid 1o/ m{mry hi ¥ roa%ately
% y

prepar at i ons. assessed cell's in the startinhg popul at’ion (al ready
CD45- depl 292.6d)erantd ot eheCERAIB Foemt ite lvecxprse £3D BX3i amd EprAMestewmde&swand of

Fantly) SReTaosd engepissahaer B sl i iy reiye sfoey fuP &ty
outside of the bounded region of the plot of forward scatter versus side scatter that is
contained all of the albumin-negative cells (see Fig. 15C). Thus, the postnatal human liver
cells that co-express Ep-CAM and CD133 also express human serum albumin.

e. Co-Enrichment Of CD133 And Ep-CAM Expressing Cells
[0101] As shown in Fig. 16B, positive immunoselection such as magnetic cell sorting
allows the enrichment of CD133-positive cells from human liver cell preparations. We
assessed cells in the starting population (already CD45-depleted) and the CD133-enriched
preparation for the expression of Ep-CAM. Fig. 17A shows that at least 1.1 percent
(deliberated gated tightly) of the starting population expressed Ep-CAM. After
enrichment of CD133-positive cells, the resulting population (Fig. 5B) contains at least
4.5 percent Ep-CAM-positive cells. This confirms the coexpression of CD133 and Ep-
CAM in a subpopulation of cells from adult human liver, and demonstrates that these

cells can be enriched by positive immunoselection. Analysis of forward and side scatter
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enrichment of CD133-positive cells, the resulting population (Fig. 5B)
contains at least 4.5 percent Ep-CAM positive cells. This confirns the
coexpr esswon3nf8s€133 and Ep- CAMin a subpopul ati on of celCiraisbs/essadul t
human |iver, and denonstrates that these cells can be enriched by positive
i mmunosel gct.i g Anal . f rd an i de scatter 7. \WD.03/ 078588

T USos) G5B IR sKPRIH&f Sie oD he AR T SoRiBis g G, ity e

CO- eXPr eSggaghdwih&ichae CORPdrt&R BS thesdedIR a&b&ﬁ@stbbalbuﬂmFbMtla@O percent of
these cells also nust be al bum n-positive. [0102] The adult human |iver

cel | s destXPBed dheveadels- bwpareskves| sehs rdeseribedr gbayey giocyprepar RbuMiM, tahe

hepat ocyt rot:c'>t9[?1 rﬂari(grg&t tﬂg he 6{){}48 h}lghfg:e):f tlgggtzﬁg’r with e g‘f g@ﬁ' 33 acﬁldE;}s {3 f ore

have t he e Same phe of cer patic emycells

from humamd @eadfork indes tk@ezﬁmlen katle bﬁﬁelphendwp’le@ﬁﬁﬂe of bgtand bld:[iatlb $ren cdlisver
cells described herein are liver cells of size smaller than mature

hepat ﬁcyt em hupagn fetahdiver desprahed dipradn Mgreover thepadyltdugmandivergeltsy Jescribaden
toget her H\%r&xtﬁ atré"ﬁvér i 89s1%ﬁ‘ét?ﬁall%ﬁjiﬂ Mﬁﬁmegét}é%gﬁc@%rﬁ“sﬁa ]&ﬁg otyeaPgol e of

form ng colonies un er con I ons at oper pa Ic stem
cells (i.&8522imicsar dinmtteee Taken topethict Iwnﬁ'lfm: fladidgnhatathhlshumaﬂnhvmomaprsessi on

of al bum n nd 3 .denopstrat.e esenc ch stemcells
I R S A R T TR
be used tébnsS(Ogbatne sérahd-Sed Rdbiuns Wil RO et )éel%pﬂh@%% dxPRestivR of WHuARS,

mar ker s, Mand CD133 in order to obtain highly enfiched popul ations

of hepat i Epﬁ@M: a:@l@l?él%rdmdmatnmns thepegsengerafisueh stgmiceBs neadudidivien ddethedsm a

child or EXAI\/PL nma tures O Pro

ol 15 On SrePblivhcimpayireRon ks, Mot i ore PRl BeiP Bl cefis i e
except i onsigfultahé@uBlyi d'iﬁidskl &eh&fl@aduki@cé irafRers; Hp GAMInd1GD 1881y bR t®6bthidNg
being co-cultured with enbryonic liver stromal feeders; feeders from

neonat al highbr §nn@eé|mppla0@% of hepaticyaemecelly fromthusaanelivere irclyrding digsieessf ul

(Sigal et " | , 1995, Sigal et al, 1995; (Brill S, Zvibel
I, and Re|d veﬁ‘/l]fpogtﬁ Cgrl\%%){)an %ngﬁdl tions for early hepat| c progenitor cells

fromenbryonal and neonatal rat |livers. D gestive D seases and Sci ences
44: 364- 3STEXAMPRE S The embryoni c Iiver stromal feeders can be replaced by

STO cells,. an e on| trorral el | utin f eeders for
ooy oni oPERBIRY dotferes s Heb i batis Shn Cals (i SRRk ards Cof freonly

i sol ated, narnal rode?t hepati c stem ceEI s and di pl OLd adult rat |iver

celI's (KuBHOA! andMogiett ghe m@yogemr%s@lt SRFFCERIHY Afehe PHBUE Repaliniste®  al so
for the ald0lotRe sRrPgeR) I8k belfn?()crg _HRY mhaémﬂrwrﬁ& 1ivek kfombefegd&ept i on

of the primtive hepatic ste t hat woul
feeders from neonatal livers, adult livers, or dlverse adult tissues were not successful

(Sigal et al, 1994; Brill et al , 1995; Sigal et al, 1995; (Brill S, Zvibel I, and Reid LM.
Expansion conditions for early hepatic progenitor cells from embryonal and neonatal rat
livers. Digestive Diseases and Sciences 44:364-371, 1999). The embryonic liver stromal
feeders can be replaced by STO cells, an embryonic stromal cell line, used as routine
feeders for embryonic stem cells and found to support clonogenic expansion of freshly
isolated, normal rodent hepatic stem cells and diploid adult rat liver cells (Kubota and
Reid, 2000),. These conditions were found essential also for the all of the progenitors
from human fetal liver, with the exception of the primitive hepatic stem cell that would
expand with and without the feeders (Moss et al submitted). The STO feeders have also
proven successful for hepatic progenitors from neonatal and adult human livers (Ludlow,
et al, in preparation). The factors supplied by the embryonic stromal feeders and essential

for the progenitors are not known.
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expand with and without the feeders (Miss et al submtted). The STO feeders
have al so proven successful for hepatic progenitors from neonatal and
adul t hurwo oBiowssss (Ludl ow, et al, in preparation). The Pagtusoyoseppl i ed
by the enbryonic stromal feeders and essential for the progenitors are not

known. -2 03/ 88 PCT/ US03/078 104] STO, Feeder rigin from
ATCC wer el%éﬁgandggégl?%eﬁlersgtowaglé’ If(f)osfni W FF% equaré% dgﬁ?'ﬁ S%Eﬁ;elﬁ—éi'é’aﬁ ém
( G bco/ BRu4skg Vid r ONEEMEARPGHJoMBR LGV iushad , Coglordtonni @risbadpptaifemigd with

10% fetal bovine serum FBS £qu|one, Logan, UT) and 1% DVSO %Si ma, St.
Loui s, Mosupplempented wikly &% faiak hejane sasuipr BBS dElysione leagani UEntand|13e B3SOhe

T ; fod . ; ! : . S Louis.
v ol o Stgghl S B8t Ao, MR Shrld BN %6 Brovie AR Cinbert GG netans 00! ©
washed twyeR tédidd € 2 WoRrs We@i mnugﬁhe BRbh§cinel gSigniynsSthilaas, ansl also,

u

resuspended in cryopreservation nedium (50% DVEM F12, 40% FBS, 10% DV5O)
bef ore frB@mahgPlymouthi¥leetinggBad to meu &yelelargstand washest Byicawith gplgire

Feeders r r r S I . : .

ol at e pricgufl JHE 0 rq BTRuNE At sV, A S et R8T it oS8

pr ot ocol sDNEMIH1Re40%IFBY, 16% BMSO ) tebsp dreatiag im¢mel aliquots ef Briehcgls 4nd105]
Cel | s passaged onto STO cells were cultured in g serumfree,, hornopal |y

defined neoredrt (RO Teefesy MeTenReRaA DY sersinach OO Sd Golist B geo culture

Cor porat i : . j TR I t LA 0 i um

al buni n (@?“53?%\33@%'5 ‘E”t‘ Wa%‘?é@? ?%%‘?’H’giu)‘grﬁragf%@’s@g‘){%ﬂua‘s] dgﬁ@rﬁ%ﬁdﬁ i
t r ansf er rinf/16kar¢ iogporared hersml tyrviefemence3x10- 8M), 2 ner capt oet hanol (5x10-5

i f fatt id 7.6 tEq;[16, 17 d ti
o7 Pt il sSShepd ot STO SotbsciSeaSlied ima s oo el 2000
g9/ m, st 18R Wedidin XD NP LShprigRg RPNEN 40T (CIBTAPBRDAnNI dden Corp&aBon,

Preferably, neither cytokines classic hepatic growmh factors (e.g.

epi der mal Carlgbedyt Galifamtidr supplemented puitlo 8y bgyioauserufratbomin gimc,tiom\og Fatty
insulin-lik romh factors, . 1.G-l. d 1GHl re us 0106] Primary
Ul tur o 510 dtep Steduty Stehpnishet i Bh gy Il TrRETHIE e dnime e,
pl at ed on 8 I (pﬁdMg | BixCSHFRG i
hepatic 5{32‘%19 lgae-lc% @%ﬁﬁgoedg%?e(ggr al buﬁ?ﬁ,ﬁﬁ)%%Bﬁé(nd m%§§%§gf %?ﬁggﬂ%

st ai ni ng 18), hydrocirtisondFR07aMd, glikdBinar@ siMdymicotifaingde €46 BN and ThaSe
cells were al so positive for CK8/18. Unli Iég%cel | s cultured on a pl]astic

subst r at uthcasilis 000 ¢g/mb, EiERIPIECIB, IQQné‘ xAnfla PMARQIEHGIR Bs%i?rrf‘%’éﬂhs

sessed oSl CPLRENES ke, OhALOUSIE IR AN, B2 TRk

proxi mal gepal factor, EGF, hepatocyte growth factor, HGF, nor insulin-like growth factors, IGFI
and IGFII) were used.
[0106] Primary cultures of dispersed, enriched parenchymal cells from Example 1
were plated onto a STO feeder layer produced stable aggegates of proximal hepatic stem
cells that express albumin, AFB and CK19. Typical cells staining for albumin, AFP, and
CK19 are shown in Figures 6a-6¢c. These cells were also positive for CK8/18. Unlike
cells cultured on a plastic substratum as described in Example 6, the proximal hepatic
stem cells seeded onto STO feeders retained a consistent morphology and maintained
AFP expression for several weeks. Since these conditions support both proximal hepatic

stem cells and more differentiated cells including diploid adult liver cells ([7]) co-culture

with STO feeders proved unsuitable for selection of truly primitive colony-forming cells.
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stemcells and nore differentiated cells including diploid adult Iiver
cells ([7]) co-culture wth STO feeders proved unsuitable for selection of
truly priwDtBeesseol ony-form ng cells. WO 03/078588 PCT/ US@8TAR8S@7SEXAMPLE 6
Selection of Primtive Hepatic Stem Cells [0107] The enriched parenchynal

cell sus i f Exanple 1 was plated at a density of 2000-5000
ce]l s/cn%?gMﬁsﬁsue culture plastic in a serumfree nedi um suppl enent ed

wi th i pigigectionotPrimfid Hépteistémicyilke (HDM) . For the first 12 hours after
pl ating, the nmedium contained 10% FBS to pronote cell attachnent after

whi ch theoeul t Ues MRicBedBhiRhalyRed &ar MBPéﬁs%- oM RpfN ANGES pReGUAT @d at
three-day intervals. [0108] |myediately after attachment the predom nant
cel | s predasity iof 200062008 omisEm ponrtri hissbe rayarei plastieim celserwmafige goedmmt ed

rogenitor a ates of cell ith I i hy.nal | |
mor ol ooy PSRBT R e b eSS R G isirH hFS ARD MR G ARCRTS: 26 #iS8i e
hepatic sjigmgahé matihh ammRst (6% EFBS R HromoRFR 1R BCachikEd: GftergWheth2ehk -
After several days, .the@(grom mal hepatic stemcells and commtted

progeni t orsdtugasyensel magnipined sarey-frePMedth changes vepirardea] thyge-day intervels. notil e
[t bt h fi I | . i 0 di sh.

Pn ader £ QA0 o Bl AR A AP REPROG AL L BRREP TS chto A 20

present irokimdl hepaticssieri colts aridadoynmistedBrdgenitbgaggxdgatesiof eeltowith ueidssic

nonol ayers, while others forned discrete round cell graqupings. Amngst
these typeenshymakrell mospiolegyy and i imexpsession of Hewmis. Pnoghies GQWBb%Fy in
t he proxi - | QABItiL eAFPLRG ek i 2Ny i A¥
circul ar ,IS@%“S%?P%%%gﬁ%@g%lﬁkgg?e%éﬁg?&t he driﬁlf?iav%@%legg?gluc st )em (t:eerl | s,
whi ch appesemt days.culd prexioahdepatentstgm wielln aie ognaitted ploges®rofcended

proxi mal hepatic mcells and e commtted progenitors. [0109 | ony
For mat | orOHoEd LS ARt MerS P St Quar B b e RN T 2irar O RAF

col oni es gpReARGKNW dibhdrscihfioflthd &ikh fIBWAGABA td ProxithileBa e REBA K10
arise from aggregations of pre-existing cells (Figure ib). However, after

5-7 days, othe typssewerE presehiomycuitorens@me polyay sape farminSoftensivecondneny

scattered throughout..the cu ture.dish. Thes col ani es. we [r

cognt £ BPERLTO AL O e S {0l b et SR el PR el oRmMBRE bl et

| amel i podieisaposithe eaninpler Mbimat whssseted oRBrinake pRRimAURPS:d stemaell§,Fi gur e
2a). The colonies expanded into extensive g{)oupi ngs of tightly aggregated,
rounded cl@F|engnitgdtprOSGNAoEs Ardtinrcifcpiaguhghtdp agarpgatat solgaissr 1€ BpEREance

o L1ese ARG AL, GRLAIRALEn A o 6L B0 gl PErn e

initial apokEgdhepar stém peldxandahe dvepaitied psdgenitesl [ s that constitute the

main par e[rb(igg]n'al C(‘:o?(l)rllysfoirrrr]lat];o%t sz%llowleicl\zll%l;édictable sequence of events. An initial wave of
colonies appeared within the first few days in culture and appeared to arise from
aggregations of pre-existing cells (Figure 1b). However, after 5-7 days, a new wave of
colony formation started from solitary cells scattered throughout the culture dish. These
colonies were first recognizable as groups of 4-8 small, dark, tightly compacted cells with
lamelipodia at the periphery that formed a narrow continuous fringe (Figure 2a). The
colonies expanded into extensive groupings of tightly aggregated, rounded cells 8-10 um
in diameter (Figure 2b-2e). The general appearance of these late-forming colonies is
distinct from colonies that form in the first days of culture, which were composed of
larger cells, and from the initial aggregations of proximal hepatic stem cells that
constitute the main parenchymal cells in fetal liver.

[0110] The primitive hepatic stem cells grew well on tissue culture plastic in the

HDM and achieved diameters of up to 1 cm after several weeks in culture. Numerous
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[0110] The primtive hepatic stemcells grew well on tissue culture plastic
in the HDM and achieved dianeters of up to 1 cmafter several weeks in

cul ture. Wormsnessss - 30 WO 03/ 078588 PCT/ US03/ 07852 col oni e®CEArse3/0mapved

sel ectively and di spersed by trypsinization to yield an aver age cel I

nunber per .cal ony that r 000 c s for. colanie anet er
Lo 15, 0boroISBeoBbe AR RERr ok PB ARprmein R 8 ity  fiEragt &

Typi cal | ypurhb® peHt&bRPHat f:a@gécsf@fn 1009 ab et RFoneR /it BAdibmeRr & [4,000-ened
phenot ype that becane separated fromthe colony to formsolitary, |arge

di anet er 2@PPG&in lpiggcolgnicp sntheametetsiHom. t he cul ture dish (Figure 3a). In
ot her col tligt iclﬁ)ip[cﬁll tthtehguteﬁﬁéf‘t ffﬁ%hgr faﬁ%”&ﬁgmg? c%h%%t ﬁqq J FRhgRlasti ¢

appear anc ogel T cUnt ér eAce of t he

col ony, pglidhefpeithg fﬁel:amasqncated edmmﬁemdmntal foﬁﬁkbﬁtarﬁ Rugerdiaméyr celese
cells also mgrated away fromthe colonies as_isolated, fusiformcells.

Thege di sthet §sacised thsoygheul Hsdciugh dishpidgnrecday iy Othes folimiesn celic ahthet he
predomi n nm&glj Lssﬁ%?(ﬁ h&:ll&tga{e%ﬂr ‘ffbr(;b(?ef Om@\%g@&rﬁﬁ&h&hy 1rﬁ’@zﬁ§ﬁ% %)g%.(@ I%:g)o:sg'@t

ext ended roughout wer e surrounde
over gr ownaxbynd thes cicainifereageepf tiehcalginy, spetiraps gightlp rasocznee mekarchpaalhteltshe

mar gi n o ach the t ceI I cane . inte sed F| ure
5oy %' Exavbtigire i3, T FOR ot mrasttcbeS@sion Psp i toaaeed jtmoagess. o
Cul t ur € [@ﬂés@]dléﬂé%eé%llg?é?hﬁnwﬁfgﬁﬁ Efdh%érht@w’% #d bhén e&ddnie %'ﬁr&ﬁcﬁﬁnhﬂ

Exampl e I'nvestigated wi th 1 nmunocytochem cal staining for markers

reI evant cedl threpat ¢Ldtureoftganmgemlgbﬂs padketl |la>®uma9¢>etsndvértbromgbt@u the dikh.a 80/ 50
VIV) mxtyre of ne et one for A 2

Several stlPRef el e nol 8%t A% a3 nE Bl inh DOGR L ERRSIPeVdhe o

PAP mar keforpied 4 Res eirsin & esbiCtSohnivieRathed Biad cenr fgpedvbecantd BSdISSrsed

I1linois) to allow nultiple anti body conbinations within the sane culture.

Non- speciHigereplehdi ng sites were bl ocked by incubation with a solution of
10% goat serum (G BCOBRL/In Vitrogen, Carlsbad, California) in PBS for 30
mn at ropRAgpparAture. After rinsing twice with PBS, prinmary nonocl onal
anti bodi es were applied to each of the staining regions (nornmally 0.1-0.3
nmL per redntigéniaRdofiles Olf £odehyoW@mning(fells AhtPhasticiCidtioat | on over ni ght at 4C
cells were washed twice with PBS and then incubated with a secondary

ant i body fanpugatld Qliltig&ﬁfc tcharAttexistics88f (the 760 oulthkéxm FBAmple 1B2509s

(Mol ecul ar Probes, Lfl]tene OR). In so i nstances a primary nonocl onal

anti body YeHjealt &t SERREHORTERRC gy SPEm Do cay G e d"prigv NERACt he
means foro&%@eﬁesw. Cell cultures were fixed with a 50/50 (V/V) mixture of methanol and

acetone for 2 min at room temperature. Several staining regions were created on the
surface of each dish with a PAP marker pen (Research Products International Corp, Mt.
Prospect, Illinois) to allow multiple antibody combinations within the same culture. Non-
specific binding sites were blocked by incubation with a solution of 10% goat serum
(GIBCO/BRL/In Vitrogen, Carlsbad, California) in PBS for 30 min at room temperature.
After rinsing twice with PBS, primary monoclonal antibodies were applied to each of the
staining regions (normally 0.1-0.3 mL per region) and incubated overnight. After
incubation overnight at 4°C cells were washed twice with PBS and then incubated with a
secondary antibody conjugated either to Alexa 488 (1:750) or Alexa 594 (1:1250)
(Molecular Probes, Eugene OR). In some instances a primary monoclonal antibody
conjugated to either FITC or PE was available and provided the means for double
labeling by incubation with this antibody after completion of the labeling protocol with an

unconjugated primary antibody.
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| abel ing by incubation with this antibody after conpletion of the | abeling
protocol with an wunconjugated prinmary antibody. -31 WO 03/078588

PCT/ US03/Ww0882748413] The antigenic profile is sumrari zed Pcn/URabbhms2.

Col oni es stai ned positive for a nunber of markers previously linked to

hepatic c i ncl udi ng..al.bum n (.Fi gur 1 ure,.4b epCAM
CEronr e SO Pepiectis AR i fatifein eked; cotas s bR o fu i o a o
c-Kit st ahphthg ofaarieeeprelidusigvRkad tCidpaid el tyged”lﬁlbﬁlhirbg d1Beani (Faghre 4g),a
narrow segnent at the margi n of col oni esa&Fl(gure 5a). Al so, colonies were

posi tive CKdP (Figarpdbat ¢nteA Mt diigers do)niie %@8@‘%@1‘3‘3 butingt, PE @é\ﬂ
| nt t |
Foer <t gt ANSGSHL, B2 LLBTBL CO0G ATe Be0 e

CD146 ( M cAMarfovwgstiginen€ ht thantargenefi dfwﬂn@qﬂgdreGSaD OAlsbhd:cﬁoméQWe]lerposmﬂWBl ein
the vicinity of the colonjes, possibly identif oselg)éhassom at ed

in
mesenchy nr ”%FePl!tatt‘SPp%emﬁSgé‘i’%k‘if QP@MG@H%% I&B“ffr g‘@emt?@?“ éheyesllsitpi ve
hepat i ¢ Sﬁq@@?angﬁﬁ]a? bR BOBESHL 9t EALAB! ik pBsiPORBcdly BERibed
i ndi cating tha primtive hepatic stemcells are a precursor to
pr oxi nal dmip&tehel markan € 145, (NM]MM FigureSo), ané rgmaoced posigve for the patteaioyt e
progenitors._and bhiliary pro |tors , /Q78588. Tabl e 2 - Phenot ypes of
Cul tured YBiIl§ sinpEhe U%gfbﬁfgé h@ﬁ%%eﬁfé‘g IBpTIITYIBE 02 frigsely associated
hepat i CHeﬂ@ée%wneaﬁ Blclli @pe, possibBMufehdctidiR ﬁ%%hﬁ&pqmegiﬂrmwrhem#cog&@ar K,
tightlyTransiently are not survive the s r| ngent under stringentpacked
cells, 7- qe(blaglgmegmat@é aat@lomsts weomee gebyaiior ﬁ&l?slridrpaﬁnamlmtéhe prighiting hepatic

cuboi dal tj ssu cushlon c l.ast

andnor phofft%rﬁfr?& f‘rleea Bf\}l‘r it rBEBPHEH B¢ orﬂﬂgé sl Eelﬁ vagct%aﬁ tu'sn g P8P oi d
subpopul agdpatbct/ledir D\%let&'g@nﬁ@ﬁ(hey pm@eﬂﬁ&ds_cel ls, 7- lopackedand have di stinct
cel | ul ar and in n di anmeter, W thaggregates ofboundaries; polyploid

cells "pincushion"cell ssurvive but do not grow norphol ogy
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Al pha- Not Expressed+++Not expressedNot expressed fetoprotein

Al bum n+++++++++Not Express e-

d CK8/ 18+++++++++++ CK19++++++Not

expressedw0.03074&88 +++ (cells at theNot expressedNot expreP€EFdNO3/0BXPressed
peri phery of the col ony) Ep- CAM++++++ N CAM+++ (cells at theNot

expresse essedNot . ax S eri phery of the colonies) CAMS5. 2+++
(sgme, Q’rﬁ%g?@asaﬁﬁ“ﬁ %I(I?\‘Sl 2e| Ig CD{33++++++Not exprZassedNot
expr eSSeCPl(e%tﬂp@ ddarer | pise mman%pm ¢epatocPes’ €% BA
géfir\elzzeg col oni es (%mg f thi §t‘gﬂca§ssom at ed mesenchymathgel ila or
III IC 1 d.l. | L
expressecﬁ@{p 81 Esseﬁa“gg% ’F 3 Passa 8‘ R&lq?&ﬁﬁgéeﬁfl s [From
Pl astic [SUSET FHPEERE il &ggr & Iﬁ)ﬁ cgg@ésrs were used to
assess t|FONAKIOBE of | IREIFPSIE t”l eI |s after selective
passage [f#SSHE EHRIG astPi“t?%*UB%t rat L %ﬁ‘@b‘?e@m? weeks in culture, colonjes
on pl ast|iPagigsstdr at upmpipbaloEXanpl ¢ Moter e physi¢ally lifted from plastjc
substrat@gdbW - 33 WO 103/ 078588 PCT/|US03/ 07852 aspiration into a 100 uL
pi pette |[uvidgshobigyamull Rarknginiyf i cat|iSuble,densedy 50 | ©iploid @dpugrigion flatten
STO feeders packed cells, 7-10 | packed and have distinct cellular
and in HDM in diameter, with | aggregates of boundaries; polyploid cells
"pincushion” cells survive but do not grow
morphology
Alpha- Not Expressed +++ Not expressed | Not expressed
fetoprotein
Albumin +++ +++ +++ Not
Expressed
CK&8/18 +++ +++ +++ +++
CK19 +++ +4+ Not expressed | +++
c-Kit +++ (cells at the | Not expressed Not expressed | Not expressed
periphery of the
colony)
Ep-CAM +++ +++
N-CAM +++ (cells at the | Not expressed Not expressed | Not expressed
periphery of the
colonies)
CAM-5.2 +++ (some, not | Not expressed
all, of the cells
CD133 +++ +++ Not expressed | Not expressed
(AC133)
CD146 Periphery of | Not expressed Not expressed | Not expressed
colonies
(unknown if this
an associated
mesenchymal cell
or derived from
the primitive
hepatic stem cell)
PE-CAM Not expressed Not expressed Not expressed | Not expressed
EXAMPLE 8

Passage Of Colony Cells From Plastic Substratum To STO Feeder Cells

[0114]

STO feeders were used to assess the fates of the primitive hepatic stem cells

after selective passage from the plastic substratum. After 1-2 weeks in culture, colonies

on plastic substratum from Example 6 were physically lifted from plastic substrata by
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collected in HBSS nod and then digested for up to 20 mn in collagenase
solution with agitation to disperse cells into suspension. [0115] Col ony
form ng ewbiosioessey fol | owi ng passage fromplastic to a ST@cCTrasdsn7sst ayer
was | ow, ranging between 0.5 and 1% for cells passaged at densities of 500

or 50 cells per. cn? tial att nent . of sa.ed ol.0 rmn cells
was irrpro%sB’da‘g‘V' P2 leé’l“erﬁ’bF@ttSfu“ ‘(‘%@ll?{gﬂ‘ fs? '°Ph pF}P%ICﬁ) ?fﬁ’n The
| ow col 0%11%&&311@911?3‘9‘ in%ﬂ%ﬂ?{ thd??adi BAMETR P rtodz@e\nm 0 d@)@lhgenaﬁ@sdlbﬁorﬂﬁﬂﬂ to

subj ect the cells to | engthy %o 20 m nut es) collagenase digestion in

order to @sﬂatlew@cssmgﬂe@euemtoswm ons. [0116] After passage onto STO

| aver ando) bihpe Pk Bl e RET RhRE mabelF (BT il ST PORfF

4-5 days laflerCid 1o rér@%wwéa) 0.5The l’%%ﬂéﬂll@:}ia@@ge@hﬁd@ﬁdle@\bﬂSOOm 50
foll owi ng weeks tog uce tightly aggr@?ate circul ar groupings, often
with a slGeyntper ﬁmckleﬁiah@tt@ﬁhmqné of ppysagadf @lenciormmegeslls \B%?)lmnrﬁv the

I f
ol 15 oocFREGEPF Bk Do) 3 1o RlRETRER T RobDcol, kil Efbfnl O 21
t he STO | myehaveobdeardus lihrpactnei thg nebd toosubghcnele cetlh (mLengllﬁlyg{up €0 B@ min{iteh17]

The i nmuno- cyt ochem cal properties of ,{:gge:%ﬂi es formed on STO cells were
the same $¥laEsHsRdigeX N b aEfeRHIEIGES! VUPRSTACAY cel |'s on plastic

substrat aqJ¢y S Af{&?lgag%% e BA® STééefeécie% emg tﬂ@ﬁnﬁit@é%r@geﬂ@%ell% edand

CD133. As ininitial colonies raised on plastic, markers such as 146 and
NCAM wer eintogie ST@acll jayexprdesappbastd asheghtly@pmplach colonieh @f sulal e ks aftar med
on STO c

Th i.nal tt d
when cor atdavadt TR ATBRER SO0 R BrPohide Sohuerd 1% b P yTRE ReBEBl tar y
col ony. ;E]kbaudes tightO\Agsleeakd Yifcrar mg& Eif@w@lta MREIR tHickehiigeal aee

e

bet ween t original colony fornmed trom passaged cells and the secondary
prol i f er atifcamipgncerdrigene G9). Il somedcaleniesed seconfarn Hrﬁlﬂféfﬁé’é’FWaﬁéWWl‘V‘@ IRCAM

expr essi on Thi s i tern I e S
cyt okerati P\lcprﬁlp I?élgp @Rmfﬁe‘%a‘g"r‘f&g‘a%%@ﬁ’ EB Bg%t tﬁégggréﬂ tﬁ%& a Hﬁ&@:@%\d 3Uts howed
that the &wp HESK® 1eyyRIten sxpoarigctthabrifinghcdlenelFigure 6che same regi on of

mar gi nal cells (Fl gure 9). LﬂllS] Finally, the characteristics of the
erupting GAILY] t yJdeviganunp-qyiacemiqal geoperiisy of cptanifsdormethPh md QG 6ElnYe€ in a

distinct ger ﬂ}%eégefﬁbsecﬁgﬁh?éc? 00 (@ BRI HoBh QMR orC Bl siRAkueThAr ged

into a branching pattern o |near y arrang
i nt ercel | inches pmtc\asst@ﬁlrguﬁoe aBuminh€K 19 heKe8 cald EDhAB Anlminged doldngesan

extensive shee round or i | cell_ colonies the pear ed to Iose
The T noai S GRSt B asHReAr C 46t NICAVE e anis Geats S pissisg of i

stai ni ng S QphahPSThe b8R8 k&ithddNAL STO R RN Al ck PriessisPPite becadfe
even more pronounced when colonies were surrounded by cells that proliferated from the
primary colony. This is shown clearly for NCAM in Figure 9 where the interface
between the original colony formed from passaged cells and the secondary proliferation is
marked by a band of cells with intensely positive NCAM expression. This pattern was
also seen for expression of the pan cytokeratin marker CAM 5.2 and double labeling for
NCAM and CAM 5.2 showed that the two markers were expressed at high levels in the
same region of marginal cells (Figure 9).
[0118] Finally, the characteristics of the erupting cell type was of interest as they
emerged from the colonies in a distinct arrangement consisting of a parallel row of cells
that enlarged into a branching pattern of linearly arranged cells with clear intercellular
spaces (Figure 8). When these cells had enlarged into an extensive sheet around the
original cell colonies they appeared to lose the linear organization apparent at the time of

emergence. However, staining for albumin revealed that the organization into rows of
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WO 03/ 078588 PCT/ US03/ 07852 cells was maintained within the cell nass
(Figure 10a), and co-staining for CD146 showed that this nmarker is also
expr essedwaetoslorsges | evel s within the proliferating cell greap/usp¥osaze 10b).
Per haps of nost si gni ficance in these cells is the appearance of staining

for AFP a the t he cel | 1. T |s resents
the fi rstc i S té)ﬂeé{ X‘Q&W e ﬁéﬂenb%fs gﬁf é 'gf)é%rs upng fo zﬁaﬁ\FP
expr essi oghooaa thie is mﬁﬂ@rﬁsoal&hé%(pr&rs&gﬁnﬁglpfevélhthhnrh fHeG}Jrolﬂ@faﬂﬂgcéngmuBQ
cells. These data indicate that the primtive hepatic stemcells isolated

i n Exanpl @iginedybh detnps of oropk wuﬁeamepathe@e edlsris thee@penrangernf @ﬁaglmgﬁoawpl_lz 9

P I
Neonat sl BERar Rorrbfeik e Pl SR e R R e S ne AT o,

appr oxi meghelet ¥ nvRGHSatins GRS¢rifel erén thQUAFP ve@radbibl can ebedByked Tioethger i od
of warmischem a between cardiac arrest and the harvesting and flushing of
t he donorPreegurriviee iméal\getanysfosmmgsells hhepe dyja irdicat thap BetimitiNg hepagisn was

wei gt apne ek el EERERRITREY Ko bR Brat fonau PomMR EpbaRisL T on

wi th Liberase, and a cell suspension was prepared, essentially as for a
l'iver obEXAMBLEm a human child or adult. Non-viable cells and many red

bl ood cel S0 S P2 s?[n,,XSngexcP b, A7

However, Srettret = age of

vi abl e, ndgonatalDengry ceIIs inthe final preparation. [0120] Portlons of
the recovered cells were depleted further of red blood cells hy

di f f er ent 0419k ent¥ iliveig#ep d’r‘i’ta"éf‘é’sé”ﬁfq alqdopon vhgewas bgEYy 2ftey am&?ﬁmaﬁlw&
cells, angd, %1 @&HSH' ah@ subHVdd bRy WAl edayC TRE thQ&‘%f%OREHé%Q Hefveen
determine t e pr senceo prlmtlvg hepatylc stem cells (i , plating in
serumf remrdlholanmadnkiythddaﬁiweamgrmuﬁ flmshong af thesckmer (ocgamuwses pﬁtws«tn gix and
substratu O her ortlo urther

C rl"t | s wer.e pl at e% 'thoutgﬁ
purl {1 cat TR MoMTrePHereatiser wﬁ%n WBS Famiginghpn |5 JRY ARATOHEBR Y relYhus | s
(i.e., plehd Rlolkbredl ?ﬁ’@éf\ﬁfﬁgqt%ﬁfdi@rqatewefbwg’%iﬂs} Waﬁ{@ﬁ&&ﬂﬁf péPﬁl'sio%)and

Addltl onal portionsS o |'S were seedéd on tissue culture ©plastic coated
W t h Typedigestioh| wigfe b iberases en@ummlle@smi@fqnnwds peegiieth essantadllyi asgfopra ll‘afc,fkl ng

oo oot apRhited PoiEh Bhman il e R e §bls BhisrrRindiy Bl clls' ke

observed fefoRbd H30PFHphtabRE deﬁﬁ"lf@gbtlohnuﬁﬁ%eﬁ RpRGs L HyRewss ay &af @iffietlt ot | ve
and proximal hepatic stemcells, the col ony norphol ogy and rate of 8r owt h

was si ni | detering e agbaleyigldl and pierqeslage of uvinkieedon-eomhmidhasllst ix ge fip
(gener al Igreg‘ggt%med after < 22 weeks of

[0120] Portions of the recovered cells were depleted further of red blood cells by
differential centrifugation, essentially as described for fetal liver cells, and then seeded in
culture under conditions appropriate to determine the presence of primitive hepatic stem
cells (i.e., plating in serum-free, hormonally defined medium on a tissue culture plastic
substratum). Other portions of cells were plated, without further purification, under
conditions to assay for proximal hepatic stem cells (i.e., plating in serum-free defined
medium with STO feeder cells). Additional portions of cells were seeded on tissue culture
plastic coated with Type I collagen, in serum-free, defined medium containing or lacking
supplementary epidermal growth factor (EGF) at.5 ng/ml.

[0121] After appropriate periods of incubation, the growth of hepatic colonies was
observed in all conditions tested. In the respective assays for primitive and proximal
hepatic stem cells, the colony morphology and rate of growth was similar to that observed

for cells cultured from human fetal liver (generally obtained after < 22 weeks of
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-35 WD 03/078588 PCT/ US03/ 07852 gestation) cultured under the sanme
conditions. Representative colonies were tested by i mmunofl uorescence

st ai ni ng worospfsssexpr essi on of human al bum n, and were al IPCpAS03/07862 f or
this marker. [0122] Col oni es of apparent epitheIiaI (presunptively hepatic)
nor phol og ol la gen- coat {es i the sen

ada ¢ - oncgesBRRFE E@forpd oGt R FARUR RS, REERsl P SRiSuPES B B,

t hese cul imthesofludtdscdiR¥ 8taihg Y& tthd egiteivar fdfueianzaburhin, arteivaiel all ;Ec@iln%]

Col oni es of presunptive epltiellal cells also appeared on col | agen-coat ed

pl at es i nfor HEs EB8Ehce of suppl enentary EGF Some of these colonies were

Fresh modtaiel n g6 otiet B APafalBARlRERRLpNE RN SR AAPIORSRRRY, | e

to proli f@f atlﬁgbmcsmedﬂ pldtést inr the ,praraﬂbe @frEGEelAldgnmslseajled)fasssaeéll dsﬁn’edl ns

It appears likely that these represent strain potentially clonal

pr opagabl @OF@BH’(&YC“ ¥ el epidy ‘rbgteﬁ%lﬁglt‘érF%rﬁ”éZ’F‘Y% notrygtibeen Cﬁﬁé?t%%e@r‘l“z ation
of expreggipn of antigens including CD133, Ep-CAM al bumn, AFP, and CK19
wil | deterntne the relative state of differentiation of these put ati ve
hepati c sfod@3kel ICdlomeﬂs of pXesMRIpEvd GpFRhdual Cetle mitor yppesmdt omgpoblagtanode
Cytonetrlc Analy FACSC s 0124 E§§§c ns, asm c_ant.i

(2. g, al bRIAICH, InAE) SR5E0GE b ALPRIFPAN AR B er T BN 35

par af or mlnaﬁlmgypntlﬁg attﬂarﬁia@'pfﬁeﬂglgmdévlfbet hgd %@Béf’éﬁé@mto Eelh matkig iftosi ned
as indicated for 1 munofl uorescence but using antibodies directly |abeled

wi th the well plagast Cf:llsutyommedbre cobméesTape eentBugd b mipliferafe i pusly celfuisseandy was
per f or med

(Face T aittbeihy TR wtsl B Fappt R B Ve b alicho R Borg iy 2

unnodi fi eelomBSE6E pﬂ')begablwnﬁépm cpyédamtserpeﬂeps atléﬁbd:eilsOFuﬁhib&HchSﬂaSteﬁtatﬂfn sorting
40, 000 ceIIs/second with up to 12 paraneters in parallel (6 "colors" in

c](c)rrbl nat i DPIEHSIoR Pf)raﬂfégﬂlss@ﬁt“@@rg SRHB8r Epr@aMscalbrwin, AERd and tGKEh Wiblcur acy
of greatefel H% ﬁ% félfggé StHR ¥ dﬁfér élﬁ]ﬁ?oﬁ' ¥ ﬁ%%oéhtétﬁ%q{e Wstétﬁ%gléghég) 60 mV

of power an um nozz uor esc e sstons at 4
excitation were collected after passage through a 530/30 nm band pass
filter foEXAMMEBLEHFQorescence was neasured by |logarithm c anplification.

he nogat s CHiAmesTy Sorting and BBRCCyiomel ééc PR ol sed for forward
oo e SR o RS AT 0 M Rl BE SR Y s S
gatings fixed and permeabilized with 3% paraformaldehyde prior to staining with the antisera.
Cells were stained as indicated for immunofluorescence but using antibodies directly
labeled with the relevant fluoroprobe (see Tables 3 and 4). The flow cytometry was
performed on a Cytomation “MoFlow” flow cytometer (Fort Collins, Colorado) (FACs
facility directed by Dr. Larry Arnold). The sheath fluid was unmodified HBSS. The
MoFlow cytometer is capable of analysis or of sorting 40,000 cells/second, with up to 12
parameters in parallel (6 “colors” in combination with forward scatter and/or side scatter)
and with an accuracy of greater than 99%. For most sorts a 4W argon laser was used with
60 mW of power and with a 100 um nozzle. Fluorescent emissions at 488 nm excitation
were collected after passage through a 530/30 nm band pass filter for FITC. Fluorescence
was measured by logarithmic amplification. Cells were considered positive when
fluorescence was greater than 95% of the negative control cells. A detector value of E-1
was used for forward scatter (FSC) with a mid-range amplification and, and the detector
was used mid-range for side scatter (SSC) with an amplification of 1. The SSC gatings

were done by means of linear amplification with division of parameters into 256 arbitrary
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were done by neans of linear anplification with division of paraneters into
256 arbitrary -36 WO 03/078588 PCT/ US03/ 07852 wunits. Unstained cells,

cell s st awpad/ovésBh an irrel evant anti body and the sanme fl| roeramo®bms2or wth
the sane antibody but with no fluoroprobe were used as negative controls.
In each sanple, 30,000-50 000 cells were assa Positive cells, those
wth gr eal B Lnyainet 8l 2o Hanes pat ABgRESEnEPoo ¥ G e Supfinrith
further fgfwiharWadteidhibod Bt witiYh Budreprob®iveref IsH@heAERA0E corfeRld. $n bhor e
and after sorting were nmaintained at 4Cin the HDOMto which 10% serum was
added. Tatfneplg 30,000n¥500eells Avere besdyass Pagitive eellse 81050 tWihgrqaierigfditorescence

anti genCo rcial _source [ 1 [ ' ' - ' 51 gd
Koppar Contin i BeaRReinpRy S SRALRR ither ol 304 RAu UBPE) 8 Bfidni G151 0
henopoi et

hﬁoﬁ?éeéée). %%ﬁé’?‘%g@lbag@g&ﬁg g&%}:@ Hﬂﬂﬁz{iﬂedbht(éfoﬂn%é) PHHM € Which

(32591A) 1:anti gen Anti gen present on nonocytes,
1: dendri t 8% séxamewad added. endot oxi n receptors) CD34 (34374X)1gd Kappa/ Stem
cell antigen present on 1:diverse progenitor popul ations CD38IgQG

Kappa/ Ant | resent on B cells, (31015X; 31014X)1:thynocytes and
acItOPvat edlrgg@ép1¥ﬁ’ ?\W‘S‘.ﬂﬁ . 5(()OCAM on duct al )pl at)é CD)1/17
(CD11704) hdfhddies: C- KT T Wt or tor gtrindahlidedl t ag ( MACKO4)[T @hMércial source
CD311 9G { (ah 2pRPEre@ANh tish endot helli¢an )A- 6684) |
Qa/ 1: 12Dpgfikkym nSi gma, $t. Louis, CD661{gG/ 1: 250N- CAM CAM on cert ai nM.
neurons apg4@n ductal P& kappa/( 18- VWHhAGh 1K He anticel 7 nEPHRBHingen
(31254X; 31255X) | L: all hemopoietic cells
CD 235A | 1gGyp, Kappa/ Glycophorin A (red blood cell
(32591A) 1: antigen)
CD14 (APC) 1gGs, Kappa/ Antigen present on monocytes,
1: dendrites, (one of the endotoxin
receptors)
CD34 (34374X) IgG, Kappa/ Stem cell antigen present on
1: diverse progenitor populations
CD38 IgG, Kappa/ Antigen present on B cells,
(31015X; 31014X) | I: thymocytes and activated T
cells
CAMS5.2 1gG2,/1:500 CAM on ductal plate
CD117 (CD11704) | 1gGy/ 1: c-kit: receptor for stem cell | Caltag
(MHCKO04) factor
CD31 IgGy/ 1:250 PE-CAM: CAM on endothelia
ALB (A-6684) 1gG,,/1:120 Albumin Sigma,St. Louis,
CD56 IgGy/ 1:250 N-CAM: CAM on certain | Mo.
neurons and on ductal plate
AFP (18-0003) IgG, Kappa/ 1:250 | AFB Zymed
CK 8/18 1gGy/ 1:1000 Cytokeratins generic for
epithelia
CD146 I1gGy/ 1:250 M-CAM: found on endothelia Chemicon,
CD133 I1gGy/1: ACI133, stem cell marker Mylteni Biotek,
Ep-CAM I1gGy/ 1:750 A CAM on most epithelial | Neomarkers
progenitors
CK-19 IgGa/ 1:300 Cytokeratin-19, keratin specific | NovCastra
for biliary epithelia
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For flow cytometric analysis of cytoplasmic antigens (e.g. albumin, AFP), the

cells were fixed and permeablized with 3% paraformaldehyde prior to staining with the

antisera. Cells were stained as indicated above for immunofluorescence. For analysis

using 2 markers,

a second antibody labeled with a distinct fluoroprobe and not

overlapping in wavelength will be used. The analysis was performed using a Becton

Dickenson FACscan. Cells stained only with the secondary antibody were used as

negative controls. In each sample, 30,000-50,000 cells were assayed. Positive cells, those

with greater fluorescence than the negative controls,

were evaluated

granularity, size, and extent of fluorescence.

EXAMPLE 11

further for

Determination of Albumin and Alpha Fetoprotein Expression in Hepatic Cell
Suspension Obtained From Fetal Tissue

[0126]

In this experiment, the expression of albumin and alpha fetoprotein in

proximal hepatic stem cells and in primitive hepatic stem cells was examined. It was

initially determined that the pellet fraction is enriched for hepatoblasts (proximal hepatic

stem cells) while the interface is enriched for colony forming cells (primitive hepatic stem

cells).
[0127]

Albumin expression is comparable between interface and pellet cells, both in

freshly isolated cells and after 10 days of culture. However, the expression is diminished

in culture. This could be due to lower expression or proliferation of albumin negative,
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EXAMPLE 11 Determ nation of Al bum n and Al pha Fetoprotein Expression in
Hepatic Cell Suspension Obtained From Fetal Tissue [0126] In this

experi menwo osloessexpr essi on of al bumi n and al pha f et opr ot eiP@TIUS03/pT86X | Nl
hepatic stemcells and in primtive hepatic stemcells was exam ned. It was

initially determned that the pellet fraction.is enriched for.hepatoblasts
(pr oxi nal “Or?éij"éf{el“&hy"?ﬂ ég?sce(ﬁl?sgﬁ‘gm‘?sl@ ﬁéu‘[t‘fff’%}"fiéﬁ%es iﬂ?ggﬂéj'ic@ﬁé&’u%gﬁo tﬁ'@il ony
form ng C&Jttleﬁm ((l:p&r.izm.ti ve hepatic stem cells). [0127] Al bum n expression is
conpar able between interface and pellet cells, both in freshly isolated
cel | s and0428ler PFPdisyssronglycenprassed inHheelveshly tshlatasikpatlet &iagtion andiwepldy shed
in culture. This. coul. e due taq.lower expressi Q rolferatd f

al bum n neé‘é’éefs e t-%gén ﬁ3$g§'8§§§ BEFP E%%g? B%gge Pll(g)sﬁpvﬁg{(r);f' eﬁaé %ﬁnlg 'goetl | s.
Cbser vat i Gipsessdtl theol6ny telseSAFBEI 0 s it Balturb UIP e ddittabld i pélled or
pattern (Fig. 20). [0128] AFP is strongly expressed in _the freshly isolated
pel | et f riaterfaps cellrd Godem $ells R sl ek press auimiptbat mge AFRe| This cppldshave

consi ste i ar i - | - i y cells.
A tor 10 D) R BERoEhAle KO fiRich Ige sEERFERCS Arh SRARRC

cell s. ComoalycdRBl | Howevetulthel iy &P egsesaldauini intebfiate ogils shbpestsTthias Ad®uisd have

been due to the conditions, (plastic culture) which | eads o suppressi on of
AFP expr edebrongly gxnressed fnstheggossdls dFie- %ﬁk Al Whep C@%ﬁk’é@ t 81 ‘ip“ﬁmfeﬁ'tlér face

cells su i r XD i { Fig.
20). A e S Pl A b e T o B e
pr ol ongedardFR]lengpat s fanAFR qx@ldseibn.c®hérs WBTHD coessighdtivity) betivesn amirtwdgt i | |
negative f.or. AFP expressian.. There was, no.crossreactivi.ty bet n _anti body
bi ndi ng ¢ BnAnB ROBI S IR PPEYFS BIO SiEeT RE° SPYHIE e SBEENER i n t he
enpty | angg29] [ O4#8lrestih® drafstetexpBfimbMe IRerEfoRE HEMBRKHStct dhaf AFPrie sdenmpst rat e
that AFP 1s strongly expressed in the freshl }/ isolated pellet fraction and
onl y weaké¢xpressgst imgbefreshly iselatqdrnedlet mewiongap jogly wedkdy ¢xpressedsinthe Hiteffgceh t he

obser vat | %‘}nlég ?ﬁ{ﬂﬁﬁ?&s&&e&? %th?fé@{itgs??v%goﬁ\&@g ?}\pll:@qy Pgteelxbée'sse\ﬁl?n 98’{095 %éﬁsﬁ TN

PCT/ US03/ I'S ar ne ositionTconprising’ a
primtive hepatic stemcell, wherein said primtive hepatic stemcell is a
precursor to a proxinmal hepatic stemcell, hepatocytic progenitor, or

biliary progenitor. 2. The primtive hepatic stemcell of claiml1, wherein
the primtive hepatic stemcell
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expresses Ep-CAM AC 133, and albumn. 3. The primtive hepatic stem cel

of claim2, wherein the primtive hepatic stemcell further expresses

cyt oker atwo 08/018588 cyt okeratin 19, or conbi nati ons thereof PC4/USObr@78pzi M tive
hepatic stemcell of claim3, wherein the primtive hepatic stem cel

further eﬁﬂégssgs N. CAM CAMb. 2, c-kit, CD146, or conbinations thereof. 5.
The primti wﬁzﬁgg?@'sten1cell of claim1, wherein the primtive hepatic
stemcel | 1. is A @msoditRar coprasify @iuiidn peddiveChGiatitn stedh lcellf whekegn Raidm ti ve
hepatic stemcell of claim1, wherein the primtive hepatic stemcell is a
precursor of aPHapEokspalie seBgehl i@, PIECUrSPle (rd BrYXivial hepalici stery &ell.cel |

of claim1, wh i - i-m.t . i.c..stemcell is a precursor of a
biliary progenﬁggkﬁy%?&?géhg%fﬁﬁﬁP%gBﬂ;eﬁ%@% stemcell of claimb5, wherein
t he proxidal hEpaphimitsedrparl dtem exipoeelams 1 awhdrainf the ppmmitied epaad ke oell and
cytokeratin 19. 9. Tﬁs grinitive he a&ic,sten1cell of claim@8, wherein the
proxi mal hepat PPEFEHREAM: 24 1hepd albgPiises Ep- CAM  AC133, cytokeratin
8/18, or ﬁ.orfb' e &Hﬁiv%*?x%f;ﬁ&fsterﬁg_elléf819@99,3%&1{8& (RO PR e p@ti WER eIl

proxi mal hepatic stemcelt, wherein sal proxi mal hepatic stemcell is a
precursor to afunthpadtxpogssése yarkelitini &8 cproberann flBror cofbinktienpthescofral hepati c
stemcell  of claim10, erein the imgl hepatic stem cell expresses

2\ phast et bor ot BhneReaiyg heRa i £k B PGB bE pRnE s GtriiereResl: | o
stem cel | of chuihBl ckpresdranel vt CAMS 0Xd-RICIhE®RbE SorbiMionk@hdredfur t her
expresses Ep-CAM AC133, cytokeratin 8/ 18, or conmbinations thereof. 13. A
met hod of 54 sol &ké¢ prgmiiviedepatichépacelt opeletjedi whercmethe pamit veolapatieretam deller

ti ssue conprisi i v cel | t _gXxpresses Ep- CAM and AC133. 14.
The net hod of %PQ?%?%ggggéé?ggR%ﬂﬁgkg%%%ﬁﬁ? ‘or further expresses al bumn

15. The net hodThd prihaivehtgatiodien et of blainp 1l pghéteinothe b Adithey heputic sismasll
cytokeratin 19. 16. The nethod of claim 14, wherein the progenitor is a
stemcel |l 17. PRPGAITIEA! BNCRAREYHE PEOCYr ei n the progenitor is a stem cell

- 40 WO 03407858, g&]‘i{t%%%ﬁ?c?@é 81 of @Eiﬁ}@ﬂ%&ﬂh&?ﬁhﬁ?gf‘é@rﬁ?&éc Qtéﬁ%cguo f

further conprising renovihg cells that express C4 e ne

claim 13, 14 ot ajecundoe0€h biltaheplogestort i ssue is obtained froma fetus or a

neonate. 8. The primitive hepatic stem cell of claim 5, wherein the proximal hepatic stem cell
expresses alpha-fetoprotein, albumin, and cytokeratin 19.

9. The primitive hepatic stem cell of claim 8, wherein the proximal hepatic stem cell
further expresses Ep-CAM, AC133, cytokeratin 8/18, or combinations thereof.

10. A composition comprising a human proximal hepatic stem cell, wherein said
proximal hepatic stem cell is a precursor to a hepatocytic or biliary progenitor.

11.  The proximal hepatic stem cell of claim 10, wherein the proximal hepatic stem
cell expresses alpha-fetoprotein, albumin, and cytokeratin 19.

12.  The proximal hepatic stem cell of claim 11, wherein the proximal hepatic stem
cell further expresses Ep-CAM, ACI133, cytokeratin 8/18, or combinations
thereof.

13. A method of isolating a human hepatic progenitor derived from human liver tissue

comprising identifying a cell that expresses Ep-CAM and AC133.

14.  The method of claim 13, wherein the progenitor further expresses albumin.

15.  The method of claim 14, wherein the progenitor further expresses cytokeratin 19.
16.  The method of claim 14, wherein the progenitor is a stem cell
17.  The method of claim 15, wherein the progenitor is a stem cell
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20. The nmethod of claim 13, 14 or 15, wherein the liver tissue is obtained
froma child or an adult. 21. A hunan hepatic progenitor isolated by the
nmet hod ofwolmionssgd® or 20, wherein the hepatic progenitor PCI/Sopoisatti ve
hepatic stemcell. 22. A human hepatic progenitor isolated by the nethod of
claim 19 20, wherei,n .t he epat i rogenitor.is a primtjv epatic stem
el "t hat W ur ¢ Has Elep 8 6Em SRR FotuBRS Hopisrs Bl <5 Bah et ons

t hereof. 23. Achysmn hepatic progenitor isolated by the nethod of claim 19
or 20, wherein the hepatic progenitor is a proximl hepatic stemcell. 24.
A human hEbat i Ehepmedped iof elaim 43/ bt erdl Shyvhereen hetlhvsrtissue ¢ ehtainadirem pfgtus
wherein the hqgﬁkgc %rogenitor cell is a proxinmal hepatic stemthat
further expres%es QF% a- fetoprotein, albumn, and cytokeratin 19. 25. A
met hod of 20.sol Biid methad b8 BRI N8PEL brCl Sp MbgRiN thelliveetiisvets dbtanedusmmn dhilder
tissue conprising identifying cells that express Ep-CAM 26. The nethod of
clai m 25, furt®fen adshpri sing renoving cells that express CD45. 27. The

met hod of,cl ai j ' f - m R, 28.
The et nott-of mtenan38Bfl Sokcifiop SBHRR e rihGRFYs ARY PGSR, B e 251
29. The met hodhephtic prigenilty io4 pAmiti whepaticstelhechepati ¢ progenitor cell is a
primtive  hepatic stemcell. 30. The thod of claim?25 or 27, wherein the
hepati c p?%gen‘i"thtb‘maeélef’atfcspragﬁﬂ’@Rlsﬁgfwr%e‘ﬁﬁtni‘%hﬂ%farﬁ]@@ 159 orl), WhEE I Ehod of
claim25 or 27hep\ah@@€d nitdtSis BIRGRALE REpatiEstdhe Lelf HRE BRARS e§§eslsés3N-_c§84, A
human hepatic stem cell isolated by the nethod of claim 28, wherein the
hepati c st em c€AMS].3, akiprXi4pabr dvepanationsthemeadel | . 33. A human hepatic stem

cell isolated t he .net hod of .claim 2 erein t ._hepati temgell is
= br ox: nat-hepaieenig R eSSt Rp ety MERTAL LN B 4 R B0 o
i sol ating a hupepati® pidgehikorss HBRAIMSE Hep&io dehlcellt he method conprising: (a)
providing a mxture of cells derived fromhuman |iver tissue; and -41 WO

03/ 07858824CT/ ydusrap t@satiq prpeanitor iselatrgl kyathg mathed efeclgm Eren 20, grhereinsthef ace
under conditio [ for a. rimti ti I
onder £onCL L) oA SFPE o] R MTHORE 1 OBRELL o Shao
met abol i sm  anfetdpedteBablbusiin, add dytakeratin 19.
25. A method of isolating a human hepatic progenitor derived from human liver tissue
comprising identifying cells that express Ep-CAM.

26.  The method of claim 25, further comprising removing cells that express CD45.

27.  The method of claim 25, wherein the progenitor further expresses albumin.
28.  The method of claim 25, wherein the liver tissue is obtained from an adult.
29.  The method of claim 25 or 27, wherein the hepatic progenitor cell is a primitive

hepatic stem cell.

30.  The method of claim 25 or 27, wherein the hepatic progenitor cell is a proximal
hepatic stem cell.

31.  The method of claim 25 or 27, wherein the progenitor further expresses AC133.

32. A human hepatic stem cell isolated by the method of claim 28, wherein the
hepatic stem cell is a proximal hepatic stem cell.

33. A human hepatic stem cell isolated by the method of claim 28, wherein the
hepatic stem cell is a proximal hepatic stem cell that further expresses AC133.

34. A method of isolating a human primitive hepatic stem cell, the method
comprising:

(a) providing a mixture of cells derived from human liver tissue; and
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menbr ane producing factor, whereby a colony is formed conprising a human
primtive hepatic stemcell. 35. The nethod of claim 34, wherein the |iver
ti ssue i swoBarssegl froma fetus, a neonate, an infant, aPpchiusd3/0m52 an

adult. 36. The rrethod of claim 34, wherein the mxture of cells is derived

fromh i hed f hyma The, met hod of
cl aim 34, wher Gn t HOETEFAeN PG ¢ Galonn Aau e b ERUTG EPEh e °

wherein the uncoat eghrSyrfude® pamiiw Aspdtie S a6l mcla&nﬁTMurﬂ&}ééoeheafa claim
38, wherein the plastic surface is charged. 40. The nethod of claim 39,

wher ei n the char gedoghpiitinga seguiaiereol earpahyduate metabalism, 1 agn p@mem@nd?he

nmet hod of claim 34, wherein ere | at Qr rh dr t.abol

insulin. 42. The nef 84 OF pFaLllcrlﬁl %%tvﬁ’lewrheelrn ecoﬁ)%nlsgéwglgrcomgnélggn
transferrin. 43. Theumai ma,m,fe ‘hep@iceidd celher ei n the menbrane produci ng
factor is_a con*ﬁosmlon onprising one or nore |lipids. 44. The nethod of
cl ai m 43, 3%her En¢) maileod pbncliums% Wlﬁeéenftaﬁtlyfeaéiswe #50btFRed Fearm G fes¥s, & ai m
34, wherein th u m{qﬁ conprises hydrocortisone. 46. The
met hod of cl ai ﬁ% g{e 5@13?%? fgagrfe%#}& ree medi a further conprises an

ant i oxi dadé.. 4The Weehodeifltiin®H, ohaiem he minhet of celkhiedaiMeddromdninan $iver

sel enium 48. The metg]g of cl a m 34, wherein the primtive hepatic stem
cell is a preclfs¥ppFny forpagsc a‘rFé‘Hétl c stemcell, hepatocytic

progeni t o8y or TRL {HefHoY JPERARNMUL @ﬁereﬂ)gthe éxr?dé@%urﬁoht@lit' ve hepatic stem cell

i sol ated by the method of claim34. 50. A human primtive hepatic stem cell
i sol at ed B§. t h€hemetod obtlaghdi7 nwBereinthe nedaatedtshefageris mptlaSUe shf@at i ¢ stem
cel | exprg, ses M, AC133,.and alb |m'tive hepat i c
stem cel I soI EF@H‘ Bﬂ?dtqggllaf’@?ﬁo‘dg%r?m tH%P%F%ﬁsur(%ﬁ%l‘ he primtive
hepatic sa@m C®hé rGtREE 6 @%aifaP3 LANereAMCHR3 chaat &uma@mc @Mifﬁ’d@efsahssﬂe b, and
cytokeratin 19. -42 WO 03/078588 PCT/ US03/ 07852 52. A human primtive
hepatic stem cBlaptiq.sol ated by the nethod of claim 34, wherein the

primti Ve4i]epatl“hg oS SF {an‘]; L15r4t Wereefgf Rhé ?gg%%t&l z)f gﬂb%’\qraﬁ%é‘}bolﬁw %m n,

insulin.
42, The method of claim 34, wherein the iron carrier 1s transferrin.
43.  The method of claim 34, wherein the membrane producing factor is a composition

comprising one or more lipids.

44. The method of claim 43, wherein the lipid is a free fatty acid.

45. The method of claim 34, wherein the serum-free media further comprises
hydrocortisone.

46. The method of claim 34, wherein the serum-free media further comprises an
antioxidant.

47. The method of claim 46, wherein the antioxidant is selenium.

48. The method of claim 34, wherein the primitive hepatic stem cell is a precursor to a

proximal hepatic stem cell, hepatocytic progenitor, or biliary progenitor.

49. A human primitive hepatic stem cell isolated by the method of claim 34.

50. A human primitive hepatic stem cell isolated by the method of claim 34, wherein
the primitive hepatic stem cell expresses Ep-CAM, AC133, and albumin

S1. A human primitive hepatic stem cell isolated by the method of claim 34, wherein
the primitive hepatic stem cell expresses Ep-CAM, AC133, albumin, cytokeratin
8/18, and cytokeratin 19.
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cytokeratin 8/ 18, and cytokeratin 19, and (ii) N-CAM CAM. 2, c-kit, CD146,

or conbinations thereof. 53. A human primtive hepatic stemcell isolated
by the newbadoofssgel ai m 34, wherein the primtive hepaticprsrdaroseiss2zis a
precursor of a proxinmate hepatic stemcell. 54. A human primtive hepatic

stemcell _jsolated by th t hod of cl.ai 4 er el t rmtive.
hepatic stem celhimag pémﬂ)‘ﬁég‘t?}f’%ag\c Sgefm §elgésgl?g‘ﬁfd%m&e %Q‘?q 8P%elf1§?r:3%’e‘w+e,rem
wherei n the degggnimile hepald femt@ fulhér SXpRESSSEP EpLMATRE, fAL DB! aftRihdin,

al bum n, and cytokeratin 19. 55. A nethod of isolating a human proxi nal
hepati c stem ceiltokeratite8/iBs anslc ytaksmgim K3, aad (lq)al)l-%M/iCdﬂ%é-ZaC'rﬁthDrléﬁmr cells
derived from hurlrnq)r} |.iver, tissue; (b) culturing said mxture of cells on a

|
. cO atloh§ thertot: 4 i
pl astic surfacé& under con i¥i ons which select for a human primtive

hepati c st®&m cglhumangiriifiting hegitiensdni e€ll Bihital byt thiephéthodgf elaing gl whe@einof
car bohydrate netabolism an iron carrier, and a nenbrane producing factor,
wher eby a col ofi§ Prignifivs hepatie sigpyqediing precursanelim Poximate bepaie siem ¢ellst em cel | ;

and (c) cy .tUr%ggxp%ﬁ!ﬂxﬁﬁifg&g%ﬁégfgﬁt&r?'c&i‘}’so'la'?edﬂbj;g@IHéH]M‘S% Hdir0 84 AlndERASt one

devel opnent al S are pro conpri sing a human
proxi mal hepatihe pingirive ékpaticSfiem Aettas hggeafrsorsaf] atesagndanh bepatic Bremx icaih|

hepatic stemce|l,. the method conprising: (a) providing a m xture of cells
derived from hiRgIRIM thgedespendanfohe rTB? st gﬁlﬂiel‘iéreé%ﬁsc?lﬁi%?fgﬁﬂpéo%‘ﬁ ABUMENynder
condi tions whi gy SRbRe4tinl @, @ human primtive hepatic stemcell including
serumfree nmedia conprising a regulator of carbohydrate netabolism an
iron carrber, Andnethaterdr enktingr adunang prexotnal , hephier edtym acadbl dwy meshddor med
conprising a human. .primtive hepatic stemcell; and (c) culturing cells
from said col o‘fﬂ}“‘?rﬁ"gg'rredi umincluding at |east one devel opnental factor,

whereby cells @?e_ Ppodieta ARtRfel oFicBlls @eriVe@XioMBhumfNeR@iritigsiiet em cel | . 57.
The met hod of clains 55-56, wherein the devel opnental factor is provided by
a secondary c@|. cumringsaid/nirgsesf pety sy plagtrggface under conditions which

select for a human primitive hepatic stem cell including serum-free media
comprising a regulator of carbohydrate metabolism, an iron carrier, and a
membrane producing factor, whereby a colony is formed comprising a
human primitive hepatic stem cell; and

(c) culturing cells from said colony in a medium including at least one
developmental factor, whereby cells are produced comprising a human
proximal hepatic stem cell.

56. A method of isolating a human proximal hepatic stem cell, the method
comprising:

(a) providing a mixture of cells derived from human liver tissue;

(b) culturing said mixture of cells under conditions which select for a human
primitive hepatic stem cell including serum-free media comprising a
regulator of carbohydrate metabolism, an iron carrier, and a membrane
producing factor, whereby a colony is formed comprising a human
primitive hepatic stem cell; and

(c) culturing cells from said colony in a medium including at least one
developmental factor, whereby cells are produced comprising a proximal
hepatic stem cell.

57.  The method of claims 55-56, wherein the developmental factor is provided by a

secondary cell.
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58. The nethod of claim57, wherein the secondary cell is a feeder cell.

59. The nmethod of claimb58, wherein the feeder cell is an STO feeder cell.
60. The nwDle@78588 cl ai m 58, wherein the feeder cell is anprendsohelssal cell.
61. The net hod of claim58, wherein the feeder cell is a stromal cell. 62.
The net ho | ai m n 0 yonic cell. 63.
The net ho }I]earlnﬁ%hgébfvwer g? n ‘% feg‘"zﬁ Sengrr]]daﬁcell {Silfgéhaeﬁ%eqtbryom c liver

stromal smll Tk4methbe onBlain® 83 cwh@élaiuﬁ@fes&r&eu inkreS BO feddaecqd). oxi mal  hepati c
stemcell is a precursor to_a hepatocytic or biliary progenltor 65. A

human pr o el Thepathpe oS elaim é&»whqr@mt'aﬁ fegdagyeell peamgndrtbgliaifcell| ai ns 55 or 56.
66. A hu n pr?l%(el ﬁ@éhoﬁ%@@lﬁhﬁSﬁtmr&ﬁltﬂle feé&’ér%%ﬁ(?s PYrdif ARt hod of claims 55

or 56, ere| n roxi nal "hepatic stem cell "expresses al pha-fetoprotein,
al bum n, énd ”Cryetmkenbdtof claih961 E‘»Vhera' hehecarmes ictll Gnenandoydiiogel.o any one of

claims 1- rein the_hum mitive atic stemcell ¢ ri ses
exogenousg%ucl FE'P"C"‘S@P of glgim %% ﬁ’ﬁdg‘? ’FIPB‘??%H{%‘G Has ﬁbe‘flgryém?ciglyéiés%‘?m@l ai s
10- 11, wherein.ghe hunan proxi mal hepatic stemcell conprises exogenous
nucleic acid. 69. A nethod of treating liver dysfunction or disease

conpri si ngt.adnTnd mtmpdngchaumass §6|,bylmremahﬁ prokeaalihegpatizrstamtelbfs a precursoran
primtive hepatic stemcell .accordin any one of clainms 1-8, 49-54 or

67. 70. A met hSd attof)étéct(?rrpél“}r?'\%?gea grr unction or di sease conpri sing

adm ni st eg3.ng AGusanprbiial h@au@m@memﬁ)ma@umheqﬁetbdswomam Brepsenal
hepatic stem cel | accordlmpgh any one of clainms 10-11, 65-66 or 68. 71.
R

An isol at@ hufreirnsani proxi @tﬁt@nﬁgﬁ@@ﬁd by the mefhod; efctlaimsdd homdth

proxi mal hepat| bfierdhneiit (f)%mmal hepatic stem cell expresses alpha-fetoprotein, albumin, and

cytokeratin 19.

67.  The composition according to any one of claims 1-8, wherein the human primitive
hepatic stem cell comprises exogenous nucleic acid.

68.  The composition according to any one of claims 10-11, wherein the human
proximal hepatic stem cell comprises exogenous nucleic acid.

69. A method of treating liver dysfunction or disease comprising administering to a
subject an effective amount of the human primitive hepatic stem cell according to
any one of claims 1-8, 49-54 or 67.

70. A method of treating liver dysfunction or disease comprising administering to a
subject an effective amount of the human proximal hepatic stem cell according to
any one of claims 10-11, 65-66 or 68.

71. An isolated human primitive hepatic stem cell.

72. An isolated human proximal hepatic stem cell.
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