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FI ELD OF THE | NVENTI ON [ 0001] The present invention relates to human
hepati c swemswmedsBs, pl uripotent cells that give rise to mwamurse3/bhisser
cells. These include two stemcell populations: a very primtive
progenitor, ductal plate stemcells, that give rise to proxi mal hepatic
stemcells, the pgg t Mocyt es and
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[ 0003] A crarbeowed facell andhgelsmacmpm al s the @tﬂbasfanm thle)aerfntcﬁl loegaing. fr om
hepatocytes all along the sinusoid. As a result of this organization,

hepat ocyt ach of which faces a sinusoid, and an
api cal %MGWP%@?H‘%%W regi on of contact between adj acent

hepat ocyt S e ba omai ns. contact the blood, and are involved in the
absor pt i oﬁ a#fbaqg@z E?Ii‘%ﬂ 'é{g’fm conponents, while the apical domains
formbile canaliculi, specialized in the secretion of bile salts, and are
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lined on both sides by fenestrated endothelia, defining a series of smusmds 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
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region. Proliferative potential, norphological criteria, ploidy, and nost
liver-specific genes are correlated with zonal |ocation (Gebhardt, R, et
al . 1988.wbHEBS74s8¢t. 241:89-93; CGunucio, J. J. 1989, Vol pcrausosprssnger
International, Madrid; Traber, P. et al. 1988. Gastroenterol ogy.
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and penetrate into the mesenchyne of the septumtransversumwith a cord
| i ke fashi09A35] f odmiadgitidnetd hematocatdsabde diige edithadial celds t¢hwilangiocytes s nanidy mal
interaction is.critical in these earl evel 0 tal stages of the |iver
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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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t he devel opment of bile ducts, and as it surrounds the portal venul es,
hepatic arterioles, and bile ducts, portal triads are fornmed. Proxinal
hepati c swermsmessks rapi dly proliferate and parenchymal plratrasoanmsst or ned,
probably in response to changes in the anount and distribution of such
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peak of erythropoiesis (formation of erythroid cells or red blood cells) occurring by EI8

(in rodents) and by the 56" 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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WO 03/ 078588 PCT/ US03/ 07852 migration. Postnatally, the | oss of the
henopoi etic progenitors in the liver is correlated with a dramatic
reduct i orworshssssiunber s of hepatic progenitors and a par @&dralsos/omsease in
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Li ver Disease [0011] Each yeéar in the United States, there are about
250, 000 pmqalcavmoglmtetsadﬂlzvedcccltss lik¢ ppokes frad wheel, emev@from%in@pnphﬂrs tathg
curative for ns | iver fai r oxj mat.el

Cr anspl antiery Spepvatar i IS aielivide B Lrer 2BRSRIE 1% e Y mpitrtng
factors iialié;v@he RligRE@cATENdYBnE $ is Meawr Beadehabl Vditsy THe amywelrpldld \¢€llsSof
especially given the constraint that donor livers for org

t ranspl anthgt iivas aresin zotiedi rfé't@?@‘ﬂo‘?ﬁ”ﬁa%flﬂe‘ﬁt éoner?av‘ifﬁ‘gteﬂﬁﬂlér‘bcﬂ%apﬂﬁlﬁl addeat h
b h
ut not ﬁ]ﬁftgﬁu?{]ﬁtgﬁtcellk'a}’e <§ or i gﬂ?%\éﬁéﬂn%qﬁ%ﬂ& gge X8vOSF a rﬁﬁtﬁfhtlon%ll ‘he

successful’, ough recen use suc have supporte
possi bi | i liyeagefthassindg it li@napioptotibgrodese (Sigsl, Sbth| Sed: wl. tIBDH Biffdrentiation.
deat h. [0012% Cell transplantation into the liver is an attractive

al ternati¥&3%Heélapy for most |iver diseases. The surgical procedures for
cell transplantation are mnor relative to those needed for whol e organ
t ranspl ang atyi;0& Piddaset Nerefore, can be used for patients with various
surgi cal rlslks such as age or infirmty. The use of human liver cells is

super o o] 33t tash g ok IR0 EERS HlrPEL L

patients R faiilukdﬂ bElveﬁStdnypISIQE epOethritBleOf®@ sotf€.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.



4 WD 03/ 078588 PCT/ US03/ 07852 [0013] Attenpts to performliver cel

transpl antati on have made use of unfractionated mature |liver cells and
have showwoscmesseseasure of efficacy (Fox, I. J. et al. 1998T/Udesw7s8Engl and
Journal of Medicine. 338:1422-1426). However, the successes require
injection__of large nunbers_of cells (2x1010), since the cells do not grow
in vivo. KfHBher rfbfemptp F%perf‘?mlb‘ffﬁ&lil ﬁ“s@?an ng‘éﬁ? frﬁfle Hfﬁw%tle@r%?oqaé‘?dge .
mature |i wekyrs SivbScdiR iRl 386 SiRiwn SUrdTRdurd0f efPRady) (Fok, EQIBY AICB09Bd N t hei r
tendency to form| arge aggregates upon injection, ~resulting in potentially

fatal enb&nglandtownalef Medicise T8 142261426). t Hawavarkdd sheaessss respyiirednjection
rejection sponse forgi atlients tq be intained.on i osuppressi ve
drugs for Of Elége ?%ﬁ%qr%agfquf&FL%?)r s1|n|c?/§1§: .CeE?ﬁglnP;gl%rvrva nu‘F”éo‘%rghren@@F ’ ghehave
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to coordinate the availability of suitable liver tissue, the preparation
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therapies. 4. . Totipote m Cel. | 0014], Stem cel l. s ar n alternative
ol |- baselstinEabpSRbialy Glaf Siblls dreciit b SRS Sy G PhtieRInBbbSGRRM 1 Ty
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cells with ' nore than one fate, that can expand extensively and that can

gi ve ri serampingpst ef iheiedivesembirallys radte dxer celdoheye tnatebepn: puccawiyly
tissues. [ : . St - erives eifthe t
literatur gglghreg%ﬁécgggh cg:i()ﬁ{pﬁltglfﬁggr%gﬂgtﬁ%p%?erfg &%l—e% %p?%p\érgﬁﬁ ,lthcg)rzrvlafr%%tgis},@ty i ﬁigl
tissues. Fkaithbl livdptiesueethepréparationefdell smipendns dnavke bamndimedefived of che
recogni ze particular classes of stemcells. Those with the potential to
parti ci patelStAr ¢HEcH ERFsrRiBTrent of all cell types including germcells are
referred to as totipotent stemcells and include the zygote and nornal

enbr yoni C4pei~(l,t§?dg&ttgleﬁ,l*@e|§ cell stage (the norula). Enbryonic stem cells,
also called "ES" cells, consist of permanent cell popul ations derived from

totipot caigo14RY" r?[larlnc s Sard Q0 l%'lt@%‘ﬁﬁ&é’ BhiBoag B%erﬁﬁ o fi&&tdi{eﬁpe(?rfo‘ﬁgoéeﬂt the

early 198 S ce I nes can e cultured in vitro wth nmaintenance of

t ot i pot engyem e areEpriatti Vescedls ehdt B sdlecbphiea, ardpluripoentyik. froasdeatayglits;, t hey
are able to resune enbryoni c_devel opnent and Par,ti cipate in the formation
of a nor méels With Waentrn onengifs dhatgapGpghd exteagively| dndethal 53k ehetise to

est abl i shageh0ITRNCIRARS! &5 reERERte & BloucRlrdiss®sC Motk i p?{ﬁf‘me

system ha routinely to generate aninals wth nove enot ypes
(knockout stent rcals glerives kither fienyithe livediuté eoh eEBryml bs thatoom chdntapogetico

bl ast ocysts. .and .t hen irq)llanti ng the blastocysts into pseudopregnant hosts.
Enbr yoni c SBEFma £ nedial IS whi ch show many of the

[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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characteristics of ES cells, can be isolated directly in vitro fromthe
prinmordial germcell -5 WO 03/078588 PCT/ US03/ 07852 popul ation. As with ES
cells, thwoEGoces8ss contributed to chineras, including thecgarsesoissne, when
injected into blastocysts. [0016] Recent, highly publicized experinents
have reported that hu ES cel | ul tures.can be established from human
enbryos. PP ’é’“bééﬁ”‘gﬁgae‘ﬁléo‘ F%%C?l#e%@“ﬁmto pemerss) eliding,theiggmact e g
into tiSSHES whantfectlPRe blagbeyshey Wil be able to reconstitute damaged
organs and tissues. However, ES and EG cells are tunorigenic if introduced
into i muif9dehpr Recedd highdy pubhciagd experanathdrve Weppried &@émmafl o¥riagy
teratocarcihomas. . Therefar, the plan to ipoculate human ells into
patients ?‘Epuﬁ(?‘?rcélﬁlbf§ftiaéhsé’ﬁg?m ﬂ”‘{‘ﬁ‘e‘fm%rry 8§/eﬂg]3§ é?%i VB eéjftﬁ??rtg%steihrlfén Hunor s
in the pag§esil$ maybOMpdceid Hbshes M @RSKopeSBAEtheg Ml dl€ tPuEHitiget he
plan of differentiating the ES cells under defined m croenvironnental
condi t i ondarnaged exgrns acmgtteslstr*ﬁSneHO\g@% Beland EGaellcans tumengeic shmgnoguced

i nocul at eﬁ!]t(j) ﬂr&%ur?o%to;'r}%%rﬁi'se&: R&st§{ﬁaarﬂglsﬁﬁ|8EhQF{h%n iir? Hl%%[qogﬁi?iglférgtoggrci%&?n%gsS in
generati ng enopol ettt c progenitors. wever, € concerf remal ns at

resi dual TEfereford, shd plahhe ineuldtel hemao BScceflo sarotpaderts sk unkalistiornt garteties, i f
the cultures are_inoculated into a patient. In summary, until research in

devel opnefiR¥s pB$siti By of Efpatn S RIS ﬁ?fﬁﬁ‘%ﬂam r gPSOV&F% fhigy im?%é‘?’fsﬁf“és of
cel I's dur b3 ?"%ﬁéyﬂﬂ%ﬁ Sthe ! BBNEFC HiffSeidiing” SHBI PSR SdRET oAl

tool wt IPtt e hope for clinical programs i'n cell or gene therapies. The
only real midroenvirphinental f@rditedrisrtd datome defeammed nteoetdllsahat geribert besaplyes i s
to use deterr‘ii nﬁg stem cel Il§ in WhiChh t he (ﬁﬁneti C gotfenti al .is re%Iri cted
to a |im MEBUAGHORE BICRE) | "y PalPies NP M N EFSE M’ CBY%S® DT FfA1"E

Det er ni nefermdRRtkehlogedicts. PIHGW Ve, 8RE cBfddn® réains IR Qesi@SdINES ek trheier
genetic potential to that for a limted nunber of cell types and have

ext ensi vecyhoardnlpeoentheaisk of twmpageniesiy, ié vhaeHgessare inqeglatashintcr 2 paHianhe
tel omerase field suggest that .determ : m I . not [

speaki ng, Fnsse n?m?ré’pﬁ”gg Y% ?rc F\%fj g‘feﬁs()ptnf'neél ?a(r? gboﬁ(téé'err? ygag%!rﬁ‘% r?qa’gnearal Kt E g&é rdé)c\(lfétln")é
pot enti al tHelfa@s bheelpadiginlg. emdeyedentdig dhs ESelleWils rghal® ak las @xp@imanatitbsled
progenitors daughter cells that | ose pluripotency by restricting their

genetic pwithitilahopeofos chnisal rrograims, in cell gr gare,BempiAse sThe by EabigifPrto8d
progeni t of 5 c‘i’i(’lﬁa{ ﬁljogfarn%dintcgllaa%d%%mkf?}%gesngQ@LQé:Hétéﬁnin@cf QgRNAIOEP whidh ¢ he
hepatic |1 neage thefe are conm tted hepatocytic progenitors (giving rise
t 0 hepat odtgesgticgputet@hiziredtactedid a Rinyte¢ppnmgberi dfeel tfpgsvi ng rise to bile
ducts). [0018] The transitions fromthe stemcell to the adult cells occur

imr;rghzlt 38§W@‘§6ﬁkﬁ{ﬂ‘%ﬁﬁé‘ﬁ%¢@lﬁdl ng a maturational |ineage in which cell size,

[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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and gene expression is tied to the |lineage. The netaphor of aging is useful
in defining the process. The "young" cells have early gene expression and
t he greatwstosgreses h potential; -6 WO 03/078588 PCT/ US03/ 0P8gashherssel | s

late in the |lineage have "l ate" gene expression and usually are limted in

their growth or do not.qgrow at all, The |ate. cells ¢ be considered "ol d"
or i n bi oPSEialae tiimagt s T gRE TRRTRIGREy UL ABUIREE Bt Heitrne

mat ur at i oplvth bPABARL RFOE S 1. IS die céIly @n"Bd bEidldekadd réldelor fiRbidlbgcili ssue
and allows for regeneration after injuries. Tissues differ in the kinetics

of the mateunatapoptiticpend adtematglyearvetiovehed ofhl  ThenBugsatemal imeagguprocessqui t e
rapi d W tlgsﬁtsc%ngln%ueralc (I:‘rlxc?ve(r)(%gru {l{el &t nanl ?aﬁ?ov&shﬁao'? rgéélx\@?zhi;ont :Q%ti‘ iﬂ%i%ge
is ut a ]

liver St ow occUrring, and rntherat Tiver is a year.

There i s Bissiles @@rGh it Kindtica M theofmarLionl prodess. €She maturanal lingganflthe
identifying inmature progenitor cells fromljver because of the jnpact
that suchg¥ds AuigorRidayithd cREplety gyde perurmpgin Igss thay arwegksbatekthe fiver isse of

hepat i c pglg‘g%@'&&ghg’a'neagme{rﬁ@lmrgse%b%%glgéaqpi es can overcone many of the

short com ngs assoc W use o re liver cells described above.
The cel | s[0812] snmAlhkere(ig-alshiohg clihiealedrolr @mmercial mtergsttinasdlatingparidodetffyingar ge
enboli. Al so, the cells ggsve e>i,t ensi ve gro%vt h I?Ot nti al ani ng that fewer
celI's ar e/MPYBEFRIOBHIOF Ebrsem ey Brrause 9fithe mpacs Bk syah Tl RapPBHE MaYnal |y,

the progepiveqhSrel@Neliveh ditdaBds. TAL LSeBf RepXBE bBSgenitbdtin eARhd Yehéierapies
i mrunol ogi cal rejection providing hope that  |ittle or no i Mmunosuppressive
drugs i gédn becrp@veeuany6 of Itholshoitamings assperatedr pathniiseops MBORO]ivérsedlist i on

of |iver progenjtors omliver i 0, be. an ext r.enel chal ] engi ng
Cask due ol sF, 56 ol e sy (LR bbeErGE ry ik iBe, he PTG BrSoe | 5.
The onl Wa?%éaénlllfb@il. CARS L thd8disqRvE BXte s EAtEPorehtid) fRAAING A FOREH def Breal €
t hose nonocl onal antibodies that are prepared agai nst Subpopul ati ons of

hepati c pnesdehifoorecongiiiliend obvnder tisedel & iaf paticol. atlédaliy; she hoegenitesspbaved t o
oncogeni c_insults. These antj hodi however cross-react wth anti S
resent. | TIEHbpYissPE o EaRaha g8 So B ol G Feib R Lo P Y e AR om
nmyri ad of 1i§k@h§$mmn5§1@pfeis§{,§lgmg§ migbengeganesi s and oncogenesis. Aninals
exposed to carcinogens or other oncogenic insults experience a dranmatic

| oss of mature |liver cells (killed by the various insults) and,

secondar i fy Isdlatiemef bivepPregemitoree| | s (7-15 min diameter) wth oval - shaped
nucl ei and bearing markers that conprised both hepatic and henopoietic
anti gens [0B20khadsaatcbn Tholivgei progemitors F88) . lividneiss koolve stoohe oamlextreikly | ed

(o une T BRARERE? e LR SR OTRRL P e iphor e Lo 0
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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that with the proper conditions can go on to be tunor cells. The phenotype
of the oval <cells varies in subtle and not subtle ways depending on the
oncogeni cwionswidsgs) . 7 WO 03/ 078588 PCT /US03/ 07852 Nor eopeT/UuSHhessar e
known to be readily established in culture without special feeders or
medi um copditions, (J. ,Gishamand.S. Thorgei.rrson, 1998 He ic Stem
Col 1 o1 1 nitorsaRr Tosst e Kb b Be ey s B Rg Anent e SRt st eded o
these fingledigism ediths SO UGiisam SNBS AR EdiAEG) 1998 atit Seerk Eells, I Thnsem
derived fromthe oncogenic treatnents, It was realized that |liver tunors

are mal i ghelhs |G Ppitem sHisprrdageroigeRiessoNEY )anBaseHaan Bos findings apg en spuliasi al | y
or conpletel v transt ogeni.t or i 1.QL 1 il and
Reid LM él]9rr1ec rtl%qzﬂlnrﬁ é&lc;:lgg)?a@% ecr%ﬁz{“gel%oﬁerg) Mr%?khégaﬁgﬁéér{ggltéa}r?%né% léﬁvda S

| i neage- speakidd that' 0@ hihdeArdmhalignmtly expsfesaed progynithr hed eiat bedlicells agent s.
Differentiation 63:215-223, 1999). [0022] Attenpts have_been nmade in the
past to oPATHAY Pheomppigly EansfmeHinregenyars) (Zv&ﬁftﬁm%ﬁ; Beillgyeed Betddldlpe t he

nost ver Sﬁ;einl)tgpip(%ﬂﬂli&ériz&%nf&{ raf ﬁéﬂato%ct:egq{h@s Bltfhefiﬁqg e_-éyecihbgegulaitigﬁ lof gH]eS-
Pat. Nos 5,576,207 and 5,789,246 (Reid et al.) utilTize cell” surface markers

and si deexgeesstonrbyfdiBeventyatiomagents tldiffsramiintden 63:4EF-2bd 98%bpopul ation in the

1 neagt28F: P B B L2 L JEVSAISRD el

precur sor popMitioh, Yigestetetoctsd ke nasst beisitgle pagilatios @i celebhd gheathemgy of the
OC. 3-positive Lgloval cell antigenic marker), AFP-positive,

al bum n- pbart {8, PaarosA 4. Hand 384k #ftdl-h LY ¢edl Juriags Rarkers apde
fror 9ol NG RAL sealy SfiodDAGRIELS! LPMGoIREPAStdeRh& PABbbAHIRIN GRATRC!AEEST! CS
inportant In isolation a identification of enriched hepatic progenitors
f rom r odeBabgopulationy 6028 hepltiuscells haveebezxi istlsted byaenioval afdwehgpcoremiieds of

i solating hu hepat i praogenitors that nay be usedq to treat patients
w th 1 verelli ool By sctrabh 0k Mmetormispas: BERHROr AR Ve deeledp e s
need and proyiigdeseetRafdig OOCII-FitRN (oRd Y&l | ant StABARYNEE), TAEPIPIMEN | ON

[0024] The present invention is directed to a conposition conprising a
human  pr albuminsposigyeatand K Ehmegative (¢yaokerainalPr e@tlumarkers o The orogoinglrat

hepat i , | |, hepat ti it . bi | [ T
aman pr i 161 GEPRRpARTE. o fiaer PERC G SharodinTish PabpPucae ol Al
ep- CAM - AldbagficaRide of bRitRed hepde PpdgeniiofsiTaim esderdiiveent of the present

invention is a conposition conprising a hunman proximl hepatic stem cell
that is ald9R8tur sbhust theee Reigtat daged do glevelop j methodsy pb dokatingr hurraye hppatien

glr g)f(liafr?la t glgoggrﬁiéoﬁ% %ﬁag [?B%r?nlblﬁ u%]écljl gg%/eitagvg@%r{tél) Iqvi )Q(H{/e?'scﬁgesasg )SPrcﬁéﬁx%étion. The
present invention satisfies this need and provides methods of treatment as well.

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 1s 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

ACI133. The human hepatic progenitor isolated by the present method preferably
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[ 0026] Anot her enbodi ment of the present invention is a method for
isolating a human hepatic progenitor conprising identifying a cell that
expr esseswep3@Mgand AC133. The human hepatic progenit or pcgalsas/emssby t he
present nethod preferably -8 WO 03/078588 PCT/ US03/ 07852 expresses aI bum' n.

| f di t f t h ed.
nopat | pBEENS BPIT vt GRFIERTS STRREEsy s BFCAL (r e RBpaE: OB col
or a proxima hgﬁﬂétﬂrﬁ%&ﬁtﬁﬁ‘hc@'stem cOR 2k fetirYy heprigied s@fn Eélﬁ oPfaesent

invention is a meth or isolating a human prlmtlve epatic stem cel |
conpri si ngrosumhal hepatig stenrcedt. ur e of cells derived from human liver tissue on
a surface 2@3 con tlosz Iect for. i.C eII

serumfre@B m%‘@gberrlem r?éhnéenr egu St O3 lg\gc}nggﬁq%jra eEhr?\rea}t ab 1ls?l\é\4rlr$§]§n iron

carrier, Jaiflan wmmrm@u@mﬂhwlr@rﬁ;ﬁm@ culmﬂﬁmngMD@ur@Oijj&Ms derifear freg
conprising a human primtive hepatic stemcell. In a preferred enbodi nent
of the preusan livangissie @na surfee uagar soagitinpmuhichseles for o Bepasisatsns cell sithcel |

cyF oker at Ty Al lnpife ol hlh o330 B Altbosshigh iEh ke
present iawenibrae prsdwr@ﬁabmd Wistebysotadonng farmdfdnmprmxtg)(a hmharhpnmitme stem

cell conprising culturing re,. of c IIs derived from liver
ti ssue onh @agﬁF‘F@c‘é"“uHH%Pre?gFﬁﬁﬁ(f’c’? fheRiEsRat IVGRLC, H‘%“p‘é?\n??%sbc Ncel |

Wi th Serb&%ftf\}%ehe?%g& %t&@r&eﬂ'ea RGsR ﬁﬁ@%‘l\@t acC195, G BMavdh ks PRifaRehi sm
an iron carrier nmbrane producing factor, whereby a colony is

f or ned cofqnuhmswpgesaesmymrqmml&ﬁ& andecytdlepatiin X9.stem cel |, and cul turing the

cells fro col o a dev ment al .fac referre

crbodi mentOBHT ¢ neiTiRe iRt Tolte BReA JBRVEN inuham Pl b a2
stem cel | hexg gﬁﬁﬁﬁala{d%@c §t@ﬁ1068110é(ﬂhﬁh51@ Quftiring 2mcktGt sTKRIIRideAvePfromn a
preferred enbodi ment of the present invention, the devel opnental factor is

provi ded yman livesdispueannya susface Upd%rf@nél@pys whicheglset for R hepgicetan apll Withn STO
f eeder CelelrlflIPafn eerrrllgc% hgrthn%nrl_g e% JatSY ofGCaﬁ}orh?%% cf Y?lgllalg()lls 0 ﬁ%]on'%% Qeéfnd
Invention is a netho

enbodi nmen e presen isol’ating a huma

proxi mal hefaibraneSiredcigy faconphidrebyngcaslohy isrfofigedBeommptisiigea blﬁmmebhﬁntder i ved
from hunman liver tissue under conditions which select for a hepatic stem
cel | wi t hhepatiaifieny edl. andavltriogpe Felisigom theerlpmyt Bith grdcygloperyat gﬂ@@r In

et abol ! SyiordiBirdd BRLGAMChEDY 1RNfkeln: TREIBRCHE i SlbEA ManfaAGhBkimathERRRY 2
colony is formed conprising a human primtive epatic st cell, an
cul t uri ngsteine celeldxprefsesmalphe fetaprotein, walbiman, dewvde cppkemtial 1. abt ar preferreda
preferred egrbdodl men f t he E)r,esenl invention, the isol ated hur&rac? R oxi mal
hepati c ment 0 e 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.
[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.



stemcell expresses al pha-fetoprotein, albumn, and cytokeratin 19. In a
preferred enbodi nent of the present invention, the devel opnental factor is
provi ded wg /07&8gondary cell, preferably a feeder cell, mpoafeoabisg2 an STO

f eeder cell, an endot heI i aI cel | or a stromal cell. -9 WD 03/ 078588
PCT/ US03/ 0030 nt of the present i,nvention is.an
| sol at ed &D?ﬁf N AROLGL EIPOd KEnL of, b, b Ssent ent Lo b s,

present i ﬁm%lmeﬂ a?mofih@r efﬁ%cﬁﬁn@ﬂt ckftm@geeérmmhon Rematdisied hemas BtdximARI EF
DESCRI PTI ON OF THE DRAW NGS [ 0031] FI 1 denonstrates colony formation on

pl astic chépatie etefiresth enri ched fetal parenchymal cells on plastic culture
Day 1 (Top Panel) and Day 5 (Bottom Panel). [0032] FIG 2 denobnstrates

colony fo ﬁﬂ? geRgi,ﬁﬁt)'NcOleq-lﬁly Wi y 5to Day 14. [0033] FIG 3

denonstra es co ony avi or- on plas ture. [0034] FIG 4 denonstrates

st ai ni ng n.nla mi o ),
op-caun (8PS0 SRl g"‘ﬁﬁ’ég‘ﬁ’“ﬁf’%% A
col oni es patbiidyar] @BliPbaplhbtic JutiredDiy6 (PoiiPareDkad IZ(zIy@OBott@ﬁﬂPa‘h@ﬂ)Si’»

(bottom. [0036] FIG_ 6 denonstrates a primary culture of proxinmal stem

celI's af t Kj032] daydGoR demogvisieseerieny fqyeﬂoetoa.nwﬁﬁlg %Preaﬁrw@w proray) |
al pha-fetpprotein (row 2), and CK19 (row 3). [0037] FIG 7 denonstrates
t he devel opnment of a colony cell renoved fromplastic culture and plated
onto a STOO0&2] | flﬁ@d@rdemaygmtes[cemg]beﬁd\@ﬁ orBplidticdeirorest rat e er upti on of

cells fro ny an STO feeder [0039] FLGS. 12

denonst ra@gﬁﬁe giﬂ& St(’ﬁtesAfi‘?me%p? %@P%@C‘?ﬂ?l qrgpka%t PP CFW égl | s.
L0040] Fl @193@0“@) et ER §) AENCAM %\.;():% of a subpopul ation of adult
uman |iver | s co- expressing al bum n 133, and Ep-CAM [0041] FIG 19

depi cts t [{1939} othiGc Grdescnftrgessstaimingefor colsinissicadiufedam plastiovfor €D ki@l andr ed on
Cut t ur . “TRU33(PoL SR ARE e e "cel 15 arow i th a doubling time of B2
days. [OOfRB6F! GFIg06depbaititdbsiraniyRuate o¥fpréiRdnmtem(cAllBafteHIP@lys @haup)
and al phaSTO feeder layer staining for albumin (row 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

-10 -



fetoprotein (AFP, |ower group) expression in freshly isolated fetal |iver
cells and during their subsequent culture on plastic substratum [0043] In
the | eft wandogssssipi ng two cell fractions are shown (P anacrjusoasmsd2 upon
centrifugation through Ficoll. Cells which pelleted in the Ficoll are

designated P, a el |.s .t hat ,beco | ayer at the interface bet
aqueous naiEeda TecuTye Hnaos BitaE wa T AR uR oot ME sForeBn Bk e 1
The si ngl gsydedig (Prigtivemepsid fiemabiny réhnu@adm/ﬁﬁuemr THEERN Thé right hdnged

colony cells (primtive hepatic stemcells) cultured on plastic for 3
weeks. Theanel gmvsrcanuol lprgsan vhdwihergorasreather agmptein (blanlohalbwaine(AMd) @i t her

no protei n B) ((AEP) standards. 10
ug of pro{lgg e? gtF‘(S'a( %nlstﬁné%{é% IP %é’f%ﬁ %bgﬁgéﬁ%%‘? ‘%5\? CF THE

| NVENTI ON 1. Defl nitions [0044] In the descrl ption that follows, a number
of ternms BEFAISED DPESORIPTON OF THEINVENTION i nvention. In order to
provide a clear and consistent understanding of the specification and

cl ai ms, i ncpedinigorishe scope to be given such ternms, the follow ng
definitions are provided. [0045] CD. "Cluster of differentiation"” or
"common dgjogym n%‘tthe @lésc‘r'@ﬁgn hRdt Sfollows .84 flufber oFQérlrnss%flfkgg eﬂ@nﬁ@é’llyet%
recogni ze by nmonocl onal anti bodi es. Expression of sone are specific
for cel | sdasérilze pharinvensioar llnmréagm povidetaugledri mdadonp)atehv\,aweramhmgqef the
expressi on of ot hers r.ies.accor to the state of activ o} osition,
or a1 1T er BROTSHISh S g LR MeesC Pt &P Tl gpys e SUefNeer of n
the term J@grlidiodshes aYidenefers to the in vivo or ex vivo transfer of
defined cel |l popul ations used as an autol ogous or allogenic material and
transpl anEOQG5lpo @P: i WClusier of énffﬁrwlabpn” ar spRIBmpn cdetegpgieant’ cay psedohergin
patient. 1) i e 0

di l uents, r%gérré 3%{/@ ?f ‘Ja%ac‘% "g)r%gle el nﬁi&dwgfo ér?gsl%?%]lc 'ﬂ%’g?}fgs Cn]‘?{gr ré(:)s%{gp rcyfer S,
beads, m @mRsSCMBSre @pdéffﬁsﬁiﬁeélﬂiﬁof ¥ @aitichias lineupe s maturatidhad ypachavnya hsdthee used
in a b| oreactor in which they provide critical functions and {he

bi or eact ofXPisEPnd ngr%lweéta%%%%éo Hsrstpsa el astvation-tResItiopepr SN Mon(s) .
[0047] Co 'El L BfiRgenitors: Highly proliferative cells that that gives
rise to ter cells of only one fate. A "biliary comitted progenitor"
gives ri s[é)Onﬁ)] bi Ieldlib¢rapyartd wad htrein, deogm Zedl! tetapge néfemltd vhebiy vilweor
expressi on of ctoe "he tic conmtted

r 9, but not AFB., A
N en t e o THESET oEodThedds MbyBRtnCiiad oainp TP TE b SRR PSR al | v
by the eXQﬁﬁt?aﬁisﬁﬁnt‘éEFt)o,ad}qn FheDUBInfty oPUf spReificGiieKNR1F A phent TR 1ls may 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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comm t ment process is not understood on a nolecular level. Rather, it is
recogni zed to have occurred only enpirically when the fates of cells have
narr owed woagiordsas of a predecessor. [0048] Gene TherapyPcARususensherein,
the term"gene therapy" refers to the in vi vo or ex vivo transfer of
defined gepetic, material toseC|f|ctar sof tient

VO 03/ 078§t§§"$’ BRSS9 0! ’F‘Pgrﬁltﬂamfrﬁe% L% heniot |°§ tlr]r(t))ssettarsgle{]Cel‘?l ons,

al tering froF'Qheplilﬁﬁ@zIt&’Rﬁrﬁse tdTqsievendihg &r mhhg a f)al{lcﬁlhﬁdlshisefmﬁte Phis age of
preventing or altering a particular disease state. This can include

modi fyi ngnelide trapdibting dhq tasgetvealbenrtédva ARG defirduatnet the «dls| 18t HicoPatisat.
patient. Y] t L cells
"o vivo tATHbRIIE 4 Ritor S B8 Beel lo ek Bl bOUc b P o 38R0 e
progeni t ogxdgerdiist g@reﬁbrmategﬂnemd Qﬁihi;fyict eregprogeniests.pr Baelnirmore, cgdnktcatign be
used in a bioreactor as a therag for patients or as source of biol ogical
pr oduct s. engineergdsprageniier Cpbh cat he aised irhé RiRTaRAtPT AhE theramy &I RAUCRRAT 2S¢ hese
t her apeut G, gefehih R:rapgﬁgﬂfzﬁs ﬁf}ﬂr QS SnEH stesukitd G@&e‘?lly p}'ér@fﬁ%tls thieat

or alter an overt Or vert ogi cal conditi on. sl tuations,

t he ul ti nheee lﬂlhmpapauganetugpaiceahfres gre nlesighexdt apyltlpra(niyeﬂwvest trgatf or altetrem t he

henot f fic t || | ati.on.. 9
B Ubpopul a2\eEhPT0vF o BeRLeamltion’ ThalatuGHeba by Ve hHoP IR FiEdry oel | 5.
[0050] HepabitkerkFPaetddudisSs tohalfed BROMEhGY hOBE @tecﬂab@ &@elipoptlagse cells

ultimately give rise to mature parenchymal cell at conpri se hepat ocytes
and bili aﬁ094%]e| | Hepatie Cellsp ¥ wpppldgmn ofoliver iceldd wh@hvmréudeélhpm%@e&w
subpopul kons ga) hepatic stemcells and (b) commtted progenitors.

[ 0051] a‘f)‘ fStem cel I's: A subpopul ati on of hepatic progenitors,

i ncl udi ng[oo5@y i MHépatic Pipathitors! eMsaBpdphilatidn tbf e ce®| thésenatls altihasty
cells" [0052] Precursor: As used herein, the term"precursor" refers to a

first typ&“’%fm@é@ Ima“ﬂfﬁdwf‘gicb)é@alr?eélé thag ogng@@@ﬁgpthéesoqndc@ppry cphe: pscur sor
may direc al so
g ve i sah PP plsbehhas ihetudd e BRAe dufREbpuERichs A RGRLE st s
i nt er medi @) gomelilted progsnitopHD053] Prim tive Hepatic Stem CeI I s As used

herein, the term"primitive atic stemcells” refers hepati c stem
cel I's that'0dile H@é_&gé{&abﬁéﬁ He SHPPAPULYigH %fehmam[bf@sﬁf]ltop??o%wai"g
Hepatic S‘t‘lﬁ-ﬂ}u@%h SpateStet? &dIsPGRE Froxinkk® nb Sl stdRs 8ismel hepatic stem cel | s”

refers to atic stemcells that give ri se to hepatocytes and biliary
epi t hel i a[OOS@bI | Precursor: As used herein, the term “precursor” refers to a first type of cell
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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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[ 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] StwmoGebrdsss As used herein, the term"stemcells" mrefrarsesomshi ghly
proliferative cells that can gi ve rise to daughter cells with nore than one
fate, ot ent stem cel

a.b S they, are pluri po ent ﬁ’ ekls; z_luch.as

enbr yoni cB¥ oMk dete dostep & I%rS“C}éﬁf) Vgﬂﬁ’%etbcelnfgroﬂﬁ » SN YA TtFmstage
of a nam@é]lsaareeﬁmhys&enmv@ haed Exkﬁawko&tﬁ%abamrsabm RAVY GEDstiGRBRC kIR 1N
whi ch the stemcell produces a daughter cell identical to itself. -12 WD

03/ 078588reP6’I7ﬂ1U898710’7 8otheRysecontoripetent sikin eelis, Aerme dawghteredells aregdertiicakto
henopoi et al &kl n_or hepat cel are pl uri pot nd
nave. oxt elteirsaTadShme sttt SRR R iisteP ol HolBiER o
capaci ty. whithti@s¢aee e piroitt Pahand cak Q)liﬂdﬁtéhhﬁ\ed sefEcdlisUgiedaugRlet SelRT €
identical to the parent, and sone "commt" to speC|f|c fate(s) restricting

their gen@@alepb@pewvﬂaanc{wmqqla@e itygorunitiing tpasinglh specifiefarent's. In the
case of dpj f“ “‘Whﬁ &‘@t& l%’nes’oqs’ &aﬁﬂhﬁﬁ‘eru&&# afins Hﬁ@gg%%h@ ﬁeﬁcy and

sone | ose conm single, specific he terns
"one, " " aleastcuhe” atn‘"onal'OEmdﬁ@ﬂuhll&sstdﬂh&v&dsteﬂﬁﬂloaﬁde they nmean "at | east one"
or "one or nore," unless otherwi se indicated. 2. D agnostic Mrkers For

Hepatic Lin es. . [ Q05 fetoprotein (AFP) and al bumi n, both

cytopl as 'ceiggg?%gi“kiw ég‘eéﬂ‘ﬂg%ggef‘%? f‘if‘eﬁ‘gﬁ abl e markers for hepati c lineages
when assaémg as proteins. Messenger RNAs encoding variant fornms of these
prot ei ns bxpr/’elﬁh%f?t‘i’mow at jagd p?'@@’é‘m t &P qytpplasmic npfotaipsanateat ed;

for EXAMPL oy 1B ol iR B AERICTNAL L' 00:/chOID ARkl MyrcBERBL ©

cells by r e exon encoded sequences W el ther an
al t er nat eRl\Ie%cmxcddmg vhﬂ@témof(tl(edeqirar,elr&aw eaprededrri lkmepdietict fregenitatsso i n

patent application) refore t he expreSS| f roteins is
the found8¥§annpiiFans ‘P‘i APl divagant Orﬁéﬁrgf‘Fg %‘é‘ggo%&ﬁteapg g‘ﬁ? ‘?‘F"b‘t‘h ot her
cel | typeﬁe jafic [RBs b(%; ace\ﬂ‘{énlf“o@ thd Ex LY &nfRle@%elhidREs Wi eiflef 8RNGEmMAf AFP

and al bum I'S reco as a strong positive indicator of hepatic
progeni t oexael los. twbnextohe (Kalpcbta,eSttorrst@geEeldf submitied; ddsce iro patentt apiphiegtong.el | s

T nesane S Db B ARarS BBF D8 A b lRlitoR s, Ay R
expr essi ORefa@id $65pop hﬁ%ﬂ@from&ﬁﬁe@éﬂ Wz 1ifAMhe REIrSWaEHSN tHE ddvelopRRAIRE Wee
| i neage unti|l the perinatal period en it is suppressed, leavin al bum n

expr essi opreagncord AFP tand gbumini gateCQMRaJc@Semsstpng@osﬁlvs Hadigataf ©of paiicocyt e.
3. Processi ng

| a
cells u sugﬂgym%r{vcgﬁversi en;%@%‘%ﬁgﬁ%t hv Lﬁeve pmen? thgs% l's P Qapal)fe 5

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.c., 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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di ssociation of the tissue into single cell suspensions followed by
fractionation with density gradient centrifugation, centrifugal

el utri atiwo,030rdsker enti al enzymatic digestion protocols @ECcTaisps/mpatic
stell ate cel | s), and/or with selection using cell culture (revi evved in

Fr eshney, ture .of Ani mal |1s, A Manu hni ue 983, Al an
R L es. " qeRtorghon if pristady wsei RieadEand sl Aty PR e0R o d8kar o an
infant (bidphfdbl@s)t year old), a child (1 year old to puberty), or an adult
(beyond pulgerty) Density gradient -13 WO 03/078588 PCT/ US03/ 07852
centrifugation is preferably used to fractionate and isolate different cell
popul at i ohs Qultuging OﬁBpmlmB?/HGP%tﬁc. Stem Cgllg Apd Qthexr Progepitas Hepatic Stem
Cells And Ot her Progenitors [0060] Proxinmal hepatic stemcells and

commi t t ed[0b6PRt | Prgximge hiepatics steaquieile argimboomonited |Hepatic grogemetbrsf esglees and

a serumfree nedi um suppl.e te tha xture efine rnones and
o out b R EamE AVB] SRt ek seer- B e SHRRRE S R of
key mar kegs goinehforRlofdd Rd g?@\p@t fdetond (Ff%?etio%o% ic résaﬁmsr&neghdom&{y' jors

and of diploid adult Iiver Cells can occur if nbryonic |iver stromal
f eeder s ameintepaietdftkey euhrkérs of &F@rbem& hepagit stemi Wlbomqmamt@d prégehiters

serumfree, n eflne enented with ins

transf er r iy ﬁgdg’ﬁﬂgﬁdét ‘é?ﬁl%‘; f&?ooc%?lif %‘Eee"[ﬂ?r]yomcé“(% ft"h“&f fff"%%rs are
condi t i ongubstRRAMNitRSTOVIREGSR ceRS FLcEhbiRARGERIth Arseruni-Griee f IdrAlondll s &dfheand
even colony formation of diploid adult cells [7], different conditions are

needed t omsdiuat suppiesmentdse Wit msvhmetrwffaﬂn/@es% redarplaly shydrecortinong i 7 bf
Primti VeGH%R%AtC(h%e @gh §51§:p%%ﬁ14 dlwx% s rhgéﬁ%}% £0m! BPLiVES Aqmet hod

of isolatrng prim em cer Iver tissue
conpri si n@eamolqnyrfgrrﬂatmaldf cﬁplsmlmltcmlld{a’k]l méﬁéra‘n[ oonditivesrare hecisd @g select
preferablé enriched for parenchymal cells, to a plastic surface and

subj ectin rl”FFerElé‘I"FEGR%‘Cﬁel“??F@ nt culture conditions that elimnate mature
liver cells, the proximal hepatic stemcells and the commtted

progenit ogs Is(ﬁgﬁérpgpp,tlmg}lgﬁaﬁ‘@ggh{cgﬁs include the use of serumfree
medi um suppl emented wth a regul ator of car bohydrate nmet abol i sm a source

Coos2]  BOBFLY aae AREFPAe BBl e Rbe e aRhe M. 1y

pr ef er r edcels e udfaniliven nlssnetdomlﬁfsefgr applylﬁg prcﬁflesnus@dsmsa rdariaext frpmolivezi ng
factor is a conposition npri sing one Qr nore pi ds, nost E}éeferably
free fatt{ssgeipefepabhy éﬂfkcrhﬁécforah‘%ri:n ymaheglls; & aé’@S%ﬁPWﬁ‘i‘ceﬂ‘i‘Q seBIeCRg hse

medi um i Sceﬁfs%{» St %:M CBE{JIIC%B iBhe h%fr@l?ﬁlﬁ%ev\‘nﬁtt]re IWegQ:Qﬁsoﬁﬂé Ilﬁ'ﬁﬂ%al -ll;&?atllc' ver

tissue is prerera talne roma et a neonat e,
stem cells and the committed progenitors. Stringent culture COl’ldlthI‘lS 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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child, a juvenile, or an adult, and nost preferably, froma fetus. [0063]
Primtive hepatic stemcells are isolated by culturing the liver-derived
cell suswyensiomsson a plastic surface at | ow cell densiti @€T(Es08/0785D00- 2000
cells/cnm). The stringent culture conditions result in enmergence of
primtive hepati¢ stemce]ls from h I ve Qg{ni cursqgrs to

pr oxi nal %%‘Baﬂeh%%é’f‘bh‘%@ ger C?F@‘Qéesﬁﬁlg?(?‘f‘}\)(re“ﬁ atqﬁ{g/ @?W@gﬁ@%@@g

PCT/ USO03/ Q828 p&u@Mons bf thefn’«Xptdis! NBOAM \EAMCR2 axBrcass Ep- CAM  AC133,

CK8/ 18, CK19, and al bumin and subpopul ati ons of them express N-CAM CAM

5.2, and ©0k#} . [(Meef|skiiie thd arg kil recognizp ¢hag the pipdent neerigmii may bhasedithe

pr esent i.nvle tion mag lpsef ouse&‘ tﬁ i §0Ieat e primtive cells fromother tissue
t ypes. 6. 1SPA1 BAITIENE 6F St HE" BRSL FRrdF Weﬁ'ati c Stem Cells [0065] Human

proxi mal hepatic stemcells give rise to hepatocytes or biliary epithelia,

or conbi neit ifgylatiérher the Prokinim HdpatixiSt@h Gutlpat i ¢ stem cel | s co-express Ep-
CAM CK8/ 18, cytokeratin 19, al pha-fetoprotein, and al bum n and

subpopul afohgSF = ENREES ProXimASRepdlE MREMPEAK! BRE A&Patd %e?_atswt&elolr HikaAY be

i sol ated by various nethods, including (i) immunoselection of cells that

co- expr esepiBRHECAM ¢ambinatigns thdreef. [Hupean prosimal dpated bteguegdksnesi-enpsess Ep-

f er abl i f |, cell i th | | induci
Paotor o ARET | SRR ittt Bebiisipdchb ot oG B8, T oBapyRae”’ "
devel opnegipadssi ATIBBI NMurhaCHOkimal MepalRVein REBN¢ Al bel isclu@Uiny VaaohOmeihdds,

preferrably provided by a s_econdggﬁ/ cell. Preferred secondary cells
i ncl ude aiiclofiog Gedaymunepglectign ofe gbHlsy gt cca-gxpagss SER-SHEYL Gl pultusinggliver

dot hel i gl . cal j i ' ] '
[o0ss]  TrapERsen e peb Rl bl AROR G P ARE Db e P ARSI RSD,

pr ogeni t oinduih@ntdciorerord€iii)veditalg mimsgpensindnse bagadc ostemmmutioselitechi ng
cell surface nmarkers. specitféi c for a hepfati C %rogenjtor. A he

atjic
pr ogeni t ofeveigpmsatal spdusing RS dihgg dewiemeenty, aduring; fRrLof i‘%PPrB{?IT%@D'ecti ng
for cell Z})Cllfggfed%pi Son&hy CAY pRRG R REGIAR Yellshpswds ah!soro f&akr £, taher

expr ess e 1 nmunosel ected hepatic progenitor of the present
i nvent i onepbgbeicdiyeystfamad kelt, ceepesdsthelidoeli.n, and nore preferably further
express cytokeratin 19. Preferably, the i munosel ected hepatic progenitor

is a stemﬁc ”l' .l[,oog gﬂl n r})e e.rtrbo iﬁrent ofeltcge present invention, the
i sol at ed 'eﬁﬁ? pHion, PLHERFRGFTosgnItar ity IIHMYNORCIRCHON i ¢ stem cel|. In anot her
enbodi nent of the present invention, the isolated. hepatic progenitor is a
proxi mal HOBaL i c Thednssery invengionplsedirelvena grethad i ditatmeqyfsmatie peogenitor
from liver-derived cell suspensions based on immunoselecting 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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[ 0068] The present invention also involves a nethod of producing proxinal
hepatic stemcells and commtted progenitors fromhepatic primtive
hepati c swemsmessBs conprising either directly plating onteTaR/0Beder

| ayers and in the HDM or by transferring the primtive hepati c stemcells

f I STO 0 8 [
teader | apsrclat iRyt 8 Pipolem G aicham el S SRR iTp Seiatol o oy

t he col onpﬁﬁnﬁ)&e hepﬁﬂld@tém\éelmepatl c stemcells. [0069] Proxi rral hepatl c stem
cells and conmitted progenltors ma al so be produced fromprimtive

hepatic st@éOtel IRfoxynat henaticistgn el &m@c@mt%pf%@egors imaN fﬂéﬂ bRyPiodtieed
di shes (Pﬁog{;g—grﬂ@ vé h@;%c%&% 8af Rl ﬁ %Sﬁ'ﬁn&lé{ed§ﬁﬂﬁées b RAHE fetth bA&

pl astic (pr ystyrene - sur S expos to 1onlzing gas so that
t he pol ys(pféﬁbﬂfbly Sncppéraurgez:ieobol\ysny‘reﬁe prrﬁt&)ertismé arliveent plaston @efaraght | ve
(or positive) charges towards the side to which the cells are to a tach)
m crocar r PRWELY[SHF éfle‘?%@meyp%ﬁﬁritta rgnipiages £9 itk Pelyptyeeng i palanpgl ) 2

textile fgl%rférgﬁlaﬁ Rifeh {gxbloy ne%altgﬂa , (of B§190e) aﬁtgée%\@sads tﬁeye,td@%lv%lch the

scaf f ol di prefera ylacti propyl ene
f umar at e) celpodry (taaatlta”wb) elsit:mcamem(prdelhbry aNmtletads to watoérqeals san b¢ bepuhiges

f er abl t het i 070], Pi h
ol s andielTatriy GRESHY (o iR Bty vt ScelBl R ratpRl
hepatic sk ¢ Polphctdds! y&wgm@plehe alRghed! &ﬂbﬁﬁ&@ﬁersir hﬁ‘ ohle@lsﬂﬁh&fk'

surfaces can be coated or gar ed onto the surfaces in the categories
above. Thuserfaby or spoaged (@ref@m lymwréldats)'@k@tﬂca@@ng@war matrl X coatings onto

petri di Slﬂﬁﬁo ]'El sl§rgmaﬁlhgélatf%tsﬁe% ashd S Rt(é\?lpfdhg%ﬁﬁorg a' % k)g prto?iggédc S

Bi ol ogi ca aces used in LS |nven

extracel | @load prBiitiveX hdpatic Gstgrh evellmt»ytmmemag g biotdgical anefacAl Mhbydolagial
pr oduced by ceIIs and | ocated outside and between cell s and conpri sing

col | agens surfaggh&an by conted a1 pEpaisa Ak HieyuEaces 18 1be 6RtpeaTics ABOYs: ”Esws (fPIi )
extracel | ylap,pagpd n%&%moeﬁmcguum Rk @U%n <Py th fde %ﬁi d1BeS] ¥ SEOTRAGRN S

used al one or 1 n conbinations tor optl mzat| attac nment growth
and/ or ex ptassalmmrdcﬁrrterssmutexslpefabxﬁcscBiojmgltal(sn(faoqs used iruthengreseht bwemm]t In,

| am nin, coll are nore than 20 famli f I | udi
Lype | coRtedgEe )t Bt oor BT R, e ME | HgBrg ThaSd RPN (e
rmst Com@ace&%c;dceﬁl@dﬂn iRae8! dut§H taHE Detw&Al &elgdmﬁb mgﬂghg% 188erRr

are cal ciumdependent and sone of ich are not, and
pr ot eogl yedmsioprmobtems) prstepplatarsoarsi aher m«bteme @n)eexpnaoa;lbllax marinkspmpoients

o oo O ) PR A I s TR leg Byl & 7
chondr oi t ichl] SattabRhentPrPbRe0I1ERN, exPRdsEidh anf HtbdeadmRcificoaRabY@RNiInchri® an
sulfate 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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prot eogl ycan, heparin proteoglycan), (iii) tissue extracts enriched in
extracellular matrix, inicuding Matrigel (a urea extract of a

t ranspl anwvelB®78s8s i ne enbryonal carcinoma. Can be coat ed pamtusozmssnf t he
surfaces given in group 1)), ECM (extraction of cultured cells wusing

dilute alkali, djilute detergent, hjgh |t. extraction, urea, etc. and

| eavi ng b‘é%?rﬁﬁnta#’l'gHéglﬁﬁ’éffaé“g?rrqr%gtf' P'hf‘gﬁ‘f‘f‘af’s‘i"r‘ﬁ|"éa?“’ﬁﬁ?‘PP‘3{f‘fBE§rPﬁ%gﬁ%lPs
coating tipe SuhibR§CardBYmairixt RO&eactiBn oBigsR With ,higiﬂmltoé\;:l\g@ SFENDNACBH 4¥at ri X
(extraction of ammions with dilute alkali, dilute -16 03/ 078588

PCT/ US03/ axdseesdetleavgdabind all ghe Bsshe's edtagans ansany @psogiatesk components aahi asg
behi nd mat i x _conponents.present in . i ) i b .
(extracti OncaP & gnsh i KRG ﬁéaé‘é‘?t(‘ft(ée}‘%g&ggsgﬁ ﬂésa%? %5%&%&‘}’@%'8}?% 0

| eave behwitA sahum,idhe Adis adiesiongRbleRgeespeanly dibyonastn PrederdinCiigh tehtia such
as adhesion proteins), (iv) serumcoating (if one coats petri dishes or
tissue cufsryne aadgNeEoIVINsiNG Fenalnfudnm (cRaHRE AdtheBEnPIsHBED] ARarseksyaEPal | v

fibronectjn,.: t, .l [: @Ay { m, and (v) polylysine or
pol yl euci %Jéds(lgglg§l ngZ‘tt\l‘/l\na]t%F@EIeléslggggo ieﬁ??/netﬁgslghar ged amno acids is used to
attach epjoore] i alPredidab hgpradt ateantealal dnd con{nii@Zd prdgenitorsmayhedqalbd prodoeeh cel | s

and comm {ted progenjtors na so be produced fromprimziive hepatic stem
cel I's by Hom; BRMHYeubpafic s iC‘E’a]illsoﬁy gﬁ??%élﬂg?rncmtfﬂ?ngesc E’%ﬂ o Pber t

P. Lanza, cefi LRi RobRIPI00sQf ediiors URefrBE BEETisE EnprRERRS. CARIRRTo Prddew Yor k
2002, which 1s 1 ncorporated herein byreference. Hepatic progenitors

produced Ngwthekppezevhich isvueetrpaated heteurdeyrpleranicei ve and proxi mal  hepatic

s, h 1 i i itors. i Li.ar i tted
o Ggen t oFEpats BroRa torC ATRNC, bY e RBSET b Sionlctugt LR PRT R Flpls o

t he presepdpatit ¥R deMB, HEPXtobRi iRttt ptdgéaitors dindakli g4 cemhlitt@nstogenigene
therapy or as cells to be hosts for virus production (e.g. hepatitis C) to
generate vaccines. Al so, the progenitors of the present invention may be
expanded dexIhergpeuticohppropeheshi opsi es (e.g. punch biopsy) and the expanded
cells used for autologous or allogeneic cell or gene therapies or used to
seed bi or BF2br s The solktadeptvigeritars faf cthal presene ngventipmtmayahe usedsfed liver-

el ot rlofind S BERTREE 0 sh ot e B R SIS SRR
progeni t oCs (R hhepsié aRdcimdeAIsoNthe ProgenforsAMRe bfedétfifventiiBY ni§ belsiphdeaed

using any of a nunber of different gene delivery vector systens. The
grow ng eherabmsr liwr biopsies (Q.g\@upelbg@m}t)@né thsf expanded; asllepseddpr puelapeus t he

e et P A IR R M P BT o
gene i nseftat & he@Xpfi€sB) &Tor 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 concemn regarding rejection of the transplanted cells. The
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[0074] An alternative approach for gene therapy is to design vectors that
target the progenitors specifically and then to inject the vector, coupled
wi th the wers/edssg nterest, directly into the patient. Thecrashsomssnoul d
target and nodify the endogenous progenitor cell population. [0075] The
progenitor of this_invention can be used in. an au}ologou§ or ?Ilo enei ¢

i ver - di r BOBERY IR thiy inyention e PaHgulagy atretve [ llparosel Lintnsf S yta Kepat i ¢
progeni tO{h%ir%{i%eni@{womer@%ges@s Sl inf Aol 6264 8&iBctlRgheRbména € ection of
the transplanted cells. The -17 WO 03/0785 PCT/ US03/ 07852 progenitors of
this i nvel®076h arQncpathei eutblagbys airt aldegenice pfagenigdrs ogreniselatasl [putifieeh sdngy |
because their, antigenic profile s sts m.ni.mal. i munol ogi cal rej.ection
phenonenatulisty ATevnas sellymESRee 3 Fu BBk “SRREA T abEHRE) af e
purified amtplaatddt Bi&dintbh@¥ Eew. bef genald eldifycaliodli ki estired, aReRigAndtt act ,
expanded in vitro, and then transplanted back into the host. If genetic
nodi f i cat medificgtieregnd baforafrapsplayenthope genasigpily eradifind edlls way beeexprredespl ant |

th tjcal ifi . ang/ d
L hosF Ser sl g dPabldioh St ot SR NIRLSpRE Slachihfe| SllABROC On

Tr anspl aninafi@f Denbplak canbe bhdieinbepathipatic@opipattMent orein edtopaCordizitatopic
heterotopic site. For transplant into the hepatic conpartnment, portal vein

i nfusi on Y- i KET HEPIPEART dntoj the AEPAtNCRBRATINGE: BREY. VeI udpn &Rir4SR|%8K i on
may be thﬁé%@% RbsiRidsed f &%@eﬁk iﬁjﬁeﬁ&ﬁna%s%&Sfdtn*ﬁﬁgﬁ%ﬁ&nhmu@egmﬁo@&s

t ranspl ant via an intrasplenic I njection hove into epatic

conpar t mebt¢cauge0 6apatic Antdp¢niomnalkrangpdantad vpr ec eduaspiennaynjestgins tnove intve the
efficacy of hepatic engraftment of the transplanted hepatic progenitors.
Ani mal nod@2EC VB B inst rated that in partial hepatectony,

adm ni strajg79n of A@fgR0enesics RedeatiRs AAY QML iAW BfichdCtdIr hepiite i n
the engraftment and viability of the transpl anted hepatocytes. An
al t er nat i engrafppesadtih¢ srapsplanteshkpatin Pregesitefeneinioyl mpdeds diav¢ demprsigeadl t or s
to an ectgpjc_ site. E 078] To.date. .there have been proble socl At ed
it hopalti aRe epaigSiyg Ao ARl T R ST BT AR
i nabi |i tyfdcre ray@p e sue \éﬁF@lﬁh{eﬁt aAatbokbility Of Nkt i @ahspRAN@di apatoelyegi Caln
rejection, etc.) The problens with current hepatic cell therapy approaches
may be dudltarpativieeapperach ini tepwlavibe geraticallyaadifiedsigeeitors it agySaioRknt | y
adul t Iivgg cells and are short-lived after isolation and reinjection. In
addi tion, %e use of adult cells results in strong i nunol ogi cal rejection.
The progef00t78r s Teeldaw, ahert Neaviensdeanprobiensntissoniaekll eithghgatier cedif theeggy
because of their limted capacity to
approaches incluéing sou?c?ng (% 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
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elicit immunol ogical rejection phenonena, their ability to be cryopreserved
and therefore offering opportunities to tissue type them (and thereby

mat ch t hewoonorsseel |s to the recipient) and to of fer an ‘poftfesohersshel f*
product, and because of their extensive regenerative potential. [0079]

Wth respect to gene therapy, fhe ongqging efforts make use of "tar ed

i nj ect abl lée‘(?(&’@feé‘gé’,mgef‘%r Yfg%t Vﬁ%g{ﬁ%ﬁ ﬂ}abg’f &y &F“%F\empéa"r‘ﬁl P}%’ggﬂfoéssgﬁhder
devel opme@d -use DRESRc@PRI RIS SoMeN@y hadetel b ttB6keehlobedtys) Rl PRIV thére

i mrunol ogi cal problens and transient expression of the vectors. The only

rout es f osffegéime sitnerthpyeetars canakeeinioguasd exnvye Intaautifigd paegsnbere¢ellsxthgi vo
gene therapy..and_hav e t exclusi i / 88
DT usos) EauBR oS R Ind R IBh TP YR S ohdel of (i AAQROPLAR TS

t her apy Warkhhdr @@embaexpagibh foteitddl, thsie nihinidd] i€ ahyihducves b Ismenstegiony
targeted to those progenitors) will prove nore effective, since the,
vectors cEactsmsi o rabiiizetp & Visss fypee puft thereterpr wakhed dp B8l recipigne

nodi fi ed Lk of TR RRVARY he

pr ogen t ooy SALATHERGRE h (RLE AMECR, WitcKirkie B BMAERBRRMETE ¢
any, i nduaid hargfcellsmunol ogi cal reactions or ability to be tissue typed
and therefore matched to the recipient's imunol ogi cal phenotype, and

t hei r abi M'g to differentiate to produce both hepatocytes and biliary
cells. 1010-8ther UskSes [ 0080] The uses for human hepatic prinitive and

proxi mal hepatic stemcells are_ many and diverse. ,Theg/ i nclude: 1)
resear ch BI98ALInadheatses for human hgpaticoprigitiveadtd pkinggl hepatic plepprells ap

t oxi col ogj.cal Les; . : tHel 3 Y (using
the. cel | ey REATLEE, Ty k0 YEAERTN buriah B C T BTN GabEhESert S

| i ver cel hntivivalsap) @gicologjcal studies;gBrizug develbgyngsit; Dpdot8in emdadtuding{ualngl | ver s

t hat can he used in research, toxicological and anti mcrobial studies,
protein _rrgﬁl?f‘]i%‘fsmqsﬁgf_?r _B‘ipflﬁ‘i:tioﬁ‘i Qfé’laWu%ré‘g’éaq‘?R? ¢ fg%tgfsg}éiwg‘i%tﬁ%&ﬂ@?;deri ng
the abiligy;Rhk ééh% Reriitd; Ven NS b LHAdTRI 1NBRALAA 4P BeCRkéP ihOresearch,

differentiate into hepatocytes and biliary cells, the cells of the present
i nvent i ontoxzoldgécal asédinbotidrobigl studisat proteonm ridnufgopuringt @s cliepseliaag lipon t he

m croenvi ronment i n - whi.ch. th are aced....[ 008 The .avai |l abil ity of
nurmn hepBRrL B Pbufctina g ap Y o bR pReke B oy M EPam BB o e
ext ensi vediiReRahein@ hdpdfiRes @hd Hiliady Cbild, Aed tdlfsadferht HeesdVvial eizh fan Me
successful forns of liver cell and gene therapy, and should enable the

devel oprenseddioth fouhapatisi asdliary fatds alep¢riding epanghe gyeropetirpniment wswhick theynd as

cl i nical gr%spilé%ted.de\’i ces. At
[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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present, the limted supply of healthy human tissues precludes clinical
progranms in liver <cell therapy or in human bioartificial livers. The
progeni t owoaslohssgopul ati ons shoul d have sufficient expan®carusoavmsti al to
overcone, or at least greatly alleviate, that limted supply. Mreover,

t hese cel hg emg Ehﬁi r i mredi at e descendents show preferential survival to
i schem a, @t &‘ and warm relative to that observed with mature |iver

cell's, nPpdPaRgtiéhaf Hep Ml Cell BadpeasiondroheFetaEliskwe | iver transplantation
or for producing healthy mature liver cells are sources of the progenitor

cell's. [O@®R}] The ildrviantd Mas iobtairel sdrh détaskserheid [DDD oweRY gedionkimgded Ng
exanpl es. WO 03/ 078588 PCT/ US03/ 07852 EXAMPLE 1 Preparation of Hepatic Cell
Suspensi opbtEnedrbFeteshveaiesminatipoogRregnapey. Thessamwlesend loysr BssHe avere grivmast uses

bet ween 18; 22 WPoeietda) |oRRARS wilPldh Bad iy &l SRgfve terminations of

pregnancy. “hé sanpl’'es o I'Ssue were shippe overnight in RPM 1640

suppl enenfopd4 Wi t ITidRovbRIng rahgad fiemeloud mLABRAR pFépasdierywedst il célabgffer f rom
2 to 12 nl_after a preparatory wash in cell buffer (RPM supplenented with
bovi ne sefREMEsuRpigReTEEN I BRtingserym glbyoyn BJdelradion Vi Oi)i%, Sigma St

sel eni ousy aci.d 0 . an t hfhH C I alndl XrAAoniP BG / 1 pvi, £ ogen
Corporati%ﬁ?lk’Cal(r/[ﬁgba%l,wn&%‘%i ?agﬁig?p E?@érhﬁnsénlﬂa \ﬁ/ag{a?ub ?’vi'ggg a(;G\{[!,Jol’
necessar yBRiflavitroggme@erportiot, Marlshrad| dsdiférmia)dilgest tissne | wa? Subdivied cal |

buf f t ai ni 1V col | d d i b | Si gma, St
Coui o wonecengrntug it f Sh 8F 3R Bahinsti 1S Bl hesidatet cadenie h
frequent g@iatmtaoﬁiagén@ge el deoZ YivBnLeR (81}ha, S BUhik EMol; Both RFRGSBLATS.

suspension of cell aggregates. The suspension was then passed "through a 40
gauge si elnsubatidnspan canducxa aRBRAG ovithf frequant ragitatéorhédrol 2 + dQuspetesiand i n a

cal ciumfree. sol utii on of Hanks buffered salt @t i on,  suppl nted wth
carA (0, 2o A iTe et R s BT AR B e AR R RETRT P o

Si gma) , Ditasesh(d4@®ddge Slegoand apie ot e L0®REPMBES five thin(10 8&breTiasusparsydteini £al | y
di gest ed suspensi on conpri ses hermipoi etic and hepatic subpopul ati ons. An
ant i geni ccyeigmrires splutip of dakhtuéigradysalfi spivtiey syprlsasBied nvitls EChb{0i2n
Table 1 w - - j ' - i g

suspensi offMee Beh HepSs PRI, B3l EMEL AT BEARR LIS o) B0k (61

al bum n- egjgnegandigrmed HBS8 mod with a significant contam nation of

henopoi etic cells (see the percentages of CD45 and | ycophorin A |
expr essi nf08el | s The %P@“i’ﬁly frgesty SB?HGQPHHICOBHF’ISC%g%J}é@P@P% apd hepatic

0y MR SRR S8l e A B Bl oy Tl 1

nmost st ri Kahly lewith trendRP-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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occurs with the partial enzymatic digestion with coll agenase to yield
aggregates of parenchymal cells that are then separated fromthe

non- par erwbyombssgs | oati ng) cells by repeated | ow speed ceatrrishsigms: on as
descri bed bel ow and yields a cell suspensi on that is nore than 80% al bum n

and AFP- ex ing cells (T opoi etic ly

eryt hr ocyf“g@ E&OE?WWIBBI ‘é@?sffdlﬁao 164t i H@”ﬂn%h' aFe@ﬁE[ﬁi?/ g‘éfsl sB re
then sepafghgeh fdupm: tihe o%@fe@rdﬁf&}éﬂﬁfughﬁbh ahfl @&dukgamsion Mapesit eqhmglhgwa%peed
centrifugation at 30 g 00 RPM for five mnutes in HBSS nod el | et
was resuspéritéatdaby ar éeCQGdirerdJQécﬁﬂiZYmﬂI@? i ggsiagn FBSf?ShD@PIGﬁP‘Msetﬂ@@Jt@@I or
showed 28 [ 07858 U 3/ 07852 m ni rrg tcont Caﬁl an i th rfgd bl ood
cel I's. ‘Wﬁr”Fg YékeVF‘égB’f“r“E WP fgfon mestyand rg 3‘(%? 8CFOUP Ve Ey el es
of centrifyggti on and resuspension [14, 15]. Cdunping was m n| m zed by a
second-round of enzymatic d|?est|on in fresh col |l agenase solution followed
by si evi niPOBRAF oudhheac8dting ol cuspassian ares Wé%h@ﬁlnt“we thea Zank gliguoty, each

I f buf f h | i
Chen 5 ottt bSle 2 0 Ry, Serd RUED ol 53 BRFIAIETMERAER o1 0°

5 nL of Fpggldacibly PadatewbANEIS b0 MDAFAB6h aubeki ariatpmayt 3000 RPM 50r 20
Fal con tubes and spun at 3000 RPM for 20 mnutes. Cells fromthe |nterface

and pel | emingese Cebsliemehe dnerdussandpellst were FrsHeReRdedispreRtely RPRpLing media
suppl emsngm angs@gpﬁ\g.ﬁd g%h 4 A Bt s ﬁ&hawagdstwnw Mtyp@&a]h' B! fr y

enuner at i assessrre a hemacytonet er Vi a
was rout i erainyeratiingdndrvidhihty ﬁ&spmeme\mnh a Hemat yioms e dckiL enbility wgatmmnelryet hod

constT{ut BRFEF HBAY g Chel Iheq lpRRIFEN dif b UG BE agRy % AR PG etiodhe

AFP- expr e?é?rl:x'ilﬁh yhfl bdls eliREndtBd afel ﬁehdg,&ehb%oﬁs%l%’m@e&@n@ﬁmgmgcaﬁid C&en@fo% tR40Xi nal
hepatic stemcélls given that they express AFP, al bum™n and 19 but not

henopoi et wes apprreimstel @BVceAf)’-eXWBS@Bg 07186 The PCYHPLISOY 7 FEEP-Tatsessing, ceHl ow

| hi | | Lij
i gl SrsBanieg Behe gl b it fof Mok iRsnchFP <bfpinand GRIp ol "
Par enchy maémégéidtit rgar%%@)(i’amalr).at ion
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CAM-5.2

Surface

n.d.

PE-CAM

Surface

n.d.

CD133

Surface

n.d.

Cytokeratin 19

Cytoplasmic

n.d.

Cytokeratin 8/18

n.d.

Cytoplasmic

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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Col ony Formation From Adult Human Liver Cells [0089] To assess the presence
of liver stemcells by colony formation, cells from Exanple 2 were thawed
and pl at ewoaB/oassdensity of 12,500 live cells/well on a 6 welrlusob/atssy i n
triplicate, onto a STO5 feeder |ayer. The tissue culture nedi umused was

DVEM F12 g penicillin/streptomycin (50 Um/50ug/m), bovine
serum al bEW?WQQ Yow v), transferrin (10ug/m), free-fatty acids (7.6

uEg/ L) ni c@wd@mﬂrﬂmﬁ)ﬂﬁmAdﬁnlfmmhm‘?emeubo_(-8) M, copper (1 x 10(-6)
M, 2-nercaptoethanol (5 x 10(-5) M, L-glutamne (2nmV), insulin (5ug/m),

hydr ocort jcp89f ( BY askkssMhe d)%gs‘ehc& SEGRr QemWEdIROBA c&loﬁﬁﬁnﬁaﬁ‘l@nawlst frem of

epi dermal growt h factor. I1s were cultured for 5 days, fixed, and

col oni es Ewampled \a@ewli'ay(@élmné@éatwat 4 deghity of £2. 38ty cellsyvellaingn sellpate,
observed in _a u ctl on d .cells. This
i nhibito ril télipré%? Son(t_,)c,} §igd§| Eeeg Pssue cliftur med1 Xecp\%asdﬂﬁ/[élﬁ Flfz t he

g ce , Or s er conponen

cel | prepasrdihing géﬁicmm/&t@epﬁ@rﬂ 1hﬁ5(9@¥mﬂml%nnﬁ)}3[§dv@rﬂe&@ngﬁawuﬂﬂﬁ (0,Bwensy
colonies were observed fromboth the ba 1 and band 2 cells fracdtions. 8

total col Bmsé@nml@lgém@efr@@aattx #idhe -G ulgil) ficosinerids (etrald), ssl GI“F‘HPn Band 1

((Jés; \C/)trand+| n 956‘%?[{1& lgm §§F2 @%f@qagﬁpgé@(tﬁeﬁ%l}r@h%ﬁ ro
medi um . iFhehm(feng&hll), liydﬁmoetmoyle of0(€B IM)) withofHEGT) or editheut GREGE) et aiditfomr t hi s

experinment _was 0.03% I\/PLE 4 Co- Expression O Al bum n, CD133, And Ep- CAM
In A SubpBp! rF‘BhgrﬁwtlA {9 Human Liver Cells [0091] Cell's were isolated

from donofggopyer scaRSeLE lcaiuhaéd@ér gengs,ihed, hﬁh EXBhRS ovnted I00isRAIBRENKE Of
cells expressing the CD45 cell surfate antige or Leukocyte Comon

Anti gen, hglntymrotscpsnep)pmfsptbiamas aveEx pbm@@dmvarde\lvqllsomf uﬂfracsomt@bdelbe [Thgs

(1 eukocyte as fluore ce activated c sortin

st o an. GV 00 SRRBEFS clifer: anab B B0 8Re 2FL Rt e ey BRPRARY obFe )
cel I's wver gelCofpaR@sh tirive té E’egtnfdgbﬁbn 6“"'@pt1§i@ﬂ5%rﬁ&§htt iHBveset, | @lomeEsewarpl et ed
by magnetic cell sorti ngwy ng anti-CD45 nonoclonal anti body and

super - par ahS@gwéterzn @doB@KH@anér?oWﬂlﬁ éraadﬁqsqmtala@ﬁkmmsm@ éHSCfVed
bench-1t op, ”ﬁ%nst\b&lscg&ltalﬁ%r te yﬁ%hlga%ﬁel QE%%nge&@Belfﬂ y and

the instrunent were Su enyi p05|t|ve celTs coul d

al so be depbrn®dandy3 tqvearaalon S wekd ulwce\zedeml& :awtelly&bﬁpbanelﬂ(lwfdm rEGFor
ot her nodes of negative__imunosel ection. After depletion, the fractl on of
CD45- posi fegiinbe? | GomenBORi mgdium) Hehe. oxerplh tisausnes sl petenydegnimegsells

calculated 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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liver cell preparation was reduced to approximately 1 percent (Fig. 14B).
Depl etion of CD45-positive cells facilitates the further anal ysis of

ant i gens wo ppssocyt es and hepatic progenitor and stem @eiso3/h18sal so
should facilitate the isolation of enriched popul ations of these cells. a.

Al buni 092] . Af depl et | CD45- posj t | Ll S f
iver. cel [ensl DR GTENSS bNedhiccaur e Rl et el el PR St S ver o

fixed w toDapgiositios sallsdRbyidRes the fireRbahdl 7edobantigefabiTREatoWytdd aBd Rdpatici t on
X-100 detergent, and stained by sequential incubation with a nouse |gQd

nonocl onaProgeniidseay sea ¢rlisalh alsaishoawi faciliaie the fsoktioy ob grri¢hedpogulations of
ant i bodi eﬁ}e iugst nmouse i mmunoglobulin A (1gd@) Ilabeled with the

fl uorescen ye A647. Background stai ning and aut of | uorescence of the
cells was det eamAlBdnidy using a purified nouse nyeloma protein (also an
lgd), with no specific binding activity to human antjigens, in place of
the anti - 98hi n Aﬁf&ﬁoéqpémn Oérﬁﬁ?‘b%ﬂi’,s.‘tw&pﬁ?lb&iarré?‘é‘[’&? gfr.qbse PEEEEARLS 912t he

cell s V‘erﬁ'na?)ljféﬂmfﬂr‘p rbdston (& Ghuntaf) serdil® alB@hin9 CeRE RS t ki¥Ed Stiaghni ng
(red outline) was determ ned by conparison to the nouse myelona protein
control ( patfosinaldel)yde] pOSiBjabiizad byermtrherywiHAOS % fTriton Wwail 60 |deghgens cantdt er

and side |ight scatter.can he. used to char erize .cel.lul ar popul ati ons.
The forvva?tag‘ﬁ‘lsid’ysF%e‘g@gt‘P‘éJr PR "b‘ﬂ’l aPHSP ?ﬁlng’(‘)%ﬂg"%farﬁ’gf’gﬁltgﬁwg?a?e and
intracel | yibahis thd afHiALp ARl eittanibsBEPRG Y RloYise AFMERSIMbUlInG Fi186G,)15B,

the al bum n-positive celﬁ)ul ar population fromadult human |iver conprises a
maj ority Uibeled vith elflugrestant dye|Add7vBhskgriugh staning ragd @roBporseenss @bthecat t er

SSC). Anal,ysi f _si d h | addi ti bj i cal
and ant1 geniec et Rer RS NG AR Resc Rt n R BLL RAGa p bR, o2

consi st engpedifichbiffBing! £+t vayabl hudepainipghssin flaccconige sitZelbamii exdndalogily
18-22 mcroneter dianmeter). The | argest hepatocytes (approxi mtely > 30
ni cr onet efntiiodiedBRpximmasehy 98 onrarceat of theicghniyers alaymignpesiivst (Fig. 4p4). The
under-rep n ks : i , : e

suscept i b%filﬁﬁyfot? coim%lgg?%{a"ﬁhg R%%%gﬁ%ev?%ga%ﬁlﬁggwf\ég’rﬁﬁgﬁ?ﬁg&o {nﬁtéseor gan
and per f usiyelomagoeor coptrebfner sheswrgcept i bility to damage during the

i sol ati on _procedure. However,_ Fig. .15B also shows that,.in addition to the
mat ure, sHEPP! hepdptsuirreat %Hn%f#@@f %@@Féﬁ&@t%?ﬁt"zre@db?éq SR sCafgrHary and
side scat &)y @ surfXRRSSIRPUWIPRIaIRE TIRWdrARRT O%d WRieeihuér ArePBFiMmERly)

al bum n-negative cells in the preparation al nost exclusively show very | ow
forwar d afithctisnsdef cetlatar eize (aRd gntracsylar Thetwalneomiplexitie aekpeetivesy. Asy shppmy

smal | cel gnSFi?;y%]B,a}ﬁe lal%hrenirﬂ)ggt?ve Bkt rp%)p?lglgti(())r}c frgx%da uﬁt%%crina%elwg 'cor_ngéses 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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WO 03/ 078588 PCT/ US03/ 07852 b. CD133 [0094] The antigen CD133 (ACl33) is a
cell surface glycoprotein of 120 kilodaltons that has five transnenbrane
domai ns. Wioaspressei n is simlar or orthol ogous to the nouPET/(RHEBEN

prom nin. The human CD133 antigen originally was identified on a subset of
early progeni tor'im r}cl uding stemcells, in the |lineage of bl ood-formng
(henat opoi et| Ps. Certain other inmature cells express CD133,

i ncl udi ngogeyel orihBGnG gt @Ehsymcmmy%eu%ﬁnaaeogay&dw&lsm@f 126NGRtAedsal
cell precursors, and neuronal progenitors or stem cells. Expression of
CD133 al sthathtes fb@eransmpmbtaed domainer The nrormmmtmmmrsor&wdpgqum thegaeusged

cells lines,.such as |nobla ndtheclonc i

The pr ot BPIF grqn&lawd nl&lgmnr gi)ggg et hemaly y' ¢ lgerﬁg{syr%aonn%n%lgse%go
pr of usi ongrigUsiBgatstordNifdl@Mhg lsiem Wlﬁnlrf Ql'érliheﬁge @pblobﬂlfbﬂxllmgQhérﬁatopdletlc)

| ocal i zes preferentially to the api cal, but not to the baso-Iateral

menbr ane eelisf Gewain ptksyiipumatese sglle €xpiess E&lﬁﬁcwpwnwydevremm Selbemdni stry,

have fail e u

cpi thet i firCefEFBRTER ©. EREotiiRI SLEGRoAES 33 MBRadtidnisol Willem e
protein gells rTEipfed%wmde Chs3veko has‘lbd:aidnepmaﬂmh tertdiv @nmafh (ﬁﬁﬁﬁﬂs avé tursed
staining with a fluorescent-I| abel ed nonocl onal anti body agm %g%gym by

FACS to se&ares celly lipgy, jsucheapredweblagiomas aeﬁi@%c%ﬁfe iCgreHnIma | et ed
adul t ugg&nl ly%mﬁiek&noeﬁ@&%@a dfORtialBU P Ip'la%hﬁ%ﬁémbka{?] C&Iemsl&l& duBg Arior

negative port observed 'that a rgjo of the 5-depleted liver
cells (semloEo‘glh M@n odvopepithdlabcellst mlcmahgesfpycfefeﬁ)mamy toRthg ap@@hbn@w@al s
appr oxi rratel erce CD133- 03| tive cells in reparation fromthe
Poerof i} terbREIEER, yREOaNG) Sttty duayotT dupBicofte hRtysl OBy

substanti ﬂmﬁ%ﬁﬁt&th'eﬁf‘st@f h@m%rea%l &drﬂ&sﬁr@ﬂe' CD13Npkdighin " pedkibs iafadulte size
of small mature hepatocytes, has been observed in cell Sl{)reparatl ons from

addi t i onalnummwnhgu@lltsssuq, ﬁ@SPUQTWTC%W pkdeteuigblemesgngasdiNAver the prateini on

(upper oxm F| A cQ hly half of the cells in the
preparat i Oi"ie ‘%nafnl &es m%dm a%tlft(m?f) hepat ocytes on the basis of side

| i ght scagopes] ( Fiwe u%alﬂllﬂg Wit a\Blistebdegilabsleaniombclongltant bedydnd dnTalyaisSO
conpri ses many cells that are smaller than and norphol O%I cally distinct

f r om mat ube FR&Satooteprcastor selly expgrsaingythe Gy andigen &t our €BEo6lFP naéit“?tc cel |
L Rl A R 1 SR it 2
75% of r ecyepreddhated hmjaity of tien€Dd§alepleaid lingeg reells (ses (ﬁlg i /@ )y ushibtvi [zds'n'g/et he

UL ONRCS e TR (ML O LR e, e oL RS Bt g o
[insert |5R0M306n ¥Rnt & B1LC6E ajuvenile (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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shoul d be straightforward for one "skilled in the art'??] should permt the
isolation of -25 WD 03/078588 PCT/ US03/ 07852 nore highly enriched

CD133- poswDios@78s68 | popul ations with nearly quantitative PC&$03/0f85A so
note that other nethods of positive inmunosel ection can be used to enri ch

for the CD13 t . As | d tt
forward S BIEhOn BIichAdeR)S-pasinsh Pt b RRB s B oy el E ST se
al | of theaPhdr tﬁh'tb&ﬁ&%@thb&n& pdsHRRtirmAdsdiebtio@abe rsele ) @frRd i Mer cel |

preparation. c. Ep-CA 097] The epithelial cell adhesion nolecule

( Ep- CAM @D$33-positive aslls{}aA?SS}ugged by 1side] scateiRbig, 1B angd quar«swter $net

gl ycopr ot | i cat cal ci.um nt_cel| -cell
adhesi on. %?Wé’l)p StCéIPﬁﬁ?d b@%&g?é’&g&eﬁ cﬁ“?’rﬁﬂvpﬂﬁmlrll Ogg}:“% IHFI al eb P Lglﬁtéésns and
appears tiefgfiddintRO0bas @eplsieasivanddliaprbyaritionpr ol i f er ati ng eplthel ial cells,
including tunor cells. C J. de Boer and col |l eagues reported that in 8-week
enbryoni ¢ hung&n EH Géermst hepat ocyt es express det ect abI e Ep-CAM protein

[ de Boer van J Y 999) .

L oet R "L i, PRSI A aBLAGY o SONT080)
l'iver," JoonnalA, HGHat KSl agyund B8AJGda @]ycopIB;elmm‘i[tlr@&:ﬂ in Ihnrrmphlrllial cahduiint
human |iver they failed to detect Ep- CAM expressio

hepat oc and
repor t ed PRAPAGRNYEnhcER-call @dhesim: Hidie; RIptedk 1y %"Pg?sé‘?‘ﬂ i Fany i Rpgpap %lﬁﬁ'elc“ﬂl S
antigen. fnal 'a)ﬁdt L}J;)%m%%' BE e ulgehegﬁo@[qnmycsi #)Folffgt%ﬂﬁ fégﬁﬁem Qapatic

precursors In’ si tions in l'iver regeneration an pair was
i nduced bmcbxkiingatruwomqetlmﬁ ﬂsde &»dr amd colidaiggesofeported Hiah in iBveeckt embryonic

particularly chol an oBs. 0 stently
Clot ect o M TSGn 0108 PaHasmCEgereRr (RirEIR, EP P ol e AP U hurran
liver cel KriBke&P i a¥dn9dth-vah A ROTIM | LivaRby 8Y. 309H9) aﬁEu;iréssmﬁh@f Ep-CAM in

Ep- CAM positive popul ation conprises Eprom mately 0.4 to 2.5 ercent of

the cell snoml,ghgﬁxmratlngﬂngtaplestm aEhn posiven\ J@“é‘@ll pEPathelogy 488881 6bser ved
| | ul f
in |iver ﬁe Cfl?EQS?p 1?&'%1%1? %d@t th‘ék’@ﬁ eiRJe?ttkll r]fa(ﬂ to %?te eﬁg%ﬂ&l\/f) I: QE%FOHp?ISI tive

cells. Fi g oSl t| ne suc man 1iver

prepar at | pdpalddyled, PRI e€okted nhﬁthenlyelgleonuctw‘plthhlﬁhl Petls sgdh gobsaivelyhfoanthisy t he
red outline, as_conpared to 0.15 percent in the sane %%ted region for a
control atitigsaalineHt thecwndisamwast twt%fhyn keibwifleRtitiech a8 Mepafisn precussgrs in7a;

t hus appr&ﬁ}ﬂoﬂ%ﬁ é'ny\ilelcﬁ?lver Rodritid ?) atfd 1 51?% 1 lx)cécl18¥r§ﬂlalr$ cﬁ'ﬂ%sgpar%w

positive). abel ana ySI'S ot S nstrates that the
vast maj otdlks\of oértaih heeﬁpmﬁ#kl\/bmsmlhrlyehcderhgiscammbmg CD45- depl et ed popul ation

are, as e@%gt ed, %ﬂq )(e,lsg \é/§| qonggng,}e?%ﬁy deltetct g 1%%% spo})Lrl]lg{[ions% [8}1{%‘-' y 1

per cent)
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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our human |iver preparations al so express Ep-CAM (data not shown). WO

03/ 078588 PCT/ US03/ 07852 d. Co-expression of Ep-CAM CD133, and Al bum n

[ 0099] Waweaanedsesl for |iver cells fromadult human |iver pCratSo®ypsess bot h
Ep- CAM and CD133. Cells were incubated with nonocl onal antibodies to CD133

and Ep-CAM each,directly conj iL,bh a, different fluorochrome. As
shown in Fig. ‘il'? ,O'e’ﬁﬁﬁ?sb‘i/ﬂ ﬁ‘g@&%%ﬂﬁ}éeﬂd &b'{'ﬂ'é‘ cells in this

parti cul afpo68¥5- depkatardadiliterReNBitomi A6l hugfh!liver BREEFERMoi Bpredv
detectably for CD 133. (The sonmewhat |ower degree of CD 133 staining here

than in t#el €Rp3T.i Gallst werhdneubatedrvigh mosaclengl andibadies ta 6#A138tand [ERICAMr ences
between |iver cell preparatio r i ferent or.S, copseq ce of
age or ot %%E d\?%rtliyaﬁf“@g?at%r lrrﬁ(?)rﬁIi u‘ﬁlfpar(egﬂ{ itfuloécf h\r/%ﬁ?atAlssorsl@&‘?”ﬁ 1éxgggr'i @’t al

t echni quedpprdIRARIESL berckmt dfltBe cElOpinl thilksiparidultC34 Ridpteed bawlnhniad GverEp- CAM
(showmn within the red boundary in Fig. 17%}, approxi mately 70 percent al so
stai ned pesdl prepapyor éﬁa"@@)@@c{aﬂ)g.forlg@)}:ﬁ-f & somgwhatplower, §egree of £33y er
preparati gp i . th I - i S

B0 oxcpr es Sa PR E I L Rudi A RERm el Fod B roiire S00M Afrchiels 2
exper i menbetwbawivérnceHi wepdratima Srorm elifféredt! ddnors, abat consegiende dfhaezeasradthsi s of

al bum n expression. shown in_Figs. 14 and 15. As noted above, approxi mtely
97.5 per c¥#tablss: eEomaidenfifieq ﬁ%ﬂwglfu@fﬂeéwataééﬁmﬁa&r*ae?we@? & Hed

posi ti vel ¥, ofiiof! BEMiRine@Rttohdl§ 68 Wpat RNM(IoBRORIthihehe &bl Hodh&Ry a¥ qdga
distinctive pattern of |low fofward scatter and side scatter. As shown in
Fi g. 17E, 17B) tappiokimas¢ly T0apgreanxiateat tdiged peitivehe fae@P)3d{Fighe7Re|Thasf mund t o

: . CD133 and Ep- CAM shoued f d side,igh
Char att or 4t PEUGHET ReoLPEAMRORAoPor R Ew 2 Ffura of 4 ‘Ink TPAPJeLuiRe ae'

of the bogg];gl@@]-es(p@is@agg.cmmamgblgg forward scatter versus side scatter
that is contained all of the al bum n-negative cells (see Fig. 15C). Thus,
t he post nH18P] hurke cell\pegparation|used f%ﬁh%@m@%wesﬁwowlc%w-alﬂww%wal [30)

express h > L Ry B, .Cn- i .OF. -
Expr oaai niehendh 18Pl al BB SRR b e T Altliare uen
as magnet qysprexilatepOUisngercaitl avehet dedls énrthe IGm4E-dafleteD3B-opsalatior statedd s

fromhuman liver cell preparations, W assessed cells in the starting
popul at i ooyl B yltemns. dlihe fewy plbapun-nagatispreBs displayerbd disHPESPPTn f or

t he expressi = k; - Ati7ke 3
i PoEr B IePLyEReER e it Sh AT e ) DO RB el
After enp9.6hmeerent)odf EB1RIspiosnd ity eosaptess QN3 asl EpiCyMp sipawedt foowafdFi g.

TR0 oL e oy iR SRR R b L S5 ™
adul t  hungfisiik W the 8BGhdi8TRERL GRS pldia)f bReAR 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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cells can be enriched by positive i munosel ection. Analysis of forward and
side scatter -27 WO 03/078588 PCT/ US03/07852 (as in the experinent of Fig.
17) by thwooslohessg hat co-express the two surface anti gens pcagaososipws t hat
nearly 100 percent of these cells also nust be al bum n-positive. [0102] The

adult hunmpan.liver cells d ri ove cQ- x ress._al,bum n t ot ypi cal
mar ker | of G 1 o BSEGES o Tl P30 DR CENE by P BT et ot oos Bk
and ther ejg%i’rﬁsh'&%@hét%aﬁﬁm péicdnb 6f ShasEcaMl ROy Be RIbaMin-Bodfivezer t ai n
hepatic stemcells fromhuman fetal |iver described herein. Mreover, the

adul t hunﬁé)ﬂaozl verThGeIaﬂElt dbuman beer Reliseideserrbed| jaheve orexpress gibpminmal | er
than rmature ! Orr(l:z}/r}ég h%étﬁg %F%at(?c{{(?é ![ (g? ?o@%tﬁé@@g%%ﬁt{ue%%% rBr(\ﬂ O@AM

di anet er)prOtPa en tog hunman’I'1Tv cornt ai ns

cel I's capafl weefort ta thg s@mleom thS saiﬂéigherﬁ)wmit prodils of lcatalmpqyaatuswnabéus
defi ne he at| c stem cells (i. in serumfree nediumw th STO f eeder

cells), dwmapderd é‘N“éfrﬁeé‘F“t&FiB\?Fﬁ"h Moregverafhieadyltdes lnsresits deseraed: he
presence f & »
 mmunosel @%%l?%ﬁ%iéf%?‘#%&‘dﬁ IRl 8 B IRE o SrRphiEyes” of

si mul t anetﬁJQIZymercmrcﬁsmettef)e Taken mgeﬂwacmtrmh«ﬁndmg Hxt @At hdarChigIontairsr der
to obtain i C ul atjons of hepatic stemc s from human
liver, in® ]écT Pﬂj’ & Pgéﬁ@ &j@’ﬁ?'g%ﬁu‘? 10ens & atoqpeéﬁ‘iloa% &eﬂ‘@m@ tgm

Primary Quifsyf. @Slﬁerﬁﬁlofféé%ledllﬁiﬁpafﬁth@@ ecadeeLeIf) Me I5QxpR]BH ok alRin,[ 0103]
Most of the I'iver progenitors, with the exception of the prinitive hepatlc

stem ceI EB CaM amdtCBLBerremﬁmteSI tdangrdgemqq:gaf@gcltmm@pléﬁlmdm le/nbrl\ﬂl@h‘i)@ liver

stromal der@g ersl ftrom(p Xl L {venrlas b%dul t |tl v}esrﬁsate Ce” tggtrse

adu et sSudsee e Brriee T IRRHRN el iy HRTBR ' 1995;

Sigal et ahultd®Pasly(dRbidsé the, twd\wulrate inarl@ﬂsd HﬁeMM_Md CBApams batkr Ccoalﬁtmtnl ons

for early heg atic progenitor cells fromenbryonal and neonatal rat |ivers.
e

Di gest i vehiBhkeeryiched nepsiatian 65 hepptiggsiers 7eells 1foem ) humgre livgrp inediding |tissusy

stromal %&F\%ﬁrﬁ% Q@hﬁ’f GAG%ﬁed by STO cells, an enbryonic stromal cell
|l i ne, used as ro I ne ?ee ers for enbryonic stemcells and found to

support cl onogeni c expansion of freshly isolated, normal rodent hepatic
stem cel IEXWMPEEJS oi d adult rat liver cells (Kubot a and Reid, 2000),
These conditions e found es | s or. .t of _the progeni tors
{1 om hanaPimarsiClrygs Ot firpsim e&ﬁ@&é?%?? p Qn S QaliL%f‘ ay‘Hépat. c stem
cell that would expand with and wthout the feeders, (Miss

subni t t edi010Fhe dtestiol defliver pEREENILPTS oWith the AxFeRIRNYJhe armeteﬁe 1??@5%% stem
progeni t Oéeﬁs sf 49 rﬂo'f‘%gﬂ/?\tea}“orQHgg @gﬂgtcom%cﬂ WHRTSmrbolt WWer s@émﬁ‘ll feelldls;

preparation). The factors supplie nmbryoni ¢ stromal feeders and
essent i al feeders from neonatal livers, adult hvers or diverse 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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for the progenitors are not known. -28 WO 03/078588 PCT/ US03/ 07852 [0104]
STO Feeders originally from ATCC were expanded from stock cells in 75 cm
fl asks i rwDMBNIES8®2 (G bco/ BRL/ I nVitrogen Corporation, Carlpslasp3/@mss: f orni a)
suppl enented with 10% fetal bovine serum FBS (Hyclone, Logan, UT) and 1%

DMSO (' Si St i Mo. ). [ After e passages. to oyi de ni

conf | uent [%HB%]S ks ,qupﬁlgee?(élisl Oéjgz%l:]ly etlr P @i&e@ erger ex’faﬁ%[ﬁir %O%%E%Kfﬁﬁy"ri?cm

m t onyci nf&eké Sild NBMENI/F120YGSocoNPR LA Bidrogel CBRJoratidny NChldbalie et dliTgmidfA) to
i nduce cell cycle arrest and washed twice with culture nedium The cells

wer e trypsipplemedtedndth E%dpiehbleving peramy EBS dHaelong.i [aganel il urandsGoOMNREM F12,
40% FBS, 10% bef f ing. i i | d

stored at*“- SFeeders re prepa seedi ng ( _

onto cul tWeR rfhét &5 PHRuBOMBAI OV mD. hio@ediat € NS(Phgnst, LBiuis, Mt slso,MD. ) .
Detail ed protocols described in 16] are 1ncorporated herein by

r ef er enceBioh®l.08ymoeth| Megsings B4 th wdues SHoyelslarsstamdevashed tyieeiwith cylture

f h [ ] def i d di H i Si ca
B § A TRR Ry weh i e A sdPEMea R TR AR N mdfiR 66%°, 0 °

bovi ne sepMBMIFIMI0% EBS2Q07ODME GRdcfore fRekidg fif eenl Hi@rods of$x 108 o¢lissand
insulin (5 ta /méo, transferrin/Fe (10 tg /), ,selenium (3x108M, 2
mer capt oettPaA Gt —BEE1 Gscdeys WerorfsPEsd Ry seeshing $el” thaved eedligem| ontg cuftyrel 16,

17]), hyd i 10n' am : f i ] and
AAS (pe nélgtfé‘l’)Pl}én(?&%go‘gla?g'/l#elg% g%?%n% fﬁgullggﬂd 83?1315 t?ih%&nglrgé%%ﬁgfegér\%ﬁn B
250 ng/ mLin [16 gedjcorgeraédhabinyhy etarérizer cyt oki nes cl assi ¢ hepatic growt h
factors . epi der nal owt h ctar, EGF, hepatocyte growth factor, HGF,
o+ neul {01051 o b weraedl 05t STRCERTS it peied Gy STUBEEe: POTBRIATS: i rary
cul tures @Jﬁﬁéhﬁﬁ&ﬁﬁﬁ‘%mﬁ@{ t&hpSsiRaRPMINYEmI (ABCOIBR | €orporatiBh e

pl ated onto a STO feeder |ayer produced stabl e aggegates of proxi mal
hepati ¢ s€CensbadeChlfomiamtsuprisrmentedavitui2f barRe serymCKbOmIM (iaeizn ¥ dfatty
staining for al bum n, AFP, and 19 are own in.Fi s 6a-fc. .These
cel I's wer ¥4 %’i‘%i@efp&s CR@%?’B% ﬁﬁll?"ag trad‘é#ef%n/tgﬂﬁﬁr%%ﬂﬁ’ SeIGNURy | ¢
substratu -8 L L N al i LG S
e R T R T A R AR AR
AFP expr e$#)),ohydrocorssoner @0 veBk glutShine e(2t hddp wicotitiatiidn g4 smpPorand bAAR
proxi mal hepatic stemcells and nore differentiated cells ingcludi 3&

di pl oi d agnicilfipy dp0G gug(ral( ptrentomycin, 190, Me/mlyiand amphatedcia 8 Mm% pedil.

ggfg;gggg§i§%%;.ug§§§g%g gefzﬁert EbNindd it MRpSR! QRwhOF Y €S lePidetifhi

growth 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¢. 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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EXAMPLE 6 Selection of Primtive Hepatic Stem Cells [0107] The enriched
parenchymal cell suspension of Exanple 1 was plated at a density of
2000- 5000woailozdssgr2 onto tissue culture plastic in a serumcireEsss/omsd: um
suppl emented with lipids, insulin and transferrin/Fe (HDM . For the first
12 hour Snﬁ&téﬁ\{rl | ati ng, the nmedi um contained 10% FBS to pronote cell
attachne Bl ich the cultures were maintained serumfree. Mdia

changes osquiiobratrimitheseaidstbarCalss. [0108] |mrediately af ter _
attachnent the predom nant cells present in culture were proximal hepatic

stem cel | gand Cmérﬁﬁﬁecprp‘aﬂ:%e d,hﬁﬂseenaggb@&%ﬁ%f Exafifpld 3 Wat Blaedhassi C
parenchymal cell norphol ogy, W th expression of album n, AFP and/or

CK19; t hedengityydf n2P00RER pcilséctnenpn@l fissugy qultucte plaste rint @ satusifren, mesiEmand

CK19 (Fi 2a) . Af I h I d
S W e g e

notil e ceplatihd/RES rﬁ\édumnacdm@ﬁedam%l BBS$it6 proppeAtanatadhiiaint AP &hsddthent 0
the dish. In addition to (Erom mal hepatic stemcells, several other cell

types wereuliyressare maintainpd seram-fsesMesial Ghaness ocswmed taheedgy Exeryalsi ve
conf | uent 01 ol fi%%{e% at 'a{fﬁ% QUG nSent %e”@fédg}nﬁl%?%alsr glllég e G uiedie %’9&”95
O or um n was

Amongst t ty es positive starnin served
only in tﬁt@xmizmhlep%&ic slm*paéils:ami mmeieﬂ@rogehherscmgiregateecbfmebgwnhtaaﬂa*sslcand in

circular, tightl regated col onies, the pri ive el |
whi ch app@aa?rgcaymﬁ e%?frm%%hcﬂwe@fl SHith 9*%%8}?% aléwatma’r dé Qe agﬁ%ﬁ@ >
pr oxi nal &%ﬁﬁﬁdl gétfc”gt&ﬁlcleﬁ #NHadensG AT RS, J&tzﬁ%@lctk@lrgs(t .@m&%} Afedony

formation s predi ct abl e sequence of events. An initial wave of
col oni es sppehrdgyswithaiproxilel fhapgtic fsam d@q}b almd cwimrmitied aprdgaip ppesirasdsedo

5 7" days, HPRGEA0R 201 B e ool oy CouE Bl RO piR s

scat t er edadREAHENGHL dis@sedUhiouhe dﬁlhsﬂﬂ adm@mo pESXiRAl IRpateEemideN§ several
recogni zabl'e as groups of 4-8 snal I, dark, tightly conpacted cells with

| amel i podptheragell thipepeetepiesept inheatusen serel selitAmy POTE &mmgne:@e@swer GonflEentEi gur e
2 Th | d,
a). The Coglggér§5 ﬁﬁ‘e"%r%g%df hﬂé@gﬁx}egﬁ%h}{c? c&i%?@fggl%i &%éﬁ% g%e%rcﬁgat €

rounded c&F ner a ear ance

of these tdkepdspive smﬂnﬁ@fOﬂhlBﬁmlrﬁwadbl&bN&ﬁtonf}fmrthetphﬁl‘hmeBhdphﬁct stt@rogllsn t he
first days of culture, which were conposed of |larger cells, and fromthe
initial ab\§reWanItEAsPIOECII0B | ad] inhelfradarc ighdmaggegated (ealonieso ther PEIEE he

I P el el rd Gl R B oo

di amet er spkinig hepatic maélﬂﬂndsBNewmmltthjcsgannomsul ture. Nunerous -30
[0109] Colony formation showed a predictable 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 wm
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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WO 03/ 078588 PCT/ US03/ 07852 col onies were renoved sel ectively and di spersed
by trypsinization to yield an average cell nunber per colony that ranged
from 1000woaBlogsstor colonies 3 nmin dianeter to 15, 000- 2010603/0185% ar ge
colonies with dianmeters of 1 cm [0111] Typically, the outernost cells of

t he col oni es .converted int fl attened henot ype .t h becane separ at ed
From the GirHr e mpvedisRefiely g GREGsed Ui RAauon 2 yRRE MR SRR
t hr oughouturhbte peritdlbmethdi Sgédirahi F0Bakils ot coldnals Tmhoimi dismeetd B5,800-t he
perimeter assuned an el ongated, fibroblastic appearance that initially

wr apped c3Ged) i large olpaics Withdizraeiamefdifede of the col ony, perhaps tightly
i at LI [ 3 T i
assocl a e@é?g]fﬂegg[%@fll%gﬁxgt (Zlg?&xfésg%]ﬁaﬂs 4 ¢ €, %ﬁﬁﬁﬁ%h& hs&t(;nagh%ﬁ%daway

fromthe usiformce ese dispersed cells
remai ned ftiegbiype pid bet anatdpaeatan thonf the rcobmyanefoth 8olhtagd datgaatidmeteetdllst ype

in culture, formng a tightly packed. |ayer that extended, t hroughout the
di sh. Thetha'i:SHSBﬁF%gthé‘o%F}\eo?}Hﬂ’éﬁ disht eirr‘i@f"“' r & SHIST 15P1aNkeSs Celly pt thgyer

t hough a it . i c t he
o col | BRIk 1R0AL SR onan B Rr ot P BRU AR iy FRRILTR PN LRSS

Profil es @bubllengirddorferience QetHescdlonyPl pestiaps tightly useocfaidl Aleschiebymaalt cadlsni ¢
characterjstics, of, the ll's cultured in Exanple 6 was .investigated with

| munocy t AR b Thers el BETES Rak Mol DY SRS hapsd NYiopRiEltnesi 5.
Cel | cul tprRs dekeRed ic¥BH radhdiRe@h Al ProlirMlvemind bfiéh BEcaiR! ihgNRédadmdant
acetone for 2 mn at roomtenperature. Several staining regions were

creat ed orelkiype insentuees éorofingasighdy packa dayenthrpnex tpmded dhropghout ieesdislr. dine
Products | nternational r . P t... L1l knai A iple
ant i body %og%an\é/ ons oW CH%H t %teovs?%évsvgﬁﬁ%'ttﬁlrse‘:? hl{%(r%f’sté%%i zﬂr!&n% ?oﬁg! Endd]@ sites

wer e bl ocioededyat ithe Wikgin0sf wachhcalosp ek thedtwd QU g9pés B&sari® infdrbgdeddBRL/ | n

Vitrogen, Carlsbad, California) in PBS for 30 mn at room tenperature.

After ri n@weﬁ@-ce with PBS, primary nonocl onal antibodies were applied to

each of the staining regions (normally 0.1-0.3 nL per region) and

i ncubat edﬁgé%phghf. After incubation overnight at 4C cells were washed

twce wt and then incubated with a secondary anti body conjugated

ei t her t oAAtigersic P8éfiled OF €o)omyr Folinging 38 14 Plastisulturkbl ecul ar Pr obes,

Eugene OR). In sonme instances a prinmary nonocl onal antibody conjugated to

ei ther FI[DC12dy PHheasntipeaicl abhractanstiqar offi tledcdllse cobaed fmoExdmpll & wWasbel i ng

by incubation with this antibody after corrgl etion of the | abeli n% r ot ocol
or markers relevant to ep?

with an UNEDBAGHared pRmHEPGYIMaTEy Staimds atic

organogenesis. 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 ovemight. 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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WO 03/ 078588 PCT/ US03/ 07852 [0113] The antigenic profile is summarized in
Tabl e 2. Col onies stained positive for a nunber of markers previously

| i nked t owbapatrsses cel | types including al bumin (Fi gure 4apcT/uSdi6786Fi gur e
4b), epCAM (Figure 4c) NCAM (CD56, Figure 4d) but not PECAM (CD31; data

not shown -ki.t stainin S. seen _i.n_sever C | . gener.al |

| ocal i zed[o)ln)]ca r@? rag\}\geé’écg%@ﬁ% lgfuTngnﬁ%rlé‘;ﬁﬁabg‘% 2'c‘2‘%‘§ﬁ?§§‘%"%?8§%‘@”%%)‘? Al so,
col oni es H\ﬁﬁ&rR}ﬂ)&‘aiafr}'tétﬁprefv%slghﬁlkﬁ@tﬂﬁép%ﬁc sélefypeeincludiigkabum GRFRre 464, 33,

Fi gure 5c | nt eresti ngl the cells in the transjtional zone at the

peri pher yéiif19 dEigwe é@s@%ﬁq@dﬂﬁ%ﬁ FONESM {CPobe Kigure dk it et PECAM

endot hel i rker 4 = ) | i P or
this prot gl%ﬁa ?‘I ¥ t ?ﬁ&\?ﬁ%(%lwa@ g'fg s ?ﬁgqégfgér%?e%%%%ﬁggﬁq@ﬁ{ %?g%llee ying a
cl osel y amsofiarddve degniens anthisymakincel doldnige(FigraesSa)l Alsanceodied tvetei @isitive

progenitor. The primtive hepatic_stem cells that energed as col qpnies were

negative f%rtheAFlF‘?leenﬂ?'Bszu ﬁ@arkﬁapqlﬁg (Mlﬁéifﬁgrﬁéﬁaﬁﬁgs@t@n@éﬁ Bre a

precur sor m%qrangi%ﬁmbn@mg& pE '?ﬁe?gbf:@élbﬁes Vhinel pb8riliFat PleBerlyRfebErtRES tO
and BT ar p T

hepat ocyt e progenitors rogenitors. WO 03/078588 Table 2 -
Phenot ypeaendotheGal marked (I2146s(MPCAMSORUIE S6R aPtecrotined pustied foPitlas gRitari mal
hepat i cHe ocytesBi l.i.ar em Cel |l sstem cel | sEpi thelia r phol ogy.Dar.k,
tight!yTr Qﬁé‘? el 9P avrl%‘f‘ﬁyna _tg‘}_hr‘iﬂl%esf h_Bosé‘t%:bf H_gg'?ﬂ Yikdér Ig&ﬁ&?’n@%ﬁ%ﬁtﬁgked
cell's, 7-1Qa90hREALRN §HEPULibIYORS eh@ARkIal PRSsehilod TREBRhit vt p@idRdiem
cuboi dal tissue cul turé”pincushion"cells that becone plastic _
andnor photadigyhaseeegediPcMonish slesyyye conBafax ARR, gii¢ajige st éhe pranisiee PERabcoi d
subpopul at,ion _flatten STO feeder. e I 7- ' i.stinct
el T ul ar Srd e Bt e e bAoA ART RS 0e 3B sl pARARRAGACNE sRANGR S
cel I s " pi Repasdty@pré@nitssuindibviearp ptogdmitaiot , gr ow nor phol ogy Al pha- Not

Expr essed+++Not expressedNot expressed fetoprotein A bum n+++++++++Not
Expressed
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CK8/ 18++++++++++++ CKL9++++++Not expressed. ..

c-Kit+++ (cells at theNot

expressedNot expressedNot expressed periphery of the col ony) Ep- CAMF+++++
N CAMt++ Woal3lozssag t heNot expressedNot expressedNot expreeeadigoenisphery of

t he col oni es) CAMS 2+++ (sone,

not Not expressed all,

of the cells

CD133++++++ sed d (ACL33) CDL46Periphery of Not
expressedm ?ri@ 'f}PQRBPE?ﬁ(Zg‘?COI(om es) (unknown i 1I‘O th|>/s an associ at ed
mesenchyPherotjpe OF dﬁﬁét\éﬁd T Tae! T FroRIThaT dpAfic  Heptdey B Gadry PE GAMNot
expr essedNot  expr esseghinf CeIPr €SS dhih cBPr essed EXAVPLE 8 Pasyidfa O
Col ony et eooi T hr‘k"tl P L Rt S R R IR ﬁ# eders
were use as enfst g’} a he 8 témce aftler
sel ect i vie" PG5 SHYEY r ot ég §§ tre |in AFPY (182 weeks in cul ture,
col oni es| “BHPN&st i c| & él‘ﬁ g 6 Were physically lifted from
pl astic lifsee peltue by -PBIBCU\?DOOS/ 0785’835 %980/ (7852 aspiration into a 100
uL pi pet t@asiisad bi no@aiphelagagni fi|daetilen. Up to|50 col onies were colllected
in HBSS ndBMind t hen| digested for Jup to 20 min iln coll agenase solutionf with
agi t at i onMogphdbl syernseDankl, tightiynt o Jusigisasieasely [ 01 Thploicbdubpypidlation fiegten
ef fi ci encyTOebddewd ng| paEedglsf 7000 |Jadlkdd C t 0 a $hAl hewddstinct egiRlarwas | pw,
rangi ng pgidRemO 5 phadidiedEoritel | sgRraacaeed at bdemsiet;gdlyploiaelor SP
"pincushion” cells survive but do not grow
morphology
Alpha- Not Expressed +++ Not expressed | Not expressed
fetoprotein
Albumin +++ +++ +++ Not
Expressed
CK8/18 +++ 44+ +++ +4+
CK19 +++ +++ 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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cells per cnR2. Initial attachment of passaged colony-form ng cells was

i nproved by the presence of EGF (20 ng/nlL) in the plating nmedium The | ow
col ony fowomimsg7esBsi ci eny nay have been due, in part, to tPog/Use®d7ssp
subject the cells to Iengt hy (up to 20 m nutes) collagenase digestion in

order to achieve. sin e suspensi.ons. [0116). Afte a onto STO
feeders e8I Wﬁ)ﬂpﬁiuﬁ \Pﬁfrﬁ&%ﬁw ?‘81’;%86 m%gwé%é?gf Upilp %t%gijﬁdv?? |
ayer an i ) er
4- % days |drlll%§tﬁlal?ﬁre (%ﬁlaurag Gaé{l d:lghe new cglgozgpggﬁlgnloér g?c? e()\glcgr K?qhgt

fol | ow ngagiketire tat dispepreaglic mte Bl{;jsmmsyoraggr egated circul ar groupi ngs, often
2! Ak D Pl le LB iep ) TR FREGeL T e o ST8°Eger

col oni es onda ratl \Y cur an er Up(gl on of

cells occuayéle\dasf FoW@ng}Mg lﬁﬁtw@én ofsemﬂdgae foif cqu)amgemm aditikproe 300 @HiSO over
t he STO ln%’j/ ten surrounding the original colony (Figure 6¢). [Q117]
lé;aebe

The i mu Werﬁneaal apRchmENt OB aBREIFBIEETIEINEdS oHasImDrRwd by her e
th f
Lhe care ARyhfose EUAsC RARLANENE bing Aeais ATLSAEN BBl PLaRs

CD133. Asmbay have lbeealdueqhqmrtea) the aesdth subjept dtdells tavkenkehy(up e R0 asn@BX)46 and

NCAM were nost clearly expressed at the ery of the colonies forned
on STO cefql@genpss Qigratiogiimar eé%b?‘é‘é‘-’é’?éwgffa‘fe? Epeé‘é‘é’a?re even nore pronounced

when col ofy;6) WEfAen ageg@@% Syoceldess Lhat Y ﬁhﬂnftﬁreaﬁregeﬁnrommmerg@al mary
col ony. is1s sho ar for NCAMin Figure 9 wheré the interface

bet ween timée me|ngIi®na¢ll layblomd rfeappmd:df gsarghpasonpeced eplogicarnfl smak cekdcafitatar y

lif [ d f | | h NCAM
oL e B TR e BBk IFE R &
cyt oker at padi®S Kgﬁtlﬁé%@;r@gzﬁe@fwrcdﬁﬂ réupindeldried Wik a NG evickebitM &. theshowed

that the two markers were expressed at high levels in the sane region of
mar gi nal @elumderepegffigurs)6c) | ln1sp8le wiloniey § secqondary aplifetasive stage 9cfrradra

erupting whi ch ah % g@t%%f%gug cﬁf‘rgé ?roﬁ'ls gg*ﬁf/?t tﬁgg ecq“ tBé 8{5"0@{?%&1@1 aérQéH in a

di stinct arrange enl ar ged

into a brmmer&l"(p&?dybﬁrolﬁe@fsuﬂrcbmﬁa’fg theaﬁgmllgaﬂlorge(llih@xmech cl ear
intercellular spaces (Figure 8), Wen these cells had enlarged into an
ext ensi velldhébt %uﬁwnﬁecyt%hplar%prqpémes@&celﬂnefe* forasd gp g¢llst Wereose

the line eosrag?nészﬂ)éeo BesRRPA GRdvefor tddfony BBk ccAVRIMIpRSE: sd@ﬂ?ﬁ’t?%‘ﬁisv\o

st ai ni ng bum n reveal ed t hat theoganlztlonlnorowso
03/ 078588mE’Iﬁ'ﬂ/e:lJﬁ6)s3ﬁ@7ﬁ5ﬂnrgeﬂok albvasn n@Kh9 aCKE8, audt GDh33.haes ireiriitiam:sk)n(eléi gure

102) and coushalmng oL oS, caIaued, Niohut 02 MY KEL L3, Bl e0q SEpessec

of most  S)GPHEHCHNEE chBnil Esithe®In! STO Tl T hAPRERN AN ELpRésict pltbnBecarte
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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AFP at the periphery of the enmerging cells (Figure 11. This represents the
first point in the ex vivo manipul ati ons descri bed herein that AFP
expressi owoaan7dses | i nked to the progeny of the initial celcansos/onss: ng
cells. These data indicate that the primtive hepatic stemcells isolated

in Exanple .6 may be used t.o.produce he iC C itte rogent Qrs MPLE 9
Pr esen(r:rg @”SW?Sﬁmﬁlr@%"%ﬂd‘”%ﬂgﬁﬁg?ﬁI%aﬁg'?(ﬁg%fce]m;}leﬂcg C{’)ﬁ% T’of\? ' “From A
Neonat al {peRel tHd ik matker ivAbo ¥ateRbd aiHigdlevel mimiﬂmq{romﬁtﬁﬁ@%e]bgfdﬁpaf ter

approximately 28 weeks of gestation and survived only one day. The period
of war m i ddgunei1@bh feviapn of mmwstisi grifiagnce én thepricellids Higrappearansg CAsHimng&Ri ng of

the d . i . T
i nt ot AT DAL ecRighey i Bk oo Rl MY This WRBESA e dApARORT vas
wei ght  apge xi ¥yiss ehanipu@dlices adesgribbdshesein] that AHPtex ppskibn sdagbealifikeddiogehgt | on

wi th Liberase, and a cell suspension was prepared, essentially ag for a
liver obPRBFBEIfthe Hitalelany-torning whs.ddepe datpinflicate Hiag thedrinaitiyg 4epadisy r ed
bl ood cel he i kL, i g Lorep.
However, %t?m@%&é?% %@%ﬁgaﬁéle%d@? g?‘%hénegq(t) ﬁgygct u%t%agicg an 8 rc%rﬁ't age of
viable, non-erythroid cells in the final preparation. [0120] Portions of
t he recovEKAMEEEI% were depl eted further of red bl ood cells by

Lt oot el by SRR PRS0, o5, S5361 ERRS 110h 508! rlaieA

cel |l s, ang—HHcH-Seedea— Tt

determ neﬂmplz‘é!&ice of primtive hepatic stem cells (i.e., plating in
serumfree, hornonally defined pediumon a tissue cul tgre | astic

subst rat ubjl 191 heY liyer piagrdlaiped: Bops aorar Biher @S bRMm ABeH 2priptimately 28

puri ficat{,olks dN@&fatiofr WAL uhANKI bRyastRaAayl The ReABH BRlwirPAEAdMIF RIWEGS! | S
(i.e., plating ih serumftree defi ngd ITE&/I umw th STO feeder cells).

Addi t i onatargiac tairestsandfthe diatvestvey endsHashen ohthei doswe ocgant wasebetpeers sikcandoat ed
with Type | collagen, in serumfree, defined medi um cont aini or. | acki ng
Supp! embrtSXFY PR dosAeg s, gTEAY aE biaieed O fCedopgpmipintsT L1 baps:

appr opri afge %BlectﬂgarpfwétW?ﬁtdp@fbxiﬁlﬁl@lygf()w\gﬂarr@f wasRdjede s B ge'mﬁmym _
observed in all conditions tested. In the respective assays for primtive
and proxi digestiohepish Lébesasemanelal eell suspensisinowgs penppredl egppniiaily #safos oliveyr owt h

imlar to that qb f | tured f h | i
Coanoral | PrBa iRk J0REP S £ ofRcharFHl YRGB SRl bbe)
gest at i ONjensdvkd Ltrye?rdpaﬁqwetdwtrsfagmioﬁom&lg iGiprefReHoweRN] @&t ivie difficani ©s wer e

tested by i munofluorescence staining for the expression of human al bum n,
and wer e @¢tprmppgsithq @etual yield and percentage of viable, non-erythroid cells in the final

preparation.

[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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for this marker. [0122] Col oni es of apparent epithelial (presunptively
hepati c) norphol ogy appeared on coll agen-coated plates in the presence of
EGF. Addiwoaoalsseel | s of | ess well-defined norphol ogy al PeTgrseswTsapi dly in
t hese cultures, but have not yet been characterized in detail. [0123]

Col oni es of  pres tiye ithelial cells SO a ared, o || = ted
STatos | eehBonhsuted ndd e samE ronfyropsrR SkaBRHRE bk APERa 130
pi cked i ipgthiddtdsyenct Siaitng@forand/el prévsmt dfi Hignafeib agin, abwedealisjeitived i nto

fresh mediumin 96 well plates. Cells fromcertain col onies have continued
to proliffer#iemarkesuch cultures, and are being passaged as cell strains.

It appear hkel . t I i of

pr opagabl lkk at %Ccotl%ﬁéesc%t?a?g’rgrse?]?%gg%ﬁ%s(pg%sgﬁ#’gZ?IP'E]%%{}:)t"l%lert) Noéﬂé’r gﬁc}t%é?eszati on
of  expr esscolmgeh-cantd GRins innhe peiseceGIIBGF. BddiGaihl alllowiiless wiPdefared CK19
will determne the relative state of differentiation of these putative
hepatic shemhelogy alsngsy RRIMUPINEESE pHIBHES RS RBYS POlSKt thepy Chwactelizsg in
Cytometri g.Apal yses (FACscans) [0124] FACscans, of cytoplasmc antigens
(e.g. albumn, AFP) were done with cells fixed and perneabilized with 3%
par af or nal0d@Blyde Guioroes bhH psdsaimpting epithdlial hrellsrilsos eppearedCert |collagemecoatedi ned

as indicated for i nof | upr escence bu i ant.i bodies directly. | abel ed
ot he PEe et PO P bSO B PG S5t O (Bespr oM, Tt T vas
per for ”Edin_ﬁﬂf_i&mﬂy,t iaQﬂaﬁlM)Eip@%ﬁ'ngfdéW&e?Hﬁ@'ﬁ%ﬁérréd:ﬂ{té ffesh Inhem;m@l%r ado)
(FACs facility directed by Dr. Larry Arnold). The sheath fluid was

unnodi f i edelHBBS:s. Thlds frivpRevineptonirsthare centimapd bt protiferainan sushgubipresfandor t i ng

40 000 el RGN el (R, M pnR AR cldhe BATRLhChlR, pOGhIR O

. .ar
conbi natl%ﬁ W scatter a or sidae s an accuracy

of gr eat eglohdiasf ﬁ&%gdﬁw hépast peifsdrsd pdihaps gem taABEeFuitas cisfoterkdtion &0 nMV
of power and with a 100 um nozzle. Fluorescent em ssions at 488 nm

exci t at i oFKPrfgion ebiapdgansdingluding ERYSAgEPIGANLgHDAMEBOAED. AR dahlP palls
filter fog.flnife tEl gﬁ?@&ﬁ@%?difﬁ%ti%@fw t‘ﬁgse?/utét%a}{egﬁtm&n%Erlﬁ’iihéé. cation.

Cells were considered positive n uorescence was greater than 95% of
the negative control cells. A detector value of E-1 was used for forward
scatter (EX@MRLEN mi d-range anplification and, and the detector was

gat i ngs BPECHaey SSraiecind Vo Icbmstiy ARPLEET BIAGTBRYG visi on of

paramet er FOliZE]t © %JSA?CS%&%E) g{'t%plhgrgicvgtiggéso e.8g5.8a u?ncl:r-ll-,/ ngg?)(azgr?c:sg)ozrle with cells
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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units. Unstained cells, cells stained with an irrel evant anti body and the
sane fluoroprobe or with the sane antibody but wth no fluoroprobe were
used as rmwgagiovsssgontrols. In each sanple, 30, 000-50, 000 PcalUss3/0xssE
assayed. Positive cells, those with greater fluorescence than the negative

I her  f I
{1 uor oscoiD Ceav et pefo e aianed var SoREga hofbif uP HnCKbSherdte (e

HDM t o whiehith m%ﬁ@rauﬁbdm@d\dmO fledebgroBe welined b@ﬁ@éatp@@bdmﬁﬁﬂs @8 each
Ant i bodi esl sot ype/ Target anti genConmerci al source (all prepared

Lﬂgh ; lrjtnu gmr@nlqs, 108r30,0A0cee) s eroas rsj@ekgpﬁw%mﬁ@we&bogr@féerafmqrgs@ﬁnce
Kappa/ @ yglgghgg ﬂnﬁg%%f 31-. ?r%ﬁ%r%glb?ln%tgggg%%rl for %%Ag%arl@é%%%rﬁgé?fm&f

K [ A
rggggt opg?g‘%ﬁ‘%ﬁfiﬁ%ﬁ Iog% {e?§?1§31§m Ceﬁahﬁaﬁnecﬁ anecof tﬁ@ﬁ]ﬁ@qgwﬂ)ﬁhn

appa anti1gen present on 1:diverse
pr ogeni t ol 0pepuinatvhonkle@D381 g Kappa/ Antigen present on B cells, (31015X;
31014X) 1: t hynocytes and activated T cells CAM 5. 21 g&a/ 1: 500CAM on duct al

plate CD117 (CD 11704)1gd/ 1l:c-kit: receptor for stemcell Caltag

( VHCKE4E 3ChvPéndeldnhl AGkibodiee SOPE- CAM CAM on endot helia ALB
A-6684) 1 g&Ra/ 1: 120Album nSigma, St. Louis, CD561gG /[ 1:250N-CAM CAM aon
cer t{aAntiodieneur ons| botypen duct al pTaiget et 18- 0003) | g3 | Kapwaercial source
1: 250AFByepadedCKig) D@ / 1: 10000 plldivanasd i ns generic fol epithelia
CD146higell / 1: 250M CAM f ound_on endot hel i aCheni con, CD1331gQd /1: AC133 st em
cel || Gid¢ker Myl t eni &Cbltléfkgpa/ Common leucocyte antigen on | Pharmingen
(31254X; 31255X) all hemopoietic cells
CD 235A IgGZb Kappa/ Glycophorin A (red blood cell
(32591A) 1: antigen)
CD14 (APO) 1gG2, 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) | 1: thymocytes and activated T
cells
CAM 5.2 1gG,,/1:500 CAM on ductal plate
CD117 (CD11704) | IgG// 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 IgG,/ 1:1000 Cytokeratins generic for
epithelia
CDl146 IgGy/ 1:250 M-CAM: found on endothelia Chemicon,
CD133 IgG/1: AC133, stem cell marker Mylteni Biotek,
Ep-CAM 1gGy/ 1:750 A CAM on most epithelial | Neomarkers
progenitors
CK-19 IgGayy/ 1:300 Cytokeratin-19, keratin specific | NovCastra
for biliary epithelia
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Ep- CAM gd/ 1: 750A CAM on nost epithelial Neomarkers progenitors CK-191 g&b/
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[0125] 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 further for

granularity, size, and extent of fluorescence.

EXAMPLE 11

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]

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

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

in culture. This could be due to lower expression or proliferation of albumin negative,
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proxi mal hepatic stemcells and in primtive hepatic stemcells was
examned. It was initially determned that the pellet fraction is enriched
for hepatwblmasvsss proxi mal hepatic stemcells) while thePoTEos/amss2i s
enriched for colony forming cells (prinmtive hepati c stem cells). [0127]

Al bum n expre n i mpar abl e bet nter |1 e bot h
T et mendne ce SOemE PR 6 cupe byt i B eshlrBle ki

expr essi Ophlefn @ign2ohshed in culture. This couI d be due to | ower expression
or proliferation of al bumi n negative, -38 WO 03/078588 PCT/ US03/ 07852 non
par f enchyl®dR8kel |A5FP Ghyenghn ¢xanesserhin e Eeshliisektadnprlteh frastieard pseky
contribute to. t tt ) F ed in
the fres h?x)P r?sg% % Ee C‘31€lrac hllstz)n ?ﬁ%’ggeggkftﬁ the O§Se§\;a&18§q 'l?%lg I nterface

cells. Thé)@résSecDQﬂS(blSﬁjéﬂéllsW fftet he dabs e ‘vtﬁlltl!lr@mm&ﬁ nd’tFrﬂ%td:cSaU‘l@lin pelqrassed
in colony cells. After 10 days in culture AFP is not detectable in pellet
or i nt erimigtace spllss Cotomoegilscigl quiturenexpress imair drus 98t By s siglchbveArp.
Thi s coul I t L4r .l eads
o suppr eeh ate sy HREAnGHEnt BE cERAR) hhRATpdR & ShighesSioh'df /e Wlriidch

expr essi oim alhcelist ewae&rpehé $ove Ut et sedsiumt inAhferfase celbvearggedts draglAFP is
expressed in the cells . 20). S ol on s are cultured in
Cond &1 o eHSFoE BOESE B Bttt B Eo gl st e o cels e Suiegio

co- cul tur @hdfRR¥ thA'Rppdit bloiyRgatAme ek ssﬁFrPlne?&l’&%@lso(STd_ ELCaINRS (He
crossreactivity between anti body binding to album n or al pha fetoprotein,
and no S|gnasltlllmabb<sé<mvéﬂPl wmdseoenﬁhyel\aaﬁeao CrCES@@a@]VIWheetwe@uhntstdb' t hese
experiment.s thzre ore de ﬁ ethat AFPlzstrg exa lieoéess din the
freshly i 2BfiLedyalpamn, ?r? CIORROSRATHIS, S GR35 B3R Y SR ERF SPPY APt er f ace
cells. Thj)g20p CamgiB§dRlofWhédR dx @nﬁh@ﬁt@rﬂe{@éfo@é’ldéﬂﬂaﬁstpﬁlaatﬂaﬁ AWlstXﬂ@hg@Sed in
colony cells. WO 03/078588 PCT/ US03/ 07852 What is clainmedis: A

conposi t i ePressepin the frgshly Haetad prllehirestipe aﬁé@am weakd wexriessed lwmeﬂréﬁlﬁaceal d
primtive fepghiG §{)r?sﬁ'§téh‘?'uh h!tﬁ %&F&%Bﬁﬁ% 1@ We%ﬁ}e@?édlﬁ%%%g% g emcell,
hepat ocytl C progenitor, or E)I rary pr ogenl B primtiv ﬁepatl C
stemcell of claiml, wherein the primtive hepatl c stemcell expresses
Ep- CAM AC 133, and albumin. 3. The primtive hepatic stemcell of claim 2,
wherein the primtive hepatic stemcell further expresses cytokeratin

8/ 18, cytokeratin 19, or conbinations thereof. 4. The primtive hepatic
stemcell of claim3, wherein the primtive hepatic stemcell
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further expresses N-CAM CAMs. 2, c-kit, CD146, or conbinations thereof. 5.
The primtive hepatic stemcell of claiml1l, wherein the primtive hepatic
stem cel Iwoios/oassps ecur sor of a proxi mal hepatic stem cel | PcG/uSOherspzi mtive
hepatic stemcell of claiml1l, wherein the primtive hepatic stemcell 1is a
precursor,Qf a Teﬁa&osgyti c progenitor. 7. The primtive hepatic stemcell

of claiml1, ALRSTENRE Pre primtive hepatic stemcell is a precursor of a
biliary progenit@mpditiohh€rpprisig aVitini@ppliigtivet Répaciel sierdfcell] aihgrehn swhier ei n
t he proxi mal hepatic stemcell expresses al pha-fetoprotein, albumn, and
cytokeratin 19pnmitvehkenshie njtemyeelhipat Pecwseimie dl Prefimal Epat, stimefdln t he
proxi mal hepatj ] - furth sses Ep- CAM AC133, cytokeratin

8/ 18, or COﬂbifI}] talﬁ)t(gr%réTa ?‘E’gﬁ‘%"?i&l%ﬂ")&%@?g@@?ti on conprising a human

proxi mal hepat The piiraiivedkepatiohen ekl ofeliatin 1 pwbeteimathe Ipeipati vechephigersterldelli s a
precursor to a hepatocytic or biliary progenitor. 11. The proxi mal hepatic
stemcel |l of c?’%ﬂr?ﬁfis(ﬁp'me‘?‘ﬁl%%é“fﬁ]&%%I hepatic stem (F:)el I expresges

al pha-f et gpr ot fﬁ@%hﬁltwﬁe aticBn C¥fi 8Kl bwhSeinlBe phiftfei RS R:éiaﬁ@%tellﬁ%ﬂt ic
stemcell “of claim 11, wherein the proximal hepatic stem cell further
expresses Ep- CAlherdpaSsesaptalcentiatd/ 18, 8ymB8¢rabn 18 porviondinagioss theteef.eof . 13. A

nmet hod of isolating a hyman. hepati rogepitor derived.fromhuman |ivyver
Lissue  chmpri SBTnORERergiaon celef Rito: whprachs ot vedpaic et 14
The nethod of glr@brexbesstdIICAN, CAMPLOIRAIEDI4d, YF EdiBbinRxdHs eiRg&st. al bumi n.
15. The method of claim 14, wherein the progenitor further expresses

cyt oker at #n 19The pwmitiMgdiepgichiemsell of alaim 14whepgsy e priphigvplhepgenstedrcells a
stemcell 17. The f_clai : rejn the progenitor is a stemcell
o o 03/ 0y s BT Lans  riBetlebine YO  0F Bl oo s 14 0r 15
further cenpri Thegrimhii@\Hepg@iceémsell baitlamx pI @hsreinGhé primifve Hdpaticeemadiiof

claim 13, 14 or 15, wherein the liver tissue is obtained froma fetus or a
neonate. 20. Tiid MHRRURY ObR hePaipGHtig ProgERIYy 15, wherein the liver tissue is

oot 150 7o) Sy Jnal S o e ARSI GBI by o 1 o
primtive hepaisiapreduesor o€h biliary progenitor.

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

0. 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, AC133, 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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22. A human hepatic progenitor isolated by the nmethod of claim19 or 20,
wherein the hepatic progenitor is a primtive hepatic stemcell that

further ewpros®sssss N-CAM  CAMb. 2, c-kit, CD146, or conbi n@drarses3/btssz eof .
23. A human hepatic progenitor isolated by the nethod of claim19 or 20,

wherein the at i r nitqgr |s roxi mal hepatic stemcell. 24. A
hunan hep&%’i chﬁfeo‘é‘gﬁ‘loﬁcﬁ??%ﬁ’%llgt é‘h%fﬁ’t H‘é?‘(‘?fé:toﬁg’(ﬁls rﬁﬁ“ﬁ?"ﬁ\gfﬁﬁ%%aﬁﬁfprmerei n
the hepatic prpggnitor cell is a proxinmal hepatic stemthat further
expresses al pha- fetoprotein, albumn, and cytokeratin 19. 25. A nethod of
i sol ati ngl% huHRenmptbpdiof clapm dgek arokd, wheieiredeliveniissuenisrobtained fromgsigus
conprising identifying cells that express Ep-CAM 26. The nethod of claim
25, further co?ﬁf‘r'?%)inﬁ%' renoving cells that express CD45. 27. The method of
cl ai m 25, 20Mherghdimbihed RF OREAI1B N4 drurst hbereax e dissesssat BobtdineBom Bhuhildet hod
of claim 25, wherein the liver tissue is obtained froman adult. 29. The
met hod of cl ai?h@5dgkt. 27, wherein the hepatic progenitor cell is a
primtiv hepati t e 30 . j in the
hepat i c gerOgenllélth(l)lgnagleq%phlﬁ:s1$ rgg%ﬁg&}s&}%ﬂﬁéﬁgﬁ egﬁosaf%%l%nerﬁzﬁ 8r32102 ZV‘Pﬁ}egﬂr?r{?tg hod of
claim 25 or 27hepabiepriganitdiés ppagaictiepatiasteheellexpr esses AC133. 32. A
human hepatic stemcell isolated py the thod of claim28, wherein the
hepatic stem célhumag @Pﬁiwpﬁﬁltohﬁﬁﬁfﬁdcbyﬁ@meé@‘{‘.’f ofagm ‘Pﬁ?rpaﬁ’?"ﬁ%&hiec stem
cell isolated _aﬁbgrdg%ﬁmqs Afprinhidldmeheic WReH 8LID b BurtRP PRIk GeS NeOnse! | 'S
a proximal hepatic stemcell that further expresses AC133." 34. A nethod of
i sol ating a hu@AMPRimkit,iGl2l 46 patombisatons dekdof. t he net hod conprising: (a)
provi di ng m xture qf cells derived fromhuman |iver. tjssue: and.-41 WO
ba1 ovesaa b Saaretses edtiot b e SLind MR TR LD R 8, 2Ce
under conditi olq@am@bfdgeﬁiedrqgg prox@thalhePatitidteralckmi t i ve hepatic stem cell
including serumfree nmedia conprising a regulator of carbohydrate

met abol i s#4- anAihugrndigpaticeprogemi@r iolagashint ha engthasbefcildm Foaen h whareér dsy a
colony is forned Y - h 'EEQ' I Lt [ e : _ The
met hod of cl ai rﬁpéﬁ?ry\%%%e?lg:gﬁcﬁqhg %li ver"p]%fl gés%gxﬁéé}ﬁgﬁéifﬁgg&f&ﬁn&g&f %lﬁrzas, a
neonate, an i nfegiprotetd, eldumth, add crokadti 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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36. The nethod of claim 34, wherein the mxture of cells is derived from
human |iver tissue enriched for parenchymal cells. 37. The nethod of claim
34, wher ewo Bhesssairf ace is uncoated. 38. The nethod of cl @&cmi&63/0188Er €i n
the uncoated surface is a plastic surface. 39. The nethod of claim 38,

wherein the plastic surface js. charged., 40. The nethod of. .cl aim 39, wherein
the charged pl &%t | ccﬁmﬁéé‘di ’Elxg'i’rgs‘géeg%f’? &rsglqa‘iﬁ ‘é&C{gf 89'?‘&'19'?31’?4@0&15@%% of
claim 34, wherein thg 4 eiwlaAt BfimdfveC AERARY Stedt BellBhAb@hE SeBrib-frdenfighian. 42.
The nethod of claim 34, wherein the iron carrier is transferrin. 43. The

met hod of cl ai m 34, cathprtséigha régalsvemdl eateohydedr micigoRisia: @y Irpw cayrigbPa i t i on
conprising one or npre,lipids, 44. .The thod of ¢l ai. [ el e
lipidis a free fat Plfmgfzaln .prﬁglfm%éfacrtr%rf %&reg)fy %Cgl rl}? égttél\%ﬂ%&rl@?rﬁp}f‘ﬂre’é '}
serumfree nmedi a furihel pe@Peinspaic ditdcacorti sone. 46. The nethod of claim
34, wherein the serumfree nedia further conprises an antioxidant. 47. The
met hod of 321 ai khaenethpepbicluimnit amigreiri Hardiver dissus snpRinined gromriefetis Rod of

cl aim 34, V\hergéd?]a{ehg:n mﬁ”&ig IR ?Ieﬂ?ﬁdu?t. stemcell is a precursor to a

proxi mal hepatic stém ce epatocytic progenitor, or biliary progenitor.
49. A hunBé. pr The tnettadhé phRiimG4s tivhareteihe misolrabectlloys ddreveddtdno dumbn tivad m 34.
50. A human primtive hepatic stemcell isolated by the nethod of claim 34,
wherein the pP‘?WFPWeﬁgﬁaRair?f‘c YBal €81 expresses Ep-CAM ACL33, and

al bumi n 537 A fHORRRA MLl 84NERELINGS LETAEH dnco@ebat ed by the method of
claim34, wherein the primtive hepatic stemcell expresses Ep-CAM AC133,

al buni n, 8§t ok&hamiethod®f tBjm dAdwbegrewkibe andoatetFurfackis WOIBEL ONEHRES

PCT/ US03/ Q7852,52. A hu .priLmtive hepatic stemcell isolated by the
et hod of St o Anametha SRR B nbirb R PO Sl Botasiicel I 7 ur  her
expresses4i) fFRe Gvhod G IRimaBPWbRin tiey LR EERbiabt SlsdBacealddtigyik QuAL | N
19, and (ii) NCAM CAMd. 2, c-kit, CD146, or conbinations thereof. 53. A

human prinitivelapepati c stemcell isolated by the nethod of claim 34,

wherein e P ildoty BERANh CsaS\HER e Soufhudl BF LEBOKycRhie AnBbORHP e

hepatic stem

insulin.
42, The method of claim 34, wherein the iron carrier is 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

51. 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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54. A human primtive hepatic stemcell isolated by the nmethod of claim 34,
wherein the primtive hepatic stemcell is a precursor of a descendant
hepati c swermsoedsBs wherein the descendant hepatic stem cel/EkpoBsses
al pha-fetoprotein, albumn, and cytokeratin 19. 55. A nethod of isolating

a human proxi mal. _hepatic stemcell, the. d .co i sing:. rovi ding a
m xture o$ 'celngg‘“ inH’Ei‘t‘f"?gﬁﬁ’arcﬂﬁm F‘gg@gﬁﬁ%g@h@e ’%‘%‘“@8‘1{1‘3&?‘% % ‘glé‘?rﬁ'n

m xture of celgg Iﬂﬂniﬁy@'hé?éticcst&ﬁrcfeﬁ(f@rthli}_c@(rpr&%déif Epreamhity33salbagtinf or a
human primtive hepatic stemcell including serumfree nmedia conprising a
fegul ator of cotesma 818, anetcabuierasim 1aAnd (DN M, EAMARdCdir, GRS e

pr oduci ng factgr pivhey, §?¥ re<§1Ofcol ony is fornmed conprising a human primtive
hepatic stem ceqnf’; an ce) culturing cells fromsaid colony in a nmedium

i ncl udi ngsat | gakimaanNRimitey GbpRivainatell R6latdd, bywrerrediiod of tisin B4, Whaeiuced
conprising a human _Fr oxi mal hepatic stemcel|l. 56. A nethod of isolating a
human proxi nal tha@patitive kepsHe stem cellin prespmsanof TRIRpIMAE Repatic sempgedlyi di ng a

m xt ure of, cel [ - i j : i i

Tt ure or*cel P HAYE AR, LA Rbistdd i shellod Ut bk 38, &frtn
hepati c st em ceklprimicive tiepaicseemreeflriea precirsoradrnpdéssemtanahepaggstemt oell,of

car bohydrat e netabol i s an iron carrier, and a nenbran pr oducj ng .f actor,
whereby a col ofjeTF %ﬁrﬁéae"éswpgqpémategl ﬁ&'ﬂ&ﬁpr%ﬁsrﬂh%fgt%%aﬁ alosphiny ' cel |
and (c) cul turjpge&lekfinf fom sai d colony in a nmediumincluding at |east one
devel opnment al factor, whereby cells are produced conprising a proxinal
hepati c sf®m cal metlpd ofhsolmhgod wfman PpropgmBh-IEpaticvisterei eell, hdhe method

devel opnmental factor is provided by a secondary cell. -43 WD 03/078588
PCT/ US03/ 07852°B "1 met hod of ciaim57, wherein the secondary cell is a

feeder cell. &9. m@vm ©ehiahreddfabB &Bivedhohehumihevdrégses cell is an STO
f eeder cell. e nethod of claim58, wherein the feeder cell is an

endot hel i al ceft). @uturmgesadenisie of cdllsams BRSUGHEFASE Mndercondisgas whehl i s a

stromal cell. 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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62. The nmethod of claim61l, wherein the stromal cell is an enbryonic cell.

63. The nethod of claim62, wherein the enbryonic cell is an enbryonic
l'iver strwoel3/o7sses!. 64. The met hod of clains 55-56, wher @cm/usegopsoxi nal
hepat i c stem cell is a precursor to a hepat ocytic or biliary progenitor.

or 56, 660 A nivahehPR Rl REpTER Lt A Pl A GRRUETS T hod of

cl ai s 5559)r S5Bhe méihod ©f Blainh 68 Pligotéifahe fregatdelt 1§£rﬁ$ﬂ“©€féddeee§¢)r esses
al pha-feto ({)r otein, albumn, and cytokeratin 19. 67. The corrp03| tion

accor di ngd-o ahiye BaGogP! elaim 48, wheaeindprefestier cellas s sndathshinkeelli ve hepati ¢
stem cel '6fowpfq,esﬁ§m%§39§@w 58 Nl EhGnfellr Sff s JUffigRRAST Ui on accordi ng
to any one of ¢ erein t uman proxi nmal hepatic stem cell
conpr i ses6Exogemomsthod of elaim 6¢) \dherﬁa.theﬂstrmtdmdll m‘antmmyomg ctli.ver

dysfuncti gn or_di sease conpri adm ni stering a ect an effective
amount of‘%t he Fﬁ?ﬁrﬁ’ﬁthﬁfiPﬁFl{alr@Q h¥ ?‘i“g]‘%f"é‘ y@élclce d%@ﬂ?ﬁ“ OPG livepstrgpd of
claims 1-8, 494 or 67. 70. A nethod of treating liver dysfunction or

di sease conprising adm nistering to a subject an effective anmount of the
human pr o6d4.mal Thepathiod of tleimczd-56 achweidithgprosima mypaivestan cell & apredsdrl,

65- 66 or 68. 71 An | sotl at ed. human r| mt| ve hepatic stemcell. 72. An
i sol at ed human® g EPRIREYIGY, g’élﬂ‘?fé pgqgg

65. A human proximal hepatic stem cell 1solated by the method of claims 55 or 56.

66. A human proximal hepatic stem cell isolated by the method of claims 55 or 56,

wherein the proximal 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.

- 44 -



