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1. Anatomy of the Human Liver

[0002] The primary structural and functional unit of the mature liver is the acinus,
which in cross section is organized like a wheel around two distinct vascular beds: 3-7
sets of poital triads (each with a pbrtal venule, hepatic arteriole, and a bile duct) for the
periphery, and with the central vein at the hub. The liver cells are organized as cell plates .
lined on both sides by fenestrated endothelia, defining a series of sinusoidé that are
contiguous with the portal and central vasculature. Recent data have indicated that the
Canals of Hering, small ducts located around each of the portal triads, produce tiny
~ ductules that extend and splice into the liver plates throughout zone I 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, séparates the endothelia from hepatocytes
all along the sinusoid. As a res;uit of this organization, hepatocytes have two basal
domains, each of which faces a sinusocid, and an apical domain which is defined by the
* region of contact between édjacent 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 art_erioles through the sinusoids to the terminal hepatic venules and the central

vein.



sets of portal triads (each with a portal venul e, hepatlnzceagrterl e, and a
bile duct) for the periphery, and with the central vei ugyst2 . The
liver cells are organized as cell plates |ined on both sides by
fenestrated endothelia, defining a series of sinusoids that are contiguous
with the R4 pd central vasculature. Recent data hay di cat ed t hat
the Canal's 03?(I ?‘%I’I ng, small ducts |ocated around each B& ﬂ’ém?é%tal
triads, produce tiny ductules that extend and splice into the |iver plates
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[ 00051 In,a on to toc bile duct epithelial cells
(chol angi oca?evgffpmﬁ'ﬁta“fq@g é '%ﬁ cells, the region between the portal and

A, O ol gt 1S !
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 developrﬁental 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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of the liver, especially in inflamuation and fibrosis, b%&% theL%%[g{'nrect
contribution to the main hongostatic functions of the notHadus are
apparently small. 2. Devel opnment of the Human Liver [00061 The |iver

devel ops as a result of the convergence of a diverticulurn formed fromthe
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changes i RichiiRs ATDMRIo@RGh. SRt 31h DukhRg BlopSHiBh of i LA ZipghsTO! ecul es
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rel ocat i otaPecipashieves by weing 4t |situ dwybridization rislistselor enRISA | encoding alpka-bone
marrow. R t ol 6l : | Q1.4 Lt.0kSspersist in
The. adul (ol o AFPPEZIUERE N0t Lol QiR TPORIEL § EREPPLICESBPCS

i sol at ed Plofargiokh 19%0eeldpmental BiotbayOrlamdol).i 209¢1-100r SHR-expraSsing/ellst  at .
1999. Hep 29 1193- . ] Liver [ | n_enmbryanic life
at about 3&1&34 b%?%drléf% %erllgnz%u@c?glg[s’ %PB% i -rg onrlr@%It ey e%ﬁwf’gl}lggfb?m\gf\? Th " Fhe

i nvagi nat iheant @f day 9el (Ciapblirsendesesdivgrrastayed. eftddiver bacbmeamadoscopitdily ni dgut

Lo o M SRR i R VLS (7T L ST e &
has been #BEveth byralle] hgnopoiesistatcilry brithdihe diritodeifiabiedfenfopsietiRbAIsencodi ng
alpha- 1 earing by E15-EI6 (in rodents) and by the 3" to 4™ month (in humans) and with the
peak of erythropoiesis (formation of erythroid cells or red blood cells) occurring by El8
T : (in rodents) and by the 5"-6™ month (in humans). At the peak of erythropoiesis, the
. numbers of these red blood cells dominate the liver and account for more than 70% of the
numbers of cells in the liver. The end of the gestational period is on day 21 in rodents
and 9 months in humans. Within hours of birth, the numbers of hemopoietic cells decline
dramatically such that by 2 days postnatal life (rodent) and within a week or two (human),
the vast majority of the hémopoietic 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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t he domi ndRt28RIFASSRSS 19ran #RoRIoYF deeshss Craalpdbrilal. ef ¢lad®05. Pifferentiéed.phery of
each |ivergggigpys (Thiese et al, Crawford et al.). [0010] Thereafter, the
cl assic archi tect ure of the liver acinus is established wth each acinus
bei ng defi neId gﬁ@l pheral 'y by six sets of portal triads, each one having a
bile duct3 N ¥c artery and an hepatic vein, and in the center a

central vel n. that connects to the vena cava. Plates of liver cells, like

spokes i nl0P1heeFacheyeapindng Paiad Hiaes dierpare pyout 359900 peeplahespitalizgd &snvent i on,
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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.

[6012] 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.



triads; zone 2 is mdacinar; and zone 3 is near the central veins. The only
diploid cells of the liver are in zone 1; tetraploid c @%”%%269{5 zone 2;
and tetraploid, octaploid and multinucleated cells are in zone 3. The
pattern is highly suggestive of a maturational |ineage that ends in an
apoptoti cws@gesss(Sigal, S. H, S et al. 1995 Differ radal

59:35-42). 3. Liver Disease [0011] Each year in the Uni ?gic"{"@"’é{'?gegé, t here
are about 250.000 geopl e hgospitalized for |liver failure. Liver transplants

are cur at il0H3} or Alismptsite peréoray liver el trangplppfation havgmadeise 9% Pfeacpyate1 00

transpl ant@mngt Qv OEMBAvA RN sonfe sk b SHRAGSFoATCI. & ail 6oz, e L1 NG
factors in liver transplantation is the availability of donor |ivers

especi al | Englagpdipurqahef Medisinga33§tl42Rd 20 o Alpwelgryibe suckessesotegiire injection

transpl an ' I 164 of L. i ing. LN r.ai n death
bt mot - AT rets obh O LA BRLUR ooy MW AT HREABRRC R
successf ulintrodi¢tioowd ubstpiad numbéss rof dargomatse Buge telld ¢nerage leell diaseppdet ed t he
possi bili tsp Jq) lijssicn ltche%p i ftt het | i,ver is.obtained within an, hour of death.
[0012] CePP HPhiis SPRRIEEE oY MISHotPHERCY 10 &fPTP Jargh 2ZBFRAES HOW APEUPPat i ve

t herapy f essuliggin pdténdally fitss eabals . MbR@vEMEietRlls iR & ShERS mnftioRgichl
transplantation are m.nor relative to those needed for whole organ

t r anspl antAUGH FSSRYPSE fEPE PHHEETS 10 DR TIENtHERACT BFMYIayPared vasigs fovg?ei ous

surgi cal  rdnseisdes WFNthas A@E. OFinal{) hiuird - ivEPelks Baff nBUMRE: lshdREsrOR! | S IS
superior to liver cells derived fromother manmal s because the potenti al

pat hogens Sryppresgived adecogpplicaieghieisics granreqiged: ipusgrdinate, ghey availebilivreft ed by

patients gnébrakrlide, %@ﬁ:ir%@é:a%igﬁ SEBAUBRINGERS anH $R imAR ARO8HL erg AP the VO
03/ 078588 PCT/ US03107852 [0013] Attenpts to performliver cell

t r anspl antdlsifefrlinicoktherapies. use of unfractionated nmature liver cells and
have shown sone neasure of efficacy (Fox, I. J. et al. 1998. New Engl and
Jour nal of, Mafineten€Sted Gellk422- 1426) _ However, the successes require
injection of [arge nunbers of cells (2x10'), since the cells do not grow

in vivo. fopiner GRLcellshfe ah QRS A0l HEBSS ARtvE di@éagé?e@ Gnd arge
mature liver cells (average cell diameter 30- 50 gm is conp |gat ed by
their tensemepllyge frsmiveicle thabeaneghtreniceipome pinfipaentors; prodecsidanghier i n

pot enti al Laf1sf @ik o2 Bih ione l\fQ{e,eﬂl\é?rc?n LG8 &Rhlivel la{u? iffat aﬁ%ﬁ\}%eﬁise to

i mrunol ogi cal rejection response forcing patients to Pe nt al ned on

i mrunosupgetertipedestain gejls tha rcan ksonstisutaaridere witissuesi Mosi ofcthe likirtadelop, mat ur e

et L R SRR HGRCRR lsy SORRF T RO,
ti ssue, téemdgmebariatesiml gfsuesel | suspensi ons and the i nmedi ate delivery 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 cclfs 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 [980s. 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 dcveloprhent 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 celis, can be isolated directly in vitro from the primordial germ cell
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cells for clinical therapies. 4. Totipotent StemCells [0014& Stem cel |'s
are an alternative cell-based therapy for liver di sease.25m)¢ Lﬁ%%@ﬁ’t stem
cells are primtive cells that can self-replicate, are pluripotent, i.e.
produce daughter <cells with nore than one fate, that can expand

ext ensi velwo gi¥sdshat can give rise to determ ned stem ggliRusih@b can
reconstitute a tissue or tissues. Most of the literature on stemcells

derives either fromthe |iterature on enbryos or that on henppoietic,
epi der mal PoBlation: A8 (YilRES e¢lissthe EG peilyrooptriphied to ghigsrdsyincludiag des gaint i ons

have been jaBdifch¢fediQ ih@LRRRCFEs. Particular  classes of stemcells. Those
with the potential to participate in the devel opnent of all cell types

i ncl udi ng (g8 c Repentahighlyepubliciged enpesisnenist hayotrepartedt bay behirs Eanetlli ncl ude
the zygot @3B0 NRE T8kih YR I he norul a).
Enbryoni c gt em cel Fgﬁ lgfgsao @gwlg?é@y&gelf l?agﬁ)g%osﬁlggegkedéﬁgtg%?errét&n“éaﬁlt cell
popul at i ol el imagbefinjsated ottd pistuenin thermoperttiat tely vallite dbiast eeyrstitate t hat

were firs rt i . eaf,ly 19 . cell lines.can ..be cultured in
Vitro wi ttﬁa‘lrhrggr%toé ag'ﬁé‘gd E)‘Fg%‘f'%t ?ﬁ%%‘éea@?? aﬁﬁ cﬁléf &% Poorgeniq fiMmdicedhack into
nor mal bl &b dreyst@pmploaysed hestat aytsite slauhm if iy, dointing RyRbcapimiaias.and
partici pa ip the formation of a rmal ., but. chineric, nouse, Although ES
ol 1 11 hodPrrslhat BierrC e Bhr il By PSioF Ty Biets avonrbueond s Ot g

etc.), onlgyave possitilityeof Syatiegnulinss bedie pitiests.r det dvetdoyne thid @HAKE Aotheani mal s

wi th novel henot~yBes. knqockouts, transgenics) by rrergli ng nodified ES

cel I s froff U8 t HF e PYBUBE a oc?y"’é’t Of 5 FefermiptmgnthenEd ngelishdingera deldesdst s into

., pseudopr egeastvilb@asésal CERBAYRND GedhidWddnea &le tdIReSat e bSigyymany of
" the characteristics of ES cells, can be isolated directly in vitfo from

the pri mofMAFapteq dttpadants. - Borxgamlg ieres G3momeasie PE SBBeRATISBISG7 852
popul at i Oﬂemﬁﬁ)iéﬂctﬂ}o%%ﬁit@r@ | Bowdvhe _tﬁ@c&ﬁéﬂnsreﬁlﬁ’iﬂf e Yo Ghial RSCRULE! R

i ncludi ng the germ ne, when injected into blastocysts. [0016] Recent,

hi ghl y puBWius s@dd esgdhg iemefqumangengssp o the gultumst arh inegw aleS inge R Ipatienty] t ur es
can be esiallohahednfil RUBaRHTR B URMERSE biblbg)! ikt hese
human ES cel s g’m?]be_i nj ect%ﬁ@nt gé%?léls%%%aﬁsetfﬂﬁgﬁﬁggg&#ﬁgt&?ﬁ@ w il be
abl e to r#&edast pk eelle duringemfusiorsnepim thedifticells sl sgnaiHasvey experiBESandolEG cel | s

areturerqm,i,J [ & LNto i rom hosts. i.n _any site
ot her thanﬁntuﬁe g,f&# cl)l{rﬂ%gf\ grg{rngtugggrcig%g‘?rg'sgpapmf‘héﬁg%ger?%sh%oatfoén to
i nocul at efdrglhmicalEBograhs m delitand pane thntapies & tomsecddiératined st calistih whivh gr ave

Possi bi 1 i Bf GRS SRS il RALEREn (s OVer come thi's impasse,
5. Determined Stem Cells

[0017]  Determined stem cells are pluripotent cells that have restricted their genetic
C , 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 progenitbrs (giving rise to bile ducts).

[0018]  The transitions from the stem cell to the adult cells oécur 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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groups are pursuing the plan of differentiating the ES cel|s under defined
m croenvi ronnental conditions to become deterni ned stem Yyaust 2005 can then
be safely inoculated into patients. For exanple, there is sonme neasure of
success in generating henopoietic progenitors. However, the concern
remai ns t Ked or@sdsglual ES cells in the culture could po%@nhﬁﬁm%k§k of
tunorigenesis, if the cultures are inoculated into a patient. n summary,
until research in de%elo prnent al _bi ol ogy reveals the nyriad controls

di ct at i ng 1% §7ds fals Bsthgdingage| V‘?ﬂd?‘?néc‘@rﬁﬁ’%ﬁj@hé%q %Sualimeeegﬂeélw &eigj | |

remain as gawik%Pabiv¥eRiH af AR| TheMadcdiks tdhh ®c RBRGAd QS “dllrt Bi mAbiolBEiRYT @B i N
cell or gene therapies. The only realistic o[%tl on for clinical prograns in

cel | and §&We tmepioipi eyl plimaisly 3 deusbedrioffed The araturatiangl [ipeaghipeisesst he
genetic pedsamd Ak daﬁxr&leﬁﬁ{o\/é}tf@p tHeOti@ud | ﬁﬁ taﬁgwﬁgf}b écnglfatl&? labtedd ¥ 51 25 CeI s

Determned Stem Cells [0017] Determned stemcells®are plurip
t hat haveTllSé'éqStdilféftf e‘ﬁtf{emﬁtlcwﬁ@tm@umpm%nﬂcaﬁs fToe tnlaartatrboacl lmedgemﬁf thed nunber

of cell \, evi dence
such as ¢ hac A apRERHEKLERALLS, Gt Qbbb ) i s BT R AT M & b ol 1 s
do not, sﬁhMUmtwﬁe@ea&hngen@bﬁéqsﬁwmumwme that is their progeny can have
| ess gro a parent Det.erm ned . s em ce ve rise to
L eso 91 Onidnopot fikal o Vi) B aPRe B RE SHSS Sl o iy
restricti nfgmathm proyanmt dells ﬁroindnrbn Iﬁ?dcattse ofitiiim@hce tfa@fi2h celt pepuldtiepaiagCyt es,
whose conﬂatte Led hepat ocyti c

Sl greg evnl t,ors atrﬁ red to as.conmt

progeni tors: T tﬁg Hheebglsiz"lseﬁ irNe 4 hﬁB‘i‘t@ HpeEeniigisit cebapchessa thseapiss e

progenit oran O@rstniy mahnk S6F the sh&rﬂﬁvh@ﬁlgét &8dciaft widNHet b€ thalthd &Y cdMs0geENi tors
(giving riise to bile ducts). [0018 ThetranS|t|ons fromthe stemcell to

the adul t 9¢sEthed 2po¥s  Thercels §‘Eee‘“r5“% alSupp otheseborg imeniglizige shenfermationi Snal
li neage i RurgdtngtdliC Qlido, HeZBHs HIDE m&ls%%m\ﬂﬁ g%&la@%%g Bt fe@:Q:dceﬂfﬁﬁ in

expression |s tied to the |lineage. The net ng 1s use
defi ni ng Besded ferotesanstitutign Ofywengssueem%pme dandlly, genprogenossksiven and t he

ar eat st @il RRLRE Hsflis 0 A M Shud RSP 3N BARRLEETISRS 1 07952

the cells late inthe I'I neage usual ly are
limted i httlelene lmlgﬂwwr@ﬁlveldfumnggrweadedal | . The | ate cells can be
considered "old" or in biological terns, apoptotic, and ultimately are

sl oughed gf fisoldthf dfqglquirb%_rﬁ% d ineage process results in a natural
turnover for the tissue an fows for regeneration after injuries.

‘Tissues digoh® | fRolalifn kdfnﬁ\trérclgogefmtmeg{;@t Hit isoﬁlﬁlv{rﬁrﬂg %geg§n F ?’:IQ/’CI e

mat ur ati onal 'l i neage of eraprd w
occurri ngCHaHeﬂ%taiw ta theosblrtage lodiimadfers that pasmeelylsdectibxohwwcdlsr mhag, and in

the rat 1)1\{? ravélﬁlbﬁbgrﬂﬁoﬁley oo Canélggtgfsg]of g e%attlc %}'o%egltgrg 2! o%e Irrrllc;ngc ona‘?nd

comercial Tnterest 1nisolating and
antibodies that are prepared against subpopulatlons 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 pm 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).

.



i mmature progenitor cells fromliver because of the |rrp§%t that_ s ch cel |
popul ation may have in treating |liver diseases. The us ugwg

progenitors in cell and gene therapies can overcone nany of the

shortcom ngs associated with use of mature liver cells described above.
The cells are small (7-15m, therefore mnimzing the formation of |arge
enboli. Also, the cells have extensive growth potential meaning that fewer
cells are needed for reconstitution of liver tissue in a patient. Finally,
t he pr O4UEAVEDLrtReYhare dmovi rip rbal reasily i agtablishedvir kelfuge tighout mpetil feddersi ¢r medium

| MUNOleGEiiFAL. (. %ff‘sﬁ&ﬁgﬁh 9%\6&9&3@&1 JE }fepﬁfc Stélsﬁ kL 1seh9%re910?édg“(‘g?85? Jn%?s' ve

drugs m ght be needed at1on of ver Progenitors at'1’on
of I i veévadsmigRresy OVY)- Baesth ani these findingn awh on studiss sharesterizmgesoye of Had Ic@hgnqsg
task dugrived i usNAELAAE HRbulthi kR s bORbe LRS! fle) Blntord fleShl rgL&fa tafGhemfed! | -
The only available antibodies for can ates of hepatic ors are

t hose mEgeRitosM that gyl iseldh ase partidly carcemplue@batm@l'oaqdl m@emimb(ﬁyWI htFiwine Aof
hepat i g,ipr 99y Rk SLMCiihéngﬁ?Flgvc% actg atiSn lof r tsﬁ) abed & Q[ﬁki‘ﬂﬁin%{é@gﬁe‘é%t 0
oncogeni c insults. These anti bo Jowever 0SS-reac

pr esentegulatipnepfEses @PTGQSI%@YI%HBW@@M]@WE Hlféfq'rmtl@tmﬂ 63c215+323 W989eri ved from a
nyri ad &b é 2pt udi eg e find Bgvd he%{;]%dmn & Hal! th YLK e@é %e;ﬁﬂgg%g&{?&?@aﬁh ulaé{}ﬁ mal s
expose to carC|nogens or oncogeni ¢ 1 nsults ‘experience a

| oss ofuseatest © b the mnask versatilekpdppladorbior tchlb apdgbrsuberapys of the Ylivamdl. S. Pat. Nos
secondarit Yo7 &4PANKI 2 (gg,dsem; ] il con Gk ARl SIEEEE. A Boomenry 1o

oval - shaped nucl €1 and = beari ng kers t conpri se

henmopoP®yide a&?ﬁnij’eﬁﬁépmﬂt@h@rﬁh@h@r Subperpdationsefirat HepaB) celly h@eéie@rd iselgted rbyoval
cells k%v&looftlfﬁ@aéa)égﬂinlﬂ ﬂﬁ&wé se%cﬁor?ﬁ:p %}ngturepl{e gjréc%{:s% stvbl%&h ﬁ&%
trlggered to expand under t e condi tions of the oncog ts an t hat
with t @e%?doﬁfebm@g)ﬁa'ﬁmql@n@llwpﬂrge @ 3tposihes fqynbcellc@itigsmc Thaekeph edBtpppitve f
the ovahumm&lokif é/aaﬂde%m Rk € 4}51% b &s.deRen &N
oncogeni léml fl\dsou1 t S). g\ugus 8@9%@20%1{? MQ‘ ey g?% %!rﬁ%g\ﬁg gt ﬁver
readi | wb@@muéﬂsllon% n$tmtedurtxcuha:eclwatsﬂqos;1cs Byreuhlin fselemeraszd @ﬁlenhﬁcdtlmf ennched
condi t ,98 (s SRAM, Aoy Thorgeirrson, 1998, Hepatic Stem Cells, In:
Stem Ceﬁascpr%eno tsen e‘ge?]ttl)rr Academi c Press, NY). Based on these fi ndi ngs
and. oH033udi es &huss thereeristsiamgedsioeveltp métkods ef isolkiinpgmman depatie groerdiorstthas
ONCOYERlef bl 1A ThEk Saridnls WiV AL, dy8Rhcrloh £

transforﬁed pr oge n?’?(l)rss and lte hat aova f‘ éjha’rﬁ{ae %%%l@%&o%ﬁ%ﬂggpﬁﬁy{‘

t r ansf 8tdiBeridas gy Jrisatpegtiasselll | Fiorino A, Brill S, and Reid LM
Phenotypi ¢ characterization of rat hepatoma cell lines and |ineage-specific
regul ation of gene expression by differentiation agents. Differentiation
63: 21§UQ@§AR¥S¥9@?HE[186@2]TIM‘{ enpts have been made in the past to obtain
the hepatic progenitor cell population, suggested to be the nost versatile

popul ati on for cell and gene therapy of the liver. U S. Pat. Nos
[0024] The present invention is directed to a composition comprising an isolated population of

 cells enriched in human primitive hepatic stem cells, wherein said primitive hepatic stem cells do not
express alpha-fetoprotein, do express Ep-CAM and are précursors to proximal hepatic stem cells, said
proximal hepatic stem cells being capable of giving rise to hepatocytic progenitors or biliary progenitors.
In another aspect, the present invention is also directed to an isolated human primitive hepatic stem cell.
~ Another embodiment of the present invention is a composition comprising a human primitive hepatic
stem cell that is a precursor to a proximal hepatic stem cell, hepatocytic progenitbr, or biliary progenitor.
The human primitive hepatic stem cell of the invention may expresse ep-CAM, AC133, and albumin.
{0025] Another embodiment of the present invention is a composition comprising a human

proximal hepatic stem cell that is a precursor to a hepatocytic or biliary progenitor. The human proximal



5,576,207 and 5,789,246 (Reid et al.) utilize cell surface markers and side
scatter flow cytonetry to provide a defined subpopul at i S vghst BT j ver .
Subpopul ations of rat hepatic cells have been isolated by renoval of

| i neage-committed cells followed by selection for i mmature hepatic
precursors which were detected as being agranul ar cells bearing

0C. 3-positive (oval cell antigenic marker), AFP-positive,

al bum Sitive, d CK19-negative (cytokeratin 19) cell markers. The
forego?ﬁgq?a¥m?ﬁ$gr @ﬁﬁﬂﬁﬁﬂ@gﬁpﬁn?wgﬁ%bﬁ@P% fomropsab + 3umpiny and, syigkaraing £2.i cs
i mpor t §6a26] n i solAaivtherentddinictestithd presehi endbn @rhrmaﬁt@pk‘or Repid LhudhdRptL:0r S
fromraodent. |iver &gq% %@Th S, %E@{e exi sts ed to_devel op net hods, of

i sol at PP Wf?ﬁaci’?mﬁgfi BEehictlb Mt (R REssCHgY lfg‘éd%q]é?’t & thuman ; hepatis
wth Imm@pmdk&@h&ébpﬂw@ﬁﬁéwﬂ@mb@ﬂe&%m@ present invention satisfies this
need and provides nmethods of treatnent as well. SUVMARY OF THE | NVENTI ON

[ 0024] The present invention is directed to a conposition conprising an

i sol ated popul ation of cells enriched in human primtive hepatic stem
cells, wherein said primtive hepatic stemcells do not express

al pha-fetoprotein, do express Ep-CAM and are precursors to proxi mal hepatic
stein cells, said proximl hepatic stemcells being capable of giving rise
to hepatocytic progenitors or biliary progenitors. |In another aspect, the
present invention is also directed to an isolated human primtive hepatic
stemcell. Another enbodi nent of the present invention is a conposition
conprising a human primtive hepatic stemcell that is a precursor to a
proxi mal hepatic stemcell, hepatocytic progenitor, or biliary progenitor.
The human primtive hepatic stemcell of the invention may expresse ep- CAM
AC 133, and al bum n. [0025] Another enbodi nent of the present invention is
a conposition conprising a human .proxinmal hepatic stemcell that is a
precursor to a hepatocytic or biliary progenitor. The human proximl 8 26
August 2005 hepatic stemcell of the invention may expresse

al pha-fetoprotein, albumn, and cytokeratin 19. [00261 Anot her enbodi nent
of the present invention is a nethod for isolating a human hepatic
progenitor conprising identifying a cell that expresses ep- CAM and AC133.
The human hepatic progenitor isolated by the present nethod preferably 26
August 2005 WD 03/078588 PCTI US03/ 07852 expresses albumn. In a preferred
enbodi rent of the present invention, the isolated human hepatic progenitor
may be a stemcell, preferably a primtive hepatic stemcell or a proxinal
hepatic stemcell. [0027] Another enbodi nent of the present invention is a
method for isolating a human primtive hepatic stemcell conprising
culturing a mxture of cells derived from

8a



human |iver tissue on a surface under conditions which s?eé' ct a hepatic
stemcell with serumfree nedia conprising a regul ator ‘ drate

nmet abolism an iron carrier, and a nmenbrane producing factor, whereby a
colony is fornmed conprising a human primtive hepatic stemcell. In a
preferred enbodi nent of the present invention, the isolated human primtive
hepat i cWQ 978584 | nay express ep- CAM AC133, and al buwcnwsesrdssar ef er abl y
may further express - cytokeratin S/ 18 and cytokeratin 19. (0028] Anot her
enbodi et r th n

pr oxi mal heesg%t %lgﬁ%’? e%ﬁge rféenxg@hlbg‘?}ﬂma 8‘5 p:'% rF rggma"?ﬁ’ei'fﬂ} at}'%f‘%égffdl S der| ved
f rom - hbursan Hepatie prages®umap he asten Délh@&fdﬁfhﬂﬁe{ pmﬁmde hépatisswhiaiorael ect for a
hepatic serumfree nmedia conprising a regulator of .

car bohyar%suﬁ:'ml ﬁé’all%%mg?n" an iron carrier, and a nenbrane producing factor,
wher eby[G82¢ol onyother érmhsomdemmfpm gmgnammnmm iPral Methiod €for Pk @ stem cel |,
and culﬂurl n ells frorrbt he cal one‘;l wi th a devel opnental factor. In a

referrednaé'n%%'f'ﬁa Palig seRacell compRing AYLITNE dnmixite of Selisdesiyed ffR®n pr oxi mal

hepatl ChurSdneliVeCadshe 6By siBRpE Bfider Sbatamf GhRAEILE 5 2 RbJAHE k@M RNGifYt okeratin
In a ferr d enbodi mrent of the present invention, the devel opnent al
fact or ?F&i}“ e B‘P { FOBEAHRE %fcgglétf’bﬁﬁ%ﬁflgﬂhé‘éﬂaie mgspbolismaty) oncadasded cel | |

pr ef er abhygméAnSPciudigeresr, Qﬂk}ebﬁﬁ@oﬁﬁpgtfbﬁlllédafjonﬁ)ﬁgmg a Hthmaf ﬁWW' cel I
[0029] Anot her enbodi ment. of resent invention’is a d for

i sol at i PFEAUE SR gtn Ino# Bsefaseerd eﬂ@s‘éﬂc&t ofttampresent inyentioni thie igplated humranng a

mi Xt Ur @rigitieeepgiclfd e mafyre%fiﬂesshéﬁ@ﬂhd 'A‘fﬁ@? t érﬁiséiﬁurhﬂd%d ﬁ%ﬁgﬂb}’ R Ao

select for a hepatic stem Cel serumitree
r egul afORrest C%%%ﬁ%ﬁéﬁ%cm‘{e%@ﬂ?sm an iron carrl er and a nerrbr ane

pr oduci (g4 aCt,Qﬁathe\A/r&ﬁ{b%QMne%t %Pltﬂan else%t d em:f ¢O0R étﬁ&? QO[‘alSQfﬁI.FP naprl mtive
hepatic stemcell, and culturi ng omt e colo

devel opgwann axoxindthspatic| sem &ﬁlbpelflm&!mléwbwammur@bf tdis cbnealeﬁneml nventi on,
the is r.o,

al pha- 19J é’?‘%gﬁé%}gfgﬁw)‘ %’% ungglg&tgd@ &Jﬁf il q‘fféfor egag?g?'&c?led“gnbodl ment
of the Spwers@mmt;dwm;rr@mg ztthgxlateivﬁlmmmrab nfedabbbism ayirddeafifeg\dnded by a

second r eder, cel l ref er ahl n STO.feeder cell, an
oot na eriftade prbuSlo ARG wRerk 67 o5 rorgRi SRR o i cos
PCT/ USOIB{:@E&&?J\ cted]Oﬁ@l]cuAnnnglae celisfosth Brendolodfy w‘uhfh a5veRphientanfagt.ilgn i s an

i sol at ed e atl stem.cell. Yet. a her embodi nent of the
present’ l?rgt:/g%% ﬁoq' tg%lp'éﬁs@d IBNTRER FS'F"O?P huymanaprpema] bepage) | |

' stem cell may express alpha—fetoprotem albumin, and cytokeratin 19. In a preferred

‘embodiment of the present invention, the developmental factor may be 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 é mixture of cells derived from
human liver tissue under conditions which sefect for a hepatic ‘stem cell with serum-free
media comprising a regulator of carbohydraic 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 h.epatic
i stem cell may express alpha-fetoprotein, albumin, and cytokeratin 19. In a preferred
‘ embodiment of the present invention, the developfnental factor may be provided by a
secondary cell, preferably a feeder cell, preferably an STO feeder cell, an enddthe]ial cell,

-or a stromal cell. -



BRI EF DESCRI PTI ON OF THE DRAW NGS [0031] FIG 1 denonstrates col ony
formation on plastic culture fromenriched fetal paren@%ﬁ% on
plastic culture Day 1 (Top Panel) and Day 5 (Bottom Panel). [0032] FI G 2
denonstrates colony formation on plastic culture fromDay 5 to Day 14.

[0033] Fl Godsfigapnstrates col ony behavior on plastic cylt . % 034] FIG
4 dem)nstrat es staining of colony cells on plastic for gFEHJrﬁ{%ﬁM ow 1),

CK19 (row 2} ep-CAM (row 3) and NCAM (row 4). [0035] FIG 5 denonstrates
stai ni ng fl8 0c‘sol ofnasier eibediment @fiihgpraseni invewronGDan 48l atsichrindDiesB=petiop) , and

AC133 (botg el B’Qtoaglglhell: én%odﬁn%@%@éé%@én? nv@ntpo rXOlg !ibllilrll‘lz% of ?ﬂr xi mal

stemcells after ays on a ayer al ni ng (row
1), al pha-hepatispreot@@lin (row 2), and CK19 (row 3) [0037] FIG 7
denonstrates the devel opnent of a col ony cell renmoved fromplastic culture

and plate mo? dFeFﬂE 0038] FIGS. 8-11 denonstrate
eruption ? cel ?ﬁomﬁ?}e col ony on an (@) feeder llayer. [0039] FIGS. 12
and 13 de §r atggt hQieﬁxBHtﬁmglton?ffoxﬁF 1’?59 §é ngtu(ff kb énﬂcheﬂﬁ?&?l i ver

cells. [0040] FIGS. 14-18 dem)nstratet els tion of a 'su on of
adul t hurrmélremhyeml celdd dneplastic ewdpreBay h (T apl Raael) md Dm&BCﬁottannPaEﬂ) CAM [ 0041]

FIG 19 de%ﬁ?s tfﬁg grdg%pm%%\%@ﬁg%fo ggﬁwgv\f%ccgdk%pé &Dm ongt?, Igl vers

cultured on plastic over erio neasur emen Pted after
12 days ind4 culture. The curve shows that the cells grow vvlth a doubl i ng

time .of 5. yS. tsWs nblots of al bumn (ALB,
upper grodg(i3q Hﬁ[so:géezrll?ns{r%ﬁsrco?mly Elza,&ﬁf’onl WBeup) expression in

freshly i 46034 ed HI@t aldellnomameeedalngansfcbodiﬁyl dals oh plistic forsREiEbwCY] ture on
Chown (P Sl @Y Do bAlpbry 2 enENC RV an Throvon Fi col |- Cells which -
pel | et ed |[m35he FIGOS dernomstd@s kgihddzedr Eblomibdculeedd & plbgic Hecpms hayer ed at
03/ 078508 BUS? (BDSFOTAC HHEBPREY cd 1. The single mddie bl of Shows the
: gle mddle blot shows the

al bum n angb3sfP ExXErE@ashamRrites Pprhirk @Glture of proximal stem cells after 7 days on a

STO 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.

[00639]  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 staﬁed 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.

{6043] 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, a.nd

cells that become layered at the interface between agueous medium and Ficoll are
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colony cells (primtive hepatic stemcells) cultured ona%l}gstic for 3
weeks. The right hand panel shows control |anes in which” $isk2009s ei t her
no protein (blank), albumn (ALB) or al pha fetoprotein (AFP) standards. 10
ug of protein was | oaded in each | ane. DETAI LED DESCRI PTI ON OF THE

| NVENTI ONvilg odapkégRi ti ons [0044] In the description that zfokkowsss,a nunber

of terns are used extensively to describe the invention. In order to
provide a clear and consistent understanding of the specification and
claims, iferigetsl t Hie sghspiddis et hpva thelpumin apdiAFP exgressisn ip wiiiged

def i ni ti onglcay _%ell%r(?n\(mﬁﬁ@ hegaf04tein &%) cu H&Bﬁ?la&fe 6} 3 (u%élgf"rb@ﬁr%q‘?ﬂﬁnqor
"“common determnant” as used herein’ refers to cell surface ecul es

r ecogni zed2ps sheyyrrenteldanea it Vivoh thers wBgithergwi poetein f(blankd nalb@bs (AEB) speci fi ¢
for cells i j ' . , and the

expr essi orﬁlf%éﬁﬁg%gqﬁ?{%iddg@gg@ I noég?otct)alﬁ %’%é @F%dépg%n%i vation, position,
or differentiation of the sane cells. [0046] Cell Therapy: As used herein,
t he ter m THEFAILER DESCRIPEIQN OF THEHNVENTIAN or ex vivo transfer of
defined cell_popul ati ons used as an autol ogous or allogenic naterial and
transpl antledP¢fitigns i n the vicinity of, a specific target cells of a
patient. Cells may be transplanted in any suitable media, carrier or

di | uent s, [@¥4any Tpyhredeseripfionghatefollpws.ya nembareafereimscire diser exterisbrebear ri er s,
beads, m : inlAnCEOS £aCl an al,so be used
'na bi or ceargr v infirfER e R GHECto MBTE athal 8 Sl urlBRlendf of

bi or eact oFPasiftsdtiens aeth claimes, ducletbing the fope patbeegiven wich Hetmsy eie thllefvitect i on(s) .
[0047] Copgpgt-1: jtors: Highly proliferative cells that that gives
rise to g%%hﬁgra%@?ﬁgédgf only one fate. A "biliary commtted progenitor”
gi ves ri s€0048]1 bi ICD:d(Cluster afidifiamtiagon”eaoommed dernngpant’ caldsyd hyreinhe

expressi o y. eratin 19, but not AFE. A  "hepatocytec conmitted
progenit o?t:f&]éitgécéﬁir(sf"g%:et%mﬁcel?)eastrg% fgd ali’ﬁcfng?ﬁloﬁg &'é‘b%‘@%ﬁ'zﬁapm%ﬂﬁ“i Seni cal 'y
by the exporesSiDsnroAfpeifio foraleliiof M patficilamigieagyérakfu@tional pRhwd@nd @emmi t ment
process i s notSi ur‘l)geé‘stood on ad.rml e%th:I ar level. Rather, it _is recognized to
have occuftREERI% CORSIVFTE A TONE Lhthe state of petvagen. papien. 5 JilterratiatitRed fr om
t hat of aopthedsaesslor. [0048] CGene Thera : As used herein, the term "gene
t her apy” or ex vivo transfer_of defined genetic

i@ft‘gs t i ein_vAvo ! ! , ed |
mat er i al j;)ec' tASspd Bergin, the et “gelf therapyr hyys togthe s RIust 2005
WO 03/ 07828 8ivkerhhsep/defd%ell populations used as an autologous or allogenic material
and transplanted to, or in the vicinity of, a specific target cells of a patient. Cells may be
transpianted 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 lévcl. 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 2 patient, thereby
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altering the genotype and, in nost situations, altering_the phe ype of
t hose tgrget gel I sypfor the ultinmate purpose of prevent i%efgq”lﬂ%s'aéb?%ri ng a
particul ar disease state. This can include nodifying the target cell ex
vivo and introducing the cells into the patient. Alternatively, a vector
can be taggpispesske | iver progenitor cells in vivo to dejivet,.lhe, exogenous
genetic material and transfect the progenitors. Furthernbre, genetically
engi neer ed é)_ro enitor cells can be used in a. bioreactor as a therapy for

pati ents @iterg theggplyae and, gn Broslgiilaiions aatng e phenobyre of Hiose trset edllsst at es,

t he under ki g R F\%‘pb@ shakvertine $f aft&%fgg??g?iklﬁarg@i@@atsé GraR GRRAURES are

designed to ultimte prevent, treat, or r-an overt or covert
pat hol ogi &lude gnerifyingnthe |tarspiosel! s¥ tvivat dnenistrodusimguthe joglls dnto e apéant.i ¢ goal

of gene E«fﬂe&awe;,{zgggegﬁvhgg beSafeieflli Gt @gﬁﬁggﬂpaxpﬁ o RPEGIE! e 87 91

cel |l popul ation. atic ation of Trver céells which
i ncl udes R¥qeae@@ygepsicanteripl hnditsangfedt| be r@Rb0rs. HePathieondre ogameiitallys: A

subpopul at,] f e , S ells. ultinatel lve rise to mature
par enc hyrr%‘i‘é? %ee%dsﬁ %%g]tt&c%#%rc ?'Esggﬁ‘ge% no%:{s? Ore%éwérn%f %it%lmfgféﬁg?tfegt.s % hepatic
progeni t os@r¢ena biolegitdl eprédictsovin chid definttidapogpes, el widsclyiG@ prefegaisithatSt em
cells and heéeb)hecon’m' tted pro gni torzl. .éq(%gSlh]I.l—bp?t ic StemCells: A

subpopul alTTEhMEFPHER &1 ‘°;§’F%°8 P YF £es8n58 11 ATy BFY et gk OhalEPr e stem
cel I's" andverporasiargiatiotipidal conditf Tehbs siudiofd ik uRitad fieMbeutidgolissgd herein,
the term"precursor” refers to first t%Ee of cell that a%i ves rise to a

second t yBdeHREraRy| rocediies 13 fo.pltsr tisPhenalypgior sheifig t4ess eell pawlalignt he second

type of cio49] ThelepatRCOSIBOTA Kol RSt VierlcbiiOwhioh fdfid Rdcyapagof cell,
t hr ough Opiii or .nmore other intermediary cell types. [0053] Primtive

Hepatic SPEATYGEENYs: As used herein, the term"primitive hepatic stem
cel I's" refopse) tom@&tpﬁgﬁﬁi@’dﬁp%lsﬁaptégfafmoglafestén& 281s! thel Qs TimAIQpati ¢ stem

cells. [0054]. Proxima patTCc Stem s: As used here[ n, the term

" proxi mal SNeFEE cmageaparenshymal gelly ghat ceraprise bapatesytss and bianscallatThgi ve ri se
to hepat ogah@s pidBthiBis)h@lde HRibING 50055 b qAS used
her ein, th%ﬁat epmg" Ili \}n’elr. ceel I's" refuléﬁsw% %%g(}qmath%%g§§fhehgg?éﬁienpgéﬂg:ag%t I n
normal | i (P FommEisd peigemitorsf their origin or fate. [0056] Stem Cells: As

used her ejgast e gl SehEds | & sluSbslifioh O E roliferative cells
‘that can [gi ve_]-ri S'EE{‘O‘%HU'Q'E‘ET cel fsgéﬂﬁmbm?feh% Jé.% BS g Oar%’e'flglﬁlﬁlg I's they
are pl uri {rieitive hepatic sron eslls” sudfpradnbldepdigetemasilghbr yoni ¢ stemcel | s (‘ES
cells) or gﬁbry i | | Q. cell stage of a | i an enbryo,
have sel f[or0 e ewalpibgg'resﬁf: a3 n'%?dn%ear?lh’lh[ﬁ% er@aﬁﬁegli“fcﬂf irﬁgW? éﬁ}%%es%ecﬁﬁ cel |
produces thatdgivaghiseto cekond tgpndf el Theopredusel fay dit&:tly 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. .
Cy : [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

stemn 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 u{a to the 8 cell stage of a mammalian embryo, have self-renewal (self-

_ maintaining) capacity in whiqh-the stem cell produces a daughter cell identical to itself.
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26 August 2005 WO 03/ 078588 PCTI US03/ 07852 By contrast, determ ned stem
cell's, such as henppoietic, neuronal, skin or hepatic st@mMugiei?005 are

pl uri potent and have ext ensi ve grovvth capacity but have questionable self-
renewal capacity. In the case of totipotent stemcells, sonme daughter cells
are identi the parent, and sonme "commt" to speC|f|c fate(s)
restricti r}wg@b%&gsrss genetic potential to that which is | 5@@%‘1"1’37?5{ he
parent's. In the case of determ ned stemcells, sonme daughter cells retain
pl-uri pot eriyycamnast sdatamined ateint gelis,oworh st hemg)pbmna rsunmghle$kn$ pebephmc::stérat e.

[0057] V\h h " or "an" S n this, di ure t hey
nean % a? gﬁ ms[ent angnheav%re xRS sow &psac'g‘f ﬁ'ét (}avg equeﬁ'c?f‘?:bz 68

Di agnost i crerkehnakelpsczﬁorn thie past b tolipsteages cefIOGHBE dak gk célit @pidedtRiino ( AFP) and
al bum n, C | asni.c Qt ei ns, ecially rel.iable rkers for
hepatic | |ﬁ eﬁé ‘\R‘/ﬁé?fn%\ H@'@ b 1 spesifis @tisﬁgrem%gg%ﬁqa ﬁc“e%\lﬁgte‘gﬁggdf‘%g vari ant
forms of tvﬂﬁ@ﬂs wsgtrehmpafem SXRIRS&REl of dbidHRireP Qichl defis, RHAE AighRF Sellsbut are
not transl ated; for exanp a variant. form.of AFP nRNA dlffgerlngfromthat

in hepat |“Eta‘8é’il‘1r§’°ﬁ§}°yr”é‘ﬂls%%l?é‘h’t‘ coPmitiag Basinge.specififdaiesequences wit h

ei ther an [@d37¢r NaWRen @X RMAmd “6he "t WO RXRMSard KU this ﬁ%&&meamé Rieluflar
subm tted; also in patent appl icati on). Therefore, the expreSS| on of. these

two pr ot el qns” ph@ne Bimerst ualessherrise dikiedat i on of the hepatic
subpopul ations fromother cell types in the liver. Wthin the devel opi ng

liver the2, mﬁgmemrk&ﬁ@oampﬂ@ymggegs recogni zed as a strong p05| tive
i ndi cator of hepatic progenitor cells. In the earliest stages of I|iver

.devel opnembosshes gl ﬂeﬁ)lpﬁftﬁn CEEd)! endOfalbulfi® dWein" EyRplaSRic Pebidifat agnt er both
biliary and heEat oc |neages | f these daughter cells conmt to the -

biliary | cfREEGRY ’éx‘B‘l‘rE%fél Frhepatics breagqsoveapetssayat ps @rqieins s Mspsengsr si sts i n
the hepat aVALrkbARAA aH Yolihs Sﬁlﬁesg?)fdté}ﬁst ak cpﬁéds&pm"%ﬁ'{(} biktid ﬁo?e HRRsessed,

| eavi ng al bum n expression as one of the princi pal Bractleristics of the
adul t hep&ticEy pet ragslapdgeeemmply. &vmnmfnmpﬂéﬁmm@émff@ms ffoo0B@]in The

i sol ati on h@é]anl:'cg b¥ HptedSi 2k ki éx’&}{ql é’rﬁﬁ?@%ﬁﬁ%&s wﬁ’l’i‘glt I Faaﬂérgﬁ%

di ssociati o g tissue Into sing spensi ons
fracti onaekan!l wr tho egenssupotgr Stdine tand Reid lsulbfmlgai iabo, in gatent afpligaion).

Sl | are Merefld b s Abn BRI Broli R MmOl BE Hchuilayfy e G0 | ©

stell ate ce or W sel ection uSin ture din
Fr eshney, hénaubtsubmpujatlo@mifm otlge|ckl ;ypés Mathe;htreroW:ﬂB&stihe déheddpinigdiver thd 983, Al an

Tt ant (bPRRER S AR bR (e B3 e aptife Bl 8yl an adul t
(beyond ppbgertisoy celBenki thy cadiadliseigts eflBver development these cells are capable of

producing offspring that enter both biliary and hepatocyte lineages. I 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 uswally involves enzymatic and mechanical
dissociation of the tissue into single cell suspensions followed by fractionation with
density gradient centrifugation, céntﬁfugal elutriation, differential enzymatic digéstion
. protocols (i.e., hepatic stellate cells), and/or with selection using cell culture (reviewed in
Freshney, “Culture of Animal Cells, A Manual of Basic Technique” 1983, Alan R Liss,
Inc. NY). Liver tissue may be obtained from a fetus, a neonate, an infant (birth to 1 year

old), a child {l year old to puberty), or an adult (beyond puberty). Density gradient
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26 August 2005 WD 031078588 PCT/ US03/ 07852 centrifugation is preferably
used to fractionate and isolate different cell popul ati Haais2005

hepat obl asts). 4. Culturing O Proximl Hepatic Stem Cells And O her
Progenitors (0060] Proxinmal hepatic stemcells and conmtted hepatic

pr ogeni t ok k€ enbryonic liver stromal feeders an free

medi um sugf){l)gﬂngﬁsged wth a mxture of defined hor mnesg(éﬁggog};ozg?}h factors
[ 1-6] . C onogeni ¢ expansi on and Pro‘l onged mai ntenance of key markers of

t he proxi FeMIfigpEan is pefeashivesed do fratiopyemand tseldtepliffgenticelbpepulatinds Gfg.di pl oi d
adul t |1 vegpk&lidsycan occur if the enbryonic liver stromal feeders are
substituted wmth STO feeder cells in conbination with a serumfree,

hormonal |y defined nedium supplenmented with insulin, transferrin/Fe and

pr ef er abl W Hywltering Of Bewimgt HepaticPiganCellsadnd Qthes Peegetliteisons support a

di verse range of progenitors fromfetal tissue and even colony formation
of di pl oi dOEALI t Feedimal hetjatic dienf exelintandopeinmited shepates peewtirt ae@eteect f or
the primt,j j tiop of Primtive,Hepatic Stem
ol 1 &' [ 08T BAHE REE Srohlof el i ser 3Ol syt lec Gy PR Ror it 1 ve
hepati c swénrefiesl hgmbuasnand igrewthl favers [i-8k WWompgegit iespangion al Wrelgngedcel |
suspensi o i.ved from liver. ., tissue referably enriched for parenchynal
cell s, to%élgng%ngs & ARy IPEs oL i psr%fnérélﬁ%ﬁ[bc Y8 ceiﬁe‘i’?@%"‘ﬁ%’?@&ﬂ‘[‘s cul ture
condi t i ongnd lpatdipgdbiil ridmiatlisemsdisroan lacwer if akd kmbryobe 1pepxirdmdl Bapa e stem
cells and_t,h ..t rrogepitors. Stringent culture condjtions include
the use ofubsgg?eglm-’%%ﬁgﬁﬂ?r%ﬂ%mﬁd’q '%WW'?’&%EPHP‘BPHB#CWbOhydrat_e
met abol i smedmns ugpltnen@ll Witk thsulth, Rl PrD bRt rifdshl acEEortiddnd y.ef erably
an anti-oxjdanf. ! #0{8%24 A preferred regul ator of carbohydrate netabolism
is insulir™¥R tb?‘é?“é Fyitions, gyrpart gk diygremrange pf prRgenapssi frpm &t tissusrandd

menbr ane pyveadisfinR JorhRGHO6f difioRd LGIRAS! W#,@ﬁfer&ﬁ@@ﬁdit?dn@ﬁre%@deﬁrto qnEg | i pids,
nost preferably, free fatty acid. A preferred anti-oxidant is selenium
The ser umtFELTHREHYUIRPRES Simefdisabl y further suppl emented with

hydrocorti sone. The liver tissue is preferably obtained froma fetus, a

neonat e, 8N Isdladii of Maimitivé Hepatit: Steiialullke, or an adult, and nost preferably,
froma fetus. [0063] Primtive hepatic stemcells are isolated by culturing

the |iverfober]) ved h@%felsent HHERRASH Oy theMoB S liolRinE PRI heb AW G8h!
-2000 cells/cm . The stringent culture conditions

densities (e.g. 1000-2000
resul t i ncéﬁég‘ﬁ%HE‘E"“&)\“V%r“issrﬁetCPV’é‘fiﬁé@éPﬁ’lbfi"Etae‘iﬂlc,ﬁémesﬁm éarived fuemniivérver whi ch
ar e pr eCUf&aE Spréferably QHoRh (SR RyRiIRTUE ¢ b Pasd PSR BcP MdUbjekad @Bl 1 C - 14
cells to stringent culture conditions that eliminate mature liver cells, the proximal hepatic
stemn cells and the committed progenitors. Stringent culture conditions include the use of
serum-free medium supplemented with a regulator of carbohydrate metabolism, a source
of iron, a membrane producing factor, and preferably an anti-oxidant.
[0062] A preferred regulator of carbohydrate metabolism is insulin. A preferred
source of iron is transferrin. A preferred membrane producing factor is a composition
comprising one or more lipids, most preferably, free fatty acid. A preferred anti-oxidant is
7 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

-14 -



26 August 2005 WO 03/078588 PCT/ US031 07852 stem cells f m huna iver

co- express Ep- CAM AC133, CK8/ 18, CK19, and al bumin Btp%rhoétl ons of
t hem express NNCAM CAM 5.2, and c-kit. [0064] One of Skl|| inthe art wll
recogni ze that the present invention may be used to isolate primtive
cells froRy@ihpssski ssue types. 6. Isolation of the Proxi,g%sﬁﬁﬁgtzi c Stem
Cells [0065] Human proximal hepatic stemcells give rise to hepatocytes or
biliary epitheli.a, or caonbinations thereof. Hunan i)rom mal hepatic stem

cel I's co- &¥preds fep humey veser ewress PpsiaMa 33 S KY bHE Hetrshrlbergion, and

al bum n angh aBBRARIELAS drARSn e PFRS REEARCESRR sHUARIN.jar 0xi mal hepatic stem
cells can be isol ated l&é various nethods, “including (i) inmmunosel ection of
cel I s t hat0%8l ex Qﬂ@@és ircihgagtiwill resogniza thaight preesnt ingentioneukydue used to

suspensi oRg; Ay 5 W arenchymal cells,"with a

devel oprrerllt aﬂeoﬁl gu%%\g g acdttlge?ﬂgsug%l ipl ) culturing human primtive hepatic
stemcells with a devel opnental inducing factor. The devel opnent al

i nduci ng BadsdatignsefthePeoximyl| Hepagie Stema€dllby a secondary cell. Preferred
secondary cells include an STO feeder cell, an enbryonic |iver stronal

cel |, or #W6dhdothwian aproxigial hefatic dtgol eils @hveoﬁsd-lepathieyatﬂngemi bitiaryby
oS! SRR dr c%%lnam%térséfegmaﬁlvﬁ&lﬁ,gﬁ GO 3RV 83 2odRI R Of

! 15 ¢0-cXpress
i sol ating rogen

ver-dh suspensi ohs based
on i mmnoﬁéll\éctCKgllﬁ,ebytolsamﬁlad:% aiallld(kt@rotap,eamcf |atbufnm aad hefmipulatigisogeni t or .

A hepatic, be IS Iat ccording to .t r esent vention by
sel ecti ng r%garqlﬁg Fga BRA1E f‘gl‘:&i?ﬂ “ ‘ﬁ&a‘g‘F e‘F‘@?t§§P¥Q?’h°6’§é"eg@g t hat
further euphdig @phﬁ&undﬁblectideGGBI tat edclgpat EB-QA[N!Q@mlduﬁﬁmfgf litdre present
i.nvention ,prefer furt her res bum n, and re preferably further
expr ess 8‘81 SR &Y ?WS%E"TgnS P’?"Eefr B"I“V e #‘?é Pi‘rﬁ‘i‘ﬁﬁ'%‘g’e‘ie el %‘g’ﬁ%ff’?’ee%‘? ogeni t or
is a stemmiadihg falOR7br I(Iih)OIEte]nﬁ-mgO(ﬁuﬂinmt pidhitiv €hdpafs efiémi BIRNWIMBNa t he

i sol at ed e‘p%tlcpo[gcglmto i S % mtlve hepatic stemcell. In another
embodi nen Pf“ﬁ’éta{)r’ aﬁ‘i?énfr Bnde"F'I‘PBmF%tBII é‘!dé‘amgh@ﬁ'é’fl is prebgabtor is a

proxi mal BepwEtd 6y atefbndgtyl cell SPrefied Yedoh 84ty @ENHARIRYE 6n BTOTRE U 0615 400681 The
present invention also involves a method of producing proxinal hepati c

st em cel | Em2pyanie hxstistrered cpil- g anprdpthelinlGsth hepatic primtive hepatic stem
cells conprising either directly plating onto STO feeder |ayers and in the

HDM or by7. ugfﬂa&fneime@enéhﬂ;gpﬁmaﬂﬁymhmemﬁmﬁtem cells fromcol onies on
culture plastic to a STO -15

[0066]  The present invention also involves a method of isolating a hepatic progenitor . -
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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- fatrix co

26 August 2005 WO 03/078588 PCTI US03/ 07852 feeder |ayer Z%Pd aII i.ng the
proxinal hepatic stemcells to emerge fromthe col oni es ive
hepat i c stem cel | s. [ 0069] Proximal hepatic stemcells and conm tted
progenitors may al so be produced fromprimtive hepatic stem ceI I s by

cul turi ng vedtngagt ed surfaces, including petri dishes e,?
non- char ged pol ystyrene surfaces) tissue culture pl astl C @gre erabl y

pol ystyre rface d to.ionizi ng as so that the polystyrene is
bol ari zed GHIH A a5 VEFBR fieArOPRSOHtE A E71 e GRETEG Eopuihe RisTEs o)
charges t pwaiigha HepRicsteiecedle. whi ch the ceI |'s are to attach), microcarriers
(preferabl&)cul ture beads to which cells can be bound), textile fabrics

( pr ef er abll{PO]Y1 o roximek hsmaticseny ealisenyl comipitter grpasniiers fifay also g Produeast er abl y
nmade frompeal pimiGld Aasic R%)éel(sﬂfy%)fﬁ:ﬁ%nfdﬁg@éﬁ&fsﬁ}fawg Qtté/lﬁéﬂflé E(%tn QRh&' S), or

ot her synt hetic materials) or $ponges (preferably natura synthetic
sponges) . profmbjy progxcharged heqdutyrenes tserface) | gsssmdcwmn plassid mrgfgahlyt ors nay

al so be praduced. stﬁae@ahetaogedttbtsuﬂﬁggtg & SR g&:kttgretty is ﬁﬂn@ Ld Qgn QD

bi ol ogi cal Surfac e biological” “surfaces or pr epar ed
ont o t he gmifrentiab ofientativg Qfateegml(espwbwbchaTMSpwﬂxds theew&mml ehiclotie can coat

extracell r ;r&t c tr| cuI ur.e | astic
m crocarrlld!’égs or ’({t ép ﬁ%ééagfelmc@e%é Slglglltuca easﬁrt' ‘évhléj C(?“ ﬁbf"t’tred?present
i nvent i ontextikecfebdes (profemialyr mdei, [cottarr, pux,tesmv; @mtlmnrrmceﬂﬁolﬂmgi ({Frefeﬁf)lypr ot ei ns

and carbo S C s, and ted out si.de a ween cells
and conpr P‘éﬁ%ggﬁ OI])HHC(?gésl pglggﬁré)gﬁe f fBP’StaéeP Y(B‘Flb(t %%Ed‘f)y%racﬁger Sé?fhet'(‘}t her

- pr ot ei ns) mafeiriials) @xspo@eemretbxablynmturalmg@mmcngmhges)(| ndi vi dual , purified

nbi nati.ons for opti mﬁati on of cell

2t t achnen OO0F ouProviRd P il aRd ey gseeplis Flw sRafe PreHeS)

i ncl udi ngfrofa hﬁxﬁi&@étﬁepaucl ammcns b¢ @hlt@&dgnsén btd[tiyi@l @ﬁ@acﬁpr’ﬂ]et tEIallagx%Q fam lies
type ol | agen, I

of coll agen i ncl.ud ntg g‘% col | agen Vv

col | agen {VHESS af‘th"‘é’é’a for Ba"ﬁ%g‘t‘toé FSp ‘“d@eeﬁﬁt?g(‘?&%%/a‘toﬂecgfws’ éfti’l ture),

cel | adhesiadipld)nineCdah esaDbxtrdclMiar SHONR Qb Giflo PeRi dRRLC ki dReRdeNt and
sone. of anach are not, and prateoglycans (nolecules that consist of a core

protein t Bagl BHCTPQmETS 9Tigae (f‘%‘c&r '%%algﬂugfé@é&ﬁ%eg}h%@wnéwwn pol ymer s

of a di Mhicivde URY bxteicellliACHARRI fa 36l 'mixditE YH ﬁro%ﬁts Aot %&b{it{aﬁdfh‘i?eiugar)
These include chondroitin sulfate proteoglycan, dernmatan sul

pr ot eogl yBRAuceRhyapdls ) fogquted OBﬁ’SIS'Fe@QI 'Wawn ¢l candrcompaisies gtollegeny,, (i)
Lissue exhitaabip@RisC 8ok e ha okt TR cdtpeenlbidh G Empihls 00! (2

urea extract of a transplantable muri ryonal carcinom be coated
onto any Brdividualsrifigd emtriy Wwomwtsgme@tgiome)qr in E@Nbifaticns frtopmizetioncef] t ur ed

cell's usidg agééhi‘hteﬁt aé{l% h andbl WfreQhe b0 % ue- srﬂ;lacgﬂc SﬁLcttioﬁés r ﬁi%fudmg’ urea,

etc. and | eaving b
fibronectin, lammm collagens (there are more than 20 families of collagens) including

type I collagen, type I 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
pro_teogiycan, 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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exudate enriched in extracellular matrix conponents coatjng the rface
(any of those in group 1)), amiotic nenbrane matrix (e%?t‘zg’%'ﬁ%@%of
ammions with dilute alkali, dilute 16 26 August 2005 WD 03/078588

PCTI US03/ 07852 detergent, high salt extraction, urea, etc, and |eaving
behi nd maty¢ onents present in the amions), and I i

(extracti o‘?lbg?l%%sue with high salt (e.g. >3 M Nad) a%lgﬁlﬂ%ﬁ@&e(%ses to

| eave behind all the tissue's collagens and any associ ated conponents such
as adhesi Gierganbthighaly extrdciion, sesa gie-@bdldarige betfindmetris samponsets presetitshes or

L houe ool dafndhdD R bibfhlaxd RUiANE RUBSAIRER OF (PL LLURaciP3pPCT Al 1Y
fibronectin, preséent iIn hlgﬁ I'evel s in serun), “an {v- pol yl'ysi ne or

pol yl euci neicleassata lagyeiehind eh dwdispuesicoilagehsandhay gsdciated cronpoaeitsisich 8s used to

attach epi i - pr rential. 0071] . Proximal hepatic.stemcells
and commni t%dggél%r rafeéﬁilsi’ glrv E S%é’g‘ cgjf‘gé'@ ”{ag'?)er([c?ﬁgu)gcpé‘:h1 d'fsﬁ%rﬁr}%w%‘{dﬁ% dh%‘[’)sati c stem
cel I's by cwitht sarimgonersdds adhosidi proneins especinlde tibioneoting fresyit inAtigh RvelRsh Robert

P. Lanza, i tors thods of Tissue Engi.neerjng. Academ c Press, New York
2002w Y bR o1 BOES e % ep i ROy FarLr Rtk Wise RS v gl apne

produced baeidslxeuspd @caendh dpitieiiat £ prefcibdtd@y)pri m tive and proximal hepatic
stem cel | O%Spat cytic commtted progenitors, and biliary commtted

progeni t ors.’'9. %8%%&&9?%" HEBCCHEComhties Progruitowdnay 459 bsmseveed or s of

the pr eserfionh pyiafitiveORephiy stef ¢318 thyf @ltuting Gfider Hoh &GP Uekhbld ANALGEnPENE
therapy or,as cells to bhe hosts for virus production (e.g. hepatitis C) to
gener at e \/%f&lgi grdSRobgt &6 Lapgra editorgeMetheds ob fispuccErginasang. g‘ﬁ‘d@ﬂﬁ%ﬁ’ﬁsmy be
expanded Mot Y02, QidH i¥ RlcofpoRRA BRI SyréfereRtICh bi opsy) and the expanded
cells used. for autol ogous or allogeneic cell or gene therapies or used to
seed bi or d4PPYF BTOEOFSeRIeducsH barthe Presenalinyentjen includp primitave dnd podthal
clinicall Yhepdticls@dm l i JoSni I 1Y cessity for
maj or i nvas?z\[/e sur%?%glﬁﬁartgcgg%:%ﬁﬁtggayﬁgm%#iag%fﬁh?}]lcpglg%éd%%#gﬁ%ce t he
progeni t.ors ,?,re established in culture, gene transfer may be perforned
usi ng any of THeTARSHICARPEOhLS erent gene del i very vector systems. The ‘
grow ng characteristics of the progenitors of this invention permts the
use in an [B¥ i volhgeislated pspaepisers (of | they peesentainMeniion emate be wisedy fareliteor s (Le
retroviralgj¥ | | ' if i.on fo £l Ci ent
gene inserti %ﬁd ﬁ%ﬁ%ﬁ%é&éﬁy ({rgggéﬂis??bggg(}stme@%gﬂs\fgg%%%%ghﬁ gi{ltgsgene

t herapy i $ti® geresdteymacgives dlso, theaprogenitepeof theeprespntdygemiivomey dpexpahdaal | y and
then to inj . t O W e.of interest, ~directly
nto the pacroneeEbRles (8 bbbl shd\fe BEARIE | PhEE T htaiskiisc

pr ogeni t oor allogeneic cell or gene therapies or used to seed bioreactors to create bioartificial livers

that can be used clinically or for academic studies. This would eliminate the necessity for
major invasive surgical resection of the patient’s liver.
[0073]  Once the progenitors are established in culture, genc 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, cdupled with the gene of interest,
directly into the patient. The vectors would target and modify the endogenous progenitor
cell population.

~ [0075] The progenitor of this invention can be used in an autologous or allogeneic
liver-directed cell or gene therapy. Clearly, the use of autologous hepatic progenitors will

~ eliminate a significant concern regarding rejection of the transplanted cells. The
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cell population. [0075] The progenitor of this inventio gn btezcé ed in an
aut ol ogous or' allogeneic liver-directed cell or gene t Y early,

t he use of autol ogous hepatic progenitors will elimnate a significant
concern regarding rejection of the transplanted cells. . The -17 26 August
2005 WO O3vaioGess PCTI USO3/ 07852 progenitors of this inyephiRRase '
particularly attractive for allogenic cell transfer, because their

antigenic profile ests mniml | nol ogi_cal rejection phenonena.

[ 0076] 01cpgc’%"'ﬁ‘é"‘"%ﬂf@&g@mﬁ‘g‘)'b?ma?%b‘éﬂ%‘“ﬁ?ta’g’é?ﬁ yliggediicgell traggfprabesaussuri f i ed

and cul t uhghntipdieypofile shgzeae RihikRPimiundRAichi Rfcfin pheifidaal Nt act, expanded
transpl anted back into the host. If genetic

in vitro, §(ﬂy%thgg? _ € ] t

modi fi cat il : S F’r‘é‘ﬂ_,aué‘?l?@us o¥nalesenic npFapritewst pre niselagd beifrified andanspl ant ,

those geneliigad, ey @itk @il Holfkd BEdRaRdRd erﬁa’ﬂgécﬁ{n ﬁﬁ)@;ﬁ%ﬂbased on
e rKer.

the incorporation and expressiion of a domnate selecta

Tr anspl ant'8spipnisd Bagkkini ke fipg. hdbaenetic condificationnis dsirah et @ohaicor

het er ot opigodiiiali§y afPbefbie® t 4 rtent rtal vein
i nfusion or il ntr asgl en? co ?%Q[Lel%?i Bﬂﬁg%giﬁ%g%gqﬁg&e’%& %ﬁ%gplfee%’?p@ﬁ% j ection
may be t h@nd(@ipei¢csad based onr batiecagporativei awl expessios eof e gaminatepseixg@blet or s
transpl antggh vi ' i ¢ dnject nove jnto the hepatic

compar t ment . § ngggﬁbléggg%nﬁ% (F}I r?glpin?r%{??hégqag%?%%%aatlﬂegesorﬁﬁﬁctgglg Pgﬁée?rﬂmf”ﬁe

ef ficacy ofte-hépatransplasnigtafhierfepsticoéonsirementapspdl arineidfusidpads istrppgeni t or s,

Ani mal no . strated . that. in rtjal hepatectony, .

admi ni st rg‘?%%'ﬁpg%(‘ﬁ%g‘gg%ge%‘étgﬁs@e?‘ﬁé‘ﬂ%‘%“?{‘ 'réﬁ?fg’céel%‘éqm'@'gtﬁﬁtoﬂ fotfqge'i diceai de in

. the engr abtemsst hepatic \pragohikdrs yraodpldneal vie ams plrasiiat eRAbO GYdve SintoAthe
alternati %§ a@g@grg%%pn ig to transplant the genetically nodified progenitors

to an ect op‘fc SRy ef' 078] To date, there have been probl ens associ ated

wi t h hepaf@iS7kel Adthienapynedplppaaehess insl WkiAgins o GHRAcPf oft Repig! | S,

i nabili ty Lo @1[1 ?%ﬁjserve]%ﬁ{d s, enboli formation, and inmunol ogi cal :
rejectiont &t %;‘ Jr88 REPPYe BIRETARES: HepEel Rodely havedsmprgptedppr oaches
may be duehat in pirdall Beatcbioaly, bBintb@8GEn 6€hhGoRRENIrHRRT 4Rl QiheP ' RARAT Nant 'y
adult i ver cells .ant(gaare short-lived after 1solation and reirjection. In

addi ti on, "°RE @ie ifr thy rperaiiment and odability ofnthe ¢ trasmpjantedrherstasyieal Anej ect i on.

The pr ogenkdritise a?ﬁb#c% i9%to trRRsplan® HRNfentRARP Al  réden @8 A &F .eat)éikcacy
because of _their limted capacity to elicit immunological rejection
phenomena?“et heir ability to be cryopreserved and therefore offering

Oppor t uni {doas) t OThi bkl ahdnk Pavk NRER (RO SO B & nbPiRic IRy S O the
approaches including sourcing of the cells, inability to cryopreserve céils, 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. Tn
addition, the use of adult cells results in strong immuhological 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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recipient) and to offer an "off-the shelf' product, and because of their

extensive regenerative potential. [0079] Wth respect t@%é‘%@érapy, t he

ongoing efforts nmake use of "targeted injectable vectors," the nost

popul ar route for clinical therapies under devel opnent. These approaches

have had kansiegksef ficacy due both to i mmunol ogi cal propbpiE:ana: transi ent

expression of the vectors. The only routes for gene therapy that have
rit-worthy have been ex vivo gene therapy and have been done

proven
al nost e%ﬁt}?@t}%wf?&tmml@szGW;@\a&GsCE tt@b@@/ﬁweegmmess‘ethmmaemwv%z

henopoi et i(6r &fe%feiﬂjc&t@lfle GB¢thiS - soihd @Q%&éd {ohAbseCroYdnyBrsJSNE Jr&RF @BY% Wi th
progenitors cells (or use of injectable vectors Somehow targeted to those

pr ogeni t oreEyetiyel ?1“‘19r‘6ft/é"°|‘ﬂ§$ gan e mgetyoped ex give drto pHEM¢b pIOgeNitoE s¢llsh dhe
i nt r oducedndaioll s dcRdRHA l‘éﬁﬁtﬁﬂu&rdqg%w& Ghe ﬁgwlaln&gest &ethe %gérflfo?gc]ﬁel I's

sel ected and reintroduced in vivo. The advantages~o ogenitor cells
are t hei r aEnbeinppsmeysFAPRNSion pp@m@mthm mirgthali ¥ any, indwation mffimam;zpioglnajucu on of

e D keRjions SAKIRNS, e M Iibed iR SIRE G LOSHELR" ©

mat ched to the reci cal e, and err a|I|tyto
di f f er ent iimtnentlogipal (DUUpr,Oftdd thﬁpattrbmekﬁeramﬂtcholprmuye bethltepdtbcytdst her Uses
[ 0080] Thgmajgﬁegw e human hepatic primtive and proxi mal hepatic stemcells
are nany an irverse. They include: 1) research on human cells; 2)
production of vaccines or antivirals; 3) toxicological studies; 4) drug
devel opnerf; O8ier Psest ei n manufacturing (using the cells as hosts for
production of various human-specific factors); 6) liver cell therapies; 7)
| i ver gend0a8Rkr aﬂ"hesusesaﬁwd h@nat ihepatic frinviiel aid pekisnd hmpaticaanerbeemsmd in

_research, | and .antim cr.obi.al St ul manuf act uri ng,
or clini céff”t’ é’écg@llé& \C)@F y %afs%(sj? r51§ TeSSAT LR MR SF e?f WBBT%Q ﬂ‘ﬁcf'f‘?s Bf the
primti ve astidrafss akmna:tlog\eqbamdxes sft)dmgo:&kvd:ispmmt Hipkdiein atttnuat:tenngt(t@mg

h t t Nt ti b
oed bt B st irbaoahoryRFauf Bumbpihigt G dbb R Mesoall ERBRRY: ¢ onront
in which ﬂhbyer @’ne mbﬁped atd) (8 bloakifitiaf Vigietsalthat | ¢y 6 hvdaein hapath,c

progenitor_ ce ries) wll _enable nmuch nore extensive
resear ch B%C'ﬁ’ cﬁ‘ {":'54 T"B“m'%lo ‘a]t th‘g‘ﬁ PR pHRIagRBEopneicaly asd B¥sEs st ul

forms of héswesyseal. |C(ﬂ1@idet@%ﬂﬁe bbiBfyaiTYhe tiSOHd gloaRabPhatihfef Q¥ gpENt  Of
dovi ces. _Atergiige i heRiR s 14 BSSLTPy Pl SR GrerdirionieBsR e pr oc! Ude
. preci uaes
clinical psA®oMr hdpatid Mliary fates depending upon the microenvironment in which they .
are placed.
[0G81] 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 biocartificial 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,
meanittg 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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cell therapy or in human bioartificial livers. The progenitor cell

popul ati ons shoul d have sufficient expansion potenti al 4 ‘_éﬂ!"é?%Q%‘e, or at
| east greatly alleviate, that Iimted supply. Mreover, these cells and
their i medi ate descendents show preferential survival to ischema, both
col d and wad n7ssRsative to that observed with mature |iyeregldbs, neaning
that livers that cannot be used for liver transplantation or for pr oduci ng
heal t hy %Xﬁ'fi’l{l}g er cells are sources of the progenitor cells. [0082] The
invention I rated by the following non-limting exanples. 19 26
August 200BreiRaBloBd0HGRR GISuSKEsBF3M 1854 TRXAVPLE 1 Preparation of
Hepatic Cell Suspension From Fetal Tissue [0083] Liver tissue was obtained
from f et usiessMet videst tikBre2Rasebetfeddash & Bkiwage 18-0Dhakneskshtofl 8gd i ve

term nati o_qjs.of |\‘A§r %gnanc .. The sanples of liver tissue were shipped

over ni ght GBIV eE8UYS @%‘ﬁbﬁ‘@ﬁéﬂ‘i@‘&gw&mﬂe%ml@%%f lysv tissee wershippsd0s4)

Ti ssue vol avamighegaMIl 1630 sdppldnchizd WithAlbefetAbdVifPRRA4.0r Y wash in cel |

buf f er (FEP&/I sug[p,l enented with bovine serumal bumn (BSA Fraction V, 0.1%
Si gma, St [09§%ui slisskp velume ginged Gome 24ei1d iz eltergngrepasatery avesh ini cehldbffal i x,
AAS (G bCORPRIRLgIAhH QORI GOIRE babIOfburd! (B8AAHracfdH VT BB RigmdsIgfer L1 ssue
was subdivided as necessary into fragments o or l'ess %r ‘di'gestion
in 25 nL dfouise| Mogyfselepiogpnicid n{3A8 pM)penilV astihicenbiph asex.amhS (Gibeo

deoxyr i borggly i(g,p@,r $ L ¥ th. r .. ncubation
was conduct edﬁgtﬁl%gézrg W hat}%ﬁ'élﬁg%\%dhgg %@Pﬁ %hqflgérr ??Hg "2% rs‘ﬁ"rgrqﬁvt'deeg and

resul t ed ingcegsanomtsylsrgaesnts of Gapk s leemfoofligewion im@f) mdgeltoed buiftraostmirensi on was
t hen pass eV d n at, 1200 . RPM for fivye m nutes
before r eg seplgnmgﬁ%)%n?sg aﬁgd%gylg?oﬁlﬁél?a}sgéﬁg%lfl’tsjﬁilf‘é)ﬁlsb#qollgﬂtl?sat & T B"(.Iixs al t

sol uti on, Inwppleenmemnt eshdusted aEGTK @Oth 2requivht iitgtian) forHEPes2d afnudd afBoehr i nger

Mannhei m , 0.,1% Si gma) .. DNase (0,01% Si g and .ternmed HBSS nod.

[ 0085] .Théegﬁégy'&gth%'égﬁngo%ﬁ SYEEPAY %éf%%&%%?%?ﬁesc-%ls%ﬁ&‘%&% 67 855 and
hepatic shriomhadledaigmnseveAnd gpiniag €200R RN 66r five rihutbhiereB 2osiBiché&d inya di gest ed
suspensi orrl:alis S ovvnli n (‘él'fagl ¢ % 'ta tlhe fAF,P- expr.essi E(g cells being 6-9% of
the origi marFeT YIe8nY; B “gﬁﬁe sali splutiony SEPpIFmented #ith BET4 Ber cent age
of al bum nnM)X§iges)sHeges €2 M, Boetitihgyd Minnhcin®i BOA (0.ca¥igeaNbRRialLan of
henmopoi etic cel | ﬁ%e per cent ages of CD45 and g%ycophorl n A

expressi ng"& Iaﬁ"itc %m?; |f the original cell suspension is

Cryopr esenouss] SAme capimdicallyl el hidGerRioh! dniirides Rirhchoieht Gl GRparkN! | Chi Ng

t he aIbum'rLand‘ . .
subpopulations. An antigenic profile of the enzymatically digested suspension is shown in

Table 1 with the AFP-expressing cells being 6-9% of the original cell suspension (Figure
12) and with a comparable percentage of albumin-expressing cells along with a
significant contamination of hemopoietic cells (see the percentages of CD45 and
o 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 earichment
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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AFP- expressing cells to 15-20% (Table 1). However, the nopst striking
enrichment occurs with the partial enzymatic di gestl on %ﬁn%%“ﬁb?qoégenase to
yi el d aggregates of parenchynmal cells that are then separated fromthe
non- parenchynmal (floating) cells by repeated | ow speed centrifugation as
descri bedyhsl d yields a cell suspension that-is 0% al bum n
and AFP- eﬁe@g\%sﬁg cells (Table 1). [0086] Hemat opoi et :Tg&gfg ﬁ%??gost |y

eryt hrocytes and erythrobl asts) and floating non- parenchymal cells were

t hen sepamifignl feegpmingiom aridntedybiaed cells Normelly.ons kaportede prattiets, Wisow speed
centri fugqg 028 &ur o fide ¢ The pellet
was resuspe ded é’ﬁg rleecgcg%r&r%tg{r tléd4%&mg§&g%r%&§£4kﬁi q&%ing e col or
showed - 2onigigizedghsta @@@Bi-mct)@f @7 8588ic PATEUB 30 OFFEH 2colihgeinael scdmnmam nation
with red el ls. as_reported b ot this ui red four
or 1 ve cyeREEaRF SieTme MRPHR.A o™ B PR SieRbrth e e b0y Schiifeng was

m ni m zedbbffera second-round of enzymatl c digestion in fresh collagenase

sol ution o ieving through a 50 gm nyl on nesh and return of the
cells -t o@%%h i ¥Sr“i‘6'g ‘i?ﬂf*éﬂens‘["b()‘@?]waﬁh“éi e thep ny mbepliquetss pishsi on was

washed t%&ﬁa:hiﬂgrhb&trdxlﬂ'b 8O GRre BAGTEI ofi0N8 %Lnbpglcé‘llf’%a gﬁ?;'le%laﬁs wer e
layered onto 5 m of Ficoll Hypa ue (Amersham Pharmacia, Piscataway, NJ)

in 50 nL Fhiregfias Bisetavyg Npim SthIa ORFﬂvbfstandza)unnatrﬁmesRPl‘@eﬁowOf rom t he

i nt erfacenamespebmse&oweqnt@ﬁ%%n&ﬁaﬁéwéﬁlqe&@ﬁ&hyd ﬁ}a@ e@t;h B fheala (RPM
suppl enment ed) and an aliquot of each was stal ned

enuner at i GRPMhsupRlemenisd) yands ae saligueit ofvieath avasestaiogd Omht @wpanc@luc ﬁlrabl lity

was routi Qﬁlrﬂerad?}ngin@rwabﬁi%pas%ésﬁ&{tgﬁm Fﬂo&‘é"e? 3%1%%“&”4; 9(91%1 n met hod

for enrichnent of the parenchynmnal m nat e enopol e

consti t ut bighey !hera\ﬁSn@er@nbeThe bwgqpettﬂs p@nnftugaton metbod g crmchmbml §f 8@%

AFP- expre I i t i pr oxi mal

hepat i c s? em cgﬁ?@ Jeg? Sﬂe;ﬁﬁ?[}ggkh% @épéeigmr%g%&ﬁ%gﬂééfl%g%cﬁ 3 TN “éf?fgi'%ut not

henopoi. et IW@S ARpTdamgteYTEIH AFP)expGinguplist TH200& 0k @3h ABB-88prBETgUSI3/ 07852

Tabl e 1. VA Freshly i.sgl ated Fe iver Cells %

Positive | n X%L Q{Eﬁét%sg%s' %”S ‘%n tﬁagr%elyc%gffgs AR, dibiiin ard Eklb but not
hcmopoletlc markers (Table 1).

-21 -




Mar ker Locat i onCel |
AFPCyt opl asm c6. 4+0. 8% (- - 15- 2099.75. 5% Al bum n(,yt opl asm

Sus

pensi on,

OCS Par enchymal

(%in G

%S Pre

CD45Surfacel. 4%0.4 A co horin ASurface>50% (37.5+9% Negl i gi bI e
-CD34Sur face(2.70.5% CD38Surface(1.2+0.3% CD 14Surface3. 0+ CD 117

(c-kit) Surf@6os7ad Ep- CAMBur f acen. d. CD146Surfacen.d. N
PE- CAMBur f acen. d. CD 133Sur f acen. d.
Cytokeratin 8/18Cytopl asmcn.d. OCS= ori gi nal

CAM 5. 2Su
19Cyt opl a

rfacen d.

sm cn.

suspensi onlahge IIE!&WQSWF@MEF Apalyres ondiseshdy splateddretal fiysr x8sved in a

ceI I

ar ation
0P8 2009 >80%

%53/06} ol d.
oKer a

propri et afyf, iR Ter. ThEGRLL S wer %ai’ﬁ‘shu}e' "‘EH lﬂélL %'P‘t‘; tive’ Eﬁﬁéhe r
expression of the markers. A nunmbefeofsugil qia nelynidl© eryt oid
cell's (enucl eated subpopul ati on) dqqpﬂtc-@@(gyl ve  CriyQ a@ﬁﬁ,;,vat i on.
Par enchynArppr epar at' | pOyo@hdfd €1 1|M0.41018b Q01 0787 YT rT@%ﬁt‘é‘r‘rmd_m her
floating, | Apppar enchyaliog@hlis DY [repealigdogent ri f JGahd,on at 1 0w speed
spi ns; n.jcmsnot done| BAMPLE 2 Priepgsata on of Hepdti c CelT suspensf{on From
Adul t Ti sisGigcopR8aL Al Betied) 11 ver [was%ebisiongd T T ONgRtigaslt hor i ZEd of gan
procur engntb34or ganl za1 Ba@face The donqe.7vmsry 13 year (ol d T émal e who had
suffered Sk death—Fhet-ver W@d—u&—w—a—mg%gan_parfusi on
t echni que. ﬁﬁ%e singl e éﬁfaf suspensi ?|+ then fractionated to obtain
vi abl e celdB4using a Psstaep Opti prep)igradi ent (9-12.5% on a Cobe 2991
~cell was cet yerethemjsgparated—romresi-dual—dead—eet$ by
m xi ng equafﬁ\fc ddrres %T*rfaﬁe 9%(banof 1) and 12.5%|(band 2) fractiopated
cell's i ndiEPiGAMI | y wi { Burfap59% Opti dmed for further flracti onation on {he Cobe
2991. Basggh@g ftow CytgpEI TTC arnglysts of forward—and—side—scatte
paraneteris, the cellular conpositilon of bandl and.[hand 2 appeared simlar.
The cel | § NeAM cryopr p88fReed. n.d.
: CAM-5.2 Surface n.d.

PE-CAM Surface n.d.

CD133 Surface n.d.

Cytokeratin 19 Cytoplasmic nd.

Cytokeratin 8/18 Cytoplasmic n.d.

OCS= original cell suspension; C-OCS= origina! 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 Suspensioh From Adult Tissue

[0088]

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

A human liver was obtained from an authorized organ procurement

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 band! and

band 2 appeared similar. The cells were cryopreserved.
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-22 26 August 2005 WD 03/078588 PCT/ US03107852 EXAMPLE 3 Col ony_ Formati on
From Adult Human Liver Cells [0089] To assess the preser?@e“%ﬁs 199%ar stem
cells by colony formation, cells from Exanple 2 were thawed and pl ated at
a density of 12,500 live ceIIs/weII on a 6 well plate, in triplicate, onto
a STO-5 fqe@%mg@yer The tissue cul ture nmedi um used wag-DVEM,FL2
containing penicillin/streptonycin (50 U m/50ug/ni), bOVI ne serum al bum n
(0, 2% W v) transferrin (10ug/m), free-fatty acids (7.6 ukq/L)
ni coti nom REAMELER) | sel enium (3" x 10(-8) M, copper (1 x 10(-6) M,

2- mer capt Q‘%l&mrn{aﬁoffF%A%ltPﬁumén givet epage (2nM),  insulin (Sug/m),

hydrocortizone (10(- , (+tEGF) or wthout (-EGF) the addition of
epi der mal [goswm h 1foa£s§é%§ the[ 9:@%& @Eh:b& é{!%ﬁ RelfUb} WbRAy ff&!inaﬁmd%éﬁs fibirced, and
col oni es counted as visualized m croscop %1 col oni es were
observed ifragRls Auare haged emimla@i @tmﬂ% oéé2 560 livh¢edls/wel pniscd ‘m]]elﬂ%t@-

I nhi bi t or ¥in &dpfiiesd, onlf 2 SEGS f%&i}é@%&%ﬁ cuﬂﬁmﬁﬂé@mﬂh&%”w PMEPeRAL of the

cel | preparation’prior to centrifugation on Qptiprep gradient. wever
col oni es WeRr@iningperieiadsticpiomypiot(HD Uh@fﬁeﬂdﬂ)l, bovingiseipam dib2mge(0l2€ whacdt i ons.

(4 from - e (NS SR aqudlote B PHILO bR A R BN Qe er e
observed i1Q(-8hd),3onpel (Isx M nMaRdheRaptbdthénod #W)W(ﬂi—glmpmﬁwf{lmﬂvﬂi) EGF

medi um n on ulated for this
experi rren} \Ng'g&g@%gi” hg%\lﬁﬁ%xﬁmébﬁ%)prégb on Cﬁq Aﬁ'ﬁ’ trﬁ']?‘la?)é%lg%t "%Rnd Ep- CAM
In A Subpcqﬁa;blammalrgrﬁzthmdMﬂ Human Liver Cells [0091] Cells were isol ated
el s oxpr20Y o CefiE SER it 855 PRACE S nd By Pty e
Ant i gen, Ehghlyrlhms:lsdft@ypﬁﬁS:phatcaSr&raaméﬁ&Sﬁdaﬁ/y delhsyoﬂllihé%!u?rlﬁtemc@m mgl(l S )

(I eukocyt es assessed orescence activated ce sortin FACS

usi ng an ylb%g) Wﬁ% g?gts ogﬁfqd%dv'“gﬁﬁﬁ? S Srrae gfhgr COPTPOﬂ@Fé’égTF of the
gel I's we{ eeiﬂﬁﬂe’.ﬁl ?lﬁ@cﬁi %xhdt&o(déh@;fug’bﬁ&i on 5pre§Dgp5n (l;ueﬂri]tswl g?rcg(l)lgﬁeéﬂﬁgl% depl et ed
SUper - par SRR IHCA At bESERAS0 % 51 HECHRTI RGeS coRcnHPis Phtested

bench-t op inagNs twefls Q:@Jnﬂam%%r E4% - frd?R tand he(zlnﬁgﬁeiEGFt}ﬁ&ﬁurh abglgd gof body and
the instrument were supplied by MItenyl Biotec. gosmlve cells could

al so be d&RERFddy ‘“’%‘éﬁ’!ﬂnf’?@'wef@f‘mﬁ%ff"@%’@éh&% wgHs ffvﬁtt@ﬂd &} freratEGHy, or
ot her Mod@gdin, "GRM BGF medium). The overall frequency of colony forming cells

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'celIs were depleted by magnetic cell sorting using anti-CD45 morioclonal
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 Miitenyi 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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i mmunosel ection. After depletion, the fraction of CD45-positive cells

remai ning in the -23 26 August 2005 WD 03/ 078588 PCT/ USG¥Aressb2q0der cel |
preparation was reduced to approximtely 1 percent (Fig. 14B). Depl etion of
CD45-positive cells facilitates the further analysis of antigens on

hepat ocyt patic progenitor and stemcells. It also shoul d

fa(F:)l | t;t %?ﬁﬂ |§s§gl ation of enriched popul ati ons of t nESTEWYS2 o

Al bum n [0092] After depletion of CD45-positive cells, a sanple of the
liver cel llevenesdl prapraitionedast wduces pr eppsoamargly huﬂawtiEirguMI%ﬂl Depietien GBI | s wer e

fixed wt I w th,,0. 2% Triton
X-100 det Z?D‘ésﬁ‘%‘ﬂ “%gmsgﬁ F%&% ‘*ﬁ?ﬁﬁ%g%“e% S“S‘Iq et B %"ﬁp"wy‘t"?na“d WBE% 1 g
nonocl onal pf%ltmtd!]‘(ad;i stem dellsrdnalscadhbuldifacilitate dheaibdlativint qff:pmfheﬂ ipeglilQivas of

ant i bodi es easg st nouse i mmunogl obulin G (1gG) I|abeled with the

fl uor escen{1 ye A647. Background staining and autofluorescence of the

cells was det eamAlbdmity using a purified nouse nyel oma protein (aI S0. an
119G ), wt speci bi n ctivity to human antigens, in place of
the anti- p@)@& ’ﬁ‘%ﬁ ‘EEIP%HQP 0 En’g %B‘Efﬁf"’e oRi il ¢f ¢he é“’?fe?“&‘én‘f”a%f the
cel I s wer emahdnifor PoOGirdskise ©Fi gumalﬁA)emnT h@lpud.i @1l OkveROSHkY &yvifif @i ni ng
(red outI i ne% was determ ned by conparison to the nouse nyelonma protein

control (r3EERalie)ydef %’9’3}‘”%3% rtEsFEmRNt pYjthrAeB Biiton SRR} deterggiiit akat t er
and si de st 5 dglfial MubRion Usig( atrﬁo&@a{rg ftn%doglgmﬁ eJnthlxgr oPRRHAAL T Ons.

The forward and side scatter are primaril uncti ons of uI ar size and
intracel | Lﬂlbaﬂv@taﬂé@ffw%puewp|gea<t|ap9bod|wésa;setmt|rmsylmmsmgmbm Gi ﬂgﬁn)g 15B,
the al bumfeRasiili % AG6lkdthad ‘7"@5 l}[?; rises a
T e B o
n rotgis ) wi n:mc eni ca
cons: ot ept T BKRESEAAly PRAY a3 30 bIEL of M S ERbiminRURocRhEPE] | o
18- 22 ni creowsdsr Apiiroximatsty) 97 &) mcelnaoighs tellsepat elbymespos(tapw]gxi:imat ey > 30

m cronet er, o) L.t h n. | iyer apparent are
under - rep 3@&?1{5? BBE lVgoét(r‘%%n {)%’?“Ié'{ﬂarg Wasp‘fg%‘me?/ 85@%@508;1°d¥e5105?°
suscept i blmyetoynatmotdma:bhtroldumsmgvrt)he perl od bet Ween harvestl ng of the or gan

ool bt on PRE caeSlre B A G B s bt e sisen %Pr"t ¥on to the

mat ure, snmdd toheipedcaeiys eslulirapupuleblss mhabm.erahmdiemm&@w ribfafiwar d and
~side scatter al sQ ﬁlﬁr ess albumn. The few gapprom mat el y g ercent)
al bumi n- n&YSEPRFLT callytar sigp anddntraceliplar sfrugiyral %B‘P"‘Bﬂ(&ffsﬁ%‘itw‘éyy*%w"very | ow

forward amgFig. 15B, the albumin-positive cellular population from adult human liver comprises a
majority class of cells with relatively high forward (FSC) and éide 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 hépatocytes '
(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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side scatter (Fig. 15C). These may be dead cells, or very small_ cells such
as late stage precursors of red blood cells. -24 26 Aug@AuIs

03/ 078588 PCTI US03/ 07852 b. CD133 [0094] The antigen CD133 (ACl133) is a
cell surface glycoprotein of 120 kilodaltons that has five transmenbrane
domai ns. {ﬁlﬁoﬁ{,{%gi nis simlar or orthol ogous to the npuse protein
proninin. 'The human CD133 antigen originally was identiFYEYSH 78<§zsubset of
early progenitors, including stemcells, in the |lineage of blood-formng
(hemat opoi eti ch- @2133s. Certain other i nmature cells express CD133,

i ncl udi ng rglRme! © I B ndot hel i al-

cel | . pre ursi Wh@gﬁ%e%r?gl%ﬂgrlo lﬁafopgurgge é?’e%%gloifg&o Eﬁ‘bcggg%si on of

CD133 al sahdohas ﬁimemnsra@nmmmcﬁmme'ﬂ‘heapmtemmlhuBi)dirmoafgdui ton@E modey i ved
on .carcinonma | ine CaCo- 2.

cells lines, .suc no and the co

The . prot & qeip spr?'BlﬂH‘dL[ﬁ RE@H‘E ?:;lgga aﬁ'P% e?régﬁ'fquél‘f‘if identified Goga A ofne
pr of usi onsadyiplogafitors] MchHMEistdnt celhaNhE QiiBdke OF bRPUFHR AR (herfitdpBictit)

| ocal i zes Elieferentlall to the apical, but not to the baso-Iateral

menbr ane St SEHAN Sty pppatue ?éépr‘3$snc‘85ﬁ iRncine dyelopipmenthilignotheni stry,
have fai | @dma® BB BldeR(ss ABIBidP LAl BieBurSor &£d %bn%ndl e itdes of RN

epithelial tissue, despite the presence of det ect abl e ‘messenger RNA for the
protein FrlspERgressipmenh G133 @bg has heqn reparigd £8 $EEain hymen WBEOS]d Mmops ed

stai ni ng Wedkgaefid HﬂHsIe%E g rét%ﬁiaﬁgmgpﬁ}%!hgr&gion Q:Qltclnlaﬂaqmn%r@a%ﬁ‘ﬁld epl et ed

FACS to search for cells expressin antigen in our
adul t  huRE¥eIp |is/é@unéeqoncqﬁrrétp@mfmntsallysur prirsd mgioprang profugibes efchtdse pri or

negative LERQLHS ’WFW‘?: fo %‘ar é%ll&ih@eﬁls 3y (BB by fepcfngé@?tgg?é;pnga%%é&t &d liver

cells (see Fig. sitive stalnlng Yeveal s
appr OXI maECEI W%Bb%@i&t@ﬂt mm@@nq)oswrfacve Brevioss i studies, pnapam&iquhn fblyom t he

l'iver ndi yi resence of

subst ant i g‘l’““%‘g‘fﬁ‘ ﬁ ?rg]trsl df%g%ﬂ%d&ésdle o\r}setraceeﬁbl?’?’ PRY ugf?lrﬁssboé'l s adé‘f‘ the size
of small hmnwwlthﬁa[batsomyiewp thegsedonernf dbsanble thessangee RN Apfoe prerpadteions from
addi ti ona | | udi adults. The CD133-positive popul ation
(upper bo§< i Iﬁﬁm%?ésﬂfs ‘““rFSMg gltwfﬂghl y half of the cells in the

prepar at i Eﬂ@QﬁHenWﬁ‘ usedlstaigingadithrefl{EemtrdtlabaRp aion6slbes arﬁrboﬁﬂ@ndmﬁl}@stf si de
compr | secPHERY Scarre (P ora e v PRk R o RaTSERBRG At | nct
from mat uhemare fedraRYt eparatidng. SheRttidly, ih ilight ofS @@IIRE ne e[tﬂ@qgﬂoriya%et ic cell
sorting Cal:?segf%d Lti:a?(zji ntqa?orpt? %If ttlllev(%ll) 5 ?ieepltlcggc} I1Eferll‘eizelllsl E/sger Fl(ée lIiBS) gho%vt positive

staining for CD133. Fig. 16A reveals approximately 58 percent CD133-positive cells in a

prepgration from the liver of a juvenile (two year-old) individual. The presence of a

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

hepatocytcs, 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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express CD133. Figure 16B shows enrichnment of CD133- p05|t|ve cells to
approxi mately 75% of recovered cells after one cycle of26nighet2@5sorting
utilizing the autoMACS instrunment (MIltenyi Biotec). The use of higher
anounts of anti body-coupled MACS M croBeads and adjustnent of the sorting
condi tion Ianguage to the effect - should be stra forvvard for
one . ski F"I‘(égﬂ?ﬁg%he art' ??] should pernit the isolatio #1”03 CHE

August 2005 WO 031078588 PCT/ US03107852 nmore highly enriched CD133- p05| tive
cel | popul aeleonghiwicnfichad £ 433epoaitive tcell ipepulations dvith feAFlg aquaatitativiehgiéldot her

met hods of Q can_ b sed to.enrich for, the

CD133- p05| @g(gh%%ﬁgt th%&ﬁ(%é%?h tr3;\’esllm aingE C?%“rc%é’edlse‘gwngﬁla%q‘é'?e\/var d
scatter (n@P133spusitmg celid)e Asnpdgedasy GBY 33npodtif.i VB aﬁd Ifc&w@ﬁnwauae(nad | of the
CD133 sub ulations. ied.in he CD45- de e ver cel |

prepar at i g(r?fp’ @atﬂﬁp "&Rﬁ({ig@g%?%‘é"ﬁeﬁ? I3 fempriy e‘FtJI o(ﬂ%in 3oRPRRAUEALOTSe

( Ep- CAM  aildsmifiket vhe 6945363[3acc2hver6@ﬂ-3m§a%t105@40, KS1-4, and KSA) is a

gl ycoprotein i npodf ﬁ %? i n honophilic, calcium ion-independent cell-cell
adhesi on. The RCAM expressed in many human epithelial tissues, and

appear s tqotm]up 'rregsphaélﬁd c§1‘llla8}§e@%||ﬁbllcémé ERCAM, BoakdiG SPGhhel.hal cells,
i ncl udi ng éﬁ{? cel l de Boer and col |'eagues reported that In 8-week

embr yoni ¢ iy ﬁqp\i‘gr Kﬁbét anddpit)de g ebsompindmpliciiadde ba@P@lEpS@ﬂMﬂpr otein
[de Boer Gdg-indagenddfk 8Kl ddhesidfMBREFoMM s %Qhﬂegke éﬁz’]hg\ﬁluﬂqu é\(flghsllggg)

"Expression of Ep-CAMin nornal, regenerati stic neopl astic
liver," Jdiisussal ansk 3HP5%rﬁde@yUﬂ_%lﬂZ@§ gpstantiglyy emmmlefg'atmg apittsliaaéelladul t

human |'i veheidi®y whidth g, oy, etk o EcFI %&F%ﬁﬁ% e s »{EI Ve}n%@r()%ﬁs and

reported that only bile duct epith stai n posi or this
anti gen. Humap |liyer mee hapeiogdes wepsesd adetectabld EpCAM pwotein did iBbezed!J,a\smhepat ic

precur Sof Scldien S HALLANS RRMEMLLGNG! 57 Q885! 31 P0.A0dHER3LY Has

i nduced by biliary cirrhosis arn l1iv
parti cul arﬂoynaiﬁegem@ﬁm;mm@wasnd ﬁ@n@@&}c By, ’Fk@ﬁlaanﬁmlsolsgw\mcmmg stently

detect a Pl n sit.lve C fractionated human
liver cel {E’Q%‘“%?aﬁ @%}%’Qlf ?aglm I@qaﬁﬁl\%ﬂg‘%ﬁfg ed tﬂdF egtdﬁi’t éo‘lm frigression 1n
Ep- CAM pOSlEPﬂtWtep}inldl rarpom thanpnhystak dpepikiclizt @lly stird pbatilp f@ehigent  of

the cells. f? S ure 17 65% (dAM Si. el bs al so can be observed
in liver GEI¥™ E!Q,\QP s ah@arvy o ot Gl & e"BF@gab PRAEAPIEITLBA8- posi ti ve
cells. Fi guuaha& mhﬂm Inhae reg.c_perﬁmmm&e;tairv»@sqaidcsd by BilleS Grifdsish adiigan | i ver
preparati onus(ogce% int hé! 8?2‘“‘5 of the plot gated as shown by the
Fed outl | et B it Bipors Rerugils OFCPHERSS ane |

[0098] By FACS analysis we consistently detect a minor population of Ep-CAM-

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 celis. 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 ! percent) of the CD45-positive cells in

our human liver preparations also express Ep-CAM (data not shown).
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gated region for a control antibody that does not stai n%;X known human
antigen, Fig. 17A; thus approximately 0.57 -- 0.15 = 0.242°4®EcEN® of the
-cells are Ep-CAM positive). Double |abel analysis (data not shown)
denonstrates that the vast majority of the Ep-CAMpositive cells in the
CD45- depl | ation are, as expected, CD45- negative. However, it
appear s tﬁ%(?&g’g%%roughl y 1 percent) of the CD45-positiVe®P85in  our
human |iver preparations al so express Ep-CAM (data not shown). -26 26
August 2005 WOd0 I BexqaeSiorcT EpSHSVD T3 33,dnd Gdbaxjw essi on of Ep- CAM CD133,

and Al bum 09 Ve searched for.liver cells.fromadult, hu l.iver that

express bé@bhdg‘gp g&we%‘a‘:ﬁ'&? i’§?.ce%afr?r§' aa)é” "T??zlhvﬁéﬁ'éhewe@%b%ﬁg%%ﬂal

?lnt [ bodih eand amaﬁelamhnfzpmﬁm&d wlaalhndticRc hxhtsbodile@'wganmadai Eﬂﬂc?M!ihf fer Ielnt
uorochrone. As own in Fi 17 approximately 42 percent of _the cells

inthis pgg‘{?'i 85?%‘16’ @Eﬁ%gqﬁf’élpl“g‘f'eﬂ ‘gﬁﬁfF'ﬂt E‘Hﬂ'ﬁﬁhrf"i"&el‘”‘s shomn By digar 5Gon

stai ned depgmokiahley 4Dperkdar &Bihe c£IENA tﬁQEﬂmﬁar ¢19wﬂepml F 81t RlhimbPrided3

staining here than in the experinent shown in Fig. 16A may result from

actual di CPI&PERRBYON HRingedseqiablefor CP133pfsaraerbridoveraiestr fof &THAB donor s,
as a Cons@ﬁuﬂ@q%r@tﬁa@BQh@éxp@Eﬂﬁﬁtishdéﬁf ind0 98A ngl.arglrl&ruﬁmoﬁ?%@lﬁﬂaiké}e s

variations in experinental technique). Anong s in e popuﬁati on t hat
st ai ned sPEBEEN Viversell pErpaatipss iffgrent idanari cas pergnisguande of agerorRitier - 17B) |
appr oxi Mak&fableé Sol¥Rdrt GRlcfRe valMi irhd ifhe). ' 7D).
Thus, in thi se_ p%rt irggl afr: I vgr pPgigregﬁé{or&\éngagEérégiig@%gﬁ%&gg %etrh(%ent, of

t he tot al PomHEionghait ytaieed sewngly foo EpxpMddshoviEp:itiganhamd EDLa8Y if FiP0] The
cell prep i i : i O 17 identical to
Chat Lsod /o PREHRERIL R ok BB LT M Gt BTG aR, G
As not ed #iioparticulapliven pirepatatipy agitoSinpelyc 813t pepdent b theatbtas (DA Sinkgative

CD45- depl ( |-y pyped positively for albumn, and the few
al bum n- nggggp%gb%g??gﬂﬁ%ﬁg@gg‘i‘%ﬁdi stinctive pattern of |ow forward

scatter af@i08] de Theatlt prpardimnsibaiiior iha ekpagimeh7dhowniin Figal T wasiliéntical to

(appr oxi ngt .99 .5 percen of the.cells found to -express CD133 and
Ep- CAM sﬂg’l&gég\éf]g} t\%gra ‘aa?yséscogtaig@}m'hwmgfl%Sqolwé‘HP &éhgéa]iﬁaé’ﬁqé‘réé)'ﬁ)éetdearbf’gﬁi’i c of the
al bum n- peppiroiimetelyed?.S ;peichtyoff tt lcenin thel DD ddptdtatiecall pépakitibownded regi on
of the plag er vgl sus side scl?stﬁs%er that  is . contained all

of the al B%Pﬁ‘\(‘)‘fﬁ‘%é\é\ﬁ‘&é‘s g'g‘h & few lbupingnegtivie cellsiisplayed g disipelive KU human
liver cebf Bwifbiiard scagiing side RpuGANS sitsviGRERS 128 SAruanp Eiﬂ%a%gfbb{ﬁﬁdie@er um
hown 1 P93 PRI bl FHsclomhtinG BTSEE o Suith BECHbRMIE BBHRSor 1| ng
scatter and side light scatter characteristic of the albumin-positive cells; they fall entirely
outside of the bounded region of the plot of forward scatter versus side scatter that is
contained all of the albumin-negative celis (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 stch as magnetic cell sorting
allows the enrichment of CD133-positive cells from human liver cell preparaﬁons. 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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| all ows the enrichnent of CD133- positive cells fromhuman liver cell
preparations. W assessed cells in the starting popul atZSdigual 2608dy

- CD45-depl eted) and the CD133-enriched preparation for the expression of
Ep-CAM Fig. 17A shows that at |least 1.1 percent (deliberated gated
tightly) fobdisgtarti ng popul ati on expressed Ep- CAM % richment of
CD133- posi t(i)ve ?:ef’l s, the resulting population (Fig. 5 éﬁﬁ%ﬂsﬁ?ﬂﬁ at | east
4.5 percent Ep-CAMpositive cells. This confirns the coexpression of CD133
and Ep- CAM imthg e3pasiesptipbligoh7)dfy GelckBs thaben-ergedss theuwarsubfaseeantigarsd
denonst r atgsh,kh@ls hiless I ' | Live i mmunosel ection.
Anal ysi s -(? 19 orvvasrtd an% yslﬁ}ggkng%rg?) '? g?ge%i)g élg@ﬁgsgtﬁéfi 18%61515(%@"8'3/ 078588

PCT/ US03/ d9HB2 ( aBrei aduihchusapeliverenellsofdeferied libpveb\cotdipresse| disuntihata

CO- expres f nt.i.gen agai n.,sho t hat riy_.1 ercent of
t hese cel Iﬁ)é&gﬁg%mnrm%g érb(gq% %ﬁ%ﬁo -%%g?atgig’\a}ggie&[ebf\éﬁ]m '&15;@3: ?y%g:g\ﬁl i ver

cel | s desend edkfabdaes the sexpicths sahd pindtypie prellebDiey@inarbattdkREelRf t he
hepat ocyt e_| i neage et her, wi.th either CD133 r Ep-CAM .. and therefore
'ha\ee t hg ?ré)rrrrgenti“g fﬁ{éﬁg esﬁﬂ'é%ﬁ&%?‘cMﬁﬁ‘:S‘ﬁr’l tée ﬂ““gﬁwgihﬁerﬁéﬁ%ﬁ?séf‘@em cells
fr om humarmefedt @t livér\cells sfaie sindlRg Hag meinie hdfafRA¥Levent BMaRdbatochisresy | 1 ver
cells desgéi%)z:d_ her.ei n _,?r liver cells of size smaller than mature

hepat ocyt e8 {eVEre™ UpRED) H LGP Megthaswith the fipging shatadultfumen diver @njainsTaken

toget her wellscaphite bf fofthing cbibMmbs @dliel EorlditioRs tHal HRFatieRMyReRRe hGhRlit Sefapabl e of
form ng co n{,es .under conditions that operationally define hepatic stem

I
cells (i. é‘?‘,?s - b PR ATCE dNCHE Wi wi HCh fesdan celiddibe ce-gxpressiontaf altwmimx pr essi on
of - al bum p.C/epE &AMDANY dbihlrdtarElONB BREGRL BsutR Qe RBRGAG R veR Wl ghem cel | s
i.n adult liver., Methods of positive imunosel ection describe erein my
be used t 8f i RASIINE elnpenogelection desgribad ¢ haseim sy bexpiedsto tdtate \eolls uhdtace
rerkers,  GanfAMA0g (lInd flodiiste haKARIRL LAV LAY AL hed, BRY| at i ons
-of hepatic stemcells fromhuman liver, 1ncluding tissue derived froma
child or &ighbdenriched-rpputations ohenetie \stegu cellsr fsem Gumen divenehclbipatisse St em
Cells On @g’@eﬁqﬁj%gcﬂ,;@ﬁ@ma%g.l%] Most of the liver progenitors, with the
exception of the primtive hepatic stem cells, do not survive for |ong
being co-cultured with enbryonic liver stromal feeders; feeders from

neonat al & LEgdult livers, or diverse adult. tissues were not
successf Uprinfary qiltubls OF Profinad Hephiid pedd t al, 1995;
(Brill S, Zviat?gl I, and Rggi d LMeE5 I’Ex%taeﬁltsclj%iﬁ Q:non i ?F%d%ggkerr%earl y hepatic

B SESLLL I e e g OPReL bty e RS
cells, do not survive for long being co-cultured with embryonic liver stromal feeders;
feeders from neonatal livers, aduit livers, or diverse adult tissues were not successful
(Sigal et al, 1994; Brili 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 lernbryonic 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 aduit 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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feeders can be replaced by STO cells, an enbryonic stromal cell line, used
as routine feeders for enbryonic stem—cells and found ta6 Augeb?05

cl onogeni ¢ expansi on of freshly isolated, normal rodent hepatic stemcells
and diploid adult rat liver cells (Kubota and Reid, 2000),. These

condi tion und essential also for the all of the progenitors fraom
hunan f et z’Y&W@%SI"? with the exception of the prinitive ]ﬁé %’P’é’@% em cel |
~that would expand with and without the feeders (Mss et al subnitted). The
STO f eeded@li4hve SA0skeedqrs ovg'nalbftfmm wérelexﬂraaqjmt firam ool edlls iro7Scifiir om

neonat al Gl r agi o The
factors sup%T i ed %l\ﬁ#ﬂ? rlg%oz}?%ﬂf%igﬁ%ﬁn Mé?tgman E‘E‘é‘% h‘]éfn 1)““"\‘)or t he
progenit orsspma'rmnmdtwﬂhntﬁ)mfcta! D8viR6 sebug LEBS ADRBnYD. 4330, ATBP R RPECDNISH3/ 07852
[0104] ST Fee A ori.gi from ATCC wer e ex anded from stock cells in
75 om 11 RCE St EREMELD A1l BETEER 0t P UGEAOPEAL N, Eatals bad

Cal i f or ni a\)ere &euwi ﬁﬁ"emh&ﬂrs \Mutmld%’ﬁrﬁl_emlon@@iﬁl e, E&%, (Mychigne, Logan,
UT ) and 1% DNVBO %/Iqeﬂ St. Louis, Mb.). After three passages to provide

ni ne conf MEAL ?lbffaglkte €4 tasindygsrcall eycleareegt andwashedgwios wihichltwr® pg/
m t onyci N pfed{usi. mcel@twer!:%bﬁm:zé\@and%s%@pcnd&i f?:r@?} L?Iré: SeRV R Ao d;%\/ﬁ-ﬁ (Sdlljﬁe PA) to

i nduce cell cycle arrest and washed twce wth ture cells
wer et rypSIMEME 2o FBSuFe RYED)i befre frepingsed valt dloporred Sxid’ éﬁﬁ%ﬂd DVEM F12,

40% FBS, %@&chﬁéeﬁéﬁ \Je'hae%%%é?&l f) sell,dlﬂé gj %ng i:glif/% 191%8 l s and

stored at -80C. Feeders were par & Fs/ cne
onto cul t Bleees ppteopted withd:- Ko gtletdn (Higrha, St I%QeMat)J lhet@:ﬁidgjmpcoﬁdesdrmads M. ).

Det ai | ed ﬂgpﬁgln%tggé%ﬁlhgﬁgﬁ%ljgfghq.@ are incorporated herein by reference.

. [:0105] Oe S passag onto S'were cultured in a serumfree,
hor nonal | y0108kf i felds n@@hgamo(nEdDS’IOcadiprwm ngitRiMn 1 Géfind-GeBGorRRally nVi t r ogen

Cor porati |forn| 2% bovi ne serum
al bﬁm’ n (E&é“éi’%ﬁll‘@?@ﬂ?}‘% PR &%Mﬂ @W&%{’lwgﬁw %’H?rf‘tﬁon(‘S p. g
/m ), trafeflsad,i Colifenig)l Sipplmenicl withe). 2iboMine c&uhOiIBMin (BrabRCaFagsgt hanol
5x10-5 Ie offeftt acids (7.6 E 16 17]
gy)c(lrocor'ltv%‘ggri ¢ %)iodishtlﬁ?ﬁ ‘ﬁe(% ‘igﬁﬂ}?ltr?ﬁ‘ g}q/lf«pld)éliﬂggé (flli)nf\ﬂe“"giﬁd AAS
(penicill (31,10 HMPQ rﬁéraa{pfﬂezhaﬁélr(ﬁﬂfoéfMPd o rH:xQ!fWec fa’%@dahﬁggﬁé)gﬁg f@ n B 250

ng/ i, % .. Preferabl y, neither cytokines classi ow h
factors (&7)y. huslpcaisens (105 M EIUfaawnfo@ 2 = nlMlpamUbyMemM)omm Aﬁa&t or, HGF,

Rl e e A
pl at ed onStgma) SPI'refefabedmeulheay@nolqmeeohhmd isspach groa@gegca@es(e(gf epitiexqialrel
hepatic Sgr%% 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 aduit liver cells ([7]) co-culture

with STO feeders proved unsuitable for selection of truly primitive colony-forming cells.
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cells that express al bum n, AFB and CK19. Typical cells staining for

al bumin, AFP, and CK19 are shown in Figures 6a-6¢c. Thes? duqusE2Q@sre al so
positive for CK8/18. Unlike <cells cultured on a plastic substratum as
described in Exanple 6, the proximal hepatic stemcells seeded onto STO
feeders r consi stent nor phol ogy and nai ntai ned. AFP expression for
sever al Qﬁ@éﬂoelgsgce these conditions support both proxPREFSBEFatic stem
cells and nore differentiated cells including diploid adult liver cells
([7]) co- BNAMPRE M th STOfeeders proved unsuitable for selection of truly

primtive colo (m.n ugust 2005 WO 031078588 PCT/ US03107852
EXANMPLE. 65C§§F‘é‘i!¥?f&ﬁ'“8'ft"’glf ‘t"i% tic Stem Cells [0107] The enri ched
par enchy 'l .sus ion of EXx t

D000- £000 (AT & AR AR PrrEet R i B oo L Srsaraipiee Ao um
suppl ementdewhityi dfhzooopﬂoﬂe celligsmt iontoandud camst andstio/irea cdilMfrechasdibhe first
12 hours after l.at.in t he 10% FBS to pronote. cell

at t achment™ pdl(f?et"éetnpe\ﬂhw'ghﬂl”ﬂ% "’S(‘,’Hef‘ll'f#j S\%@?@l‘ﬁm IQFPédI hesHistibg howssaltatedi a
changes o@Ruing efle ahedidhi @BnEiayd i10%EFESUiS prdntblO 81 hitdmadieat ey WAHidnCihe
attachnent the predom nant cells present in culture were proximal hepatic

‘stem cel | SUlLHes ¥SFmAnt A eugetite: Media changeeepsrred dthreeflaydnigiels a cl assic
par enchympbiogp! | HweieRR@hOSor ARchnt meeﬁ%ﬁo%ﬁﬁdni)@elﬁf pxééehum QiitufRFe@nd/ or
CK19; the proxinmal_ hepatic stemcell denonstrate al bumn, AFP.and
CK19 (Fi gtﬂr%mz%l)hemm%qm ccdla g edmigistod Progﬁetow agaregales pbpallsivdtharcdassigel | s and
conmi t t ed pReRGGHE QéllsmSﬁﬁél%g)f a%zf%mse%atp%s&ﬁf ABEmNC WGP SRR ERI9 DY SOl 1 LarY,

nmotile cell types with earance that di spersed into
the dish. pmlrafdériamatlsrstweﬂiﬁ ol ﬂmlormga@lbemsm éﬁ?@eﬂi CK 19 {Bigureda). Aftener cel |

types wer g..Rf8SERL 1l EherSSITR I A t ve

conf | uent ° m;dno giﬁ/ers BIQxxIH] n Eer'ste or‘%’r%sg ?s%mugcpd}%r%g“&%( C%gsr%{j)upl ngs.
Amongst  t hemessing g grid we@lrhﬂaceqbbs isplitary, gtotilervieldyries widil dooypitbrotdastiobser ved
only int I I the copmpitted progenitors, and in
circul ar, Qﬁ)l ght aﬁf@ tH%gdéé}ggg% félg [ﬁé gfr’qu ad(ﬁl{l?‘nn toﬁ) ox1mmeganc e ‘fe’g% 8YS éarln cells,
whi ch appeterecli tmpasu#dr@pesauonmulmemdn)e salitaly, sévee gnrmmgedxtedam smfloént t he

pr oxi mal |c HEM t he com tted epitor 0109] CoI ony

f or mat i onp"gﬁ weda Whl e(gst e%'?lc‘pd'éc ﬁ%ﬁ% h@\%ﬁ’{“ﬁ ‘&'ﬁo?gﬁfth | YRESVE o

col oni es a@tsemedre\staimnmfot- hibuiinr wis dbewvdHySy innthe ptokiniae haptdc spmeansd to
arise fro aqgar. tions. of pre-existing.cells (Figure |b). However, after
57" Gays. By SHFES ordipige Biiyn o | TRHE asPetAT FUmEo | BGNE | <

scat t er edhégatiosghaels, tvhﬁ:lmpbédlﬂ’dan Gusilte cJﬂ&ﬁﬁ@tiy@QHﬂtﬂb &AW demist bSihe

reco nlzablea -8 snul | tightly compacted cells with
9 proxima hgpatlc Etem cells and the commxtteda rogemtorgs Y i

(

[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 um
in diameter (Figure 2b-2e). The general appearance of these late-forming colonies is
distinct from colonies that form in the first days of culture, which were composed of
larger cells, and from the initial aggregations of proximal hepatic stem ce]Is 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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| anel i podi a at the peri phery that fornmed a narrow conti nuous frin (Figure
2a). The colonies expanded into extensive groupings of 46 I5§/2Q£§’gregat ed,
rounded cells 8-10 m in diameter (Figure 2b-2e). The general appearance of
these late-formng colonies is distinct fromcolonies that formin the
first da ure, which were conposed of larger cells, and fromthe
initial gé‘é‘?éé&%s%ns of proximal hepatic stemcells thaPCTESRO7Rut e t he

mai n parenchynmal cells in fetal liver. [0110] The primtive hepatic stem
cel | s gr ewolgatds wore remgwdeelectivielyrand pispatddobyi trypsihzatidiDMyi itlanciw biagy €l

august 2005 b Perhal Bariab B iPuealS B P uhmet” wik b b ahen 00kt vel

and di sper@&l@Obyiatgey:p&nmwahldﬁmete&qfilalnd an average cell nunmber per col ony
t hat rangig %lrom 000 celhl s for col s, 3 mmin dianeter to 15, 000- 20, 000
n | ar go dOH T es R s rsEmest el of e (qolomier epppfred i, a fHilewk er ot

celI's of tghendi@leaniecmoNipihed fiont Qle&bofdn?'f{& %}ﬁldson&h)en ?é/ﬁﬁnffeﬁf%elﬁeca”e
separ at ed {: J&th he,colony to formsolitary, di‘ane hat

|l a
di spersed* ﬁﬁﬁ‘ljt‘hr?%@o‘t‘ﬂ‘? GRigredish ‘(FFE"g'Bﬁé) éa)othqr ifolonisarceliplabfiees, cel | s
at the pergeARbRF aRSHRA cBAgRbD rf&%b@eguc fabfHaRRt A fal ﬁu@a?w‘%ﬁ{aﬁ'ﬁ}‘aec SRt
initially wapped closely around the circunference of "the ‘col ony,
tightly adsefdbeairsrdapasytreahe eepnys pe(mpguglélysaﬁyocmrwe@eseo@wml atliso
m grated pgrd 3I9Wﬁé§§céi@|a88hﬁ§rat%§ abv P Bk cdidfid Q5 MAR fliform (S
di spersed cells remai ned hi roliterative and fl ten becans
pr edom narfhesecéipperseq sells wn@mled lht%ly profiferatiye and iotn bscapia ke gretlayimnntt hat
ext ended f N
over gr own hy SPRE bafey Rflrkk ighlf packed ROLR RIS SRR Bh B, ¢
mar gin of C@éollqs @fetecsnymwldeql buttrhemtemoweby tlﬁg/qmﬂslajme,ahmhlantaeﬁﬁqnﬁl sa@d (Figure

3 lL.es O Col For i Pl ast
o‘i? Lure [ G1TS] et SR ol RSB ARl i cBronde Moty n

Exanpl e G(Fmgre?m)tvestl gated wi th i nmunocyt ochem cal staining for markers
rel evant to hepatic organogenesis. Cell cultures were fixed wth a 50/50
(M'V) m Xtger evpf get hanol and acetone for 2 mn at roomtenperature.
Several staining regions were created on the surface of each dish with a
PAP mar keAntigeni¢ Resfdes @NColonylBottiging Qlells hePhstivaCulGoep, M. Prospect,
II'linois) to allow nultiple antibody conbi nations within the same culture.
Non- specil@4i2] bi A niptigenie schaxsrteristico céfe thebyellsnculbaed on Bidniplea 6sovast i on of

10% goat nfvedtiated with immunocytochemical staining for markers relevant to hepatic -

per haps

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, Iilinois) to allow multiple antibody combinations within the same culture. Non-
specific binding sites were blocked by incubation with a solution of 10% goat serum
(GIBCO/BRL/In Vitrogen, Carlsbad, California) in PBS for 30 min at room temperature,
After rinsing twice with PBS, primary monoclonal antibodies were applied to each of the
staining regions (normally 0.1-0.3 mL per region) and incubated overnight. After
incubation overnight at 4°C cells were washed twice with PBS and then incubated with a
secondary antibody conjugated either to Alexa 488 (1:750) or Alexa 594 (1:i250)
(Molecular Probes, Eugene OR). In some instances a primary monocfonal antibody
conjugated to either FITC or PE was available and provided the means for double
lapeling by incubation with this antibody after completion of the labeling protocol with an

unconjugated primary antibody.
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(A@BCOBRLJIN Vitrogen, Carlsbad, California) in PBS for 30 mn at room
tenperature. After rinsing twice with PBS, prinmary non@dl/igabt 2005 bodi es
were applied to each of the staining regions (normally 0.1-0.3 nlL per
region) and incubated overnight. After incubation overnight at 4C cells
wer e “aShgﬁoﬁﬁﬁ@ﬁs“ﬁth PBS and then incubated with a secondary anti body
conjugated erther to Al exa 488 (1:750) or Alexa 594 (1:E§g8?3m%ﬁﬁlecular
Probes, Eugene OR). In sonme instances a primary nonocl onal anti body
~ conj ugat ed011g} ei tTihe antipedic pufileE swamarizesiiih Tpble 2aGelopieostiidetposhies foeans f or
double | | ' [ | t his L fter copmleti of the
| abel i ng g‘?@l{) %‘Ic}glng\)f&{e'{ﬂﬁgﬁaﬂ n@‘&ﬁ?h@?ﬁp 3%5 Cp??iq%lrggn%%{frq “.gbag"dl??'“ @E“rfé‘g gugust
2005 WO 0Z/KIPSHasire@h), UpOAM (Bigdrd ad 180 ANhEC RIS, iFygme cdpbof idt e PHCAMUMari zed

in Table )| pni es stained. posi.tive for.a n r.of markers previously
li nked t ﬁ%@%& Rl oL PHONI ) & & SRRy AR Sesh Bh?ﬁ"?{%?‘aﬁ%g%‘% 55’ *‘l‘:‘k@@g( Fi gure
4b) , epCARb & hingow scghmht ANCAMNGIGIDEE, cofin@d (Bightl SAUAIsBdoldRREAMre fidsloRd; data
not shovvn.()). c-kit stainin S _se in seyeral colonies, generally

| ocal i zed f7t'Be BUtANE SR & f'f,&i) lgEéA FIEUgE Sehofrerire@slyFhg6pls Ba) . Al so,

col oni es \WRY teanpigshd ZMR at fHRIpehifiRerP Ut 16iQ B positile MR LK Eent{EkdThe ACL33,
Figure 5c). Interestin e cells in the transitional zone at the

| ly, th . . o1 ne at
per i pher y cBfotplonprker gPﬁ%@é-% Figpee $gr and repined popitiyeder thisewpotein
endot hel i @il ik e vieRHGO of MiEAlordidsI YoSsig) ideTing €TBLIBRT, RORELiYE for
this protein while in the vicinity of the colonfes, possi'bly identifying a
cl osel y a&sswichyed celbyenpepsivly 2 epdotheligeprogratiert flhg pamitvediophiid stem
progeni t og Way ol i : l; S5 . 0ni es were
nogat i ve T WHEEREIRh b Al Rt foak B, KB RUATR WBITE IR RIS 7"
‘pr ecur sor stew qsHpxie pairechespatol proximehhepatid siem\ehlilsg hich i trn agrEeqursesupsors to

hepat ocyt ¢ I - i genitors. 26 August 2005 WD 03/ 078588
Table 2 - 3&@%8?%‘; gﬁliof’%ll}tﬂyrr%g’r%%'ﬁ‘l%gf' PCTI US03107852 Phenot ypeDuct al

Pl at ePr oxi mal hepati cHepat ocytesary Stem Cel | sstem cel | sEpithelia

Mor phol ogyDar k, tightlyTransiently areDo not survive the stringent under

stringent packed cells, 7-10aggregates ofconditions conditions:in dianeter,
wi thsmal |, cuboi dal tissue culture”pincushion"cells that becone
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plastic andnmor phol ogynotile HDM Morphol ogy onDark, ti gh&ﬁySt abl e

densel yDi pl oi d subpopul ation flatten STO feederspacked August240packedand
have di stinct ceI |ular and in HODM n di anet er, wi t haggregates of boundari es;
pol ypl oid cells "pincushion"cellssurvive but do not grow norphol ogy

Al pha- Not Fx d+++Not expressedNot expressed fet oprot ein

Al Bum n+++++++i§5§%t Expresseg CK8/ 18+++++E+++++ CK19+++7CTRP O BRhr essed+++
c-Kit+++ (cells at theNot expressedNot expressedNot expressed peri phery of
t he col onSI)abEﬂr mymmélml | s at theNot expressedNot expressedNot

expr essegsperi-pher €Ol ORes)—CAM-5-—2+ w.u,—, Rothot—exprgssed
allo of {AERBIRS y%}?@! +&%‘P§B’FE§%E%‘F&W ﬁ
CD146Per iHphery—of-Not l}%ed.,\n Sty ¥eSsedNotlexpressed 2 gunknown
if this aNOROREar dPHELE || Te@isiendy arger i RGO USHIVE e SEinBFALL i \ie
hepati c <LPE‘W§‘§‘P$€)‘“ F’FE**‘ESSF@/RE‘!S i‘)& r@é&fégﬂ‘iﬁt‘_’fex | 69%BENSt  expr essedNot
expr esseq CERNMPEES pag diametenrvito|| srygllaabsidalrr gm Pl astic Substratum|To STO
Feeder Cahtipsye culture "pincushion” cells that become _
plastic and morphology motile
HDM
Morphology on | Dark, tightly Stablé, densely Diploid subpopulation flatten
STO feeders packed cells, 7-10 | packed " | and have distinct cellular
and in HDM in diameter, with | aggregates of boundaries; polyploid cells
“pincushion” cells survive but do not grow
morphology
Alpha- Not Expressed +++ Not expressed | Not expressed
fetoprotein
Albumin +++ ++ +++ Not
Expressed
CK8/18 +++ +++ +H+ ++
CK19 ++ ++ Not expressed | +++
c-Kit +++ (cells at the | Not expressed Not expressed | Not expressed
periphery of the
colony)
Ep-CAM +++ +H
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 _ +++ +i-+ | 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 \;rere physically lifted from plastic substrata by
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(0114] STO feeders were used to assess the fates of theb&rl mtive hepatic
stemcells after selective passage fromthe plastic sub&ifMg@ush?O0ter 1-2
‘weeks in culture, colonies on plastic substratum from Exanple 6 were
physically lifted fromplastic substrata by -33 26 August 2005 WD 03/ 078588

PCTI USO3/ Q/$ iration into a 100 uL pipette under
magni fi ca??o%.?w%%pt 0 50 colonies were collected in HBSga?Qr@gA:@&us&Zt hen

digested for up to 20 min in collagenase solution with agitation to

di sperse @#lifagon intwa 408 pbngipgte. urderd tighculonugyifitaion by teho icdbming wedeol | owi ng
passage fr st | ow,..rangi ng .between 0.5
and 1% f orgﬁgc Idgﬁpasé?a'g%%ma%t 98% ?gs[%‘]gdefgr §¥?%6(8%l“ lqs%?na%enfi SOHmP" MY, Initial
at t achnentgiotiop asdigged cellsl iowysufpansivmg cel | s was i nproved by the presence

mmy have AU queoidy GipRe el THisihe bSha Bt AR R oot ny Lup

to. 20 M nidyesyas el, lrz&@mgéb&&wﬂh @SSANdOIY, ifdt @T1€lpassiged ackdneivies &i 10 @ soel |
suspensi ons 640116] h ssa e onto STO feeders cells, the primtive
or ogoni t ofellsdief Selpigialatiachpent ol gasstesd calony feruhe Seia oS ApproAskby e 11 ght 1 y

conpact ed peadnes ot EGH (26 rﬁ%)nIIL)Cxﬂ'tﬁés pl@fiﬁ%3ﬁled1&m5Tﬂ@m b&owtofnwng e(chd;Qzly}r e 6a)
The new col on| es enlarg over the follow ng weeks to  produce tlg
he

aggr egat ed®;i hagg pesp dye. d‘&u PiThde thegredip sibiest the &qlls diengthy &%é'ﬁumgmavte

ci rcunf er@ﬂFa%er(aEé@igés‘ﬁoﬁﬁﬁordér'iomegﬂ?fé%ﬁ%sﬁeﬁﬁoﬁ?ndary proliferative stage
occurred in "which an eruption of cells occurred froma point at the edge

of the colYd§l andfisppasteeomto SEQeleederreceiT.ahe ayimitiveqfroganitengetto meddedg t he
or1 gl nal 6 BRSO beltafer G6a reabihichlas Hifty) BORDERAELBARCH! Gl AORRL! | es of

col oni es formed on sane as those descrlbe ove for
col ony- f of‘ﬁl qays mul@rmﬁ’ﬁgﬂraéa) dhe ups colanias eﬂihngsd Ovm&qﬁﬂewrpgmetkswe st ai ni ng

for al bu é):g]aﬁ | I rais d on
pl asti c, %r(é sﬂ Clﬁ%g%sga 14 %r?\‘]@i}%’\/\%frt% m)tgt cf%h?rtt' ﬁem &resgled at the
per i pher ycmfumfhenMIFmreéc)f br srmt arior®FQ@ wedridary prbliferaries gageadccqunlnesy on
pattern b rongounced mh 0 wer.e sur.roungded by cells
that prol ?J?l erat eﬁ'\ﬁ? ?%ﬁqp{ ﬁe Drrnary ot rﬂ/ﬁlef’ﬁfﬁ eistge SR SRS 9% or  NCAM
i n Fi gur eo®riieeS RO tajger, oftmuesnfremﬂmgbﬁé ovighinal t:dslenpqﬂngjresb) colony fornmed from
passaged I and the seco roI | fer y band of
cell's wi tﬁﬁ'l#fenig‘i’ A [ R Qf:i’ ‘@R‘fiﬂ’%ss “‘GﬂfP’émrT%a gT(ﬁ cﬁ‘gsswerﬁl so seen
for expresgisameak thére qaadmt:e&taadmrm lcazoﬂyafdfemngcéums 2nZplaviid sdesaiae Thisbel i ng
for NCAM a@g CAM 5. 2 sho rkers were expressed_at high

level s i n""FHE™ gogﬁgers@wa V\F%fa lwg}n@ (ﬁgw g&lﬁsar(q:ﬁigéﬁ% Ag)in initial colonies

raised on plastic, markers such as CD146 and NCAM were most clearly cxpressed at the
periphery of the colonies formed on STO cells. This marginal expression pattemn became
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 intenseiy 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 rcgic;n 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 2 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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vi abl e, n®H®

[0118] Finally, the characteristi cs of the er upting cell pe was of

interest as they energed fromthe colonies in a disti né’t6 h

consisting of a parallel row of cells that enlarged into a branchi ng

pattern of linearly arranged cells with clear intercellular spaces (Figure
When R,{,]Fﬁﬁ) %g LI's had enlarged into an extensive sheet around the

or| ginal cell colonies they appeared to |ose the |inear P6FY3H2%¢i on

apparent at the time of enmergence. However, staining for albumn reveal ed

that the @ﬁlé%wh&alﬂimnﬁdnwﬂhindhs cel mas§34FigereAuga)stanc266}5tamgo&fmﬁm

VCT/ US03/ | W|th|n s (Figyre 10a), and

co- st ai ni (r%gg\? g, Eg‘\gﬁ%ﬁﬂalsa ef restsngﬁ hsghr‘}ﬁﬁf’ \“ui"g t@lpﬁ%@?éﬂg&ggéﬁo"&t hi gh

| evel s wi t(Fllgnré 10b& Rerhabs dfomet slggﬁcﬁcb ighesselld Kitiglupgedranchpf stisibpdg@s of nost

significa thes s is the p ar an f staining for AFP at the

peri pher ymgﬁ) TR Peeﬁlgﬁ‘al’" r?t tt@eﬁ“fcég"ﬂﬂff%ﬁ E‘gﬂe fﬁﬁﬂ%ﬁ ‘i"@‘ﬁ?@?éﬁ? Hrsf RRINK iy st poi nt

in the exheven/avmunmula&bns)ﬂt&c[ﬁiﬁaqretdhe%alﬂeﬂ(EP Bxﬁréhﬂx’bn/:\.ErP bBNRLESE B2 can be
nltlal col on ormng cells. These data

i nked to the ‘E{ﬁ

i ndi cat e PHE™ et% t?/ﬁl ?I%V“ g cells. gf‘%‘*'ﬁl‘l‘?é ‘P%‘Wt%ﬁlah'théﬂnm*flﬂ‘&%lce 6 may
be used t gteprdaldiiclatd@ RAB #enplOsTRik: gb@&e@f&&%m}c@mé a6l d Prdgbsgnce O
Primtive And Proximal Hepatic Stem Cel iver From A Neonat al Donor
[0119] A Ha‘\rgr ﬁ?? obtained froma donor who was born after approximtely
28 weeks q\gg tion and survived only one day. The period of warm

i schem a Peése@RNOf Widithe &hd Sbxiand HifatRasnas Celd 1874 Filashad 8F the
donor or garonsl iioneen Six and seven hourS. Therearter the organ was

mai nt ai ned on ice tor approxi mtely twelve hours. The whol e organ (wet

wei ght apfriag) natb.ehyerlx(aa& @j’tﬂﬁai) frmsa quijrewhe tab GoREkitdd Hpprox@iiikly disgest i on
wi th Liberase a cel] sus |on was prepared, essentially as for a

liver obf’vﬁiglﬁe(g aﬁF[B?ﬂ“aa HEHY H B¢ day ite. PeNSﬁ of wapp dscgeniashelitRenmany red

bl ood cel t&diebrest bedrasathridyiny SRMahiny &f GRN ok BE;%E Iw%l bERIB sinldPr ep.
However, it WFS difficult to determne the actual yield and percentage of

Mt P il thesongap waremainigined op ieefar spprximately 1weye Pems.i ons of
t he recoveredhsielokgnWREEWESR a%i%sinﬁa%f hed g%sﬁ s lefkgfégqs b%r?usp%

differential centrifugation, essentially as describ et al | ver

cel I's, antigesien vathekiberass, ang g qell rsusngneier wes merpeicenessentiphiy py Fartaclivay

det er m neokRed FrERE i clﬂ&'dmaHﬁIYQ\IJﬁe\Qﬁ;lé Celfit £ mffh?lrlaé b‘o d%ells \Qlergt ing in
serumfree, hornonally defined nediumon a tissue cul

subst r at uFnoves g r Preratative resnisifugatipd eising r@pijpregt. ddlowenkr, ht)LNas fdnffi'chb ro

purificat JQfmit#e" actual 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.., 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 cuiture
plastic coated with Type I collagen, in serum-free, defined medium containing or lacking
supplementary epidermal growth factor (EGF) at.5 ng/ml.

[012'1] 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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conditions to assay for proxinmal hepatic stemcells (i.e,, plati hng in
serumfree defined mediumw th STO feeder cells). Addi t3%Ngushé?dS ons of
cells were seeded on tissue culture plastic coated with Type | coll agen,
in serumfree, defined nmedium containing or |acking supplenmentary

epi der mal actor (EGF) at.5 ng/m . [0.121] After oprjate periods
of i ncubat‘?‘gﬁ%-{?ﬁé grow h .of hepatic col oni es was obse?gg’ggqsﬁ)%g?l

conditions tested. In the respective assays for primtive and proxi nal
hepati c stessntéan) [cylturgdh andes |t yemepequidisions) yRepragentattve avlonips ovdrd tasted byi mi [ ar to

obt ai ned af pipofifisEas Rafity' H B0 oL PRk Eb B VB e BEPBOR o) 07652
gest at i on)foxthistroarked. under t he sanme conditions. Representative col onies were
cence st for th ssian.of human al bum n,

tested by (ni nagf l,uore i hi expr

and were a{PllﬁEgsictE?k\y/nées %C?P pgr '}ts‘?pﬁﬁeﬁﬁg&resf'ﬁfﬁvf y 'EBFtbcﬁi“é"? §YOBY SBRTL

epi t hel i alon(qoilegnrpited plates e et pregencsRGE.0gdditgnak edlie &f 188 wellldeAgRIn- coat ed
plates in the cgresﬂgnce of EGE.. Al?di tilonal cells of |ess II-d_ef(l ned

mor phol ogy " APEECRr R ?Sﬁirﬁfléﬁi‘ﬂt He Sty but haye ngLyetERL cHBRceyEtd Been
characteridead. in detail. [0123] Col onies of presunptive epithelial cells

al so appe on | | agen-coated plates in the absence of_ suppl enentary
EGF. sQne?@fz%_ﬂ he<PIRRitoRl EESHRe pireRe! cPlivaplse qoeaarad, ouseigenhicarsdual

pi pet ti ng piteskl e theadtlerick aFSfuppleMentait BGET §oke NGT0IHEL® Edlofi& weR! picklgat es-
Cells fromcertain colonies have continued to proliferate in such cul tures,
and are BRHEUPYs SRRt megual dineting davis. athtraalﬂg@*aql intp fiedl) pedivgy intHese

repr esent vaINgMiasS CelRAE bérdd dblortdsHAH condhuddt® PRUARLE i QRREHRA! HRUT SOT S,

- perhaps stemcells. Further characterization o expression of antigens

i ncl udi ng 2RI Papsaecay|celd sisting: K appgars lilehotharhee wgnrgsentgirpias, moteatiallye
relative sighe PB/& bRRPA At Ao, pbiEREdN bals! YedE Rk Il Tines
EXAMPLE 10 Fl 0\_?v ro?ogﬁptrygsg?%{; ng oar’lg FF%Wté?qllytoﬁét ??H(%?A%ﬁ%r%é{?%%%scans)
(0124] FAcsRas®n of afgeaplinpluding &M1BGeRp-(AdVg albainbundlP, aEPIKUBreilidone with
cells 11 %edaRRduREEIRAR St dducly B2 bR IR AGAPE Al L O Stal ni ng
“wWith the anti sera. I'T's were stalned as | Adi cate or 1 Mmunof’| uor escence
but using_antibodies directly |abeled with the relevant fluoroprobe (see
Tabl es 3 FMAMPLEMe f| ow cytonetry was perforned on a Cytomation "NMoFl ow'

flow cyt om@ty(an%l;y quhtl];# Q?‘f Ellggj %ﬁﬂl@rié sﬁj{%;‘ﬁ#hdi rected by Dr.

Larry Arnold). The sheat S unnodi e MoFl ow cytoneter
i's capabl gl anglasbss % Hlophefld Hegd Q0GR SAFPLABE dold ffin WAt 0 12
fixed and permeabilized with 3% paraformaldehyde prior to stainiﬁg 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 Amold). 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 andfor 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 pbsitive 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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Cells before and after
10% serum was added.

Tabl e 3 -_Monacl onal hodies Antibodjeslsotype/ Target anti genConmerci al
sour ce (CIA“HB?%M ed i I;Ph'm/l on(al | hifmgedanigince) CDA5I gGl| Kemiperc@bsonme
| eucocyt g @ht PisasrednimpPHutingen (31254l bymmasX) 1: al | henoppi etic cells CD
235A|gGQE ngpﬁnrln A(red blood cell (32591A)1:antjigen) CDI4
(APQ) | gG& al Ant i gehIg5hdSepY on mpRoEyROBsleuchere rraizneen | Phammingen t he
" “endot oxi p&¥e ¢34|2§5 pR4 (34374X) | oAl keipengieticseliscel | ant{ gen present on
“1: di ver s (;9 Ml t 8354 plat-aKepnas  CD3$GlGorheainpa/ (tast biged cgli fsent on B cel | s,
(31015X; 1 t hynpéyt es _and act i eatigen) T cell s
CDl14 (AP 1gGa, Kappa/ Antigen present on monocytes,
1: dendrites, (one of the endotoxin
receplofrs)
CD34 (34374X) 1gGy Kappa/ Stern 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
{1 CD117 (CD11704) | 1gGy/ 1: c-kit: receptor for stem cell | Caltag
(MHCKO04) factor '
CD31 IgGy/ 1:250 PE-CAM: CAM on endothelia :
ALB (A-6684) I2Gaaf1:120 Albumin Sigma,St. Louis,
CD56 IgGy/ 1:250 N-CAM: CAM on certain | Mo. ‘
neurons and on ductal plate
AFP (18-0003) 112G Kappa/ 1:250 | AFB Zymed
| CK 8/18 1gGy/ 1:1000 Cytokeratins  generic  for
epithelia
CDl146 I2Gy/ 1:250 M-CAM: found on endothelia Chemicon,
CDI133 IgGi/1: ' AC133, stem cell marker | Mylteni Biotek,
Ep-CAM IgGy/ 1:750 A CAM on most epithelial | Neomarkers
‘ _progenitors
|1 CK-19 IgGay/ 1:300 Cytokeratin-19, keratin specific | NovCastra
for biliary epithelia ‘ '
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CAM 5. 21 g&a/ 1: 500CAM on ductal plate CD117 (CD11704)19G/ 1:c-kit:
receptor for stemcell Caltag (MHCKO4)factor CD31l gGE/ 1:ZG8PgusCARES CAM on

endothelia ALB (A-6684)1 @a/1l: 120Al bum nSi gma, St. Loui s, CD561gG /

1: 250N-CAM  CAM on certai nMb. neurons and on ductal plate AFP (18- 0003) |
WCQF yrred CK 8/18l gGl/ 1:1000Cyt okeratins r
%vé 53%; | 1:250M CAM found on endot hel i aChe?r?@ggﬁdF%éf?%I

1 Kappal
epithelia

G

G /1:AC133, stem cell rrar ker Myl teni Bi ot ek, Ep-CAM gGl/ 1:750A CAM on nost
epi thel i aIMrE’@D@W@@@m tors CK-19I gGZb/ 1: 300Cyt okeratin-19, keratin

specific for— ryepithet Atgust; 2005 Wo—03/-678588

PCTI USOS%'@? Fabl e 4 oll—lfluoroprobeu‘?’l 'ibc?g %51_) 'BfAbsor lff%ﬁrl\/BXI muni .
Em ssi on Maxmati—Sotrce—+H-TFCoeens oo Loui-$ -
Phcoer yt hmt( PE) Yel | ovﬁﬁef578l\/bl ecul é@“’ég%bes Al exa S‘gma St.  Louis,
488G een ﬂ':/51°':--"°n° gor—/-AAD (. V)t

ant i body i £ 4 y"'}:‘f\""""dea,d_c;eJ_L eNI%Tar Red649/ 670 M&%@Hlar_ab%fpb‘-‘\ﬁést
Row, Penr| é)%ﬂg@ﬁa ANVCARSgER50/ 450 [ 01385 F—‘br flow cvtomat r i| Eugangl Yrepen of

cytopl asm

HTCAARAGEID (dRed al bumin, ARBY65Q he

used without an

antibody for

elimination of dead

cells

Cy-5 Far Red 649/670 Jackson IL.abs, West
Row, Pennsylvania

AMCA Blue 350/450

[0125] For flow cytometric analysis of cytoplasmic antigé'ns (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 coantrols, were evaluated further for

granularity, size, and extent of fluorescence.

EXAMPLE 11

Determination of Albumin and Alpha Fetoprotem 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
celis). _

[0127] Albumin expression is comparable between interface and pellet cells, both in

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

in culture. This could be due to lower expression or 'proli_feration of albumin negative,
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cells were fixed and perneablized with 3% paraf ormal dehyde prior to

staining with the antisera. Cells were stained as indi cét&usbdRaS f or

i mrunof | uorescence. For analysis wusing 2 narkers, a second anti body

| abel ed with a distinct fluoroprobe and not overlapping in wavelength wll

be used. W%ﬁda?ﬁsﬁi s was perforned using a Becton Dickenson FACscan.

~Cells stained only with the secondary anti body were useacygsmf%ﬁ’éti ve
controls. In each sanple, 30,000-50,000 cells were assayed. Positive cells,

t hose wi mhn partsacheimal tallor Bbsevatieny drathe tilairesagditatos ¢hac both cohtsbutever wiseval uat ed

further f Ettengéf?g%bgri ty, size, and extent of fluorescence. EXAMPLE 11

Det erm nat'1 on ‘Al'bumi n and Al pha Fetoprotein Expression in Hepatic Cell

Suspensi of0I2B} ai RGP iErsoondhetgiresied Buthe [fRARG [isdldted pdilbi fadtdpeht akly t he

expression of. albumn and pha . fetoprotein i roxi.mal hepatic stem

cells andeﬁ{eﬁﬁ?cﬁﬁ (Ff %erﬁ?@%ﬁ‘%lsc h@'ﬂ%‘rﬁ‘“&’&‘?‘?‘%“t\?@é{g‘ tg?(&ﬁ*ﬁ’éﬂ‘.’“ fhpt ISP tially.

det er m nedxjrbaéd ichel@sl deit. AFRELD AAyd B aiMuiCREP i Aot d2epabrbhasiis dor oxi mal

hepat i c ern cell while the interface is_enriched for colony formng
e Eellsn Spleny coly

st
cel I's (primM§tacy&e i3 fultpgg) gxgiess pihymin bubnpuAFR. Dby easdd Bavei s

conpar abl @edpiubREihe cHidRidnd GRastib Quldft) Whicit Rhdsto sBikdisibllof jon0! at ed
cells and_after 10_days gf (&gﬁl tulrle. )Il—b\/t/gver, ?ﬁgﬁex%regs%ﬁ‘%{&ggﬁ!oﬁ‘i ni shed

in cul tur & 2Rl ddurdrenethe lew 8 ewerssie pr biasfagncadls speashis fleat AAFRois of
al bum n nggak th(ﬁl?ly'e’i re$@a A ST cofi0OR %)9&{39,7»%%01%’%{ RO ?ﬂ&?&biﬂon
parfenchymal cells. servations on the cultures ndlcates at both

cont ri but eondgiongithat syppert dreloferil AFP2e0prespion 28 pellaF pelis SSEOrarmltyrep dpyessed in
the fresh it | et i | 4 in the interface
Ccits, TS SINEAEE REAF ol B TR ok AR Gt UERRRel Dty oS o

i n col onybinding o aliymigor diphadfeseprdtein.cat o signdFis obsenet irdibt empatibresi N pel | et

or inter ce I / ILls.in culture express al bum n but not AFP.
This coul gﬁ%gk/e lrhegﬁ uée)fr}%%s(é%ﬁﬁgg%%%n i tl!'f”i)enosre ¢ %’P@E’F@S t@ﬁl r B)SURAPEh | eads
t 0 suppr esgiesseddf thafFeskly irolsi petict fraotian ndomnly weakjoawprested i the ihtenfacAFP

expressiopd.nrinterface cell uggest s, t AFP is never strongly _
expr essedaﬂi]frsi' f lgtésecog%' Fi W("Il—“itée. (ﬁ)fgﬁg'fm% tg?ffha%ﬁféﬂo%él’%ﬁ‘?@e‘iolkg’y&?]@cuI tured in

conditions that support prolonged AFP expression in pellet cells (STO
co-culture) they are still negative for AFP expression. There was no
crossreactivity between antibody binding to albumn or al pha fetoprotein,
and no signal was observed in the enpty |anes. [0129] The results of these
experinments therefore denobnstrate that AFP is strongly '

e
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expressed in the freshly isolated pellet fraction and onég meaklg expressed
inthe interface cells. This is consistent with the obs®® 4H3¥HA@hat AFP
is not expressed in colony cells. 26 August 2005 What is clainmed is: 1. A
conposition conprising an isolated population of cells enriched in human
primtive hepatic stemcells, wherein said primtive hepatic stemcells do
not express al pha-fetoprotein, do express Ep-CAM and are precursors to
proxinghg?ep?tic stemcells, said proximal hepatic stemcells being

capabl SEAHEYSr i se to hepatocytic progenitors or biliary progenitors.

2. The conposition of claim1, wherein the primtive hepatic stemcells
expr ess AC133 and  albumn, 3. The conposition of claim2, wherein the
primtitve hépSYPROSEI0R nsosmIrIsiE A pselited cBanyletipm taf reellg /eptchedyinohwmant prmitiye or
conbi nati onge f gﬁg@ﬁﬂ j ' ' € InEtive
hepati c st em]%:aglél Igtgﬁfcﬁlrlf’1 r‘rél;mglx%r ess flt\lli-i’é f(?%ﬁ/lﬁé ¢ %N%%gg &cqlﬁ?tgl? rg%%l‘ﬁ%,%tgél’o{&ﬁ’
conbi nat i ondo exeese Fp-CAM afidarcprpusirs foguoximalchepitio som whids; edich polvinad heptici ve
hepatic ste | e to .hepatocytic .progenj.tors. 6 The
Conpost t 1 on e eltSeebleealbRERE A0S oo nAEREHOE Vel irE I it piepdiony o

precur 8ors Wbe bothpasition gfradqgmni,twlicsein The gireitive tppaict stan cells edpadsinAT138h@bei n
t he proxinallhepatic stem cell s express al pha fetoprotein, albumn, and
cytokeratina 9% he conposition of claim7, wherein the proximl hepatic

stem c8l |'s ThsQopditRaSofEait M wheéthIBe phAMitR% Hephtidstdh1@1s @kpre@riytdkatatians
thereof. 9. An isolated human primtive hepatic stemcell.

8/18, cytokeratin 19, or combinations thereof.

4, The composition of claim 3, wherein the primitive hepatic stem cells further express N-
CAM, CAMS .2, c-kit, CD146, or combinations thereof.

5. The composition of claim 1, wherein the primitive hepatic stem cells are precursors to

hepatocytic progenitors.

6. The composition of claim 1, wherein the primitive hepatic stem cells are precursors to biliary
progenitors.
7. The composition of claim 5, wherein the proximal hepatic stem cells express alpha-

fetoprotein, albumin, and cytokeratin 19.
8. The composition of claim 7, wherein the proximal hepatic stem cells also express Ep-CAM,
AC133, cytokeratin 8/18, or combinations thereof.

9. An isolated human primitive hepatic stem cell.
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