26 August 2005 WD 03/078588 PCTI US03/ 07852 PRI M TI VE Al ROX{ HEPATI C
STEM CELLS FI ELD OF THE | NVENTI ON [ 0001] The present in YUty tes to
human hepatic stemcells, pluripotent cells that give rise to mature |iver
cells. These include two stemcell populations: a very pri m'ti ve

progeni t okyo gvsésms pl ate stemcells, that give rise to ﬁé HARbsshepatic
stemcells, the proximal stemcells that give rise to hepat ocyt es and
biliary cells. The present i nventl on also relates to nethods of isolating

t he human hepatic | iting proxi mal
hepatic stem cell sﬂmﬁ <2 S ’@ﬁﬁtﬁ# and commtted
biliary progenitors- Conpositi ons corrprl si ng ceI I's of the present invention
can be used for cell and gene therapies and for the establishnent of _
bioartifi Gt pQb NBRASISAND OF THE | NVENTION 1. Anatony of the Human
Li ver [0002] The p?fliﬂrrary structural and functi onal unit of the mature |iver
is the acipes) Vlﬁﬂls‘b'?esbﬁ iffcRfSh Adsibd e,nhdréan%g éené%lﬁlp\&%ﬁ?he;ﬁround two
di stinct vascul ar bed 3-7. sets of portal tri a each wth a port
venul e, héphgive 12&\‘<}f=tf@rma§!1r<:§ iwalhaelb bl hase dnedade tM@rstm]@ell pepulpivas:ya vermd with
the centrali v g tP piatk r [ plates .
i ned on %o{nﬁ glrbégésemb (Tlene tatr ggeééjbééﬁdt +esn$% tdg&ﬁﬁhéﬁqggéfne%h%f
si nusoi ds thehproximad stea:romllsg&bmsww rish tohlepploctted alamdll:averncerllal Thaspmsbrat ure.
Recent dat f | ocat ed
around eac &fo\ﬁ éonl%la?e@tt q}rhlb’g%mt ﬂg“m%ﬂ% @m%" he 15'8?@ talSH?tﬁa xetl%nd and
splice inaw tol”leolhmngqrrmpmaltmaﬂdmmghldnandmnmaﬁed lmpmmqgcq)rmhﬁtersmndm m | ar
to that of 25-1433) .
 t0008] A FerPr el bR LR ok o g s Sammort Bl B8 e B GBPHER S 1 r om
hepat ocyt em beaiskd ﬁ)lr oﬂganﬁrgmeshmes #hd féﬁthaestﬂﬂxldlhrhermbf BibargfiQalgagunz.at i on,
hepat ocyt es have two basal domai ns, each of which faces a sinusoid, and an

api cal (ﬁiféﬂtﬁmﬁ Fﬁﬁ-fl regi on of contact between adjacent
hepat ocyt es asa P onai ns conp&gt the bl ood, and are involved in the
absorpti ol ma conponents, while the. apical domains
formbile cana |cﬁf)%spem allalbthd in the secretion of bile salts, and are -

associ at eg)o &Pr 0%9 H}affgtr%étﬁﬁlﬁ] qgc?tﬁ!uﬁ \?32&1‘149%% tl\llrv:l t&ugl lhve{ dsu&lg acmt?sl ood flows

fromthe rtal ven riol’es throu inusdids to
t he ternm whichhegeisi sectiemisl ceganazmd likhe wieat p@bind weu nhsnrﬁﬁ visagasbed®0D3 WO

03/ 07858834?3%_{ 15%%8?&1%338 ée%ch 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 sinusoids 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 angﬁoles through the sinusoids to the terminal hepatic venules and the central

vein.



[ 0004] Based on this mcrocircul atory patter n,' t he acinu Grr%“\s di %i ded into
three zones: zone 1, the periportal region; zone 2, th st A4 regi on,
and zone 3, the pericentral region. Proliferative potential, norphol ogical
criteria, ploidy, and nost |liver-specific genes are correlated with zonal

| ocation ' , R, et al_ 1988. FEBS Lett. 241:89-93; Cupucio, J. J.
1989, Vol ﬁ@m%gél nger International, Madrid; Traber, B.?T/HWSQY?& 1988.
Gastroenterol ogy. 95:1130-43). Gadients in the concentration of bl ood
conponent 40004] nc|Radédhegp thisymgEmceiradatoyspattére, the aciogs, is dhddetiahtb awea goriehe
direction_of blood flow fromthe ortal triads to the central vein, are

r esponsi blzgﬂ (E))’rtgeé it OOV\i FRICY 290K 4 ﬁlgnfn‘4agwa%§?§'ﬁ51 ady3pne ST‘Q&PWQ&B%‘]

conpar t memegitn. oPrafferglivec pdiyriab morphdbgicdRARERNASIdS, ardoweMelver-bfreifieer i port al
zonation of the gap, |unction protei nnexin 26 _and the pericentral

Zonat i on dFresgra PRt e enelasus (sSheRonl 4 18, FRFSLAnah & Rhve 1o
such gradiGunigio, ar & IU39E Vol. &9 8p@iHeA lhtMAattnalMEddritli TMer, PPRE LS I193genes and
appear to be determ ne actors intrinsic to the cells or to variables

d by f
ot her t harfP¥FSaE %W PH 1_5%%%@@%%"? dhmetncentiion L hispdaprampangisto
hepat ocyt esoluddd &(ygé&ﬁtacz%ﬁ)d hBekiha, aEtdidwlnghAl 8RQkior ¥t BRdd 18R GonfRdot hel i al
cells, the regl_on etween the portal and cCentral tracts contains other cell
types, s@eHrlddadstqthe spnteal ¥¢ip, axuisproapibledpn some i Buezqnhtign, far examidaither ol es i n
pat hogeni Ge 88 LdRRPimeRfatibi6t S1lbRki ' L0 | PR | d :
fibrosis, ?)CI?JF? their dimreeélFl Iggfn%ir’i %{Siagagggblﬁhé%eﬁgi H%%\%e’ostgﬁagﬁ?uncti ons
of the nofftationrafaiieagap Apptiane prolejn sawiekin 26 aDdvibe aricsmtrabzondtien Hdman Li ver
[ 00061 Th i p syl t .of . - engce. diverticulurn
formed 1 Eoafi RUGLPPP, s ohEotle; o bR CPWLACRARLR. Ba o' e
spl anchni gepmsstitieypfemostThssué-spenifit i ggnesofind hppelre pabe ceeehingd bedhasrsaf t er t he
endoder nal I: j J ] ardi ogeni c. nesoderm probably
U1 11 br ofy e B 4T biTbTARRAS ot than i3S RV i BIFRSVEEMGH e
proliferal@0ahd pemndditian d¢o iapasodyles, bils dme hepitkeliaf célhe(chelphigitoytaspnmder sum

with ac ke frashi on r m the.liver | age. The direct

opi ther i apauteliffeehE o @hop b e bitfr d Fhudlbap Songigorerse tyees.

devel oprestchl asdtoaghs aaf Kujféer|ceNe These layi pbminest rolds @hpatékhis cotdidionbecone
hepat ocyt es ,ar,. chol angj,ocyt and th enestrat ed, endot hel i a,

respect i vgfg’.e Vi gf'?et?)%gy i"%' g‘éﬁ‘&‘ﬁ() §‘§’ptﬁ%%?qrcd‘5’§h%‘§’“%“9°’éfﬂjthfurmnj i

bl ock |'i vefain lbecedtafintendtions bi tishdraal digarf heagpapany ange of contributions from
this tissue. Early in its developnent, the liver consists of clusters of

pr oxi mal Qe etvilc St etmféﬁlhs boiﬁded by a continuous endotheliumlacking a
basement ferdr ane and apund Bfopoi etic cells. As the endotheliumis
fenestrated_endotheliu t he

t ransf or becone a, di scontinuous
vascul at UF@ Ogﬁs pig‘? LverydevREPy Y ¢ 5?“@ 25 e canysrgench of grlertipgium floped
- with. thefro@ tBScabllg Usiegt Q8 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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WO 03/ 078588 PCT11JS03/ 07852 producti on of basenent ne éﬁa}f‘; g@b% portal
interstitiummay provide the trigger for the devel opment? 094t F&%%uct s,
and as it surrounds the portal venules, hepatic-arterioles, and bile
ducts, portal triads are formed. Proximal hepatic stemcells rapidly

proli fer atypo oARgsspar enchymal plates are formed, probabl y.ipoffspanse to
changes in the anobunt and distribution of such ti ssue-organi zing nmol ecul es

as C- CAM 105 Agp110 E- cadherin, _and connexins, coincident with the
rel ocat i orPTeuctiRisef bapgmaen grembrapes. JFherogaigieesyietmey previds theytdggandorhone

MBI oW, RRRERveRpHEEST LRV QEAS Lank 18 BRTTIAAPRAIPULAIR! AGSA LAIBIREr Si st i n

the adult qui escent rodent [iver, and henopoietic stem have been
i sol at ed fanehilodudts. parall triadsuareformedl  Rroxima heparigrstqutedshipidly@rolierat  at .

1095, Henah@bagion, 28 48258 ok AOREhTIR lorkd HEah QL TR ok GIRC v o 117

at about dec , red to as oni
i nvagi nat idmtritwtios lo€ sucr tisacomgeszing makeulsy as éhﬁﬁ%rlﬂﬁ | Aggiti8dE cadtetie, mi dgut

i f t CGenet i &
boser opire it EosFEBhY B &RLE b fiq ichlion B bpsi Bus 0} 41, Bt Brm @S EAB arrbr yos
h?s ] bee P Eto: hleém)ﬁ&jmbtycxgﬁ) iRagantZ mucaat:i mﬁm?gg%homwﬁhmﬂpﬁéﬁmbregenﬁ&rs pBiBiEAnte nc odi&ng
a- fe rotein are ) r netics
EIii)e\I? el opmaﬁ‘? t@%s %rozi‘?'gﬁlﬁ?r and’ hemgB et AR Sﬂkgﬁf’ %f%e@ﬂﬂ:l?%@{/ﬂ(’ggf’@ndo)

209: 1- 10) .adhAFRmexpne smiingli¢e|(Cosbia e ks el Yegd. HepAhlegyTdguds-gegi on of the

enbryo ne senchyne that produces the heart on day 9-10 in all rat
and rmuse%qo&grsﬁ%sréf/géﬂ Toras) iny gnbiyarie ife  Harhoys dBpi k0a|fr=§¢rfe¢nt§|4§| e by E12

and is abouhbdomitnday Mi-aseEes, Wih B3 invk SRR, bmﬁaéa’alhlb@lmesa%m@lb%s' S
occurs with the first_ identifiable henopoietic cell ﬁgpearl ng by E15-E16

(i n rodent8yodgrRriopgied dhapifeptregion Gﬁ@ﬁﬁﬁb’(ﬂoﬁzﬁﬁ%’lfné?%a ot QPiniefein peak of
eryt hr opoicRsitis geoas;sr%t oa‘ SR ghlﬁ%fést%édgﬁm%? o&%@mbée@@% %' énfaryo%ccur ring

by E18 (| n rodents) and humans). At the peak of
er yt hr opoihaspeen %CH@VE%BMS’émg '-Gfﬂ‘t‘ HeBrdizatign [stusiing ﬁ@élWﬂ(ﬁWMmQalph% liver

and accou@gt%f;rg&mf’@'i:ﬁ f%@;@t K08 culten M&f&a&f HEL! BeVelbphfi. bYLT - The

end of the gestationa erlo 1S on nro ents s in
humans. V@ﬂﬂ%ethﬁuﬁ@%ﬁe\tﬂlqmmntai B@lmd@dmsi@fm??elﬁﬁbmﬂﬂ expomsbihs cdkscl i ne

dramat i Cala@’ob?éf%b hhﬁé mp%ugr ?ﬁx %{ R:g%b{ﬂﬁ?qleﬁtl‘ Ehe ?ne(sérgcggm% }eqaf groﬁuce%m n a week

or two (human ori enopol e
di sappear dearixavday §- Hilgraﬂtraldmd mouimelwbmrassaymmmvlwcxf\hmomes Kmovwsopitedlycause for

the m grams%tpe o%%g]%d%ea optoi ’?’h‘;‘%ﬁ%‘e@ﬁl"' b%ﬁn:gre are however two dom nant

specul ati ons. progenitors prefer relatively
anaer obi ¢ [(mﬂ&ljl t ﬂmp&raﬂﬂdherﬂmiesﬂfoctlhﬁIW1m tgé dfret identiffaBleli@r@poiatid eals( Whi ch is

oL RIS Pl s SHBS e SRSt WA YT v P
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

-3 -



specul ations that the | oss of the pregnancy hornones may E\%so bg 0asfa_ct or
in the -3 26 August 2005 WO 03/078588 PCT/ US03107852 mi g?r Yt 20 ‘
Postnatally, the | oss of the henppoietic progenitors in the liver is
correlated with a dramatic reduction in the nunbers of hepati c progenitors

and a par aVd gl7kddgrease in the nunbers and maturity o PEJ%I ({3@9 Eocyt es and
biliary cells. Full maturity of the liver is conpleted 3 weeks

postnatal life (ip rodents) and within a few . nonths (hurrans) By t hen t he
remai ni ng ‘WE{?QP‘? cPosstalii thgdoss of fhe @F@P?‘%Cal’ﬁog@ﬂ‘ofso‘“t‘%h\‘eé@ ¢tisldd canal s

of  Heri nowiti¥ &BmhitereBRAbA f1tthe AMARSS sf&&,aﬁéyﬁag&hs@eanaatplsu%nm.s&@ake friads in

t he peri phery of each liver acinus (Thiese et al, Crawford et al.). [0010]
Ther eaf t erthe ymbers aad Satungy efithe bapaigewenanditiary Fellsr Fullmstysity of tesslivenisi shed

Wi th each compleRdDyes %eﬁe{)dsﬂﬁﬁl RS (iR RREAl) YndVitRih é@tlﬁorﬂlgs ﬁﬁ’lﬂfhta triads,

each one having a bil an hepatic artery an epat n, and in
the cent erByatheiHerreraivial epdiistpreasnitecacs ai lodmizedviorthe Ggioms oPCatasofof | i ver

cells, i ii%nﬁge b thla ﬁoﬁm mbe%(?llmﬂrtl Elre? ttﬂ@ &%{l ttria i th%%egiéh%ll;yecfent er. By

convention ates ar VI ree pones:  Z0he ar the
port al treﬁdds%rmm (Ihlesemati&.‘a:awfardetah)d zone 3 is near the central veins.

The only lnoi d he |1V ar n,.zone. 1. cells are in
zone 2; g%ﬂﬂo@t rgg' fge oct %Sﬁlco?r !%C%lregftb f¥E ey éscFStéélﬁggggggeM' zone 3.
The patt eramnusbdm@delfmcdspngtha'aﬁww ok sats nﬁpmraammmabch dnle medgea bilatucgnds in an
apoptotic [o]¢} ss enti ation

557 Bse a2y RHSF Gty g beparic fin pre TR G ] Sorper et RGP RIBLe ¢ her e
are about vaﬁ)qa@ﬁ)OPpe@pf Hvd@@smn tikd spbeéls iher whdel, égtend BbmUh@periphdi§ o tHeanspl ant s
are curati ve ilure, and apgr oxi mately 4100

transpl antcgn W gypcé’r"?'%‘tt‘ﬂ’é’a‘g‘gp?@éf‘ml qﬁ‘”eﬁfﬁ infhese 20Bes: 436 L % neghte tordl ¢ ng

factors i middsy@ne 2 isanRiptiRe] &idizefe 3 5 deletha Vaitlapdihd. tnshe@fﬂydmn@ia kY& S
especi al | ven the copstraint that donor | | vers fo

transpl aniﬁ}& ' HH HWadR 2879 i WoerRo  SHS P i AeRe Zinand WﬁaﬂWGeP"éﬁH@dbﬁ‘"& n death

but not hedaildnudleste® tellsldry 84 Sorel 0 MTRAPANE| E&h1§ﬂ]2%§gé§@%‘%ﬂw nanRffRal
successful, although recent efforts to use such donors have supported the

possi bi | i t§ease 7R InanFRoptofin @rocessetSigal laiSn 60kl Didlercmiiion.of deat h.
[0012] Celsh.3sgpspl antation into the liver is an attractive alternative

t herapy for rmst | i ver di seases. The surgical procedures for cell

t ranspl anlt3 re mnor relative to those needed for whole organ
transpl antat ‘Eﬂ A€ t heref ore, can be used for patients with "various
sur gi cal rlsks such as age or infirmty. The use of human liver cells is

superior (U] yEachoypria tEF‘eUI“\‘Fé‘cFW?%FheEﬁ 31 Abqvh ATRP00 nseplabewittlived fst ent i al

pat hogens jivérf Ay, ahikr Otf'ansp]ants are curative for some forms of liver failure, and
approximately 4100 transplants are performed a year in United States. One of the
limiting factors in liver transplantation is the availability of donor livers especially given
the constraint that donor livers for organ transplantation must originate from patients
having undergone brain death but not heart arrest. Livers from cadaveric donors have not
been successful, although recent efforts to use such donors have supported the possibility
of using them if the liver is obtained within an hour of death.
[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.



human origi.n and could be better tolerated by patients a coul be easily
screened before use. 26 August 2005 WD 03/ 078588 PCT/ U 013]
Attenpts to performliver cell transplantation have nade use of
unfractionated nmature liver cells and have shown sone neasure of efficacy
(Fox, I. 3vo@borgdss 1998. New England Journal of Medici gy §'¥'§ o 22 1426) _
However, the successes require injection of large nunbers o

(2x10"), sj nce the cells do not grow in vivo. Furthernore, the

i ntroduct iTY¥H3b  <HsEPLHP P%rforﬁuﬁﬁéﬁel wansplantaiondiays ady ysg of bpfgactignatedy er age

cel I di amptafre 30er efls M haive sk dnfeAh&RulYor bIRAdY ﬂﬁ‘@f‘qeﬁc&y all QQéSD'NE\uI arge

aggregates upon injection, resulting in potentia fatal enbol1.
Nbr eover , Enalaadleusal of Mediging. @Sriéﬂ?(eéﬂﬁ)nﬁ;ww@gﬁhewcwsﬁ%ﬁ requifedinjee@sponse

forci ng p%qa? SurdtRyst R O POV n ok BEMRSHPRIOGSRINE, HulfiSinloRL, ofehe

remai nder o hel r | ves inal’ly, mature een
successfu Imtlgpdwéwo}ﬁ B'elzs@nmd arupnbers ©f rhapga matuediteogills t(a\eeuga cell diaguier 8¢+ t 0

coor di nat avai I it abl e r tissue aration of
cell sus pg(l’)l m h& 59 fcﬁgd %&r@’c?i‘faﬁ‘@ded‘ér i'f %D ?rg? HEEre e é‘P?"Eﬂ"Jg UPRi cal

t her api es rcséltmg'ﬁi paitiam fabil embsie! l@rdo@&lﬂakse%ﬂiﬁlﬁ@ laInSerRddEimAtundlogRAINAL | Ve
cell -based .t hera %g for. |.iver _ disease. Totlgfot ent stemcells are primtive
cel |'s t haf9tHAR SSPense EBping Retientsdp be mraintpiped @himmynosppress ¥ CugHion g5t er

cel I's wit Fenf@ider tdfameR Ngvel at ﬂ?"mali?atmaﬁ@é‘ 1Pk exiensl \veby saddsskigt can
glve rise to determned stemcells that can reconstitute a ti ssué or

tissues. RISPreygrvednand compligated dogdstics dreorrdeissd o epordinate the %Wéﬁblhﬁyo?ﬁ t he

| terat ur euiRBIcaveF ¥R8e, Me Prd}atatiof oPEIPRGALibfs and AR idRiABYe dfived t ' nal
tissues. [0Q015] More recently, the defi'hitions have been nodi fy

r ecogni zecﬂﬁrf?ﬁcé‘ﬂlca]rtheféﬂﬂa%ses of stemcells. Those with the potent| aI to
participate in the devel opnent of all cell types including germcells are
referred yo Biipbht SREEOLsSt em cel I's and include the zygote and nornal
enbryoni c ceIIs up to the 8 cell stage (the norula). Enbryonic stemcells,

al so cal | ah14FS" sesl bal,s a@@mlaﬁémmve%n TRORhes) for maual@éals@nﬁm Gteh dzved from
totipotent, normal cells in blastocysts, that 'were first reported in the

early 198@§m celly we | prinpifiyeeeslle that Ca@esctfﬂmlmtechr?» plugpatend, ivg pwdm davghtemce of
toti pot engyys WMo ufaft! dne e tHaFcht?te nQaeC‘i%néxPél an(li"?r{ %Ii&sltl&c sts, they

are able to resune enbryonic devel opnent an par icip the ormati on
of a nor negtermingd s¢em pellsitbat cam merenstithte adisgle ESisoes.| quw]dsthhatﬁaeatmgm

o rom nagtn IR TAREY RRECHER GIDHREE . Bhflos SCrhe R o dBEaE0USe

system has been used routi ne 'S W polcHe?notypes
(knockout epidéermah sgetesis) tlﬂsyesmer gi ng nodi fied

[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 cclle 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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ES cells from cuI ture to bl astocysts and then inplantin he bl astocysts
into ,pseudopregnant hosts. Enbryonic germ (EG cell i W show
many of the characteristics of ES cell s, can be isolated d| rectly invitro
fromthe prinordial germcell -5 26 August 2005 WO 03/078588 PCTI U503/ 07852

popul ati orwo f3079dssh ES cells, the EG cells contributed oy ;ﬁg
i ncluding the germ 1ine, Wnen injected into bl astocysts. 01 {i Recent

hi ghl'y publ i CI zed experinents have reported that human ES ceI | cultures

can be estPaBAiIeds PHENE eHEnthe HSF Fells coptribrigd tp sbimessgielydiog theharmt hese

human  ESiggldien M¥cilnbobiRGLek. i nto tissues in the hope that they will be
able to reconstitute damaged organs and tissues. However, ES and EG cells

are tunoril@Hfl c iRecegmit highlycpublicized @xvqwmn@chﬁmrrgmreédthhrobmsan HESaseyl site
other 't naRuhodd:Ah0 cofiftstild forh RLALPERNGL RS becn RERRIA i dlEn AN L O

i nocul ate uman S 1nto patrents Is unrea grave
possi bi | i B eslis @Iaeal:tE| injgcted: ngo dissuas uménerkmpw énat mey'ﬁulldmceabdmtmretdnsstuterrpasse

| t th | | d
cof T ed iapallcordl 3 RSt Bl Bk s B B G b BB TSR ERR) 11 ha
can then beo safehocombroadset dbsslin anty@n@a:heremr&n uleds, fepnainiPlepatodaft@iothas.s SoNe
neasure o ce n ge ietic progenitors. However, the
concern rfer ﬁoée %'he plan g’ 'inaﬂ%‘te E%“ﬁ'eﬁg‘s)cg?%mf"r@“g'&[ﬁ?ﬁ UFE‘S'EB% F‘EPBB'% det he ri sk

of tunori gesveglossibiiity df h:eeaﬁtig tuh@s iRt patemsl doeshetddhR @isPidipa®Bt somel N
summary, until research i \{el o] rren al bi ol og reveal s the nyriad

control s &Pt fhgPUTHBE f e Fjterapptngg t Y o Gdlte dinder ldﬁ’@“eES cells

will rerralnﬁcxeeweﬂmﬁéﬁ@zﬂrcbma&:ﬁl totb@éﬂme Bdtdrihidell tstekBcdiRRRat QX teh ibBisgiedy Prograns
"~ i'n cell or gene therapies. The only realistic option for clini cal pr ogr ans

in cell aMfcyaRkd mtp é’ﬁ%'i‘SesF?fsexe@Plﬁfs BICHIS SPRE MEESWUE SfSUSEISSNiganeGingh  t he
genetic patgoididic ﬂr§geﬁﬁ§f§r 'H&»@édrext Qh@ chrcBint B2y TR refdual &5! celly Rethe ©

Det erm ned Stem Cel [0017] Determ ned stemcells are pluripotent cells
t hat havecylast feud E‘éﬁetﬂl'Feﬁ‘?rk ¢fdpepiigenciinifethe cyfurgsorre fgeulpied injo ipatianéd nunber

of cell typ&snang daaveseemaaé%ﬁ)pg{ 9@1510188} eoéal aaam\sf}gc gdence

such as that fromthe tel onerase est t etermn m cells
do not, stheifetes 9f eeble dwingemiyaogenesip ekl @llsmlahremasn ahai cxppnmgeaiycowian have

I ess gr Ov‘mh iﬂﬂ’é 'flﬁfi’lJ cl&gtﬁl‘%l%p%nﬁﬁ FFP rt#gt% ﬁ'{ F%%‘Edﬁé% rgahsisc g]g,t}@% rise to

committed progen ors rce & plur i’pat
~restrictifyg Cﬂlhleairprwmm lmceﬂmné@nealhcxtapleaissb mgg daetérame:;l stesm gel]shepmchcyt es,

whose co enitars ref red.to a onmm tted hepatocytic
pr ogeni tgmc g%\?e 'cﬁﬂggﬁ?l D: rFsmcthlﬁ t‘rvl?’eag %dﬁ'éf"é’e r?ﬁﬁ tted hepatocytic

progenitors (giving
5. Determmed 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 progeniters (giving rise to bile ducts).

[0018]  The transitions from the stem cell to the adult cells oecur 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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rise to hepatocytes) and conmitted biliary progenitors (giving rise to bile
ducts). [0018] The transitions fromthe stemcell to th t%QQIs_ occur
in a step-wise process yielding a maturational |ineage in which cell size,
nor phol ogy, growth potential and gene expression is tied to the |lineage.

The net aphes osad7segi Ng is useful in defining the pr OCes§cT/i'3FtE/e7§é9U”9" cells
have early gene expreSS| on and the greatest growth potentia 26 August

2005 WO 03 C{J’i| IS03/ 7852 the cells late in the |ineage have "l ate"
gene expr & ?e ﬁ & JIRFIeF haye IPenREeFRprestipRe i usyplBORE Lgteddn st grow at

all. The lgajvah Q)EHBS]OG%fbvbﬁt ARNFhel @kEbiTs Qhfl be Londidlerd VIQILCR! biolbSLATE -
apoptotic, and ultimately are sloughed off. The maturational |1 neage

process W RROPIOtCaathlimalely aiendouehed off. + Rhe matusationah Hneakt guosessor
regener at ikQQidfd §atth Wikd%er fo;r'th%sh'ﬁﬁe +J fafibwd Fort Jageﬁ%}aﬂ&’i afig R.L F

mat ur ati onal process. The maturational |1 neage of e rapid
with a corffsesdliffoydn teddneties¢fts mautatignal pm«:ﬁsaTheeiat;uratlloaal lméag hétﬂel ver is

3} O 0CC 1eld 18 Gpin¥afhl YAt Aork e LofE bech oI 1ss Pl Slceic[ B TNELR 1o @

strong cl ni'c connerC|a eres isolating an
i mmat ure plovgenirtiog, ap@inl the fat brerlis abent dygeause of the inpact that such cell

| ati I di .Th
o ogeni t or N o dHE 1A hARARE s Bl ST BER s RR i Rae

short com ngmatamcgeattmobem frhmusver Iﬁﬁ‘cambﬂt}ﬁ ilnpa that fch Sell g@sddtiohadyabove.
The ceIIZP emnlmzm the formation o | ar ge

enbol i \sin %%gmhgelﬁ‘feg ]dﬁg%fgs é’g? Bifs? \}?p‘btlcd%f’ﬁ"ﬁ enfsihpndgenn tegepisiat f ever

cells ar ecameﬁiﬁﬂnd‘ @fany ESFOhS tshbredoin@ilzs Odssddia@d withSEddofl Matird Hhvbepds Final ly,
- the progeal tors have _ m ni mal antlaenl c markers that mght elicit
i munol ogFeal bedAbo¥s i B¢ G5ild dredimY Holemntkerelqre minigizipg ths formasiopfippr essi ve

drugs m ghirgndRedeD, 11 celhssfﬁb@éma@we ordvitl E’M%Q.ilﬁ fn WQ@&L %1 ol ation

b
of liver progenl tors fromliver novvn tg ttf):e an ext engi ng
task due Pepdedhdorstrspnstitydionfof rfmek@s%wtlnan ppiéest.t | Kiedlly, ﬂ@l e:@gcrﬁtors hdveer cell s.

L o il fRlpenie BBt & 3b o8 MlnIRLGAcA T DERR TG SOAGRIART > 27 ®

t hose nonocl onal “anti bodi es t are prep ar Ions of
hepati c ph%lg@nm agunagediressl vodrags migbt lbfsnﬁeﬂed sol ated from hosts exposed to
oncogeni c insults. These antibodi es however cross-react with antigens

present ig, h@dmm(ﬁ-th@erqq.b%&m{$0021] The termoval cells is derived froma
nyriad of studies in the frelds of carcinogenesis and oncogenesis. Aninals

_exposed t ROSEN Ci BREHS rh&?%P%eglg&ggﬁ%chvérnissukﬁ& et{l §nce§ggmgr amatic

| oss of nmature |iver ce e vari ous 1 nsul
secondar i ¢thpllenginatashi die to fthessiraltdge of Inaskefs7thdtpagitively selea fadt kvey collst The

oval - Shap&ﬁy Q:'Jgila%ie Qtnl%odies for candidates of hepatic progenitors are those monoclonal
antibodies that are prepared against subpopulations of hepatic progenitors, called oval
cells if isolated from hosts exposed to oncogenic insults. These antibodies however
cross-react with antigens present in hemopoietic cells.
[0021]  The term oval cells is derived from a myriad of studies in the fields of
carcinogenesis and oncogenesis. Animals exposed to carcinogens or other oncogenic
insults experience a dramatic loss of mature liver cells (killed by the various insults) and,
secondarily, expansion of small cells (7-15 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).

.



beari ng markers that conprised both hepatic and henopoietic ant]gens
(Gishamand Thorgeirrson, 1998). The studi es on oval cBIANIUp o the
hypot heses 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 tunor cells. The phenotype of the oval cells
varies in subtle and not subtle ways depending on the oncogenic insult(s).
-7 26 August 2005 Moreover, they are known to be readily established in
cul t ur Mutpavep theysie dingwn fie de epalily restablishernin cotve Miithens . sp@ial Geedstyarn madius.
Thor geictd&@Rs. (1R nadieRpE | Hepdli : t edi:L,0r
Academ c Pr ess(, %N%%Bas%dﬁg%ﬁﬁg&b%ié r?#%ﬁs%ﬁgb&gnm s%{eﬂzg?@g %ﬁgtrteé}t dééogzi ng
some offcpds@ic Eress, I e Basedeqnj thesd findings ahd on sidige sharadterzingreome f the cslladines

real i zgghideiaton .kh\ée(fnctgééfﬁ‘a _rt&al?xfeﬁts,rrﬁlv@ag rx‘?a'ﬁ%d?/ thhi GNP ttt?ﬁcﬂ'? g IME%‘Q% tt%}ﬁbl?f%ﬁ.
that oval cells are partially or conpletely trans or med progenrtors Vi bel
|, Fi oPrageniars angthat ovad cellgrage mutiallylavicompleiebrt tyaniforneddgregsnitars Faviticbh Fadfrino o,

hepat ongjic€! hnd REESLANPhdnl - 2k I ' f: xpression by
i T e ORLS: dnd, RAESNES Phapb BFR AT BREHLLF of TOHEALYR Lo Jifs Iy SHELFSRARE Y
have bé&wHlaHemriel gene expessiendty differestiatininragertie DhilfretindonBo e o199k | |

popul afg@ sug 3 r i .at | for
gene trk[lerg}py of tg Ehgﬁl i\}%%. &%n S.Se Ill;‘He)ltﬁlte p\légsé% fakx%@%#h%h@%%u{yg§e1§§%ulutag§1?d et
al .) ufigepsad ey the ypashresatier Rapplgtiem fr sl @nd gertet therapyl ofithe ivomet. rSy Pab Nos
provid LJye [ bt lver pL ' atic
el 1 s g pemr T8 A0 AR P b e o hrftE o OB R o oo B3 by
sel ect PENide grdefipsdatubpapulibpaini the Praschubpomuatingd oftrailespetic @t bokddem sokeil iy
agranu ap] - |14 _ tl [ r .
AP pos e IR eET b ol PASVL MP i S Bolma QY AR, RO e
mar ker getectideas byieg)agtapplaragells ibeasing QUBpoptteatavenselidenigest matlerp AP msitizg,
char actBihstdoCsivd t et SOV At i 0N anthy i tifjcati i che
Popat i o ur By, TR Kt R3O SR () fAT ikl 1R BrecBPE' B0
devel oprbrenuasigss demongmfeapartivylaheharotetigtion tinortpxt oy spktior and ideatificationy ofreridedd t o
treat H&Ja{i@é}%gen%ﬂsﬂolniﬁ{@eﬁnﬁueﬁease or dysfunction. The present invention
satisfies this need and provides nmethods of treatment as well. SUMVARY OF
THE | NWORATI ON [ 0dhus) thigexisis @ sieesk toidavedapt eshods of plptng tehap bermtic progersiotsi thas
conpri g [ | At : ' i d PrLod-t]v
nopat | g P b 7 RebRn B Bk} Bl or GRSIOR TeTEG il B hotd
expr es3ndroyides metheps eftivshtmentds wellpr ess Ep- CAM and are precursors to proxi nal
hepatic stein cells, said proximal hepatic stemcells being capabl e of
giving rise to hepatocytic progenitors or biliary progenitors. |n another
aspect SUMMARY QR m&m{rl@m is also directed to an isol ated human
primtive hepatic stemcell. Another enbodi nent of the present invention
is a coni)osi tion conprising a human prinmitive hepatic stemcell that is a
precur ¥8#4t o a prlepdressnt inggptien i direeed ot ¢ompheifien ewprisiog pr Gglated tpopulatipn of
bi |i ar yenpLAgfBd t@ﬁumanE?ﬁniWatﬁrétéﬂ e wRERRLL R ﬁﬁrﬁmecl?elphicogtentl R&s V&Rt 1 on
may expresse ep-CAM AC 133, and al bumn.

express alpha-fetoprotein, do express Ep-CAM and are precursors 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



[ 0025] Anot her enbodi nent of the present invention is a conposition
conprising a human . proximl hepatic stemcell that is %B-ﬁ'l‘g}l?ﬁ?g% to a
hepat ocytic or biliary progenitor. The human proxi mal 8 26 August 2005
hepatic stemcell of the invention nay expresse al pha-fetoprotein, albumn,
and cytokeratin 19. [00261 Anot her enbodi ment of the present invention is
a nethod for isolating a human hepatic progenitor conprising identifying a
cell that expresses ep- CAM and AC133. The hupan hepatjc . progenitor,

col at JEP1 THE F1 ctche koAU Y oraat oo SRS, JoTm G orsBs 1S

PCTI USQ@U28Y 852 expnthssasboainfatindMhe prdset vakied sedn@Rdiori [¥8Bting0f minlk@ HepRisent

i nvention, the isal.ated . human pati c progenitor y be a_stemcell, .

pr ef er AB1E&™ Orpctofrw{]fl?g/é(%ﬂfé‘%%i ¢ cglf t(f’éPI}%SSB? e&'CA&[ (?Qng_r%@g’ﬁeﬂi?i}-’(?mé? dispatis) | .
[ 0027] pAspehitve isolred bdihe®rkendmethb@ppfea®Bnt | nvention is a nmethod for
isolating a human primtive hepatic stemcell conprising culturing a

m xture of cells derived from human liver tissue on a surface under
conditions which select for a hepatic stemcell with serumfree nedia
conprising a regul ator of carbohydrate netabolism an iron carrier, and a
menbr ane producing factor, whereby a colony is formed conprising a human
primtive hepatic stemcell. In a preferred enbodi nent of the present
invention, the isolated hunan prinmitive hepatic stemcell nay express

ep- CAM AC133, and al bumin, and preferably may further express -
cytokeratin S/ 18 and cytokeratin 19. (0028] Another enbodi nent of the
present invention is a nethod for isolating a human proxinmal hepatic stem
cell conprising culturing a m xture of cells derived from human |iver
tissue on a surface under conditions which select for a hepatic stem cel
with serumfree nedia conprising a regulator of carbohydrate netabolism
an iron carrier, and a nenbrane producing factor, whereby a colony is
formed conprising a human primtive hepatic stemcell, and culturing the
cells fromthe colony with a devel opnental factor. In a preferred

enbodi nent of the present invention, the isolated human proxi mal hepatic
stemcell may express al pha-fetoprotein, albumn, and cytokeratin 19. In a
preferred enbodi nrent of the present invention, the devel opnental 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] Anot her
enbodi nent. of the present invention is a nethod for isolating a human
proxi mal hepatic stemcell conprising culturing a m xture of cells derived,
from
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human |iver tissue under conditions mhlch sel ect for t|c n1ce||.
with serumfree nedia conprising a regul ator of carboh?%ﬁ%ﬁ@s bolism
an iron carrier, and a nenbrane producing factor, whereby a colony is
formed conprising a human primtive hepatic stenlcell and culturing the
cells fromthe colony with a devel opnental factor. In a preferred
enbodi mBx 03¢F8s8the present invention, the isolated hunmeorpiexsgl hepatic
stemcell may express al pha- fetoprotein al bumi n, and cytokeratin 19. In a

pref o1 1l EBROHLIRRL 0% D] GREBYe G O Ey IR E) RIS Gl f 20t o ey

be provi secon cel rably an
STO f eebhanarld'ebdtl,c pageratod m*ajnbé a gtbm cdl Ipreferﬂjiy aapmhm@emépaﬁ«ed:tém cdl d}@ August 2005

WO 03/ 0%1%?%%! Eﬂ;e§03{c9|?852 [0030] Another enbodi ment of the present.
i nventi Faced primtive hepatic stemcell. Yet another

enbodi nE)(WJ]of Ahahqsrrestmiﬁmmmwﬁrﬂw Qifest® @Pentisn|iftCthelddBOr MWoihg®al hepatic
stemcell. BRI EE SCRI PTI ON OF THE W NGS [ 0031] FIG 1 denonstrates
col ony d?ar?a‘fqnblﬂve CRAYG SEmcCell fomgrging pullHiag A mpdge of calls desiyed fiemymal cel | s

on pl ashimandives htrs&: @a-y sukfacd OfdePadiigona MdlicRayle& ff)BQBé;Qm: E’l@ﬁedeﬁ with0032] FI G
2 dermnstratfes (o]o] formati on on plastic culture frombDay 5 to Day 14.
[0033] ¥EfE-se g ﬁ% PRS2 Hiaiy oberkaivdrieanetpodion; e wen ¢amia, ar{d0034] FIG

4 dem%ﬁl&ﬁbﬁﬁe plodidg¥@c®f, uﬂﬁ*&?)‘ CSQH % 0fnddl @ gm%(arhumapfy vef oW 1),
CK19 (row 2), ep-CAM (row 3) and row 4) 35] FIG '5 em)nstrates

st ai ni n‘&PFttFrS‘%F%H'% P'@fﬂf{edreéﬁoé‘ﬁ‘cb’l %fé't‘f} Efei‘reﬁhn@@ltm&hamlatmn(top) and
AC133 (hififi@Mepatlc
piati@Mopud- O30 kol hizy RpARTOPEALEYRAS Bl MBInin® Hhd BoRrBly LSRR

stemcells after 7 days on"a STO'f

1), al SheEFetBpentia s ewbwtwrauarm CK19 (row 3). [0037] FIG 7
deronstoeiss LARMEEIRBITAL oPindtpfiolOnnElL o STRNES: ThoMmAlasti e cu ture

and pl at ed onto a STO cel ayer Mofist rat e
er upt i dWEn peefimg Hepoin tére Celblcomgﬂm auituSiTOa frpeohes of tezl};eienvefd)ﬂ@ﬁ] FIGS. 12

and 13 iiEaRASLRLE diiSuRaEd SRBPGhalbnd TRk SRETTS! Lo i ol WRHTBN 11 ver

serum-free media comprising a regulator of carbohydrate metabolism, an iron carrier, and
a membrane producing factor, whereby a colony is formed comprising a human primitive
hepatic stem cell, and culturing the cells from the colbny with a developmental factor. In
a preferred embodiment of the present invention, the isolated human proximal hepatic
- stem cell may express alpha-fetoprotein, 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
 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. -



[0040] FIGS. 14-18 denonstrate the isolation of a subpopul ation_of adult

human |iver cells co-expressing al bunin, CD133, and Ep- g‘fbm FIG 19
depicts the growmh curve of 9 stemcell colonies from3 livers cultured on
plastic over a 3 week period. G owh neasurenents started after 12 days in

cul ture. shows that the cells grow with a doubljng. i of 5.2

days. [OOWO@%@%O depicts Western blots of al bumn (%EW?I"{.{)J& gr oup)

and al pha fetoprotein (AFP, |ower group) expression in freshly isolated

fetal |ivdPOXRI | sAnateer gmbpdignent ofedhe prosstnt sxyawtren is ah tl&sriadﬁdmnnptlwshapanc

substrat ung hk cel ] ctions .are shown
CI'II; (Q‘:@H’%]:t A!’IBI p&nﬁoﬁirﬁnenﬁ'@f"fﬂe ﬁlregﬁphﬂ’ t(i\gélqcorr 1solaléeﬁvmanvﬁox1 ag

(P and. |) Dbased upon centrifugatio roug elleted
in the Fidepiticaresn edlsi gnated P, and cells that beconme |ayered at the
interface between aqueous nedi um and Ficoll are -10 26- August 2005 WO

03/ 078588 giHF] ﬁfﬁﬁ(ﬁ@ﬁﬂfﬁk‘iﬂyﬂw&ﬁ g single mddle blot shows the
e

al bum n and AFP expression I n puri colony cells (primtive hepatic

stem cel | gponay! t %@dl%mghﬁt%ﬁés Q:olfogf f(ﬁm\rﬁﬁ&kﬁn TZJQEC Edi frg%rlaqncffégr}@ a1 Shows

control lanes in which there was oteln n (ALB)
or al pha rreneyel eplts qnarmyic stllamﬁaaﬂ‘s(TOIJ(I’atng}) afd Payi Bavowdnélpaded i n each

| ane.  DETABED DGR RLLON.CE, Then) MAENTLON, B ELY R QAL 0004, 1 the

description t ferme’ Braiuee
descri be tlde invention. In order to prOV|de a clear and consi stent

under.st ang} of jon and cl a |nclud|ng the scope to be
gi ven sucﬂbt FIR?'%d Ho 5%esncot[°nef FhaﬁrﬁrlOB ga”tg?%h& ovi ded. [0045] CD.
"C uster 600361 f f éll@ns |damOmu’hte®|sta nirgrofoeldhgt @ lliron pliklic A% alteesh ewel)n refers

to cell | ec nj ocl onal anti bodi es. Expression
sone ggs@;mwn%pg’cﬁm( ‘rz’?%?ec* ﬁggl}{&;%nggrti cul ar lineage or maturational

. pat hway, #0351 he FIGxp demsisatted stadidpeios colafic€sul@esOsiipladict for EDe4s bt e of

activatio lagzltlon ﬁ3 @fferentlatlon of the same cells. [0046] Cell

Ther apy: Ph gk 89} m "cel | therapy” refers to the in vivo or

ex Vivo teo3sf er Fofs. dledndigtlatesd prirhRp vhiaire @f‘ﬁro&dﬁ&@st@n% c@ﬁsﬁt&@h%%sa or

al | ogeni c t |aI and transplanted to, or in the vicinit a specific

target cePl deg layst staiping f@eﬂ”l"%“%ﬁ?“’b‘é’ alphafgioproigie GawiZ ﬂa%?Ké&(l[Oafbl e
nmedi a, cappier or diluents, or any type of drug delivery systens

including, mcrocarriers, beads m crosones, m crospheres, vesicles and so
on. [00377 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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They can al so be used in a bioreactor in which they provj de critical
functions and the bioreactor used as an assist device f<" WT s with

| iver dysfunction(s). [0047] Conmitted Progenitors: Hi ghly proliferative
cells that that gives rise to daughter cells of only one fate. A "biliary
cOmﬁttedvp@@gﬁggsgor" gives rise to bile ducts and cany E%“%@@Q%zi zed

antl genically by the expreSS| on of cytokeratin 19, but not

"hepatocytjc conmtted progenitor” gives rise to %ﬁggat ocytes and can be

recogni zedesigitsdyle nthesmele Biddicriloteshga dhej apmigrpn &xpyassian, in putifietot

cyt oker at icgioh§ celgrtﬁnmﬁﬂmﬁaﬂ'@E&Em@eﬁ@%ﬁuﬂe& Oﬁlgfastij %%dTﬁ)Jhgn ?{Frldecm ar

| evel . Rather, it 1s recognized to "have occurred only enpirica when t he

fates of @@nglshoymcentiellansniraviick terehuas e@heralomr@@eéblsdﬁraiburﬁlﬁmABB)@ne Ther a
As used { t. n vivo or ex Vvivo

transfer C«;i?lﬁ] gét%o%ﬂgéﬁg{ﬁnd%g?gml L%I%rf?wfem (V?lé Egéedtugir:z}cgﬁangel I's of a patient,

t hereby - 11 26 A ust 2005 WD 03/ 078588 PCTI USO3/ 07852 altering the

genot ype dMEE CRIPTHPN EHSTHE) INVENEIONe phenot ype of those target

cells for the uIt| mat e purpose of preventing or altering a particular

di sease stlatRefiniions can i ncl ude nodi fying the target cell ex vivo and

introducing the cells into the patient. Alternatively, a vector can be

target ed t[&)“l“il verln ghogrspiintion thal fodlown, a ymbarcof detmisvase ustrk extensdgbneus

genetic n%é%hb@'the%ﬂ@enh&?nﬁ'f &Qkr o oﬁﬁ«g’g%ﬁga{' %(ﬁcon'szglrcﬁmdg&&%dmg%fl% ically

engi neered progenitor cells can be used in a roreact or as a hera py for

patients @peciicatigpand elainfis, hicdiding ¢hel sqopo delde sgivehssuchiternebe fthenfdlioeingst at es,

t he under ki NG RLEMy ?‘g ddsS that these therapeutic genetic procedures are

designed to ultinmately prevent, treat, or alter an overt or covert

pat hol ogi ¢d45tondil:i &Elusten ofidifferaitintiat’” @an&ominva detdninfiah® dshaedpadini ¢ goal

of gene y. edur S ks to alt . the (o] e .of ecific ar get
cel | popu%&%gﬁ Ce’? elf)cé'tfiscret%"fzg BX 'EB'B%)E)S% ﬁ%g‘i’mesof Prgstone %flt | s which
i ncl udes IaepaC@s;arae@eaﬁd forb:lells aff y pa€ikhisr lldeﬁngQ]mhﬁﬁaéﬂac pRERGEANd @es: A
subpopul ation of s, these &fe}l | s (g“l mat el y agl ve rise to mature

par enchymaf " ¢8I 'S f)ﬁg’? V&%W?%@“ﬁé‘b C%Y?Ho‘blpP?‘ o differentigtipd  hepati c
pr ogeni tObEthblmhufkﬂst he follow ng two subpopul ations: (a) hepatic stem

cells and O%H ted pro enl ors. [0051] patic Stem Cells: A
subpopul af9%hR! of 7 PP, ‘hFﬁ‘ET‘h&P‘hﬁ'efaP r Tefars fose e 9tc st em
cel | s andx Vs @uhsT@ of Hepaldi cen %ﬁﬂm&lghﬁea ad onégtl)log&?sc&ra‘ﬂgécmmaﬂdﬁﬁd herein,
the term"” l[i)‘{ecursor refers to a first try _

and transplanted to, or in the v1c1mty 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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that gives rise to a second type of cell. The precursor |re®él y give
rise to the second type of cell. The precursor my al s& %?/ st2 to the
second type of cell, through one or nore other intermediary cell types.

[0053] Primtive Hepatic Stem Cells: As used herein, the term"primtive
hepatic i s" refers to hepatic stemcells t hat to
pr oxi mal hepatO?%héstem cells. [0054] Proxinal Hepatlc Stgéy@%ﬂ:’s{()%zAs used
her ei n, the term "proximl hepatic stemcells" refers to hepatic stem

cel I's t hafllgingdhs geetyeeamfbﬁafr@éwé@nogwl%ma the phensivpr of these taggst palls [ 0055]

Liver Cel k& mésusRd phgb! & p&banhgromméﬁn\g% GEbhE dis&5858te! Thil dant YPE Of
cells present in normal liver, regardless OP their origin or fate. [0056]
Stem Cel | #hcluds medifyingethe; taczek pedl £ vive" andeinirediicing” the ekl gnto chéhipfiiny
proliferatyug | I than one
Pare, that Caefeny S Bk if e dkicl S Gl oplpalt Bt oy B ML BE

enbr yoni cemgemv@egwsﬁo( E@terie] lasd tmnsfea ntbe y;mmgemtcu’el IEurtmrmmret gtmeﬁcatlgl | stage
of a na f-renewa capacity in
i oh ¢ ne e Rar A TRp RS CBE b 1N B biskAiod sron sy Tob PR ¢ 127 26
August Zowrmmblﬁg&ﬁaﬂod«?%I U&@Eﬁ@ﬁﬁﬁﬂicaystamm}reamdaﬂﬂ&g @Edmlfbed tsdrem cel | s,
such as h ronal , skin or patic stem cells are pl uri pot ent
and have %ff%ﬁ‘%ﬁae‘*“%& ﬁ%%?ﬁ PLgSAETY §° Sﬁ?gﬁ%“‘aﬂ’égﬁh BHuEbdrek of 2l dheya|
capaci ty. ovent drhevarq&&loﬁfgndabédnﬂﬁkﬁnln ﬁxbﬁmwaﬁbﬁ@hemﬂﬁatéﬁiéﬁabétﬁ{c goglldfs are

I denti cal tohtheé}ﬁ an ci] conm% g%spemflcfate(s) restricting
their gen8tCd"PHYIRIF Lfrest’ét‘i tef thephenofybe oF srseific t41ggt celheenslatigt ' s. 1 n the
case of dgoes nerpsicneIkelA &bpﬁmmd@uqbéreénmﬂll:ﬁmcrue&saﬂe?a@é J4@t ency and
sonme | ose |t ?mﬂttlngtoasmgle specific fate. [005 en the terns
"one," " abiiaggcells n ar e used in this disclosure, they mean "at | east one"
or "one O[o08BY €, HepatEPso hﬁ%wjﬁeuﬁpeﬁma%e& stefn cé,iﬂsaaiagé&élﬁ Mﬁ% ays For
Hepati c LI neages. -fetoprotein (AFP) and al bum n

cyt opl asnB¥e FEpiemare %ar@cheeﬁec@llemaycmnsa Pl@tWR@flé biligry ¢Fé1§atThe | i neages
when assapgidfropfbfR! iRdudd e IARMRAS © @M&%Qhé‘@a}%?étﬁ%snﬁ QLfiB,Qf these
proteins are expressed in henopoi et%c progj Itors are not transl ated;
for exanp(td commited pragenitasy.m of AFP nRNA differing fromthat in hepatic

arternat ol 00k Repue el LTS pEPAARE S ENERR el PFE o <o 1 1

pat ent ap‘p‘nrgnmatfﬂ kepytic steTimealis? @rlce“prcvdmaléwpatescemilsﬁ these two proteins is
the f oundﬁ%sﬁn F BlechdGR! L&fsluggc{ ﬁe?-&n,otfne Eerllr% “precursor” refers to a first type of cell -

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

oy . [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. Totlpot:ent stem cells, such as embryonic stem cells (ES cells) or
“embryonic cells up to the 8 cell stage of a mammalian embryo, have self-renewal (self-

_ mamtammg) capacity in whsqh the stem cell produces a daughter cell identical to itself.
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hepati c subpopul ati ons fromother cell types in the liver. Wthin the

devel oping liver the presence of AFP and al bumin is recSyMBFeR¥WS a strong
positive indicator of hepatic progenitor cells. In the earliest stages of

| i ver devel opnent these cells are capable of producing offspring that:
enter bot (41 and hepatocyte lineages. If these daughter cells commt
to the biﬁwgpyhg%%eage AFP expression ceases. However, 5§EUﬂQBP§%Sion
persists in the hepatocyte |ineage until the perinatal period when it is
suppr essedy tmawitndgtermiried siem @liprsess asocmagpotie refirohileskin bonbdppiad stem
characterigfi cs 1 adul t hepatocyte. 3. Processing of Hunman Liver

Pr ogeni t orcgﬁs[' %%giun?ﬁgmi agl(lf)il have (%%e?)sfw oy E@af'gy Egtu%ﬂvgﬁuFﬁWB%egelr%nzynm ic
and nechanerealal caphcigobi the caa obdfotipbienttsicastss,i soin® daigh@r eclzedrd idsntEpI@BS| ONS

fol |l owed 3?{ fracti gnati on w.th der}sift% gr adi ent centrif ug[atj gn,

cent ri f ugdl'® R UEANESPBR, COGITF P SRFCITG FAB(SE (PECTRE BPipeLtelio ROEHIbPRBI s (i . e.
hepati ¢ stvelidhdib Ges€ elah $e, parteld. Oy thé EdSe SPARG IR st dills GBIk dsushl-HESIs( T evi ewed
in Freshney, "Culture of Animal Cells, A Manual of_ Basic Techni que" 1983,
Al an R Li $8@in plygipoteRsy) andjspge osg it LOmBitiag s ipgie. aPF&RF fRicom a fetus, a
neonate, goos7nf anWndnthé teims Gond,”yYa2lor “S thke u&d@#tﬂi@di&&oﬁﬁeﬁhegmaﬁ @puberty),
or an adult (beyond puberty). Density gradient -13 26 August 2005 WO.
031078588 lgaetmgisersjoang supose vpless eibawise ihdicgtedr ef er abl y used to fractionate
and isolate different cell populations (e.g., hepatoblasts). 4. Culturing
O Proxi mal blapadstie Melrk&s @Bk HepARCiLimb4lRE. Progeni tors (0060] Proxi nal

hepatic stemcells and commtted hepatic progenitors require enbryonic
liver strqogss) f eeugKaSte@Bbidi S bl Q1tRh, U Bo U RRIoBABRICE $rotidd) Fem xture
of defined hornones and growth factors [1-6]. C onogeni c expansion and -
pr ol onged SSRYgirHY ésfishieamykery & heppticolineagss whea aspaysdl malprdteipnt Messsegam cel | s,

of conmi t tRegh i I i i : ur if the
enbryonic |i Vﬁn@%ﬁﬁ%ﬁﬁ{aﬁt}( %&jﬂﬁg?fgﬁﬁggmtégﬁ%ag??%ﬁd%sg% i\/ﬁmg{cﬁ]%g&ﬁ%)éﬁ‘lge gr&gel s in
conbi nat i &Kt 4P Rpf Eenslatedinior exaaple or yasiael foym ¢&AFR eeRN drgiffarmg Soppthatrient ed with
nsulin, WEARSICE b rdnfaciiith: RE BleCERR! IV ellSaOGREdbEONRh bifler an B! 1!
t hese conditions support a diverse range of progenitors fromte aF tissue
and evenekdl by tWoexensi Ewboh, Sipmh end Redubtbruitéd; ssp7ih, pattnf fpplientonondi ti ons
are neede lec f rimtive h i em cel |. . I splation of
B 4 ve RESieRe (presfby bR n T plohfs i8I PR ifslfcaton OB, Dot ho
of i sol at hegptipsubpopuletéonk épat dther St hgpe @l the liferoWithimthe déveltpingtlivesthe

conpri si n%re@e%@i: ¥)if P o Lllbu%%s'sergcsoiggfze easr iavs r%né rpgsrﬂixlrei }%%gcator of hepatic
progenitor cells. In the carliest stages of liver 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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tissue, preferably enriched for parenchymal cells, to a plastic_surface and
subjecting the cells to stringent culture conditions t Agust?iit e nature
liver cells, the proxinmal hepatic stemcells and the conmmitted
progenitors. Stringent culture conditions include the use of serumfree
medi um SURRh PRMsed Wi th a regul ator of carbohydrate rre{,gﬂp%dsﬁ,%s a source
of iron, a nenbrane producing factor, and preferably an anti-oxi dant.
[0062] A preferred regul ator of carbohydrate netabolismis insulin. A

pr ef er r ed cer{Biigaiongs prefestbly used tmfractionatt and jaclpteatiarens gelhporvtatines fsravduci ng
factor is h@pa‘i&lﬁ&%&i tion conprising one or nore lipids, nost preferably,
free fatty acid. A preferred anti-oxidant is selenium The serumfree
mediumis preferably further supplemented with hydrocortisone. The liver
tissue is dprevlyring Of Broximal dlepptioftem €ellsAnd Qthes Fregepitorsn i nfant, a chil d,
a juvenile, or an adult, and nost preferably, froma fetus. [0063]
Primtive [(90ht i Prexieph beatie stane delo| adecorupitied | hapation graghmitdrs wequiter | ved
cell sus ' ' | owi.cel | densjt.ie e.g. 1000- 2000
Gl 1 s/ oy SAPRIRR IR Srchl Rl B 1 96 BAIGR sy rerle ofil:  Eiireor

pri m ti ve ofelpfddchanemscand| go¥thofuctobsu plaéll. IGlueigenibicepansine apd grolosgds t o

proxi mal he i.c stemcells. .These.primtive hepatic -14 26 August 2005 WO
D51 o7 sess TR alesr oo Bt of MR FuRb! M Feh SR, CORTIESRrRESTIPIS. CAM
AC133, CKand 8f diidi,adaindived dulirican caad i uhp embhyahicAnsr ?ﬂlcrorhi]ef%(ﬁﬁ@éﬁsﬁ N- Cﬁ\M
CAM 5.2, and.c-kit. 4]. Ong of skill. in.the art w recogni ze that the
present i 'é)}émuf%nw‘%ép(ggwh?ecﬁﬁﬁﬁl COF?’(S‘P&‘P% Wb'&‘i Aefymyfreq dormeorpllp defiieder ti ssue
types. 6. nlediahakipplenhiet hatPig¥linTalankRAMICC asl SRR Hyi@8GRIonEUTRN

proxi mal hepatjc stemcells give rise to hepatocytes or biliary epithelia,
or conbi nat 18 atttf‘ﬁé‘f’ éw}“%ﬁ‘gﬁﬂoﬁﬁdﬁ?’% IaRgHak Prosditarn feam fesal dissusx@pdess Ep-

CAM  CK8/ &fen )@ arimtibmlofldipiorl dabR cEift TR @EN comtitihnd lRUEE & dah detect
subpopul ati ons _express. AC133. -Human proxi mal hepatic stemcells can be

i sol at ed B RERTH ¥ bpptrotran cellsnel uding (i) i munosel ection of cells that
co-express EP-CAM (ii) culturing liver derived cell suspensions,
pref er abl g. drdlasidiest HrimitipeHepaR)StHh Cls! s, ' W th a devel opnental i nduci ng
factor, or (iii) culturing human primtive hepatic stemcells with a
devel opne[uoat] i ndye ipitgent deMon iihﬁvéieé/ﬁieﬂﬁmtiﬁlatihggkiﬁﬁtm I{eggtﬁcogteljps

pref errab::?/ _prrow ded by a secondary cel|l. Preferred secondary cells

i ncl ude affliseont Buan lives |tissue sAMPEFBE yRIYIEE |3 cellrsuapensemiertved Ifromplivean

endot hel i gdsu Qlréferably-enti@Rl 3 Piern@hyhiRANY, Go BPREENL AL By L RJUAYS@EECT T on

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
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[ 0066] The present invention also involves a nmethod of isolatin hepati c
progenitor fromliver-derived cell suspensions based oﬁ%#HWHWEgQSeCting
cell surface markers specific for a hepatic progenitor. A hepatic
progenitor may be isolated according to the present invention by selecting
for cellsvidadorgspr ess ep- CAM and preferably those cel bgpukfdabsshur t her
express ACLl33. The imunosel ected hepatic progenitor of the present
invention preferably further express al bumn, and nore preferably further
express E¥Moiels Semmhuign ivpeseexntsy EptGM; ﬁ%%é@f%b&é‘dgwem glbutpinogeni t or
is a stemugeldbpofRBRd of therPBG QT ROEANE Riangh 2t s PESENt i nvention, the

i solated hepatic progenitor i's a primtive hepatic stemcell. In another
enbodi ment0Uf] ¢ h&ngobskéthin thawe il serognirrethpisbe Rieesnt inyentonineaypeogehiot or is a
pr oxi mal mﬁﬂﬁé#ﬁnﬁE &9§ﬁ£hrt@ﬁﬁ§&gﬂ@£%ion of Hepatic Progenitors [00681 The
present invention also Vol ves & met hod of produci ng proximal hepatic
stemcells and comitted progiajtors fromhepatic primtive hepatic stem
cel I s coffprirdatien ofithe\Broxinalddenafic Stem Calls ont o STO feeder layers and in the
HDM or by transferring the primtive hepatic stemcells fromcol onies on
cul ture plledl ¢ Hyman IFEximab hegrtiaugers tceld Qivendsd 3 td Tepa& yRETarUSG3iy07852
feeder la iLng t i_al i temcells to e e from

t he col on%@gheggqorzérp !n(r?r’ma?(\%é tﬁ%ﬁéali %Héﬁgﬁ]&g@ﬁ is“%aﬁcbf)tg@]c FORIh rfsgﬁée%ati c stem
cel I s andCadfi €K8d8prygiemitinol®, alphe-fiapoottie, puddibemth ahd cobpipulatitnsye
hepatic stemcel by, cul turing.on uncoated surfaces,.includin etri

i Shes” ( BRBFEAGI Hsfpbh RitB Sy SEOFARE Tl B0EEH by Vit by o

plhasti Ic ( prekiiggad) }"rnmlpmisylsdftjdhe{_jlé ﬁdurﬁ;ace?-equ_sEEL(Jm_/Ii(@mi&jtm@y?serso t hat

t he pol ystyrene .is polarize th a ef erenti rientati on of negative
(or posit fi%/ﬂavﬁe EﬂL?uﬁgeé‘SIf’%s\nﬁ?"geéggt‘%EHWS&QFB“ﬁ?ﬁhéﬁlgll[‘i‘?ﬁs’ “E&Q%VQP%’“?'BQat tach),
m crocar r irdocing pfagbgr abl ¢ii)C ehkutng hemds bomMive Chepagd | Gerfatelike widund) |
textile f brics épéeferabléﬁnyl%n, ot t on, poLyesIer}, synt hetic

scaf f ol di AGE'PPERre HbFPe HEWE e nisysiopmaniel dRducing ofagtor bis opiylearsly

f umar at e) Fropﬂla&’ 69t dacon@sdy W B) Prefire@ 5ERNd &Y REMEhLINde BRETD RLEL cAl, mPONges
(preferably natural or synthetic sponges?. [ 0070] Proxinmal hepatic stem

cel | s and®BYwARit livd speByeail 1528 epdotheliplssilhe produced from primitive
hepatic stemcells by culturing on biological surfaces. The bi ol ogi cal

surfaces galsdichGTHRPald Pivpemidsasy Mith@ndsBRctidly f aces in the categories
above. Thus, for exanple, one can coat extracellular matrix coatings onto

petri di s(ie66) ti FRe!Sresehl tnérion RlsBIhvolves TnkRRIAST idofliifg AhepdBiX Iokdgenik@br i cs.
Bi ol ogi cal surfaces used in the present invention
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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include (i) extracellular matrix (a conplex m xture of pr.ofeins d
car bohydrates produced by cells and | ocated outsidé an%an‘%{%w% ells and
conprising collagens; adhesion proteins, proteoglycans, and other
proteins), (ii) extracellular matrix conponents (individual, purified
matri X CORpOMANEsis used al one or in conbinations for optipprgRisleoa,of cell
attachnment, grow h and/or expression of tissue-specific rtuncti on%s) ,
including . fibronectin, lamnin, collagens (there are nore than 20 famlies
of col | agd®asT P¥EPRGRIGYINE Jiseroxing) Weaﬁgfrf}mf Gls 19 pnergg fiogybp colowpeof] v/

col | agen (plihese HepdiRQteni &Ikhe nmost conmonly wused today in cell culture),
cell adh\(,aﬁ'éon nol ecul es or "CAME" sone of which are cal ciumdependent and
some of 81 ar Frevemal hegticonan edllsiapd spamitig| neegsnisers mayplsedagraslucedof a core

protein t@ro%rﬁﬁ;ib@he}%g?ﬁ&ﬁ@elﬁnﬁ QR BEIFLERTARANNGAR, fOAURRes PO!YTEr'S

of a dineric unit o ucuroni ¢ acid or iduronic acid + an anminosugar) _
These i nclRraferadhyormenshanged sphlysirrencprsorfassgh yhssne  ediueat plastis u(frefembly

prot e0g! ¥ gaRs,RAD RSl b iBifth O LG 1O SRR ANPIAIRGEY Gt (111)

ti ssue extracts enriched’in extracef Ful ar rng Matrigel (a
ur ea ext r afergritiah otiergatiopl efmeasive (mupdsitoyek olisrges awvards ke sideme. wiial thebe coat ed

onto an t S C I I CM (extraction of cultured
cells ﬁs?%l]bs %‘l’efoua?%&gl &Eﬁr‘%{a}%ﬁ {R%efgé@yg?%ger%%’?a%ﬁfog%ﬁlgglcf%se%?f' rbﬁg’f"il , urea,
etc. and Hkestilei fagritrelpirefdrably nydonydatien, grolestadd symhegix t scaifeiliingd &refemblyi X

conponent i ng,the.surface (any of those in_, group | ammj otic
me%r ane ?]rl@tﬁ ??rém(pg)}()fl?cg'g%’r Bﬂlngroéﬂﬁ'?/eoﬁg’awpeS’rPO&Y (P’ﬁli“gesgqrga?‘i) %th‘?fisiy beé'c 16 26
- August 200BiviEls P/ P8 GrreferhblySantd) 685Athdat eoggasy., hi gh salt extraction,

- urea, etc

| eavi ng .behi nd matri x, conponents present jn, the ammions),
and bi oma{"rc‘ua}@aI (e?f‘?‘é‘%}%ihSHQ‘(stg-‘t"f %‘%’[‘ié"%‘?’ﬂ Hﬁegrﬁ’f‘iﬁa ifory gay, alsg be produesd) and
nucl easesfibm pifraNioe hepitiadstah |celi By tcuB&Eig' 60 6RIRGERSIRBE BRYbigBSRMI at ed
conponents such as adhesion protein QWK{I v). serum coating (if one coats
petri di sRELCE cat begQaed of PrFPHC PURBS suffapss s dhe. FAicegRes shadls Aie dhron
prot ei ns, exsies ikl dnfdoar enectiviar RAGS Cdhtingd Gt belPUBhS, iiBsue S&IHR) . and
(v) polyl \B/él ne or pol yl eucine (coat.i n% w th these c1p.03| tively charged am no

aci ds is DS MECTafHEh ORiFr iR dirigs Riglogisalsuefpees ased il the prepand invpntnoxi el
hepatic sifieelh suaRANRMkHCHh ROAPRAThRkS. BRYpBlchR ARt REQHHARME, T om
primtive hepatic stemcells by culturing under condition described in

Ant hony  Bfodheed Jhyg calishand lopated gHtside andi hebyvesn ogdls rasdsconfpriving sepdlagengi neer i ng.

e ageT st o, Nl 008 bl TSR DGR oS °1C7,
pr oxi mal (iwgpiévalcp%iﬁewm’q epmphegRst used alpee gdnmémbisdiqes fgepiinoaton afnd
biliary CONMaftiRtheR OGEMH Qhdor expression of tissue-specific function(s), including
fibronectin, laminin, 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
proteoglycan, heparin proteoglycan), (iii) tissue extracts enriched in extracellular rﬁatrix,
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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9. Therapeutic Approaches [0072] The isolated pr ogerni to(r;,_%é&)f t resent
Yoy

i nvention may be used for liver- directed cell and/or g or as
cells to be hosts for virus production (e.g. hepatitis C) to generate
vacci nes. Also, the progenitors of the present invention my be expanded
ex vivo freguiiMes biopsies (e.g. punch biopsy) and the P?%gggﬂ)ggs cells used
for autol ogous or allogeneic cell or gene therapies or use éced

bi oreactors to create bioartificial livers that can be used clinically or
f or acadenfetersantdighsalt TxFastiop yred. e¢-iand Feaviog belandmetsis spmporfents praserjt or

i nvasi ve s i r 1] o] . i 'Sl LR 7 th

pr ogeni tortgué glr]@%gss)f g‘%ﬁ?éﬁ?gﬁxi &e"ré‘ﬁfi‘t"ﬂ?‘faf,‘%g%n‘@“i IrugﬁssF léggga%@&géft (f)r med

usi ng any ®¥cleasen tmisave beliind plf thertiesite’s geltagentaindvey yssva@atdcompoatensich Ihe
growing c .84 Gi h rogenitors of.this invention permts the
use in an @E%ﬁ){g@%}éqﬁg ?%H@f%?g" ng c&r ﬁgé)legn gishe Odg1sf‘§?e°|” u@é’gSLthrs (Le_,
retrovi r al wishestramsgnevddilc idhabibh proaing, epecielly fibpheadinf peahi rhiglplevas fi ci ent
gene insertion an Xpr essi on. 0741 An . alternative approach for gene :
t her apy isset“é’%d%“sdfj(j’z bBYBR e & pRiylevting é‘é’t‘"‘“‘f%“ﬁ ;5%6‘@88?’? %chapgediantingy) |y and
then to i njciistis dshetovartadtodpithelddipdie Grefdrkdtiatiie gene of interest, directly
into the jent._The vectors would target and nodify the endogenous

pr ogeni toﬁ%@gll %8’651%'9‘?98%‘? SIPHE9 Y 2nfireMBH RFERIPE IO MaYAlso berppedueshn can be
used in anfraw piB@RUSpAIC seinl QUSRI Gultukihy Ahde ORETISH dsRlibedOln ARMENY herapy.
Clearly, the use of autaql ogous hepatic pro_cllenl tors wll elimnate a

si gni i carftaRArddRobert dgdraih gditescMetheds of Tispis Enginpspnmndadernis|Bress, . The
-17 26 Augusi Y300 HH i¢ RSB RE HetdfDR/ O¢8R2, progeni tors of this
invention are particularly attractive for allogenic cell transfer, because
their ant iif@AlC PIRBETFIOrePeiitsge Sy sherpresentlinventiem bictige eaimiti vj aadtireximphenonena.
[ 0076] OnaRpiRetcatid SPNS: j | £ -4 S50l d purified
and culturgd, theyem(':’gln beygéﬁ%’{nggﬁ%&ﬁ@[?’igfé%&gf&@rcgﬁg}dﬁe%ﬁ)ﬁ %’??rg)'expanded
in vitrao, an,ii then  transplanted back into the host. If genetic

modi f i cat i%onT PerapgticApproagheqr genetic nodification and before transpl ant,
t hose genetically nodified cells my be expanded and/or sel ected based on
t he i ncor pBY i onthgnigelaire meegeniders off the dseseiainzcntion soaa b arsedrforkléver-

Pt or ot opior et P MK el rigd on 26D A0 pE SRS Rl mofluclth €% ARBEEC o1 e n
i nfusi on &1 P geneaspyascaines. Alsy, dtiregenibona lofl theepressaidnvention aspbepipandedj ect i on
T o e BTS04 o D) 5 EGRNAE P o RGR

or 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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hepatic conmpartnent. [0077] Additional nedical procedur assi st in the
efficacy of hepatic engraftment of the transpl anted he%@%?%% 2nitors.
Ani mal nodel s have denonstrated that in partial hepatectony,

adni ni stration of angi ogenesis factors, and other growmh factors aide in
the engr afworeatrssasd vi ability of the transpl anted hepat pgytiesm74a8 '
alternative approach is to transplant the genetically nodified progenitors
to an ect opoi C . Si t{: .[.0078!) To date, there have been problens associ ated
with hepatfreERgT of fisnysption s patichlady atfastyaiforpllegmicget gragsien hecans] | s,

i nabi | ity ther akigam foflk\s8ggeeh hnimRMathinol dgRaRiet i phafifindninunol ogi cal
rejection, 0&; (J: ) The @mbl ens Wth current hepatic cell therapy approaches
may be dud®It hdncgcthe (awglogone doalRsetiel Prossiipgarg siselatgd epurified dandi nant | y

adul t1 i vetisged, ey a0d 18Tdna@N mbliied offefin inil %%ﬁa%edaa%g!aqh%w on. In

addition, the use of adult cells results in strong Inmunolodical Tejection.
The progeriapiiaptedchacksingg the, dostns i gendtinyenpdifieationf i edesigrde afler gefidticcacy
because ofmddiiafiod it b&the ARt i o 58] bd SlRSLdqon
phenorrena,mt hei r!0 abi |1 tyet 0 glse]l cr %)%’r gsee{r"\g/égg dé‘l&r?gﬁ]{?ﬁieérﬁgf"ga ebe %’%‘pflgéeflng

oppor t uni 2n¥er sedectdds based toppide tihempqratinn artde exgiigssiontafhn tibeind@nelecablel s t o t he
recipi ent),.and y < f. product, and because of their
extensive rege%[gﬂrql tl%n\?{éang;(%tbeaﬁ% )I‘ngf mgfﬁg‘séf°WWBP%%ﬁaﬁq°?ls Ob%’i%}'o'toﬂlér apy, the
ongoi ng effior fer warselautsmtofhe"Hepatipetaubartineite pbadi | veinvi@fisinSor infrdpleRids t

popul ar r L ni.Gal, therapi.es under .devel oppnent. These approaches
have had F‘:d%ﬁ%f) Iégguéﬂ) (ll3 Q%f@‘y Irathagglg%ﬁ RUggtop mr%ﬁ%eg?dg'ﬁ]m[ﬁaﬁﬁﬂlr Og‘fﬂﬁ'g’et ransi ent
. expr essi oteahset hepatie prayesitord engpiinyedr ot ®S inkr@spl@en tidcher apivetifgt tHaave

proven [t.-wort hy have been ex vivo gene therapy and have been done
al nost e@%‘%‘g‘?% R r?"é-l B 26 August 2005 WO 03/ 078588 PCT/ USCB/ 07852

henopoi et {@7@) ogewiditionalC aleliisal Béocpdael Ghayt hadisiein \the/ RFGRABE SMBEGRY W th
pr ogeni tors | | ? ghor u?éi ofd i nj ectabl e vectars sonehow targeted to those
pr ogeni t of AR of i Jeanglnte Y Progenitors; yermphodetchaye demgpstrgied

i ntroducechaein parvial hépaRcRiy] hiBRisRaQMED! hiogeREdisS facloRe and Qe IfdhviRe! | s
sel ected ;md rejntr o&luced I_.n vivo. The_ advantages of the progénitor cells

are thei r_a§f?65r ﬁ’é’ﬁs’“e_ Ba%r%ﬁm%bta_@mi@liléwwfe§hﬁ tHinppiprigd hepatogiigs. | Aducti on of
| munol oghkehativé @ASrbAANS tOkraddpidnt the feReRBn} inSAURA DAL 5‘?%%‘%&8%;8”

mat ched to the recipient's immnol ogi cal phenotype,” an elr abrlity to
differentifte to produce both hepatocytes and biliary cells

| [0078)  To date, there have been problems associated with hepatic cell therapy -
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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10. O her Uses [0080] The uses for human hepatic primtive and proxi nal
hepatic stemcells are many and diverse. They include: f) Haus eh on
human cells; 2) production of vaccines or antivirals; 3) toxicological
studi es; 4) drug devel opment; 5) protein manufacturing (using the cells as
hosts for WA @igses on of various human-specific factors)y ﬁ?)sﬁs)oYs‘%‘f cel
therapies; 7) liver gene therapies; and 8) bioartifici a(f Ivers that can

be used in research, 1toxicological and antimcrobial studies, protein
manuf act uPETgPoiehe iepgeniterselly, WE peedict hat ex vitostcat thetapy atith rregesiioraeelliy t he _
abi lity of(ot i@ ¢¥ihjEthblY Gc@hd BRENdWRr é@&p@t ihssébl%gex%lsb will prowdi fbRr enti ate
into hepatocytes and biliary cells, ﬁe cel t he present i nvention can
be . used cHBElves dicerbh ¥eq@s g by l“HP?“CP‘éteéSWGéIp}érPdFﬁgi pioseniton eells; the

mi Cr 0envi roRRRAAtceildseydicd And F@a/nod éalm A5Cehe L%ﬁﬂag T&}%?p.%g t|cé]fsy of
human hepatic progenitor cel (a four categori és enabl e nmuch nore
ext ensi ve aredbeineronmeis ehmmlﬁﬂ@eﬂehtsﬂi thﬁlt minipadi if iena teiuctien ofemeivoplogiogl of
successI UledoBifi® oPlaplity &b _GiPlusn N EhpBPNRa! BELARY: wBlfbaS IO EORRLE the
devel opment o human |oart| I Ci ivers 56t B i reeRarch and as
clinical asmiustloglenlipbe®typat andphes abitity tbrdaﬁdrcrmatead ps-nqmpé potbfhehsadytddy hunman
tissues pl’ﬁ&i}lﬁ 55 eﬁl inical programs in liver «cell therapy or in human
bioartificlra ir'vers. The progenitor cell popul ations should have
sufficient expansion potential to overconme, or at |least greatly alleviate,
that |im ti8dOtheuppdsy. Moreover, these cells and their i mediate descendents
show preferential survival to ischema, both cold and warm relative to

t hat obsel®88] wi tThe matsufoe hluinge hegasic | simiti vee ami p@xirrhlﬂitheb;ititeutan tchidd aeannot be
used for |j P ant r for rOdUCI ture liver cells
are sour cclg'lsa\{gla "‘{‘Wé}gr cﬁ' &h |ticl)l§jle clgfelseamll %259 a‘f‘x‘% ‘éﬁcf'PT’StJO§trat ed by
the foll ommgrahoa}tbmmlbgw@ sedanpl) daug dciéloﬁﬁenﬁLﬁle&ite;ﬁ(ﬁﬂﬁuM&uﬁn@d@mgS 588
PCTI US031Q7852 EXANP ar.ati.on,of U |on From Fet al
Trssue. | OQBIETY FUR: i ol G SR nlinad T ik SLRREHE 0155 " neeks
gest at i on4) hw&gegenebthaiaped biyd es)eﬁimremu elivetsndlidt Ot ©F e@ OManGYarctihe

sanpl es of ue. Weﬁﬁaf overnight in RPM 1640 suPpI enment ed

with 10% f"é‘fc °gb"8{/ a’E’é’?‘ Pf‘i"%'gdaa'\}‘ CiRsy IngEcaly gmaliys 12 nL

after a pegpasaten wcwaﬁi&dglh@elblhtymmfﬁeegnmlﬁl?@&ﬂd Froa Rl PREpAkEHeictills oVi ne
serum al bg LN {BSA Fraction V, Louis, M.), selenious
acid (300 E‘ch iafg intg bepatecytes) ch(ijpﬂ:ﬁ{)kcelimge qujstfgdhe present invention can be

used both for hepatic or bliary 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,
meaning that livers that cannot be used for liver transplantation or for producing healthy
maturé liver cells are sources of the progenitor cells.

[0082]  The invention is illustrated by the following non-limiting examples.
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BRLI I nvi trogen Corporation, Carlsbad, California). Liver_tissue was

subdi vided as necessary into fragnents of 3 nL or |ess 3%‘{’%‘?@@@ on in 25
mL of cell buffer containing type IV collagenase and deoxyri bonucl ease
(Sigma, St Louis, Md.; both at 6 ng per ni). Incubati on was conducted at

32C with fweesiesdsg agi tation for 15 - 20 m nutes and es )Uggml,%
honogeneous suspension of cell aggregates. The suspenS| on was then passed

t hrough a lﬁgAwlsi eve and spun at 1200 RPM for five m nutes before
r esuspensi calciumfree solution of Hanks buffered salt sol ution,

suppl enent Bdpaviatibn Gt Colt Sivpensiod Fadm HdeNg3ss€0 MM Boehri nger
Mannhei m), BSA (0.1% Signa), DNase (0.01% Sigma) and ternmed HBSS nod.

[ 0085] Thegoesszynmlmaisme WasgEdind f5afS Bzl OAweaTDE-23 0%chepRRebRl hee and
hepat i c \%jfl ons. An antigenic profile of the enzymatically digested
suspensi on | cfiyp termpptions o rP%FaPWeThFF“%B%‘Eﬁ‘gég’Fﬁ@SSE%WF@ shigpéfy 6- 9% of

the origi rtiirlemﬁgﬂit In mpmaels@ﬁple(nﬁn&umeth 1570 fetf Bowhd fRnan.cONPar abl e percent age
of al bum n- &E@resm ng cells al ong th a significant contam nation of

hemopoi et i (@94 | slipgerclpne rngee &ﬁma?gtEledmL eﬁgzr@ REeRATatQqly yrasly inogell huffer
expr essi nQ{RPﬁﬁHbﬁplélﬂenT@blvﬁh :B})vmé fsertlﬁeal&flﬁlg' SA gﬁ(l::lléc[rﬁsvs 88495 'ﬁq Szi St

cryopreserved, sone cells, such as the eryt ar é t enriching
the al bumW“&ndMOAFFm@RwP%S@ICth@@I pRD ¢ @HQSHM(OMI eil) AADWEibro, t he

nost stri kimgnSifok &h'&%oratﬂﬁcﬁaﬁs%t I&ahﬁ)?m@arh{/&l tl?ﬁp & tllﬁ)dpl sidon wi th

col | agenase to yi €l d aggregates arenc are then
separ at ed egessary into megmeptsrad 3ohly wmlesy ffot dat:stmg)n Eéhilsofb*;tll bﬂﬁﬂ@:@hﬁdﬂﬂgow speed

centrifugatdl r u pensi on that-is

por e thanq%doegoqac?)g?%ﬁ%g ah&éﬁ%ﬁgﬁﬂ’e@%l%g{% Lll(“'GIMBI’ i‘ b I"Iil‘

Hemat opoi dedubatips| was ¢ondstted/ aeBQ%mmyﬂrmexansgneﬁm [{j40)0;) asl(B)mm frldoat i ng
non- pare I | s were ated fr t he parench cell
fraction B%M%%pgat% e gty Susspe"m%f‘% Caiti At PR ERILE "‘gﬂobw@%‘ﬁ“ PRI for five
m nut es i nhibiBES mugeﬁnﬁ/epmu lhlﬁtn azmnmmmadﬁduta@@kf@eresasﬁeﬁa&ymd in 40
m s of HBSS.md. until. t ol, or 0 -20 26 August 2 VWO 03/ 078588

PCTI US03/ 6%1@%‘5’ TenTogfon Om rvafﬂsﬁ’es% { SRiUHey wPesaented with RETAH02y as
report ed bx)MpS:@:ﬂﬁ)sHeﬁdsl(m mMg BoklirRiged Matinheim)f BY& (@y%lsegmsaf DfaRiioiggat i on

and resuspensi o Clunping was mnim zed by a second-round of
enzymati c éﬁ"@"ég‘ﬂq% drﬁ%%’é"ﬂd ol | agenase solution followed by sieving

t hrough a[é@spm nyk QﬂzymlbalﬂndzgﬁsﬁédlEd%pé?icmoh%rr?p%lséssherﬁéboﬁm@aalnﬁ'Héﬁétfcr ee
buf fer. [0087 The resulting cell suspension was washed twi ce t
al i quot s, sybpopulations. An antigenic profile of the enzymatically digested suspension is shownin = -
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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cont ai ni ng about 2x107 cells, were layered onto 5 nL of _Ficoll aque
(Arer sham Phar maci a, Piscataway, NJ) in 50 nL Fal con t&@é§@&ﬁéﬂé%un at
3000 RPM for 20 mnutes. Cells fromthe interface and pellet were
resuspended separately in plating nmedia (RPM supplenmented) and an ali quot
of each ined with trypan blue for enuneration a Labil ity
assessneﬁ?ﬁ%?%ﬁ&§§henacytoneter. Cell viability was rouP&Hﬁ%@B%h#gher t han
95 percent. The | owspeed centrifugation nmethod for enrichnent of the
par enchymatinggf [centamingiom el fedeblpedrsplls. SNdrmallpnas repotteshby dimanithy a cel |
suspensi o [ . 9 - [ | hs-..The majority
of the AFEe-qtéJQgé g)su‘é"?;ﬁgi"gg?gﬁé%' éﬁggﬁ%ﬁo@%{%ﬂ:‘ﬁgmp ?@ﬁ’?t[g?ﬁ @Z‘I ¢l§m8}n ent hat t hey
express ARPnimaidduby @ sacondokiesd lvlitenmonatichdigestion eni freshagollegenase Tadbltionl) . 26
August 20Q3, WO §3/103185 3 lf’%‘l;/ SCB/ 017852 Tab({ e 1. {how tonmetri c. Anal yses
“on Freshl y1oGH BY S§VBEFEPUEH 4 20 By IoR migsibad g of e e AACUPEEE ¢ ve-in
Enri ched Whffdger Locati onCel.l Suspension, OCS Parenchymal (% in
C—OCS)PreE gtioq,AFP toplﬁsni06u4+0.8@6(--15¢20@675.596 .
Al bumi nCy @[ﬁ smi 89 revitms sl xyspention epualsd triea tiesgoml diquels. Behi n
ASur f ace>o8iihiag - BeR7BNeT LG HeR B34PUhbh T RI2of Bicoll HyHRE UM ARGH1- 2+0. 39
CD 14Surface3. 0+ CD 117 (c¢-kit)Suriace-1% Ep- CAMsur f acen. d.
CD146Sur f RBuRagia. Riseatayayr A& dh 58 mAfalenotabest ande ppug. at HE0EANRMr foadn. d. CD
133Sur f ac ainiles. GOk Bl inte RO ® BLIRE WefeTeSspdMl LB A@klyIn plating media

8/ 18Cyt opl asmi cn. d.
_ (RPMI supplemented) and an aliquot of each was stained with trypan blue for

enumeration and viability assessment with a hemacytometer. Cell viability was routinely
higher than 95 percent. The low-speed centrifugation method for enrichment of the
parenchymal cells eliminated the hemopoietic constitutents leaving a cell suspension that
was approximately 80% AFP-expressing cells. The majority of the AFP-expressing cell
are proximal hepatic stem cells given that they express AFP, albumin and CK19 but not

hemopoietic markers (Table 1).
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ITEdI um 4 chbpRerviédn. Parenchymal preparation= aftcr ehmmatlon of erythrond 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]

A human liver was obtained from an authorized organ procurement

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

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

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

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

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

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

analysis of forward and side scatter parameters, the cellular composition of band! and

band 2 appeared similar. The cells were cryopreserved.
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medi un), and 13 total colonies were observed in the 3 wells fromband 2 (11
from+EG nedium 2 from-EG- nedium. The overall fre&?é‘r@;‘ﬂsﬁooéol ony
forming cells calculated for this experinent was 0.03% EXAMPLE 4

Co- Expressi on O Al bunmin, CD133, And Ep-CAM In A Subpopul ation O Adult _
Human Li veyq 8l7hs@s [ 0091] Cells were isolated from donor P&mg'(b@m%%senti ally
as described in Exanple 2. The presence of cells expressing the Cb45 cell
surface antigen, or Leukocyte Common Antigen, a tyrosine phosphatase
expressed B MP}EO% white blood cells (leukocytes) was assessed by

f I uor escencflo@Citdriation Fréih 'Add Hulmisgh LHACEMISI Ng an anti - CD45 nonocl onal
anti body. Approximately .17 percent of the cells were CD45-positive (Fig.

14A) . The [063945- ﬂ%és&ésy%§gk§§|c%f avalep etk BY cHREPGLIzLGE! deli$ fbln! NY USi Ng
anti - CD45 nonocl onal anti body and super-paranagneti ¢ MACS M croBeads and

the aut oMAeampler? ving thawedand pated s-ardspsivred A260@ livesdllsisHonre 6 wit Hatehe
magnet i c- hgashy; | issi - gjﬂ/ﬂg y
Ml tenyi Bi gﬁé‘%&%&%ﬂ%f& ti(%\gi}eér %e | ’Eﬁ.é?ga']‘ﬁlgwséorm ‘giémﬁg%ﬁ%e‘?aleé gpﬁl%anni ng",
f | uor escerfeptammgporiciH/ssepiomyein Fhy/miougimbe bovintiesum hlbnmiyal0i2few/v),

i mmunosel L | et i mact.i i - ROSI LIV ells

remai ni ngqﬁhéfﬁﬁg (ﬁ%‘gﬁé%q%%ggé QQ%SOQWI '85‘@@@@“‘1‘?%8/* %}‘%@?,‘% (ﬁixver cel |
prepar at i GR(-REM), cepher Edk tQ-6aPpix Dxienmpobtharbl ffex ¢@RT) N iLegluddiBy (2| et i on of
CD45- posi t.] ilitat ur t her. al ysj,s of tigens.on

hepat ocyt égs\bg?l ﬁ'# é%%\?’?%ogﬁ{rl%’gn g i}({(‘?ﬁ h@h‘altg &aﬂm el ?('vs'%hof"t ('%(?E)c}h‘g F\‘g%f %
facilitat eftpidernglgdravthdactaf enri ched popul ations of these cells. a.

Al bum n [ ALt er depleti of CD45-ppsitive cells, a sanpl.e qf the

T ver cer 1%hs" Gl R Rhie a0l 0 PRl 374 htifakS cobtaan AR Rl 's wer e
fixed withighpaicakaipyaNdeblods wees cinatved iz et Wylld se@ifiendnaiitdalid TR Trit on
omoct oo PR s B st 0 B B e o o o vtmendyoniie” | 9°
ant i bodi esclagaipaationpiiietol dERLTOGL 6D 6hi Optiprep( faedt. Hodeedre dolvhibI whize

fluor escenh d Agé@ ackground staining and aut of | uorescence of the
cell's was® g‘f‘éﬁﬁ‘i‘) ﬂb@'et?f@‘?c[\ba'éj band ?FFlﬁdg%%@é- Hintal spigmiss wewiokserydso an
190G ), W G tfR03 vl Gohtamidd BdlisGorRWahd it ¥ E8mNYEGP AGLhHEN Sronh NERFACE Of

t he anti-al bum n nonocl onal . anti body. _ApTgﬁraoxi mately 97.5 percent of the
cel | s wer &4"BUrAnA 13 bapl Golagics pyegr obpeugd inhee3 wels frag tand 2 fbistrem vEGE ai ni ng
(red-outlin@umes at %ﬁ%d%}pma&%ﬁaﬂnfﬁ:&e&]@f dFObny 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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nyel oma protein control (not shown). [0093] Measurenent by FACS of forward
| ight scatter and side light scatter can be wused to cha?é‘&l!%'lsi%@f’cel | ul ar
popul ati ons. The forward and side scatter are primarily functions of
cellular size and intracellular structural conplexity, respectively. As
shown in Ej , the al bum n-positive cellular popul ation from adult
human | iver cér;%sr%l?ses a mjority class of cells with rglcthﬁ(\’?@7§chi gh
forward (FSC) and side scatter (SSC). Analysis of size and norphol ogy, as
wel | as aditiet fedhpiepdyitisohess wadced bl appiodigetalycl pencére (Eignd4B). Hephatidn ofshows
that thes | | S. L nsi.sten 1t h [ mmal ], hepat ocyt es
(aver age o125 bBNBALARGLE RSP Shailir bels TR bbkefoes RER eyl

hepat ocyt gsogetidgpnd sicmededb. \it atsaBbonld Cacdliret: ehic idolaumei efrepridhied popudativas ofdul t
human Iivet[‘esgga{%r ently are wunder-represented in our preparations, probably
because of greater susceptibility to death during the period between
harvesting of theAlboén and perfusion, and/or greater susceptibility to

damage dur ] the, isolation pr ure, However, Fig. 15B also shows that,
in additi Jh@é t ‘%‘i‘ﬁﬁ‘ﬁeéﬂ?ﬂ s"ﬁaﬁgﬁsﬁ'ﬁﬁéﬁvﬁc%\ﬁgs? THRF b1 l¥Hardlet ¥AS zed by
| ower form[xfit-dartﬁr SkxffessieRt LEM h@hS0 ®¥RHCabudidUNs MR feWd with |
(approximately 2.5 percent)  al bum n-negative cells in the preparation

al most  exdlPF&rpaldshxds opprisRjlized s te vithg0.2%; Prétos gl b detergpny, and5C)

These may shghed ghdial iRUbHBh YWwitB! ho&8! 16, ShGRciBRall Alifodit 89 ecursors
of red bl ood oA sepbd I8 K SRR RoND 63 Seml Alibady B0 Bumd | °" D133

[0094] Thelbymin.ges atfmitypu(ifich 2oyt aptibagieseagpingumduse imghagtybrin G (g6h) 120
ki | odal t ongheletiRdth ﬂﬂ@?lui)ﬂeyc%nttéﬁm.n@icﬁgﬁfg@g%g@'anyaﬁto%é%gsgé&e'o‘? il M lar or

orthol ogous to the nouse protein prontnin human ant1 gen

ori gi nal | yelsagasi detammingil &yl uping a puiifissianoust myslmayprpteingelnd ewiess).iwiti nedi ng st em
cells, ingghe;d b f:olopd-for m 4 leticl, cells rtain

ot her i rrmsf%urle clg?]?'g%gg\gﬁ}glsos%fsé{yg?%tIqﬂ?lﬂiﬁég%ggli'/ce%'gb%}ﬁlémlgp’fl?rhogﬁﬁﬁ% in
human enbreyddywseiognatebndlict tretanbbf thektlls vare elbnmor msitiaa ¢Figelsnd Mite

progeni t or.gs,. .cells. sion of CD133 al so has he reported on
Cer vai n hoau (of pERkv S (REPORTR) Sy eisr Rl o Dol 1 he mobss

ret i nobl astyshas: pasidintchetrd gh@shavan.ci nona | i ne CaCo-2. The protein is. found
-concent r at referentially i | asma rane profusions such as

rni crovil I[ﬁg3$\he ?aS'ﬂfﬁIa‘e‘grﬁg’e%lg?ggffoéW arglrglgﬂg ,Scai“f"p‘lmélcsé G SCHEE At i al Iy to
t he api calusedowt ciingdcterize ctiltarbpspatatiaiseTak OB ARG saldl @€ . ardpEMiaAlS

studies, i arti cuhélfrlr %t% i,munohi st ochem stry, have failed to denonstrate

1.Nn
" eb133 bro tﬁg‘c OIE‘X(HrCS andgptracellular structural complexity, respectively. As shown
in Fig. 15B, the albumin-positive cellular population from adult human liver comprises a

majority class of cells with relatively high forward (FSC) and side scatter (SSC). Analysis
of size and morphology, as well as additional biochemical and antigenic markers(not
shown), shows that these cells have properties consistent with mature, small 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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human epithelial tissue, despite the presence of detectable rressenger RNA
for the protein in nmany human tissues, including adul t 26iAHgHSt 208895] we
used staining with a fluorescent-|I abel ed nonocl onal ant | body and anal ysi s
by FACS to search for cells expressing the CD133 antigen in our ‘
CD45- depl %t human |iver cell preparations. SurBri Si ngl% in |ight
of the prior negative reports, we observed that a majo CTSG7 Ple
CD45-depl eted liver cells (see Fig. 14B) show positive staining for CD133_
Fig. 16A reveabs (élMiBoxi matel y 58 percent CD133-positive cells in a

preparati Jyssent | t ear ) ,ndi vi dyal . The
presence g§bJ4 ]lbgt%g l%ég A |01?138$“ %%gﬁc?r? ?l{}é’fég(ﬂ‘\é?ﬁﬁﬂ%ﬁ udi ng
cells of ttime has ﬁ\&tufnsrserwrhnermimﬂre Thmmateﬁciytsmlar hﬂ@tlﬁﬁgﬁu@b&ﬁé wRdsd n cell
preparati on0 fraom add dl'3§' dual s, I udi ng HI ts. The
CD133- pos{ T2 BUBIat % “‘E’ﬁ‘b&i)r FRUBH ‘F—ﬁ'%j“ !6‘7&)5 HH"E"F W2 psEPly hal f of
the cell s ehdy pl}?ogerﬁtroﬁ;p&i’cﬁxﬁin@mdndeﬂlsl fri 86 1idcagdBl BIR FSiiFRh dg {heRRRBbRAYYE €S ON

ht scatt Fig. 16A) .and forward |ight scatter (not

t he basis O'L*r? |I?
~ shown). | %8 6B g@@atﬁﬁn‘gf EéFPr§SS ¢REI3. dpclndingedavelpping spitkghigm in

mor phol oglhﬁinlazlz ¥mBiys$ (Wek 5h.rEbHRIACE b@aﬁ&&gygng%euram pHERTo % stelndNt
scatter. 0096] Magnetic cell sorting can be used to p03|t|vefy sel ect the

liver cel Fels fapressiopnf C3¢pisghas reg erorted Bn ShGHE hwnan Emesneandomor-
CD133- posidbrived e lifest Rxcﬁ%@rr&?ﬁ'oﬁﬁhﬁnxg anf P Q:BIO@QI%%%R@%&%A@O %{’fl'{%r one

cycle of magnetic sorting utilizing the aut oMA I nstrunent
Bi ot ec) . Py de fgmdjogerairatgdueiemsniéflyaint Plbﬁmymmbphe@rms MChrz(sBeads and

adj ust ”EnBu&‘BvﬁlhWf?ﬂ%dnegm;\egﬂﬁglﬁi (%§ EJOP?F‘F%& FIJ@QEE%HQ%FHQ%§ F gt

shoul d be straightforwar r one ampermt
t he isol atd ofheof baso-heral . mEeMiNaLRIS SUTPRES REVIOE OFBHES - Pﬁ:T/;idBﬂ:ﬂlhﬁ?&fyz mor e

hi ghly enf ﬁﬂﬁﬁts@ﬂ%ﬁ t?)Q Sl'la% \fﬁleﬁetl ldé:[% R?Lira? bﬁn§3 \é\ﬁrott%ﬁ%rrglg oé'cltnl %}hllltt ative

yi el d. so not e her 05|t|v can be
used to ehumamepﬂtbcha! hsue, @mﬂpqseaenmfdedettsble mésscpaer BB foy diipi@eiacat t er

(Fig. 16B,an éjh%m\ggrugsu%ig&&%&@%g%g shown), the enriched CD133-positive

cel I's conpris ¥8pul ations identified in the
CD45- depl &1084] | i Wusedakthmmg@spﬂareﬁﬂmmﬂcerﬁ labefed GRINbEIOND AltibbaE akPadaliglsi al cel |

dh 733- 2, (1)17 1A, EGP40, KS1-4,
and Ksny PLEACH G b (e sipresae i CRLFHHORH i e (X cokigred adul

i on- i ndephndantives edell- Iﬁqiafauaﬁﬁﬁﬁlk';ﬁﬁmg-@’lfin Mighi 61 ﬂhe'p%o@ﬁﬂ%@ﬁaﬁer@pdr@ W%ny hunman
epi theli al sues, pears . to be u Pre gul ated su stantlaliy
1V

prolifer a?l?swa/eéﬁ?af ﬁépq}(g]tyé) |t}}eSCD45 depleted liver cells (see Fig. 14B) show 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 fo the effect —

should be straightforward for one ‘skilled in the art’??] should permit the isolation of
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i ncludi ng tunor cells. C J. de Boer and coll eagues reported that in 8-week
enbryonic human |iver nobst hepatocytes express detect altAUESEMISPr ot ei n
[de Boer CJ, van Krieken JH, Janssen-van Rhijn. CM Litvinov SV. (1999).
"Expression of Ep-CAMin normal, regenerating, netaplastic, and neopl astic
liver," Joyphdhs@k Pathol ogy 1$8:201-6], By contrast, rmal adul t '
human |iver t e7§ %ai | ed to detect Ep-CAM expression in lpﬁyﬂ}g 36’&712% and
reported that only bile duct epithelial cells stain positively for this
anti gen. Fnpglhighly ehechad G- pmaisivcletléa@bmdations oaihl searlgepibndtitbd wisldhepati c
precur sor s; 4 i | i.ver eeratlon and repalr was

i nduced by{'%ilg(f ?03% &Hﬁth&ﬁﬁ%béﬁs% §smve e " Se On g P Use foveé'P&f frhes |

par ti cul ar CR1hmisgingiceltsyr disrjodgs. b){ ﬁlﬂ&&}attEiy(FEg\O%Baaﬁd y@wSrm\@:aa&rmbst ently

detect a nor uI a OSI tive cells unfracti onat ed human
liver cel Ingh ?""8#\%0?})8%? B‘ggfthv ﬁPIP%réseaﬁHldo 'QBJ#IFQ 3 sphpopulations
Ep- CAM posuclemrﬁed bﬂMBM-ﬁEpl&WdrS@Bp@WitMl mately 0.4 to 2.5 percent of

the cells. As sh Flé&llzl gure 17 Ep- CAM positive cells also can be observed
in liver cell 8%‘{] ons after depletion of > 95 percent of CD45- p03|t|ve

cells. Fi qood:/]B vakﬁnthélﬁﬂ cap'aWOBQﬁblEéu\f@%EiﬁU\M fdiéa”k&% SUGR78EN |iver
preparatio @Of ercent in the region %at ed as shown by the

red outlin rBal-foan. Iﬁ%ﬁ)ﬂéﬁéb’ﬁ?mmﬁmﬂﬁéh@éﬂ%ﬂ garphdli¢, sgriom for a
contr ol arlbh-hﬁdpénﬂéh@fcelﬂ@élﬁad}féﬁloﬁt’ﬁienpr‘aﬁ)ﬁ 5 '}QE\?SSQ&’ n@%aﬂ thI'uPngﬁ' PltlFLl 17A

t hus approximately 0.57 -- perce
posi tive) . USBiSEbire ARpBUT tarhf»l y&regukat;at %Ibﬁaﬂlagh@myoldmpplmhsl ¢eﬂia,t the

vast naj OrlhélNdqu turroP @elfP TH M ASRE Lhy golﬁ:?iédé réﬂaxtgci] Shaf 1 3 AlCR Gl nQOpl‘” ation

are, as expected, CD45- negative. Howeve pears that so ughly 1
percent) JRTERIVEDHSStDkRPRIOEYes exiréss derﬁctaUgrEmGAMn ptatene r{dep Bepa CAt ¥ vanns al so

express EfcfpM 9af3::80% a8 g 095, 0 03/.Q78 %@0

PCTI US03/ 07852 d.” Co- expr eé’,‘@.y‘@)r?‘%f’g'ﬁy &%A%Y @%é RIS P s IR
sear ched fnormlj roganergting, snetapianiadod teoplustimiver, ’vémntalhaf Pahglomskssnoti6].Ep- CAM
and CD133. r o t W, al s to CD133 and

Ep- CAM EOA ﬁ cfg Srt\ti,\{cﬁ:t rﬁl@o{#\@ﬁg@% ed h‘}éfﬂg ,? g d ?PW&HP@?%"" Bs shown
in Fig. 17!@?at0cap:prml| n:am&dythéfzomermlenducoi:pntﬁehalcmlk Stair pbdifi el &gt thizul ar

CD45- depl man,.liver n, stai ned detectably for CD
133. (The%éﬁ%ewg%fi ﬁ’f O\F/'l\%r;jl niEeDr Las ‘éﬁ ec&ﬁﬂ ‘?’3?? s é‘?’a’f‘ﬁ?%@s ﬁﬁl?aé‘ctﬂ’i%‘fmloﬁ Bhe

exper i mentsitsdtiondini whidh Gver lfgenémyonr@ﬁué;ialrfwas MdcédIBy billiafyf @FFRGSand A€t Ween
l'iver cell lgsbqelgpar at*veff from dJ ff donors, as a consequence of age or

other varf A BVEL fURATS RATGS 3I’F NZOFATCIPYES i n experi ment al
t echni que)[00IRIONBYCRACS andlydifi&e 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 cells. As shown in Figure 17 Ep-CAM-positive cells also can be observed in liver cell
populations after depletion of > 95 percent of CD45-positive cells. Fig. 17B shows the
Ep-CAM-positive cells from one such human liver preparation (0.57 percent in the region
of the plot gated as shown by the red outline, as compared to 0.15 percent in the same
gated region for a control antibody that does not stain any known human antigen,
Fig. 17A; thus approximately 0.57 - 0.15 = 0.42 percent of the cells are Ep-CAM-
positive). Double label analysis (data not shown) demonstrates that the vast majority of
the Ep-CAM-positive cells in the CD45-depleted population are, as expected, CD45-
negative. However, it appears that some(roughly ! percent) of the CD45-positive cells in

our human liver preparations also express Ep-CAM (data not shown).
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popul ation that stained strongly f or Ep- CAM (shown within the red boundary
in Fig. 17B), approximately 70 percent also stained postdMary2q4sr cp133
(Fig. 17D). Thus, in this particular |iver preparation approximtely 0.3

percent of the total CD45-negative cells co-expressed Ep- CAM and CD133.
[ 0100] Th eparation used for the experinment shown in Fig. 17 was
i denti cal %Y(gﬂlﬂ!g%sg{ used in the analysis of al bunin expr%rs"'éq@?{“?g%)vm in
Figs. 14 and 15. As noted above, approximately 97.5 percent of the cells
i'n the CD45-depl diceekpredsionpd Ept@A Mo DdBRianddIbyami ti vely for al bum n, and

he f | b n- ' Ll s djspl di stinct | il
Forwar d od0tPL; AFaRarefEs BE s RO R e e B R By

(appr oxi mahe¢ICP139.9CAlspedre ertidatail with eroaedidil haibddiet @ CD1EX@UEHSCANL 33 and
Ep- CAM showed forward . sc tteLFI an&i si de Ii%pt scatter characteristic of the
Yihap | dif

al buni n- p§&§h K&ty P g Fret, Sporoclipme dé Hownhi fetintid 1 egi on

of the pl approkinfa@Iy\8I ferséh@bi Mk MBS iR USs phrtluSC@DILIepiddd aduf huaDfi@ned al |
of the al bum n-negative cells (see FI}% 15C). Thus, the postnatal human

liver cel°Pls PERARIILSteiRgst datectably tomiiy d- Ce3emsrhy laygrdegzee ofi L 3der um

al bum n. Qi ey thakFR exPbrifbi 350w HP16AV Psruﬁ?l%'{rp&ugﬂiikﬁref\ 01] As
shown-in Fig. 16B, positive inmmunosel ection such as magnetic ce sorting
al | ows t h&e®sen H¥erestl perariamrom sitfareng derdrs, s farepnsequsng of ngeeor aledr]

prepar at i QR$abedé siasdireg! i | | At : dy

CD45- depl et ed)e_ acr’lrdﬁ?ﬁg ’c%ﬁiggfeé’%{?ﬁ“gﬁse@@ﬁ?{eﬁ“ﬂ?i& 8%%%%#%@%@%%@% on of
Ep- CAM Fipgpulatipn th#fosigingdnsitongly foe EptCAM 1(shpoyrcwithin theleddi bremddre dn Fig. ed
tightly) art LQpn. - f t nri.chment of
Coi35- pbs iy arpaiakay i BAGA Al U RARARRAL reotH el YBy R Ao cact
4.5 per cefhis PpticAm liosiprépastior labgroxifiatey 0 3npdrgent of ke toabxJM§segmiveof CD133
and Ep- 0 | i f.cells fromadult human liver, and
denonst rg?%ﬂss Ctgﬁgi"%%?ggglé%glaﬁé;c@é%fbe enriched by positive i munosel ecti on.
Anal ysi s 6¥100br wdhe celhpregaradimn ssat foethe e2peri@nshguwatin PROE7 WA ia&4tR2718688

PCT/ US03/ Q7 in.the experinment .of Fig.. 17) by t el |'s that
Co- expr es gm? ‘F?Séd ﬁra‘g‘e Sy aﬁﬂ'b%"r%esm%ﬁoﬁgs‘ﬂﬁé‘ ]?'h@fi qﬁ'e‘gsr'ﬂgedl%ﬁv%er cent of
t hese cel hppredimatelyu91.5 percantbefnthe cpits int theaCDFNAPRkedTEM populatiohyraad! i ver
cells describe boye co-express albumn, a prototypical marker of the
hepat ocyt Boﬁ"?"'r?g'a%é ?%P’Btfef"ﬁg&‘e gﬁ“f H%gpwﬁzgﬁatﬂﬁfggﬁ 8833%@?@&@?0“"5 3" Rer ef or e
have the sflow fosvdrd)scag@ind pide BAtWDAG sl inlFy. A7E Garilaflly 81l (pakirkat@yem cel | s
from huma %et al lhiéq\fe{l défsgtri bed herein. Mreover, the adult human |iver

o dhsncelfsefo

cel I's desct? HEEen pad; & coermress SD LB AndsBRCAM shaved feavaid e
hepat ocyt eauéreimaRide 3R dcatl? RArAGNsBS of Ak 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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18- 22 micron di anet er). Taken together with the finding that adult human
liver contains cells capable of forming col on| es under 285cMgust 29 t hat
~operationally define hepatic stem cells (i.e., in serumfree nmediumwth
STO feeder cells), the co-expression of al bum' n, Ep- CAM and CD133

dermnstrawost,do,gssﬁr esence of such stemcells in adult %gleé fhods = of
et

positive immnosel ection described herein nmay be used t cells that
Si rmltaneously express the two surface markers, Ep-CAM and CD133 in order
to obtain a%ifgﬁpfxwe@héﬁl’lﬁobnllmihewglli)fhah@pwws tedwocwihes dntigenshuman

liver ng| k t.... EXAMPLE 5
Plr:/maryI Ocjdlg%{ﬂlrsg‘ghr%&%?%g EM&Q&% Ehgggs%iel%mgeﬁrﬁ bb%lﬂﬁ%l%? Sy &t Layers [0103]

Most of t Hel42lverThsr @gléhlhumas hvwrt heliShelemba:ptabove ab-exprespralniniihva hepati c

stem cells i be| r nic liver
stromal fd&e ?JO&EICQ% eo\rfsf%eh Bao%ongﬁaﬁf Ehe? %V 'tHgﬂﬁﬁ t%]? l}%\;’e?rsﬁgg:ﬁ iverse
adul t. ti sasdle‘@rmmavmme sanxc ésthé whme ()}&mg@bxcqimfﬂé of dePQh; hePiitld dter@telRl , 1995;
Sigal et. 995; i bel 1. and anS| Qn condi tions
for early epa‘frp%n %&Ed%%dﬁs(‘fpbeéeﬂefeé“ fMBW%E?%‘ﬁ‘gH‘“%H% dFHt desciilbed | vers.
Di gest i ve hBleieas ﬁﬁer&ﬂlﬂs dieize nagkr 4éhn %ﬁlﬁjr@ﬂépato&ﬁ@sgdeven-r@ﬁaﬂ? HQfaYd&?ieQ del ver
stromal Olge rs ca %met?r e,g@%ced y STO cells, an enbryonic stromal cell

line, use 5 R [GRG1CR KR s inging thatpduly husnaadwmf EUHRERst o

support Clcélmgﬂbl@ oEFORAIRE co1Bnied urdef 8diditions Bl GHcBondIQrd3Bhe ﬁébqﬁ@gtergepat Ic
stemcells d| loid adult_ rat |iver cell s@ﬁgKubota and Reid, 2000),

These conff SJi A6 MR With i SHIO fedss celby. theeo 8¥Rfe%¥0ﬂtQﬁéllt}:blﬂUgenl tors
from hu mflmpf@Aﬁ] antiCLRB3 d¥hémchBehe pSiict 8 suel st&h%elgrlh Jl{ Mer. r}ﬁ&f\’t&dsc stem

cell that vvould expand with and without the feeders (Mss et
submi t t edpt Pﬂ%’éwsv@m@@éréﬁcg%ﬁ@r@% ohergin owash bsubsedsiof idoldtoroetephati

pr ogeni t Otc,ﬁnJltraQéBuél althhR saﬁgédé miERNE). %ﬁf &d(éﬁ'fjho\‘yorﬁle?? Beain! N

‘preparat i on) actors sup by the ryoni ¢ stronal feeders and
essent i al hghby emrrfée om)p hegagic rstsm kellswhom -tRgag divau God edin® BiSsudO

03/ 078588dg§gd@§93493ﬁ§ga,[ Q4p4] STO Feeders originally from ATCC were
expanded fromstock cells in 75 cm flasks in DVEM F12

(G bco/BRL/InVitrogen Corporation, Carlsbad, California) supplenented with
10% f et al H¥AMBLESer um FBS (Hycl one, Logan, UT ) and 1% DMBO (Sigma, St.

Loui s, Nbp},mﬁgt@ntu}gr@pprgmgﬁafﬁ‘ﬂs%@q\éggHﬂf?Fﬁ%bﬁg@(‘; flasks, the

cells were treated for 2 hour onyci n Sigma, St.

Loui s, Nofo1abpo, Mt onmk livePpidEeiitdis, Mﬁﬁtm@&ceﬁ& of thel JHAHAS: fihtic & dﬁ' e arrest

and washed twice with culture  medium The cells were trypsrnize
r esuspend&d'si Ao Py HpYiEe &riang beingrseticuliyred @9t 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 embryonic stem cells and found te 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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cells and stored at -80C. Feeders were prepared by seedomugdwst2205 hawed
cells/ cnR onto culture plates pre-coated with 0.1%gelatin (Sigm, St.
Louis, Mb.). Detailed protocols described in [16] are incorporated herein
by refere 5] Cells passaged onto STO cells were cultured in a
serum f regip&%%%%é%al ly defined medi um (HDM conpri singt 98D
(A@BCOBRL/InVitrogen Corporation, Carlsbad, California) supplenented with
0. 2% bovi f@l0der ubTSl Fraddra ofi Enaltyt fram ATCEawey exmoia! frome etociSiaistn 785tm Loui s)

i | - i .10 m) .. seleni 0" , 2

oy capt oetRaor ( BMEETE G BRIANRRRD Cfhokuiofa, GRfled, 6356, i [ 16,

'%‘Z\]S) : ( hyd _rsol_uplzﬁflrrpdnmdygtoh(m Ratdvﬂ)pvigt Bﬁrﬁ;’ﬂ FiES _(I-@crﬂé%,,Ldgbi}c,aﬂT ma‘m'dme ]j(pﬁs({}M ; fandB
eni.gcillig, .. streptomycin 100. p. ,_and anphotericin

250 ngI/o m_,(glggf"’g#a}(.’u%&@%'g%ﬁ‘mﬁB?Sgﬁsé%c@f%'é? HE‘E "81‘@%? ﬁasﬁ%ﬁgﬁlp?eélsgr owt h

factors (evegt uweddiiMBhourgaW 0 fRGEI0 mitoREEin be(@?gtnoaess&.eL&n@WEgo%é&tOf, HGF,

nor insulin-like gromth factors, TGFl and IGFI1) were used. 06] Primary
cul tures &romplshiunewh Megting. BAd ip inducsisethgyplg areeat and WaslknghtRicamitheulturewer e

pl at ed onf@danS TR taRARE e h3y&hi &l M%%Q%&E&Pﬂn%rﬂ%g%%g&%%&%?ﬁﬁa'

hepatic stem cells that express al bu AFB a 1 cal”cells
stai ni ng TBYEM{gm0f FREH 0% RYIS@ct torafrecziigdnh nilnalijugisod §x B cdls.anThese
cell's wer goalisP . fP8i floM&s fdle 1 | L bured on | astic
substr at umoas descri bed X r%tﬁ%sf éé?ﬁlggg’rdo(ﬁ?Il'rraa“%d%g%sétgpcgntgtcgﬁﬁ“gel S
seeded onPlpcSPE-joatsdenith O 15b gelawal(Sigrom 86 iLstsnMonDDghitadgmytoarddesaibed ai ned

AFP eXpreﬁnsfl@fanf:%oxﬁgﬁﬁﬁﬂhcwgfemﬁwce t hese conditions support both
epatic s an

. proxi mal atl stem ce nore differentiated cells including
di pl oi d adRH0f] | i Cells pebkigsd (ni] PTOOcetisllveanr enliurdd in SEehbhefee mermemued

unsui t abl (o3 8 Qf trul M.t ~formng. cells. 26 August
2005 wo o3iBeRE e bt RSP KRR BB P Pent ciiprrdin repat o
St em Cel | €afldad WaliTdraiapsupphedicp avithric2op rodline etrhmsabpein JFaof v Bsappl e 1 was

plated at a, .densit f 2000-5000 cells/cm 2 onto tissue culture plastic in
a serum f Fg8 frr?‘g’dglﬁmg’ gtu&ﬁ’lu@ H’E"g’ﬂ éﬁ‘f%?’{‘l?’pﬁrﬁ’éf,em‘}@eu(]ionﬂ%ﬁa')t PRy 1 i n/ Fe

(HDM . Foysxtitrémy, 2fddrcabtoeth@hd1 35808 i) a IndidNdix (%f he PR LI %prrg}l%}[l’g@e 21-0% FBS

to pronote_cell attachment, after which the cultures’were
ser um f r eé7D:\exsiracogtisaneg €4 oMa.ushutanig (3 il - deoyinamider Gamdl), 264 0BAS

oroxi mal  PepSt e P8 AR Bherk Ry TR AR s mbgRUER B 0GaPHL of “col <
with a cl 8gsiap Preferably, neither cytokines classic hepatic growth factors (e.g. epidermal
growth factor, EGF, hepatocyte growth factor, HGF, nor insulin-like growth factors, IGFI
and IGFII) were used. ’
[0106)  Primary cultures of dispersed, enriched parenchymal cells from Example 1
were plated onto a STO feeder layer produced stable aggegates of proximal hepatic stem
cells that express albumin, AFB and CK19. Typical cells staining for albumin, AFP, and
CK19 are shown in Figures 6a-6¢. These cells were also positive for CK8/18. Unlike
~cells cultured on a plastic substratum as described in Example 6, the proximal hepatic
stem cells seeded onto STO feeders retained a consistent morphology and maintained
AFP expression for several weeks. Since these conditions support both proximal hepatic
stem cells and more differentiated cells including diploid aduit liver cells ([7]) co-culture

with STO feeders proved unsuitable for selection of truly primitive colony-forming cells.
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parenchymal cell norphol ogy, and W|th expression of albunmin, AFP and/or
CK19; the proximal hepatic stemcells will denonstrate 26 Augush2008FP and
CK19 (Figure 2a). After several days, the proximal hepatic stemcells and
commtted progenitors ceased expressing AFP and were replaced by solitary,
notile cel with a nyofibroblastic appearance that dispersed into

t he dish. %’%B%@gﬁ%ﬁl on to proxi mal hepatic stemcells, SBQE(P%WB"'S&% her cell
types were present in culture, sone solitary, sone f or ni ng extensive

conf |l uent EXAMPLEWrs, while others fornmed discrete round cell groupings.

Anongst t e.t . Of . | 1s,.pos ve staining for album n was observed
only in. tﬁgﬁf)ﬁ'?&‘&% ﬁ'é’ﬁ;f%’%‘"ﬁ‘g%@éﬂs the committed progenitors, and in
circul ar tl ted col o the eatlc temcells
whi ch appégfrogg >rllr cu Puee% %"’5‘?{5’8 rP%ln(fe Su\ﬁﬁ’etnﬂ g] ﬁdﬁag‘@h”a l%dsé“f 2t he

proxi mal rdeqmaymf 200805000 | detis/ant] ohﬂaenmmnarecbmh@gem k@ 0m-fre Oh@Bhm Col ony
formati on _showe e tabl ents. An initial wave of

col oni es 55&3’2 fhfng’f H'és“ F’é tr?'ﬁ\%"&!i{j%mﬁqrd?eeﬁﬁhﬁz Bppedied to
arise fr O@laﬂﬁ@,%@@ﬂéduﬁﬂ&oﬁkﬁm@d 0RXFBYS it Gronttid Self RivgtuiRnd Mer WHRMNENEr, after
5-7 days, cfn‘l new wave of col ong formation started fromsolitary cells

‘scat t er ed SPHFGUGHD Mainigipedsprunyires- ediz chamgeseccured 4 Hiressdaydptervalsy st
recogni zahy@sps %ﬂiéﬂﬁte%f aﬂer&uﬁdm{ém méaﬂrgdon{m&htcél}é SrefRAm Qufevdbe W th

| anel i podia at the periphery th formed a narrow continuous fringe (Figure
2a). The PEBBHheRatis.sranerdl al“h?‘t?“@‘)@?é REEGULOL: azestaniss Oéﬁellsl‘*g'fhtal gassiggr egat ed,

rounded Cghbfch§mhled mb hgio%ﬁ lﬁh':éx%l-krsﬁ B 26dmin] AFPIHARF B 1gPMEAT ance of

theselateformng colon|e5| disti romco onlesthat ormin the
first day$rosima Gepatic stempgelle Wilhémor@@ﬁpdbémmof\l‘l’laad &9 (Bighee, 2ap Aftek r om t he

initial agutpdatdONfhe0 [ - S te the
mai n parenchymalﬁly%e Iesbfog{%t g@%?%ﬁ’?’; CF%%%@?]‘%%JHEF(? th?é‘oi‘e\r}lg&gectﬁg{ ?c stem
cel | s gr egkmessing ¥FR argbwere geplacgd éypblétsm ootife deHaypebiDtham thyefthvotdastid
di aneters t . veral c Iture Nuner ous =30 26
August - 2otepdies b ALbE] nEBUF IBdRED shPuBH bR BTG RSy Vel
and di spepthedcelytypasypse m’emt inorelttne, sanel liary, aves ﬁ:gmnr(gealxtensnmwdnﬂnemer col ony
t hat rang 100 for .colonie to 15, 000- 20, 000
in | arge g'lg)rlz)l g%s \%In o%he s ?o eJr glscgfztefo%%i‘ce (ﬂciufj"gﬁ'y%i"f%qs gpese tiy'%es Skt er most
cells of tdls, pccsitnrmstsnmlmg)fmveibtmm Wit absavdd (ﬁﬂjl Enrtﬁdprolahﬁnmpaﬂe stelakll)ecane
separated_fromt. ony to farm.solitar [edF(ﬂmater cells that

co
di sper sed™ $°mﬂ8%tpr‘fgﬁ@ T dre dreun qghéh'ag oesdbe BIPENFes, cell's
at the pehépagt semashs) m&ﬂhlﬁppair@rlg abigle chrichraflyastt e RAGAIBRARE of ML

initiall ypyc\xlgun?ﬂ ﬁgpa%ll: stem c%lls and the committed progenitors.

- [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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around the circunference of the colony, perhaps tightly associated
mesenchymal cells (Figure 3b). These cells al so nigrat &8 Atgast 2689m t he
colonies as isolated, fusiformcells. These dispersed cells renained
highly proliferative and often becane the predom nant cell type in
culture, f tightly packed | ayer that extended throughout the dish.
The col or}?ég}]@\/g?sg surrounded but not overgrown by thisPEEPPO08%r t hough
a transitional zone fornmed at the margin of each col ony where the two cell
types becaeioniesverspepeedele(thictymd dBpdrsedbyAtyphiltizatiohnb iygkhincavBiagd édiles OF

char act eriariteg o po P haCrfi ot bRl 1ol £ st Rt e ds OBk o wi th

i Mmunocyt adtshic algesbliahies wigh tamermydfdresn.r el evant to hepatl C organogenesis.
and

Cell cult wer ed with a 50 VIV) m xture of methanol

acet one f pFé] leyé’fcaﬁ%oﬁl?ft%‘%@?%t‘ifié D(fS‘QQeqoéﬂ“‘eétcé’i“H‘?‘Wﬁ 'P@gf‘d}%‘e\ﬁ@re
creat ed Or])hbllitﬁypestﬂiitftﬁczﬁnd)&péﬁ(éb b the Woloh QOP(AEI SO Eak rlar@@ﬁnaﬁl@ﬁ?%af
Products I pternati . Pros %( linois) to allow multiple

ant i body dBHSHIPEEsF Oﬁh?‘l'ﬁthetch'é“%é’!fﬁé Eﬂ"c"&ﬁé INdﬁbestB@éleﬁl@”blah@hmg sites

were bl ockrAmbyr hamBRbA QbnPAdd) fibrsHidst 'aﬁﬁbafbt'ncelﬁlf? gﬁ%l fgﬂ&l CQ/ BRLJI N
.Vitrogen, Carl sbad, California) in PBS 30 mn at erature.

After ri ns”f‘ﬁ’@dt‘bﬁ elcufierpnERE thg eolagy, werhamégltmazhssm@domdm@mi eelpplied to
each of ! Bigubd MRS LAGR0MEARE MRhy Hofl e &ﬁ.&%@%g 6 298

i ncubat ed over ni ght ubat i on over ni wer e ‘washed
twi ce wit ThegSlisnessed ells femeinpd highlynprokifegative @mbn&ar jbccamt:ltb@dmdmnmpmgat ed

ei ther to g4 @uﬁ&ﬁtugelfoﬁ gh%?ﬁ(&eé B el(tprat]e%éoaeld t‘mfigﬂgﬁ%&&l ‘riég ﬁﬁgat ed to

.Eugene OR). I'n sone |nsta es a nonocl ona
ei t her FI Fojopies PEreviamowded b'abﬂoeowgiown by itdeck!ltlager thauzh aftﬂhsxdmzbtcme | abel i ng

by incuba ti ho aft | etign of the |abeling protocol
with an E%@%ﬁ}"ﬂ&gtg% tn%&%“ Egg §1 g‘%]? bt erc t%mwﬁé:e YR o tBY ‘Ws’ﬂfg%?%%
PCT/ US0O3/ @l7igeee 3e0113] The antigenic pr of| le is summari zed in Table 2.

Col oni es stained positive for a nunber of markers previously linked to
hepatic c % Sy including al bumn (Figure 4a), CK19 (Figure 4b), epCAM
(Figure 4c (CD56 Figure 4d) but not PECAM (CD31; data not shown.).
c-kit st aidmitigenin®sofdesc ColoprFemuihng Cellohi Blasticgeularral |y | ocalized to a
narrow segnment at the margin of colonies (Figure 5a). Also, colonies were
posi tive [§1d¢] t hdbpuantigenie chpraptedsics mﬁhceﬁeilscmmﬁec( AC1B@mpl gurveas5c) .

ot er est i MflklieakiOui bimbnbebBREASLbINR: F008-2 b 05 PET HBHGLY O

col oni es stal positive a recen escri
organogenesis. Cell cultures were fixed w;th 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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endot hel i al nafker, CD146 (M CAM Fi gure 5c), and remained positive for

this protein while in the vicinity of the colenies, poZSiMigpsitifying a
cl osely associated nmesenchymal cell type, possibly an endotheli al :
progenitor. The primtive hepatic stem cells that enmerged as col onies were
negative f indicating that the primtive hepatic_ stemcells are a
precursorvﬁ%mﬁﬁg§?nal hepatic stemcells, which in turnPnggﬁpggarsors to
hepat ocyte progenitors and biliary progenitors. 26 August 2005 WO 03/078588
~ Tabl e 2 - {#H3hot yipe sntigeniOptafie sduBsiatizedPCThIEA3CATBELstBhahwsyipefonet al '
Pl at ePr oxi J em el | sst cel | sEpi.t.hel

Mor phol og;}l @IP?(%??I?& é‘%?ﬁ%%‘%@%%ﬁ%ﬁ@??é%oﬂe% peg 3nrc§l|%]§ atl e 'E{I?lglﬁrgeé%%’ under
st ri ngent gaci¥e@iguet [45), PCAGA (Bigaradd NOARD (D16, Figire ddylibti cnLEBAOAMI anet er

wthsmall, )oj dal . tissue culture"pincushion"cells.that becong, plastic
enanor phol GBI hebe: st folaitife BATEFR ™ Rrgmkfo) i Beris (a4 ol of d

S ulblpolpul atte @nafrdvatdgaenSlkChd aeger shatduad (EputsSa) /ALOpatdedange faupedi sti nct
cellular an

d,in HDM n di agmeter, wt regat es of boundaries; polyploid
ol 15+ pi ABOHPUHNES LT DRVe: G T0RbE: SIE S6r PNOTOgs AP RaLY
Expr essed thetthibitiondd e tHIQeriSaRy 86 8a6hidsatMiaositive Ar BUBIeAtty deterived +Not |
Expressed CK8/ 18+++++++++++ 19+++. .. Not expressed+++ c-Kit+++ (cells at

t heNot ex Srdathelignperken bP44G @it MeKignee 30 gandaempined posiivetiprethis praseiy )

Eg; Fgm:;wgglét ﬁé&ﬂ%ﬂmﬁ&@' bf @ dMGINQL RXINGSRIEANGL € X PEIESHE IDRERYPT €SSEd
mesenchymal cell type, possibly an endothelial progenitor. The primitive hepatic stem
cells that emerged as colonies were negative for AFP, indicating that the primitive hepatic
stem cells are a precursor to proximal hepatic stem cells, which in turn are precurs_ofs to

hepatocyte progenitors and biliary progenitors. ,
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“col onies) CAM 5. 2+++ (sonme, not Not expressed all, of the cells
CD133++++++Not expressedNot expressed (AC133) CD146Peri pifefyoust 25
expressedNot expressedNot expressed colonies (unknown if this an associ ated
mesenchymal cell or derived fromthe primtive hepatic stemcell) PE-CAWNot
expressed%pé}s% 5gsessedNot expressedNot expressed EXAMPLES Passage O Col ony
Cel I's From PLASETE Substratum To STO Feeder Cells (01145CEH8BYers were
used to assess the fates of the primtive hepatic stemcells after

sel ect i ve Tahk2adrthehotppestdi €Cubinaat Calssubst ratum After 1-2 weeks in culture,

col oni es wpr—plast+esubstratymfrem-Bxapple—gypwerephysiealby—tH-fHed from
plastic $ Begdiype by ﬁ%&ﬁ Aﬂ@’iﬁ ﬁ?ﬁﬁ?‘rb@%‘& GepatashierT) %bg;b?%z

aspirati pa—intoa 1d0m Gl o istemeells; nooular pmgnifi ddmidelia Ly [ o 50
col oni es ology) | dddasy tighiHBSS | sensieAdy MRen |HOS FeHive B stiBees 24 min in
col | agen&8BIeE giringenb ) Paried cellig 7118t i288reeadsesif sper| $andEMss i nt o suspendi on.
[0115] CoFRMYHiomsy ni rjdn Srmeer gy | serllanbeigalpagsage from plastic to|a STO
feeder | Hy®F cylie | qupineghiging bqopkghatbe®mmd 1% for cel | s passaggd at
densi ti e PBfi5Od or |3@iphaledys perl 'edife | nitiall attachnent of passaded

col ony-f oHBMqg celld was inproved by the predence of EGF (20 ng/ml) in the

pl ating irdhrehelogYiee |[Davk.sightiny f grStibieg defsélyci ¢ MiplomisybivpuletitteRattedud, i n

part, tol|BHhe fersled t g packofl eells, TH@ |petled t 0 | engtahd hfvapistioct2ellularnut eq)
col | agenased igitdt i grn diametedavitht g aggrbgaesefsi nglbeursiatits; pelgpedsiibns. |[[ 0116]
After passage onto $T@néwsbidet s ceglcklls the pri msoivive bprdigenptosr cel lis ner ged
into the]STO cell | ayerpleshsgyr eappeared as tightly conpacted col oni s of
smal | cel Wiphafter 4NotHaysssedr cyl+4 e (Fi gur ¢ Nedxpresbel hEwe sxplegyaii s
enl ar ged| feygroteihe f ol | ow ng weekg to :
Albumin +++ +++ +++ Not
Expressed
CK8/18 +++ +++ +H +4++
CK19 +++ +H+ 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 were physically lifted from plastic substrata by
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produce tightly aggregated ci rcul ar groupi ngs, often W|th a sl |g

thi ckening at the circunference (Figure 6c). In some cof OQ%cordary
‘proliferative stage occurred in which an eruption of ceIIs occurred froma
point at the edge of the colony and spread out over the STO | ayer, often
sur roundi Rg I ginal colony (Figure 6¢). [0117] The_j -cyt ochem cal
properties oy?[?%iagni es fornmed on STO cells were the sa {I@gﬂ%&ﬂsgge

descri bed above for colony-formng cells on plastic substrata. This

i ncl udes pﬁsﬂatwﬂ/mt%@éﬂ‘ﬂmhgpibdte laidbubihwu!mmif Cxic8, Uprid SCE13Ees werei n
initial c CD146 ndN M wer e
nost - cl eaFQ' I?/CQ g’?(?)? gfsB?gsd'ﬁ g‘% Qﬁtﬂklgalg‘ra&e ery o 59 ﬁ?a“ 5:“0‘?%3 8% rtng,ﬁwé STO
cells. Thlagltaniangidiaicmxﬂlsesmsmpemmtt ern becane even m)re pronounced when

col oni es r un st ro |fer ted fromt mary
ol ony. - THFUS) 3" CoRm BmuBY efResty Rl Prebas 858 Rt @ 6439 FettT ace
bet ween t MezowaglomlrarQMgQi&Wefeﬁ Oseshdf 19 AR AS paetted al ddhsiibdoft 399 sygoondary

prollferatl nis ;?5 f a band of ceLIs wi th intensely positive NCAM
expr essi of! w?rgmp {at ptaghment of passaged copogy-Tarppngesddls gvps drpioed pafthe

cyt oker at ipfesdtizé e EGBAND gnidnd ttopialiey el T8e for coIN@AMnﬁiﬂg efifthdny- 2 showed

that the two markers were expressed at high levels in Sane régi on of
mar gi nal 88 have bseg gpe mpart. (o thegpedfosabiect the eedls sy lenathy étm %’t?pd%mbtﬁs)t he

erupting EﬂlaLgerKa‘é@@igMSnQlforué}ttgﬁﬁééveéﬁgfcf&%’sus fRioged fromthe colonies in a
di stinct arrangenent consistin a parallel rowof cells that enlarged

into a br EHdAl ng Afst passigedintq S%@afp(pqarsmeﬂiaﬁgeanmetmesprmmﬂorcqeéamerged
i ntercel | yi@ke ﬁ@@@ﬁm&f 'ag&”}étp% ared 39 $igh (]tl){ ?{ﬁﬁqa&%h §Io?ﬁgopﬁkﬁr&ﬁgg{}t 0 an

extensi ve sheet around the | na oni es ey appeare o | ose
the |i neaf-Sotayaii qdiwicoifigwp nkihe aew chlenics pjangéd owmthefotioeing Mevlsvor

st ai ni ng I _ | i onp. it ows, of 34 26
August ZOE%HV% géﬁd?@%%%gg%ﬁsﬁﬁg%g/gﬁ%@gce saﬁlas rsrlé hrtltta[iwi;end1 Baf't Fll I'n the
cel | masscif@ingercece] (Bigure Ge)d Iic spngt @ilmigsgr a‘eownd@lptﬁlifeﬂhwﬂdgetdtamrrddhns mar ker
(Fi qure 1 Vs an Efbefbe, 8 &l pEbFed rlin b L 0% e R EE Bl rep
appear ancevepthest 0 hiyergoftenrsurrdiridivgf the dslegxmebmlpﬁge(rﬁygmé 6the energi ng cells
(Figure 1 I s fepresents hef rst i n € ex Vj ul ati ons
descri bedﬂq‘}éﬁ;' T['"ﬁﬁf‘mﬁ\?—q?c% ’é‘écg Brr‘?p ‘%t qlqnfﬁfefh 95{(?‘}1\@(86? %ﬁ of the
initial cmecslamefasrmsagiee@ibh«s abJ\laeﬁ;e cdlahjafdrfmd'lgC@llQ onNglistit ebdadaMIhisV e
hepatic ﬁg] cells isolated ‘ eé% may be used to produce hepatic
conmi tted*"ﬁ PREBIVE. Stﬂmﬁv%{é lr?egKé‘g i @GPy @ sApdniblgelaiss Hepati c
Stem Cel | faiskd oﬁ\plalst{@ makke@yBubh as CD146 and NCAM were most clearly expressed 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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Neonat al Donor [0119] A liver was obt ai ned from a donor who was_born after
approximately 28 weeks of gestation and survived only c®ergpt208e peri od
of warmischem a between cardiac arrest and the harvesting and fl ushi ng of
t he donor organ was between six and seven hours. Thereafter the or gan was
mai nt ai neqdyQphd-5&8sf Or approxi mately twelve hours. The whol e or%

wei ght appr oxi matel y 100 grans) was subjected to perfusPSF( SHE853 gestl on
wi th Liberase, and a cell suspension was prepared, essentially as for a
liver obtailnwes fepmizedhwithin thiickl nunss 4Bighte 108N and a&»lsmincgl fos GmBienmany red

bl ood cel | centrif.u at| us tiprep.
However, i tﬁo#\/@ E% ﬂ*? i?lsla)éoe}épe Sg? n‘zi‘trli'eg RIS efr a'é'?ﬁn‘%ﬂg?}’@nt age of
vi abl e, ndKigere/X0hp. (ﬂechapebﬂ 18ost kighifiearké h%esep:te@ﬁm&tap@émank@&f?@fhmﬁgIfctrl ons of

t he recovey. petedf rther o d bl ood cells by
di f f erent ?Xaf'l%OI @nﬁ?enpg\gétofgrﬁe“?%%fq I(P Sguggihggﬁqegxggnfsdpe fiest B‘P‘“ﬁ inver.
cells, anghd k)env@aadqﬂlat1uns Gdstribed ehevtndl @fat GOFPd kA ir&8idn %ﬂrﬁ”b@ﬁfnk@d f tHR

atic stem cells (i. plating in

det ermi ne t he ence of -primtive he
serum f r e&0© gﬁ'&? Giytal ﬂ%lf"i‘)h%é—‘tﬁm%dﬁﬁﬂg?ﬁeéiaﬁ indigae that 'thﬁ P V&élePQ?C
subst r at usjem celiR61alR@ i EQRDIOE mEEbd SselRS fro@h@heshtic %M%H gf‘dééﬁtgl%r

pur| fication, under <conditions to assay for proxinal tic stemcells
(i.e., serumfree defined nmediumwth STOfeeder cells).

Addi ti ona%ﬂ‘@ﬁs of cells were seeded on tissue culture plastic coated

Wit h Type Presesdel 0 rimitiveS£hd Prbkiafi mkqfalu@esteﬂie@ewnm%tﬁw @QoxﬁrA' acki ng

suppl emeniNebyat@idgiRE MRl growth Tactor ( a ter

appropriate periods of incubation, the growh of hepatl ¢ col oni es was

obser ved [m1a1| @0 hidkirt wasnsbtiinst admAaoﬁdaewmcesmqabmvm@sa@aﬁbﬁuﬁa@a Rgi M tive
and proxi m atic stemc e col ony nor phol ogy and rate of growth

| th
was sim | 3F° lisor}e Sptighpand, Wé‘ﬂse‘;f oy o8¢ day- Lhet nerigd of MaR Hirherriarketugen) i ver

(gener al | yaraiat atrmdncﬁfﬁeeﬂar\%sta% Mekshiak of e dShof LS RNaZQ»Qﬁ;eMPSIQ%Q78588

PCT/ US03/ 0785@@ at i cul tured under the same conditions.

Repr esent Si'FY 8y 1ofEe er\/&%ﬁ‘é‘g‘f‘b‘gﬁ%‘aalb‘?mcﬂ RANGSIP! aprassadely évalvahodtmg for t he
expr essi OMh@Hhbte BRgndwBUWEiBht BPxWeiidy 3bd g.%%b bl Gubic Rl t%gérﬁﬁm%ﬂr [0122]
Col oni es of apparent epithelial (presunptivel hepa ol ogy appeared
on col | agéiedigardth bibgragss and arqel ﬁyﬁr@%@m@/a@ﬂnr@@d mutailmaforcaehm of |ess
vel 1 - def | ofnedRoRNOh AN GiI%r JBAY mwlgl;}ly 4t dSRfy G B}M%elgé)\w&ehave not
yet been characterized in detail &lonies of presunptive

epi t hel i afemoxed ?Yaﬂ’fsﬁﬂfﬁWSe@F@@ug@hom@Bllnaqémmuatlé@vever it was difficult to

determine the 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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pl ates in the absence of supplenentary EG-. Sonme of these colonies were

pi cked individually, using a nmanual pipetting device, atfYGUehd9® red into
fresh nmediumin 96 well plates- Cells fromcertain col onies have continued .
to proliferate in such cultures, and are being passaged as cell strains.

It appear gvél'hgf@,g%st hat these represent strains, potenti %éj},l%éq?@%%nal , of

propagabl e hepatic precursors, perhaps stemcells. Furt &terization
of expression of antigens including CD133, Ep-CAM al bumin, AFP, and CK19
wi Il det ezesthtian) chldured bpder \ae samet eondftiods. f Rapreserttitivei aotonish wete sastedutyat i ve

hepatic st; ' EXA %P M dd e ‘

Cytonetri c&%r?gﬁg&soééssh?%%&ca sf%"El{' %%ﬁ@f&’gﬂgggﬁg& g%‘flé@y%@p}? ea'g%ﬁiggéﬁvgi gens
(e.g. al bdmithis iRy were done with cells fixed and perneabilized with 3%
Be i catiyor st tebi 8l 2ebe st BB Rl most i abiafee”) 2nel e
wi th the roal@ilageh-chbhted plaes @b ehe(geendeadil BGF.3AdMbM) celiflvg 14sk awllaigfinget ry was
performed on a ' t onet er (Fﬁ)‘r's‘:gart I 1ins, . Col orado)

tomation "NOFEl ow' flow c (
(FAce. T adPPEORY FHCvER Tagibxin tesr eyips Bhoive pheshesn Reraaiss tins
unnodi fi edletdBSS. The MFl ow cytoneter is capable of analysis or of sorting
40, 000 cel h%ﬁeco&g, vm‘t&th ug{to_ 12 _Fa_r aneters in parallel (6 "colors" in
conbi nat i SR t h FOMUEsr of REsniRtive ARl Spllfalsq sppaarefl o sallager-Foatsd accur acy
of great erpldtdram 83%bstRE JFOSppRAEAENRESGY 3680 bfl RERS cEesURR Plekdy 60 MWV
of power and wth a 100 um nozzle. Fluorescent em ssions at 4838 nrn

exci t at i odndividyallycpyitgee pgual frRsitingadeyicg eandniranstgrred ma fresfo medipmainPopas s

filter foOfyellpldtes. ELIMGTHS EGREFCOl MRS HIPASIHERELARY ploRgREi (TR camls fdqcat i on.
- Cells were considered positive when fluor esceRce was greater than 95% of

t he negat iAtFebedntsrrapBRedeas|cEl strainsd Btappeasy likeky that these represenigains dgtehtallyf or war d
scatter ( k - G N i , 2AELSE40. was

~ used nid- F?%lé% g{apiglagiee%ggﬁggg?&zggg&%@sh&g%@gﬁb ?l?ll%{:tg?iﬁon o?& éln 6fThe SSC

gatings ®EPEssnel pytigeenirciusing CRH38, EpslANL elsmin AKR.handi CK4P owillof '

par amet er g0t i : ; : '

- PCT/ US03/ glseseg%]gﬁﬁl?? ?%‘%ﬁg&i‘?ﬁé@%&%ﬁ%@%gﬁ% g&gt?%i h\reg%f%v%/t ﬁx@eglﬁﬁ}e?.r el evant

anti body and the sanme fluoroprobe or with the same anti body but with no
f1 uor opr o XAMPEEMed as negative controls. In each sanple, 30, 000-50, 000

cells wer %‘lcﬂ@@?mtﬁy?%?&géﬁd FRW é¥‘3%?ﬁ‘fﬁ%ﬁﬂf g’;f(%cgﬁs)fl uorescence than

t he negative contro e eval ua granul arity, size, and
ALY L O TS (G 810 AT S MBAE LS e
fixed and permeabilized wi%h 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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Table 3 - Mnocl onal

source (al

(APC) | gGR23K3PRpsA0

1: di verse proge
(31015X; 310%
ductal pl

( NHCKO4) f ZJ& o%‘iﬁgg@%%ﬁ%‘gﬁé%@&% e S 8

prepared i nDi |l ution(al
| eucocyte antigen onPharm ngen (31254X; 31255X)1: al
235Al g&b Kappa/ d ycophorin A (red bl ood cel
ti gen present on nonocytes,
endot oxi n receptors) CD34 (34374X)1gGL Kappa/ Stem cel
eni tor popul ati ons CD38l gGl Kappa/ Antigen present on B cells,
tained pelsc getlie staied waditanvatledinTantibbil s ar@AMe: Sarﬁ @(ﬁ?qfrdbeSOOCAM on

of hesfte GBS AR

human) price) CD45I

1:dendrites

BHtT

Ant i bodi es Anti bodi esl sot ype/ Target_anti genConmer ci al
Aygiisha0 %
henopoi etic cells CD
(32591A) 1: anti gen) CDl14

mon

one of the
N85t esent on

Itag

Qa/ 1: 120Ahkibplei :ﬂBI(@Ffﬁ) 080 cellowers assaRRo Popdive ciils) Dibtise @AMgrﬁéHMﬂOﬁrcﬁﬁﬁdeal nl\/b

neurons ar duct al

8/ 181 gG1/
Bi ot ek, Ep- CAM gGl/

Blate AFP

an) B SESA R

f d
ound on gRgRkRRL. e@ﬂe}s?@é%ﬁa& %géﬁ%

Y9 RV ga Fep

8- 1 K / 1: 250AFBZ d CK

i %‘64) gﬁhsb&trhaﬁf? & 184@ 368 EXgIROM CaM
& iiiiea BLPE Ol AR KSR o0
ella ers rogenltors

CK-19IgGQHﬁ%mmsmO@y&@MEiatln 19, keratln speC|f|chvaastra for biliary
epithelia 26 August 2005 WO 03/078588 PCTI US03/ 07852 _

Table 3 - Monoclenal Antihodies

Antibodies Isotype/ Target antigen .| Commercial source
(all prepared in ! Dilution (all human)
mice) :
CD45 IgCi] Kappa/ Common leucocyte antigen on | Pharmingen
S (31254%; 31255X) - all hemopoietic cells
~ CD 235A IgGZ;, Kappa/ Glycophorin A (red blood cell
(32591A) 1: antigen)
CD14 (APC) 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) 12G,./1:120 Albumin Sigma,St. Louis,
CD56 IgGy/ 1:250 N-CAM: CAM on certain | Mo. ‘
neurons and on ductal plate
AFP (18-0003) 1gG; Kappa/ 1:250 | AFB Zymed
{ CK /18 1eG,/ 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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Table 4 -

Maxi munill. Source FITCG een494/525Si gma, St.
(PE) Yel | ow4801578Mbl ecul ar

Fl uor opr obes Fl ur opr obesCol or Absor bance Maxi mun .

Pr obes, Al

Em ssi on
Louis, M F¥ feayst 2003 n
exa 488C}een495/519Eugene, Oregon

7- AAD (A-1310) Red488/ 650 used wi thout an antibody for elimnation of dead

cells Cy-§k
AMCABI| ue3

(e.g. alb

par af or rralWeFﬁuprmoms staining with the

49/ 67

50/ 4@3@?

umn, AFP), th

0Jackson Labs,

125] For flow cytonetric anal ysis of

e cells were

Vést Row, Pennsy|¥§ﬂkgpggﬁgc anti gens

fixed and perneablized with 3%

as indic
second artt
wavel engt

I
Di ckensonﬁixgs

.

gggyﬁfabéréd
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ILIIIUI I Uul ©5C
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Q
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be—tused-
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4aﬁ§ﬂ§theusecondary anPiefBdy Sherl@uitsed
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Positive
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- this eX
pr oxi mal
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A o~ frnle
C—COtit

=efﬁr¢anf her faor

lana]
cTaot OGP

lw r_f

30 000-50.000 cells assaved

HBP & cence than the f&placplpe  Probes,

495/aKh arity, size, ahBugsee<Presest

McRADERANPOE

ws¢h prbeuti @nCel |

garbadent , t fes

Wbﬁﬁ@ﬁ@ngﬁéﬂﬂ(ells and in pfinmtive hepatic stem

cells was_ i niti

| Retet er mi nat i ¢
Suspensi ¢
expression of .

ally determ ng

#8865 burmi n and Al pha Fet oprotein
n Obtai ned From Fetal | Ti ssue [0126]
“al bumn and al pha fefoprotein in
cel ls was
[tion is enriched

In

d that the pellet fra

for hepat
enri ched

éhtast s (proxi
for colony fo

had Rddepatic 9
m ng ceIIs (pr

©4%/67Ckel | s) while the
imtive; hepatic stem

Fackenf babe, Mest
Ro®| PemhsylNaiik2 7]
bot h

Al bum n €

ot olzl € :Ji:w?’io&sdu er-face—and 'ﬁcl et cells,

m@gb—l UTI IS l.BliUé

1o nF LJII"’IIV‘I‘\
S o

tha
+-Ae

ijn  freshi

‘expression is dimnished

o f
|y ISUIa‘Lcu ceCrS—ant—artet

in culture.

DWWeV-er
ITUudy ]

Thi s could be due to | ower expression

or prolif ¢S] on Fof flaw kymhRidftegalysiy 6f cytoplasmic antxgens (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]

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

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

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]

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

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

in culture. This could be due to lower expression or 'proli_feration of albumin negative,
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After

-38 26 August 2005 WD 03/078588 PCTUUS03/ 07852 non parfenchymal cells.
bservations on the cultures indicates that both contii B#August 2605
pattern (Fig. 20). [0128] AFP is strongly expressed in the freshly isol ated
pell et fraction and weakly expressed in the interface cells. This is
consi stengv(%stm pe observation that AFP is not expressed in colony cells.
ays Inculture AFP is not detectable in pell ePCHISO02, £ ace
cells. Colony cells in culture express album n but not AFP. This could have
been due mon partenciomui céll@n@b(qwaa'gns@thclbmlums)indM’dtasMalt batbl sontabse ppxhizssi on  of
AFP expre %%(Fl %)31 cells. However, the | ow AFP expression in interface
cells suggests t AFP is never strongly expressed in these cells (Fig.
20). Al so[0MBEN exﬂPomstrc@ly sxm&&s@ed:lnl the rf&dhli_y Nsolat@nphiled fmsiohall vedaRIgor t

prol onged AFP e SSi 0 et. cells o-cultuyre) they are still

negative FHCA e'ﬁ %ggﬁc%ﬁe'BT se's\ﬁﬁgs‘ﬁ gstg? abservatien habefhdeAttant i body

bi ndi ng texpib@wﬂmCMnyadeﬂklaAffﬁf 0P rdayLinculRRIARP iShdnileckBR iAlRAEVGd in the

enpty Ianesrgatc 8%& 1); The r ults of these experinments therefore denonstrate
t

t hat AFP {™¢ ology ISF' By PRESY RIBYRInbYt 984 é?%d Thés ¢audd havgct i on and
onl'y weak byeneB i€ths enditibnk Maﬁlebﬁlﬁﬁr%icﬁﬁhﬁsﬁo s e%mbr?of:ﬂpﬁ 'e;géj@égf pWi th the
observation that AFP is not expressed in col on I's. 26 August 2005 What
i s clai medt plscells. Howeyps obe dow Eosiprasspmén e a%ﬁ%ét!gg%tpuhiaﬁﬁfnmof cells
enr i ched hébehbtpﬂil?lypéxbfgsgeHY@the&e&% (GeIBIARE. diftn IR BN SOLHARL 1 U1 VE
hepatic stem cel do not express Eha fetoproteln, 0 express Ep- CAM and
are precufYywitipng @%meimétﬁﬁf S?tpeﬁfweelm selles sl ({S’f@xqommfﬂté#&yl c stem
cell s bei n [ piliary

or 0gen ¢ Orng s@nﬁpﬂ?he eg%rngxgg e?c%g%h&? 'h%réﬂ'%‘i%g V(\*#s's)r(é\ac%/?ﬂ% l!\»}cg liol%ogyh epati ¢
stem cel | bméwgit(e&ibum@m@pmmpmt@mmnd no 3igndltvens obmeped it uheamptfy ladeai m 2,

wherein t i r,ess

cytokeratn 3 mglr.'é }écglﬁ]ggl nab%sgnegp néerngso%ere T ‘Fﬁ’gmg’ger{r%ggﬁt@nlsosﬁm&éléi m 3,
wher ei n tb?q:rq;ssadnhtﬁe\fmshigmiataﬁ mllexrfracebﬂ a;ndfcmﬂ)t hezrkiyesxpfem iM\the GABfacEAND. 2,
c-kit, r ti. t.here osition of claim1,
wher ei n t e p'rrﬁlirsnJ C:%\I}%Stﬁ& Wé?'qi %lfsgrr‘f?téoé‘lt"%t "\ﬁgs ?t(f ERFEE g“iog’“yﬁﬁlbsat ocytic
progenitors. 6. The conposition of claima1, vvherel n the primtive hepatic

stemcells are precursors to biliary progenitors. 7. The conposition of
claimb5, wherein the proximl hepatic stemcells express al pha

e
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fetoprotein, albumn, and cytokeratin 19. The conposition of claim?7,
wherein the proximl hepatic-stemcells also express Ep-¢ousheqes
cytokeratin 8/ 18, or conbinations thereof. 9. An isolated human prinmtive
hepatic stemcell.

What is claimed is:

1. 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 precursors to proximal hepatic stem cells, said proximal hepatic

stem cells being capable of giving rise to hepatocytic progenitors or biliary progenitors.

2. The composition of claim 1, wherein the primitive hepatic stem ceils express AC133 and
albumin,
3. The composition of claim 2, wherein the primitive hepatic stem cells express cytokeratin

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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