; e3euut @6j T& Human Liver Progenitors Field of The Invention ﬂ'h;ehm 820Q3
invention relates to human heﬁati@ mtem cells, pluripotent cell tg

rise to hepatocytes and Hmlmﬁjm }Mum l“ s, and other liver progenitor cell
subpopul ati ons that have y to expand and different is%@ﬁlli nto one

or more WPPAM3ER| | |ineages fomoudi ng henopbi etic, mesench§hd hepatic
cell lineages. In particular, the invention relates to markers and

properties used to identify hu i Ven i met hods of their
purification and cryopreservat?@@Fhﬂbgéygéggsggbﬂéisthat enabl e one to

di stinggy i henopoi eti ¢ subpopul ati ons, and evi dence provi ng
t hat hggg??o proggﬁrééﬁgﬁexist inlivers fromfetal to adult 10 human

livers. The THaRedchOMSetRAStIatedtEhlMifn Butie sfefl B! pluApBiedRIs AT s and
for the establishnent of bioartificial organs. Background The pri mary

st r uct uisa ko hepstacyestane fHiaryeslls, afd ather limgt progenitarene!lisgbpdnailationg that hakg tla i n

o 72 sot oty b ngto TR F R M St SR e B s B R b o .

and a bidsendhyaia) of RépatibeclpBndagbe 1y partiodaiithdlink/ BigtiiemRlaté to Weirkerdtind he hub.
The liver cells are organized as cell plates |lined on both sides by
f enest PEIRSALGSHed Heldertily dwman livgr progeniioss methegdsnidhsinpurificetionead cont i guous

with t : I ec.er t i.hdi ed. t hat
the. cant BpR P s b HAIFH e Bue REEE 8L opdty Foh DM T aas
pr oducgubpdpylaieas.uneevidende @xtiapthadiehbsplprégenitBisexidien livate frodDfddlad adult

t hr pughout %_one ,]_ formng a pattern simlar to that of a bottle brush

(Tlllgi s &umn livgsg The Byepidg Fonsipute dbabasiedas cellhandgeang thespriesand 96 tispace of

Di sse, sapRRias of BRafHA] BElah@ from hepatocytes all along the sinusoid. As
a result of this organization, hepatocytes have two basal domai ns, each of

whi ch fBeelsgrmgidhusoi d, and an api cal domain which is defined by the region
of contact 25 between adjacent hepatocytes. The basal domains contact the
bl ood, and akhe frimasl weuctpral enefuapiserapunip af ddnatersrisver irthe fciphagrhich in

conmponent s, il ._api.cal ins form.bile canaliculi,, specialjzed in
Che’ secrerisenion® pldEiARNEE: AT UPT SeTMnLf AR bt &7 R EhBslfec i n
net|9or krixdd (8adh Wih dpottsl veBLROEEati @ WEeri 416 Bnthiehi RATA fo 88 Pefiph@ JartieRah i ¢
arterioles through the sinusoids to the term nal hepatic venules and the

cent r althgegniral 3gnphdedubn Thaliyergeds ave areanizadasyeel Mlates hinedianebath isislgs by s

O e S VS 0804 PO SR A P8 ol
pot ent icahiralmas@hiatheeg Readnt datathavd mdicpleditiiyt th@@shatpst Heiing smapelicfsilocagehes
are around each of the portal triads, produce tiny ductules that extend and splice into the liver
20  plates throughout zone 1 forming a pattern similar to that of a bottle brush (Theise, N. 1999
Hepatology. 30:1425-1433).

A narrow space, the Space of Disse, separates the endothelia from hepatocytes all along
the sinusoid. As a result of this organization, hepatocytes have two basal domains, each of
which faces a sinusoid, and an apical domain which is defined by the region of contact

25  between adjacent hepatocytes. The basal domains contact the blood, and are involved in the
absorption and secretion of plasma components, while the apical domains form bile canaliculi,
specialized in the secretion of bile salts, and are associated through an interconnecting network
with bile ducts. Blood flows from the portal venules and hepatic arterioles through the
sinusoids to the terminal hepatic venules and the central vein.

30 Based on this microcirculatory pattern, the acinus is divided into three zones: zone 1,
the periportal region; zone 2, the midacinar region, and zone 3, the pericentral region,

Proliferative potential, morphological criteria, ploidy, and most liver-specific genes are
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correlated wth zonal |ocation (Gebhardt, R, et al. 1988. FEBS,Lgtt
241:89-93; @Qunucio, J. J. 1989, Vol. 19. Springer International 1%/6«’“[:12003

Traber, \Foofhsqed - 1988. Gastroenterol ogy. 95:1130-43). G pgirRi¥osonit{k t he
concentra?l on of bl ood conponents, including oxygen, across the acinus, and

following the direction of blood flow fromthe portal triads to the central
vei n, eaorclated pothsionkelofations@iabhaddt,thhj et at.oi9}8i HABS fLor. 2KasPpH R Gihaudiedi. pr ocal

i f. gl | ysi | i Ho , th i t al
zonat | SO SR gRiE e RO oA SrRen T 8. 19RF. Clerpei el al
zonat i 95.1980.8 ViRAAiBEs Y Heh@hB&RratibR 0P BT d A boh¥iRs, iﬁélﬁ?i}lg%ﬁy dnl héf@s(fttﬂe such

gradients, are nore representative of nost tissue-speci genes and appear
t o be dehey, andédlowing detdrestionof blosd dlovofroinehe pbita taedd to theacdnaal vsn,ardrer

t hap bl ood f. in the 10 m [ . In additi t o hepat tes,
bi 18 QIRBORRIE K Pale AP &P Mg SR Iaes A ABTHEIPARIBRP 5.t he

regi ong ReEMBRMANE I@ﬁm@ﬁéc&,@heﬁﬂ OHEGBYdrMhe PeAGSRal BRMRISE (B ?ﬁf juﬁ@ﬁidn Br¥REs
such as’Ito cells and Kupffer cells. These play prom nent roles in

pat hogeorexioifdand tha pedéentiabzonatien of ghpmninglsyythetasd, né hameranly dwogarel

fibrosis, but their direct contribution to the in honegstatic functions
of 15" EREIS R EH IR, BB bterbiep Hiahh o1 M Bt 3Pouits eropanddPErY covl
of thecpongeagneebfactorslintahiit edine PeflOsBAataBIRY bitRr GRH&od MIWeaUhe and the
septumtransversum part of the splanchnic nesenchynme. The formation of the

hep@t i eniewkengrapaifinhs after the endodermal epitheliuminteracts with the

epat ¢ cel 1Ras DrapRRFsYbile el bAIARP P b0 FaBa sbBGHIREE Lhe

sept umctinQrsvesiduewden the portal aht kenttastatgronfadisotng deh@ydek veich anliagelis The
direct epithelial-nmesenchynmal interaction is critical in these early

devel opheAuaffessadlseShese playeprpmirsnt xHes iwirathagsaicgendinionep] the lives, espeeiahe
hepat Gy frﬁ%nﬁﬁei\tﬁg%lnam&%ftbgﬁtheﬂr}ﬁre% n&r‘?ﬂﬁ%&ﬁ?&%ﬁﬁ%ﬁqﬁ%gﬁﬁc g.mctions of.
respectively. tatrons I n the nesenchynespecific genes hl'x and junonji

bl 46k Ithemsormdbvmgho preeapparenklly sstatlat i ng t he i mportance of 25 contributions

fromthis tissye. Ear in its. devel opment, the ljver consists of clusters
of pri m £ v RN Gl B aurRLEe EberenR bR A FRIRRE TR 4oe B8 o
basement, 8 iheanana ik #PHRE RhsREIRD PaR I ehEHdrzhnidndBEcHSRAOIRI | UM i S

transformed to becone a discontinuous, fenestrated endothéelium the
vascul doumasioned eechepatiy cellsebegbrstadier thesmdbdarovad epidebivmeiatenastewitbthsl oped with

t he produgction of hasenent mbranes. The poxtal iAtersti.tiumnpay provide
30"t he SErficgsBR R dpRE vl e Bpsatpu bRl T rRbioeh MRS BY e
ponbal pieidta@sandepairite iRblites meb&Rhy@Bdf el RpacirsnsveBumakith & caddikar e
formed. | mmature hepatocytes rapidly proliferate and parenchynmal plates are

f or med faghigbipmying fedsspansae.tldiechgapenithchaltmeseagivinal iasercHes israrivigaliion of
such tigsues ) U STt AEYbEThe AR eCafd WMo bR wiigP LR wir RGRE o AR
or cholangiocytes, and the fenestrated endothelia, respectively. Mutations in the mesenchyme-
specific genes hlx and jumonyji block liver development, illustrating the importance of
25  contributions from this tissue. Early in its development, the liver consists of clusters of
primitive hepatocytes 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 production of basement membranes. The portal interstitium may provide
30 the trigger for the development of bile ducts, and as it surrounds the portal venules, hepatic
arterioles, and bile ducts, portal triads are formed. Immature hepatocytes rapidly proliferate
and parenchymal plates are formed, probably in response to changes in the amount and

distribution of such tissue-organizing molecules as C-CAM 105, Agp110, E-cadherin, and



connexins, coincident with the relocation of nost, but not all, ,of the
henopoi etic cells to the bone nmarrow. Recent studies suggest t118t JsldteZﬂﬂa
henopoi etic progenitors persist in the adult quiescent rodent |iver, and
henopoi etic stemcells have been isolated fromboth adult human and nmarine
liver (CRB8434980. M et al. 1999. Hepatol ogy. 29:1193-8).POHEsSaailife
physical 5 organi zation is achieved within the first weeks after birth in

et ool enit sHERC vt eelelebiShot pik b Ml RE i ndRo R R BRER B 1 °

eNzZy Meshonb tiarkRRE QRE@eneythdﬁﬁfsu%gasttth@t sPfei RehdpelelioWrdlenRblstdarsisPipiRe @@k s and
commtted progenitors Stemcell s have been defined as grl mtive cells that

sel f r epngsent&odant iverapad Bemippqigricesiem cels have begp iglrsed Wamdmtierdudidiumany t h
nore t f a a irvel Ya. reconstitute a

{1 soue 58 e AP (Bl O R A S P AR Yo T BT S RRORLNELY 11 om
t he 5l i tegatizatonasachidvedositidn tiidtatst weckaifepbirgt incode, dad Mehumams, Wihigshé nal
tissues l\{pre rec tlg, .the definitigns have been nodified to recognize
parti c firs few) vearse Metabalicganagipn § estapyshedgeeordingdo semenhrtdiffeisnpihediepat e
|0 the deushanealyRls, Bdlhdebhbs EXRAR i OR!ptAEGoyggbIypel | s are referred
to as totipotent step: cells and 1 nclude the zygote~and nornal enbryonic

cel | s ftemaellnan8 commitedggegéiitasnorul a). Enbryonic stemcells, also

called "ES" cells onsji st o rmanent cell po atj.ons derived from
totipotent, HEPHFES E&1 ‘%ﬂeﬁﬁleﬁp@fﬁﬁsciwgw? CF‘h@féﬂg\,»%ﬁJérepllm that 3esr RIMEPIANY he
eanby 1BBrrdubsd lker|chné3ﬁfitﬁ%ﬁbr_@§1aﬁ_lﬂn%_‘fét@f’(hh&aﬁ’l'@kb@ﬂd"é)&éﬁ&f@l finapce of

totipotency. ES cells are tunorigenic if introduced iInto infunoconpromn sed
host s irAcensyitus @ HsE optissest iviast oithadigaraiure @ sitmgetlederives aitbérfommshe

However en 1h re injected back into normal blastocysts, they are able
to resL}H%r\ag%Pg}8&%@&@\%?%ﬁﬁéﬁfnogﬂlﬁhfﬁ’aﬁpﬁ%é%gtoéW?‘Pt‘f‘ﬁleusl%?’snati on of a
normal , but Mbidmcénmly, felkdinitink hevgbecamedtitd td Resghavmrhagh @eatalifi shed
from many species (nouse, rat, pig, etc.), only the nouse system has been

used r cikm gellsy Thesgeith the potemialid partifiphie o thel dgyhlepmepieiall(derdrpesunduding
transgeni cs I i fi ce [ culture to blastocysts
o Dokt TE AN IR b Bl Fonepy End LETGE E Wl oo R BRRESLD
ger m ( Ells @pltd tHel e8] stadv (@l mbaN ) MBmybrodnit BRncldispgbecdlRY “ES” 0éllEComet | S,
can be isolated directly in vitro fromthe prinordial germcell population.
As wi t hPTERSTRRgNg celf Rep iQns|desvibirprn iRt aP IPIRO RIS IRfrEALoCHfladhE dVarait o

| MunocERPLaahSeHh Wk E§rl§=‘ﬁ‘§|8 SO deRURY cAPLE BLIERERS, vilD Withth Bidich e M
line, when injected into blastocysts. 30 Determned stemcells are

pl uri potogpotenel. ES qellatretavwrigest if intredudeHento igemeocemporased talststio aphsite f or
aljqmte nber of cell. types and have, extensiyve .growt h .pot ent | al

A ast e 07 dereie Setink LR RO B e B o 40 Ve hBEE Bisbdpta nag
det er m pfhab bRELERS, $hedOard Able 36 tdstifR lehftdy dhic HRIopnSerk BRA parBEPARAY tiAN have
| ess growmt h potential than the parent. Determ ned stem cells give rise
t o daugfermatieredf snemrd, hup sbingirgr mpusce Adirongh ES sell lives ryetbgen estgdnbed fom
potential to a.sinale te . 9. hepatocytes, a e re ed to as

Porm o fsRist P8 MY S, Se d orh AR RNE ST Ry 8o LS ERRREYLR eBferac
hepat ocatiing]spriGgesvel phéncayisks CRIvTkbiute drdnsgdridsy bp h@gink ndddifiedRES edlls, fréthghl y
publicized experinments have reported that human ES cell cultures can be 5

est&bl | HBWe orastegstspnd ihen waplanting {he bisgtony st miperteudortagnant heste human ES
cells i N ect [ 1l ' : i he to
Feconst FRembaRLF6) Gkl AHAP sidhy MRy DPRR hpbichiat TS oele ALNE e
cel | s f pohddudirecdy whenroi fingra cheptimondial getme selb pbprlatidrar siwitluER cells fedE@bove) ,
the plan ta inocul ate human ES.cells.into patients is . unrealjstic and with
t he gracféfsrfeg%F%qup%rymefnaéﬁ*é@wwact?@%?gﬂ n?wmamlﬁsﬂﬂwe%@wgf%?@ot hi's
I npasse, : : A SHANG: ; i.fferentiating the ES
cells u%@ggpﬁé&?%lgw g glterﬁ\l/l??’oﬂ%g #Q%I{eg{%ﬂérgthg{?%s?%ﬁgﬂst 0 becone determ ned
stepo cel | s t Daterpdmed siem colls srafpdirjpoteno cellsathetthavatrestpated dwtrgenéiorpassiapioe,

there i§ sonme neasure of success in,generating henppoieti rogenitors.
Hoviever 13 i S0 BRAGH RUP Bt el £Ype AP B Faferee® gy ol TGRS Coul o
pose t heyifkgde sQfh hy/MRl frBRNES komérhsd 1181d GUEJedf @5t @h@miiNQrit@iceNs dhh@ salf-
patient. In summary, until research in 15 devel opnental biol ogy reveals the
myri ad cephicate] thatdis theit progemheanthave desp fzraveth potentin than tetneyngeResimgined HenES
cells will remain as an experinmental tool with little hope for clinical
progranms in cell or gene therapies. The only realistic option for clinical
progranms in cell and gene therapies is to use determned stemcells in

whi ch the genetic potential is restricted to a limted nunber of cel

types. By contrast, the ES cells may hol d great prom se for bioartificial
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Controversy surrounding liver stemcells The presence of stemc

adult normal liver is the subject of great controversy in the ffg d‘lu!l' 2003
liver cewb dpisgdoegy. Below are summarized thg several prevachiusgo/ondel s
conpeting 25 in the fleld The italicized text indicates the key idea of

the different nodels. i elieved by some experts in the field, that
hepat i Ge’i‘{ giYr C1sf F%d@%&héecr 06@ @‘aﬁ lasepiBFpRRRGY 1Y 1S8tating Histr geRatiepetertialdo at em

Ch |y eeei o NERoo R add Bt rlibbod WS Rl pFigeioBEN A HRBR e Y
Types ilinekjephtecas comogmwblsﬂpatocﬁac progénitoedaridodommitied ditiary Brc@mtoﬂﬁew York.).

The Far ber del ﬁ ﬁ’é\ derﬁ all mature parenchymal cells to
phenot ypi calt4Rl! ghhnpubligired gxperimpenty haygaenmsted @H@af’ﬁ%?e”g‘%%wfﬁ can be

pot gnt i eﬂabm@d GRS hERh SRR, 1T VT sdgBe AP aMhYed B E O 8O gﬁlggesnt
Far ber proposes that under "oncogenic corditions, adult parenc
retro- olnﬂ:étedenb|tﬁ$®samd1ebwpcﬂmtthmmnllcbelabha to Tenonstimotbalanthgrd negand ahde | i ver

ot udi oLt en v et RS THAC Sl oS Tendpetey apourt ang o o
KennEd)fhanSn u‘?@roe(lsee aﬂb%gé) tﬂéﬁﬂﬁ’ﬁ @) i88Matd BurhBR £S: celth ﬁﬁ@b&%‘t’é @Sumcﬁ-hst}% arﬁf al .

1997, Sci ence. These 5 investigators believe that al
par enc hyﬁayhe(gea\{esp%ﬁléllttboé@f@aﬂmg wmerhinghd patisingss tTocovenedny this i lgmaeseexmesm on

ted onl th t
ol ¢ s o bt R B TR b 1 e R B R SRR e
Cel I's t3abiteaNtcShRSRURRMnca SR Ed]IsttRat i tHenGRIshiely fﬁb@ulﬁieHQ% tiemscel |

nodel is based on the studies of WIlson and Leduc (WI son, 10 et al.
1958. JForpaample. theecis spme meagge 41 puccgssgn ),en%tmgmeﬁmoméum@gmnocﬁ field,

car of nabnay a REStahd RrlRRR' bl Gt O B ROSAR AT, or o

bel i evauxtnbag%x&lmgﬁ"nhé anuﬁel drSmdcﬂl@{dddiﬁlbgl ;mrt:mt entsummaw,ﬁnglegrdsearmlee{ |'s, can
persist in adult tjssue ropose that they are rare holdovers or

r efantdgvelergisnial pi VafFY?f‘ﬁr%t%F nyiviad By R Fctdivgdho s ceihdying sume t hat
pr ogeni I j nlng
but onigodnglis e B8 B Biikramdih i) o flrib RN efhitidinlc HEfe foyathican! 7

Pat hol qgygraitis5n 24186+ Qér&fih@raplﬁla'fhe anly lrdfnhytxcaoﬁlqmrfes cllire clal tpoo drem’s $m b hand'
5|n1Iar to the satellite cells in nuscle. gse cells hay been.%ﬁscribed

* o e AP PIED QUSRS HEM GPLA ot ICLRAPL RATCHRE ICEFYIClAdP &
They arlﬁnﬁé@ﬁ&m&er%f%@?l tfRd E§Q6§t$§st Qh&ﬁ@rcé‘l%tx%'éj ﬁ&l'dcgré’d?tp'rcgﬁﬁb(for%@ir‘tl'ﬁ%xapn
the cell surface. All mature’liver cells are assunmed to be co 20 equal with
r efectorgansgioothione temie geree (o preszwomtic galds) et tareapioduesddot S g¢llshmder ogeneity
of gene‘ﬁ?pr%s?hpor}lsl s dictated only by the cellular mcroenvironnent. The
pr opone *of e Silent stemcell nodel strongly reject any idea of
nmovemenCogfropase saiommilingdives stenooelper i portal to pericentral |ocations. The
i nportance of stemcells and other hepatic progenitors is thought to be
rel evant to Eh%lér§§"élc§10§§t§§‘ GHp jn adidtnasmal lll‘gﬁréﬁa‘%é|5hl?3§‘ér?é§re§t COmyergyhase
investig y/ i
R A o e S g
"ovdl clths ﬂeldlo lﬁmtxtaﬂmrzml &ext ammgmszbd)k@ idexlyf thé diffgperinyodetsol i ferating cells

under regene at ve cggdl tions or .u 15 <g%édl tions of | d.to noderate

i njuries. FlisxR OhSOBE FEPSSTS 1A A gt {1eRpIG i £RlS B B ons are
observeg,p o)ftcattsrsﬁ'é tHM'tE@e §Pevlﬁ)r ﬁerh'cgl‘?gm'a'ahf'ﬂrll'v@é arﬁ%h@%tuge llWr c%fls al .
1997. In S S. Potter, editor. 30 Academ c Press, London.
233- 282pe)mcygaumqghllybasle¢r mgestm&mwmgeseés (Iﬁ“arber Eel99. [rAThe Bole afl Cedlt Tygies
1988. Ljv 8:80-7 Za 9 as been
shar pl yICHTRA SRR SRR o By SR et Pieie Nok¥ Ypriy g Fegpiyapdad

Reganer &ldspirefm&aié | bﬁ‘r@ﬂ&%ﬁil gells\Blbe ‘})Hérﬁftylﬁﬁ'ﬂl}%l-éd-ﬂaﬁénd that M8 &RaWhsSNS.
Academ c Press, New York.). This propodsal postulates that a stemcell
conparth@mtogamel'émﬂgrowftmem@# ead ganeicapiessioreindévensudue 99y tnchynal cel | s

that "strean! g

mlcroenwronmen Farber proposes that under oncogenic conditions, adult parenchymal cells



the central vein. The stream ng process brings the daughter cells |3tU)L
contact with distinct mcroenvironnents resulting in changes in tae 2003
phenot ype of the cells. Again, the mcroenvironnent is hypothesized to be
the critical determ nant of phenotype. A ngjority of inves}lJ or ave
argued ag%? A¥#34%i s nodel suggesting that if is inconsist eﬁfﬁmqoﬁ(ﬁé& udi es
showi ng no novenent of nmarked donor cells reintroduced into liver (Kennedy,

S. et alktroldifSentidteRAd BEQ@E wmdi d8Q: This mbRMRYRTinat&Y @R 1iver sdrdibogenciRat have
provi ded the nost definitive evidence countering the stream ng nodel, it is

unknownfigld ferrdecpdesragd still hanimneet grliver regerpeatian $odiesi on i nfl uences the

expressi on of,.marker i A0r l1s.., Norepv t he stream l'iver
hypot hesi s iét}]ef E% ey% tbgﬁg\% tb%v“?@’?‘feéﬁggsf‘frgftef’ h‘éﬁir%égéweﬂ’r%ie@s "Thi ese
and hi sHgsaeleEAs1 60hEIMRhaldpol§9G. Kepal NI KeicRll, 248%0l6H33Test hat the
Canal s of Herring, |ong suspected of being related to hepatic progenitors,

ext énd iavestighiess balicyeigiaball permechymabecllsiasg eo-ggualearg highly plasiéc and wish gened and

 neao s PRV dy' RipbfitohibBl: Vgl BTG bnftulBhulihl T,
pr opos etht halfturt ipasuelsymalectis gahygetlesicedrabecahd aaml cells Apngassivecuchilke a

spring, by stem cel Ig or early progenitor cell populations (Brill, S et
al . 19FPPNVE R BERATSGSS of the Society for Experinental Biology & Medicine.

204: 261-9.) . THOG ek SRHEClISnORY |sHaSe Psh tﬂ@!sﬁgigsro?"w{'l%%ﬂ&gietdﬂc rvadbg jage, 20
Th I npani ed by

to old cells". e maturational process is acco
| i ndagestpbdiot B ohdepe nrentrad e s44%). ol in the hemopmephitldgthis amtém enined

fil wt h. tenti al nd ion. Th h
by pot hedt 2 Pt HiEEn: s N EF e e dErCarr N al S en Gitges,
i ndepengends.gf), MThedaspastibABRRR ieveRS RbedHite Qa&yHcﬁww%igb{amm&gﬁg@%r

changes; the m croenvironment conprises the nutfients, S exc
( oxygergelleQmn pepsist imadulbigsye belgirbp@s thae tHeyiang srabolidones antenanantsadekeliul ar

e SRRt eR st ARIRRAGT LA B bl aghelsl 57!
~Growt hiilalenfeptiraa 1alee NagtibgihP beforly ac@ikéddt afatdYROVEXATEL dEAIENG9J. N t he
matrix chemstry located in the space of '~Disse and consisting of type |V
col | agefmatisen/ouro| oA dathobogintd hidliardd3gulThat s, epeeayrsuragstoihg “shent,”
et PO LR R SO ARUAA B0 SRt ROLERE e LPASIPELLS,
account of the distinctive shape of the cell nuclei. They are small (~9 um) and express a
characteristic antigenic profile on the cell surface. All mature liver cells are assumed to be co-

20  equal with respect to growth and gene expression and that all aspects of heterogeneity of gene
expression is dictated only by the cellular microenvironment. The proponents of the silent stem
cell model strongly reject any idea of movement of parenchymal cells from periportal to
pericentral locations. The importance of stem cells and other hepatic progenitors is thought to
be relevant to disease states only, especially carcinogenesis. Thus, these investigators have

25  focused their efforts on candidate progenitors in animals treated with various oncogenic
insuits. These studies show that “oval cells” do not form a recognizable body of rapidly
proliferating cells under regenerative conditions or under conditions of mild to moderate
injuries. Significant numbers of proliferating oval cell populations are observed only after
quite severe liver injuries, (Grisham, J. W. et al. 1997. In Stem Cells. C. S. Potter, editor,

30  Academic Press, London. 233-282.).

A model based on streaming of liver cells (Arber, N. et al. 1988. Liver. 8:80-7,;
Zajicek, G. et al. 1991. Liver. 11:347-51.) has been sharply criticized and largely ignored

(Jirtle, R. L. 1995, Liver Regeneration and Carcinogenesis: Molecular and Cellular



Gene Expression Early Internediate Late Gowmh is hypothesized tf)ab(aUL 2003
maxi mal in the stemcells and early progenitors and to wane wth

progressmm%{g@ugh the lineage. This nodel takes into acoupisioaiiet he
majority of the cells in the adult fiver ti8sue are pol ypl oid, nostly

tetraploid or octaploid, less than a third of the cells are diploid. Recent
dat a svgdetnismieAcmsievepPreshaiew Nerbyl Khisprafosalrpegeheeathatestpotehti al in a

ti der | fromthe diplaid cell | at i that the ol K
cont 11 BTERYESH i aNLt G PORDIY Tints el AL BHERTRAE oE L hbovieRppRTesrcs

I eSpoNSKScABAPEIRI B WehRimOprsBLQibdivigs (heldddhhterkelllin®tcoftact Wi JisiABET | can
Journal of Physiology. 276: G 1260-72.). Therefore, these researchers

advocatmaictoenyirarhecreesulbiop és clianges il the ghevtyne oftibe palls. i Agaimithe or gene

therapies or .in 10 bioartificial,organs, jis with th iploid cell .

popti art arper i P EReleneEa & bP M oa e sHithed BF R en S Gulopisuer
cont r aghedsGpAbReave haed e8lihst dig ShRRMARNedR@ahs it 13 iBHEER%&N RGthidatied | ver
mal i gnancy is nost often an indirect, rather than a direct, result of an
oncogeshewvingng movemrns e piackedriionor eellgreingpdpesddatotlovek (Kennedys S casil. 4989, t he

liver, eci,al | y,Lhg ells in.the line . L ting i.n.a.dramatic
| nduct 1IRENOE) $2 BT ST HAOR EE el lnbelalfs hhBOER I iGRY ok ok P Red * e
pr ogenich/ifeficd CINGRERShE feeahiifi nfdek eCio RFowIMItid mddtabnveroaniest bilidcge
rapidly growing cells, the progenitors, that can result in malignancy.

Thd§, thesition deffuehgesdnp exessiomme! warkeesrused imdenok eelldi Mpegouar itha stesamane t hat
cancer s; LC.J: I r [ : : : epted as
corr et B sl BRADHS B Fe il dee: PR BROBRE BY Bl o BT o
a mat urieisenidl 199Méparofagsiel0:142 53048 Hpeckho Cahble of dedrihd)ddng2éhshédt@y ofi S
replete with featyres, indicative of an apoptotic or term nal _

di £ 1 or ditTEEIRH ta?’@e@gcspr@@?rg@r%a exfendugiglys thrppghout Ehe ey pliie 26l9assin 42 ) and
the fingdpngs that only certain subpopul ations of liver cells present in
adult livers are capable of extensive cell division ( Overturf K, et al.
1999. Aneri daid dndirssatiash hPat dblooaed that 85 10VEB b 4148y, cellatreinoqru@aianad| .

2000., ,Hepat ol .31:65-74.)....n thi del, tl nif ors and
subpopdf'%f’g‘bﬂ’sge?'\{é%gét §§é1 ésa:i(lngs‘ﬂ’ﬂefdP yélozezéég? l%ggﬁp?ﬁ?ydpré’%%ﬁ% ation)
are capabhd opf ofp8Ri2BE hd Mnbturttbrhal Medagks RAUEKMSRideS bl RiepféaM drikaNy VO, and
are capabl e of extensive growth including clonal gromh. U S. Patent No

5, 559, QroganionerlbprTAtidng 2%%%- qt 8b|1893 .dfroededings|0g therTrevaty foerExgedmeniat her

Dot BRI SV 36,2k SRR GEOLIORLL AN, ofYSNER, DIBRELLGy,
i s 200t tblodd tdler The ogeuraticrab pafcedsdis acdomprnieddy lineage-position-dependent changes
in cell size, morphology, antigenic profiles, growth potential and gene expression. These
changes are hypothesized to be due to a combination of autonomous cellular changes,
independent of microenvironment, and of microenvironmentally induced changes; the
microenvironment comprises the nutrients, gas exchange (oxygen, CO,), pH, hormones, cell-

25  cell interactions and extracellular matrix chemistry.

Table 1.
Zones 1 2 3
Ploidy Diploid cells | Tetraploid cells Mix of tetraploid and
octaploid cells
Average Size 7-20 p 20-30 p 30-50
Growth Maximum Intermediate Negligible

Extracellular Matrix | A gradient in the matrix chemistry located in the space of

Disse and consisting of type IV collagen mixed with

| laminin and heparan sulfate proteoglycans in the periportal
area and converting to fibrillar collagens, fibronectins and

heparin proteoglycans in the pericentral area.




30 as clainmed. Pre-Cinical and Cinical Applicability of Liver Progeni
There is a strong clinical and comrercial interest in isolati nq andﬁJL éﬁﬁé
identifying immature progenitor cells fromliver because of the inpact that
such cell population may have in treating |liver diseases. Each year in the
Uni ted Swatmeszagghere are about 250, 000 peophe hospital i zedrdwusoiovias
failure. Liver transplants are curative for sone forns of liver failure,
and approexdi-pe 410 ansplants_are perfornmed a year in United States.
One of L4 BXRIEISIHY £ adtleftY in 1§ veleTREd4 ant atlildi€ i s the availlability of
donor livers especially given the constraint that donor livers for organ

t ranspl ant at4 I G frompatients hawvi ng,undergone. brai n death
but not heaﬁrgg’rﬂmeéé{yp 8&%&?‘2{0%30@18 IH@gWetﬁFééeglo%%‘ﬁsa%ﬁﬁrgy Rg}geﬁléoéﬁ and'td
successfaik with progregdion geenth etfiaedd. tThigmedauskesdadaicsolia igat SenRP6Eb it he
possi bi | i t){ of usi ng themif the liver is obtained within 10 an hour of
deat h. teepdilsin Bsadub Avar tigswe ar rplypleid, mpstly jesraplpidier petenipide less then adkird/e

t heeap r ! i r.di el J.

tr anapiiiteeie b, KIAREIRE subbf Y KOG, wRLAG T St el

t r ansplpatehdsliiam tieek ddrhes éfonr the diploidaellyediation apdthiae tHesolddricslly edriudbige

surgi cal risks.sugh.as age of, infirmty. The use of human |iver gyel ls is
super i ¢f TEEEPFPUR} DY HICTRaSIG GEY dRASP Y Bty PSTHRPRET TeRRATET Sordetsd sathinesynhitént i al
pat hoggRal, isf HaBYal. F9%. %e%ﬂﬁﬂo%b%ﬁ@%l@%%:éqzmﬁﬁ.?.r Thaefralfde by
patients ‘and coul d be easily screened béfore use. Attenpts to performliver
cel | t resesshenstadvoaste thavibe asidopsefoptelligfavabs whethereid celiougend therepieset ins and

h . , g F . . et al. 1998. New Engl d
SouPnalP iR crpe: Ragit bbbl Poraien of e fn€uccasses require
i nj ection ofTHeak@R cadPaiaStidhl Bfdal® noddDeiraBicdtd B8 lived LAEBedelipnist | s do

not grow in vivo. Furthernmore, the introduction of substantial nunbers of
| ar ge matdetsein|sugggstivg Hhag ligenmaligraneelsimaett aften en iBiresOrathyr than ¢ dirpitireatied by

e ARl BOD DR AERIFLA bR Ry SR Ly

i nmunoltagmatire teljstiattholindagspenteng By Cliathafaindidtion bOa BgeiBalitAlecfths@N

i mmunosuppressive drugs for the remainder of 25 their lives. Finally,

matldr e Thevesuliaa! $xpapgdor ohthe mreganiteisdBasates tharisk gfcspnsdary mytatineal eyenss incat ed
| ogi sti ' i ik abj ki f [ ke liver

ti ssue,tﬁ€ﬁ%§(§¥ gwgéile,glr1]§,&&@g%ﬂh@ﬁ%glé%tlgg%ge\éﬁgﬁxgﬁiahgﬁ%%%t %ah% (la |rvery of

t he cellypotheseschatwanadr i4 bleclkgi dffereAtiminncashitreahsak ate due tobntdgeric insults

Progenitors . . .
g targeting stem cells are accepted as correct but with the modification presented above.

Increasing acceptance of a maturational lineage model is now based on the data that
20 liver is replete with features indicative of an apoptotic or terminal differentiation process
(Sigal, S. H. 1995. Differentiation. 59:35-42.) and the findings that only certain subpopulations
of liver cells present in adult livers are capable of extensive cell division ( Overturf K, et al.
1999. American Journal of Pathology. 155:2135-2143; Tateno, C et al. 2000. Hepatology.
31:65-74.). In this model the progenitors and a subpopulation of adult cells (presumed to be
25  the diploid subpopulation) are capable of reconstituting liver tissue when re-injected in vivo,
and are capable of extensive growth including clonal growth.

U.S. Patent No 5,559,022 to Naughton discloses isolation of cells from liver and further
purification by the use of gradient centrifugation. However, the cell population isolated is the
“acidophilic parenchymal cell population” which is not the liver progenitors of this invention

30 asclaimed.

Pre-Clinical and Clinical Applicability of Liver Progenitors



I solation of liver progenitors fromliver is known to be an extr I

chal l enging task 30 due to the shortage of narkers that positivIgetg-lueczgoa
for |iveky&pdhseg The only avail able antibodiges for candi dapesusiohepatic
progenitors are those nonocl onal antibodies that are prepared agai nst
subpopul ati ons of hepatic progenltors (oval cells) induced to proliferate
after expbeariea sEormeloyeniand resueraial inthresiindsalatingdinds dersifingrimmature

Cross-r&a ém\{gr Ellfl h%ﬁv%% b%aﬁl’gg ﬁf the 1mE§crmpa? ISEChIIC% lcp%lglfl{%hB@%iﬁ%gﬁvg r\]rp ?reatl peen

made inPt progeéeni

S uggest ledertd@sebgest rmcmysar in etuelahutédestmp,uhaé iafnationt 2305000 sevgldlestpitaivgdapy of
the liver, Pat. Nos 576,207, 5,789,246 to Reid et al. utilize cell
surfacewﬁarfmél#ré &h‘dfréqaa@l@%s&@&eewr&'t1V6xf%§@m§@m§/o lévqﬁrf@iwr@eané aperaxhagtely

subpopul dt?eﬂls ranxsfy%e b SImedSHRRP R AL LS e f05 br IRRAL &Jt S B AYE been
Sl OhBbr IRARh e

| sol"at ed vaI ' neage-commtte Ion for

| mmat ur &arib@[lﬁmattbnﬁs awvaaals 1mfmnmle1ﬁ\&rdwpe@mydgaen e dmgsta:gﬁamui @mnogel | s
bear i ng OC. 3-positive (oval cell antigenic marker), AFP-positive,

al bumi nliygsfen ajgan EARFPEIRIASLOR AL Pvéme@ffcalv(eatsﬁ%hamg wiglergane bagin Keaty burhe
foregoi H(% }{e%t al‘xje%,/at 1\$e9§3§n1§1%a§£ve91@%oggmg%{1 Uee® glgctﬁk%'f\ﬂaéltl}orﬁgﬁ§ ceg{ f!: ér'tsCS

i nportan lon a entification of enri rogeni t ors

f r om r otheuse shc}véasnort bateadupportaf the ipussibiptyofeninzahan fif maﬂnadulstobfmmmmithﬂﬁer ,
ddscl og etén i's novel and unexpected partly due to the controversy

regb &P presence of liver progenitors in the adult in which

human hepat'@eWtFAﬁ?ﬂhﬁt@ﬁ@n hﬁ&ﬁaeh%f‘xsaa%sa%%ﬂv@bﬁé}ﬁétnﬂz%erraﬁ b REGSRBE OF tO
| S be a physiologically silent remant from enbryogenesis. Therefore, there

have notisbasen Bhg srrgtcgl pr@cmmd:Safpecct h@ansplan@tlunlyretmmmr olagptto ithosdinsedeskefor

states evel ver the presence. f t he
cyt opl agvﬁﬁ:e (Hﬁ?ﬂ& 3319551“ t%\Brregqr& %“?J g‘éﬁ%ﬁmth VAOUS R AR S as a
strong pesidsiage ot Hﬂ]rﬁﬁiyorl‘ﬂéfus@m)ﬂ&ﬁbﬁ Qoerc‘eeﬂlé - subalotrh@ne@irdeu@a&n@édaﬁ% of
l'iver devel opnment these cells are capable of producing offspring 20 that

ent &7 bether mamnaalybm@@sm@pmm\y@@mhma@;e@anyt pretofh Bymad atigit and eoald e conmi t
to the géfr'éekf%gqé@t#‘b@gg&en % coli don%r ﬁ"}( ch?%@é%s%' Lol ceases. Hovever,

al pha-f ressi o pe si st € hépat oCyte |ineage until the
perinat al perdteehpsenpdriorindivet pelt esspthntdieaavigmadduse of unfractionated mature
liver cells and have shown some measure of efficacy (Fox, I. J. et al. 1998. New England
Journal of Medicine. 338:1422-1426.). However, the successes require injection of large
20  numbers of cells (10-20 billion), since the cells do not grow in vivo. Furthermore, the
introduction of substantial numbers of large mature liver cells (average cell diameter 30-50 )
is complicated by their tendency to form large aggregates upon injection, resulting in
potentially fatal emboli. Moreover, these cells elicit a marked immunological rejection
response forcing patients to be maintained on immunosuppressive drugs for the remainder of
25  their lives. Finally, mature liver cells have not been successfully cryopreserved and
complicated logistics are required to coordinate the availability of suitable liver tissue, the
preparation of cell suspensions and the immediate delivery of the cells for clinical therapies,
Advances In Isolation of Liver Progenitors
Isolation of liver progenitors from liver is known to be an extremely challenging task
30  due to the shortage of markers that positively select for liver cells. The only available
antibodies for candidates of hepatic progenitors are those monoclonal antibodies that are

prepared against subpopulations of hepatic progenitors (oval cells) induced to proliferate after



expression as one of the principal characteristics of the adultaﬁgﬂlﬂc 3
However, since alpha-fetoprotein is an intracellular protein an I

be visualized 25 after fixation and perneabilization of the cell, it is
unsui table as a marker for the identification of viable hepatic progenitor
cells. WwWO®ussry of the Invention The invention rel ates RE/ESHBIHOC of
providing a conposition conprising a mxture of cells derived from human

liver tissue, which mxture ri ses,.an_enriched popul ati on of hunan

hepat | EXBPBELI QIPSETE RSl ABCTS aBpRIIE] eyyevsT Gomulag: Sits BieRn PresFT g

si ngl e ieRldboRtie¢eensi on of human liver tissue conprising a mxture of
cells of varying sizes, including immature cells and mature cells; and
debul ki ng t hutterapipdasvs beenunaierin glmprist foorisainhbe hepetigprogeniborreepeniilatén.nat ur e
cells and those.,aof, rel atively |arge. size, while retaini i t I'ls
and ¢ houRessE Snd Bodt e nbhiof BE el aata’ Bl A% PRI LS e sea
of an ews %HEsl2ERBYT 8934 ®eidetmnuthep akll uidiegritkéaid Wak etatleben hepati c
progenitors thensel ves, their progeny, or 10 nore mature forns thereof

exhi bi tcysmectot torspeideadesped subappelatioeinohe bixpr Sukpopulasipnapiabhdpatiopelst ei n,
al bum r}fav%he&‘laitsgl'afeybﬁ/ I@H?)OQ'Jﬁﬁggé]egéo%&it?e%dceﬂg PoLfMd%??r}.ef%gtiénu% iR °" 2
vari ant’. € debul’ki ng ‘process can conprise a separatron By cell size,
buoyantheggtisprieyursers intiwerthietadedddskiehp frimadrsellBehRgadiC Oposde (&) at | on
vel ocity h%(dr odynam ¢ radi us, and sedinentatiqQn . to equilibriumdensity.

Al t er n&tl!pahgenis parkesh AT P vl BB poriEl atang CXE)-aedbreffetoksratisdd ace
marker [ : - ikhe
aoPat osiakas: 18e IHRARER Give] lopBERTROS ARIRONE SAnial Fhlnthisiltlt o
i n di aneipertantRunsdieronemd,id¢ntidicptiaygeidtriched bepatib erogepitogdrom calensiyvet.hesi ze
macr onol ecul . es, characteristic of. progenjitors,. including, but not limted to
al pha- f et oprisplatien 8ﬁ Ve&lpﬁ?ﬁﬁnﬁ?rslchg? ég‘ibh}@a‘ﬂ H(‘éerafiij‘ﬁé‘flggegw&eﬂ%i‘ﬁ“?%ﬁ es
tile exgRkpdRddDapandastheepitdRrSaeNaaaH thd Hitse hloGert Bhﬁv&%@%%%;%‘iﬁ' Is 20
transcribed froman nRNA greater than 2Kb in size, a full-length aFP nmRNA
Li kewi gbs addeinavhighihnmandepatisgirggdniioruthys bebreasuoad eitidrBpt trkeoptestnperpoi de

sequence. Thus.,the ,albumn is.transcribed froma full:]length . In
andenerssannarestea B Rl Raladh bO R Peer ir b @eidtt, BORERORTRS ol ati on,
Cryopr egfempd toqeola@rude_:rusﬁs@ﬁy m&g@webmnsqiéera@émwﬁan i ver whi _Ch i ncl udes
processi ng human 25 liver tissue to {)r ovide a substantially single cell

suspensi on i BEMadiodgoptrasgenithiathe davglopae lhves granresnse of the sitoplasimy Rroteans|

St op. PR BRI doi ¥R SPL G REL AP AR ROSEL O FBRLCf 0
suspensg¢edls, Ii thepadidsdgagesdé ivbkixdecbpapantesnced nradipdble nf proigeing tofissring

exhi biting one or nore rkers associ at with at | east one of the, cell
| i Magedat %@rMPﬁ@%@r Pﬁ?ﬁytﬁﬁﬁ‘ﬁ%%e?g@ﬁﬁﬂ %@&hw@ffﬁmﬁt e RIS cel 1 s,
whi ch tensehNes.fetbPRidin RSN cAAbes M GWERE Wl Shal RidPRotk MK BREsIEX PESRS iRt

| east one marker associated with at Least one liver cell |ineage,
opt i onathepepaiogyie Hu¢agg unkibthe gietisatahprsiodovlngi it isshpprepicl nlgsvipgpalbumin

cryopreservation; and.optianally use.faor oduct i grow h factors
o P or SRl one BE pi B AL bt 05 oPIRAIEE bEPDIS o ey bsni ng
cytopl asm ¢ Ho@ke@tmsinsdgiphasetapditar fseinaRiraleBiuir pfReif@he chreehly Be 9gR8Isiedy Or
debul Ki Qfgﬁ;t eps of this invention preferably include a density gradient

centy i f aftpatfixgtionand pemmaabiligationedfithe pelt.itbis uppuitable asiamprkewfor theidemiisaen t o
separat g t. | ding,to their buoyant density and/or size, which
are 5 agg\ggﬁgglgait\fﬁ@ﬁg%{r@lrgglshore gradient fractions having a | ower buoyant
density and/or snmaller size. The density gradi ent nethod can include zonal
centrifugati on and conti nuous-fl ow centrifugation.



One enbodi ment of the invention is negative sel ection of non-prqgﬁnUﬂstggua
i ncl udi ng mature hepatic, henopoietic, and nesenchymal cells by the

markers ag6riaased With 10 mature hepatic c #Is, such as cgdyrexaon1ifr kers
associ ated wth henopoietic cells, such as g ycophorin A and CD45, and/or
mar kers associated with mature nesenchymal cells, such as retinoids, and

von W | | ebr aSdnBaarpof thadnvendioror s have found that use of hepatic
progenitors can overcone many of the shortconings associated with use of

mat ur e | i ver Theinventioraneiats to hansthebef preeiding o eompesisionrcopgrisings muixturgerfe

ther ap'c%ﬁs%ngvgdofrorglh aﬂll I\}e??lgstugr\g%@ﬁ n}JtGFe &o‘?%;%?slel 25?% ledtpﬁgulggf)? g}h ave

t her ef of'e arge e

ext ensi mend i@phtic pQIg@ﬁitdn@J thmﬂwdgcorrﬁmismfgewvmmgIa%uast@ntrae@ds@cglé eéll
reconstitution of liver tissue in a patient. Finally, the progenitors have
mi niSmal suspenspaRTAUmANKEIES tishia COMPERNE Imigiure phenlls of Yamvend sizes; Betuding

provi di d.
Ther apy AR colg A ek Beft B8 b TRIDR B Stk B ol R E

t r anspl matotl efimatird ¢ellerand eidse of faivebd lge smeWbﬂatﬂtaAninlgqhmmhtmg dellogehi t or

cells, are s l.ied in any of various, ways ncl udi ng. p renterally and

i nt rapeﬁpﬁf‘oﬁa@aﬁpyelmma@faée 19 wev iRt of el Somprisgtekapanyich B BpR#aiEAny

bet ween, ! S
151191% ;Qc Brog@ﬁxtér% wh G lﬁllﬁé{ﬁ(&ﬁ@@#%g%%‘?@%ﬂ%e %er 1 n%r %%E){r of

are transp ant ed timall'y about | n anot
t helO nveeotd maturd fqrmls timregfenhiborgear enaex tmagierd ndicaafaidf éxpressroaddaiphan of

grom h factors a ot her hese factors are assqciated with their
own gro (HJrBtF M ﬁ “BF Cthr?B} Othe aggl?ﬂ g—&pgotpw apﬂéaltrqr@lgrcagg 3&5 idtic or
mesenchy Rt PTRIGEINIARS briask Jaa%ﬁlrpasaa %ﬁfa%ﬁ@v%n exz@atsdosya%&% %%rt he
dedi cation of hepatic progenitor cells to a parficular [ineage. ese novel

growt h betbt dhs debulking cas ebbotbe baseslain Sedvmntaﬂloseamltwh}tdnodbmnn@rad&& tibs e
cancers that ar e tran formants. o itors urthernDre l'iver
progenlfgﬁge% 81 IRt 5“?”? ?EB%SAQ%FMB I%BGmnWﬁng % TEIAEYVS nsert ed
gengt i CadHeYerké an sih@AoeRhrRErs M@ bitding compbﬁaﬂé if6r MaBPRNAitNodicBoP Nakifs.t MRe

heal th of the individual into whom such hepatic progenitors are

t ranspl isatasad progestitesy candisediplogst andrgag herwaémm@rbowsl X mécrenst iaidameter.on of
xpr oo SPAFRLE. oL Bolbbirth e pffichy S /3RO Ao RSB AL LotidertRE or
al pha- f ptogpriadre| meludmrgabmtmmghmﬂetlso alphd- ﬁatoprwam ald aihmutnhé’reﬁelﬁ:équbmlpha

enrichment of vja epat i enlt Ils b c tongetric

met hodof%‘@lgfoﬁ‘e%‘b‘rﬂCF ﬂ pa&aﬁh qodg %@@ﬁ%ﬁ%@ APBRSHRBIOER fSver s
or 34 Vel Besq Ma%m@%aa%@ma s3da hﬁﬁ%gtfhlaw,hm/@fl,mem th%patl c
progenitors as described hérein were obtained through application of

conbi naaibmmlmpreuiﬂamyendadmbsexmﬂ(:kaéremwdeqbamardetseq@mm Thug the atinmsems | 0
i nventors _us. to achi eve the uni que cell popul ation of
this inVBWFP ﬁig Eﬁh%?gggﬁék?Pof this invention provides for liver cel
progeni tors mamﬂater@bodhaem ORPr&khCinvétioRE 8RS by Ariletdi iisvlatidigse cel |

| i neages, their Erogenles or their nore mature fornms are sel ected by

ant i genFEoRERRAYoRand aseal progeritoreirgmiupandiver whichdngpdespraeessiopbamarpas,
CcH4 |y l. s 15
T e S R L R T
bot h. Appd@nites o roﬁé e mocareltiéreayes fbnmcmmmuhwhl1rdeersgbj&cunﬂf§%e(sg§;&amh té han 2
Kb, the formusually. expressed in h nltors)_or froma var. ant
form (I é1§§U l‘ﬁﬂﬁ@’, K%“Cl‘i red @cesab %&@ﬁﬂ)&ﬁ'@ “83350 PRIBProgentiorsin i§e SPspeRsionhe
form us itors
of thi s RLAgS ?8%&?3‘%%2%2@?ea@’#éd‘*%?%%%ﬁf%E%‘ﬁ%?mé%?s L R e an
i nfant, aesocfmdddthhaj lews onk ef tt@(kebdmaageamﬂnbnallwem«mg dancthewiebhlkgét a
further aspect of this inv ion, isqglated human |iver progenjtors are
S0Pt cauTRRHOR HRsE Se T O EE s DR AT STy S FRTR ORTLtrerqa) eRbress

pr ogeni faPre%st%efr@Arﬁe%Q@aa@d WGP Rk &k %vé‘x"@:llqﬁ}%@g@ Y IBhal R, SSPBAdIAR e The
hepatic progenitors have the capacity to develop into hepatocytes biliary
cells, @ellaumWDthmmhmlé@fcrytnmaseh‘elmtanmmdl@tﬂpcal%qurfolgmdu@rcm ¢fave t he
capacity to devel op i nto macrophages, neutrophils, granul ocvtes,

| ynphocytes, platelets, neutrophils eosinophils, basophils, or a

conbi nati on thereof. The nesenchymal progenitors have the capacity to
devel op into endothelial cells, stromal cells, hepatic stellate cells (Ito
cells), cartilage cells, bone cells or conbinations thereof. The nethod of
this invention can be used to sel ect nmesenchynal progenitors expressing

al pha-fetoprotein 30 |ike inmmunoreactivity, CD45, albumn-like reactivity,
CD34, osteopontin bone S|aloprote|n collagen (types I, TI, 11, or TV),

T A . Y "



exogenous nucl ei ¢ acid. Such exogenous nucleic acid can encode at | east one
pol ypeptide of interest, or can pronbte the expression of at Iera QHZL 2003
pol ypeptide of interest. In accordance with yet a further aspect of this
invention, there is provided a nmethod of 5 alleviating the negative effects
of one WOWBHE%Buman di sorders or dysfunctilgns by adm ni sPEF{UYPY1GNn

i ndi vidual suffering fromsuch negative effects an effective anmount of

i sol at [ nptors,. T j - 1 ni.stered.

ei t or Eronit Taors SR RBRT B DRIRRON NG B el B QG OGS

adm ni pioegingisuthrag atphy-feobmtdihard deleeted. Phecesiingof debailking stepabi Bk in@yhtm

ef fected surgi.call ia portal vein, nesenteric¢ vein, hepatic artery, 10
hepat i A w}g e Bradan SrST fugaR T AN TUER A gl 1 0% he liveredl

Pr 0genk i BEsiGiafh RBardfithtalslcestdlndll udh GlaR fensitd ndbr GRS WG] Yk dual ,
such as ° pl éen orEperi toneusmC Then%hgrtrarll lgfbé'or ers %an d{’/rs#l%ﬁ(‘:x{ﬂl?%{n%ljet hat can
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i nvention conprises a variant al pha-fetoprotein which is the gene product
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pr ogeniit Répatic Aroplehitdrsf i frbraa varaatiorR lesPfhat RECH, N\eABHrORANRLNPIST 03, @, t hr ee
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anti bo%‘rc?g%nﬁ@z@%%é( is6lated inQ hlghl¥@nidched to substantially pure form. Such liver progenitors
contain hepatic, hemopoietic and mesenchymal progenitors. The hepatic progenitors have the
capacity to develop into hepatocytes, biliary cells, or a combination thereof; the hematopoietic
25  progenitors have the capacity to develop into macrophages, neutrophils, granulocytes,
lymphocytes, platelets, neutrophils eosinophils, basophils, or a combination thereof. The
mesenchymal progenitors have the capacity to develop into endothelial cells, stromal cells,
hepatic stellate cells (Ito cells), cartilage cells, bone cells or combinations thereof. The method
of this invention can be used to select mesenchymal progenitors expressing alpha-fetoprotein-
30  like immunoreactivity, CD45, albumin-like reactivity, CD34, osteopontin, bone sialoprotein,

collagen (types I, I, ITI, or IV), or a combination thereof.
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Fetal Liver, Cell Suspepsion for Co-Expression of CD | 4, CD38 and

al pha- Peragigiscacaiediver gﬂ%e,@hrw‘éll&eréﬁﬂwpmnwwﬁm of metabalism. @ad B8l s usi ng
sehecti i i E . ye
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Differential Interference nt.rast. (t.op).and | of | uorescence Vi ems
(bot t o Euenhiie of bRy Bfdpdidine. BRYURY ear Y gieash MEREort R,
M cr oS GeRy, lufik 84 EomBiBaticih@efafe cl uster of Liver Cells by

| munof | uorescence with _ anti body to al phaFetoprotein. Figure 12C. An

overlay of Anaerer@anceingiret aduthariagract okihe dmangphedbipgfcasfortsirseyiged which
20  includes biological material comprising isolated progenitors from human liver, their progeny.
their maturing or differentiated descendants, or combinations thereof; and culture media, such
as basal media; one or more compartments holding the biological material or the components
comprising the biological material; and optionally one or more connecting ports. Furthermore
the bioreactor can, optionally, also include: extracellular matrix; hormones, growth factors,
25  nutrients, or combinations thereof; and a biological fluid such as serum, plasma, or lymph.
The bioreactor is adapted for sustaining said progenitors in a viable, functional state,
and can sustain liver progenitors for a period ranging from about one week to about 55 weeks.
Specifically, the bioreactor is adapted for use as an artificial liver, for product manufacturing,.
toxicological studies, or metabolic studies, including studies involving the activity of
30  cytochrome P450, or other types of drug metabolism.
In accordance with yet another aspect of this invention, a composition of isolated
human liver progenitors, or a suspension enriched in progenitors obtained from human liver is

provided. The cell suspension is provided in a pharmaceutically acceptable carrier or diluent



10 Figure 13B. Liver Cells Stained with al pha-Fetoprotein, S
panel A. Detailed Description of Preferred Enbodi nents 1. Deflrmlp meI 2003
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mesenchymal progenitors. Henopoi esis: g s with cell fates
of |yrrprsc§@t;tne@n?revaﬁdem)morﬂ eomentagimentsitgatrhetdss b@&glcahmqrwfbhwhsas segvditure
granul o e eng el di enc | rivatives with cell
fates of&{%!}]’d%l?tﬁe aSk F(?Fef bgm adsgﬁtep%nﬁ”&%f:seqcp C%@%’F ‘il age, and even bone
(the | ast tV\DTIQmﬂﬂurfésrtg mcsre&di@rslowﬁﬁ in@Bhonadee udidigame o ande ddtilic Cel !
Therapy: As used herein, the term"cell therapy" refers to the in vivo or
ex wdvo spadies mplifuie shedigeiny plvinede PCtﬁétﬁtﬂfﬁb?%ﬂé)r dsigtrenstopmationsnayeeis or

al | ogeni Ific
fargat | carLom e A0 L GRRELARCERchingtiudife ORI hIbipteRion Bl BRRNL 17,
carrier amd aditivineof lsepauc smruyoitlgmﬂd(oﬁnaircukgr daispoﬂrsystay:s,tfem;s ofrdrhgdmawgohsm

m crocarri eLs, beads, 1g{roso mcro§¥heres, vesi cl es and so on. Cene
Ther apy: .angdhe Ay e &y e Y& her apy” refers to the in vivo or
€X Vivo 25 trﬁlrh%b&rfu@ﬁer@ﬁmoa 98P 8lelifvelRbE 5}xﬁ&ms@oﬁa%pfeg&v&@arg@fta&@eh? of
a patient, there altering the genotype an In nost “situations, altering
t he mhermﬁilypepmfudtdo%e treetlopet foceﬂybgreﬁm'attdme)fwldhernmoellpu@rpplsiﬁsoiﬁ) prewéngi ng
or alteri a ti uI ar di sease stat Thi s, can incl ude difying the
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Al ter nat érygé%seraat}(ﬁ)%%mg %HmBﬁshéchEﬁr@%édﬁlrﬁ | GEe-By QAL HhiRTor CoEdrBottylirath VO
to delivef the exogenous genetl c material and transfect 30 the pr ogenitors.
Fur t her msgalatige fe@mrcm irgn dnmefitere e dipapnotetiyend e dipids end &) cenvling thgsaspensian to

bi oreactor as a therapy for patients or as source of biological products.
As this definition states, the underlying premse is that these therapeutic

genetic procedures are designed to ultimately prevent, treat, or alter an
overt or covert pathological condition. In nost situations,



the ultimate therapeutic goal of gene therapy procedures is to & qer
phenot ype of specifi c target cell population. CD: "Custer of 6‘8 ‘anezooa
differentiation" or "conmon determ nant" as used herein refers to cell

surface nol ecul es recogni zed by nonocl onal anti bodi es. EerEr ession of sone
CDs are WP4P19%8 5 for cells of a particul as |ineage or mBEGASOP/BHA
pat hway, and the expression of others varies according to the state of

act i vabERt the Ikhing Poirlof @Hefcfeﬁ§ emé ﬁt&ézﬂ{g ;szﬁmtﬂa?e x%@%ﬂ% tﬁ@{elﬁper%hferhttmﬁcﬁ erns

"one," "a" or "an” are used in this disclosure, mean | east one"
or on@lecnellﬁbp@me andled mass, M@cmesélat i ci supnre@bled llqulAlop gkasi atmmrmtaihamd

al bumn as dia naﬁlSt'C mar.kers for he agﬁo |nea"?r¥ r)ha fetoprotein
(AFP)  ShEAGIOSTA NGBS J?PE%BV%ISWX EFQPres até%ééfsa hat i abl e

mar ker gohafisdienailiue eARBYISR 1ceT&}?st§PﬁHB1%§t§x' Q'Eal%foh%i'l%&ere 196 ﬁ%tdrsantl%
foundation for identification of hepati c subpopul a |ons from ot her cell

t ypes idanatbmw allipperoteipugraa ligidk dive aFY@QteBeﬂvammaﬁ@re gon plsb imclidengghocyt es

R LT T R Y S e T R R 2 e A R e
T | ynphigcytestwar fean widentircak a mhibitoss dfhee @yﬁtaleﬂ@hh@ndifprm&fbdhydM@at ic

cells. It has to be deternined whether or not the expression of AFP or
al bum ﬁewgsfa%tah%?eb%a%lm@dnwmrlaﬁtar%thpﬁa@tpm hhesern denatey, HRopretein,

e i S R T A St

Prior thee tfie m:ﬂnjares;:desamyldoeqﬂmnewm alblﬂnanhhadym@emaﬁmﬁtlx@%m in
detail .the forn zs of _AFP or sﬁa}ébumn NMRNA' s in henppoietic cells in human.
This i mRAaME OHagehd o lrggnalike sostanss agapss ety iR BUIpEy. (05 6141 Br WBCTICARP and

al bumi R en%qatbegenfgenq Estlabén, 11l &Lt!oﬂa&edw uﬁﬁgﬁ?@ﬁ%ﬁt@o@ﬂ@ ysis of liver

and non-liver cells pol yngrase chain"reactio priners to
sever alcne»pmsr\@tloahphwré etdprotered imRNAspaROR Uninadrsiti of Wiscomsieal s truncat ed
AFP in heno 0| eh eI | s. RT-PCT using the primer conbination of hAFP 1,
hAFP2, “HAE 4" Igﬂﬁnwas perfornmed. Menol ecul ar wei ght narkers, |anes

1-35Hep3B; | RRgthet BmbIFSTR: bi e AeAEESis al-c%'ﬂ@@tloll?’célﬁﬁﬂﬁt Eﬁﬂﬁogl}i@lbﬂ)loglbere i's

a shared band, a truncated AFP isoform in | anes 2, 4, There is a
vari antrepssRotyshsviea pira)ige of erypprgsarvaskiiapstinprogenifans paterstheir aregeay. The

conpl et e AFP speC| rv | anes n .Qrs have
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MRNA,  asol@x@ Bplah{ bestptadldpnatipl €n ngrom&s%@@Htmg)r@g,&musmﬁam&p{é&?ﬁﬂmeﬁ@ms from
exon 1 to exon 14, All priner caonbinations other than the one for exon 1 of

AFP }Brfﬁlqpfcgﬁeltllhélbﬁwlﬂu%ﬁo@‘f SR A oy FIQBE P B ARRFE SE PP R & ISlifBing a
cebly Iidiexpléohsn oPRELRASh A PhaRITPAAL! ABSMAELESSE A The repository can include a
system of indexing of cell markers. Upon thawing, the cells of the repository can be used to
inoculate bioreactors, to initiate cell cultures, or for therapy of patients.
A yet further embodiment of the invention comprises a variant alpha-fetoprotein which
is the gene product of a gene or mRNA missing exonl, defined below. As disclosed in this
25  invention, the variant alpha-fetoprotein is often associated with hemopoietic progenitors and
their progeny and not associated with hepatic progenitors. A still further embodiment of the
invention comprises a three to ten amino acid peptide taken from the alpha-fetoprotein exon 1-
encoded sequence.
Another embodiment of the invention comprises a conjugate of a macromolecule and a
30  peptide comprising between three and ten amino acids from the alpha-fetoprotein exon 1-
encoded sequence and suitable for use as an antigen. The macromolecule can be albumin,
hemocyanin, casein, ovalbumin, polylysine, e.g. poly -L-lysine or poly-D-lysine, and any other

suitable macromolecule known in the art. The antigen can be used generate antibodies specific



AFP nRNA in human hepatic cell lines Hep& and Hep3B. This denon t&i‘afﬂs 3
that variant fornms of AFP nRNA contain fromexon 2 to exon 14, a 2&0
in K562, wadgodmgnot cover the entire coding éequence of AFPcT/TRG/Fi1eRu! t
suggests that the only useful prinmers for iei ntifying hepatic cells are
those that detect the portion of exon 1 of AFP, the expression of which is
nor e prigvHisiaphedstopratieiagvhase gxnressierels dpdisatiiecofhgpaiea progeritaraand nelat exon 1

i's uni : j : i l.ati.0 enahl jt as a
or obe. 1ciep s R boReRHE AR Rtrs B HRARML B OGRS 2T bt BrtRCid e

Si nce antmutiziag en ahiataimath tAE-Ehtigenfio diethbisence@rprasehoplddidivann or o exposing
henmopoi etic cells, albumn is a};sgaanalfyzed in both hepatic, and henopoietic
cel I's. iseRelds odhe anttssnifpllaved aoigoraispepleen celis 4e frrnhybridomysuss o t hat
for {AF ) and used to assess al bum n expression in hepatic versus
herrgpoﬁg{()?@eigg}lpfylﬁi nes. As for AFP, a truncated formis found in K562, the
henopoi eti c lnehbthet erbodim@neoftthaiseniig a hiethiod for thetainpedoganitobsefrernibigianf or
exon 121-, 14. This invention discl ,ose@ thj, desi gn and preparation of specific
pri mer s 156iSqhesRdt CORRISHERTAEESE NG NURANAEET BFSUSAR PEVViASOH Substantially sigeles of
AFP an I )G o AR I et I The
i nvent ?Coeﬁl sl<'gl§ll§9(§|§lisocl osgggﬁg?g@ﬁhg%%ﬁgkﬁ ?gﬁgﬁkﬁ%ﬁ%vﬁn:egﬁﬁ% (l%rc %Bg#&%gﬁﬁgw
and al hinfiumanfivér, sabyedtengf the mespemsidre opdeted kiog ptepgehichoeduces subsemnially tHehat

when such sensitive assays are used, additiopnal criteria, such a he use
of W GHBRPSL O POEGES RIS e SusPegon de BTVt TSRS P g R Bpo ot |
cell pg@%gﬁiioﬁ'&-hitﬁﬁﬂg’?ﬁe &r tbleUibrkatseRsdce AR S | e3stUne! JFYEY o Iﬂ&%'c:(ellver

cells CR to several exons of 20 al %um n. Since a truncated formof AFP
MRNA i slifieagesd anchsedenting Stopphsdehulkot susptndiemtipst etllsc whidhl themadlbesritiein s al so
anal yzed in both heﬁgaﬁic and hemopoietic cells. Pr'l(rrers for d.al bﬁm'g are
devel op¥8EFH> & PREATANSIPLTS JSTROTEPIERAING GrmAlepn ik s RMsiar T il A8 ¢ o
assess @hduiithdloXe & icen linBadeepati c versus henopoietic cell lines. As for
AFP, a truncated formis found in K562, the henopoietic cell line, and a

t r alvscr Bpief Pesciptiopraf dheliguges priner for exon 122~ 14. Devel opnent al

st udi es | iver r t N is both a hepatopoietic and
hemat opI(:)lfgleJ e|fc orgggﬁod%?aﬁ%sgst&n%@u?%?ér%kee%&erlﬁ%pnent. During various stages
of |iveFigdavkl opnBOR,Addiysif eft Albuliiv @iRMAnt ai ns | arge nunbers of

hemat opgi etic cel especially of the erythrai | neage. Furthernore,
there i B3 3ncr eggf"ﬁd’%%\%‘?@ﬁ?w“toﬁé’f‘ ii‘}%ét‘g]t{/@bﬁﬁﬁ 30 hemat opoi etic
syst em;}-‘gg[u?‘e £l osef yg bE'x{efF,rHirs{%'g?én%f él'BFlaiFlaﬁ)gP&é'r%' I%ﬁﬁdﬁu%%‘ésgé&letb@%/xé@' S

interre ionship includes the joint expression of AFP and al bumn, or

per¥aps i sotypes Bight hasel pdistogram of Adbunaiotimnmatoflermscencoby AZFCS s uni que to

hepati c.proggeni t o, subpqpul ati ons. enabl.es.one t g.l i i §d

s ubpoqu%t”f%ﬁs of b Fric("fgr(’?r#&%ﬁr?s(ﬂnggg rkasceé\?argﬁrisgﬂ;) ﬂ‘gretm) % %rﬁﬁﬁ) 5%, 6%51’ ARdigh
the PCR anal yses Gen®ghorihAl(GrOMTRRRBIfRICtEnAEPDERE Tl SusiehsMBr €ss both AFP
and al bum n nMRNA species, the nRNA expression |evels are very small.

| ndeed, Figuent.AFP &aexpaession of GalleSurfass Mariensynd lalphadietemetein by Hetal Lises, no
det ect abl e AFP orc§|l§)um' n could be found in K56?. Although both AFP and

al bumin are critic guides in the identification of hepatic cells, AFP is
espexi aFlgurél7 agnoJop tefgPetdant dfapelsifvshivedenilpd-Fewbtgeiaf t er their
purification by flow cytonetry because .of its intense expression in the
hepatic progeni t od§p right Percenrpete Pasitive fo5 AdSumitht e the purity of hepatic
progeni tors af t er pagyr bl Hef B HBftlnAbh 8h Bk SReodrblein MORRARiAG Of
Human Liver Progenitors 10 The 1 nventors have establi shegl nmet hods t hat
optimally yield dCesxmessia@d human |iver progenitors fromfetal or adult
livers. The jsolatiaonp of mature liver cel usual ly. ipvalves enz i c and
rechant EMH seocFAL AR AEs Frabiver Fel Subirgriontat (S LBRER LT | owed
by ggactionation wrR Hansidards@diegnt centrifugation, centrifugal
elutriation, differential enzymatic digestion protocols (i.e, hepatic

stel | at Figet Ps), afiddof alphaiFetopretein-positing aslls veihg sela¢tian with £1J MeandémgdD | n
Freshney, "Cul turej of Animal Cells, A Manual of Basic Techni que" 1983, Al an
R Liss, Inc. NY). Pensi ty gradient centrifugation is used routinely by nost
investigators to elimnate what they assune to be debris and dead cells by
discarding all fractions and retaining only the final pellet. Wereas all
ot her investigators use the final pellet after density gradi ent
fractionation, 20 the protocol disclosed herein is unique in that it makes
use of the upper fractions of a density gradient and excludes the pellet.
The novel variation to the density gradient centrifugation, as disclosed
herein, is that the pellet is discarded and cells with a | ower buoyant
density (i.e., cells collecting at or near the top of the gradient) are

. 1 o v o o o r



30 mature cells to prepare an enriched popul ati on of progenitor L ei S
advant ageous but not essential to carry out the debul king step TZB JUJ- 2003

After preparation of a single cell suspension of liver cells, the cells are
separated into 18 JUL 2003 WD 00/ 43498 22 PCT/ US00/ 01116 nul ti({)l e

fracti o0 8¥#MPHing to cel |l size, buoyant density, or a cBREVAMY§ISH of

both. According to the invention the |liver progenitor cells are | ess than
15 m ch R di r t |1

ol 1's. Frame 10, ereRt Repre &l e Bl PR RRLCHE IV o ZBERbRE: PlGRHET

sedi rrent ati on velGedlstSyained foubiphedempdotein. (Whi ch can be basal nedi um or
enrich d| u i.ent sedi nt ation._ chromatography using | arge pore
si ze s @%Eoﬁgﬂsﬂ@ngphg d 4 ("Fﬁ]é‘)gpétfé‘?réﬁ‘falrlr’é%fﬂeéife Eapirass (top)

pol yvi nyl pyrrol . qgmmmbﬁqoégdene&vcé%@;@oe tl)l)n?] cross-1inked sucrose
(Ficoll), dextran or any known to those in the art, and prepared to be
|soﬁon|F¢throleeveAnblus@r bf Liysi €¢lls by Phave GonanyplMicrgseopphat e- buf fer saline or

Eagl e’ bas n_of | ssoci ated cells

Cyoi camigasshT ed HEgRPRATlss oL e Rays s SfminatledeSrents Bith SRubai Gieintia
subjected to a cewtdprbemal field, while kept at 4 C. Ater natlvely, t he
cel |l suspension may be applied to an apheresis unit, such as is used for

i sol at iFéeghrof26G] odth evmisswért and B. e. pl asmapheresis. Large cells, including
mat ur ﬁgpg engllgu‘y )lv&edelg&qgge(f ‘é@i‘?e:“g cells are sedimented faster than

the s o eni'tors an and are renoved. The design of the

cenpri fﬂ@ﬁ& lmB prmv@@énsta&a& B QY Ha- moﬁrb@us@mmewasv @kl gel s to 15 low
oxygen tensions and mnimzes the tine for cell enri chrrent The cel |l

suspensi on can be erl)etarlédBas*crm@amaflﬁmfgydemszmMe net hods.
Furthernore, the dgbul king step can conprise centrifugal elutriation,
panni ng baséd on ReIMitigRs f ace adher ence proteins, affinity chromat ography
or batch prqﬁ%%deg&lpﬂ&gamenmMdnwr%%@e%ts alé&%g%xteﬁgoa 16 B00CEibE at' on,
continuous-flow centrifugation, nmagnetic sorting after 1 ncubatron w
magnet iigcvenganlsn @rdg: togfovidg aetdac afrbeatsistaurphdexstandiog afithie 3peti Bsatioarand
conbi nat i.ons. e net hods ensity, gradi ent entrlfugatlon can be a
i S8 onitibovietys g B sctB PSS BHET SuhiE o S loflow R TR e podEEton | <
SU' tabl e f orghREwethptceil e tﬁﬁr%ﬁﬂfr@@c‘?ﬁvﬂﬁt | ARy uﬁﬁﬁﬁ@lréa%hmaukéa Aip-€, Or
further enric rrent Furt her enrichnent ‘can be acconplished by panning,
af fini tfytosmt@nmknha-fmmt@@ cen hgfil-leagih aftrinhated dotindiggdsonkenoend $plicthe art
and descr.i L ative selection is 25 acconplished by renoval of
cells efg?’}le)tgg)lf%ig’%r/rg?tfzg{%ge I%‘or CD45, gl ycophorin A, or other markers as
ment i oned b@cﬂWmt@ZIS;irbgMﬁtaﬁ’ﬁ Bﬁltniaﬁulﬂe tellsabadape b singit faye sieh echéparcgticcel | s

expr.essi ng CD. 3 CAM or OtsSnO mar kers i ndécatl ve of
&Oess‘ic’BngP Pmaemé?f@t(ﬁvgngmf& 19 BERABPBHEILr LAY sPRmigEd BrogRitary (EKBeher
enbodi TRl Bile 9@&@' Kh@g@mmeﬂ% p%&stl%& ARt d8sit 4 fﬁ%lééuraﬁr@wﬁokme@g
selective lysis ed cells are lysed by brief exposure of the cel
suspenss mogmza;htq lwyt oncwresioinly empirshlipmhonithenfatsslof c¢ltkehave ohtrowed frbm
diluti OB Wit h c%)ﬁture medi um and centrifugation to renove red cell "ghosts"
and fr dB3YRE AdBPISSFROT Si il arly, non-progenitors are selectively 18 J UL
2003 WO 001 49455ic3RCTIWERBHERG (00 Brnalion ineRlbyhpieRGieRund bRE O
using the cryopreservation m xture descri bed bel ow. The various nethods of
del@l klcmljsrem)ve polyploid cells, ceI | s that express rrar kers associ at ed
with mature eti¢ cells t t eXNI.8s rk a |at w t h
mat Ur 6 hepackaoeetise. | Sabred it s St b rRbr Pl TR R Blektu
rresench[ydmlal ﬁv&ﬁﬂ&ga@[@s@f)fﬁ@irrﬁ@ﬂaﬁfaw‘ these cells. V. Cryopreservation of
human | i ver gl ogenitors and their progeny Cryopreservation nethodol ogi es of
<]

this inventidamedsuni Qaasehkereinsthpdam fiancelle ratstnedamadag celhs thaecadr i or

art. Myj.or n n ffer d

ot yopr cBok st RtBheCORIsEfh bof 3T Rt 5% B ey A BB TrRgrent s 1y

andip t hgssls, RYABMbryonic stem cells (ES cells) or embryomc cells up to the § cell stage of a
mammalian embryo, have self-renewal (self-maintaining) capacity in which the stem cell

produces a daughter cell identical to itself. By contrast, determined stem cells, such as



10 in gradient centrifugation. The hepatic progenitors are small ds ,§{1z
and di pl oi d. Successfu! cryopreservation of mature human |iver aeﬁ|dﬂ|sazﬂﬁ3
hi ghly degpregdsdeyt has never been achieved ii the art. Gengcahlbeniiis
successful cryopreservation is defined as th 8ability to freeze the cells

at liquid nitrogen tenperatures (-160-180C) and then to thaw them observe
vi abi | i thee®pofetie,nEremad skin of hepatthgembyiclls,taye plariadvteatcmddrave extehdive grositls hes.
Usi ng ol der .net hods, 15.mat ure, hepat ocytes o odent or . human origjn have
RIS I T e S R A R R R
above coRdihtPas]saiOie QI BeFakn] HnBAOMPELEMMIL @ spilcifidtaRd(s) RS tBRindReir

A, 242,883; Fahy et al., U S. Patent No. 5,217,860, Millon et "al., ti.S

Pat ent Igeneti Faential 10 thahwhichhy legs than the par@it’ spdn élimt canp of deterarigeBtem. celthese
pat epts di sc] ose a ver oQr .viability (<509. of cells, are dealin inly
it hS cerPrienansted R stiafidirorfay St g s ip B presie i ;e
a prol onged eHE}Qﬁiérﬁo!lﬂfniiohﬁ TRéseell9givB st hdpatdRiie®bnd Bilfafe&AisNThe Fi gure 3
illustrates the excellent viability of liver cells créggenl cally stored
accor di fgbgtic progpritareingbiedhree Kebnapubationsn”hepatiastem sebspreemattted t he

per cent ,change.in viahil.i ared.at the ti f processing versus the
e o NeAREs Mokl e PRATSEEE Fh ot Erh R, s B BFG BPnB ARl e
af fect shgniré dewsihdantstdfehy hahiticisteyn odll Addethatedave a sty RtepeBhdrhegitocytes or

significant changf inviability over a period extending to 550 days in
st ol8ge bty cgPe AUANOI Yy pr eser vat i on et hodol ogy of this invention

i ncl udes t heeHgJZ‘ft&f“&” @?ﬂs‘?lAQH&&@%at%n%‘?}’m%}%@%ﬁ%&ﬂgﬁl ation, and optionally

enbedding th si1nforns o racel rix. This met hodol ogy for
the first tinkivacprioguizors: VA abll bbpylatigoftombaet, naclidiag hegatio@iroghinftbgr ent from
the viahility, measured priqgr to freezing, jnmediately after cell

di spersitt?H?OPRéf’ct‘l‘}éﬂmgﬁ“&Bﬁ%lqngir%%se%ﬁ‘}é’”?ép%ef“é%}se due to the condition of the

d el Vet f . N .
i ssue upon amwﬁ%wﬁfe!c#fenﬁngplogetcanp\fmp!'cap?art@s dﬁﬁrﬁﬁ?c%yg% éﬁ%h THERRRR, O

usi ng enzymatic an ani cal dissociation, and, resent Ies,
averlagednaopliages, tieatré@tiksl and grenuloeytks. The cryopreservati on net hodol ogi es
resulted in ng significant. .. ~ a ~ a ~ .7Zoa3 WO 00,43 24 PCT/.U 0116
[ oss. 1 vi abi Flefgygyess o piing mhamsPury BRI i dReR SRRt aoh
and expagdlstrovial Qeld, Eatildol amdngren Yone (theTNSTRd RGrin@n @e IHkeTRAIyLInNIEF
Progenitors The invention teaches a nethod of isolating progenitors from

human | idie?aseémﬂiﬁi@sa]g 5 providing a substantially single cell suspension
of human "Vebeﬁgfzg)éb?% %&%ﬁgh@g%gﬁ 8&9%&%@%@?* Rlferk 0o ﬁae%%}v%'o‘{i%,g grrvo

negative i mMmunos i mrunoséf ection can conpr

sel et i ngarfsf@ofdefnalieiepumiondhosd asahl Sitolofdshoraliegemed mekriat gl r  pr ogeny,

or nore natu[e fornB,tgfreof,ex?ress at |l east one marker gﬁsoci ted with at
I

| east on@Ansplanied (ReATin (hegaigdy ol hselicdeey qeliaghaeananh bellneavp6i eti c,
mesenchyRlsplnefahafy sQfabRORBdia 08RHBASH Bfents, or any type of drug delivery systems

including, microcarriers, beads, microsomes, microspheres, vesicles and so on.
Gene Therapy: As used herein, the term “gene therapy” refers to the in vivo or ex vivo
25  transfer of defined genetic material to specific target cells of a patient, thereby altering the
genotype and, in most situations, altering the phenotype of those target cells for the ultimate
purpose of preventing or altering a particular disease state. This can include modifying the
target cell ex vivo and introducing the cells into the patient. Alternatively, a vector can be
targeted to liver progenitor cells in vivo to deliver the exogenous genetic material and transfect
30  the progenitors. Furthermore, genetically engineered progenitor cells can be used in a
bioreactor as a therapy for patients or as source of biological products. As this definition
states, the underlying premise is that these therapeutic genetic procedures are designed to

ultimately prevent, treat, or alter an overt or covert pathological condition. In most situations,



10 of these cell lineages. The cell selection step can include r Vj
cells that express glygophorin A, CD45, an adult-loiver-celI-spefa})leﬂj‘E 2003
mar ker, connexin 32, or conbinations of these. Mreover, the selection

met hod can include renoving polyploid cells, cells that express markers
associ at weo omM4s498nat ure henopoietic cells, ceyls that expr@SI/UsAdRENE
associated with mature hepatic cells, cells that express markers associ at ed

wi th ure. sench | cell.s, or 15 conbinations, thereof. The selection of
cel 1's dp gy PeePeTe aos o6 eas herapy Groceureudd disrife Pesssmpeqsaseciean or
conbi nahigensellt pupuR@ion, Furthernore, the method can identify and sel ect

mat ure henopoietic cells that express glycophorin A CD45, or a conbination
of these. MfrRovElusterd difderentiation” petiemendetemisan” annieddierais anfens/toedell

cells t ex retinoi von W |l ebrand Kactor, Factor I1, or.
corbi nabrgsie BlsERRafEgB ARy el BPRIR M Shronst ShEe s e aPife s o
conpundabt ellswif alpacteduldrkineggdasaguaniot gl gattiiag eandme ¥ itesH@NST dthers Yarids

conbi nation thereof. The sel ection nethod can select cells that express at
| east dweordingkethagisiscafacevptiong posiion, endifferntiatie of the paragestiswhi ch may be
henopoi eti c, L & senchyral ction of .cells. (dheir »
progeny, or W@?’g%ﬁat rl??% n%? m;% "t relrggo?re-c[lg%d lzlggﬁédtéésc?oés‘%l i éhéggtm%?ﬁ‘e aﬂ@?ﬂeﬁﬁe
associ afr&dnawt oad,” islasd othdrevifeeipaichedcel | |1 neage. 25 That |ineage can be
par echynal c?l s or hePat ocg%es, or bi_Iiar(}/, cells. Thu, the markers
expressed byllt he 4lhastetepyofsin @pd plburpings diggnystic ppyrkers for bapatiplineages.
conpi nati ons f i CUrrent
Goreni 11 on o FT g o (AR R oA M BB eyl
al pha- fretreprsdbehapatitc tineages wilhb oxpire sskpr &3hése praséinalisabetoundaornfve assessed

mar kers ;30.that w.]| ,sel ect spegifically for these cells using

i mmnos‘g?’ﬁg‘{ciaa?l“ \é\g&]ﬁr‘b&%tbq %@Pgﬁ}ﬁ@ﬂ%?ﬂ%@th@i%‘e lot\YB?S;}“ﬁ]%Fsh‘fFégn that many of
the markers {imgn 1aRBhla édMBlindhRd GbAss TC3mpRBSSed Mler NENRRARNIfion can also
progenitors, also identify hepatic progenitor ‘subpopul ati ons. Thus, single

col or swpress AP. Jibesdaiahaverer, donet agididss vhatherthe AThmRINA ain thedskedid ol d)

ptPussod s enERANRREL et RARY oot Ealtomm i aben G AR RS T

progenikephsic cdiis ethayotbheleRemaratvidehet bahotah€egr&iitnD RO éif MlBumite estimate
that 80-90% of the cells _are hepatic progenitors, and the others are either

hepat i cNBRAYEAR Be Breaghed RinsQuiing Prgjeiassays,suek as mmaaogscosgsyptgm
henopoiat.i.c |t L - r {a0s; | S,k tion
usos a Tortes PRARIEHEEIR e no@RRERg, RLBIAS GpR B fieunlh rtPUER" °
AFP andRNAbigmpiatexpr essi on as two uni quely defining features of hepatic
prageni tors, _we have identified, antjgenic rkers and other, flow cytonetric
et er's i PEEr Wabs udERdesebat fefeis suan ot veemvEeny S drail i G ek oc
to dat eaFpPehMRNR MIENAGin HeRloboie8t bals( hdPan UTHY inNRAGHH 88mEhstiafisWas d
scatter), that are diploid (using fluorescence from Hoechst dye 33342), 10
are agrexpusaiontsy the vrriant farmerof Aditeanderdfainingn heynatepeietig eellsenopoi eti ¢

antigens (i.g, qglyc orin. A _ the red blood cell i nd 5) followed
by oo ti ve FigRed OB Sandlis O AP B PR e it
henopoi ghéteorc@JR )Smiap pfatheat th @BEersliextns &ilphaaftpesteicBRNNA. IFCR Rgabxper i nent s

descri bed herein, the_ inventors ident iPIQy hepatic progenitor cells by

sordd ngreverls tiHpeeet&FPdn hpmppaietiorriisy RIxPr & asing thierimen emiination of hiddid y
expr ess N L 1505, : f o .on

t her eof}.l‘gi;f‘g’o, J)eggg?égﬁg?%ﬁ%rl S (ﬁie‘ ew%i gﬁ@i&ﬂteﬁg? Z)kr%%cl)?%tsiqc ce tSI,BJ'aI so
expr esslaAEP] 0-aPBETO fbroblansdied 1B3orSmno RINA I Neentlersis deshered band, atavwehtedel |

0 s, ndFEGHoBI I (G Ao FHE SULEBES {BE e agdes Grver Cels o>
i denti f{ ! a ! ul@fki;

| nvent i et L9047 Te GHIRIP ARP RACPRCH NN 165, § SRR 1Tl s e,

af f3mi t Yegigtud khaBCRirghers peedef toudneseene earéant forats@f hAEPImBDIA, iang, great er
speed and accurac an? nodj fied cryopreservation and cul ture techni S.
Appl i caftenpldifdIaEanwls o %9‘?‘%%?%“5‘@&?ﬁﬁg@§?’}d§?@§? g htp Wf’ﬁgdgﬂfo
purify Lij. i r Youhs Gl ft i i A from
haued B e R e ol e SR ACRG e
cel | s WARP B &l a hitman epytlubeukerbialcell 126, IaHi2, bbdices all eompimetienscdetasited
surface markers and 2) using a conbination of negative and positive sorting
strategies in nultiparanetric flow cytonetric technol ogi es. The nethods for
purification of specific |lineage stages from human hepatic cell popul ations
can be used with livers fromany age donor, since the markers appear to be

| i neage-position specific. The inproved nethods of |abeling the cells, and

. N v o, A 1 T



WO 00/ 43498 26 PCT/US00/ 01116 Figure 4 illustrates a univariang &A@@Ls%oa
The cel | suspension is prepared for inmmnofluorescence analysis of

al pha- f et woroot4gi9e ( AFP) using antibodi es conpygated to thePCaFdISHPOI1IEYS,
and for al bum n using antibodies conjugated to the blue dye (AMCA). Thirty

The. T eyt & RS nEAF B8t Bl et Hbas knd Bep by dniscleriahetibi Bbp e
Further @paky¥sAFPHINA dohilin ﬁg&%xoﬁg%b‘%;(oﬂ h‘@ é@%%g?ésye% 19%6l2a5utocfb3n(ft(%v@ra0h

protein are represented by the sane cel 0-expressi on of the two
pr ot ei nsthe efitws cestipgsseicope of AE\PPThndesaltbuggqatslthktehe mniynoelbptimeis fpri s wel |

def i ned t | h
clear i Pt EierEpris R Bk bRS ekl o B & SR, Dok B PiitErich &
expr gsseghich i$m8rcGor8 ffesﬁﬁkécﬁn'aﬂns@tﬁg %ﬁé‘éiﬂcqﬂaﬁﬁe@ T Factj{ﬂatsé*%ﬁel”ﬁ'uﬁfh%e%‘d

albumn is present in % Anon FP positive cells 75.64.9

coexpr eskapatiaptogenitprahbpapuBniess &%@fonaltquum ih apapratiever entifying km?am(pr essed
AFP. Thus r OX (V aof, .cel |'s expressing al pha-fetoprotein do not
expr ess %qrﬁlﬁﬁfﬂlogﬂ%?égf’%gg eciefléy%efpr essing al bumin do not express

al pha- f et opr o§igtda trieatddy PRI AGTFSIs FburkiEhIssmeeabpsimlithas BF haﬁb;p&@u@wfsace
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Debulking is a process for enrichment of liver progenitors. The progenitors may be any

of several lineages, including hepatic, hemopoietic, and mesenchymal. As the liver has a
variety of mature cells, which can be tetraploid or polyploid, it is useful to remove some, or all,

30  mature cells to prepare an enriched population of progenitors. It is advantageous but not
essential to carry out the debulking step at 4 °C.

After preparation of a single cell suspension of liver cells, the cells are separated into
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20  magnetic beads complexed to antibodies, or combinations of these methods. The density
gradient centrifugation can be a discontinuous gradient or a continuous gradient. The Percoll
fraction is suitable for immediate use, cryopreservation, establishment in culture, or further
enrichment. Further enrichment can be accomplished by panning, affinity selection, FACS
sorting or any of the techniques known in the art and described above. Negative selection is
25  accomplished by removal of cells expressing markers for CD45, glycophorin A, or other
markers as mentioned below. Positive selection is accomplished by selection of cells
expressing CD14, CD34, CD 38, ICAM or other markers indicative of expression of full-
length alpha-fetoprotein, albumin, or both.
In another embodiment of debulking, non-progenitors are selectively removed by
30  selective lysis. Red cells are lysed by brief exposure of the cell suspension to an isotonic

solution of ammonium chloride, followed by dilution with culture medium and centrifugation

to remove red cell "ghosts" and free hemoglobin. Similarly, non-progenitors are selectively



VI1. Confocal Characterization of Al pha-Fetoprotein Expressing | 5y
Fetal and Adult Human Liver. 5 Confocal m croscopy has been useﬁoj&m:izma
the images from human fetal and adult cells that express al pha-fetoprotein.
Thi s met hodol ogy enabl es one to observe the norphol ogy and size of these
cells anav000/6388v directly the |ocation of ipjracellular pPGU/EPHHIIKuUCh as
AFP and ALB, and that of menbrane surface markers such as CD34 and CD38.
Figure 12 il lustrates confaocal. m scrasco of al pha-.fetoprotegi Xpressi ng
cel'l's. by eBing TysER Bl B eindih AR PR e e RO B BrorubebloR] gife
shows 1 REGSus/mEnod oftdulligd fbmdRGbolypadid LB, Belf tRatleABreft MaRRPd dk¥Gacel IS 1 n
this field. The overlay of panel (A) and panel (B) is shown in panel

and i ndinddxmatuihlzerpeioitiel Gy, wils ARpexpsistmarkers @bdosiafadovit matue heépaticreetihe
original),dn r iver. cells. Figure 13, jl]ustrates cells that are
bl od ot ReLoali Roohors s SEial Wiy mabfh st e S B abfymBghapl o1

t he Sanmehegekelss. co- expressing AFP and showing that only two cells are
AFP-positive. Cell_ size is not a factor for AFP positivity. AFP-expressing
cells are fodhd i FA6PKeseEYAionefchwman tiven pregenitqraand theiy regenys expect ed,
have the hig Ve I . t.live 28V, I

per cent age (I<t?§ %rgge{]rgﬁvﬂﬁ%? ﬁ&'P éugOl%%{%%%#@% gc |u§|glr%e l\llfahé‘l!ue %‘S‘e&g’ﬁ‘%{ 8§1g[§%10r. The
f ew hepateticodsrusgemi the psiof arunMaijor distinctioark thearss of diffebpent daffechad

signifi cantlg/ thr_ougg he Percol | fractionation, ﬁr ocess to yield up to 2%
of the EBIOPESFIYaERD Ebf ewlacptr?%ﬁﬁlgow%liat@nfwfa?ms RW Al density jahdrtBuy. Pypyant 5) |
No f-P- Bt G Righ&ofr Bhd RiAdc | hd r than 71
years o?H( éie. Tabl e g s%ovvs thﬂﬂcglrprbgg{uédergg%dswa?lgh?]???é/&?ﬁ)ﬂ?'

Per col | -i sol Suecestiuhetyopreseryhtiamlof matuie/mmadives celBriahighty desired bof hactevans
1-3) haye higher .viabiljty than |larger. cells (fraction 4) after, being 25
cryoprgé%‘?r{/% W(}’ﬁgé?. et?él's%ﬁ%er‘?ﬁy%crcg?@l\féwp&?f E’@ﬁﬂ’l’lfsi c&@n%cbg; IaPH’fW tion
Vi abi | i {3630 therblls &llZgid ﬂimi)og% Aniperfeleh &160-280909RNnd 14 15 tHedv QreBr, dbdr@ct i on
2 84 10-15 2 30 Fraction 3 85 15-25 < 0.2 Fraction 4 56 25-50 < 0.0l These
resul t s viabilgeestof Pate ashuih Hreqpbility e aftagh ohby culiuyeedishes| [Usingeoldpiraethads, wel |

t ! ; o ' '

o Aboutt e EbAeRRE0E BUEATYy Hyllon GPRAL By U 3 H 0 A0TSR RT BT 16 7

Fur t her amach aﬁdgérelezmngdérfthfrFBf\rd @hﬁi_li@np@fbtj e(ahq;rl]d M&()?Yaw‘-}ser@ﬁmgiﬁl),mi | be
n r [ t no or ce er I es an er na al so 1aor ol e argan

P OB Roe ot b gty DS BRSO A Pl Rl By R0 230

' egener al)gsty ARREFAN J:rﬁm%&én@wggmﬁﬂgisggg% s di ogeru%rgggb,ate or

m ni mal regenerative ‘capacity known to be ‘av romthe matu cells.
S VIII. vidtilitydkborabf téllseargaledhmg mhmbewithdell tulhiressmotimdtvaduas callshepalli ¢
progenitor cell popul ation capahle of gr h and differentiation.into
hepaf ocyoesnin B Fafy® LB eRGRaspSwet v o Feil o P BRob BsFRing ons
Thi's inventi angafeMdfustrates tHrexREIRPOFiabil R of Iedr cENEirYoR@sdallly @tbréd the |iver
lineage is a distinct maturational stage, and that there are nmultiple stem
cel | popatadinghsto the meghad afdhe invent&yy dpats pregixpressedeas dhpsyeaiit ehangger of t he
present j. t i i . r. e o'

P meages SR aRulead: R BhPRFRIG RGNS R irds SERGLALS THRICIRL LPARL. | |
(bi | e dukdt)the brigbpeserestian didinohaffedt lsighHlcastlpthelwabplitg oy tiesce(lB Thete Was no

pl at el et s, .macrophages, . ngut rophils, and g,r anul ocytes; and nesengenesi s,

wi t BScelsfenifeass cancEavgiaREIY 8Ycraperodiokendneie ral dewsiin storagr thheagecialand
even bo %?yr%ﬁrpﬁ%r\lfa@i%h hdlRoREGLY &1 A0 ihPentiBf indiydRes (fRnls¥ ofg% el SuBRASG0bel cell
conditions). 1In general, stemcells are immture cells that can give rise
t o daughtopulatieh) sdvaptionalby embéaiingdthe céldd ia. forfimeofsixanradimldrmagrindlibs daught er
cells, sone of which are identjcal to fhe parepnt and some of which "commt"
to a spdBFIPElpaY &r tlﬁ]érseammc NES %Y@El@@gue@ tﬁwmaﬁ%ﬁ%w&aff%rﬁmaﬂ%|ﬂéﬁ’cu| ar
| evel . Rﬂé}ﬂﬁf mbdsube ﬁrﬁﬁqgweéﬁﬁg,timvﬁelgﬁﬁwéeﬂdjigﬁawor@rmahmc@mmimg the
fates of 20 cCells have narrowed fromthat of a predecessor. "Committed

pr ogéni tarsbleatve todis eradition afithaitissue upen arsivalead thesféecs ofi mgpasaticn of theied! as

hepat ocyti c comm tted progenitors i vi,ng rise to hepatocytes).or biliary
Conm ¢t HSBOGEHet oD ROF AR Prege B, &t e PR Shavr i | ne
stem cel 70, @orf e fasiuiver celld. Sﬂmréprieiér@tﬁh RN IR gFsQeaSEd Vb B Sighbicant

mat urati onal |ineage in which cell size, norphology, growh potential and

gene




25 expression is tied to the Iineage. The netaphor of aging is useful in
defining the process The "young" cells have early gene express ug.et@na
great est (gt pidadegoot ential; the cells late in the Iineage h?é”ﬁ’usé 1916
expressi on anc? usually are limted in therrnztj'rowth or do not grow at all.
The |l ate cells can be considered "old" or in biological terns, apoptotic,
and ul t iomatebipbditeby HeuteethgpidcesTinal imakelis dtat omad atthcr)ﬁmyleemmmd:assivb efted ts
in a natural turnover for the tissue and 30 allows for regeneration after
i njuri e M&sues differ in the kinetics of the maturational process, The
mat ur at i onal vhi ngAREnAeidecfifn gpﬁuhﬁlﬂﬂivte?P?é’?én(#to%t h a conplete cycle _
occurring in less than a week; that of the Tiver is slow occurring, and in
the rat |i verThies'n\@btiqm tacly@armethOd_Bf iSQJ@tiQQQB)gV@tmIfmmﬁemsahdeoUﬁﬁmr@llm
The $at Iry(ﬁ forgr% ( onc life at Ila}bout daly gfe.redt as

" enb? yoff €148y 2 £ %ﬂ"aﬂ%é‘“ SHRREFIRD 24 PREEP g ‘r‘SSP?*rea argreoh®Senchyne
by endodgy ;Jarhsl,l@@ai@gogumvetmegmmlrhmrmga@ct% e @&Hb&@f@%@ﬁosel&ué&&%ﬁq ,
Current Qpinion in Genchcs Devel opnent. 8:526-31.). Earliest recognition
of | i veromptibssalertingéroantheypaspension Bwse cms a@mhethemscﬂsw@nmprpgmuosmore

Sos. capuRtoB AERr pibed e ABR e B RITR RIS Oe G0N oo

Devel opnepigek. Bhedea@ll linekideaRaiode h&{o)&pdleﬁl&)nes%ﬂymp MRp&id)Or Sdthé §oxﬁbi%auon
observed in the mdgut region of the enbryo near the nesenchyne that

pr odbiceftheee priblincages. dhie il poleptiomustep an inglvde RDRENE Felly hatedpmped. The
liver b r p. Y S i amet er
by 13, GOPOTeR P PAP ARl S el Ehf PR fi32tr hplfibddholl P
henopoi ehdse. Miiré@r/e&rlb@w eagn lmyetlﬁicﬁeaﬁl 1ﬁcl(1denrdnﬁdérlig ﬁ()lyﬁlla@:l &allst dedls3hal ekpreds "

month (in humans) erth t he peak of ﬂ oi esi s rmati on of
eryt hr o BerEer p§sogr'ate:c}é@ UyPgbie E@ﬁ‘i’%‘et& ISqu eEarSSS(mﬁ%Fe&émeatecaw&hby
the > - mfanrcHIBELL SIS ANEROSbepréls %ﬁe@%@%c%eﬁ}fﬁ HARQ!F eyl AWTBET S

of these re ood cells 'i ver and account re t
of tlBe rontbarasions theeof. sThmsdiettﬁoﬂrﬁf Eellsaran cﬁimpnemblodtmtgruellgamt etpressaCDperi od

isond 0T s _and, 9 nont u W.t hin hours of birth, the
nurber s P 7 G FeRM: o BPbmatars hereat dieeaniey Medeftton g g s

post nat akjekd htufd mwo)etarteumahmr@sswp%nﬁ wocrjmrrana cothPigal{ @bt rrr@reor ity
of the henopoietic cells have di sappeared havrng grated to the bone

mar row. Moreove, thesalsctidremethgd ear eateat matyre gresendymsd celksethpteaxppsss eatinoidsel | s.
There ar t 2 i irst, the henopoietic
progenrF%rggggéﬁégfggogﬁﬁkQﬁQﬁghg%é g g&g%hgﬁﬁﬁgﬁs and flee to the bone

mar ROW (Whi cIiTHesimmelrktleaion methed odn 18 cantiédodttie cehjanaiaowik derinking\babel i n
the liver wwth the actrvatlon of the lungs; and second, the |oss of the

pr egnancp $Hsiksn BYOYAREIGERY, 5 dSOMBINatRR tfrﬁrgcr fatlingselepdan matharicpn selpe cebiss of
the hermgg, e?(H s BY 199%8115 Q{aﬁc hstBE'ﬁteh'»Vlﬂ{ at'l@as?ﬁﬁé)gélgitu?eq IFI fflfn?a? wlr amati c
reduction in the nunbers of hepatic progenitors an Sara f ncrease in
t he nunﬂmnsopamﬂrcnhﬁpam toy nodsertohgmiab pBitcoedeasn afidelbsi thearprogaiyl s mbtd hature

maturity_ of the I|ver is coppleted by 2-3 weeks.postnatal life ( r odent s)
T MRS Mgt R EYRESSe e Bt e AP P Y PR SRR e et s aets t o
cel Iy arend: Bgaddez8A bt PalebByrhAGLRNS @pafo'&?teﬁ’%ﬁﬂﬁar%"cél@ﬁﬂﬂm thel\Rafk@fd phery of
each liver acinus. 30 Thereafter, the classic architecture of the liver

aci nus i expessserby BhedlvdantbecCd M. AT HUS TS, AP 1das IGraM. peeombiartionsthergosi x
sets of porta{, tri gﬁMe?(%ES ondeyg) Vg?g)gmt?%' e duct, an hepatic artery and

an hepatic ve| vein that connects to the vena
cava. Plates Ugmblo\dﬁéurﬁ‘e@lk Hefinitibk 6f 159 peSpehiion awaslaturexte pepfl sednsttha
periphery to the center. By 18 J UL Z003 WO 00/43498 33 PCT/ US00/ 01116
convent | eHPress hhahprfatpes)tan aviii apiveigwput mme&smnéhf aypiieia; W baee assessehBrfkarhe

port tri inar; ngr veins.
The nI ythma%ﬁo ggfelcsﬁcg 1y tfc?{a{ﬁ SF\?glrlS ar & ﬁ%ﬂggﬁsgle?tlgfetcp%&ﬁ%lgg }ée?%"é‘m rein
zone 2; @pebvet iaaeon that eahapl thiednakets (. UDﬁﬂQItlwh&dclmldaSoﬁ:Useoi hemsmidic
The pattern is h| hI, sug estrve of . a tura}tronal | i neage that ends |n an
apopt ot i BIOBRRIES @ %\r eret'cmroges'tore% RPPUIAEYY. Thus.Seein £9lgt sagtsAor CD

291 35" Arkaitddtn slgﬁp#daﬁeédr et (ot lAGBORIGIBE ks thit RERSEWEDL GRWARA not al
Clini cal ? 0 L|ver ogy The in vitro and Iin vivo growth ‘and
differentiati on characteri str cs of the cell population of this i nventr on is
in agreenent with the concept and inplications of a |lineage -position



10 Iineage nodel in liver. For exanple, in an in vitro parench I I .
the ability of the parenchymal cells to divide and the nunber %Efagﬁm.kbbé
divisions are predicted to be strictly |ineage-position dependent.
Therefore, periportal parenchymal cells should have greater division

pot ent i aWOwbEMPeri central ones. This expl @mns the | ong- sSPERUSHY At ery of
why primary cultures of liver, the nost renowned regenerative organ in the

Doy, R AR ARt S LY & D o SR S ACaBP L

such a%@aﬁﬂﬁ@lbﬁ@irﬂp@@tﬁ\&a mewadmm@&hdtlsn 90%6f (e @ulidark AepAc Prbgeniats, BAY tigenes
expressed later in the lineage. In the maturity-lineage nodel no hepatoma

shoul d othesy ag<ithat Rengbn BEOLEPERTA tRAEINTIIAredP Yo BPEIsHAlbEMID AYPOSHEY | | neage

requir f tion, growmh, 20 and cel

cycllng“sén ﬁ?kﬁFﬁﬁggﬁ kggH%g%%B\ %%rgh%fgngﬁﬁégcell popul ati on of the

invéntion. Niiemveatiorbusek agnapk flotwdit@scteio spring Bgategy.disispheicbmbigeioa of
i oni c versus adult tjssues. define several c|asses of

expr essj i nbr

genes: f%lﬁp%fép ﬁgwﬁﬁ%w%ssw 3SHRO UBiaNEly dsERing fﬁ%lt“éﬁrP&é Ratic PIRACAHPIS IVF HAVve
differ @@édtaieu%mlgerh@ﬁﬁa&e?moeaﬁ&%weﬁbmtr& rma@aattm'dkgn&{heﬁéb &
conpartnenta boundari es; and those express ear | , ate in the
| i neageprdng,ﬁmtdr s&iisetTéxlewortmgmtIBtegw&&atcmvlowe SUeE fmmmaﬂmebh(ﬂ bfudyl and gene

expre on rn | r..tunor e und tood b dyin
TR o s L A CeaRfa, Titss btia (VY Snreer e P ae Hrecendvedatidey at Do
of 101 s SURTRlaPb LA Shdier vhd ok R GeSARREbAGE O hehd Lo LAURR AL e
comon eXpr ess| on 0 a.- et Ogr oteln I n onas I's no an | nduced tUITDr

mar ker tb@teddﬂocvdw@nllc%tttl@ﬁn 3ud 6044 f@@wd@mommwrl@rtmaredﬂ@pweqt hepatie helt
nor mal | Mlﬁ&ﬁﬁlrlzﬁiso%g%ngbprgﬁ%&gt’ti&pellosﬁlﬁ pula-.IElQ)%ggl Ot(ﬁlfl% gg)lr IC ulation of this

i nventi o succe d cell and/or
gene t her apyin tAdeperimennt deseribcdhets ahé heentbrt mé]ﬁlfﬂmlcemgelﬂaar téRMyi f i ed
18 J U L 2003 WO 00/ 43498 3~ PCT/ US00/ 01116 key conditions in which
nonhuneArtBig feathosa pellsihatesronsly sxpiespalobefitenspisincarealty eipsess aliugripyand
C”I?pree%ﬁ{e\égéi)ﬁeﬁﬁéﬁec%s“éﬁlPJP'o'rb Xm“oﬁ]aﬁblgmeﬁéo?aﬂﬁéoydggé%é‘d’hér@m l's‘tﬂe t he
cell pop this inventid tic i neage,
can be avidticathaahéroypuitidéadipajsormpresd AFP, dlioeiba pumatadlefohhemehdveae&d for ex
Vi vO expansi on is, wuld elimnate the neces for or i nvasi

surgic eS?ré%eeacleQV&EC?J p?m%atwmng]m@%w% phigplatien, nflﬁ%atwangﬁ e ag adnet od

pr Ogen'éfosr%gas’u@h eal E@dlz&w TH3 sﬁb@e&élfnethe a8 ohiafRRLbS aREChREERE thelhi S
can be accornplished with a nunber of different’ gene delivery vector
systerraaaﬂmvl:nrrqwmoankau@@néﬂuenmnn@mlSe@tchtehﬁcép@tinthrov@ advancesupetdedf of gene
transfer ui_ a I cul t , I C
or ogeni tor S0 AT ERE S DBES it oo s e B SR PR s
physi ol eginaay, adngédifiedsryopieeaeariurl dng oartereltdﬂmiqwandl dates for gene
transfer to liver. Al so, the growing characteristics of the cellfp pul ation
of this i nveﬁpplbq@nﬁed@mq%tretﬁélowsfeyt@rﬁetaﬁ sging istafegiehand mghereio RIEfHgiVekr t ai n
gene d cel |
ol 1 ot ity BEHFShb) inoffted LELLMUfs KA Hob DA Prjbblorg Ra HEe

alter nadeﬂlveTama:rmahbds‘ mlvokgyengzslhimmgaqifyhe sellsovidesivemnl ﬂembpro@etlhimled arget the
prQ enltors geC| éﬁ% hen to |E$ect t he ector couE ed ifth.the

gerfe of MtRPdieadq spegitc lsyr bt oS ) Bripe oFRRPTBEPDPLRoRN L PodiVeand
modi fy ¢ o?@ngegtﬁﬁﬁg&omnm?%mehwm@kytoﬁﬁaw teémrbgl&herherneaﬁaustfef cel |

popul ation © I's invention can be used in an autol ogous or allogeneic
liver- andhmednoémwcdklgemgemhgﬁébynh@memhﬂynwmh%pmsémuﬂwaanbt@g@h@uhepat|c
20 progenlt rs wl 49 nat e a SI |canh)gop rn regar |n%.reject|on of
the traneg? Hf“e?i‘ycaeglel no‘rﬁ%‘“&&lelmfb’ fﬁﬁlaBP‘?aB ¢ REE PPHVENPRGH'S

particul arl yTa¢ ihpehby feftds 8f lagél@r@ the €8ld atd 2BShRE calBeEasCed ek I

antigenic profile sug ggests m ni mal |nnunolog|cal rejection Bhenonena
l\/br3ébve¢yt0mlet%(“ad‘éprlﬂ eﬂovemetmmes frogueyiometion &thfhé‘ém ecllsexid80RBI i al cel | s,

el i net O ERLR RRBTBLE e At pr Bty e BREh iy BURHET O

al | ogenD%k*aﬁm‘vs FADSTQROPL UISSwidEiesdriseas £ 000¢6000 eellsdondibidieetbrmiszey can
be genetically nodified or remain intact, expanded in vitro, and then

t r anspl eatpREprisaACEsisttip theracersslul ispltige mad idenfgatianefithis fove gl PPPYations t er
genetic nodification and before transplant, those genetically nodified
cells may be expanded and/ or sel ected based on the incorporation and
expression of a dom nate sel ectabl e nmarker. Transplant can be back into the
30 hepatic conpartnment or an ectopic or heterotopic site. For transplant
into the hepatic conpartnent, portal veln |nfu5|on or |ntrasplen|c

-, = e



18 J UL 2003 WO 00/ 43498 3~ PCT/ US00/ 01116 Additional medic
may assist in the efficacy of hepatic engraftnment of the trani;ﬂoaiﬁidm
hepat i c Ani mal nodel s have denopnstrated that

hepat ect %g&a}déﬂom stration of angiogenesis dactors, and o E’?ﬁgéﬂ(})\/\k%
factors aide in the engraftnment and viability of the transpl anted

hepat ocyt es. FkguraI4tiﬁnnmttdswemi1zmrmaEAOS$orto Thetaetnagieasion ihgregamatfocal | y

nodi fi ed hep l%locytes to an, e(%t ic site., To date, the cell therapy
appr oac HBBURPRYPIEscEnreanalygis|g &%aﬁs%r%ﬂamFPI P%‘P%a’étﬂl?qdéféé@m“ﬂ%teé thrdle be

due to that I
i ver oI/ REs 8 o} A8HRNRinFRbDIRE LAGULRER S oRIHRTAIACH) Y T
addi t i othousérel aetle arefscednéd fore¢d GAFTYsnt béue (Ialbsmmohﬂumrﬁmnal Obtecbulteghesta on.

The hepatl o prog? Ior cells of the.instant invention offer 10 greater
af ¢4l

ef fi tacylcBEEaYR stositive forRackh arateipa & pitheriagalyisisshpwe mﬁaﬁwﬁg‘ﬁoc/apf the
rejecti r i ial.
B e R I e
i nj ect alheetwogmbteins).” Thhexpress tond i Faandr odrsinf 1ore 1mmlunocedctwh¢nsaweléﬁeﬁmmﬂer

devel op hese a roa hes have h ted effic due both t

munor otz SEEnaRE. SAR R uH S ctaelss ShtBe Seeef Aorertieh et e oni y
routes hafkIQR sI%ﬁI anmhh%pwg xpé@f@s@edrﬁm O+ OBEYIDE RBY B RERRIBKat¥d ¥4I
gene therapy and have been done al nbst exclusively in henopoietic

progéni tsuspeosbhsandadbymieds presertian 78% 1:PAoAgeng A%pwtvawh 7|5r6:t§é)% tor
cells (or use of in ale \L§ sonmehaqw tar dtothos genltor
cel | poﬁiﬁPréﬁﬁeéﬁL}) “?/I}’ 16%8»‘@ SN%IOEE’@’I"LF’E’&PPWBW 5‘?1 thi‘é’r‘iféfific% 8" HS:be

intr Odu%?ﬁiro%ﬁné{él @s%&pceny Ekﬁk@%gapm%@btewao bt éxfﬁ?espamaﬁnh taﬁei 269] d1S;
the nodified cell's 20 sel ected and reintroduced in vivo, The advantages of
t he progelts expressiolatbumia domet expsessralmhasiewppataigi on potential, their mnimal,
i f any, induction of .i n00|cal react |. n thelralllt t

di fferentiat glthte@r?ﬁogd?lce tcﬁﬂés SR &hg Ii)rr%célags PRRES P 1! th}éy W@g‘rﬂ%n or
| nt @5 depRE|RHEr dobiiteig esll Sfipensiansgiedndreding dadl ébgls?ﬁm easkhedGAReglyBysRt@ar s to
nore closely study and 25 characterize hepatic progenitors. These studies
reveal edh.& Sipdes @Plkﬁr en ieblped ealisbnshi p bet ween hepatic progenitors and
henopoi eti c J r t wo
| i neages. In eg’gg@ ﬁée}rscgméggg?g? gﬁsét\?vvetcggﬁse&nhGL%ﬁ%aqgﬁ? gﬁlp%lia Ego*’%?h%e
hepat i ¢ pemrckntsgengfahedei that amq&gm;veslhammurrerous antigenic markers (CD 14,

CD34, CD38, CDI 17 or c oval ns), e bi ochem cal
properties (i.e. transf ‘fns Cﬁ}%{ hi mggs-tranébggases 6%0 and a
trungat g, #r3Qfdateef al pha- f et opr otein), and have extensive overlap in the
culture requirenents (forns of extracellular matrix and specific hornonal
requi r erfénn p?ptﬂmronexphﬁsh(b&(@x A.8ad,0.5he2.priogéni t 6 @I 53608+5oot h lineages
are | ocg esa liv a S paracrine
si gnal i n} ‘Afdpsﬂ %?sétéent out %ﬁeqcel ?gé+fﬁhe§% Q%Afrﬁ 1?2 %Sa 18 J U
L 2003 V\D 00/ 43498 36 PCTNSOO/01116 lineages; that is signals produced by
each of the |ineages regulates cells in the other |ineage. I ndeed | t may
be concl uded lflgareiwa@atﬁﬁvleﬁ@r%nt@frﬁ%ﬂﬁemrﬁ%swacamrms y*

[ nt sde el cel
poparat | s 2] ALa g oo Rl At O in R a0 PR Qi plifory %FI*I&I%
nyel o 5 Ganapois eldtied oaltheright akspaprasederstalat Figse déhendies theopertdreage of

condi ti ons under which the cells arc .iso]ated and .cul tured. Therefore,
bi or eact%Hs sry%*@@ﬁglqaﬁ%mua%el% FRISENE al?g‘BJFTQPI%?IE and ofhep antigenic warkesy

ant| geng\gﬁgﬁin SERY | bdigR r&m &&ﬂ@?&éxﬁv@ﬂﬁ aHATFRRILRILIR (R'F‘P%ﬁli estid @eu%ur@@&

ckit+, can r ut in ce popul ations wth nultiple fates.

depends marklamv(/Cché 8&138s4 anmd glgcmnhoudtk)ecﬁlearrlw|g\Iry):ophomnAe(GA/9Imtsnwl cteUs e
are placed. 10 Anot her ect o

condltlonsth c,II as I
popuilat i GF: ‘Eﬁ’ﬁ‘f‘ﬁgéfeli RVENEICBha M YT PeRER) Oéf}éﬂpn?i‘y“ 3 ouf & fistgntican Mfraifon
of the AFP-positive cells.



speci fic hermppoietic stemcell surface antigen CD34. CD34 positive cells of
bone marrow has been used as a conveni ent positive selection r$ b”’!? 2003
henopoi etic stemcells. However, there are increasing nunber of

whi ch cast doubt on the specificity of CD34 antigenic marker for

henmopoi evd oo/s34esm cel |'s (Nakauchi H. Natureohl ~I edi ci ne 4: 2ODYSAWO! &

1998)). 1 ~ Experinental evidence denonstrates the existence of cells in

t he CD34 negati vg @owl ation.of hunman bon rrow and cord bl cod_t hat can
repopul ate THE'H & YsERIC heicomrRERIsien of alpharfptoproterpaad albyeanei dhe as
epat | B B o B L BNl oF el
cl i ni chveraalds yith 20 withpni sekectipe depletimm, ofured tells using Peecall fraeummtnaml ®hshi ps

bet t nd h t T f

o1 0genPEHE ChAL PR A E PSS BgT Fof ATa: rogres B by eh

celd s; pboRioadfalbuéiin BsMﬁ@@él]%Qfé @crpr@ah?wmain@reaé’ed tb®9l+9q|°/9gh61?éh e es;

4) drug devel opnent rotein manufacturing (using the cells as hosts for
pr oducghaéiﬁe IﬁfSWﬁFlP'fd[)’ssmugﬁﬁiﬁspem fic factors); 6) liver cell therapies; 7)

I I hat b d
B T e e B N L R R

or cli fetsablein 4@ atbunivien-expedssibn.s Thé efopofiisifdRlls BgpreitgPeiBhlphki ty of a
common | i neage bet ween henopoj esi s and hep fg&}é}pm esi's, as_ advanced by the
a

i nvent Brepretein andalbumianexpsessed i RuRENIRES Q ar Jbumyeppsifbeereellar Datspfat i ¢ or

heyppo r t are
pl gﬂged&eq% lIt{Ie avaﬁj(ﬁlpE&]Id{jielﬂgde Eﬂﬁptaﬂi Sh%rﬁm\/}bdg %ﬂupngﬁ& é‘g%&c?&sog@ﬁ?t or
cel | s wdll duspemaivine amctcblemdrd redtdtssbwléerccﬂkfraamanm thermoparebh o1 caildl |

facilitate the velo ment. of . succes I rms of liver cell and gene
t her ap??fpr?isﬁﬁ‘gﬁnl%? [Sdg] %?BIi SignHicapily i E%ﬁ%h%gﬁ“dﬁgﬂ%ﬁxﬁf%ﬁpg|a$hut‘5‘ilalt°I i vers
for use) bpihejn research and as clinical assist devices. At present, the
limted supply of healthy 18 J U L 2003 WO 001 43498 37 PCT/ US00/ 01116
human ti ssudhe meselt b{idesprotédurcan therppgpatien phicdliswbearingthe sutfeceaqnyrl@rs are human
biparti.ficial vers, The enitor opul ati gns .shoul,
ol D BT Sfege Sl BF Piivodint el Sherdip HERate Brutyd SHBInedor a e,
that |jagpted supply. EXAMPLES 5 The foll owi ng exanples are illustrative and
are not intended to be limting. Exanple 1 Analysis of variant fornms of AFP
and al bum n expressed in hepatic versus other cell types. Cell lines: Two
human hepat omas, Hep3B and Hep&, are maintained in Eagle' s MEM 10
suppl emented with 1 mM sodi um pyruvate, 2nM L-glutam ne, 50 Umn
penicillin, 50 ;~g/m streptonycin, 0.1 mM MEM non-essential am no acid
tiogn i ns and 10% FBS. A hunman t hr ol euk i ne,
ﬁab& %c"é‘?ﬁfr‘if% 3’ “FI“BFi’@IP&E’(“O@éIII‘ 'Y%&ﬁ%r’eaﬁ'@nﬁima%ﬂ‘i@m n
D'VEM Fo@ﬁe&@ﬁk ﬁﬂ@?@?&nﬂ;%%f%hé@thagﬂﬂééﬁ)mt% foP&FY M _penicillin, 50, ug/m
streptonycin, ME and 10 RT PCR. Total RNAs are
extract ed from I—Iep3B pPGE2, andD330 b¢D3e net KdMDOf ChGATznski and Sacchi
N. Anab I62 156-159 ( 1987). The cDNAs are synthesized by oligo-dT
primn 8 ed to PCR anplification using priner sets designed by
the '”V/ﬁﬂmtﬁti’p%la%ﬂ prepared for shmpn ARRR.Qrgal bgnips Thespypmer sequences
are as follows, For AFP:20 SEQ I D 1hAFP TI:5' - ACCATGAAGTGGGTGGAATC- 3", SEQ I D
2h2§-P2 "/EAFB@IS@M\GACT@T&KWI’ CTCG731425EQ I3 BhAFP32 51 BAAAGIKOTGGTGT TGGECC

?E-Al?;'l:éfggzl g 4hA gﬁ}&g Amﬁm%%@%?%c{[%sp%mon for co-expression of

6h AFPexgng;. @DBWWTH-ETHWFT érfﬁﬁ%é@; the distribution of TriColor staining
7hAFPexon~l: 5' - CTACCTGCCTTTCTGGAAGAAG- 3' |, SE

8hAFPe o@D 14 (WAM@(MF@Q@OBCDJ&(dgE@a)D Gates are created to select

AL ROEERG co s TR0 R

11@6"—5%15?121} sy SCACBARGN Txﬁ:a%h,o?EIQsI: @ab roups. The AFP results show that a
| 2hALB3: GCCAGTAAGTGACAGAGT L 2003 W O 00143498 3 8

PCT/ Usigholeyal®f smishnmnt SoraRis: prgducrcmyml@@mgoa@@@m@@w@m@l@er CPR8 or
conbi n%lﬁ en ST}%fAlE‘pglg%I g@ggr%te%rf?on‘??he e%ltlké)xgl suspension (30,000 cells) is shown at the



For AFP: hAFP 1 and hAFP2, hAFP3 and hAFP4, 5 hAFP 1 and hAFP4, hBFHdIi_gnzms
and hAFP4, hAFPexon3 and hAFP4, hAFPexon4 and hAFP4, hAFPexon~ and hAFP4

and 10 h%ﬁﬁﬁﬁ@ and hAFP4 For al bumi n: hALB 1 and hALB2, M@%mﬁ6hALB’4,
hALB 1 and hALB4, PCR is perforned in a t ot a4 vol ume of SO-el consi sting of

| ~M each primer, 200M IS each dNTP, SOM KCl, |.SmM MgCl 2, 1OrM Tris HCl,
pH 8. 3, loawed left. ARUndgtshsasathe podsgnesr AsEFR fretha sulirops. seBated bg cel serfireanardtet o

94C for, 3.ni.n fol | owed lification for 3 .of 2 mn at 94C 2
min 690s ditibued erttiRtonsl IS elond b eierais of elsGhe ind sl RSBy i s
per f or med ,3titi(e barfp@l HEWaVEY, th-r%hﬁﬁri@uﬁ‘éln ofcpag B%s!?@& ERRGHIHBs et {o%bon 2%

agarose gél containing 5 ~g/ et hidium bromde in Tris-acetate- EDTA
buf f er . expeesRPnRERA KR wapBrRqueiu i DABDogidive celima bistaslabdistribBtiextmARRIdbs et

al.,. Biochem st.r 26: .1332-1343).. .To disti {sh truncated transcript

i ofh 1 uEPTBIo i SRl AR (e s ik pL Rl ohr S e e AR o
sequencarpl fevth@@kgstivas target nolecul es of RT-PCR  The priner conbination
of hAFP 1 and hAFP2 is used for the anplification of exon 1 containing the

initiati on ME fesuikshpvgthahplpha-deiopieiain phFRispaesanidn AFEpithe aplls ifhpingtoeell 2
to 25 4 i ni; ; T . t h
0 oo SBpiofA BT A GLOREERARaIIR LSRG TrWBfodlig) der oot

anmpl i fi ggtopglivrivandsn antigehonRbiood et R3Bh@adtekiEp Glindltaidsitify a subpdpulaneh 5) .
By contrast, only the specific _band of the Cterm r_laanEorti on is detected
by tthe pfeatsthadp not enpessaABRhd Thiagspalls expressingiiais mpiganks e xrythegidselis) ard 8) .

only o PyumeSAA3E: bty B Rk LR N R e iR, TROCDIEHIAGISTY
hypot heg&eatifiedepdiftfaticor oftdells Whao bleovesdgimificare ghleancemetiRR thesprogorkidir Bf AFRnd

hAFP4 priners is performed. .expected, the PCR of Hep3B and HepG2 cDNA
shows t RgSIdYEflle (F%nﬁ‘iﬁﬂtébﬂ@“?;%eg € PrepoRir ngtndiectiongifgl sgynples. Pgthyanyigens o3

WO 00! 4%&%@&1§8m8§r6ﬂ§9@h9§g?d¥ger\r{]ﬁgﬁ%8§%hfehﬁf 8r hct the gl%rsfécﬂ'iahs*@% thbRB&e?) -

The controls are sanples wt NA and a sanple derived fromthe nouse
enmbtyonencoded bplsplasing yetiants,ipneseiSRO)ibodies aeevaiddbdehatidgntifyttee varlpue band.

Next, a.series of 5 priners fromexon 2 to exon G are constructed to see
the dif{S8f¥Me 5 betv~~een authentic and variant formof hAFP mRNA. In

Figure 1, theheemdkit nsdtRSot Retholietic progeriQdcfits, CEBUOR fBXERBlbegf@Rntlord S
shared in the variant formof hAFP in K562 (lane 1, 3, 5, 7, 9, and 11 ).
RT PCR, frony gebuiniahals¢gxripssabbiinil he gestiag ebeddisqositiop fargCIaxbresuls isentiMunggtiet t i

et al., J,.Biol.,. ; o 7 : 2t rLITE i.nation
of haLBOL ARG T oG oA b el iR Ple Gl B bR 370 Rleng
t he20 ni O34 potitieTcelle veXtnindhe vhginabse!lt suapensfon AHBF e v dthh Aldsde figrpilve Einghxon
12 to exon 14 containin he_ st op. codon., e resylts of the PCR arge wn
in Fi guPBtiaosy febf"wwémmgﬁﬁf*?&@s wefﬁ@wrﬁbw% Peuges a LS gran GePitt e
ampl i fi qablQp iDaRAtobdibh8f (e EIRBoBRRE 18Rk dHRRAR 56{3@19@&1_ &192verdus PR ) -
By contrast, only the specific band of the C-termnal portion is detected

by the pri nmedt wetldostemAah®3hapigldiat ARP Basiiive ¢alls cRNA berimpraggd 2y (Usinges 7 and

8). The PCR f t ti di ' f. al bum ] hALB d hALB4
o mer s CORBINEN AR TS 11hfe B5 et edimpireonsb AR Iace R no R
and28 sapRibthatighd ¥eshrface Makkies TSEnERA ¥ @BtaBlidl tRE eRbASh vaseH the s@8ct{onlih -

Nei t her show any detectabl e band. Suggl iers for reagents include: 20 Sigma

Cheni calintGesibulay magter cambe sncraasyd. Ghsclotapme emrossad essthe aonoreeseiLARY pradiive
cells expressing surface markers (termed the “yield” of AFP positive cells) and as the
proportion of all AFP positive cells that appear in the population defined by the surface marker
(termed the “enrichment” factor for AFP positive cells). Results for combinations of CD14,

30 CD34 and CD38 are shown in Table 4 together with the results from individual markers for

comparison.

Table 4.



Wor t hi ngt on Bi ochem cal Corporation (Frehold, New Jersey) Dupont

Phar maceuticals (WI m ngton, Delaware) Fal con-a subsidiary of Bétﬁ odUL 2003
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types are positive for AFP, the cells staining negative for surface antigens are consistently

smaller and less complex than the CD14 positive cells.

30 Thus, the probable markers for sorting hepatic progenitors are: Glycophorin A", CDA45",
ICAM", and one or more CD14", CD34, CD38", CD117, diploid, agranular (by side scatter).
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20  livers can be enriched significantly through the Percoll fractionation process to yield up to 2%
of the cells in Percoll fractions 1 and 2 from the adult livers (Table 5). No AFP-expressing
cells are found in a liver from donors older than 71 years of age.
Table S shows the cell size and viability from Percoll-isolated fractions of adult liver
cells. Smaller cells (fractions 1-3) have higher viability than larger cells (fraction 4) after being

25  cryopreserved under the same cryopreservation condition.

Percoll
Fraction Viability (%) Cell Size (um) % AFP+ cells
Fraction | 82 > 12 0.5-1 %
Fraction 2 84 10-15 2%

30 Fraction3 85 15-25 <0.2 %
Fraction 4 56 25-50 <0.01%

These results suggest that donor organs useful for liver cell therapies as well as for

organ transplantation will consist of those from of young donors (up to about 45 years of age.
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In general, stem cells are immature cells that can give rise to daughter cells with more
than one fate. The stem cells produce daughter cells, some of which are identical to the parent
and some of which “commit” to a specific fate. The commitment process is not understood on
a molecular level. Rather, it is recognized to have occurred only empirically when the fates of

20 cells have narrowed from that of a predecessor. “Committed progenitors” are defined as
immature cells that have a single fate such as hepatocytic committed progenitors (giving rise to
hepatocytes) or biliary committed progenitors (giving rise to bile ducts).

The transitions from the stem cell to the adult cells occur in a step-wise process
yielding a maturational lineage in which cell size, morphology, growth potential and gene

25  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; the cells late in the
lineage have “late” gene expression and usually are limited in their growth or do not grow at
all. The late cells can be considered “old” or in biological terms, apoptotic, and ultimately are
sloughed off. The maturational lineage process results in a natural turnover for the tissue and

30  allows for regeneration after injuries. Tissues differ in the kinetics of the maturational process.
The maturational lineage of the gut is quite rapid with a complete cycle occurring in less than a

week; that of the liver is slow occurring, and in the rat liver is about a year.
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t he connective tissue and any undigeste
and maturity of the hepatocytes and biliary cells. Full maturity of the liver is completed by 2-3
weeks postnatal life (in rodents) and within a few months (humans). By then the remaining
hepatic progenitor cells are localized to the regions of the portal triads in the periphery of each
liver acinus.
30 Thereafter, the classic architecture of the liver acinus is established with each acinus
being defined peripherally by six sets of portal triads, each one having a bile duct, an hepatic

artery and an hepatic vein, and in the center a central vein that connects to the vena cava.

Plates of liver cells, like spokes in a wheel, extend from the periphery to the center. By
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25  cells.

Various morphological and gene expression patterns of primary liver tumors may be
understood by studying the cell population of the invention. If tumors represent the
proliferation of transformed stem cells with varying capacities of differentiation, the common
expression of alpha-fetoprotein in hepatomas is not an induced tumor marker but an indicator

30  of an expanded immature cell population that normally expresses alpha-fetoprotein,
The isolated cell population of this invention has a great impact on the success of liver-

directed cell and/or gene therapy. This invention, as described in the Examples, has identified
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liver. Also, the growing characteristics of the cell population 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.

15 An alternative approach for gene therapy is to design vectors that target the progenitors
specifically and then to inject the vector, coupled with the gene of interest, directly into the
patient. The vectors would target and modify the endogenous progenitor cell population.

The progenitor cell population of this invention can be used in an autologous or
allogeneic liver-directed cell or gene therapy. Clearly, the use of autologous hepatic

20 progenitors will eliminate a significant concern regarding rejection of the transplanted cells.
The cell population of this invention is particularly attractive for allogenic cell transfer,
because their antigenic profile suggests minimal immunological rejection phenomena.

Moreover, other cellular elements, such as blood cells, endothelial cells, Kupffer cells, that are

known to be highly immunogenic are substantially eliminated through the purification process.

o
wn

Once the autologous or allogenic hepatic progenitors are isolated purified and cultured,
they can be genetically modified or remain intact, expanded in vitro, and then transplanted
back into the host. If genetic modification is desired, after genetic modification and before
transplant, those genetically modified cells may be expanded and/or selected based on the
incorporation and expression of a dominate selectable marker. Transplant can be back into the
30  hepatic compartment or an ectopic or heterotopic site. For transplant into the hepatic
compartment, portal vein infusion or intrasplenic injection could be used. Intrasplenic
injection may be the administration route of choice because hepatic progenitors transplanted

via an intrasplenic injection move into the hepatic compartment.
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20  selected and reintroduced in vivo. The advantages of the progenitor cells are their enormous
expansion potential, their minimal, if any, induction of immunological reactions, and their
ability to differentiate to produce the entire lineage of mature cells.
X. Common or Interdependent Lineages
The improved methodologies enabled the inventors to more closely study and
25  characterize hepatic progenitors. These studies revealed a specially close relationship between
hepatic progenitors and hemopoietic progenitors suggesting a close relationship between these
two lineages. Indeed, these studies show that the progenitor cells of the hepatic and
hemopoietic lineages share numerous antigenic markers (CD14, CD34, CD38, CD117 or ckit,
oval cell antigens), share biochemical properties (i.e. transferrins, glutathione-S-transferases,
30  and a truncated isoform of alpha-fetoprotein), and have extensive overlap in the culture
requirements (forms of extracellular matrix and specific hormonal requirements) for expansion
ex vivo. The progenitor cells of both lineages are located in the same sites within the liver

acinus. Finally, paracrine signaling is present throughout the cells of the two maturational
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been used as a convenient positive selection marker for hemopoietic stem cells. However,
there are increasing number of reports which cast doubt on the specificity of CD34 antigenic
marker for hemopoietic stem cells (Nakauchi H. Nature Medicine 4:1009-1010 (1998)).

15 Experimental evidence demonstrates the existence of cells in the CD34 negative population of
human bone marrow and cord blood that can repopulate the bone marrow of immunodeficient
mice.

This invention, as disclosed herein, discloses ways to purify both the hemopoietic and
the hepatic progenitor cell populations which are used subsequently in the clinical and pre-

20  clinical programs, utilizing the close relationships between the hepatic and hemopoietic cells.

The uses for human hepatic progenitors are many and diverse. They include:
1) research on human cells; 2) production of vaccines or antivirals; 3) toxicological studies;
4) drug development; 5) protein manufacturing (using the cells as hosts for production of
various human-specific factors); 6) liver cell therapies; 7) liver gene therapies; 8) bioartificial

25  livers that can be used in research, toxicological and antimicrobial studies, protein
manufacturing, or clinically as a liver assist system. Considering the possibility of a common
lineage between hemopoiesis and hepatopoiesis, as advanced by the inventors of this invention,
the same cells can be used both for hepatic or hemopoietic fates depending upon the
microenvironment in which they are placed.

30 The availability of highly purified human hepatic progenitor cells will enable much
more extensive research on human cells, will facilitate the development of successful forms of
liver cell and gene therapy, and should enable the development of human bioartificial livers for

use both in research and as clinical assist devices. At present, the limited supply of healthy
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Cell lines: Two human hepatomas, Hep3B and HepG?2, are maintained in Eagle’s MEM

supplemented with 1 mM sodium pyruvate, 2mM L-glutamine, 50 U/ml penicillin, 50 ng/ml

streptomycin, 0.1 mM MEM non-essential amino acid solution, 5 xg/ml insulin and 10% FBS.

A human erythroleukemia cell line, K562 and a mouse embryonic fibroblast cell line, STO, are

maintained in DMEM/F12 supplemented with 2 mM L-glutamine, 50 U/ml penicillin, 50
wg/ml streptomycin, 5 x 10°M 2-ME and 10% FBS.

RT-PCR: Total RNAs are extracted from Hep3B, HepG2, and STO by the method of
Chomcznski and Sacchi N. Anal. Biochem 162:156-159 (1987). The cDNAs are synthesized

by oligo-dT priming and subjected to PCR amplification using primer sets designed by the

inventors and prepared for human AFP or albumin. The primer sequences are as follows,

For AFP:
SEQID 1
SEQID 2
SEQID 3
SEQID 4
SEQID S
SEQID 6
SEQID 7
SEQID 8
SEQID S
for albumin:
SEQID 10
SEQID 11
SEQID 12

hAFP1: 5’-ACCATGAAGTGGGTGGAATC-3’,
hAFP2: 5’-CCTGAAGACTGTTCATCTCC-3’,
hAFP3: S’>TAAACCCTGGTGTTGGCCAG-3’,
hAFP4: 5-ATTTAAACTCCCAAAGCAGCAC-3’,

hAFPexon2; 5’-CTTCCATATTGGATTCTTACCAATG-3’.
hAFPexon3: 5’-GGCTACCATATTTTTTGCCCAG’,
hAFPexond4: 5’-CTACCTGCCTTTCTGGAAGAAC-3’,
hAFPexon5: 5’-GAGATAGCAAGAAGGCATCCC-3’, and
hAFPexon6: 5-AAAGAATTAAGAGAAAGCAGCTTG-3*,

hALBI1: 5-GGCACAATGAAGTGGGTAACC-3’,
hALB2: 5'-CCATAGGTTTCACGAAGAGTTG-3’,
hALB3: 5-GCCAGTAAGTGACAGAGTCAC-3’,
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and tandzwmég@%"g%at es of PE and Cytochrone wHi ch are exci tg by tﬂe | aser

beans, generating emtted |ight at specific wavel engths for each
f1 uor opSEKEID By selAddB4:ng a PaiPATAAGIGTAAGGOUAGETAIG AG3phor es conj ugat ed

to specific ti bodi.es. cel opul ati ons interest are selected. Cells are
anal yzed basgg’eﬁﬂmt%‘féq“ronf)ﬁbé‘ﬁl?gé}eés "l‘rﬁﬁﬁlfoﬂowﬁ‘ variety of collection devices

arc useg.t appol | egiattihesdasired cells, including Eppendorf and conical
tubes, and any size nulti well plate at the speed of up to 40,000 events

per second or hi ghekEP3andiltdddi4es and reagents used in staining procedures
10 Anti body Suppli,e 1Cat #, = L{;ot # Coat anti-human AFP Chem con, AB635,

C4P168 Monocl onal Wsemg era Thy Chem con, MAB 1294, 293CCD Monocl onal
nouse anti human ARRARExeRNAMORAEPANT Omapr obe , P41020, A45P7 15

Bi oti nyl ated Rabbit anti-Goat Vector Laboratories, BA-5000,J0313

Bi oti nyl at ed RabbiltAlRexontzed hAFB&kson | munochemi cal s 200- 152- 096, 25985

Streptavi di n/ AMCA ,.conj ugat e on | mmunochem cal s, 016-150-084, 40001
Donkey anti - sheepweégﬂé @bda#'g?giackson | mmunochem cal s, 713-156-4732202

Donkey anti - Goat GYAFERBh3gad BAFPAGKgon | mmunocheni cal s, 705- 156- 147, 38756
20 Goat 1gG Jackson | mmunochem cal s, 005-000-002, 38837 Sheep |1gG Jackson
| mifiocheni cal s, O¥sERwon®amd h4BB45 Sheep anti-human Al buni n,

Ser ot ec,%gg%g%igzlq%mﬁAﬂgaocl onal anti-human: 25 CD 14/ Tri Col or

conj ugat ePharm ngen rm ngenCbD34/ FI TC conj ugat ePhar m ngen34374XCD38/ PE
conj ugat ePhar m ngenSlB15xCRR8RBA|] TC conj ugat ePhar m ngen31014X30 d ycophorin
A PE conj ugat ePhar m n enSgZSglA 45/ PE conj ugat ePhar m ngen31255XCD 45/ FI TC
conj ugat ePharm ngelh‘i’sli 5254 8dtP6e control s | g@d PEPhar m ngen33815X WD

PE conj ugate Ak (e NEERO4, Fabh o Fhran SEPTne e At cih pahr AL Ui
AFPRS5noteath eNE®, SxaM KA, 5avANMoMHE, WnddrijrisgaCecH 8 AxXut? 5206 1AmpHAni no
ol | pr SOATBEHHCoRE CRP b ESR SRy chty O bt hania ST B AL ER 42 v)
10 PBS =00hQrRREbEn AU b8ed [l d1€; afiBSuim diebad. ROXE IR 128V, £fifal=
al pha-fetoprotein Dul becco's Mdified Eagles Mediumw th rnmones: HC DVEM
500 ni DRivENMsionistep iglpadoseedait (7RAL forgheimol Thead w1 of each PCR reaction is run on 2%
agarose gel containing 5 ng/ml ethidium bromide in Tris-acetate-EDTA buffer.
20 RT-PCR for AFP; Human AFP gene consists of 15 exons (Gibbs et al., Biochemistry,
26: 1332-1343). To distinguish truncated transcripts from functional complete AFP mRNA,
two different portions of AFP ¢cDNA sequence are selected as target molecules of RT-PCR.
The primer combination of hAFP1 and hAFP2 is used for the amplification of exon 1
containing the initiation MET to exon 3, whereas that of hAFP3 and hAFP4 amplify exon 12 to
25  exon 14 containing the stop codon. The results of the PCR are shown in Figure 1. Both
combinations of the primers result in strongly detected amplification bands in the RNA from
Hep3B and HepG2 (lanes 1, 2, 4, and 5). By contrast, only the specific band of the C-terminal
portion is detected by the primer set of hAFP3 and hAFP4 in the RNA from K562 (lanes 7 and
8). This result suggests that the erythroleukemia cell line, K562, expresses only a truncated
30  form of AFP without the N-terminus. In support of this hypothesis, the PCR for the whole
coding region of AFP using hAFP1 and hAFP4 primers is performed. As expected, the PCR of

Hep3B and HepG2 cDNA shows the single remarkable band of 1.8 Kb (lanes 3 and 6),



|5 25 nL fetal bovine serum (FBS) 20 nL SmM EGTA Insulin ( 5 ~cg¥g1)
transferrin (5 ug/m) Trace el enents [sel enium (10-9M, copper (W JULZZQQ:“
(5 X 10-1 M] Antibiotics (Penicillin-100 ~cg/m, streptomycin-100 ,ug/m)
20 500 rr\% bovi ne serum al bum n (BSA) 30 ng DNase 38uL free fatt‘i; acg'd

mi hture BOMYEYS BSA Sterile filtered throdyh a Nal gene PEFUSSYRISH unit
with 0.2 ~m pores Hanks Buffered Saline Sol ution-nodified version :

HBSS- ~nohdreaGhdte is.AbATRSS 125624 Rin L), ITHeR@SIRROEAh Ik H1th A RNA and a
~cg/ m /Streptonycin-100 ~g/m S BSA 30 ng DNase Make up to 400 niL 30 pH
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00/ 434%8t 5%L ﬁ%‘{g{n SO0/ 01116 Bl ockin, b~ offer for imunochemstrv 00 m s of
HBSS mod efaf 5% t el eostean fish gel and 0.8g BSA 5 O SniL 1% saponin in

HBSS Mount i ngextEdiddids 05 hrifiens Hont fRSCORMK NG OSSR mYcd Bo Se (RXdfPBRRe259
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per m mpddn).ice with HC-DVEM The sanple is then centrifuged at 1200 RPM

for 5 mn atRﬁ%CRfor albumin: Human albumin gene consists of 15 exons also (Minghetti ef al.,
J. Biol. Chem, 261: 6747-6757). As for AFP, the primer combination of hALB1 and hALB2 is

10 used for the amplification of exon 1 containing the initiation MET to exon 4, whereas that of
hALB3 and hALB4 amplify exon 12 to exon 14 contamning the stop codon. The results of the
PCR are shown in Figure 17. Both combinations of the primers result in strongly detected
amplification bands in the RNA from Hep3B and HepG2 (lanes 1, 2, 4, and 5). By contrast,
only the specific band of the C-terminal portion is detected by the primer set of hALB3 and

15 hALB4 in the RNA from K562 (lanes 7 and 8). The PCR for the entire coding region of
albumin using hALBI and hALB4 primers show no band in K562 (lane 9), The controls are
samples with no RNA and a sample derived from the mouse embryonic fibroblast cell line
(STO). Neither show any detectable band.

Suppliers for reagents include:

20 Sigma Chemical Company (St. Louis, Mo)
Gibco BRL Products (Gaithersburg, MD)
Worthington Biochemical Corporation (Frehold, New Jersey)
Dupont Pharmaceuticals (Wilmington, Delaware)
Falcon-a subsidiary of Becton Dickinson Labware (Franklin Lakes, New Jersey)

25  Suppliers for tissues include;

Anatomical Gift Foundation (Atlanta, Georgia)
Advanced Biosciences Research, ABR (San Francisco, Cal)
Local transplant surgeons at UNC Hospital
Example 2
30  Processing of Human Livers
Fetal Livers: The fetal livers come from multiple clinics affiliated with Advanced

Biosciences Research (ABR), all in California, or from the Anatomical Gift Foundation (AGF)
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Cadaveric Livers: Livers obtained postmortem within at least 30 hours of death are

20  obtained through local organ procurement associations (e.g. Carolina Organ Procurement
Association or COPA). The livers are processed as for the adult livers.

The list of elements checked for investigator’s safety is: HIV I and II, HTLV I and II,
hepatitis B and C; tuberculosis. The list for clinical usage is: HIV [ and I, HTLV I and II;
hepatitis A, B, C, and G; EBV, CMV; tuberculosis, syphilis and mycoplasma.

25 Fetal and adult livers are processed using a combination of enzymatic digestion and
mechanical dissociation, fetal livers are prepared primarily by mechanical dissociation,
whereas the adult livers are dissociated primarily by enzymatic digestion. A description of
each is given below. Both fetal and adult livers are digested for varying lengths of time in an
enzyme buffer that serves to dissolve the extracellular matrices that bind the cells together in a

30  tissue. The collagenase enzyme mix used for isolation of liver cells is a high purity “Liberase”

enzyme preparation manufactured by Boehringer-Mannheim. consisting of a mixture of



and sort tubes. 9) Intracellular Isotype Controls. Incubate fi Xﬁ% (jm. 2003
par af or mal dehyde) and 15 perneabilized (0.05% saponin) cells w

non-i mrune sheep 1gG and goat 1gG for 90 min as controls for antibodies
used for identification of albumn and al pha-fetoprotein. Continue with

i ncubat waorpowBi#ds Cy5- conj ugat ed donkey antiggoat |1gG and ATAISSoMjugat ed
donkey anti sheep IgG for 90 mn. Sort tubes are prepared for the

acqui siti sel ecte ations_expressin articular .

conbi i O p e SRR By Al X RS nidn IO P rmsiensen 1 .
Cel | s @ydewitie sdvepRIBRedioud “didetffedis st ai ni ng buffer conprised of HC"DMVEM + 1 %
BSA + 500 pM 7AAD (5 ~. of 100 ~cM stock). Between 15 and 25 ~L each of CD
34 FI TG, crﬁaz&.qgs_s_dﬂ_w £gllqgEnage solgedoQ- aomaélfgmiwfrkglfi@u{i’plemaaﬁctdm iVng to

cell rm.n 10~ cells).

Ant i bog)magéﬁ“c’é &% rr@ésﬁ dgggadr @EE% (TF/I? i aﬁﬂgégﬂg?f Bn%?‘?‘ﬁe}&‘% s used at

a ¥ 5Q§hc€8r1|aupie@é]ratl&ﬁ§¢mlch@d ikl lapdhabhbutGaitd MahenAladidic iMplififiedloal ni ng wash

cells twice wth HBSS-nmod and fix with 2% par af or mal dehyde in PBS for 30
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0G/p4349 1563 fhiincubation with goat anti-human AFP and sheep
0 f]bja M . .
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molar ratio with a highly purlﬁed albumin. A detailed description of the method for

preparation of that fatty acid preparation is given below:

The stock solutions are prepared as follows, for a combined total of 100 mM free fatty

acids:
20 Palmitic 31.0 mM Oleic 13.4 mM
Palmitoleic 2.8 mM Linoleic 35.6 mM
Stearic 11.6 mM Linolenic 5.6 mM

To obtain a final concentration of 7.6 uM / L, add 76 ul per liter. [REF: Chessebauf
and Padieu, In vitro 20 (10):780: 1984. According to the above reference a mixture of free
25  fatty acids is used at a final concentration of 7.6 «eq /L (=7.6 M ) in cell culture media.]

Preparation of the Individual Fatty Acid Components:

Each individual component is dissolved in 100% EtOH as follows:

Palmitic 1 M stock, soluble in hot EtOH
Palmitoleic 1 M stock, readily soluble in EtOH

30 Stearic 151 mM stock, soluble in heated EtOH at 1 g/ 21ml
Oleic 1 M stock, readily soluble in EtOH

Linoleic 1 M stock, readily soluble in EtOH
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i nt ended, the i munosel ection includes renoving cells that are polyploid
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anal ysis and sorting by the flow cytometer. The sorted cell fractions are
col | oot danVK 6! 352 FREE ROd pHohE o2, it NaHEBSA.5 DRAEDEALS. A ghimse,

| abor atQgpy, t he vol ume of caol.l ect les .i s LHSt ed, . t.o provid .5 X106
cell s/ ?ﬂ% /%R%V"%bﬁrofl e %ea%taLbuﬁlg?ggair%%P gblﬁaﬁﬁgégé‘ﬁgn& 'i"ﬂ‘ggl %i‘tézmg* Shandon
Cyt Ospﬂé}(aﬂ{}ﬂﬁ@@ﬁ@l@.uﬁb]_e 25 cytospun slide preparations are air dried and

stored for |ater staining for alpha-fetoprotein and/or albumn. The
att@ched cePl Penfusion ntfferhe Dhillacos's apaslied Heglasenedinged RANMhI1@0r ubber dam

t d “wel | Af | i ion. of i hi st i cal ts. Slid
ar e sosttelrnbn 8P BRRL R L AR BD: Mot RElt Sond G mairapmaey . 2)
contai i pEN0.3% Triton X for 10 mn, followed by 10 min in low salt Tris

alone. 30 Cells are then blocked in 10% rabbit serumcontained in a
t el eost ean BMEM odRilhercoa Moddreddesty’s redivab 6vibcod owitb@luspse, addinmom

tenperature. Afte s.in lowsalt, Tris, l,l,s.are i ncubat.ed

over i BeV 40 Lo SR B nlrBlri s b Soo B v e BE R0 10 16
J WL 2008mNaDdek3d2habeneRCTINSOO 01116 bl ocki ng buffer containing 2%
rabbit serum Two washes in Tris buffer. gre then followed by a 90 mn

i ncubat i on $hep’supedium qupplementgdovith B i golnre syeplemenp@onlsi WOpnlsr kidhg
buffer jat f\nal incubation with streptavidi n/f AMCA conpl ex

(9, ug/ rdr%\alnlgle owﬁeggq?{uﬁpi s buffer) is used to | ocate AFP-1ike

i munor eact Peirdoll (Pharangla, bataldigrg 7089 102¢ isAllAed P:uoride hoX Mebéctd’ s phesphate
biotinyl ated rabbit antibody. Follow ng 2 washes with Tris buffer the cell
pr epar BBi1@8d SAE- al | owed to cone close to dryness before coverslipping
undgr @}ﬁ@j,éf;ade nmounting nedi um (0. 25g n-propyl gallate in 5.7g glycerol
wi fh 17 L-j%). When appropriate, cells are doubl estained for al bum n by

i ncl udiregxl LiveaXBissuecStudizej ugat ed rabbit anti human anti body agai nst al bum n

w th the primar nti-fetoprotein antj bady.
P The fe):/tal 1vers arrive E)n the transport buf?ery(described above) and on ice. They are

rinsed with a “cell washing buffer” consisting of RPMI 1640 (Gibco) supplemented with
insulin (Sigma; 5 ng/ml), transferrin (Sigma; 5 1g/ml selenium (Johnson Matthey’s mass spec

25  trace elements; 10'9M), and a free fatty acid mixture bound to bovine serum albumin ina 1:1
molar ratio. The fetal livers are then put into a collagenase buffer for 15-20 minutes and then
gently pressed through a “cellector” (Sigma) with an 800 mesh grid to yield small aggregates
of cells; the “cell wash buffer” is used to facilitate the dissociation process. The aggregates of
cells are then fully dissociated by pressing them through a 70 Micron filter (Falcon cell

30  strainer, 70 «m nylon, catalog #2350) using the “cell wash buffer” to facilitate the process

The cells that pass through the 70 micron filter are kept separate from those that do not. Both
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site o i 81 oRi hWAGL SLQD ; i osed
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starting at a low speed of about 24 mls/min and then slowly increased to between 58 mls/min

30  and 90 mls/minute to optimize a flow rate with an acceptable back pressure. One must check
that there are no excessive leaks of the perfusate from the liver. After 15 minutes, the P1

buffer is removed from the bowl and replaced with the P2 buffer containing the collagenase.
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5 selection, FRCS sorting or any of the techni ques known in th r n
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The cells that [R, I s r i r of f
and f1 ushi ng théﬁec af ré{]fu%mtﬂ%hs({l%%pﬁfmgfvagﬁﬂﬁ?#affe:gg%}/yn%cg?%{ﬁ%éwﬁcbg%&)[o
fraotion i s wasbeie daancalbiminf (Bed oahud@ gerhor albiinii (M8ScandJigh adisity
fractions are collected, viability is determ ned by trypan bl ue dye

excl usi on and &@PProfeiR 6lfng/BY) are deternined with cel | counter (Coulter

El ectroni cs, Hial i L 8 by
densi tyﬁgr adi er?’éql "?ggfgrr faél-pl), %%&'g%@l%?%ﬁtgcggvﬁgﬁx@éﬁé%eﬁ%hﬁigﬁ%@y@ lgfgg?aée(%%ggl i ne
(PBS), pH 7.4, (tohupizningG 36961 eVl andahfansexidmt, @.¢0 2 pafpharintthatdsa, and 1.0
g/1 D-glucose, and inj ected into a Beckman counterfl|ow, centrifugal 10
elutriation syéPE?fPé‘Be p@xuéqsegump&rusg% R i@g?fgfcp?ﬁ‘ éisf'é)a %\?N-(ﬁ r ot or
andyst andard s 1l , . Lpastrunents) and sanples are

el Sztsed at fIowqﬁgﬁgkér@?%gg@§@tg\ﬁﬁmeﬁwn. The cells obtained in the
sui t abl e fr aTh¢ omiatigpene tial doynposiviencsldiscthisedrberems is ta cambareghe &by butrientk5

m crons, preferably 8. 0 t .4 mcrons;, th jority of the cells had
di anet elRids Pman%@r ’?’ffgﬁoﬁrﬂ“%’(&é@ isenigfied gepast Sﬁf%?'é%.ho*ffﬁg%aé{;’

di amet eaéﬁﬁg%é%@a%% BEEN ALY The nb &S BOFEURSuIKIAWRYiRids T (RE tiverlckils for
necessary, further selection either positive or negative, based on cell

mar ker stheFdcfaaatioasithatiare as low as 50% (from very poor samples) to as high as 80% (for good

30 samples). The viabilities of the FI-F3 fractions are consistently above 80%, a fact that we
suspect is because these fractions have younger cells with ploidy states and metabolic activity

more conducive to synthesis of extracellular matrix components and/or other cellular factors



A variety of other antibodies known to those of skill in the gr

used alone or in conbination with |iver progenitor markers. TaeécgyLﬁmnl
depend u cell type desired 20 to be |solated or enr

i ncl ude, W@é?&»g not limted to, antibodies épem ficto hetr’rg opo(?@;ill c and

| ynphoi d antigens such as, anti-CD2, anti-CD2R, anti-CD3, anti-CD4, anti CDS
and antneed@dXos prbility and glrovﬂfh;cxhhd; sheyeart ilikelpdo $pea$1én o ffeare, T'-l"BehI;e (SbeS et and

B-cel |l subset; anti ecific for major T-cel

T CouBgoRia eI b (heceyf T iBease A GabBOe hf ey BIDM | 5.

anti-CD 13 apng ;06801 e SBES ,fsltﬁ; for nmonocytes; anti-CD 16 25 and
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anti-CD 1 as CDuke b namiificclndffer is pehidl the \hmapan:mﬂnmmhteﬁlmyidmwb&sl rasdium
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specific for act telets; ant t|v
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specific for activated T- and B-cells, macrophages, proliferating 30 cells;

anti-CD73 specific for B-cell subset and T-cell subset; anti-CD74 specific
for B-cells and nonocytes/ macrophages; anti-CDw/5 specific for mature
B-cells; anti-CD76 specific for mature B-cells and T-cell subset; anti-CD77
specific for follicular center B-cells; antibodies to cytokines and growth
factors (e.g. IL 1-IL 13, EGF, IG- | and Il, TG--.alpha. and .beta., TNF
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5 5,443, 985; 5,342,781; 5,330,915; 5,320,963; 5,202, 254; 4, 833;1033\sz003
4,760,028 as incorporated herein by way of reference. The instadn ?

cont ai nsw4bsd/42skD cel | ul ose fibers S40 pol ypropyl ene fi bexcs/esedotasai | s on
ot her paraneters are found for exanple in U S. Pat. No. 5,622,8S7 as

i ncorporated herein by way of reference. Cells are isolated as discl osed
above. All necessary materials are 10 obtained fromeither Sigma Chem cal
Co. or f[laibfl@&T@ﬁk@%gg{,@t%m@tgtﬂqm%pt media for |pngtermculture nedia is as
follows: RPM 1640 (500 m.); 50 nL ( 10% FBS, 4 mML glutamne; 1 X

Peni ci | | i n/ ®Pepd omeessad Gent ani ci n; @ YiehiM HEPES; 10 mi/ nL Insulin; 10

mJ/ L transfftrri n; selenium The HPBR system. i g f‘ushed wth nmedia for one
day before Xt&SHHSEVidia is applied. 508 7Y 6FISHBEERN| en Oyt odex 3
mcyocarriers argpydefsiaesd in 15 the inngocaRi&he SPace of the HPBR The
oxygenator fibers cradled the mcrocarriers and prevented them from

di stributing thrdtidRouks: tHenlpaskedvi ab®¥idhilitin hepatic progenitors are al so
i noculated into the inn@r annul ar space, agg)the .del\u},écg Jocked and rotated
by hand to achieve uni¥0fm m xing of cells®andcHFeEoCaf?%ers. Assuming t hat
the progenitors amdepriegeny-zy@idet ween 10e2thpmngi-agmf,er, the
cell-to-mcrocarrier inoculumratio is about 500. The 20 apparent viscosity
of cells and mi crocar riasked ¢illsFeasiesmr api dPySoriimglic¥%ng that cell-to

m ¢rocarrier and cell-tQ-cell attachments gre pr.oceedihng rapidly and

no??ral ly. Wthin a 2-31Es(rgﬁ]§1ut es of this m'x?r%a Cg{tﬁﬁeségg?’e gel of cells and
mcrocarriers is 4Qandd: -5 amsi nner annul ar space. Foll owi ng an over ni ght

i ncubation at 37 Cin attachment nedia (in a stationary position), the
media is changed to long-termculture nedia (2 L). These volunmes are not 25
limti j I in the art can scale easily the

pr oducp%gr%@gg@%[yhogﬁg%ﬁ?@%}ﬁllg%:t ﬁ%ﬁe hepat ocytes are cultured for 5 weeks,
with fresh Media pappbiedd t o t he syst et Vimbikity (prddessingt abol i ¢ function of

the _cells is nito testing daily sanpples. Aft 5 weeks, >90%
regévery of Q:@B?‘@eig(?q'gé{%nd m crocarrier smsl'ﬁgﬂ(ﬁe(\?ié“by the foll ow ng
procedure: 0.1 coq)l %&2&% Q. PBS m xed w gh-{ 0 M EDTA is used
to flush the ECS anggat h (yvlgﬁ:‘BRr i ncubat egrﬁ“dfdﬁboz)ﬁzﬁgé ég; t he content of
the ECS is expel |l ed(ofi.br3dtgglivdre air from & Bypooge(16&5re) ; this process is

repeated with long-termculture nedia and the materials collected washed
and separated. *18 YJ&Jd: 2003 WO 001 43498 62 ECTH19800(241308) The HPBR i s

equally suitable in thﬁ)79ﬂ%8?cgl¥.ﬁéér]%g?xﬁg€“ﬂ§/@z?o§fit§ (hreéaﬂ é)or mati on of cells

(e.g., HGF gene expression genetT’c non-viral protocol
f or0anchor age dependendftisstid s (e.g., S W 4&FIRB3: AL #CCL228), that can be
appropriately nodified and optim zed from published procedures using
culture well's and dishes, by those skilled in tTegopdattachment

& F4:56%
= poor attachment
Example 6
25  Flow Cytometry
The cells are passed in single file through a flow cell where they are exposed to laser
light. The approximate volume of each cell is determined by “forward scatter”, or the amount
of light that is refracted as the beam is intersected. Scattered light, “side scatter” from internal
cellular structures such as the nucleus, endoplasmic reticulum Golgi bodies, vesicles, etc., are
30  used to determine the amount of internal complexity (i.e. an active cell and a more mature cells
win contain more internal components than a quiescent one or a younger one). More selective

information on cell characteristics is obtained by binding highly specific, characteristic



5 Media fiber with 10 kD properties are preferred in the HPBR The

bi oreactor is operated in nuch the sane nmanner as descri bed supﬂ’g. a&‘?geﬂa
1 mcrocarrier (Pharmacia, sold by Sigma Chenmical Co.) are w de r
cul turing anchorage dependent cells. A broad range of cel] densities can be
i nocul at"g‘ao?’f‘ﬁ“gsthe ECS of the HPBR, rangid§ from 1 x 10%CVESWYIP o 15
cells or higher as desired. The recommended cell-to-mcrocarrier inoculum
ratio htjdedls id1rotddn86mplexdOorth@\ebil 10sfack! TROUANiBDG S I beBbvhRnlIPBoRIdd CAN
nodify this as desired. The device Is gently rotated throughout”the

exper i trefigorasceabmatecuies spah asdilugesaindsthiodfarate FUTCY PhygoaritbriogPEY ahdr

bout d d dj th i fi 11), optimal fl
"o at ¢ B oGt e s Bk ok ars G ted R UiChier beSRe cdeaf R er
i nocul gt [k bOspeSifRAVMBIARING f6:0:20R Tubio Ed)ﬂé. mmrercﬁﬁ@ii%aﬁél % dfkiapmyd or

t herapeutic and econom c effrci enQé.) Ot day of the transfection,
pr epar ehromepbrs sPriggRigd &ospgeifisrantibodjes cef mopylatiamtioldaterashire skiepied. sol ut i on

(e.g., LIP i i . Jh rea S _nust be serum
free. even I A Sunrar prsshtud PRURMHAELRRE, 4 B8R fRaBp e e
appr opuedtte cglledthd d@sredtellNcaithd EppeldsOhiid t@iigal titeeanding Glzeti@tim xt ure

into the ECS of the device. After about a few (or even several} hours of

t r ansf B6HipbHe ar &8 sRerd Rfairde 484P0sYents Papprawdrardigher.and continue to cul ture
cells 20 as before fRﬁtiﬁpﬂE’%a@d P%‘%H‘@Xﬁed Ot é’ﬁﬂc?ﬂﬁreqay be used when
expandi ng permanently transtornmed-cells. rveste tells 1A a manner similar
t ol@ hatAndibedyi bed previ ously. lier. XzatAc t i filadtad |iver As an extension

of aboye exanple o skilled in the art easl adopt the bioreactor 25
as an P?%g‘?‘ﬂa?régﬁphepati c su&&&m’c%ét%gﬁﬁ(i&]}l&ygr anspl antation (the
t r ansphadolonaNmBhiseOX $dfan T8l WeaTheslIs, ST BTRY4 Mehpcgl | eviate the shortage

of donor livers by using animal organs. A potential danger of transplanting
ani mal Moangalesal mpuserantiinman however, is that viruses that infect the donor

ani mal i nf.ect. the recipient As the aqr tr pl ant recipients woul d
be taking dr IV BFCsur pr ess the ?Wr%s?«ggmd\‘%ﬁvent_ organ rejection.
301% hemismiyidied Rapbik Bnti-Goki ght  ofdetdrabbRtda Rk BA-s00NBS Vi rus. In an even
nore frighteni n?{ scenario, the animal virus nay nmutate in the infected host

i nt o aBigimnlatedRakkihantirCeet JankseminnourerhesioaistHW0nb2nf6,35%¢0ne systens. As a
result .a . eni Vi s rise.ns faves) ni mal species
O A e e e P
2003 WDO@RéY 34D Shdep ARCTAUSAEAE L ok NeMatmlekrasichls, 71S-tiear32ebat i f human

cell-based artifjci liver is ayailable, jt woul pr.ef le to ani mal
liver s%o ?3é?mf'ﬁi@aﬂggﬁsr"é’&”tgf“ﬁejqchs%ﬂmrﬁ‘r"@cé‘ﬁf"t‘}?léﬂﬂé'gg?'c}é?@gg? nd/or biliary

cebhs @Riat kel ThEIARhanARIbALAieR YsLWeshl Bed3pver progeni tors are obtai ned.

Routi nel y o5 billion cells of high (over 80% viability are obtai ned.

| n gendhatp tgielaskbenumempeathemricatse 1 3-604-H62,38Pdbnesuppl emrent ed Waynout h

medi um,, To acconmmodate 2. tQ 5 billi Lls, the bioreactor is scaled up to
t wo coﬁ‘g?%ﬂgﬁﬁm@g%&?@me ?ﬁtﬁﬁw@%’ﬁm% nal di ameter of 40 nmand a

hei ght of 100 mm In this particular situation glass beads of approximtely
2 nmin dianeter and a total volume of 250 m per contai nnent vessel are
used. Ndansermpaodong gndheman: recycle rate of 360 10 m/nin. The high

vi ahi li .t t espi jdenced by the stable oxygen consunption
ra?g. #%lﬁ?gréebg%{%@?‘?@?%henpgﬁngﬁ%egd to an ahepatic hunman recipi ent whose
i ver ilgAaMnoved by surgery Bhaniingenotal hepatic failure. Simlarly, the

bi oreactor is attached to a Egman subject with a dysf tional liver. A

ski | | ed“B34/FEHn copIPBatknow t hENHPEREHUr es for attaclﬁdﬁg"' he bioreactor as an
extrac I i C suppo mor wll know glpyexnative neans known
15 in ?(F]Igﬁjfgr??cgﬁc g{gs di scl oggﬂﬂ?{géﬁexarrpl e in the U % Pat . Nos.

6, 008, 0d038/5I P8 toFughte 5, 976 PBAMinggn891, 713; 5, 827,¥294X5, b43, 794;
5,622,857; 5,605,835; and 5, 270,192 incorporated herein by way of

r eP8r erelycophioringA &F; ‘i?élmga’feroﬁ%rgb‘ﬂg%f erences t hat iﬂ%ﬁﬂé artificial liver
cells 3 gssarily liphiedntg human speci es gngsgross-speci es use of
such CZ(Flﬁg &Em%}gssi bl e. For eQéarrpI e, liver cell frompigs or prinmates
are equaDl4p/HTC @injugateor hunmBhamsiegen t i s equal |y 20128¢Kdent that the

met hodslsgltrylge gé)nqpo(fssigtdlopé of tptﬁgnﬁilqgénant i nvention pffg%ﬁ( preparation of




human liver cells for use in cell therapy or extracorporeal livesr therap
with all the advantages attendant thereto. Blood fromthe |eft f‘é&)iﬁ.ﬂﬁ %003

artery i i ed into a Mnntech henbconcentrator. A 12 i l.ecat h
canul a i?gﬂi@rﬁ%sed into the fenoral 'artery38nd connected {:{j@g%@;?@vc
tubing to 25 the henoconcentrator. The henoconcentrator separated the bl ood
into a cdlglG2fME€ ul trafiltrathafmiagéd on, and a bl ood3gpdx fraction. The
bl ood cell fraction is returned to the fenoral vein via a simlar tubing.
The ul tr&f_KlttP?ia“toé‘J%@Fet ed t he Y9ABconcentrator via aMH4K08vC t ubi ng and
entered ansh hirer, vvix_tP[pR h . adjusted to 40
m/mn, Rggﬁkg a r%ﬂ(g? %Egpc%ﬂ'ﬁl{gtg %r’é%cg%a?él]]si on tﬁrﬁ%‘i}q}\gﬁg%?or eactor, the
ul tr af i Goatataatiibumat AFRedcériugdied pati &XLEAG via the 10sfit jugul ar vein. To
denonstrate the.provi sion of extracaqrporeal hePati c netabolism two
di f fer e%mérl‘fé'ﬁf‘é%q’%y%hbvm to be MAABNSzed by ¢HB1-{ ver, 7- et hoxycounarin
and Iid?%”jﬁ_, are admnistered into the ultrafiltrate at the inlet of the
bi oreactor. The respective netabolites, 7-OH coumarin and
nonoet hyl gl yci nexyl i di de (MEGX), are neasured at the 18 J UL 2003 WO
001 43498 64, PFTI US00/ 01116 olllltlets Ff tfe@\i oreactors before the
ul trafiFipgiealyadupigpy ysed o cell preparatipns,for lev Y tPMEERE et abol i sm of bot h
7- et hoxpsAURBYihe s@if dihdgieareseang observed. The results therefore
denonstrate the application of the bioreactor as a support system
prold di RBSexphosplatpbuféerkd badinat i ¢ net abol i sm The separation of the bl ood
cells ngﬁn—t%ﬁalﬁl asn, mnimzes 5 i munol ogi cal reaction of the recipient
to the ei 8}5‘3?8&’?’6:3. Hepatic progenitors and their progeny are thus
usef ul Fpt-hgphi-eiieactedt to provide extracorporeal hepatic support. Exanple
| S Exon 1-encoded Peptides and use as Antigens Short peptides
Bathesep’'s MadngeddvaplesiMpdiug with Hosmepeso G PMES ysed to 10

unambi guousl| ¥o@i.5t HREHISH ﬁ%mﬁégﬁﬁﬂ&ft(@gﬁ rie@ various cell |ineages by

A pecitic antibodi és. The exon 1l-encoded peptide
sequence i s: 25E(D. feltdD bhhnbMUESIFHS)FLLNFTESRTLHRNEYA These am no aci ds can
be al so represented al phabetical string such as
ABCDEFG—IIJKL%&I@ER@‘FM such that letter Afromthis string starts from
position 15 ; I, F, L, L, or N of the peptide.
Pepti des of ?Aﬁé‘m&\g\“gﬁg’ﬁté%ﬁg%r}"s‘égﬁéh"él% and between four and twelve am no
aci d resi duedrica elemmptsseleriuooiiftiyBt exppeo( 18 ivh) zinmgs Xc10°E My pr oduce an
antigen. The peptide is.optiqgnally. |inked to e onol ecul e by a spacer
of fromtwo r“&“ﬁl%‘ﬁf (liceélfcbl H"g)@&%%i"ﬁtfrf@ﬁawﬁm-%%@ﬁ onol ecul e i s al bunin,
henpgyani n, gas&igboviieadeRiNabun?h (BOAY3 Y figBNasUi t abl e peptides include the
peptides in the 20 table and anal ogs with at | east 80% honol ogy or standard
substitute adBmb fregifeity, acihmitturd windgo BSAt he exanpl e one skilled in the art
construes toobtal.n desire i de.sequence and.l.ength according to
specific neeége:“l%-lﬂg-eggwfﬁq“— %ﬁ_@ltg_ep ﬁftf—@‘-op-upbt-w’&l Q.E_pgrﬁﬂppf&s
A- - B- - CialRks Bufféred Gatihe $olution-drodificdlverdivd i HEES-mod
A--B--CG-D-E--F--G-H-I--.1--K--L, A-B--CG-D-E-F--G-H-1--J--K

50 mL 10X HBS

25 10 mL 1MHepes

Penicillin-100 pg/ml/Streptomycin-100 pg/ml
500mg BSA
30 mg DNase
Make up to 400 mL
30 pHto 7.3
Top up to 500 mL
Sterile Filter at 0.2 um



A B CD-EF G H-I_JA-B-C-D-E--F-G-H-I,

ATB-C D-E-F-G-H 30 A-B-C-D-E-F-G A-B-C-D-&-88 JUL 2003
A--B--C-D-E A--B--C-D, 18 J UL Z003 WD 00/ 43498 65 PCT/US00/ 01116
B--C-D-E-F-G-H-l--J--K--L--M-N,

B- - C - DWA00/43498G - H- - | == J--K--L--M B-- G - D5t E- - F- - G- - H- - [BCUUSKILISB C D

E F GH I J K5B-CG-D-E--F--G-H-1--3,B--C-D-E--F--G-H-1,B-C
--D- . Foifin,G B - C-D--E-F, 10B--G -D--E, G -

D-E--  C-D-E--F--G-H-l--.f--K--L--M G -D--E--F
-G - I-l—-I--LDO-dﬂsoEHBS%oE—-F--G H -1

--J--K 15C-D-E--F--G - J,G-D-E--F--G-H-1,C-D-E--F--G-H C-D-
E--F--Qc--ib’-né“}-‘l%zﬁfpsl@énflshséaw-l--J--K—-L--M ND-E--F--G-H-l--J--K
--L--MD-- FBIS-? H-1--J--K--L,D-E--F-G-H-1--J--K,D-E-F-G-H-1--J
25D -E--F-O % |, D-E--F--G-HD-E--F--GE-F-G-H-1--J--K--L--M-NE

--B--G- H-OSmlllP/Ks&pionmJMIHBSEE--F--G H-1--J--K--L,E-F--G-H-1--J--K, E--

F--G-fb-l--0 B-Foc G - H 1 B J UL 2003 WO 00l 43498 66 PCT/ US00/ 01116
E- - F—WWMCMWSCWV G-l-1--1 --J--K--L--M

F--G - H—-I-05] Lszlsz5 F--G-H-1--J--K, F--G-H-1--J, F--G-H-1,

G _H | L M NG-H-1--J--K--L--M 10 G-H-1--J--K--L,
G-H-1--J OIGgIGprdﬁylgallaae, H-1--J--K--L--M-N, H-l--J--K--L--M 1 S

H-1--J--K SJ@ lcerl J--K, 1--J--K--L--M-N, I--J--K--L--M I--J--K--L, 20
J--K--L--M EYECIRL - -M K--L--MN and the like. wherein any of

A10B- -Exaliptd7 -F- -G -H-1--J--K--L--M--or N, can be nonpolar amno acids
(hydrophobic) 25 such as glycine Gy G alanine Ala A valine Val V |eucine
Leu L Prvotdes faa pricparatBd ofdtrdvienrdivee tiviate for flo@ngyitainatiiyne Phe F trypt ophan

Ttp W [ i P P 01.43498 6~..PCT/ USQ0/ 01136 |
(hoaronnit 1 Tnclrandivet fosge ot 3275, oo Gy arial sfaine) kesgh contaning sboul® &'

3 mL of buffer containing 5-10 X 10° cells/mL) is brought up to 10 mL at a rate of 1 mL per
min. on ice with HC-DMEM. The sample is then centrifuged at 1200 RPM for S min at 4°C,
15 The supernatant is discarded, and the pellet of cells resuspended in 5 mL of HC-DMEM. The
washing of the cells is repeated until the supernatant becomes clear. Then the cells are counted
and the viabilities assessed with a hemocytometer using the trypan blue dye exclusion assay.
The cells are split into fractions according to the experimental protocol. Standard tubes are
prepared for control data containing between 1 and 2 X 108 cells, usually achieved by taking
20 200 uL for each from a cell suspension of 5-10 X 10%mL. The following standard tubes are
needed:
1) OCS. Original cell suspension which consists of unstained control cells.
2) FITC alone for compensation adjustments. Add 5 L of FITC-labeled anti
glycophorin A to 200 L of cell suspension. Alternative is a cocktail of FITC-labeled CD34.
25 CD38 and CD45, 7 1L of each into 200 wL of cells.
3) PE alone for compensation adjustments. Use a Glycophorin-PE (2 L to 1 mL
HC_DMEM and add 30 xL of this to 200 nL of cells).
4) 7AAD alone for compensation. A good signal is generated by fixing 200 L of
cell suspension with 2% paraformaldehyde and then adding 5 »L of 100 uM 7TAAD and 5 uL
30  of detergent (1% saponin) to a | mL suspension of these cells in HBSS-mod. The

permeabilized cells stain intensely with 7AAD.



5 tyrosine Tyr Y asparagine Asn N glutamne G n Q or electrical lgy 03 E%
(negative) aspartic acid Asp D 10 glutamc acid Gu E or el ectric&l ;j 03

char ged ( hiq€) lysine Lys K arginine Arg R histidine Hpgrhdsd®odfs
absent . %ﬁg%gtrﬂgng can be conposed of accept%é’fbl e am no acid substitutes or

salts thereof. The nost frequently am no acid substitutions are Al a/ Ser,

Val /11 e, Aspbd u, Clbrlderfor dmpddsytion G Ahof Gy defis (IZ%/fﬂaaa/fM@iald@@ﬂé)Gr&’

Tyr/ Phe, Ailja{%gf[o, Ly s/Arg Asp/Asn Le Lf/||e Leu/ Val, Al a/du, Asp and
1 e vengabaishior 49ghi i, 205 o 3eisB e 1 il aEREesvth Sheemlafbr b cals ar
prepari f c d from human
liver t@gg?e&gﬁ %{H @gs E&gpééﬁdp@%s%\éqgﬁtgg%@ ? éd%pdggﬂrdg{]ilngrg of human |iver
progeni tors, 6} he AdGaclaunfor csmpensatiar). s evthdiAYD sancartificialig peeaseaipnalis

humanllver sue conpr.i si a mx ells of varyin e
i ncloudi %@CFWFL O CemPeEn aé’o%ﬂal%ﬁ‘mel?t‘%%él“f‘éﬁﬁéﬁ@ C%‘Ef)(z(g%ﬁﬁiﬁf{@?r%@%%ﬁiéis‘% é@pensi on
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mature ce l'e retaining immture cells, to provide a mxture o ceIIs
conpr i sawd tidn mnulmhed whk ANICHU e wganedodonkeynarii-sheep égG Pr . RPONfdrAOsmin2. The

neonate. an Tht antMGRERT ol i REFCAR p Ay R et ot of
claim 1pérﬁue‘§$‘1'119gﬁ Em@s% @E‘i%nh'ﬁ)%eﬂ@k&hﬁm Aorcen Bof 1 2TBd 88nkke8 35t tsm,aep ég{ggﬁa &3-

mcrons. 4. The nethod of cllaim1 in which the enriched popu
conidr i samjmamhdajﬂ@}/@ndgbatvleﬁ f@ePOSnmS The method of claim1 in V\:hi ch the

ver BT OgeT OF 5 B SRR OREIL By PEIRRREE bl AR HE Ugate
and a mouse 1gG2 FITC conjugate. Concentratlons should match those used to label analytical
and sort tubes.
9) Intracellular Isotype Controls. Incubate fixed (2% paraformaldehyde) and

15  permeabilized (0.05% saponin) cells with non-immune sheep IgG and goat IgG for 90 min as
controls for antibodies used for identification of albumin and alpha-fetoprotein, Continue with
incubation with CyS-conjugated donkey anti-goat IgG and AMCA-conjugated donkey anti
sheep 1gG for 90 min.

Sort tubes are prepared for the acquisition of selected cell populations expressing

20  particular combinations of CD markers. Normally these tubes contain 50-70 X 10° cells. Cells
are resuspended in 1 mL of staining buffer comprised of HC_DMEM + 1% BSA + 500 pM
7AAD (5 uL of 100 uM stock). Between 15 and 25 uL each of CD 34 FITC, CD38 PE, or
CD 45 PE are added to the staining buffer according to cell numbers (normally 3 »L of
Pharmingen antibody per 10 X 10 cells). Antibody to c-Kit is added at a 1:60 dilution,

25  glycophorin A is used at a 1:500 dilution. Stain for 40 min on ice in the dark. After staining
wash cells twice with HBSS-med and fix with 2% paraformaldehyde in PBS for 30 min on ice.
Example 8
Intracellular Staining For Cell sorting

For intracellular staining of cells for analysis of alpha-fetoprotein (AFP) by flow

30  cytometry the cell suspension is permeabilized with a mixture of saponin (Sigma S4521)
0.05% in HBSS_ mod for 10 min on ice. Cells are then blocked in a mixture of HBSS_mod
containing 1% teleostean fish gel and 0.8% BS and 0.005% saponin for 20 min, followed by



6. The nmethod of claim 1l in which the debul king step conprises cggtrj,f,yg b
elutriation, density gradient centrifugation, countercurrent fl ufg JU&? 03
continuous-flow centrifugation, zonal centrifugation, or conbinations
thereof. 7. The method of claim 1l which further conprises selective lysis

of the nmbupasel|s. 8. A human hepatic plugf potent progerCrasoi/siot@at ed by
the method of claiml1l. 9. A nethod of preparing a conposition conprising an

i ched | at | f h | i I, i sing: . | di
col | o daBAGH® R EoR AR FF o Sheeh b hmsniodn (ha A Bleshinsao g
i . _ ; . ° St
on ce buﬁt’gnz)(efgg %'Hﬁﬁﬁltrogﬁﬂ%}[rﬁéraggg lﬂxﬁ(}fggﬂm N&d11sQfe WA WvideQuifiFPRSS ARLYT ©

cells, a ubj ecti ng suspension to a positiVve or negative
i mmunosehoting .01 %usaponindbllawed ky incebatfonoeiti €y5-somugatedidohkewtandfgoni betCur e of

~a~a- 3 69.cells is conprised af. an enriched popul ati on of human
liver ﬁPGgéﬁﬁfﬁ?‘%‘}Ju%ﬁ‘?cﬁ@Prﬁﬁﬁﬁﬁﬂ‘F}?‘?P_Bﬂggrf%ggon’inﬂlbrs thensel ves, their progeny,
or gore mat %l@erﬁ&ifd@?y,?&%\@iﬂp Bﬁé‘ﬁl‘}jr?hrty BB, O He TRUBAES V\Jit'HCBiGtﬁ{#léféd of

expression of full I'ength alpha-fetoprotei’n, full length albumn, or both.
10. Theablet anatigast 1gG &1:rH09 in blagkingrbuffee coritsising@%e aman sersmaand h@ldasamonin

progenit o, .henmppoi eti c_progenitor mesench | pr ldors, or ..

Conti ndth SRt Repasy Empin Wd” Mt g B s MR PESS st coMainine

| MMUN o960 186 sh it &EPIhES @ ub i @CWItR g LG Strbfaliden Oy £ 6hj iRi&ERY G0 R3SOCi at ed
wi th henopoietic cells, cells that express markers associated with hepatic

cel I's, sepanis/ HRGE-reapios 99 minkiies phrogssismipatatie vl datk nEeHi el preceashsd 2or
minodu S0 HEsSer 6 el B BasT AL Ml o B et s, whi e
t hensel@sve ERAIps oP ELUERY andVsifBEsofBi L6 Etht Flovecbyaeepf exhibit one or nore
mar kers indi cative of expression of alpha-fetoprotein, albumn, or both.
If selection of hepatic progenitors is intended, the immunoselection includes removing
cells that are polyploid and/or express markers associated with mature hemopoietic cells from
the liver such as glycophorin A on red blood cells. Additionally cells exhibiting CD45, which
15 is expressed on all mature hemopoietic cells; cells exhibiting markers associated with mature
hepatic cells such as connexin 32, which is found on all hepatocytes and biliary cells; and cells
expressing markers associated with mature mesenchymal cells, such as retinoids in hepatic
stellate cells or von Willebrand Factor or Factor 8 in endothelia, are all removed.
Example 9
20  Immunohistochemical Staining of Sorted Cell Populations.
Cells are stained for alpha-fetoprotein after analysis and sorting by the flow cytometer.
The sorted cell fractions are collected in 0.3% HBSS-mod containing 1% BSA. Upon retum to
the laboratory the volume of collected samples is adjusted to provide 0.5 X10° cells/mL and
200 wL aliquots are spun onto microsqope slides with a Shandon Cytospin apparatus. The
25  cytospun slide preparations are air dried and stored for later staining for alpha-fetoprotein
and/or albumin. The attached cell “disk” of the microscope slide are ringed with a rubber dam
to produce a “well” for application of immunohistochemical reagents. Slides are soaked in tris
buffer (“low salt” 10 mM tris with 0.9% NaCl at pH 7.4) containing 0.3% Triton X for 10 min,
followed by 10 min in low salt Tris alone.
30 Cells are then blocked in 10% rabbit serum contained in a teleostean gel blocking

solution described above for 90 min at room temperature. After two washes in low salt Tris,

cells are incubated overnight at 4 °C with goat anti-human AFP antibody diluted to 1:100 in



13. The method of claim 12 which further conprises selecting th cells
whi ch thensel ves, their progeny, or nore mature forns thereof p?gmd'g‘ﬂ' 2003

full -1 engiyoahnbp-fetoprotein nRNA. 14. The et hod of cl ai prBusoohich the
I mmunosel ection conprises selecting fromt hé suspensi on those cells that

express an adult l|iver cell-specific marker. 15. The nmethod of claim9 in
whi ch thl@ckmnﬁ“gmcmxm@a Zdotﬂ%bxtwyns eT\é@waﬁlgesuané bulier are then fhlowed by a

t hem;el u

i i e R Ol TSR 125 EP 00RO BRAGHPLERS sl B
bone si P rEthaiincubadbn agarstrl:ptaﬁald/amm lcbmpreml (OageiL id low &0 Tr@fQBuﬁffér)/m or
conbi nations thereof. 16. The nethod of claim9 in which the

i munosesedde lasatecdhplike @@@Pr@é@tm\j thiowgh binsing;of tha A Cniduareshrere witle r
pr o%enyt eiot zfiedTFathftﬁn{iQ&fTF t h%r : Vlnl%ﬁr \gvgﬁ%gs %ﬁrfﬁibuffer the celLe%eParatl?ns or

al pha- fe oproteil n- e I rnninor eac

a conbi matdllewet becant cloderto deyxhusgrbafommfemppintgrumdet andntifado@oubtdig ms@nluad ed
by the nethod of claim 11, A corrgom tion congqtl sing an enriched
popul at {25 on-praph saliasia - ?;gg)llymrpbm dtmb P& niWeensappronsiate, seldyangydouble- nor e

mat ur e gtg{n%ﬁ ff&ha%lﬁgm’ byvm&lﬁ?m?ul | fe\fiﬁ])nﬁ.\)égﬁg' %blﬁpﬁmtpﬂuxﬂa{ %ttﬁ%?§?ig%8§th

i ndi cative of expression o etoproteln,
al bum nalbamibeoith the prAmByJudki- fEmpBot&ﬂ aﬁﬁbodl&he conposition of claimi18 in

vhiE1 M ProfoDLy ors, COMLL S6 hebaLl Braonl o s, ReTRB & S e
ﬁg{rﬁ?: ' ?%@%&{ahﬁ%ﬁ?%ﬁ Fl)dnglsﬂsW lc)%l_‘b{tj he &l‘%g %@%C%sto@geﬁheﬁth@ it QIF)HQ ﬁﬂfﬁfoer:m%)uﬁ@cﬂ)ﬁ
conbi navi thediathneytased secondary antibody. Slides are mspected with eplﬂuorescence microscopy
using UV excitation of the AMCA dye which emits light in the blue (450 nm) region.
Example 10
15  Cell and/or genc therapy.
Since human urokinase plasminogen activator (uPA) can activate plasminogen across species a
recombinant adenoviral vector that expresses human urokinase from the RSV-LTR promoter,
Ad-RSV-uPA is constructed with the aim to induce liver regeneration. For construction and
production of the recombinant adenoviral vectors, the cDNA for human uPA is prepared as
20  follows. The 1.326 kb Hindlil/Asp718 uPA fragment that contains the protein coding sequence
is insetted into the Hindill/Asp718 sites of pXCJL.1 under the transcriptional control of the
Rous Sarcoma Virus LTR (RSV) promoter, and upstream of the bovine growth hormone
polyadenylation signal. The virus is prepared after co-transfection with pJMI7 and the vector

designated Ad-RSV-uPA. The screening for Ad-RSV-uPA is carried out by amplification of

[ (]
n

individual plaques in 293 cells. Three days after infection the supernatant is tested for
immunological reactive uPA by ELISA and fibrinolytic activity by fibrin plaque assay
demonstrating the catalytic activity of uPA produced upon Ad-RSVuPA infection. The
purified virus is stored in aliquots at -80 °C and freshly diluted with HGDMEM media prior to
injection. The viral titers are determined by OD measurements and standard plaque assay.

30  The construction of the vectors is essentially carried out as described in the U. S. Pat. No.
5,980.886. The viruses are titered on 208F cells.



21. The conposition of claim18 in which the progenitors harbor exogeno
nucl eic acid. 22. The conposition of claim21 in which the exog‘lareg)ugUL 5303
nucl eic acid encodes at | east one pol ypeptide of interest. 23. The
conposition of claim?21 in which the exogenous nucleic acid pronotes the
expr essivom0@434¢8t | east one pol ypeptide of isgterest. 24. TRET/US@®/d1i6a
conposition in nmaking a nedi canent for the treatnment of |iver dysfunction

or a diseas sive to tr nt saj.d .conposition isin
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in a pharnaceutlcalég.acceptable. 25. The nethod of claim?24 in which the
p

human bé¢nass apy Qjeined oew Empesedasichepdliver popenaior: are ssoldtehapdisesad
progeni t or sy Ines h | pr.ogenitor .0r _conbi pnations thereof.. 26. The
et hod BT T tor 3 Vs e insbaudaniseilsl pickpre sy bistizsg BY i RrEinieRl, or
seqyienhdridnlidtration 8ny.senldg20ang/afl ReC TYRraBitnindf Aadidiine AVERAina] M@sion is
progenitaors, their progeny, nore mature fornms thereof, or conbinations

t her eomadoand thaekings pendrastd Eomithe peritpRewgh i ereataa siberiandoly ppckst.ogbai t or s

are adpi Ri : t hod,: ' [ hehAthe
liver g% r@éﬁ%@ﬁ gs%gr% ﬁ%ﬁs}\&jﬁﬁg %’%ﬁs‘%%olrsr%? %%Bhgp%{lg%%gilgén@'@g ;ﬂ‘hQ@g?o%@aci a,
hepat oBEURletlizal Gratie Besites, 1 i bis dssesed heghapbttabveinantt perfiiseé tvithdidpbfigized hr oni ¢
liver fajl urg, C ncgr, hepat ol ogj ¢ di sorders,, hemat ol ogi ¢ dysfunctions, or

i nbor nsaMEQ L §eTgRIIGRPQERINP T Wgtlegiarongh Hiscpesitonera andzgeyrad witheht VB cancer
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a pri npreyisislyerseddpicket. flihemich eregrivepthe omsssnfectgd pfogent@astellnap earlier
than 24 hrs later. In some mice the portal vein cannulation is performed together with a 2/3
hepatectomy. The partial hepatectomy is then carried out. To perfuse the portal vein, mice are
anesthetized, the skin is opened at the proximal site of the already existing abdominal incision.

15 The cannula is exposed and connected to a syringe pump. For virus infusion, the preps of
adenovirus in DMEM are injected over 5 to 10 min into the portal vein through the cannula.

All biochemical and histological analysis are performed after injection of adenovirus-

infected hepatic progenitors into the portal vein through the cannula. The ELISA assay for
uPA is based on two different monoclonal antibodies directed against the catalytic and

20 receptor-binding domain of uPA. One of the monoclonal antibodies is labelled with
peroxidase. Serum total protein and albumin are analyzed by routine automated methods in the
clinical pathology laboratories. Infusion of adenovirus into the portal vein of C57BL/6 mice is
known to result in transduction of 1 00% of hepatocytes with more than 1 copy of adenoviral
DNA per cell. The same dose of Ad-RSV-uPA results in 90% mortality that at least in part

25  was related to hemorrhage. When lower dose of Ad-RSV-uPA is used, the mortality rate is
less than 5% and this dose is selected for the liver regeneration experiments. The infusion of
Ad-RSV-uPA results in transient elevations of serum urokinase reaching a peak value of about
350 ng/mi (70 to 100 times greater than endogenous levels) four days later before failing to
background concentrations by day 12. The rise in uPA is also associated with an increase in

30 the serum SGPT concentrations. At varying times after adenovirus infusion, animals are
infused with 3H-thymidine, and the amount of radioactivity incorporated into liver DNA is
determined as a means to quantitate cell proliferation. The animals treated with Ad-RSV-uPA

had an increased period of thymidine uptake that began on day 3 and persisted for 8 days.
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adenovirus/progenitors derived from non-heart beating cadaver donors indicate that by day 3
treated mice had a moderate inflammatory infiltrate that contained macrophages and
neutrophils. Degenerative changes in hepatocytes included vacuolization, pyknotic and few
mitotic nuclei. Eight to 10 days after Ad-RSV-uPA/oval cell administration there is evidence
of hepatic recovery including the presence of multifocal regeneration, heterogenous size of

15 nuclei, and a much decreased inflammatory reaction with few degenerating hepatocytes. By
three to four weeks, the infiltrate resolved and the liver appears normal.

In total, these studies demonstrate that urokinase expression in combination with
hepatic progenitors induced significant liver parenchymal cell regeneration.

Example 11
20  Debulking by Percoll Centrifugation

This example provides methods for enrichment of liver progenitors, in including liver
stem cells, uncommitted progenitors, and committed progenitors. Variations of these
techniques are known to those skilled in the art and are equally suitable as long as they are
agreeable with the goal of debulking liver cell suspensions to provide an enriched population

25  of progenitors.

A substantially single cell suspension of liver cells in culture medium, e.g. the basal
medium of Eagle (BME), is applied to the top of a layer of 15%Percoll prepared in BME.
Using a Sorvall RT7 centrifuge and a 14 cm rotor, or other equivalent rotor centrifuge
combination, the gradients are centrifuged at 600 to 1200 rpm, preferably 750 to 1000 rpm for

30 10 min. The supernatant is collected and centrifuged again, but at 1200 to 2000 rpm,
preferably about 1500 rpm. The supernatant fraction is enriched in progenitors and the pellet
(F3 fraction) contains cells capable of at least one cell cycle. The supernatant cells are

collected separately and centrifuged again, at 2000 to 3000 rpm, preferably about 2500 rpm. In
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progemtor cells. While various techniques are known in the art, one of the preferred
embodiments is disclosed in detail with understanding that other preparation techniques are

15 equally suitable as long as they are agreeable with desired goals. For examples of preferred,
non-limiting techniques see for example U. S. Pat. Nos. 5,807,686, 5,916,743, 5,672,346,
5,681,559, 5,665,557, 5,672,346, and 5,663,051 as incorporated herein by way of reference.

Pluripotent or commiitted hepatic, small liver cells can be preliminary isolated using
either Percoll, or other suitable density gradients such as Histopaque, and after centrifugation,

20  washed twice with media and resuspended in 10 m! of elutriation media. For counterflow
elutriation, the washed small mononuclear cells are injected via a sampling site coupler into the
inlet stream of a Beckman J6M/E centrifuge equipped with a JE-5 rotor and standard chamber.
However, any of a number of commercial continuous flow centrifuges and elutriators that
preferably employ disposable plastic insets including chamber means for facilitating density

25  based separation can be used, such as the "Fenwal Models CS 3000" and "Autopheresis C"
sold by Baxter International Inc, of Deerfield, IL; or Spectra Apherisis v 7/6, sold by Cobe
manufacturing of Lakewood, CO. The choice of instruments is up to one skilled in the art. A
peristaltic pump (Cole Palmer Instruments, Chicago, IL) provides continuous flow of
elutriation medium, which is 0.9% normal saline solution with 100 mg/dl D-glucose, 0.3 Mm

30  disodium ethylenediaminetetraacetic acid (EDTA) and 50 mg/dl bovine serum albumin with
pH adjusted to 7.2. The medium is sterilized prior to use. Cells are delivered at a total flow
rate of 15 mi/min, rotor speed of 900g and at room temperature. After 100 ml of eluate are

collected, the flow rate is increased to 25 ml/min. With the rotor speed held constant, the flow
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and megakaryocytes, anti-CD43 specific for leucocytes except circulating B-cells; anti-CD44
specific for leucocytes and red cells; anti-CD45 specific for leucocytes; anti-CD45RO specific
for T-cells, B-cells subset, monocytes and macrophages; anti-CD45RA specific for B-cells,
monocytes and T-cell subset; anti-CD45RB specific for B-cells, T-cells subset, monocytes

15  macrophages and granulocytes; anti-CD46, CD55, CD58 and CDS9 specific for hemopoietic
and non-hemopoietic cells; anti-CD47 specific for all cell types; anti-CD48 specific for
leucocytes and neutrophils; anti-CDw49b specific for platelets, activated and long-term
cultivated T-cells; anti-CDw49d specific for monocytes, T-cells and B-cells; anti-CDw49f
specific for platelets and megakaryocytes; anti-CDw50 and CDw52 specific for leucocytes;

20  anti-CDS1 specific for platelets; anti-CDS53 specific for leucocytes including normal and
neoplastic plasma cells; anti-CD54 specific for endothelial cells; anti-CDw60 specific for T-
cells subset and platelets; anti-CD61 specific for platelets & megakaryocytes; anti-CD62
specific for activated platelets; anti-CD63 specific for activated platelets,
monocytes/macrophages; anti-CD64 specific for monocytes (upregulated interferon .gamma.);

25  anti-CDwe6S specific for granulocytes and heterogenons reactivity with monocytes; anti-CD66
& 67 specific for granulocytes; anti-CD68 specific for monocytes and macrophages; anti-
CD69 specific for activated B- and T-cells, activated macrophages, and natural killer cells;
anti-CDw70 specific for activated T- and B-cells, Sternberg-Reed cells, and anaplastic large
cell lymphoma; anti-CD71 specific for activated T- and B-cells, macrophages, proliferating

30  cells; anti-CD73 specific for B-cell subset and T-cell subset; anti-CD74 specific for B-cells and
monocytes/macrophages; anti-CDw75 specific for mature B-cells; anti-CD76 specific for
mature B-cells and T-cell subset; anti-CD77 specific for follicular center B-cells; antibodies to

cytokines and growth factors (e.g. IL1-IL13, EGF, IGF I and II, TGF-.alpha. and .beta., TNF-
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calcitonin, growth hormone, insulin, low density lipoprotein, apolipoprotein E, IL-2 receptor
and its antagonists, superoxide dismutase, immune response modifiers, parathyroid hormone,
the interferons (IFN alpha, beta, or gamma), nerve growth factors, glucocerebrosidase, colony
30  stimulating factor, interleukins (IL) 1 to 15, granulocyte colony stimulating factor (G-CSF),
granulocyte, macrophage-colony stimulating factor (GM-CSF), macrophage-colony
stimulating factor (M-CSF), fibroblast growth factor (FGF), platelet-derived growth factor
(PDGF), adenosine deaminase, insulin-like growth factors (IGF-1 and IGF-2), megakaryocyte
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metabolic function of the cells is monitored by testing daily samples. After 5 weeks, >90%
recovery of viable cells and microcarriers is achieved by the following procedure: 0.1%
collagenase in PBS mixed with 0.44 mL (0.23 M) EDTA is used to flush the ECS and the
30  HPBRrincubated for 10 minutes; the content of the ECS is expelled with sterile air from a
syringe barrel; this process is repeated with long-term culture media and the materials collected

washed and separated.
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higher as desired. The recommended cell-to-microcarrier inoculum ratio is in the range of
10 about 10, although one skilled in the art can modify this as desired. The device is gently
rotated throughout the experiment at about 10 cpm (or greater). After culturing the cells for
about one day (or more, depending on the specific cell), optimal confluence is attained to
obtain efficient transfection. The cell-to-microcarrier inoculation ratio is adjustable to
positively impact this time frame for therapeutic and economic efficiency, On the day of the
15  transfection, prepare the DNA plasmid solution (e.g., pCMV), and cationic lipid solution (e.g.,
LIPOFECTIN Reagent, Life Technologies). These reagents must be serum free, even if the
overall process requires the presence of serum. Mix appropriate quantities of DNA and lipid
solutions, then inject the mixture into the ECS of the device. After about a few (or even
several) hours of transfection, resume use of serum, if appropriate, and continue to culture cells
20  as before for about a few days. Longer periods may be used when expanding permanently
transformed cells. Harvest cells in a manner similar to that described previously.
Example 14
Artificial liver
As an extension of above example one skilled in the art can easily adopt the bioreactor
25  as an extracorporeal hepatic support system. Xenotransplantation (the transplantation of
organs between species) may help alleviate the shortage of donor livers by using animal
organs. A potential danger of transplanting animal organs into humans, however, is that
viruses that infect the donor animals may infect the recipients. As the organ transplant
recipients would be taking drugs to surpress the immune system and prevent organ rejection.
30 they may be unable to fight off the infecting animal virus. In an even more frightening
scenario, the animal virus may mutate in the infected host into a form that can infect human
contacts with normal immune systems. As a result, a new pathogenic human virus may arisc.

A favorite animal species for human organ transplantation is the pig and also primates.
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human liver cells for use in cell therapy or extracorporeal liver therapy, with all the advantages
attendant thereto.
Blood from the left femoral artery is directed into a Minntech hemoconcentrator. A 12
fringe elecath canula is inserted into the femoral artery and connected to a 1/4" PVC tubing to
25  the hemoconcentrator. The hemoconcentrator separated the blood into a cell free ultrafiltrate
fraction, and a blood cell fraction. The blood cell fraction is returned to the femoral vein via a
similar tubing. The ultrafiltrate exited the hemoconcentrator via a 1/4" PVC tubing and
entered the hepatocyte bioreactor system with the flow rate adjusted to 40 ml/min. using a
roller pump. After perfusion through the bioreactor, the ultrafiltrate is returned to the patient
30  via the left jugular vein. To demonstrate the provision of extracorporeal hepatic metabolism,
two different chemicals known to be metabolized by the liver, 7-ethoxycoumarin and
lidocaine, are administered into the ultrafiltrate at the inlet of the bioreactor. The respeciive

metabolites, 7-OH-coumarin and monoethylglycinexylidide (MEGX), are measured at the
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by a spacer of from two to eight carbon atoms in length. The macromolecule is albumin,
hemocyanin, casein, ovalbumin, or polylysine. Suitable peptides include the peptides in the
20  table and analogs with at least 80% homology or standard substitute amino acids. The
following is the example one skilled in the art construes to obtain desired peptide sequence and
length according to specific needs:
A--B--C--D--E--F--G--H--I--J--K--L--M--N,
A--B--C--D--E--F--G--H--1--J--K--L--M,
25 A--B--C--D--E--F--G--H--1--J--K--L,

A--B--C--D--E--F--G--H--]--J--K,
A--B--C--D-E--FurG--H--1--],
A--B--C~-D--E--F--G--H--I,
A--B--C--D--E--F--G--H,

30 A--B--C--D--E--F--G,
A--B--C--D--E--F,
A--B--C--D--E,

A--B--C--D,
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D--E--F--G--H--I--J,
25 D--E--F--G--H--1,
D--E--F--G--H,
D--E--F--G,
Er-Fe-Ge-Herl--J--K--L--M--N,
E--F--G--H--I--J--K--L--M,
30 E--F--G--H--I--J--K--L,
E--F--G--H--I--J-K,
E--F--G--H--I--],
E--F--G--H~-I,
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Ge-H--1--J--K,
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H--I--J--K--L--M--N,
H--I--J--K--L--M,
15 H--1--J--K--L,
H--1--J--K,
[--J--K--L--M--N,
[--]J--K--L--M,
[--J--K--L,
20 J--K--L--M--N,
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wherein any of A--B--C--D~-E--F--G--H--I--J--K--L--M—or N, can be nonpolar amino acids
(hydrophobic)
25 suchasglycine Gly G
alanine Ala A
valine ValV
leucine Leu L
isoleucine Ile I
30 methionine Met M
phenylalanine Phe F
tryptophan Trp W

proline Pro P
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10 glutamic acid Glu E
or electrically charged (positive)
lysine LysK
arginine Arg R
histidine His H

15 orabsent. The string can be composed of acceptable amino acid substitutes or salts thereof.
The most frequently amino acid substitutions are Ala/Ser, Val/lle, Asp/Glu, Thr/Ser, Ala/Gly.
Ala/Thr, Ser/Asn, Ala/Val, Ser/Gly, Tyr/Phe, Ala/Pro, Lys/Arg, Asp/Asn, Leu/Ile, Leuw/Val,
Ala/Glu, Asp/Gly, and vice versa.
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7. The method of claim 1 which further comprises selective lysis of the mature
cells.

8. A human hepatic pluripotent progenitor isolated by the method of claim 1.

9. A method of preparing a composition comprising an enriched population of

human liver progenitors comprising:
(a) providing a cell suspension of human liver tissue,
(b) debulking the suspension based on cell size, buoyant density, or a
combination thereof to remove mature cells, and
(c) subjecting the debulked suspension to a positive or negative

immunoselection, such that a mixture of cells is provided, which mixture of
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those cells, which themselves, their progeny, or more mature forms thereof further express
alpha-fetoprotein-like irnmunoreactivity, albumin-like immunoreactivity, or a combination
thereof.
17. A human hepatic pluripotent progenitor isolated by the method of claim 11.
18. A composition comprising an enriched population of human hepatic
pluripotent progenitors, their progeny, or more mature forms thereof, which human liver
exhibit one or more markers indicative of expression of full-length alpha-fetoprotein, full-

length albumin, or both.
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23.  The composition of claim 21 in which the exogenous nucleic acid
promotes the expression of at least one polypeptide of interest.

24.  The use of a composition in making a medicament for the treatment of liver
dysfunction or a disease responsive to treatment said composition comprising administering to
the subject, an effective amount of human liver progenitors, their progeny, mature forms
thereof, or combinations thereof, in a pharmaceutically acceptable.

25.  The method of claim 24 in which the human liver progenitors comprises
hepatic progenitors, hemopoietic progenitors, mesenchymal progenitors, or combinations
thereof.

26. The method of claim 24 further comprising administering simultaneously
or sequentially in any order an effective amount of adult human liver progenitors, their
progeny, more mature forms thereof, or combinations thereof.

217. The method of claim 24 in which the human liver progenitors are

administered parenterally.

28.  The method of claim 24 in which the liver disorders or dysfunctions
comprise hepatocholangitis, hepatomalacia, hepatomegalia, cirrhosis, fibrosis, hepatitis,
acute liver failure, chronic liver failure, cancer, hematologic disorders, hematologic
dysfunctions, or inborn errors of metabolism.

29.  The method of claim 28 in which the cancer comprises hepatocarcinoma,
hepatoblastoma, or both.

30.  The method of claim 28 in which the cancer-comprises a metastatic tumor
in liver deriving from a primary site selected from the group consisting of intestine,

prostate, breast, kidney, pancreas, skin, brain, and lung.
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31.  The method of claim 28 hi which the hematologic disorders or
dysfunctions include anemia, leukemia, or those induced by chemotherapy, radiation,
drugs, viruses, trauma, or combinations thereof.

32. A method of treating a disease comprising administering to a subject in need
of such treatment an effective amount of human hepatic progenitors, their progeny, or more
mature forms thereof in which the human hepatic progenitors, their progeny, or more mature
forms harbor exogenous nucleic acid.

33. A cell culture comprising the composition of claim 18, an extracellular
matrix component, and a culture medium,

34. A pharmaceutical composition comprising the composition of claim 18
and a pharmaceutically acceptable carrier.

35.  Isolated human hepatic pluripotent progenitors, their progeny or more mature
forms thereof which exhibit one or more markers indicative of expression of full length alpha-
fetoprotein, full length albumin, or both.

36. Isolated human hepatic pluripotent progenitors, their progeny or more mature
forms thereof which exhibit the phenotype glycophorin A”, CD45’, alpha-fetoprotein™, albumin’,
and [CAM""

37.  Theisolated human liver progenitors of claim 43 which further express CD14",
CD34™, CD38™, CD117", or combinations thereof.

38.  The method of claim 1 in which the progenitors have a diameter

between 5 and 15 microns.

39.  The method of claim 38 in which the progenitors have a diameter

between 8 and 9.4 microns.

40.  The method of claim 1 which further comprises selecting those cells
which their progeny, or more mature forms thereof exhibit one or more markers indicative
of expression of full length alpha-fetoprotein, albumin, or both.

41. The method of claim 40 in which the selection step comprises panning,
affinity chromatography, tagging with fluorescent labels, use of magnetic beads, or

combinations thereof.



