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remains uncertain.

[0004] Conventional wisdom holds that all mature adult liver cells (hepatocytes) are
capable of dividing many times, thus allowing the organ to regenerate after injury. However,
there is increasing appreciation for the range in regenerative potential of parenchymal cells

derived from the liver. In studies of rodent hepatocytes, it has been shown that the mature
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[0007] Case studies and case reports in the literature describe the administration of

hepatocytes to over 40 patients with a variety of acute and chronic, inherited and acquired
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has been discovered that cells obtained by the methods of the present invention may be
derived from the livers of certain organ donors, which are not suitable for whole organ
transplant or, because of time/transport constraints, cannot be used in a timely fashion.
Viable, functional liver cells can be isolated by the method of the present invention from

livers, which, by conventional guidelines, are not suitable for orthotopic transplantation or for
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[0016] The present invention is further directed to a composition comprising a population
of liver cells enriched in viable, functional liver cells, which population of cells comprise

functional hepatocytes and hepatic stem/progenitor cells. In a particular embodiment of the
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1nclwﬁ é’

pg heppiigste hrogeniarce Iy aplsaplisrmageugicalycacegptable sagige Ina
furthR e diment A9 ?)fﬂrnlag gﬁ;ha%c thgcmn GRGudy @éﬂ%@[?rgsnervatlve

5]
inventron is d recte har maceut | ca conmposi't

suclC TRV PO THERMOSDIL ™ i on of I iver cells enriched in
vi abl e, functional |iver cells, including hepati c

[00%)2 %tgégelg bﬁ&{ﬁf gt 0(? Wegp tl}el}rgr?%rg m 108 1§ c’tec% ﬁ)ea method of

conPANGBE Oitd toRlckty tREHL PérAPliEng asf;fdsﬁag térB Yest ﬁlgﬁnud @opulation of liver
cryopreservative, _ i .
cells enriched in viable, functional liver cells, including hepatic stem/progenitor cells, and

observing at least one effect, if any, of the test agent on the population of liver cells (e.g., on
cell viability, cell function, or both). The present invention also contemplates a method of
conducting in vitro drug metabolism studies comprising exposing a population of liver cells
enriched in viable, functional liver cells, including hepatic stem/progenitor cells, to a test

agent, and observing at least one change, if any, involving the test agent after a predetermined



such as HYPOTHERMOSCLTM [0020] In an even further

enbodi nent, the present invention is directed to a
woreaohoa7ed conducting in vitro toxicity testiPgr/us2003/022220

conprising exposing to a test agent a popul ati on of

liver <cells enriched in viable, functional |iver

test peﬁbd SThd £qkdsdbRcARpRInk G irfchald] PitQgedt liritedod] 4 changath the
observing at |east one effect, if any, of the test

structatge nonagniretien, 9o pothf thedesfagentver cells (e.g., on cel
viability, cell function, or both). The present

[002Y\Jnvﬁﬂ5th9inerﬁ'$o?ﬂn€19cmf %r@éeﬁﬁm@eﬁﬁinﬂ@ diredted mﬁmtasm device
drug met abol i sm'studi es conprising exposing

compuspg zdtml@mgdfarbqnmra rophlagon ehhyraaelver gells gpiched in viable,
functbqn@ﬁlhﬁr 85 $ |1]? g Jlg%ﬁ?psaﬁc tsfeﬂ‘jgprggérp%r gglgﬁﬁ:’fﬁ% liver cegls ma; \y compnse

ser
humﬁih\}e@@&ls aRrahange.celld. any, involving the test agent
after a predeternlned 6 WD 2004/ 009766

[002£]h ﬁgg%%g% ?rﬁv(%%l %15 ags&duip {eﬁg eﬂ1eo zfé {rgﬁﬁlg 91%?5 of ene
exprdsin cSfnpHishn ﬁﬁtrocﬁl@ﬂ@%ra%dpﬁmloﬂ bf blﬁﬂlhh Bfertchis, tuemmdlng v1able
agent. [002I] Another enbodi nent of the present
functionatheratin stesy/ piogeritas gelisa Bmpiqnsl cokqict s e Brovide a transformed
popu?a&%; zllri elFl ofud® ﬁ'xhcpgpﬁ%t) gﬁlkf%lgwﬁlo:& HE@L ﬁf‘nééﬁ o Wlinctional

s enr ctional |1iver
copyHltheSgenleNat 1eekt B goﬂ@p af it tsatnefonxhpd pgﬂﬂaﬁomr A edhpositigneof the

- liver cells may rlse man. | jver cells o
presqnt yistentien P@ﬁﬂ[m@m rFW@“B‘PIé%éﬂ?th‘? Fenpiisremaodimiey 3/ &t i prosent
vetidected to a method for treating errors of gene

expreSS|on conpri sing introducing |nto a populatlon of
human liver cells, including viable,

t
[0028Ep&ither 1setbodsrevided bofheparseat BB ‘3&@* gfrenfjancing the
regeﬂg NGt of Eglrlg\{ll.r oﬁggé’ag&lslfn%'i 'E&Po&o(ﬁ‘ébﬁ&ﬁc@iﬁg t&iflg for efficacious

JHch ng atient”s liver, which patient is
agenltsﬂfoﬁ eestings hxtdﬂ énﬁed:trtmk,l methbds afgpyduwing tprotpmef interestcmgmethods of

portion of the transformed population. A conposition
prodapmgwaciap%géwer?ﬁ%vem. on useful in the aforenentioned

met hod i s anot her enbodi ment of the present

[002477V e tHeORethb@ B2 B]tiKY foe Efﬂmtlbmdareptscfvr tﬂea:ﬂmg)hvbhmfecuons a
present invention_ include ne

fn of enhanci ng h[ reafter,
popatirmestarmaies cells i H}fﬁﬁi%%lw&f ag ﬂ%%%?él& ape of mteresty The
the 1?1%60?6?33%%8 a't181g id ?%FE&QQ aHrefhdinGal Mbtnt 808&taSerdtOfind the effects, if

Iver ectrons, nethods of producing a
any,sfaketposireiontthes astctedgpoputativhotistbe ﬁneﬂmdnﬁmowmg a protein of

vacci ne of interest dn.the t|
inteyess a SpIctiondli&5e ewé‘m%[sﬂq?a P BTG T Pt fip Rutation of
llvelaceflﬁ %ﬁ(ﬁhg RBp Al sha'ﬁﬂﬁi% obhikRlcele! Tlfe ﬂeﬁlltlﬁg ﬁ(qiu(ﬁdlow df belﬁls then

ect1 ous ent of Interest. Thereafter,

incubated under condltlons effective for transcription, translation, and optionally post-
translational modification to take place, and thereafter the protein of interest is harvested.
Vaccine production is also contemplated whereby a recombinant virus or virion particle is
introduced into a population of the cells of the‘invention, which virus or virion particle is

capable of infecting at least some members of the population of cells causing the infected

members to express an antigen such that an immune response is elicited from a subject



the infected population is exposed to a predeterm ned
anount of test agent, and the effects, if any, of the
wexpame7es on t he i nfected popul ation. In the nmethos2003/022220
producing a protein of interest, a functional gene
encoding the protein of interest is introduced into a
seekingiel beriremirazed agpipst fuiae pxpaswis|todh infettatgent associated with the

e T

for transcription, translation, and optionally post-
[0025] aridiearactisalof thegirésentainiamionovitl zkmplgpl, ankess atherwise indicated,

fler.the pratein of jnterest js harvested. .
con ggléﬁ%ﬁ ééC%Ploqélﬁ%f’f ¢ 111 logy,é:sh &8 rg@p%\&l&%@ggbyalggemc biology,
microB0eRY, RADb¥ant BN, i ir@RneleEY, which hie withth HRAKAESE the art.
into a popul ation of the cells of the'invention, which
Suclyfeclyaiques ape Apssrberhinthe fiteratare. Sapdbr exapiplé MeleeulaClaning A

. . ol | .
Lo R) NPRRR, DL Bty AR K 0 Rl G ol o
LabemtoryRrese: 1I98Sp@MNA Glsniab, Volumes { mamlgDsNDGas/er £4.V1085);
R e e YRR
Nuc%ﬁ%ﬂd%ﬁﬁid&a&i'&n"(ﬁ?ﬂ BRhbIgs YPa r&teHQ.dM%hj;%%rjﬁté%édb% And

i nfected nmenbers of the populati Into the'su
Trarjskpo28 (BTReHpmag &i & d. Bigginsedpr 08dntCultuvef AaimaliCdlls (R. L.

S i AL 57308 P AR BN SRS Bhs. 1980: 5.

Perbal, X P¥ticdl RAAGIES MolSduPdr @¥ning m%\%\lﬁ bh&tr&fi¥e, Methods In
reconbi nant DNA, and i munol ogy, ‘which are within the
Enzypelogy efcademiaPress, IsucN. ¥ o JuensferrVecties Eoil Medmiatian Cells (J.

he | t , | | ecul ar_.Choni ng A
. N S 1 8 G o9 Rl SRR By R R Bl p g
Enzyaneloliv el 54(40d118 5 Bprd a1gl. ldds. ) ammuine bieshait M etRo &SIB:Cell And
19?9) ;. DNA d oning, Volunes | and Il (D. N. dover
Molgeplar Biglpey (Mager el alken efiteA gyisimieRiess, (ondan, 1887) Handbook Of

moami bt ety 30 feglf, B, 00,

Mankudgfingsthe dousd B8xbyyo, TCaldSpring tH wborAtsdoralora Peésaf Celd SpBng

D. S, J. Higai eds. 1984); Culture Cf i mal )
Harkegy mf?ggﬁ) Ap@w&@%%%}?‘%%wt@% ﬁ’g{lslﬁyrérﬁshe&bw@?'(ms-Shleld
PoClASTQNIb, I NG aGeddog) And Enzymes (I RL Press, 1986); B.

Perbal ,, A Practical Guide To Ml ecular C oning (1984);

t he eati se, thods In nzynol ogy (AAcadem c Press,
IOOZﬁﬂc.étflﬁéftv?tw%@@ A of (RGN o fooHiORCRF oaRe pniest from
the folowirld deldi - : | Gk SRET N
o oy Al et bL e L flon. e in S ) il
accoamanyiBg dfawings which iBaktraje byl waypobataemlcthe piatipted ©f the invention.

Cell And Mol ecul ar Biology (Mayer and Wl ker, eds.,

3. ACMF%&@%WP&HEI%WN@ dbook O

Experi ment a ogy, nes.T-1V (D. M Weir and
Bl-ackwel |, eds 1986) ;

[002% C]L%igure 1 shows a Coulter Counter sizing profile for the novel OptiPrep™
fractionation method, which reveals 2 peaks of cells: those that we have designated relatively
“small” (generally ranging from about 9-13 uM) and relatively large (generally ranging from
about 18-22 uM). The “small” cell population contain stem/progenitor cells, as these cells

are approximately 10 uM in size.



Mani pul ating the Mouse Enbryo, (Cold Spring Harbor
Laboratory Press, Cold Spring Harbor, NY., 1986);
wa\ppHioeEté ons and Products 2001: Density G adi pet/uMeds/ee2220
(Axi s-Shield PoC AS, Gslo, Norway, 2001). [0026]
Q her features and advantages of the present invention
[0028}i | Figheoodmews prevudet Coinen sizihg pfodild fontirgstaeihai (cenventional)

scrlptlon of the invention, taken in c
Percn g T e AP ik PR PR aRB)s areater in

the PYEVLBUIEERIRES) B R R B P Re e 1
shows a Coulter Counter sizing profile for the navel
1002530 iR b SRt TS AL SUGRE FEpRAAISHS with

antib?%? %,:Rec&{c g f'n!lrﬁan #5? C&?\/Iémgalﬁ%/tﬁ%\‘cﬁe ﬁ@rﬁbl?p%?ﬁ% glbOO X g) contams 6-

vely nera rangil ng
fold 168 EB-@\Mqioﬁl"hlvveta)Anh@C@B (leficteaxialahgl, 0.22% dfghé pcqmlatlon (+) for

about 18-22 u The cel 0
R S st B e, (P PO P SR E o .
CA]\/gppr oximately 10 uMin size. 8 WO 2004/ 009766
CT/ US2003/ 022220 [0028] Figure 2 shows a Coul ter

Counter sizing profile for t he st ard (convent.i.onal,

[003@er Eignre hrigionsahe TesuitcaftiMgS fradysee %P%%W%W&& ie
antlbgaY Flgetr gﬁ%)gﬁﬁllnﬁ? iig’h &K1, ﬁe[wsal'l BLEARL SlptiPRp™ MG ctiiHaG6h Hoes not

espondl ng supernate (300
appear tg)affef0102 8yerkl gbinelatcesdfals EPHoA Memultivs- -stefinipg\@spulation (3.07%

al f I nmunost ti.b
an S840 Foe neppl-Roharenire o< ey BTG ad Bocrd®ld ang
unﬂ&%hggdg e§<r e&g,@ y?n ns 6- fold | ess EP- CAM
p05|t|ve staining cel'lTs (left-hand panel, 0.12% of the

0050 8 ke e 5 B O TR balve ot
found e defl Q%Q% il YL 1éseﬁhﬁ1%nﬁd?1e(léf?§bihé)scdﬁ{pa%@5 the supernate of

na ySses OWI ng nmt ul ost al ni ng w t'h anti b ){’1
the stméaidfhethbd (cehtenframBPardAke peldst o tiorstandarmethed (ng t frame).

ti PrepTM.fracti on@éi on does not appear to affect
Resylgarg HnSMPAYEIOBP™ t he EP- CAM posi ti ve- st ai ni ng

popul ation (3.07% and 3.06% of the popul ati on
[0032) aiFiung 6 Rhei$ igvapht ardidaEnCAM retatit b pofulativms of EP@AMRPSMVC cells

fomﬁﬂ%&@eccéi gn ét?q%f?flat %rlg%élt {rﬁ% ect g?f b’é&&éooga% d tﬁ’ tﬁéJ u%eglate of
the s%ﬁld%\ﬁl%% tdehter S8hes ancf oy ?y@llét"bfttﬁbestﬁﬂlaid msmb@(m%g ﬁ@fne)

e present ‘1 nvention frame) conpared to t
Resﬂtspeeframeab{yeartdiédsmandard met hod (center franme) and
the pellet of the standard method (right frane).

[0033] Figure 7 shows graphs demonstrating enrichment for EP-CAM positive cells after

immunoselection.

[0034] Figure 8 shows graphs demonstrating enrichment for EP-CAM positive cells after

immunoselection.

[0035] Figure 9 shows photomicrographs of colonies grown from a single cell under
various staining conditions, demonstrating that cells isolated by the method of the present

invention are hepatic stem/progenitor celis.



Results are froma nine-nonth-old donor. [0032] Figure

6 shows graphs indicating the relative popul ati ons of
waEBR@AMposi tive cells found in the cell isol BtT/082008/022220

the present invention (left frame) conpared to the

supernate of the standard nethod (center frane) and

[0036§h eFipatd 91 shefvstphetosiierogdabls dRdd@es(drb@htirot 85RYle cell under
Results are froma 3-éear-ol d donor. [0033] Figur

. 't n . ! e 7
variogp staning eondiionsrsarmsatingdhamells salstd tydhe mpthotgf the present

invaﬁﬁ%%%éﬂﬁmﬁ_E&%gﬁ%%%ﬁmrhﬁﬂynoseleCtion' [0034] Figure 8

graphs ratrng enrichnment for EP-CAM
ositive cells after immunosel ection. [00351‘“ Fiqure 9
1

[003511 oRigupshlot sheimsraadiotgmrisrogtapbeif Simes hgpasogytdsoy 'laedgnﬁgp present

. el | under _various hrd ditions, denonstrating
mvel%tho&Onclgcfoscar%%lbgg&eé né{/&? hnge(ﬁ%\s1 (g)'d of the present
i nvention are hepatic stem progenitor cells. 9 WO

[0038D 0 Fi0EolB$oRGTA pissondrogapipker gogleperpgusrdhamthshows

hot om cr ogt.aph f _colonies. ar.qw, ffom a singl L1
photpicrostefL PR dp RS HreR e o/ e Rerted Bl ibspome
vascElRtik&l b5k AbsithsyidehedBithostddloddeller esent  inventi on
are hepatic stem progenitor cells. [0037] Figure 11

0 a tom crograph, of . hunan, hepat ocyt es,,obt.ai ned
0035} ¥t PLRREE SiibnRoRe SRR AR Er GO BuER! i Bien
inveN§dX 22k hBletd a8veldPRdPhepatodiecs addar® Qﬁjﬁ@ss’in%a mature phenotype,

phot om crograph taken at a | ower power than_the
demeirstitating thewgsidiyh siefning fpugbycegen iy theisepplpen aNptgthe apparent

[ sl,{i\nd fﬁ% hglgsaﬁloc%} 8 t hat have becone vascul ari zed
organS%a Oheg e as evi denced by the red bl ood cells.

[0039] Figure. 13 shows evidence that the hepatic
[00461 e i pro ié shavey thisslhiepatofytesebtainedienthe prepprtinyatiogattached to a

. abl e to.devel op .in hepatocyt.es_and are. ex '
iR P SRR RO GUROGES o g ok B BT R een owo
adjab@d cAlsy %E%—h}? of thet dre£ Yo BBrdYOmEerdVidi, apjieationof biliary

organi zation of the cells into cords. [0040] Figure 14
canadinefhsnptheemahep berstspyesmakeni ned by the present

invention attached to.a mcrocarrier injected into a
[0044 s Figura &5 shaweka photomicregrapthdemasiatingeng Hitesik € the

bet ween. t .adj . - . :
eryoBRshR ca e [P EREEBEIRE Frospe i RyB LB 1l OPASCID mice
At tw8halis@oki trandplaht Bimamtelsard\elpatyouyibe byadlsén hybridization in the

portal veins and hepatic sinusoids. The cells have not yet passed from the vascular space into

‘the hepatic parenchyma.

[0042] Figure 16 shows a photomicrograph demonstrating engrafiment of the
cryopreserved human liver cells of the present invention into the livers of NOD-SCID mice.
At 40 days post transplant, human cells not only remain in the liver, but have engrafted into

the hepatic cell plate becoming fully integrated into the hepatic parenchyma.
4. DETAILED DESCRIPTION OF THE INVENTION

[0043] The present invention is directed, in ﬁart, to a process for obtaining a population of
cells enriched in viable, functional hepatocytes and hepatic stem/progenitor cells. Another,

related, aspect of the invention is the identification of hepatic stem/progenitor cells. The

10



[0041] Figure 15 shows a photom crograph denonstrating
engraftnent of the cryopreserved human |iver cells of

Wo b@4poesent invention into the |ivers of NOD BCO/DS2003/022220
.mce. At two hours post transplant, human cells are
clearly visible by in situ hybridization in the

emboBRde oMBE PRs@iGnRRsA EschbeSAHE Swill iBart el ifipba@ adfinces
yet passed fromthe vascul ar space into the hepatic

madejim tleridéntificatipn aabisolatign pEhepstie semépragemifot etisdrasg pdhhuman
live dennnstratlng engraftment of the cryopreserved human
liver cells of the present invention into the livers
of NOD-SCID mce. At 40 days post transplant, hunman
[0044] el Severabtelbsirface prraéins ane iddngified et aretﬁzpreﬁ@dé)yéwgafeﬁ t ed

stem/pieghitdrc e B R CHER o B o it gf e e
antloglfq a-rré'g(ﬂré\@égtﬁ\@i/ irlafl %ﬁﬂenfﬁ@@o%e@]% ehednaeg rﬁkth@fhd and adult human

rected, in part, to a process for obt aj ni ng
hvelsp ddamtm oell sdrting gdchgolegy isoHidiged o grpathy @rich J«meﬂlé fefpressing one

ocyte t
BN AN R e —
size thatlemhivré Beiatedytedf inepRbst to pleeivhp Buugmsl bf mﬂen:tfhebstlc s'féra/progemtor

10 WO 2004/ 009766 PCT/ USZOO /022220
cels pbishp e ind & e o 158 (et VSR aB6r BRI R rotphiti
hepaﬁgpeiqfstag 'ﬁtx/exalgél EE8i1s (R4 NS, 559902). THedkinitte; &ﬁé’ vast majority

atiron o epatic steni progehitor cells from adult
of théestralsol d}qbeafss a [s%ﬁd]anﬁgtms]hatacwebﬂlc slthé &te hspaticesters/progsnitors

cels .y sulsAE P CBRINES L o Cer Kb ORI PRI s g€t hopati

stem}éa %éeﬁt&%u&gi febi@ict fh@ %r&@tﬁ%f $iiré Afafire Baki @BI%s, BHeSsorted adult human
Xpr essed a smal " percentage of cells in neonat al

cells ;shoiw ahhinced gmdvthpgtentlﬂu Miost taliingly,smalyeig 96 colenise prown from single
cells S Fl}elssrclgﬁcﬁ)ec h %,9819 osf\s{éétle ltl%ez&g)lrjetrs iod 'of oltéfn§a{a¥acc%1rfsﬁ5 of both the

ace ntigens

hepa?&%e%nﬁ%ﬂ'e%@tdlnﬁﬁgésh bSarARHaeddbr Bipetental hapa‘;trcénycﬁn/pmgehltm cells.
l'er in size than mature hepatocytes, in contrast

ok, P AR S T AP L P e

anti g@ﬁé féﬁ PP Y TPérs Qﬁbﬁﬁ%ﬂ-&%@ﬂm ddnorshepisith haweduftered
Iver reserve cells (US Patent No. 5,559, 022).

seveFall hotvs ofiseere OXpgen éspnmpn pripxto hafvesh dndeqt) the heRasic

s RS BB SgERERY SRR il ey

Furtk@Bkd, la@Rcudhiatal b ér dall pidpayations foin the asyktodic gonus Igemﬂrally contain
rodent hepatic stemp eni tors, d r est

sreaty Sl HoBRUTYRE ofarA LIRS M aped e Sabi R Fesponses

it stxp r?%amo eeas b?e t%r}ﬂéﬁlg %H?mﬁ)? Vgﬂ)fémcﬁgﬁa? R édells 'Yﬁ@lhdmg hepatic

anal ysi col oni e$ grown fromsingle
stem/progenitor cells by the methods of the present invention. In preferred embodiments of

the invention, immunoselection and magnetic sorting techniques are utilized to further isolate

or remove selected cell types obtained from liver.

[0046] The methods of the present invention which are employed to enrich for the viable,
functional human liver cells can be applied directly to total liver cell preparations or those

prepared from resections of liver. The procedure is rapid, gives favorable cell yields and

11



cells in the sorted popul ati on denonstrate the
expression of proteins characteristic of both the
whepaneoyé e and bil e duct |ineages, as antici pptEUS1008/022220
bi potential hepatic stem progenitor cells. [0045] It
is salient in the present invention that cells
viabiBtypuebeintg dchled chproaedseerssifibdliens dfaets. Hint isgleted cebneie meadily
present in |jvers (from non-beating-heart donors),
CTYORKFﬁeE‘F?dr?é‘@ée@H’fTS%‘F yipbilg pheathamisdr s of severe oxygen
deprivation prior to harvest. In fact, the hepatic
[004Ht eThpregan iiventiceldmoiaait dansiaterlabt yelkoaebe ésiasddant

to ischem a than pature hepatogytes.. Furthg%nnre,
postra@HieHs R 2 VALY Pf lesr spwiees, grclishiathe dxersiof gp-ppang heart donors,
' fnf? i tRfulations of
oo Ry RS AR bt G0 B, BECARAY JSLEUR Bfsions
the ptesétanvantion yam bs potamed from asystplit Homoesydhesresant givishigon will

hi.gh enrjch fo jabl e, functional .Jiv cel.l s.
cranghi g B 20 Lol ek fispi B e piiepls Top i Jrer con
transg?ahﬁgeﬁ oPEeif ﬁh@ra@?.e S8hie 11 MRRrZe8yield® FRREh&IInG Reart and asystolic

nbodi nents of he i nvention, imunosel ection and
donomagnetic sorting techniques are utilized to further

isolate or renove selected cell types obtained from

liver. [0046] The nethods of the present invention

whi ch are enployed to enrich for the viable,

functional human |iver cells can be applied directly

to total liver cell preparations or those prepared

fromresections of liver. The procedure is rapid,

gi ves favorable cell yields and 11 WO 2004/ 009766

PCT/ US2003/ 022220 viability, and can be scaled to

process tens of billions of cells. The isolated cells

are readily cryopreserved and retain their viability
when thawed. [0047] The present invention denonstrates
that viable liver cells can be isolated postnortem
froma variety of liver sources, including the livers
of non-beating-heart donors, whose |livers cannot be
used for whole organ transplant. Because the liver

cell populations of the present invention can be

obt ai ned from asystolic donors, the present invention

will dramatically expand the pool of donor organs,
which are suitable for use in liver cel

transplantation or cell therapy. Table 1 sunmarizes

yi el ds from beating heart and asystolic donors. 12 WO

2004/ 009766 PCT/ US2003/ 022220 Table 1. Beating Heart

Donor s
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Post-Di gestion Yield Total Cells (x 109) Viability (%
Range : 7.7-81.7 25-74 WMean : 32.7 57 Post-Processing
woe@kmodied al Cells (x 109) Viability (%9 RangeCT/US2003/022220
1.2-30.7 76-99 Mean : 15.0 86 Asystolic Donors
Post-Di gestion Yield Total Cells (x 10.1 Viability (%
TabiSgnoe : 0.1-26.2 11-51 Mean : 10.7 34 Post-Processing
Vi'el'd Total Cells (x 109) Viability (99 Range :
0.01-11.0 64-99 Mean : 5.0 86 13 WD 2004/ 009766
PCT/ US2003/ 022220 4.1.* METHOD OF | SOLATI ON OF THE
B PRESENT . ] NVENTI ON AND COVPARI SON TO A STANDARD
eat("@?ﬁﬁé OBk ) METHOD [0048] Cells are isolated from
"whol e donor livers or ct t hereof by perfusing
the tissue with Li berlgag‘i tl%ﬁ'% 1(§1f ed form of
col I agenase, % EJ @Ctl ng th ng cell
suspensi on. 9[91%6119 ods are exa?nv{"ilgﬁ1 cflseparate live
cells fﬁg@:deae}_ﬁn@m I n the novebs.yaet hod of the
present invention, an aliquot of hepatic cell
suspensiesn kS m 3ed with an equal 570l une of a
sol ution of iodixanol (OptiPrepTM 60% i odi xanol in
wat er, Axis-Shield, Noway), and centrifuged at 2000
rpm (approximately 500 x g) in a Cobe 2991TM cel |
washer (avail abl e fRostPBtesset Gsldponent Technol ogy,

Lakewood, CO for 15 'rrignutes at room tenperature, as
fol | ows. [ooiggjzz!.m{_&)eS rile 500Vighilifpe) e, add 208.5
m  of threpTl\é 291.5 mM of RPM - %40

-30.7 76-

ange

Mean : 15.0 86

Asystolic Donors

Post-Digestion Yield
Total Cells (x 10°) Viability (%)
Range : 0.1-26.2 11-51

Mean : 10.7 34

Post-Processing Yield

Total Cells (x 10%) Viability (%)
Range:  0.01-11.0 64-99
Mean : 5.0 86
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wi t hout phenol red. This results in a 25% sol ution of
i odi xanol having a density of 1.12. After calcul ating
wo b@4wad7eere of cells based on wei ght, add enoupgiT/us2003/022220
RPM - 1640 wi t hout phenol red to bring the final
volunme up to 250 ml, with a total cell nunber of 10 x
4.1. 1OM]E("12H)OR) OB QSOLATIGNO) THERR ESENTHINVENIFZN ANIxanol

R e AR e S NP

ceII washer - processi ng bag. Layer 100 m of RPM -1640

[0048] t lIRN$ aeligdlaked fieth Wholk @pndfliveheorirekci@naheresl by perfusmg the
sol ution using a_peristaltic purrp at a rate_ of

tissugr it IHbape Y, a Reribedyfora of gpiiagengse, rﬂOAIWtu@ethafeSE@% cell
susp%rrlﬁnm@d% (e"g\p@ s § %aﬁlg d)ég g%pafraﬁg 161?? E%fséﬁcfm‘? ﬁeérﬁones In the novel
methodtod n]ieapresdmeinmemIt he aliqutit wéhegatic ebll swpbnsiorois nained with an equal

640, h d
Vol RIS Sk P IR ste SR SR S oA Shickd
Now@gjé %ga EEtifude8 202 ) Ig{;ht qaﬁﬁoﬁﬁméw 500% 455 Uobgdgmhm\e%u washer

ensities of mat eri al s and t hose of
(avaﬂai:lle ﬁbHdeedthnipmglanu Tmlumangbs LakewdaddiGY) fonkS minutes at room

¢ h% nat Slp "Uni x" band, a "gradients content” band
empg U % W&t, are determined. It is found that the
band of |nterest, the "Um x" band, has a density of

[0042] 0G0 stdtiles 00 erldiottle, add 28.5 sl bEOptiPregh, 20hStmi @ﬁ.RlWI-1640

. for starting, materi al di e cont
wity gl 590 St e geyasbiutop.of RBe e iRgh ARisfy o 1.12.
Aftef 6&1&&18%1&?%&%%@& ckfls DR SahHHi 1R Naddf enbOg RBNIL1648 w1thout

needed provide a gradient di rect | ééover whi ch t

phensd r¢dstod>rr1ngﬁh@ﬁaaﬂtvomm wp edS0Irel, withertotaberll nyrplpstof éﬂ x 10° (40 x
10° %e?lo %%]1) {-\:&8228 n'gn a? q1§éi?fanc1ﬁr qgl%ﬂg Qéntfy‘%r 111115(%%11 C(%Jalzlty feed the

sSusp

resultigTb&ishoMctN sblsRE RS a POBIDD 991(r@|cgmra/a li‘&))prdi@ssini bzxgal Layer 100
concentration of 22.5% 14 WO 2004/ 009766
ml op&PNUSH ez b phenabasd-ej} top of 8 lewﬁ@oleélﬂa olutioRy yiingp peristaltic

i 58 B0 S o it
(appietiaciteln&00 k ) tdra tbabehl Sngutds. f[khe wmuttmgﬁmbatmxmﬂﬁmdé at the
integfe Y OnIRS Sbre CalbRiution @nd Bk -1 #0 WEBRtahgol red i
reco¥&lehSe a}f’%ratleﬁ)t’)ﬁgm‘(ﬁ letehhﬁ%lt hat it contains

gener re cel ar debris. For conparatlve

ﬁr poses, the super nat ant is recqvered, dil u
[0058hd Iaéenqratfs geaimgntsigading tp the spnditipnsipperdedal aV?:thfaflo?&smes of

startgrik:%%ar ta'nﬁghoggl k ?éle @@&\ﬁﬁfiﬁ%ﬂoﬂlﬁn&t tﬁ’i"c‘iu Ql'ie designated a

neth |ver ce reparatlons Is to

“Uniis’dbaiid a& gmalmmmnmmt bbandiaué theqwlllbs atwydetamaymeglt iItis found that the

estlono Iivrad.he ' he.cells QW
band BB ERnioF 1 PS: Pt Brspeaty 5 LIS Argesiiargfss G than
that Fithd REbtRtR0m Ak @m)r @érﬁd@ﬁd)on@ﬁfé”‘bﬁﬁi @aed792) il thBpellet
super natant are di scard
(1.1061). It is then determined that'an 11 59% solution of iodixanol is needed to provide a

gradient directly over which the cells of interest would settle after centrifugation.

[0051] In one of the standard methods for liver cell preparations, an aliquot of hepatic cell

suspension is mixed with isotonic Percoll (Sigma, MO) to a final concentration of 22.5%
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[0052] Trypan blue exclusion reveals that the 100 x ¢
Percoll. pellet is enriched for viable cells (70-90%
wo age)97eonpared to the Percoll supernate (40-BOBMIS2003/022220

range). In contrast, for the OptiPrepTM gradi ent of

the present invention, the upper-nost band of cells is
PercofiN 'Fbﬁ@\ﬁ& of @htrifigAfdh At ‘E@ﬂ * ? 63 mHN8s £ aPoRiedSowall RE3B

pel | et ed rraterlal (generally less than 20%. Size
centrifirgal ths pslleiss m}ov¢red b ahméd bencmd drat irethe A¢ashings pEenpyaational

| arger .c

methddy o5 gy s Sttt gt Vet o6 @Bioby Bk B the superatan
contadBicels 0B Visibidity AldaBAt ipEdHidiag g@f&rall@vfm@lelcbﬁulamddbhle For

9-13 uMin dianmeter range than_ the pel]|

compangiEe p‘m?Q‘éeSb’félﬁéuﬁré@fﬂlttﬂ%fecwr?q?rd@ﬂw gfogcii?l%‘fen@?fﬁg% $#300x g
s G5, 0 T 60805, L P o

for 11@%1&’?1%9M16ﬁ4 {s@6 idofaids Oldbemsidd &f st oglstby dnapmbide @;gesuon of the
anoun debris. Fluorescence .Activated Cell Sor

iver (RS sndbends u Y e GEHLEH. ARG PP y58g The
pellettﬁ@ ?:%lgﬁ efrg étgm{e@ e HE Fl?{he%{iﬁé. RAY t%}é @i@carr@écpug h

result’s 1n

posi tive-staining cel I s t hese p03|t|ve cells re Bé;\??&
[005H e hTygan blug sclPeips stvieals s dhen e £ Pergoll ppidst ingnaichgd foy viable

cells g&s @’? \5%5?2%@ %rf%g({tgg lP?H:to llgﬁi? rﬂ?tggzﬁ}‘ek@’ %Yg ?f TntrAY for the

Optlﬁb‘]?m %%th@m o@@l‘l@ﬁﬂﬁésefn@{ﬁbﬂtﬂ)rﬁﬂfeamef - giostanttiof telll ik 3mnohed for
ion of colonies for cells found in the Perc
Vlablpeélllse(BQ -0ff6)l compraeedrie thadlleted pestersal égqmﬁéaﬂyde%ﬁéhﬁﬁla%oa(& Size

analyé?es}/ 1?41@0 ;t?oil_,}?tg% I ort%r}rg | en m1cff%1ﬁ12tsf8% Pl?%ét' E?ﬁsr Qn RDBI N 3 diameter)

in th@Pércbl Yelldd! dophpkebwith tie E&dﬂﬁs\ﬂnm&ﬁet Wh&hs:bailams ragargalspopulatlon
enrichin for EP- CAM posij ti | s .al so en

h
of cellpirpitg Ot \pﬁ/{ﬁg d%qlqtq:rtr911g§fth@1h e@gﬁ?t pl“lhg blgp%&-tlngﬁ% e& frof! the
Opti regﬁggraﬁ%n ntfaci ﬁé BhifqsiR 1E\H%‘Hi%mjcter AndEOUBLAV ARl cells. Size

or the novel OptiPrepTM fractionation
distrivatie® detéﬁmaahcm Br eaBystiRep Rgellst isphademativaawing thipdarge amount

of den; fivrassecersctaie Can g i AaDPaiergPREM IS st
1mmh1?oe %lﬁ)lﬁg 8 ese cREn@bRLd theElchinkdpationtthi@gle PBicall Results in

prggenitor cells, as these cells are
depletippr cDERERA poditvaSaind @4y m@@mtwmﬂwﬁ@@/ lgphingbip the Percoll

-

uMin_size. The rel atlve
supeggbqj g 18}?§1"87f05‘[;%2}1}d§f vté\ei' ﬁ)@t gdlgltlt ﬁa@ %%%Pﬁlatlon of EP CAM
posﬂl‘ifé’@é'lls sARI1H9E hat Bﬁth@\P@fo@Q%uﬁdrﬁﬁel Wolmylfmﬁh&ngﬁsshyﬂarepemtmrtually
popul ation. [0054] Figure 2 illustrates

no fdrolationiof golpmes Saranllafoanedat the PerooBmslet; thﬂe el}ee‘? exgqll supernate has
a w@p@'&ggqc & o% %lo rml%fé (lgr]a? ’clf&%a%% hﬁspﬁ ﬁ{a Obtﬁ’repTM

gradtcdi.r Thid QBIUn?goﬁﬂllﬁgraBﬂtﬁﬁcc(lﬁﬂﬂes(wgh EPE@AE/Bﬂ)osﬁu‘@lﬂtaanmg, as enriching
S

h h I f FA
for ER%%QE@QI; ;S:%bst a‘sxﬁ;cf Wnche(gsfo? Q qu; F Sfmflr?gl altb?Wy & the cell preparation.

[0053] As illustrated in Figure 1, a Coulter Counter sizing profile for the novel OptiPrep™
fractionation method reveals 2 peaks of cells: those that we have designated relatively small
(generally ranging 9-13 uM in diameter) and large (generally ranging 18-22 uM in diameter).

The small cell population contain stem/progenitor cells, as these cells are approximately 10
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anti body specific for human EP-CAM revealing that the
Percoll pellet (100 x g) contained 5- fold | ess EP- CAM
w@omiares st ai ning cells (left-hand panel, 0. 1PC%0B2005622220
popul ati.on (+) for EP-CAM than the starting materi al
(right-hand panel, 0.76% of the population (+) for EP-
uM 1GAMe. The ﬁ)aﬁﬂivd abundatce @f thes@?® psprdutiorisof Eeltpagied depending upon the
i Pre racti onati.on .does ear .to affect
donc et g Ha (6 BUREH ke BriceS EReRADRSIIADB st ai ni ng
popul ation (3.07% and 3. 06% of the popul ation
[00541 alFigung?2 pldstratey ehat, dolldaiingAd dtmdahePdreeit inethod] thd relative

aburgRRGCR SRR ST 6T SRV GATRED (8 BEnbBe Rgoh palieh) 0k o than
the cgﬁg?p%'hﬁﬁ% 3 eﬁi@t@?ﬁ@@}; in experinents using 2

eren nor Ilver we al so denonstrate that the
M positive nnunostalnln cells remain in the

005§L P gi%‘f & shoyws %\ﬁnf‘?ﬁgﬂtﬁ REFACS Al sespellowine ImEre g with
ant1H€8gfg§mﬁﬁ% el Hubhaf! ']EQ’UFW JeHafn thaHh% PRAR ;ﬁhbto('i 08% g) contained 5-

positive cell's i’s conp for
fold @at EPF@AVMDbsitieet-stainmiged]ic @efi-hatdpdrich §. 124 of thaipopwlatiemh) for

er nat e, l.e, the P
P Qb S e (RSB GNT 0,45 4G A PomsEisp CRLfpr EP-
CAM?:'M ogical test for stenfprogenitor cell presence in

ese cell preparations follow ng QOti PrepTM
fractionati on and Per.coll

(00588 nlR EoRiERH 8 ﬁho"ébmcﬁ}é“fleu"vgl%tqﬁ e el dogs op ppear o atfect
the Rk ﬁﬁﬁié&g Q)?”chel Hﬁh@é APl lbcﬁ)ulatlon (3.07% and 3.06% of the

or mona i ne rredl m and scored for col ony
poplﬂaimmsttammgqfosﬂwe SorBERvEAM iim thelfeactiomatedT end wafrapgionated samples,
%B)pgét our contention that EP-CAM i nmmunoreactivity
IeSpPEdMedponds to stem progenitor cell presence, we
rationalize that if we increase the popul ation of
[00582P- CAlALOpliBrepWefradtmubictd icoity @aswpeheostivdnd) asothe staftogymaterial,

in PRI HEOT Betir oo PR CamoRr O Tal e anLpositve

imniul & hinth [ls ?e?ﬁa?iﬂ in S s KW igE R Stahd AdPefoolMBethod. As
enrich for EP-CAM positive cells 40-fold (0.59% of

illustiatedgn Higuir wsgS pobylthe papwlation E@memwellbmcoamﬂ@ble for the

Oop BRSSPt o3 ik N BB M B SpBL Bcn

peuétQ%&dletI@blﬁfoi’dmg\{&ebbﬂﬁvmusndeed enrich for col ony
formati on when we enrich for EP- CAM positive-cells.

o0, 25 bR P SRTb Bt OSSP rsions
follc‘fwmg OPiiPPef eI FRkibn ARl 288 Pefeoll Aekdifybradieh ceftrifiggatidalg000 live
cells/well are plated onto STO feeder layers, maintained in hormonally-defined medium, and
scored for colony formation after a 2-week incubation. To further support our contention that
EP-CAM immunoreactivity corresponds to stem/progenitor cell presence, we rationalize that
if we increase the population of EP-CAM cells, we should increase the number of colony-
formers in that population. Towards this goal, we enrich by immunoselection for these cells
and include them in our assay. As shown in Figures 7 and 8, we enrich for EP-CAM positive
cells 40-fold (0.59% of the starting population is EP-CAM positive, but after

immunoselection, 24.7% of the population is positive for this marker).
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Fraction Total Average Well Well Well Well Well Wel
Colonies Colonies/ W1 2 3456 ell OptiPrepTM9 1.5
wa2@48026@ 2 fraction EP-CAM + 43 7.2 7 7 11 BCT/E5SH03/022220
enrich Percoll Pellet 1 0.2 001000 Percoll 20
33312275 Supernatant [0060] To ensure that
[0059TheTsble Qlshowe thatiwe sklcbd emah foi oglbry feinbiion whed wegnrich for EP-

dilutions, are erfor on EP- CAM iti hed
CA%@@%I%V%«% pdcitiom fnde ﬁ%g figgionairdirds opd fredqolipgermate both
t t
Contél”ln I C |ve O?Cégispglrlﬁt %ﬂ-}éllgfé Hgtt{ggir‘}gﬁi %&%&u\/s\h' ch
Thbl%?CtS with biliary ceIIs As shown in Figures 9 and
16" the presence of both of these types of cells in a
single colony is supporting evidence for the
Fractibnpot ent Tatalty of Aweragel | Vgeli Mgelt i Yéelk dMelatWell Well
col ony. Such b| ote alit S th opex atiopa
dofintti oo Pt? &é’ﬁ.tor ol 13 [0081] These®
data clearly |nd|caém that t he novel OptiPrepT™M
fractionati on nethod of the present invention
Optipegmat esgl i ve fromdead cellfs whigle rgtai npng V2 abl @
hepatic stenfprogenitor cells in the live fraction.
fracion contrast, the standard nethod in the field, of
centrlfugatlon through a Percoll density gradlent
EP-@AM Udes #Bese cel | €% rom thd pel Ifet. Wil el 2thebe arke
difications in the conditions under which Percol
nsity gradients are run, all of these nodifications
i nvol ort centrjfygation {inmes, (mutes) andyl ow
Percgc{flft’é‘?'tei (go 70, 88b>?J T obj%ect i thb “'Wo
conventional met hod pears tp be _enrighment for
cﬁrger si Z¥, nature3%€7 WO 20 4/069766% 2 7 5
SupBfrHt4i§2003/ 022220  vi abl e hepatocytes. Since the
PercoII pellet is used for all subsequent experinents
(the supernate is discarded), the field has been
consistently using cell preparations depleted of such

ﬁol iferative stenm progenitor cells. Qur. novel
[0068] | ITorrystredhat thgsn cglopiea g frore a singleeelly fimatingdi} %?Ht §re

perf? ergdggnﬁfj—c%%ogﬂ%e A55HRB%S ah&dreitd Codtithind&h a9EMUBEELT cell are

immunostained with antibody to human albumin, indicative of a parunchymal cell, and

enri

CK 19, which reacts with biliary cells. As shown in Figures 9 and 10, the presence of both of
these types of cells in a single colony is supporting evidence for the bi-potentiality of the cell
giving rise to that colony. Such bipotentiality is the operational definition of a

stém/progenitor cell. -

[0061] These data clearly indicate that the novel OptiPrep™ fractionation method of the
present invention separates live from dead cells while retaining viable hepatic
stem/progenitor cells in the live fraction. In contrast, the standard method in the field, of
centrifugation through a Percoll density gradient, excludes these cells from the pellet. While
there are modifications in the conditions under which Percoll density gradients are run, all of
these modifications involve short centrifugation times (minutes) and low g-force (50, 70, 88 x

g). The object of the conventional method appears to be enrichment for larger size, mature,
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particularly true in the area of cell transplantation,
where it is deened crucial to have transplanted cells
wowaoh/ood1es hi ghest proliferative capacity, so aBCT/OSivave22220

the greatest probability of reconstituting |iver
function. [0062] hnrununoenrichnment (inununosel ection)

viabld BepaRicSteY. SiiRe MRAPScAI pdRf isaRed rall sieRyhdal experidfents (the
hepati C stem progenitor cells of the present

superpafe éndisesndedishe Selsihs basn amsigicatly veipg cﬁbpltepéra%lﬁ depleted of

ul..fo
such BRI Herh Ul Ul TBAKGE R (RHTAGR HRIERRAY chne the

types@Fflekpdrimangpafanddomdshades gaferated, fte fietier advanne the field. This is
Pr ocedures. for g ar ation of t

e sy
pertic{ash BieUBAH T5R OLehl SRR o e SEIF P
transp {89 cel Wil ﬁ's% gl%gf ﬁ@llf@&ﬂ%%hﬁa&?%s t8hhvdhb Breatest probability

ronmat ogr ap panni ng",wth anti body attached
ofredousmuﬁnghderrfanwtiom, e.g., plate, or other convenient

techni que. Techni ques providing accurate separation
[0062]n chmﬂandelnno]nmsme(nmaummlevmﬁds vetdly sy meang, of whildAng an

o PGS P S GT Ehi fpd iod
are lui% Qﬁ‘faﬂ sisahi ﬁ)‘%ﬁd&ﬂ%ﬁﬁ@ﬁﬁﬁf g GMFRhEmbraAPHIERES e.g., receptors)

anne s, etc is al so EOSSIb|e to dep Iete
assoanatmwmh(pads:lularpolﬂ) ml@agemyi/mrséaﬁesh diffezgtiationy r%}ﬁwquwﬁor

qeparﬁﬁ%{ag@?g{sglgjgetns‘gg ]E/ﬁgorétfnftcpr\éggs Jn?lg 11?3 Irhghgegﬂgérnte{@ E‘eptaﬁatlon using
anubbay 86 até‘&ﬂlb%{héﬂfé bRady,) ARty @hrodttdo graptng knd Epanning P esth antlbody
i ncludin | e duct cells endot helial cell

attachettio é@at(lmag f elateg ey 9thgr congenipt ANIIYP i%hélﬁfales providing
accuTa¥€Pelp§1g:a¥18§ Tacl tjlluoéé‘ﬁéa Sh@PRed MiERARI whidBah %ﬁfléﬁﬁ‘yﬂm g

are to contaln sone residual
degré&s|df %ofﬁ]rhﬁmatlhﬁg efjd p:lufamty @fmoldrrchmhmlw e buegliy almdmbtll$€\/hﬁht
cell preparations. of the @1 i nvention, the

scattFppBAGiegingshapnels, dmpsdsp ?a?&%l I uI ar al bumi n and

LA e

cellscb%l tﬂl Fﬁn‘i Pﬁrreﬁﬁ 34, Q(‘idlﬁ&hc‘tot lﬁﬁﬁto@!ﬁe:@ﬁ{d th@% ﬂhﬁt‘éém‘ce pro genitors, the

umn the majority stain for th
11ver81¢hfamsea nantez of éidﬂiﬁonal el typak degleding Bderden calis, p@(@ﬁheh@hcells

tlSSl]g %C? UL Mu@%fg ﬁﬁg é@g{é&)ﬁﬁ? g.glg 3@‘%@10 Cgtr?% (93? aAn e?lfsm

Gl?cﬂf f&’s‘é@ 190rs e/ 4156 Rkdly B Q8RA1h k6hE resldﬁﬁplblbaﬂlbells from the
prepLu‘eﬂS ﬁer s regl dent in' yt he adult |iver that wou

circliatiaax ﬂneﬁtee/uiahl@hmm byer c@jbpgp,amlpgsa@f tige DPYeyEHS %@fl% tﬂle majority

of c%%oei}];)ger# ]ﬁjgrgﬁél V\'Igaillg s %{e tHéI% cﬁg ﬁ%at&&t@s ok utteﬁﬁ"pro genitor cells

that gaxagl% s Q18 E(ﬂ@s pafoyléd) &ﬂ@ﬂg @1@95165111[?@5/61]520@8 ;pff@a@ﬁﬁns that do not

etlon of CD45-posjtiv s fr
expr@ssﬂntrgcﬂl@fpg,a,lhumg,rth@ gl,a;cgltbptam«,f@r gyee,g Age marker &BiS the Leukocyte

Common Antigen, an antigen known to be present on most or all cells of the lymphocyte,

monodyte/macrophages, and granulocyte lineages, and on erythroid progenitors. Important
sets of cells resident in'the adult liver that would be expected to express CD45 include T-
lymphocytes, Kupffer cells (which constitute about 80% of the body’s tissue macrophages),

and perhaps some granulocytes.
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i nvention could be achieved by i munodepl eti on net hods
known to those skilled in the art. For exanple,

woreeeobors@al anti body specific for CD45 can be pOUPh®md3/022220
to magnetic m crospheres. The m crospheres are then
contacted to the viable human liver cells. The

[0064@%5%%_’&{ &f VB4 bélﬁv@éﬁlstﬁw@met@ammumnmmbm @Bthapﬂasent
can be renoved the application of a nagnet

invenion |cqu1d<b¢@chly§@cb eplefign mefhodg kpewt feoogstskilled in the art.

For e% 811(%] Pkﬂ%lyt %@ﬁ(agi;?géégjccag%ﬁ%ﬁﬂe@ltd %aﬁﬁéﬁ@

m1crd§)hﬁ€§ I’IlenEibﬁfspheSésr zﬁb ﬂ&nﬁﬁntaaed 5(14129/1% mirsarhliver cells. The
dbach, Germany). the M Ite stem

CD4jpesitmeeslls a5 léou(ylgi, tp ,ﬂkeerglcrqqgh%rsﬁ ﬁe%p‘{q(ﬁﬁgr the application of
a ma@%%gw ?E@%l(ﬁgalﬁe GUhE Ge \}ﬁ&f(ﬂl (ﬁ%ﬁl‘ﬁ M&M‘éﬁ&ﬁvaﬂable

reno -pOSI ive cells.
comrhisichai]y thivins Miltergy Biatad @vVitlteaysBiotes, GtabHJ Bagh‘lch—Ebert—S traBe 68, D-

1o B B Sl RS RSl B i

in coﬁﬁl}nl:tlcﬁpmih atnh@ﬁeﬁ& é&uﬁ]ﬁt(ﬂﬂ DGevRSaoh hathb lAlMMAO)‘S érf(ﬁthACS)
I's fromthe Iiver aration that are capabl e of
to bimt sralciemene C@ﬂ-}g:sdwnawe f L%mg: fhrse)r@ﬁ‘élléfﬁleefoﬁYa‘iemSoﬁéeﬁsh at

f t | |
appr@%%g{?gég(? t ?Q&ﬁg o%it XY gfléé Fb;é églﬁgg% a?l%&@?caﬂ&ﬁd?ﬂepleﬁon
The CD4§%%FI&’:JdT&ﬁ p@?dllatim al@@ dataﬁﬂ&séht&ﬂiblaﬂ of épadetls fioncthe liver

mor phol ogy. By contrast, the netically_ sor
prepTBY: {hepu aepaie of %Weh&@antfapé B 1 PuBHE UG QPH@gPlFS that favor
pafat: ) d
epit DD G ARG o o PRy of IR LR Tl SR to ollpecnoonte
dishddia serfii- ﬁb@hﬁgmm’; fand sorae displag fmeﬂ)‘@maltlc amrplsqlogso @Bﬂsqon‘u ast, the

mag@%fgg{],y gcp%;]q%c(lélggﬁa lﬁoEnH‘étllq?f ?el‘ngcgve aclﬁ? i,\g% é:rﬁﬁ gfeé)alyatlox of the

preseﬂﬁ ﬁ\}e géﬁ{mﬂpﬁﬁﬁ gde%ﬁa'tﬂonﬂ% lfé\ﬁ'i:élmﬁat drath exBdipplay than

surface marker CD3 can be used
moqﬂmlmgmf\lbfeirpdtrymﬂymaj/c@ks Simlarly, an antibody to the
cell surface marker CD14 can be used to renove cells
[00661 Ofter nmodphaﬂgaaﬁm]hmmé»elsalneta@ ecadily hy these gkifpd gy the art to
l]s. 0066 nveni e e. ant
specifealy debioip A GURBEIoH GF I PP CE ot arpnniey it adiody to the cel
surfa%%%ﬁﬁéﬂ @03 c&@B@ﬁéeﬁ't@réxﬁ?&veCp Rtites Simahdglen aatibodyrte the cell
Imted t magneti ¢ bea which allow for
smfmermkels@pm e omused) |t<brdmpve\m11$:ﬁf the megEPPhege/ mARRGYisclineage such
K?H'Pg ratk;on by binding to avidin or streptavidin
as to a support; fl uorochrorres whi ch can be

[OO({@ W t h ! ltlggrﬁ%ff g; ggty Vs}:ﬂie%qn%ghjluﬁ%% bdthr toAMlitate cell

I'S not

sepa&'@dcfn' 'Mﬂ%ﬁhls or dohﬁlgat\iérﬁﬁllclddbyowﬁretﬂw liaget $o: nfla(gﬁieﬁc} beads, which
|'s of the present invention may be preserved

allovyrfyb@r@g 8epagati ognbllgyn,a\ﬁlg,lcb pllows{ps pgﬂlreg’rr sygglag% Q{“\ég\% to avidin
or stg%g %\g attachgad]Ctg ) séppdrts YRR onis! whlcAat!6S GEddRith a fluorescence

are
activated cell sorter. Any technique may be employed which is not unduly detrimental to the

viability of the cells.

[0067] Cells of the present invention may be preserved by cryopreservation by any of

several cryopreservation methods. Typically, isolated cells (as described above) are diluted
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19 WO 2004/ 009766 PCT/ US2003/ 022220 to a desired
concentration in an agueous m xture of Hypot hernosol TM
w@ Bioalood7e6 Sol uti ons, NY) and subjected to conpeDUS®d3/022220

freezing to a desired storage tenperature. Frozen
cells of the present invention may be stored in

to a debiggd €bndEitr@arin ad aqueok INGILENAH yhYthHekm ol S Biblif ISblutions, NY)
PRESENT | NVENTI ON [.0068] Once liver cell po IatioHs,

and sphjepigd theomHEplsd fcesng g ‘b%%fé& stogpgedanpaatugsy pl%ﬂéen cells of the

I | : i d and cryopreserved,
presetBLﬁﬁfgﬁﬁon ﬁlﬁ}\é HOLLRY i ﬁ%u@?ﬂ#rﬁéeﬁ yop

ey are characterize ow cytonetry utilizing

4.2, CehN GNALCIT'TD@?@E%L? ORTHIOPNESARE! n\mﬁ@mhes and

fl'uorochrone-conjugated secondary anti es to
uapt i I )\ " i 1]

0068 Db ) oY, B P oot of e s
inver@nCess isalabat dnelreyy@pfreserved) thep a@rolataotexizadbefiop eytonetry utilizing

[ 0069] For_ exanple, hepatic stenlprogenitor cells of
cell-gpeeifigracnasionahradolycionatagiibgdies and Puorbciomerconyeafsd pegpndary

it Q5. PR MARTRMKE fRHLRAMY 88 tHe@ rved

ant1bgglﬁagﬁ&%%n%& iaﬁpiéégperhs cg%] ugatoe’d to -_fll uorgscei nryoprese
cellsiisassbised yansst ebatteryTd) in (vBer atdip visocsndpiints. Control cel |'s

are treated with nouse 1gG -FITC alone. The sanpl es
[0068] e Fanadaymde hepativgstemy pEReefitrCetls ofthe pyasentenveptioCmaly thereacted

on icg g NIPL RopmRoRselnb L helgiie SrifbodRE S FFRRERicam
antigdRYR&; u%rﬁ‘&i ©Iokkeif §ddtiSiocyAh e QST B (B erd ek i, TR LControl cells are

aroun he various cell popul ations using the forward
treatbd with newwse {e@ -FIEIC)lone . The sampiesare agalyzebysing g EPICS C flow

ar anmet I St ogr ; t [ hdd vel
evtofBleEFalen PAGYREE A IF) ARG RfBlep BP0 s Wi e
fluoREERES PAif alifuslet 48 excludedSIP BT he womitdlveliet Whadovemre edtibiished
nmeasures both m crosomal cyt ochro_nﬁ P- 450 Eﬁ)end%nt er (SS
arouph theevarions pelbporykaLioss Weng theor [1gh Seplier 4F}P) Vs. side scatter (SS)
oo SRR 9 BRSS! R SEREAE LR i detemine.
| rtant f s ' i i L ur.e)::
e
mictogdrh&l cytdehtdniey/P-H60 dﬁpﬂfndbrwtq,haseeﬁoﬁidmbn as stellak icetlplahﬂl;lase I
maintain a mature hepatocyte phenotype;, and engraft
00111llﬁ%t@ntfﬁ@tﬂopﬁﬁé%fe%ﬁ?%tﬁfﬁﬁ?g{hﬁ@glg‘ﬂ a%]l%y Pd?olngﬁg?@” nia to urea (an
i oGt Idd AT ' RidvSofensigy er e
1mp@%ﬁggﬁﬁ§33#%¢%§@1 de ?%@rﬁ%%gdrg\égﬁri ngept he ani mal s
0 ' ' a t : cel R haintai
0]y S35} S PSP AE! SALILIRG (5% i AR
matufe Glepatacyte phenotypeymidodngrafeintathe divhr paférehymcr ocarri ers
[OO’Zaﬂr] et’]?hl;bf;i?qu'en&é';sgﬁﬁim Eglﬁg%%tgieﬂflrea; L;N;ne'a] : Cgt\:llio}n)éd immune
ewingGneaii ze , cer @I SCRerec
deﬁgig&%{ g;ggé%ggﬁ]@%%gmg srf}/oen? }'e?gctifnrg ?hrg ttrar:}gplggtreh 8{%%8'(:&:11& In one study,

cells are thawed and incubated, in vitro with microcarriers to which they attach. The

microcarriers are subsequently injected into the peritoneal cavity of the mice. One week
later, the microcarrier cell conglomerates are harvested from the peritoneal cavity, sectioned

and stained for light microscopy. Electron microscopy is also performed.
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and stained for light mcroscopy. Electron m croscopy
is also perfornmed. 20 WD 2004/ 009766 PCT/ US2003/ 022220
wQ 0@iBY97b60 Fi gure 11, a photom crograph of hunaem/US2003/022220
hepat ocytes on mcrocarrier beads in NOD SCID mice,
one can clearly see hepatocytes attached to the
[0073] CROGiirki18! & phd¥einterdfreph of hdnihdepatougkeebn andotarigebeads in -
amount of clear cytoplasm The right arrow indicat el% a .
NODnb QLR méeg; ene caeglparlycse ﬂlép%%}it%élﬁﬁa}edrt? Grermigroeapigs. Note their
tor l i ' . -
roun R fiFlk : arh LY ot Splishl SR AR aoh IS 2 binucteated
cell. Biedlsoa tHfas higittsara hpdtatromioetigrlikely todledibraitlasts, [fmme the peritoneal

.. power tq visualize a large island of hepatocytes that
linings gf, e prrapf Pe&Cul ari zed by the host as evi denced by
red blood cells., Particul arly_ notewort s

t he t he
[0074)p pBiearr 1 2ovhgamsiaRhoapictaeraphdalss|af 8 IqWRr@oRist tsvigralizy giree
islan@of H&?A‘[’chfge)é Y g@e Sdcbhel4s@NarREd 8 ki%AldsPRs dvildinckdby the red

readily obs

erved In cross sections of [liver tissue.
blood B€1185 [PaRiduttehyceiewathyt i ¢herpppareitorgeranatipnoyd élrd ecdls ligfe icpxds or
of .the present invention can,indeed. ture.into .
roweiRE PP BE B & AN Lot R e 5 R BB By he ssegons of
liverRicQ)e ded in Figure 13, denonstrating the positive
stalning for glycogen in their cytoplasm Again, note

[007f E 8 ;g?ﬁ%{eecﬂﬁt th® heRfic ZRhl/prd g&iitor Bet1ca th§1)1i’e@én@ i@atlén can indeed

the el ectron mcroscopic |evel, one can_
matulé StehepaiavyRisgud erelekprdssing amegbere pbgradype iapiayddrddnFegure 13,

this.mcrocarrier. .The black b [: anqund
dem S B BB S B ARt i Ay AU D appren
orgathiB@fiorPéEBe SEMIBtoSdoFdiCt ures, microvilli, indicative of
biliary canaliculi, another mature hepatocyte marker.

[0076P0 AflhTo6otionaniRRQESTE tevel) babéh dikweynin Figheddrthsee hepatocytes

and 16 denonstrate engraftnment of the cryopyeserved
attachedrtmnthisi ipisrocewiars The blagk bpy cimvn pisven thedhieriaegDetgen two

. livers o j ' i

L S R
canalitGlg.anbther Matur©lspatdcye padkat s after transpl antati on,

ani mal s are. eut hani zed and the presence of hunan
[0077%! IThed®b phoionaerobiaphstmivinlin Fydurésdi Szatdi dndensinsigatBisgraftment of

probes for human centroneres as. wel| as anal.ysi
the ryoRTaRsTTRIFENgadEter eellartd sheprpsepEinyRtionBio fﬁf?f}gﬁ*‘&_ﬁ oz scD
micé' tﬁis%ﬂ{d Y1 WifioRl e defls adlihidctRy Riid HeZPldeRlof thehli€e. At
portal "verhs ang hepati c sinusolds. They have not yet
varipastiaadpbinarafiet trensphmtitioay ansials erd.eutlmnided ahé geetpresence of human

par enchyma,  however... [ 0078 0 da st _transpl ant
ool RPN AT i o TN APrP e e RGP s well o
PCI@éﬂalysis. At two hours post transplant (Figure 15), human celis are clearly visible by in
situ hybridization in the portal veins and hepatic sinusoids. They have not yet passed from

the vascular space into the hepatic parenchyma, however.

[0078] At 40 days post transplant (Figure 16), human cells not only remain in the liver, but
have engrafted into the hepatic cell plate becoming fully integrated into the hepatic
parenchyma.
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have engrafted into the hepatic cell plate becom ng
fully integrated into the hepatic parenchyma. 21 WO
wQe@N08y66 PCT/ US2003/ 022220 4.3. LI VER CELRCT/US2003/022220
TRANSPLANTATI ON [ 0079] The target popul ation for
treatment with cells of and by the nethod of the
4.3.pr €§¥BR CEDL dRANSPBANTATIONat ory patients with
cirrhosis and end-stage |iver disease (ESLD) caused

- [0079y arheaniget popatatioa EoaraumEatiitindesls BAMR] By thiefnfethod of the present
expectancy w thout l|iver transplant of greater than

invegfign s AHYeRY Rabsals itk imhesisandcad-stage ligpiofiscaserfYLD) caused
by a%)léﬁ@tygﬁ{f*ri@cﬁlts.s AYfts ﬂﬁ%rh 178 ré§]})éi@in?§l wibut ]F\}e‘? ﬁ@ﬂﬁ)nént 8PgRater than

wal ti'ng list for orthotopic Tiver’trans nt at
six rhonths butt lemhem ot yetarso T hefefane, msitsach paimrm;rhewe bam considered for

placElih L1 PG Lt ¥ R bt g5 Gesp BaloHoR 8- ifehoaplagion of an

tadtldshér & tl*h%% R HabPex feABALA
111‘aenceph 1%%‘119 E?p |en egt [ gﬁ% glfrlldgag? E(e# H%?%%dngpr%catl?rtls 9f their

diseaget mmhpia dornImat fleiddascieg)chleqsling, eonisinn (hepatit ewpgalvm’ahy)

|on her ejectia
infeptfOFH A5 SHRERSDRGEY 1 BBY eyl i e B 380 e eiven
1mniuh@%&pﬂ)r%§1ii@1 ‘dh@ﬂtp?fto pievas trejbtioarof trahkiBarddlivéfcellfl @s would be the
ected therapy is to delay or obviate the need of

caseafo ansplantafion Off ﬂlﬁﬁ@ pivars; The goaled, @@q:plﬁwwdttmrﬁmatsﬂ@ felay or
obv%%[ tlhg Bgaiq o &Q §1fv81%K ue}ﬂsbl\éﬁ% bogljg? 1K e 'fﬁglezgg% rfpf ?(?Qﬁop\)lvlcatlons of

liveaﬁsmsmmlmpnwamnt qualityi gfdifé.abor at ory and cl i ni cal
liver function assessnments as well as specific

[0089jarBdstlatd atel follow iprkesimassaskide rdigine flabiokeostuindicligical liver
the damaged liver to renove foxins, .net alfol i ze drilj%s .
funclig assrRs @t 9%WEH 8% BeRdic qpartade bipchepichl asteaunqnts the ability of

the g%:ﬁeg%cnl?lrvl‘ér @)Xrgﬁgtffﬁ)xﬁrg ng H!)ﬁge %td'ﬁdt E]ﬁtﬁxtaéﬂf@ rofdRk. Because

lver ce S eCI scans of e Sp een ar
trangarfted treet qells Bmcthaitd:@tot;mpmam otk theryenétdhepieenalicer cell specific

Ilfe atlono tr.ans ver c . . )
scarbiof e Pickate reForeref SFRGUEL P mpaniSh pidtabRen and profiferation of
trmlﬁﬂﬁﬁbci hﬁeﬂ&ll& h?rané&ﬂﬁkﬁéd %is't&eas@@@ﬁu@l&&'tﬁ%ﬁh@t%é ffic to the

whi ch can be neasured in the ood, are “nmoni tored as

donérgellhe lifh@aﬂ sabbéearttigensy Méllmhl dan ive emasmraqh ot thoblag(d, are monitored as
t || 0081 f dm ssi
R ) B BRSRAY pENBSHERR AR O S o5 on,
the cl ..Th . o
00T oY e B e e P SR LRy g patcnts are

seerPiasBé tidc @Z%smvmtgator | T HelestigadBEbialng askoinied Ehsent and begins
Patient's bl ood e nust be conpatible wth' donor

basqling gesesanens, ,mplgdjpg ABG blepd sing. \Ratiepids blood type must be compatible
with G GHOF Bl¥at i ﬂlnsohg\fﬁreld&nf\/ep gélgl'iﬁlsﬁf&ﬁ@tlgﬁll qﬂysc‘ géffm: hospital
I MuUnosuppressi on

reser
admisidrs immansduppreesot t:hetdibg is begun. Cryopreserved cells are shipped to the

hospital where they remain frozen until just before transplantation.

[0082] In the evening prior to cell transplantation, the patient enters the hospital. The
following morning, the patient is transferred to the invasive radiology suite where he/she
receives conscious sedation. A catheter is placed in the patient’s femoral artery (in the groin)

and advanced into the splenic artery. Donor liver cells are thawed, diluted and delivered
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hospital where they remain frozen until just before
transpl antation. [0082] In the evening prior to cel
wo cansm7ent ati on, the patient enters the hospipel/USIn®022220

following norning, the patient is transferred to the
I nvasi ve radiology suite where he/she receives

prefe2abily ﬁiromgx s eytiige drto th sphenfvetrtery c@hqiblae%(amnrﬁhtaﬁen time varies,
patient's fenoral arter [

depehing opidese ScBniee 5 AT o ke dhe pARGeERIRRGRR and the

saret

pat1eggﬁij Frenthod € hﬁ%ﬁ@o&?foy\fan%w £428.78Be patient is discharged from
US2003/ 022220 preferably thr ough a syringe into

the Hokysitad pighhheurapfiertie pacedE@r . Adnministration tine
varies, depending on dose, fromfive to approximat el y
[0083D ﬂﬁepm(be:ﬂe aifdhhep@ap h@néproggqx@@g@{/@gpsa}@gta@gg of Hg:t Qresspt invention

trans err kto hi
ey PSR RO BT Rl Bty i
flmcﬁQHzflshvélf &8s ihdMdiRg R Rs ahdOB8Rpatie patmdmy get-nﬂ@n dells (contained
hepatic stem progenitor_cell transplantation. of ﬁ@ﬁ the liver
withpr e gemplanhwedribsichpggaling) Bt %R?Y%I?ffaé% A Ipic U Fsre the

cells H}?ilid}/%]léqpa o%%;// ef Qn&}ﬁ nd ng%ﬁ%@ fibt ééll@faré/dlﬁubdeﬁ to implant

er ce epat ocyt es and/ or
witheRalréct shé,entpaoge mﬂvéxq*mmhyma @nab(nt thiegplgen, wind lgkpregs differentiated

transpl ant_ nedi um such as .sal LNt o _an_.ap [

iveraeiG cnSIOBBIREF EY RETCF BT DOERTE PRLH AR AG of e cels
¥ EOGRRIplAE d giffesent d

inclyg (F R gﬁﬁ%a}(mﬁsﬁﬂg/lo?ﬁ %ﬁtg s{éﬁ{?ﬁx‘olgﬁmgfr ?g%ﬁet ﬁgmtpe CSSC floter nt degrees

of 11tzélefuh¢t1tﬁf dqf&[eanxekrm barq:dfrmted bﬁgre;pb‘cg@ﬁnt of iy eréﬁglgpté%wnh the

cellgléééggsg%{sa@@ | I Ver nCt b gepdt X l){Pa% aH&I/'oPﬂ?}ﬁﬁg @Ee%?x‘ogemtor

Iver ce
celld ﬁ“d[l&s@ b BehnPRRBED ﬁwv@&r arﬁd{eaﬁngwremtdrmstcamﬂmmem dafects
so transplanted, different degrees

resuﬂmng:mu the a@@m:wreiwee@drfaw@@ of 3 5HEl SEVRY OF 8&16513@3% product.
S“"%élﬁeﬂﬁeg Enc{lﬁl(gn o&lexa 1te thte?ﬁaerﬁgdkxlﬁ Rlanfl LR RLARSsin deficiency.

tocytes and/or hepatic,
Othet G RELHRRE 1i06r tr@&lblcsmtls ﬂmrtseatﬁmaﬂttagemlsde hepaitise cirrhosis,

intreating liver disease caused tic def
mbwlfesmﬂora pignetabelism, apee hoe BHUEATE Veeg ! r}g @Pf’o")lsfugfctngmlcal

single en LhiliaRf @HHEds, AlSHOO slide@as efpha 1-
toxicrys ﬁ]a%mc 1¥g13faﬁﬁre {}[bﬂntg%'cﬁh ple ?ﬂ{ o dle rlr-‘]l asaf'éian i
antiaﬂypkraﬂaﬁtmehdsyg pﬁﬂonnﬂlaﬁe hepanu;/, biliagy hisesialicaecss eEthsfliver gystic disease

of tlhég\éggq, tfqr’trg/al}vgglrgeaﬁgg{sgrnfdhgﬂgmeg# bg?tv esg/]tnhr?cr)@%é g&}nH&ﬁ‘omatoms
hep%ﬁﬂg %;ﬁ’a%'hszah!er%értﬁs Cafuéhtyﬁhyﬂld ¥AMmatéabiingsholaitis Reye’s

chronic liver failure,
syrrzlhﬁh@ rsgnoordotnsstyrdmﬂermat,yypﬂ T glexdes stcmx@giqiqage &y dYigon s disease.

00r§i4 " 21} %rdg? {]otellgq;rémi nggr}%%gf) a? ﬁﬁ ¥}‘oc%c%r9' @tl&?ﬁ?ct i5 ké18ated to

Iver,” cys di sease
a%fp %r ﬁvéﬂ 2k mté teliwel pmehichysal aﬂ‘bﬁ@&bhmque @alad:rgjmphs]smg this, the
ert’'s syndrone, henochromatos; s, B’%ﬁ ﬁo dinates,
111JbIEmatsnb ussthlpaitmrpasplp@ns @er;g@pspg@ppg th,grs 1i1§, oeafion coordina

03! ncglt%orﬁ%h "Eb”r% etc{ 3 trar%%Ya%t thedium containing liver cells, including

the ¥3Y) ec{or isp
hepatocytes and/or and hepatic stem/pro genitor cells, into the spleen. The transferred cells
then migrate via the splenic vein into the liver parenchyma [See Gupta et al., Seminars in
Liver Disease 12, 321 (1992)]. In another technique, branches of the portal vein are imaged

by, for example, CAT scanning of the abdomen after, inj ection of a radioopaque contrast
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syndrone, sarcoidosis, tyrosineunia, type 1 glycogen
storage di sease, and Wl son's disease. [0054] In
wo@r@e04766 per f orm t he transpl antati on procedurBCT/E82003/022220
injection site is selected to transplant liver cells
into the liver parenchyma. In one techni que for
medi@ac ahp locitivmgodriiinates bfithe portpEatmches Setimgitbe $dperate lobes of the

patient's spleen. After conputation of th ee
liver fngy Shemdhs ssoicuimiest (e trangalgnt timdap o AoH8 gL aﬁmﬂ tfgs infuse a
spemﬁ@h@&tdloﬁe tﬂ'lﬁi@i adifs, RRA WREDLALALNSIdW v &ntieféd Sortal blood
I ncl udi ng epat ocyt es and/ or and hepatic
flow &trewglpthe gétwr tiver. cel |'s, into the spleen. The

transferred cells then m grate via the splenic vein

| [0085]ntAlttﬂnetﬂraly,drvepaarllsnmhm:tmg[l@ao@apﬂ, hiliary edlls, aréeri and hepatic
jver Di seﬁse 12,

stem)p&g@mt%(éells i) %nrggenéfnvteﬂtéo(lwplgp¥§ mé%ct%fa %‘rlggl%%%lé%fﬂy%nto the

liver F)Ql XU t8e s5H6Mic YeRM ipB&alGfeid, B baldame Liaék @psule.
éction of a radloopaque contrast 23 WD 2004/ 009766

[oosﬁCT éx&{%@%’e@%a@@padnﬁﬁﬂteﬁﬂg tHER11k BE Al ippdscpiOay ditidate sutgécts,
he portal branches feeding the separate |obes of the
pal“c1¢ularé5r huragn subgeetso ereudssctited i dpteid herehe includirpingastioptingantation
por t

oo BB AP IE B R P D PR o

dellvﬁlg/fﬂévméﬁﬂm@@ fdcaltatel ﬁﬁ@duétioﬁ\hytlhjeemgfbﬂlh@lﬂim&h dfithwatells into the
85] Alternatively,. liver cells, i ncI udj n

subj d@@p b ylebwery Brviresripcluds fubes, £i5a/cgmheisr Wéﬁ?&?‘i“bg cells and fluids
into ﬁxt 8% g gérb ﬁ191¥t sﬁlg) glsts Tn Q%{%t@ﬁecpélﬁﬁ ehtnﬁl%%ﬁe% R J8%Y¥ndB have a

Intot frver pulp,
needIehé 2y gfsyhhge, sipoagh whichitie G:Hﬂo pbiteahy amauon cambe indnoduted into the

the | | 0086]. S .hod
sublgi HEH 107 Phe B C THURRERBRLS PP EHOf gels of the
mveﬁ‘tﬂm dc%%itb% 1n%e|9@5 Gt Sha a{ &'el%%vfdébé g8 Cﬁ%yn@gfeenﬁ(ﬁﬁ@fehbﬁﬂms For

erein, 1ncluding iInj ectton or I mpl ant ati on
exanqﬂe tthecelisldas bie rsuspen@dgata sgluties of Ambérsled b senpert 1B#iIiK féhen

con 5 o Y S s B30 AU g

phartE&RhRP aQlepiabRI Afica bt 8Tluddt irl WRich ﬁid &llk Bt fhetﬂ‘n&ntlon remain
subj ects. Such delivery devices_include tubes,

viableatHhetreacsptisadly dcegrsaie wgn@ré jand dilpents mgluds saling; %ﬂlte%%s buffer

od )
e e
known th the@rts YheR@Bitioh fiﬁ}ﬁd@l’ﬂhl\flsteﬂiﬂetah& finel fogheéxtetahat easy
i nvention can be introduced.int

th bj
syringebility gxissc Rrefemblyrhe spiuign 1&Cséq‘tﬁgun ehth oy Jpﬁ]gloH%ng%ufacture
and §’t‘6§ag g %?ég%ntv% agﬂhgt %hcfo{on{a%nat VALK 8PmE@Bor@Enisms such as

ivery V|ce e.g., a syringe,
bactéria gid ﬁmgeuhtoxfodmhmselaﬂ for emmme,qqarabhm, chlot@uteeml kpéenol ascorbic

TN N a—
Vlabllji ¢ehJBSh& 1fver Eélfé s AEePribe@hétbindn a phRfhdtdecally acceptable carrier or

armaceutically acceptable carrier or diluen
dlluwmauﬂ asirequirsd) ethef ingtediantscanmietnted ahewe.followed by ﬁltered

sterilization.

[0087] Support matrices in \;VhiCh the viable, functional cells can be incorporated or

embedded include matiices which are recipient-compatible and which degrade into products



vi abl e. Pharmaceutically acceptable carriers and
di luents include saline, aqueous buffer solutions,
waedeod7s6 and/ or di spersion nedi a. The use of BOTNS2003/022220
carriers and diluents is well known in the art. The
solution is preferably sterile and fluid to the extent
that drdvadt lmasful ts theiragpient. iNatuekarslor. syﬁlheﬁ@biﬂ)kibgradabﬂmmatrices are

ution is sta er, th d't' f act
examgis o O AT R T B PO e AR e e R iy & £
denv@@ Ho%ﬁ%nﬂﬁ rz@ﬁrc%ﬁ%e'ﬁ'}ﬁatﬁé’é'sh S@lﬁtheﬁé‘ﬁfoﬁéglﬁdﬁﬂéjmfaﬁﬂ:gé include

ou the use of or exanpl &, parabens,
synth@hb pnkykm’tsamh as pblyadiydrides pohyorhoestsirsl and ppkviactie agid. Qileer

I|k Sol t i ons vention. can
exa.mglga caQq }(IIBel S\?ng}eg'l %'F SE g’tcf’%)ﬁ]é Ltllllg .0f 31?1%8 e4 ﬁg gélﬁ into these
matrﬁessgl%kh@ann@ﬂ@la@t iJeed.gRNAsMPaENb] £299 wm&psabateNo 5,308,701.
carrier or diluent and as reqU|red ot her

Thest mptcts @ravsdespnert ae¢aroiassoe forfihe hmllw yq sk agg therefore, the
prefe&rieg tf?rlgla 1Zn? ‘%ﬂ%lg the[l e§ le ssélﬂ@ RRLY é.@lﬁfoctﬁé récg)t é@g sﬁ@ edibl®

i'ona Is can e i nNco

44'?e  8&§ﬂHhu a@?qﬁ%éggggmﬁﬁﬁﬁﬁgﬁgrade into products
oosgf, AR SRB D, TN IARE SRR s iR oo

physki @ peate ol bedase ffthe uﬁxﬁm@toasatmﬁ sasiginedrpdneiexpression of
Nat ur al blod%%radable matrices include plasma ¢lots

the terggt. gene.dbivey eell PQR)M’C@HMH%FS thasscPTdhe P@@f‘éﬁ griorb diuding the
i
stem?)‘?%&ﬁ%)fs g%%tﬁ&gggepol e %ﬁaﬁs f’(ﬁ&ﬁgtﬁ éf?ﬂg?%h‘c Qprdomlsmg

cell prpuydtidatin evhadi td ob@ihard mammllrpbﬁswﬂf g@lﬁl’w(p%slcn p'ﬁl!lfyg\megf,herapy

o fthg%g%s gritlgﬁgglﬁliogj;lél | oglg grrl l%ﬂ ati n%, ﬁ bg a%lpVe‘g@gm@e ng allbg@genous gene
into ﬁétcellé\'gnd farfs gﬁngﬁ)gt}ﬁ@ceﬂs $hto A& patiblt. TgRABtaf&El disorlaasdre

rices provide support and protectlon for the Liver
d1sease$ tesuliting Wiowothariokbalits of thearatitwisdjver kells topegnstly sepkigppmportant

i.n whjch.the l.iv cells are intro
protsiBigh ahihedysybELDL Treepto PRI Rl dholding fpotors n
h@mbﬁmﬁyTION [0088] Gene therapy clinical trial results

have in general been disappointing for both

[00sB ek ity TeaSEBe 1t T e S En e ey B s inigpratipp,f foreign

genés 3h Rkar @R Mehost IR fof GfTekerR QRIS tRO frabRite B @BstidT@sRe 6élls to
he present invention, including the steniprogenitor

prollfedatesn videx alise. 1&11ar111¢uéar]ry Tenblemsiiy éor @ktsléilﬁ‘éﬁl to HISEH CEPENaNS genes in
llve1 ! eﬁ%ghla arﬁ;%r}ﬁpgt Iﬁ)ﬂg% (ilocx(leclstlun ﬁgxgg lﬁe g ger J:eé]lsd’igl'sﬁﬂ,rjg Qitro, or, at
bestglﬂ{& A0Y2 di0fsidnd ERBEDHS denie MaasTer Sikdies wereperformed using
hepamées' Freled fiven DETamsbERME N REMA R PR " Ree WELT e widely used
as at Mhithat B dBAkL Bhitial 1R PetBbleb@f Héhiath BRMIRY. SLiRE their human
counterparts, the Watanabe rabbit cells contain a genetic deficiency in low density lipoprotein
(LDL) receptor, leading to high 1evéls of cholesterol in the circulation and increased
incidence of premature coronary artery disease (Wilson et al., 1990, Proceedings of the
National Academy of Sciences USA 87:8437). Rabbit hepatocytes were infected with

recombinant viruses carrying a functional LDL receptor gene, and shown to cause a
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di seases resulting fromthe inability of the patient's
liver cells to properly nake an i nportant protein,
W@ e@h/08s6¢ he m ssing LDL receptors in PCT/US2003/022220

hyper chol esterol em a and clotting factors in
henmophi | ia. [0089] A major inpedinent in the current

: temmtdrylmtehotaﬂoﬁoﬁhﬁ)@hpltlabiaen :tllnst mfeﬁcgill@'rdeﬁéleﬁmblbig;”following

es.in_eu oti C st cells o i fferent organ IS

fransgf?@t%twab i lﬁpyfléﬁdﬁ%ﬂéﬁ cofceesR LRl e%ﬁhF%fto %BWBarHYfCéP p éurther

augnhéhté’d e %e-ﬁla!& itSreR@0h LEMERS th¥re VN BERLAtfon{iRb a pogulatlon of
attenpts To insert exogenous genes in Iver cel

recipgém cellsymthicheis lvepel ocfubstantil nell divicer. @mw@hﬁdimtabc sten/progenitor

on in

cetisiefhp ket gnlideirg Rierafin G tope Aty i Toulet i riods in the

systd® HEQREBBA h&Sin) ih wa@H @lﬂ%&rﬁﬁgﬁﬁ%eﬂ% Qfb do- QI iR BRbryonic
heritabl e hy idemic rab whi ch are widely

stromalaglls,ghesg @eg mpm e idsalbtanfligiatep asrrqc;p;q:nts for the introduction of
erch Iest |emia in humans. Like their human
exoggéﬁﬁ%e u%ﬁe Wat anabe rabbit cells contain a
genetic defl Ci ency in low density lipoprotein (LDL)
[OO9|0§ec dpvaoicty bEiatibmgertoss off @htab@wm greshuseh by eshtesitesl gannti¢ @eficiency

in 11%66 Ipsﬁ%agpeg{g ggg%e%%& gygz eleI gg %ﬁa}i?t%n %@Wraéelﬁs of the present

inveli&i¢ €8Eing funefioral Copibidd ff 188 brr&E eleRRY [0bri T iheyiseseddtinvolves
87:8437). Rabbit hepat ocytes were infected with

isolation oV eraells ineludiag hepaticysiare DeogemitertceBn At themreseat iyengion from

patl%?#%ggg%g\gﬁg %%B:ﬁla? g%@fﬂa ijzlé r?o%c%ggﬁg%nes into these cells to

corréut [iey ganpiicl defeet byl’bohhﬁltgﬁll%dne aiah@feldleéhmﬂcglﬁs calfiriiation of stable

~following transplantation. beI eved that
integationand pression of Heddepie %IPPF gndtapnsplantagipp ﬂgfie cells into
the ﬂﬁﬁarq?rbtﬂfeq bfief S wAgRersdor f&Bﬁs!’ti%ﬁionC aﬂu@éiﬂ)'r@a\ﬂﬁ i{PMrBcularly
st eIn egratlonlntoapopu ation of " recipient

apploeblesin sithatiins vdherapsbgle gofie daibs fiarespaisibbefor thii dijegeomd the

nce t atic.stem.pr or. ells, of. the fimi
detegfBS et Hon DEeT B r Pap R b FlonEl ho Ve dt st Jmjtgg only to
thesla @&gzﬁﬁoﬁs' "[ﬁ a@@iﬁb@ &ﬁﬁéﬂé th&ifpy Bl REO1688E kbtieg HRphd n,

whi ch arenc cells are co-cultured with

stenénlt@vgymmr@ellso naresetéum\sentlom eyeying funstioma) spieesingasadlso be

oGBS T "SGR ELO R s

relaRNQESdi0éasePthabat hsehabletocBlsSeen bfthefﬂp@ﬁmdhﬁié b@lﬂe&é het 11m1ted to,
deficiency in liver cells. These di seases nay
the LDégﬁ@mthﬁep@ ah@mﬂaﬁthap@r@hpléﬁerpl%% tB%PlpfsfmgffaQtﬂregenes for factors
' Y. &
VIEGESCh ne AR, 805 g 8 i
hydtos@laat i gﬁm mfphbmyllee“tomﬁiaL me armitineltrmgclirbpayiase gene in
stenlp genl tor cells, of .the present i.nventi on
by PFATRAEE S P CERB IS AR POk, &?‘teﬁ R 310U PR A Eplement

deﬁ&%ﬁag;_er of functional genes’into these cells to

[0091] The liver is a center of production for many secretory proteins. It is anatomically
connected with the circulatory system in such a way that allows a efficient release of various
proteins into the bloodstream. Therefore, genes encoding proteins that have systemic effects

may be inserted into liver cells of the present invention as opposed to the specific cell types
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correct the genetic defect by conventional gene
transfer technol ogies, confirmation of stable
WO pa0agoErbé on and expression of the desired genrCT/US2003/022220
products, and transplantation of the cells into the
same or other patients' own livers for reconstitution.
that nbingalhypodaetthéms, qspedialbyuilf drik ;lifﬁmlt ﬂodﬁﬂagﬁtd' gEnsé Intethiegncells. For
V\/nlgre a. 2* ]g]I% ene def ect | nsi ble f t he
exanplE L ek A RqrEROnE GFHES OF SRecHIANTIRALY BUeh Mia e nTergd into Tiver
cell PETdh P8 iidfehMos fd}'iﬁ‘éjsecfé@i\éﬁ\b?fhelﬂ né Brodflts hﬂtmﬁe%culatlon
only to these conditions. In additionh to gene therapy
i.0 an autol ogous setting, hepatic sten progenl tor
(00523, fHr e thh‘élcﬁ Pé SerdfvsniiPBALYS ﬁelé%qfrtw PGS HYentieisolated by the
proc@@tﬂ%§d5§@ﬁb@d Gre ﬁsreﬁgsc‘fgégmrﬁ?es o tﬁﬁéf&ge%B@fnﬁents The cells

HLA- mat ched 1 n IVI dua target “genes an
" maytheegrown iretwdtveel ptionter dm@asa’ﬁertlﬂﬂmduanm affmnaxbpencus gene. In vitro

dlffeltr%@fagﬁﬁr é?)?ﬁgg r%%y léel l’fnlﬁllltf.l"ll%%fi |b|y g]}:le a d?tlor;lootf cg/{orlgr}eg 911 ett ?n’a:nner

similht Btk 88 ek ahRThRibitbREagb Pt HRthidpatdie rst&? b&Scfi@fes.
factors VIl and I X in henophilia, "'the al pha

10053 i BB G e EraE B e RRE o Hpresen

1nvehf1@ﬂ‘ %ﬁ? RACA BLASBaP B0 G anTerr YR ARAD RO B t@chlﬁ‘(ﬁﬂ:s including, but

| efrent protein genes in various forns
not kmmtpcﬂ mmncromj@mou; twarsfeslon Elml)@alisdfm@nl |hv eddltlsn, af thehiver cells
of pro ucto r scre ns,, It is ..
expi B 7 e B RBBERIO T EROEPEGTIRE BPyEeagSetdpierast may be
conjagabd & é’é@a\lo dlhedprétbinoind add&f tfolc@n@fa)tmaweme @hd ¥Rkrkaith (Wu et
roteins into the bl oodstream Therefore, genes

al., 194 oFriumenl o BicdpigaliGhemise 2665 {4338 )i Ehisproseduse iymgretgentle on the
e dinto liver cells of the present invention as

ram%&ﬁé%ég to the specific cell types 26 WO 2004/ 009766
PCT/U82003/022220 that normally produce them

[00943 p eldiegir¢fprred miethado{getd fransfar utidzésreeginant yensss, $uches

retrgvrl]r%g% C fadgnovﬁlil)lfs%% ?&r rerg%]%le?&%%{ﬁsﬁ% re{l%vgrl{s %?(greeﬁq%}/ectors, a

codi@g Isé@eﬁée tbebpligaedto iaRAbVIAR tf@Ecrigitnseasiefiéorocbn@bl complex,
their gene products into the circul ation. [0092] For

e.g-the 145 promose apdl tuippatifedeaser seaHende; bis hametic ganempay then be
1nse§é(?ﬁlel.rﬂ géh\é%ﬁhé BLholn gpz‘gqgtrmﬁr E8vo ﬁl’:&ﬁﬁﬂ&ﬁcﬁ? Jnsertion in 2

escCri bove~are u as reciprentsin
nondsssetﬂ&l sigiex@ahe nialtgenorhb €e.g. efdgmn Tbyr B3 v@ﬂlomlﬂ in a recombinant

virug, {gtgg:]vg : I@gL%apa])]ﬁd Hxé]r ssng(g,r tlhg fg}slge:ﬂgrp {u{t gtglu %clté)ﬂéwgefé réasgwe cells
(e.gC8d BogdiRY& Qﬁeﬂﬁ '19874 76k, Nt h@a@@‘éi US@USP§6W§G’§9 n%;tehﬁtlvely,

a manner simlar to the use of |leukema inhib
the Yagcingg virus hﬁﬁm@potmemap bs tisath Gt sec,uMackeﬁset al. ,01933} PreorNatl.

Acait i OB 5 R n SRR P Bt R b Bt o

198%’2’({?% 3117&&;]{; %Ic%@ TS 70UV RADB PNADS JafiEduilbr GistB%st are vectors based on
bovine papilloma virus which have the ability to replicate as extrachromosomal elements
(Sarver, et al., 1981, Mol. Cell. Biol. 1:486). Shortly after entry of this DNA into cells, the
plasmid replicates to about 100 to 200 copies per cell. Transcription of the inserted cDNA
does not require integration of the plasmid into the host's chromosome, thereby yielding a

high level of expression. These vectors can be used for stable expression by including a
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not limted to, mcroinjection, transfection and
transduction. In addition, if the liver cells express
w0 e@epowss for the asial ogl ycoprotein, plasm dBCT/US2003/022220
contai ning the genes of interest may be conjugated to
asi al ogl ycoprotein and added to cells to induce uptake
selectgisle encpled $13 tlmplééﬂﬁd educh a,.for dQhble, daiicdalen@f Alternatlvely, the
Bi. o] ogi cal Chem s}, 66:14338). This procedure is
renqwla{egeé]@mq can g m 1edf éé 185 a5 ve&g]r |c§pabﬂqjqug’qrod]qqg1g and directing the
o g, D Bl SO L b B LRIRIRLE Bention
(Com(&rMhlﬁgaNyH@M,Lﬂ%mng\I @bl fwaiti SaidI B4 3l 63496853 )e Eligr Isyel@xpression

nce ed t den Jrus
may 1S PR Pt PO AL S DS R B BHERct Dt to, e
metd]|RhISoRhe TN SlonAét dnfi AT shbdlEploRReeE. sequence. This
chineric gene may t then be inserted in the adenOV|rus

by in vitro Vi VO reco |nat|on ertlon

(00} For }ﬂs]ﬁetg%mlg%wwfiaﬁoah CtgR of feropinAt Broiinse t leggxpression is
prefél?&i Ofatfdr tH%T %%ﬂressfogxsk}él:trgﬁ Whih c&ﬁ&ﬂ%aﬂ@r‘?%lésn gf tepfcation,

is via and "capabl expressing t
v1ab|l~;‘r cﬁdmubnal rthentﬁféIst mdludingdrepatgssdeupragehiter ce{ls,. of the present invention

0 & She
can G A3gemaanst « APRAY sl DY e e perhrion el dempats (e
prorﬁét@f@hl@dfnc&ﬂ}fe néks e@anséﬁ‘pt&bn, tern%ﬁ@tors“@&'&@ddh;ﬁhoﬁl kites, etc.), and a
1982, Proc. Natl.  Acad. Sci. USA 79:7415-7419; _
selegiplelr @Wk@t Thie seleg_tg@l@ ngker\yn ithsi recombiggnt pésmid pepHeis aedistance to

the _%gecggg 2}“‘%1%‘20_[% e@s?cg %tra tf%fAFeatg ]Sgﬁg d 1g’r§$§he/1r c{lromosomes and

grovp &s REmdoci volvh hetupaedn tbeOd‘IBnedl andexpdided ihavell . For example,
ability to repllcate as_extrachromosonmal el enent s
foll({vgag\‘g]&mtrgqlu%on of faygign [NA, enggpgeredgivgr cells. ngrzgfé)e allowed to grow for

1-2 @1@% efidl 'Ei 544, %n@‘cthegl%és%eﬁ ! 95@8@& 8 mddie A number of

rep I cates to about copi es per
selectedﬂ sysférrmmﬁa,ybq)msed,rlnolfudmgé)ut natdimiéd to Diherpsesnplek virus

ire i rati dlnt the host's

oy RSN kb 19721 RGP g idiarEpie
t
T TR SR m‘%“&%%%%ﬁ%%ﬁ“fé‘% ARG Sl. USA
48:202%), mmmmor@@sﬁmmser@pww etuarh, 1980, peB2A18d7) genes.
f.or t he ne tern Y.
A1sg el ol e AR oh ob DS O thPER of LS R Bomters
resist@itRib tefotleRhite qUUSler) Gt alnoweo rreet. Nl Aked. Sei(ﬂm&swesm O'Hare,

' of any gene of interest in %atl c stem progenitor

et alp |98, I%IPC ] grcad el WhdhelSt 1158 ); gpesthichseauifrs regigipnce to
mycl%gﬁérohc L0 (l\h!ﬁfl%an @@eg%l 1984 PR A%g(f' %EP ?()%SsA 7 }5'09% neo, which

expressi o be achieved usi ng
conﬁr@m&ﬁn&; toithe hmmolgg/cohdt Gn©1t8 (I(]oltbett@d:ztr@pm,té’tal 1981 J. Mol. Biol.
A pronoter and heat

tall oth| 0 e hock pr S
150[ 58 LS TLrH NS J1 IR G GRATGFF: B 1064 Gene
30: 1455 88Rs NRBE Ry h&ifiShal S418RA1Ie BXRE 8RR ¥n d8scribed, namely trpB,

which allows cells to utilize indole in place of tryptophan; hisD, which allows cells to utilize

histinol in place of histidine (Hartman & Mulligan, 1988, Proc. Natl. Acad. Sci. USA

85:8047); and ODC (ornithine decarboxylase) which confers resistance to the ornithine
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preferred. Rather than using expression vectors which
contain viral origins of replication, viable,

wo mvaooe@l |iver cells, including hepatic PCT/US2003/022220
stenf progenitor cells, of the present invention can
be transfornmed with a cDNA controlled by appropriate
decarﬁ&&ﬂ&%%lﬁ&t&oﬁl(&@ﬂuoﬁr@iﬁﬁj B1{&nHhine, IDFMPOEEConlogue L., 1987, In:

enhancer, sequences, transcription term nators,

CurrepoCymtnmidationsim Mpleewlar Biodogy, CalddSnanediarben eabpeatory ed.).

, - marker. The sel ectable marker in the reconbi nant

[00962 a0 1t ef Qgisecfﬁhé ?@E&ft veRtidiPhal RS %E?’ﬁtteﬂ @gsaﬁﬂﬂﬂar gene as
llows cells to s l'y integrate the asmd into

meastried| by thedr @tmssmmsaf all gengyprodudt byﬁmhmcru@wucwiiﬁ Sertharm bty and

eSS B ERAIEP rs hlsohe or es rs

ongu?a@lg' | RAGEESE intoV£HI 2ehafehB®indBed iRl E&HdLAQn@:bhbﬂ zfmfgenele 2
days in an enriched nmedia, and then are switched to.a
transpleitaiger, viee Weaireserve agllprizey ng necgwpBL TERHTegERe SitasRERrigdo

| udi
A Tt
functioha P2k enbod alﬁtthigl’fegdﬁﬁ'ﬂll fhay be used dlrectly by transplantat1on into a
phosphori bosyl t ransf er ase (S% yba ’ il 8% Ki, .. .
HLAsrggghedipeprophiiac|patipptq d he dapsp 8 W) Q# rhultiply and give
rise t%grfal@ﬁrg ;’(Pﬁ%@?@g{%@ﬁ% Afl{ AR BAS Sk BNY theSrodiction $P8Btting

ant| et abolTte resi stance
factoEWMIIbe used as the basis of sel ection for dhfr, which

confers resistance to nethotrexate (Wgler, et al .
8 0] t
[OO97;J| f g?% tB'r\%ltl:l tl&gﬁ?eq cgl‘?sc%f th@‘% er %@gtgonl gﬁ?ﬁﬁ%g gngfver gene
defedtd) itedae celns BEBbE esidtd aspdenistothe tryaqmmmhwna 1rath|e ¢ase of hepatic
cmhésgwg lgalggpgtaegﬁgg\%ae\r%ﬂ@%fgrgloqﬁper@%&e?rg ag;ygﬁgge{ ?e{nﬁlg ifieetous diseases.
{thiCceiid ey 8, obBined from b &4sly stage

For %%%%ghﬂ%?&lt&ql %ﬁége&%ﬁ%% tygr 0, %h@’: cho ccl)rrllf er%m ryse
hepatitis patteanared tsed hy groriyws for(gsmme@pcpcbng atti-ggnse RNy that § @ene

comﬁg\péété tﬂe %g%lrrpﬁlg % nl'(:)ﬁl% iﬁ%ﬁeg %%1%,6}5 i2 %?emvﬁ%nl? C(?(:tca lfeﬁhﬁetl@\% The cells

may t ttl%nUHe' tlrdnéllﬂaht’éﬂ 6 thepabieAts € edntiol yitapbihe virisidd mktbmrnormal
lows cells to utilize histinol in place of

hverrﬁlmtlom ne (Hartman & Mulligan, 1988, Proc. Natl. Acad.
Sci. USA 85:8047); and ODC (ornithine decarboxyl ase)

4.5. WNIGHRGIONES AN $§1SHANCH AFPIIDATIONS hi ne 28 WO
2004/ 009766 PCT/ US2003/ 022220 decar boxyl ase

o T 1 e Bl e B o

Rl ﬂﬁ Haldhedtinl edd. OTbe lﬁdn)

lden{}/gjb'g%']t‘gw?ﬁ“% %g?[y%lgﬁﬁlgdd opt or esent ?mt. on t hat

steni@ogenitot egitsadandeangsirto g and ¢Erentiate inte azaipre divieycells.

Det%glglhlr%gé ' es?]eléglﬁn %]l;%%rtgg gt%&n%%f{tg%%cﬁg@’lg;e? ﬁﬁ&gg lf)?oc\ndes genomic

1nfoﬁﬁz?c{bﬁ% ?dhsc@$ex?e $of &Rathia ey mtohﬁﬁt@ntcbﬂ bpatddantidentify new
fromwhom the cells are

targets for drug discovery programs or to identify proteins performing biological functions

that may have applications in therapy.

[0099] As atool for the drug testing and development process, the liver cells and their

progeny could be used to assess changes in gene expression patterns caused by drugs being

29



originally derived or into a HLA-mat ched i ndi vi dual .
For HLA-matched al |l ogeneic transplantation, the |iver
wo e®evEgecel | s may not necessarily require geneCT/US2003/022220
transfer prior to transplantation. For instance,
l'iver teserve cells obtained froma donor who

consﬂ@feﬁ%? 88vefoprhdhi CTh@&%ﬁQﬁﬁ%@@ﬁﬁéﬁﬁn@aﬂéﬁﬂ fffin Pa@h@a drugs
may be ‘used direct transpl antation in

could—mcmpr@hé W1tﬂﬂethwmau$eé<bypimgséwpwn1h effpetdheyein laes would allow a

pllanﬁg%eal?18\'\f§8ng§%1egolrj rﬁr%nyco rpn_gl ﬁlﬁﬂr elrfeu ec\ftt Onotﬁr%é ?@ett %]rheé in the
develogﬁhdﬁ[ pebdeds) evirgf tnﬁb aiid indgey. fEted fall Iidkdde. of[lﬁf@BEdllsl flom
dition to using the |jver cells of the presen

progem{snto Batrselisofqudd tlsm Be Pedde tgbiass fpéft%fléy tOtth% Hyer and to
smdfﬁmhé*&éag?@ g&sglliéa r@@eﬁf‘{éi aﬁ%ehﬁea%orﬁgﬁlﬁmg&fﬁeuuy

e case atirc ‘cirr as noted above
obtainiiedya dﬁfﬁ;&s@t eur;g:lyl eflie celfpafion sixidifyvestingp dhe fnethods of the present

i nfectiou seases. For exanple, uninfected hepatic
m"e%tt(é?"ﬁﬁﬁ’re‘bé’ésfﬁ‘?eér cells may be obtained froman early

stage hepatitis patient and used as recipients for
4.6. geNPYERNSRISTOBYIGCE sense RNA that is conplenentary
to critical replicati on reI ated genetic elenents of a

oroEP 5 s S8 g I Bl FBORRS Gpcaion

the de@éIbEgm@ntrtﬁT aATier absist AevibeITIADY. LAIBs afeidyeivhéStioAbyide treatment
RESEARCH APPL| CATI ONS [ 009@_}3 The | iver cell technol 0
 for petienthavifhrasyiertver ki pupromaisnealpyst fiestion forgsshartinggpd phfime (710

30 d%l}%i Bg hlflty\*f Qe el Hﬁaﬁgﬁi ?{)}gleh{"s bRf 1@51“@ 8R! ﬁ‘&'ﬁef?l{lur@ Bfto provide

process. ste progenitor cells can
abriﬂgeﬂfﬁtﬂﬁlsphn’gr ow and differentiate into mature |iver
cells. Determ ning gene expression patterns at

[Ol()?fﬁl Ié%%n,ér[l}ﬁé thﬁlmc%&yhlpggi ]LX]%E b ioﬂl%%gfavg &gﬁ%@g {ﬂﬁ?ﬁgmﬁes or poorly

i'§covery
diffdréfiudtieli e Beltaderived tﬁﬁ)ﬁﬁhﬁrﬁaﬂ tdokd iy widervatiety g€bmréaotor types.

TheisulaHiserY BOSPPEI 1ALt DAColl it TRy dhat ou cells should

ovef@@rﬁle' AL g%ﬁe lafbc{AE ARe eaE1@399(§111n€§ %a@@gévef&[m{tﬁ%ng ré@ immune
testing dével opment process, [iver cells and

reactitugs to seqreted iy pooeihy lmntedéﬁﬁlm@ambws@mzhawgsss i Bhegleres tumor

eSS e S US55 e PRI et e ot an

1nvoqix§‘é’ AP ¥BRerns! TBmERGNEERuhih BRARBXPEHAITDhON OB AlS IRVB not been an
frompotential drugs could be conpared with those

altemativedheny thy smgscitynfcianor livers fledP usiig humag diverrprogenifoy cells of the
pres?%tli%{zvﬂ@ilopggﬂfor{%fc%g# rﬁ%}lé/ cicf?h@ néleﬁ%iegﬁéﬁfe%@?cﬁ%rﬁﬁ%{ N8l3teins secreted
by these cells will be of human origin so immune reactions should be minimized. The
progenitor cells can divide extensively in culture so that cells from one donor liver may be
able to supply rﬁany LADs. Most importantly, these cells should display the wide range of

liver functions necessary for clinical utility.

[0102] An example of an LAD suitable for the cells of the present invention is described in
International Patent Publication Serial Number PCT US00/15524.

4.7. VACCINE MANUFACTURE OF THE PRESENT INVENTION
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devel opnent process, saving tinme and noney. The ful

lineage of liver cells, from progenitors to nature
w@edsmp97eoul d al so be used to test drugs for tPXI/TB1093/022220

to the liver and to study how the drug is

nmet aboli zed. Currently, pharmaceutical conpani es have

[0108] f The UivEycelld BY eePrégntinCetivh Sk Ao ¥ Rfli¥edabr the\pesduction of
cells .for tOXICIt testin The et hods of the

vacciess Bk exapmpjo Aeplisatiodeiisiont Nitys (febd? lontigirus -+ speRNaAldiy gtral
¢ | I
Seie e R o ok 0Tt bY Hhedib TEATRREN B o hersin the virys has
beent fogthelavedifipdenharbdr genbd mﬁbdlagsms br shewd spec1(ﬁé IpfAd¥in. antigens. The
LAD s are designed to provjde treatne for patien
Specmmofgtruwgepwlﬁ e dPReNKREAA P @rpﬁggﬁmw.nef ﬁe%ﬁeéf?md
Bas1f:29¥ By & RIS oPAIE! p?gs,eﬁtf inbéden afe 1h?ecte%q;v1%§bh%)reéo%‘tﬁﬁirﬁ\0/irus The
ficient time for a patlent s own liver to recover

infedtecdboel s dhdnuexprass atpootpinemiigen against whigh ah emimuan sgspamge.is mounted.

Itis %}%{]}eg% t‘xb\t -ttlgee tu%m?%regéobg«% gagxl);%é%yu%?geg é)alf.'qﬁys (P Yec?etdha%af%st an
infediolul 85 &M dudh a8héianas ¢ @ubj%cﬁ%(b&s%ﬂ td ﬂféqhﬂébﬂw Rells ¥ fifen protected
in a wde variety of bioreactor types These devi ces

agaihed vlee infestinupaget. sEhe msielas tefaured|tp Baistes Bl . (ape, H. Gen. Virol. 83 (Pt.

25 1 0 B D o R 00 £ P coam o

hepatitiRid @dn-SRfturel Frotein HTBUBR a ceBdlet inaftnd resss.et ed pi g
prote| ns, limted lifetinme and non-human viruses. The

5 EE: cells can easily be grown, but retain

: on#@bgwﬁ §et of the functions of normal liver cells
and involve safety concerns. Functioning human |iver

5.1. cePROTEIBSUMMARY gans have not been an alternative

due to the scarcity of donor livers. LAD using human
[0104]] v exll proogeitigt afithe Bl drss pﬁrfdrtmed irpa elesmnt00i hopdnlocaed Wi 4 ¢lass

erco of the roble eri ence at e. . )
1068 Sp P! EEtHeceee By e ARt i FERERTS Bt gof firgecturing

procREded] Rll%rﬂﬂm%@ {Ha€ BGHth @ R 1BRP Hﬁeq)u?ﬁlaﬁécmsrﬁt(%ﬁg or #B@ssembled and
progeni tor cells can divide extensively in culture so

subjedted tecgds|sterilizetiooorcavdiestaying. i ver may be able to supply
many LADs. Most inportantly, these cells should

5.2.di IPIBRALL RBOMESSINGNge of |iver functions necessary
for clinical utility. [0102] An exanple of an LAD

- [01G50i tEtel levet Dyretdieedcaibhergefl it NEAPPABBN(seknvention is

o g S el il e o S e T B
safeﬁgi%@%gg%%‘yg% i 1%961%@ QR0 Q%Z@@ppP (raht&S3 083 AR 0A sample

iver cells”of 'the present invention can
of tied ¥DASIRANTY {sitzlesh fHostetility tgntingdu CVIASP AAR™ is useful as a hypothermic

solution for flushing and storage of organs.) The liver is moved into a sterile bin and soaked

in an antibiotic wash (0.1 mg/mL Gentamicin and 5 mg/mL Cefazolin) for 5 minutes. The

liver is turned from top to bottom during this procedure to ensure that both sides are soaked.

[0106] The liver is lifted and rinsed twice with a total volume of 2 L of sterile normal saline
over a bin. The liver is then transferred to another sterile bin. The vena cava is clamped
using two sterile, disposable, plastic umbilical cord clamps and the portal vein and/or hepatic

artery are cannulated with pre-sterilized cannulae made of plastic reducer/connector of
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vacci nes. For exanple, replication-deficient virus
(e.g., alentivirus - see, Naldini et al. Science
WQRIM4AEB6R67, 1996) can be used to infect hunmaPCT/U8®E03/022220
cells, wherein the virus has been further nodified to
har bor genes encodi ng one or nore specific protein
Vano%B kiZ8€NA. sm-ﬁn%m;?si_? %ﬁbxfn' tﬁP REGLE el AdH d BBBSIs @lken FAHRBlogic
dependi ng on ype of |nnune response desired.
obseBagibu.alhy Jivérii 19 ﬁansf@tddstooﬁpetﬁlaOp tankemt] perfusedtwitnwarme (< 37 °C)
d.w.th the rec anf virus
chelyBpiTHEERGH |aXpPaeEs <6 Broa: floren e LmpubeRf iiliven (ypically
120 L 000 B /A@HP ASBe il dBOb&Ehsion! ﬂen'oa 18 Begtad dtdadd tb Riste through
i mmune response (anti body or cell based) is directed

a dragmypomh dcated onjthé bettane aEthggerfus 1013&@& as hepatitis C.
Subj ects exposed to the infected cells are then

5.3. pr BEREUSHONANDIRYGEFHOMS ect i ous agent. The reader is
referred to Brister et al. (see, J. Gen. Virol. 83

[0107Pt The ZiyeiSi ShedlligesRA0Rith 4 perfisattaotaipng bIBHRASHE (Ben enzyme
of reconbjnant Senliki Forest virus codin o

Plephféﬁaltl PeRtanEE foHagRER A HSt5F 08 P A niBUies A8 37°C. At the end

Cel | U'F@Lj mﬁ M&%ﬁ%}gg b?lffe%%f’ﬁgisaﬁd fhe 1§R9§‘§s%r°ﬁmed with

I'r've

Cold@@ﬁlﬁﬂl&ﬁﬁﬁhnﬁfg @Heutﬁ)‘iﬁauIﬁQto’@@ﬂmgb@mtk@dhe an@rmel ‘asfier the last
10, 000 room foll ow n%se ptic techniques and in
perfiesipr thedhieéeris dRingd §ao Re USSR A Y artﬁrtbe dgrepjgnished with new

seru.t%? o1 et [ﬂg%oﬁg@lton%ﬁ detl l:ép\éﬁ e.186&mr agé%f &M?@&eﬁﬁ stainless steel

ass e jecte
surgibgdalpe? aid the tmﬁueaymsdagad (rfgr ndi Ixible Eidh PI0AhinBRECIES B NGte the

N M R Y T
‘into @g%@ﬁgﬁr, t?e Feshi RN %%Ell Qkpbklion £Pasdel tlgoﬁglpll PRLEGIRr, arvBd Rids of

BSC) , ['Tver is weighe and its gross
100@ 306 A2 Hnoel ]IS:G) oo prensrerientd stirdenspsicel siefest dnd th{ebm@F}Wﬂ/lmto a4-

o takenf sterilit i ng. (VI ASPAI .

titer oo gt e IS Bea SEAGT bbb ORGP RGeS fpting of
| d

e G

54 an%wmgg{ﬁngﬁggmgr 5 mnutes. The liver is

tur omtop to bottomduring this procedure to

[Ol(f%gs uflﬁctng&t %{lgbeﬁb%ﬁf’s Aefticafl ﬁ%ﬁsfen@@ﬂﬂ%in Moﬂrﬁa‘f@eﬁumber of

rinsed twce w a total vol une of
600 afL bloed bhgs mar coabersabedriey centrﬁugaehomah 800rhe. (The @pnqegtrated cell

w0y L o e L Lt R ERR
OP inG 8b1ufoH ?25% ARS8 dnd ﬁﬁnﬁ’ Bl @OBESoD] 8aHvakher, After

epatic arte are cannul ated"wth pre-sterilized
centeifingatiba at i?mmeqom‘ fopli Sistinates, dudssiréd orthmpubationfwill move to the top

and form a band. The bands are aseptically collected and distributed into an appropriate

number of 600 mL blood bags, at a volume preferably not exceeding 200 mL/bag. The
volume in the bag is then diluted to 500 mL with RPMI 1640. The bag is centrifuged at 800
x g for 10 minutes, and the supernatant is expressed out. The resulting pellet is weighed, and
enough RPMI 1640 is added to achieve a final volume of 500 mL, and centrifuged at 800 x g
for 10 minutes. After the supernatant is removed, the post-wash pellet is weighed, sampled

for cell count and viability, and re-suspended in HTS to achieve a concentration of 6 x 107
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WD 2004/ 009766 PCT/ US2003/ 022220 various sizes. A
smal |l biopsy (fromthe | eading edge of a |obe) is
wo ake009766 hi st ol ogi ¢  observation. The |iver PET/US2003/022220
transferred to a perfusion tank and perfused with warm
(<_ 37 C chelation buffer for 15 mnutes at a rate
cellsthal Iahuliite COBRMRIns Bl ihasiéd\@heab atliige hiin®er dftcens, e bahds
120 - 240 nml/m ng At’ the end of.the perfusion period,
collected froum pach s vall Bp pedledo waste through a drain port
| ocated on the bottom of the perfusion tank. 5.3.
5.5. PEW&W@STlm [0107] The liver is then
gested with a perfusate containing LI BERASETM Cl (an
[0108hz§Fhe cellsyasp theamasmalbnfiled tatmdilt-gplugyed dsemba énto labeled, 33-mL

ﬂuorg*)%gtté aérg/gba[g% %?ﬁ%&ﬁmo naf\g}tﬁla% ga%a?%/? ﬁﬁnet cﬁ% dfo%ﬂffelo{HTS.

DMSOoHuheEn béri@rc0: 20:p®rb ustdevend fital cﬁﬂdedtrsmnmacm 00 2delis gL, 10%
collection buffer to stop digestion by the enzyne.
DM pad 10%eumegiseryger Theshags arq %Z%W@ra Gryomed Priggemple freezer,

and trhp Frodey E&ls%?@gtefeHQﬁ ’vagl?d?%]lt n 8 %ert SAF %Qét%ﬂ'fﬁ)lﬂfs&)o\ﬁf frébzmg,

new serumcontainin ction er The
samepatpelled fremrthafreezen snchghippedtte lde:h &0 a$¢chiesti1gsfamht1%ﬂor release
surgi cal scalpel and the tissue is massaged (for not
testifgr ¢ than 20 minutes) to facilitate the dissociation

of _cel |l ells fromthe digested tissue
apBMﬁ%ﬁS@é%‘Bﬁl ssociated into the buffer, the
resul ting cell suspension is_passed through a

[0118} e 4 flow ehart Hhagidescribes the mgpulagyoing PESESS DeSioedis pspyied below-
pre-sterilized stainless steel sieves, and then

5.7. co AT TRATDION AT CLINECAG DdEDag chilled on ice.

The crude cell suspension is sanpled for in process
[0111 &5 tGlimgeadsuppliesayill be shippedrie ehnicaltsitonin quatifipd mor phase liquid

count er .gramtissue an ter
nitr OB SRR R P ST o PR 2B 20 6 T ibags gptaining
the deﬁ sﬁ%ﬁ‘sﬁgﬂoﬁ il Yerﬁilﬁnﬁ' fh%rshgn%er il ShAShtiBRAE Bl 2BRfIE ORE the
bags and concentrated by

prodtueinlts lt&:l’fl@l@tfrm thset sh&ﬁﬁr and\;qmdlﬂg tlooredeh BT S€ cahdgdaded over ice. The
suspensi on enriched for live cell m Xxi.n

over D eB T RES L . 'SR SO BeRP R PR REB y col

susp%ﬂglﬁﬁ {sQh ?&15&/& adhxanid pRgda. ll'ﬁf'té@ Al 15%%502%%%‘0&@' |

centrifugation at 2000 rpmfor 15
admitiistitien to tHeepadexsu (Tt pretddupmopretiadéshe ngdd to Nmsb thecellhrprior to

. .t d f d. The band . .
RN T N T T I —

that Qi1 B8 guféh 9 hf%(iﬁtl@ﬂ%mp@fse@ ¥ Qb@é@lsMLe faﬁﬂ @Q‘thér B&prise DMSO
exceedi ng 200 The ~volume in the bag is then

(1%91|Huu1aad;etlm BIB(III%) Wypdrif IRBMDSOi@Z(@% “18%6) walRPNII without phenol red
. ntrlfuged at 800 x g for 10 mnutes, and the
(OA’SWP)(Iﬁﬂ%ﬁ’?%a‘L%te@Xpr essed out. The resulting pellet is

ghed and enough RPM 1640 |s added to achi eve a
5.8.fi fh OLMIQ%OEﬁ’@%fglNE_ G4 i fuged at 800 x g

[0112] 'The procedure of filtering and collecting a cell suspension, as described above, is

followed for a sample of porcine liver.

[0113] The sample is tested for viability, density and yield. After calculations are made, 10
billion cells are removed. If the density is lower than 25 million cells per mL, the cells are

concentrated using either the Sorval RC3B centrifuge, Sorval centritech or the COBE 2991



for 10 mnutes. After the supernatant is renoved, the
post -wash pellet is weighed, sanpled for cell count
war@4ioEhé | ity, and re-suspended in HTS to achPEweSm03/022220
concentration of 6 x 107 32 WD 2004/ 009766
PCT/ US2003/ 022220 <cells /L. If multiple COBE runs
cell PERebdBY.OTNEFLIRY R thbshsPerd A %ZWH;@F& I\gf £6405medil &ifh enol red.

collected fromeach run wll be poole .5. FILL
Thesvmmnqmsg}m&ged & b §0@m¢ blhethbagaandadrﬂ egudliviolhede (250 mL) of

N to | abel ed, 33-niL
25/a¥01518?388 @?ﬁ"%regr yB‘T:FaBEP_é(WId"Q’%g}S%"Z’H%eﬁt ly mixed with an

dlagﬁaé’fﬂis oY R/ HABMEd/ oﬁt'i;%@ﬂ%lf)tfl ?ﬁtn(l)'ﬁ_ﬂiited {AMRE 11 gy éﬁm red is

20) to achieve a final  concentration of
add‘t‘,del Tl@ tivelsolutous apvERed tngethedshonomehlysandrept aild bags ar e
frozen using a Cryonmed progranmable freezer, and the
[01 1f4r] oszlw C@BE2941 ecl processor iy seiappousiog 4 siogle mrcfaengam T cell

24 h ost, fr n es. ar.e from
susnef b <SemuR R PRty 8 Tt e S e eyt £ Tulel
g T oS s SR BRI DAL or v

1649@%&3&@ ﬂ%YﬁIQd@nﬁpB ebthe gsedierduging aiporipieliigindenp 45@0aw,/min to act as
bufflr for t&%&ﬁﬁ@ﬂ@é op eré:‘ﬁ’l tﬁ" %}Nbuﬁleggsd[e ge%l] ﬁ% speeg olf 100

supplies W inic

mL/egialint aeehstedpgrang igstep lcbl bt is RblHERGER addllbiRhDaghdhe pellet is
mai_nt ai n %atenper ature at .or_below -120 C. The
- alsocpllemed;df desieifar o enelydel The o sel dpehisilaced pa fesi ad sampled

for hﬁ%ﬁlﬂﬁ %@t@e F_rg@ Hclesstlg ?’d%om tﬁﬁﬁl A1BthE SR ctio ggtfgg 5781[20 e

pro enove |pper an
hepath@%ahraprdﬁssed fnde gl dedandvar coltectedldnd pooledrte yatlagp, uhs

comR S TraE! s e AR P T Sl PO o

cenfﬂfﬁéhtlﬁﬁ et (RjOEi*%infokﬂ) &{ih Disiflg a B ot VM8 REBLO AL r@é'd]tg{g pelet is

admnistration to the &Ettl ent. This procedure
resugpaded, ﬁe@y@-ﬂpgemg@aom buldersih atdeesityedf|39 milligymi.o Aliquots, as needed,

are }élf“téelr%flflﬁ’fqg nd /orn\]fla ngﬁe@ ﬁﬁ%lrbg)prultl%gel é{v}gﬁﬁo&ﬁ%‘f ﬁ'ji(g]t%d\}\ﬁlftf:ontrolled-
ratelmegir\werlﬁ@uahﬁrdgaﬁ,l ent conprises 3 x 106 cells/niL,
and further conprise DMSO (1%, human serum AB (1%

o1 PP TR BRR P i o B R Mo IRk B ebipciments,
whi¢H MeRnedddasidstliodd ¥t iRdiIOTREI:Be of tht lifichtich. #hdbed, various

collecting a cell suspension, as described above, i's
modifications of the invention in addition to those shown and described herein will become

apparent to those skilled in the art from the foregoing description and accompanying

drawings. Such modifications are intended to fall within the scope of the appended claims.
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followed for a sanple of porcine liver. [0113] The
sanple is tested for viability, density and yield.
w@\bdoenowes cul ati ons are nade, 10 billion cel | BCHIUS2003/022220
renmoved. If the density is lower than 25 mllion cells
per nL, the cells are concentrated using either the
Drug®fodakt Manifaditd FlowgEhardor val centritech or the COBE
2991 3 3 WD 2004/ 009766 PCT/ US2003/ 022220 cel
In-PRUcezerRsPr. The pellet is resuspended in 250 nL of RREdmments
1640 nedia w thout phenol red. The cell suspension is
transferred to a 600+t—blead—bag and an ual . vol.une
Liver (Apesptang Yritgfa 2504 | od xg??‘f)lf'e\i(l‘(%t“i JprepT™ 2R Screcning &  Serology
anﬂh\!:ﬁ!:“pc :D/D{D’MM[_ nyCOﬁEd' Viaspan (_4°C) Testing provided by OPO.
di agnosti cs. cont gr admed/ opt i prep/ opti | . ht fdnirnBioric@fle by contract
~in RPM 1640 w o phenol red is added. The two
solutions are m xed together thoroughly and kept cold.
[0114] The COBE 2991 cell wrocessor is set tip using a
single processing set. The cell suspension is gravity
Smwged¥ﬁﬁgngﬂﬁhe red Iine of the set. Once the dougpnut
ds filled, centrifagatton-rsToegmm at 2000 rpm for 15
“f“”"Wi“ﬁ*.‘"”Alé”“E“é‘nt (i fugaf TOR" t%aﬁ%f%elr%‘gwﬁL of RPM 1640
media is | ayered—on_top of the gradlent using a
peristaltic punp at 20 nL/mn to act as buffer for
the m xing band. After 15 min the top buffer is
"decanted" at a speed of 100 ni/mn into a waste bag
and the top cell band is collected in a collection
bag. The pellet is also cellected, if desired, for
future analysis. The top cell band is placed on ice
and sanpled for viability and yield. The process is
repeated until all tibibddvasd Regatied porci ne
hepat ocytes are processed. Once alll the bands are
col |l ected and pool ed together, the conbined collected
cell bands are then washed by diluting in collection
buf fer and centrifugation%at 3000 rpmfor 10 mn
using a Sorval RC3B. The resulting pellet is
resuspended i n cryo-[pcasasyakbbpsybuf fer at a density
of 30 mllionlnm. Allguetss—as—needed, are placed in
bags and/or vials. The fingl porcine cell preparations
are stored in a controll edy rate freezer over liquid
nitrogen. [0115] The present invention is not to be
limted in scope by the exenplified enbodi nents,
whi ch are intended as Pdriusestithatinong of 1 ndi vi dua
aspects of the inventio , variou .
moni 11 cati ons of |t hdoi sl RRe 18 o1 orere m,
shown and described herein will becone agparent to
those skilled in the art fromthe foregoing
description and acconpanying draw ngs. Such
nodi fications are intendedywo fall within the scope of
t he appended cl ai ns.

Digestion with

Liberase buffer

120-200 mL/min

28 -37°C

30 min

L Turn off heat
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34 WD 2004/ 009766 PCT/ US2003/ 022220 Drug Product
Manuf acture Fl ow Chart | n-Process Test Comments Liver
wa\ewepbeEnce criteria Receive Liver in Donor ScPeRNsI0g3/622220

Serology wuoi.... Viaspan (.4C) Testing provided by
OPO. Confirmatory testing by contract Sanple Viaspan
for ctAriliiv tPctiss d s er to a class 100

0 e
hood, weigh Liver, Antibiotic h| Rinse Cannul ate
and bi opsy Per f us eGP lgtion BkEy tion buffer
120-260 nmL/mn 15 mn D gestion with 120-200 nL/ mn
Li berase buffer 28 - 37C 30 nin Turn offheat 35 WO
2004/ 009766 PCT/ US2003/ OZZEZO Perfuse with cold,

serum containing collectiopn buffer 5mn 1 Mechani cal
serration in cold, serumtTontaining collection buffer
< 20 mn

Mechanical serration in cold,

serum-containing collection buffer

<20 min
Filter using prefilter and presterilized
stackable stainless steel sieves : 1000,
500, 250, and 150 pm
Crude Cell Suspension:
e Viability, Crude Cell
» Total cell count Suspension in
Blood bag
s  Cell concentration 4°C
. . 4+
e Yield /g tissue
e  Sterility (Bactec)
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Filter using prefilter and presterilized st
stai nl ess steel sieves : 1000, 500, 250, a

w@ewdmoes | Suspension: Viability, Crude Ce

cell count Suspension in Blood ba Cell co
4C Yield /g tissue Sterility (Bactec) 36

Drugdur446a9vI6 6 ufacTirng 100 I/10a-L p2éntinxed) Pr oduct

In-

‘Manuf acture Flow Chart (Continued) I|In-Proce
Conmments Concentration in RC-3B 800g L cen
Col l ect pellet and resuspend in RPM Enric

ackabl e
nd 150 gm

| | PCT/US2083/022220
ncentration

WO
ss Test
trifuge 5C
h for

Rricedsk desel | s by m xing with 25% | odi xanol Layer 100 rGomments

RPM (1:1), and centrifuging in a Centrifu
rpm 15 mn Pooled M xing Band Viability

ge @ 2000
Cell rnnnt

k.. rnnr. al -- Collect the band at the top and poo
Post washi ng Pel | et Wash |CosciBatia it k¢-88 mﬁﬁﬁ%RPNl 1640

(W o phenol red) RC 3B cqntri faiuge800g|fo

Viability and collect pellet iu iuinmm D-P(310 m n

v

Collect pellet and

resuspend in RPMI

v

Enrich for viable cells by

mixing with 25% Iodixanol Layer 100 mL RPMI
(1:1), and centrifuging in a Centrifuge @ 2000 rpm

15 min
Pooled Mixing Band ¢
e Viability
e Cell connt & conc -————| Collect the band at the top and pool

1

.

Post washing Pellet Wash the Band twice with
RPMI 1640 (w/o phenol red)
e Viability and collect pellet

U Lmin, >~

v

RC-3B centrifuge, 800g for

10 min

Re-suspend in 'z the volume of HTS
o required to achieve a nominal cell
Viability 4 concentration of 6 x 107 cells/mL
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Re-suspend in t/2 the volune of HTS required to
achi eve a nom nal cell Viability .4 concentration of
W@ 20040076€el | s/ ML 37 WO 2004/ 009766 PCT/ US200B8¢DR22AH022220
Cell count & conc. Add renaining volunme of HTS
Viability required to achi eve nom nal cel
o GRORENM EALIon (6 x 107 cells/nl) Cel I count & conc.

Fill cryobags with 1.5 nL of cell suspension Select a
sanple for: 4 Add 1.5 nL of crygbuffer (concentrated)
Viability Cell count & conc. ~y Freeze using a

prograrmabl e frf (Cryoned) Store in Vapor phase
- liquid nitrogen freezendd Lashihe vbiane beHERgEe testing

o waftliey 24 h Sterility: Bqbad® fhiewnbegalrai ng, m ddle
and end of filling Endmceotxanms@xjwtpalgs/ndﬁ nandom

® (ﬁh@(ﬁﬁﬁia{ﬂb,z tion: 1 ag—a at—andom—38—WHO-—2004/ 009766
PCT/ US2003/ 022220 WHAT IS CLAIMED I'S: 1. A process
for obtaining a population of cells enriched in viable
human liver cells, including hepatic stem progenitor
cells, conprising: (a) digesti ng a whol e human |iver
or resection thereof with a pro eoI yt| C enzyne
preparation to prowge t m liver or
resection thereof; Fﬂ\c bags‘mﬁ ruiﬂﬁeéﬂmﬁsﬁ furgg)gq ed
whol e. hunan |iver or resection svhereof to provide a

Select a sample for:

4——| Add 1.5 mL of cryobuffer (concentrated)

e Viability
s  Cell count & conc. -
\
T | Freeze using a programmable fre
(Cryomed)
Store in Vapor phase liquid nitrogen freezer,
Sample for release testing after24 h
\i
_ |Sterility: 3 bags from beginning, middle and end of filling
Endotoxins: 1 bag at random
Characterization: 1 bag at random
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suspensi on of cells; (c) adjusting the density of the
medi umin which the cells are suspended whereby at
wo e@god7e®© bands of cells separated by a densiPgr/US2003/022220
barrier are obtained upon centrifugation, at
| east.one band of the at | east two bands being of a
WHAOMR CIdemsEDbYSt han anot her band of the at |east two
bands; and (d) collecting the at | east one band of

| oyer dansibéess st obbdidihs a popeltidpéf @ils eiiridkRl i viable human liver
enriched in viable human [ 1ver cells, including

cellshimpluding hepetis geoguesanier esdls) e@mzisinghe process of claim
1 in which the popul ation of cells enriched in viable
hufean | dxg@stmgeq Whole hwmiae liverriregsetiort Upgeof wittha proteolytic enzyme

prep%rggalil 9F19 1Sde 3d1;éeis A WHAIE f oa oﬂve‘f'oﬂ%}:&tl lrﬁhé‘i@bfch the

S enric Iver

ce(tys f dfsb&tﬁitmgf’tﬁé digesed thlelhﬁlﬁﬁh livet draeyectioh tigreof to provide a

ﬂ The process of.claim1l1 in which the popul ati on of
suspersiosoihetlsched in viable human liver cells further

i ncl udes. functional henopoietic cells. 5. The proce

of (@I ai Adipsting e depsityios ﬂle(laydmlﬁdn wepich the gqlisrae PusgpRsd whereby

at 1654?I ?\VX\'PIQ%&H cg’ lé?ﬁsg e%h%é?erd bgrrar c%e)ﬁ'(‘)? éerflgr :’gg %Eﬁ?fed"l\fpt)ﬂ céhtrifugation, at

leastagierbaxd oAthelay 1chst twortahédsheifd of ediog&es temsgy thea anhthleeband of the at
human | |ver or resection thereof with an enzyne
least o anat:iaA conpri si ng col | agenase and at | east one

ofer " enlteialdis ot g ed of BN dorale 1o Safefp iy iaton of clls
ennéH F‘l?ﬁ Vlaﬁféqldng%nflﬁ%[ Eu Rl b akSied/drd e%Itoi%etHQ

havi ng a tenperature of 4-
Thé pr o s prafescofailaimsl mrwhwhh thte ropelationz yfmelbreepdredtm ginble

ude al tease. 7. The
g‘&’ B%Weé'rfﬁﬂﬁeﬁw E’F%g%ﬁ‘?yne preparati on
' ngl udeq gl 3S6F claiddl MRVIKER HeQfdPdREon of cells enriched in viable
PCT/ US2003/022220 8. The process of claim5 in which

humiah divenceflsduntes ;mhatqs é‘lmctigmi bilesy cellst BERASETM 9. The
pr %ﬁ €ss fe p%({)ﬁaegs;n%tl %lg{n iggl Wﬂcﬁ ‘%ﬂe%o%hlslﬁgﬁ bAbIRL kBSR4l S Sable

nmechani
human liver cells further includes functional hemopoietic cells.

5. The pro.cess of claim 1 in which step (a) includes: ‘
(e) perfusing the whole human liver or resection thereof with a chelation buffer at

approximately 37 °C for approximately 15 minutes;

§3) digesting the whole human liver or resection thereof with an enzyme
preparation comprising collagenase and at least one other proteolytic enzyme at
approximately 37°C for no longer than about 30 minutes to provide a digested liver; and

(g)  perfusing the digested liver with collection buffer having a temperature of 4~

15°C.

6. The process of claim 5 in which the enzyme preparation includes at least one
neutral protease.

7. The process of claim 5 in which the enzyme preparation includes elastase.
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10. The process of claim9 in which said dissociation
i ncl udes nechani cal dissociation by cutting, raking,
wa@ eoviosagse or grating the liver. 11. The procesBCDS2003/022220
claiml in which step (c) includes: (h) filtering the
cell suspension to renove debris and cell aggregates;
(i B. col Theprovgsd dfeldimsiintwinigh fhielheyiae paphiatisn spapsSiean
inafirst bag; (j) optionally determning a
LIB%A@@W-_rati on of cells in the filtered cell
sugpenshag, roc%bf% of%‘ijai{ﬁslt itnr\)gmcfl £ai ARLI& ion{iﬁaudes IFT:chanical
concentration of cells to provide a starting ce
disssuspensi on; (1) mxing an aliquot of the starting cell
suspension with equal vol une qf 25% i.odi xanol ,
Sollflt | o AP ArEeRy fgﬁfﬁladgﬁ‘?elaﬁ el gAi Ao ciion lpﬁ%é%rre?ch%laal
disséticHR] Refingd) Yaldhe, BABIngAoPhlihOMe Wvet he N xture
ISSove}I ai'd w t%: a pgr gdet élrg?non%fql %ig]leurrg of the liquid

medilum {The peovess dfiedpmi om winiclokiepi(e) in¢ludesast one band
enrj.che

f i ab h | Ils. 12.. Th
or ®ess ?%tfaﬁ%g ﬁl}ea eh %PWG%J\HWBQ fp 1!55%’112%3 gig‘inﬁs"ﬁ‘éll sl é‘§gr%§?1tf5;

col lecti the at | east .one band into a contai ner on
o (op Basting a8 g e BRREACRL PSRN TP HRPeE
coggent optibilyeter@idifg a ChlceW@SnYE ckleinaBé kiftefRY cell suspension;
centrifugation and resuspension in a cryopreservation
, buf(l_t)er _ta@ju@ﬁ‘ﬁge}'if‘de@iréd,rﬂ% cdiRbitratids BE B&isAB ;prc{\ﬁilde a starting cell
subj’ecting the final cell suspension to cControlled
suspeagien;f reezing to provide a frozen cell suspension;
and (r) storing the frozen cell suspension in a liquid
ni (1) ogemikmgemaliquatdf ththsarnting celd suspénsidraiwiih 8n equakivpluime of 25%
ol.l ection.buffer 840 medi um

. _..sai J RPM 1
1°d1§\?anl(°ﬂ S@B%“H?r?a]hq% MSaTH O@E?@%gsﬁll%eﬁﬁg process of

claim1l jn which said f.ilteri t i [

o ) o b e et et Brecfi YR G ot fihea
voluie 3PH/ 1RV B6dIRk o doRBPH88R &2bbtaih ot IchBnRbaRE 8Sriddkd for viable

claim 11l in which said |liquid nmedi um conprises RPM

humpgdiyer ¢dldi um | acki ng phenol red. 16. The process of
cl qbm Lyl Wb St R0 IR BAubs:car 1 ed out
(n)  collecting the at least one band into a container on ice;

(o) optionally determining viability and concentration of cells;
) washing the cells by centrifugation and resuspension in a cryopreservation

buffer to obtain a final cell suspension;

(@ subjecting the final cell suspension to controlled rate freezing to provide a

frozen cell suspension; and

@ storing the frozen cell suspension in a liquid nitrogen freezer.

13.  The process of claim 5 in which said collection buffer comprises RPMI 1640
medium with 10% human or bovine serum.

14.  The process of claim 11 in which said filtering step includes passing said cell

suspension through a filter cartridge.
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15 min at approximately 500 x g. 17. The process of

claim 12 in which said contai ner includes a collection
whag4/009786 The process of claim 12 in which theCT/US2003/022220

cryopreservation buffer conprises a mxture including

Na K, Cat+, Mt+, d-, H2PO:, HCO3-, HEPES,

| adbobi depeqcesueiraiaim, 11 mavirch sdid 11gindcmmm1m Pemprigss REMI 1640

ine I ut t hi one, or conbi nati ons thereof. 19.
medfiE MRS R 1 O T5 T o -

laim 18 in which the cryopreservation

buflﬁer hetph®iess SIRM Bie% WIREH 83 @B&htGiu! %@t‘iﬁi’ﬂs%ﬁlrfee)&iugﬁ)r about
The process of claim19 in which t m xt ure,

15 I@Eﬁhﬁﬁ’%ﬁ’éﬂ“&f‘%@ﬂ%@ul foxide are pr esent inaratio of
a oxXi W s of .clai
0T e oS e &4 el BURGRIS i o Bas
S eﬂ&m ﬂhe@rm%ﬁtﬁm{mﬁ 1ﬁ1hﬂﬁﬂofhe c2ybprekBralbOBeFE comprises a

le%foi o fllxgalgé@ ) \M]é ob thﬁ densg&%@gﬁ@?@%l{%gbwnﬁe sucrose,
manhﬂ’&i' %ﬁl@@ée B%xﬂrﬁh@@‘ %h no%ﬁru glﬁﬁt dec,%ls §orﬁl§m%cﬁ‘ls%€q’g?f n

t he aqueous 'so futt on I’Xano I ohexo
co rlﬁr | sdhegraesd & i (Snhwhictothiexayopreservation bufferadimher

equi val ent Si johexol in water, or a
com@%ﬁﬁiﬂgP}@ﬁﬂf ﬂ@%ﬁﬂ%§@e The process of claim1 |n
densi t nmediumis adjusted b
tsefor ' dheditrenar im oo RerpanpRrrREiAi ey Issifoxide
arep%gehpﬁlearaaéof ﬁﬁoﬁ&&&cﬁiﬁo% 18hy/M 24 In which the
aqueous sol ution of drophilic polymer of sucrose

corpr i sdbepiasesd of Cﬂalmoll9| inpyhich theatmunvammmises himaaseramovine
DTA, .or |n t| on thereof. 26. The process of

35?11“3.“1?%19\?%}0 enri ched popul ation of cells
i St o ATRAE &fﬁ@@%ﬁﬁl‘%«@%ﬁ@%ﬁﬂﬂ%ﬁ i BEtET srgiusted by the

use MHnGluas R RRFiohiof vdifmobaibRS®I.on of EP-CAM CD133, or
both.” 27. A process for obtaining an enriched

popsl at ThB pRicedd GFHUBmMITRRVHiENVBE a§8dus soludbtt 6iodixanol or iohexol
popul ation of cells conprises functional hepatocytes

COMBHAZES ﬁ@p@ﬁ QY% Swenipdinegwhin wates gl gguwdmt;denstm 1oleko\ND water, or

7 PCT/ US2003/ 022220 (a) providing a whol e
acoﬁggrréﬁgﬁgﬁl\?ge?for resection thereof from neonatal,

pegh-at r 'Iﬁe process of claim 1 in which the density of the medium is adjusted by the

use of an aqueous solution of a hydrophilic polymer of sucrose.

25.  The process of claim 24 in which the aqueous solution of a hydrophilic
polymer of sucrose comprises ficoll, ficoll plus diatrizoate with calcium EDTA, or a

combination thereof,

26.  The process of claim 1 in which the enriched population of cells includes
hepatic progenitor/stem cells having a diameter in the range between 9 and 13 microns and

which are positive for expression of EP-CAM, CD133, or both.

27. A process for obtaining an enriched population of viable human liver cells,
which population of cells comprises functional hepatocytes and hepatic stem/progenitor cells,

comprising:
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juvenile, adult, or cadaver donor; (b) perfusing the
whol e human |iver or resection thereof with a
web@kavi7en buffer at approximately 37 C for PCT/US2003/022220
approximately 15 mnutes; (c) digesting the whol e
human |iver or resection thereof with an enzyne
pr epar abl&idiae ARFHol Mok 9L RR8RioARRer6d fAEdA B6orital Sediatric,
. Cfor no longer than about 30 mnutes to provide a
Jjuvegileyadulbopricadaier derpr; per f usi ng the digested liver with
chilled collection buffer; (e) nechanically ] )
di §®oci aeifgng e vdiodeburaeh livey ot rasectipmgherdel witle alchelation buffer at

L,on~ {f ' .cel | ' h h
PP aar Fr LY R S HEBFF s and col 1 O 0" 2
tes; . I ti .th Iti fil. d |
OB e R R S euoh e i SRS hes R
prep\aélfeai%]gh lcls)ltnﬁriéiﬂ 68 ??%eraﬁﬁ leRBtald 138! ACStok Bo idMgef fhhh %ctﬁlg 30 minutes

uspensi on; adj usting the concentration
to palvaigta dgestdd liveon cells per nL to provide a starting

(35 TR TR RIS
. % i odi . | P ™. [ i
e T ok B TR SR b

(50Q niL) of the resulting m xture overlaid with a _ .
pr éBet e PRFSHERthe Gell SHRCRsEE qlﬁ‘_C)u f fﬁma tpEemeys debris and cell

agg%g&géng phenol. red to centrifugation on a COBETM
2991°Cel | Processor (15 nmin at 2000 rpm ca. 500 x Q)

Lo (BR! 2 ehdingiRotesARy ARBLASR LRGP o MisPHleE

cel'fs ofl'ecting the at st one Into a
t hi bag,: i ces (m: i i ni :
) AR Bin Db PSRN e e ol

suspendiom@ashi ng the cells in the third bag by
centrifugation and resuspension in cryopreservation
buf(f)er tadjustih@ihe canddntratiorctl dbostEpeiliowoells(pey mL to provide a
Sub'?ctin the final cell suspension to controlled
“m@%ﬁé?# ¥§:to provide a frozen cell suspension; 42

V\D()'%OOA'/ nQiQﬁléﬁlﬁ a%@dn@%%@%ﬁ/aﬂa@&%@s 0 mL) of the starting cell suspension

with an equal volume of 25% jodixanol (OptiPrep™) solution in RPMI 1640 medium lacking
phenol red;

k) subjecting (500 mL) of the resulting mixture overlaid with a predetermined
volume (60 mL) of RPMI 1640 medium lacking phenol red to centrifugation on a COBE™
2991 Cell Processor (15 min at 2000 rpm, ca. 500 x g) to obtain at least one band enriched for
viable cells;

)] collecting the at least one band into a third bag on ice;

(m) optionally, determining viability and concentration of cells in the third bag;

(n) washing the cells in the third bag by centrifugation and resuspension in
cryopreservation buffer to obtain a final cell suspension;

(o) subjecting the final cell suspension to controlled rate freezing to provide a

frozen cell suspension;
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(p) storing the frozen cell suspension in a liquid
nitrogen freezer. 28. The process of claim 27 in which

wo b@4oeoa7s€ hed popul ation of cells is enriched PETUS2003/022220
hepatic progenitor/stemcells having a dianeter in the
range between about 9 and about 13 m crons and which
ar @) posstbring tHedrozex pele susperkiof inERiGAMitrcBdBEeezer. bot h.
29. A conposition conprising a popul ation of cells
enp§.chethé prdébs%bif @laith &Tdh wdiiehl the binietied popiilation oitdellslistgriched

atic stemp enitor cells. 30, The conposi tion of
in he@pﬁq PRoE Iy Si e ISk Brmetay indhe e BrFRON FRAUE S and about 13

mlcrslgé &rﬁl wﬁ’iE% ﬁg@g v'e?ur th)Ye%Eloﬁ ek Ep-cAlt, cO183CcqB@si tion

alm er conprise hépat ocytes,

barya &gx{ﬂo‘? tloﬁ%egl‘gggiﬁ% g)ofnglla 1<§rr of-’éell@ Qfﬁt?éﬂéétiﬁ Qﬁﬁle functional

thereof e co n alm29 I n t he
liverl aeﬂenncdwihhg hepztmrstendpmgbﬂusomhﬂt{:h are positi ve for

comoar EREEoBPoha ok i 79 iy S BRtVer Gall affpyruan liver cells, or

manﬁﬂmhllﬁ,@réélﬁm progenitor cells of approximately 9 to
mcrons 1 n dianeter. 34. A conposition conprising a

pogyl atirgB ¢ Pbélﬂ@l{ oﬁﬁélh§3@wﬁicﬁhﬁ?thelr nris¥ ﬁeﬂa@o@tes biliary

crude suspension of I's obtained fromliver, in
cellsyherhbrmletfmeﬂs;mwambhelpansﬁlyteeé and hepatic

steni progenitor cells. 35. The conposition of claim 34

i n32hi cTht hembosigon cidliis 20 & whinkthel liveecellselomprise @8ls which are

| The_.conposi.tio f. Gl aj [ ich the popul ati on of
pOSIPY?/@F CXIIPPLOY %ﬁlﬁ&mc{}ﬁﬁ? §e2’ %’nl iary ce}ol gu V\,h: ch
g3pos %%S@{)g{}poerggé SSI Of i }gﬁﬁ{reﬁgé -;:om? e gigl)n/progenitor

ce11§6¥13[a§1%xiﬂ19t@1 v toCl B o 1hﬂla\MHtéifh the stent progenitor
are positive for the expression of EP-CAM

CDE33, of chRbdLitiod&ombrRi Wﬁlaﬁbﬁ Bf BlerClBé SartBed Relative to a

which the popul ation further conprises
crudesnspeyties bired okl fromdiage itekbls, fuactipnal h@p@chy‘fes and hepatic

ells hocytes (e.g., T lynphocytes),
Swng ?ﬁgF éﬂycells or conbinations thereof. 39. The
co osi tj,on of c h ' .
oS! 22 Sobkah Bt 8 %Vaﬁ%t%efeh\%ﬁ B3t Rl tver et
sysjt em %136, C\C/)\le%g)l 1g1/1 89 831%?3? m whic 91963140%121%1%011 of liver cells further

comprises biliary cells, which are positive for expression of cytokeratin 19 (CK19) and

negative for expression of albumin.

37.  The composition of claim 34 in which the stem/progenitor cells are positive
for the expression of EP—CAM, CD133, or both.

38.  The composition of claim 36 in which the population further comprises
monocytes/macrophage lineage cells (e.g., Kupffer cells), lymphocytes (e.g., T lymphocytes),

endothelial cells, or combinations thereof.

39.  The composition of claim 34 in which the population of liver cells is depleted

of cells of the immune system.
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40. The conposition of claim39 in which the
popul ation of liver cells is depleted of cells of the
WO pow0a9766/St em by use of negative i nununosel ecP@DNS2043/022220
The conposition of claim40 in which the negative
i mmunosel ection utilizes CD45, CD3, CDllb, or CD14
depl et iTe coffposifitRionalai B8 it WaIcBahe pdpuldti@i®Y tiver cells is depleted
hei nopoi etic™ cells. 42, The conposition of claim39
of celisofithe thmuhesysidn by gse efinegptivpinenuipseleciophi ch  are
depl et ed i nclude nonocytes/ macrophage |ineage cells .
(eélg. , Wrmos]@gmog ‘)]galm %ﬁmwmgge nq@_ﬁg@ 1’1n111unoselect10n utilizes
S . 4 ; . iti i , .
oo XTRRREH Bk 684 2o ot oy oM BuBRORIER T RindCt Abfbrfieti
cells.period of warmischem a. 44. The conposition of claim
34 in which the liver cells are obtained froman

asppst ol Tige @enkitioADf clee 30anmbddht iterveld ofthaimmm3de system which
whi ch at | east 75% of the popul ati on Ofﬁii ﬁ%r éﬁqlll S h
are dexipiet insbulerapRactie MRS eRas s BisAes L5 B ge RuPHiET elléiybymphocytes
(e'g-fﬂ}J‘Tﬁ’ho {&FSQAOICMOSi tion-conprising a popul ation of
I'i Ver - ce ’

enriched in viable, functional biliary

cejds ,and | ’ ; rSivefifas HERE subjected to a
co‘inéposi fli[;eo%o o‘?‘g Hogll O;cfn%%1 ?’rAf qgh%lméﬂptthﬁ g&H vtgF ceclasl I's 211} éeb eetos
pericdWiwarhiiseemdel | s, porcine liver cells, or nixtures

thereof. 48. The conposition of claim46 in which the
liqgr cehd conapcsitivel et Fdriamiach thasiyer el ereddranedofrom an
have been subjected to a period of warmischem a. 49.

asystphe deposi tion of claim46 in which the biliary cells
are positive for ative f

. expression aof CK19 a n .or .
T Do o b RPN isu BO IR R doASt T34 QLA ROy of iver
di IS 1: 0] A fective anount
ool SpAGASG EPERELR! At AATHELTBRIRRANAL OF o
fupctio ' ( il i [ : in viabl
st 3 pr Agenino§fonSpin sl A phiHalich PRGOS cnriched in viable,
funcilbriat bilaeyrtellssintd akpaiv stenipfdgenit@dtely. i nt r oducti on
through a splenic artery or portal vein. 52. The

megnod The ebraposithéh ofclaihi 4hinaducinitetlivat cdls arshwhimltasgells,

by introduction directly into the liver pulp. 44
porcine liver cells, or mixtures thereof.

48.  The composition of claim 46 in which the liver cells are obtained from an

asystolic donor or have been subjected to a period of warm ischemia.

49.  The composition of claim 46 in which the biliary cells are positive for

expression of CK19 and negative for expression of albumin.

50. A method of treating liver disease comprising administering an effective
amount of a population of cells enriched in viable, functional liver cells, including hepatic

stem/progenitor cells.

51.  The method of claim 50 in which administration is effected by introduction
through a splenic artery or portal vein.

52.  The method of claim 50 in which administration is effected by introduction

directly into the liver pulp.
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WD 2004/ 009766 PCT/ US2003/ 022220 53. The nethod of
claim50 in which admnistration is effected by

WO paoroared i on  under the liver capsule. 54. TheCTEs10081022220
of claim50 in which adm nistration is effected by
introduction directly into the spleen. 55. The nethod
of 58I ai Mhs@ndthodvbif déim F1 inowhich hdministratiyn isndffestedbydntroduction

di n[i}e tion. 56. The nmethod of claimb50 in which the

VAP YR Vi “@RES% i ncl udes hepatitis, cirrhosis, inborn

errqrs nmet abpl Lsm acute |ljver failure, acute liver .

NPl %,m%ﬁ‘%ﬂo of din s Wlﬂflaﬁemtr,atlelh bsifegtop Bydptroduction
direétB} it @e splRGh.aNgi ocitis, biliary cirrhosis, Aagille

syndrone, al pha-I1- antitrypsin deficiency, autoimmune

hepat i tithe ntithdPéYclahd SindwhiCRPRHuiontib 8y il&bn or injection.
cystic disease of the liver, fatty liver;

galsgCt 099 InGoth b T G415 Fin whibReliver GYARE itis, cirrhosi
~henochr onat osilvs, helpat (TS A, ﬂﬁeba% ﬁlti&g %@hdgégte?attﬁ“% cirrhoss,
inbo@) ewond o rietaboliemaniute Bverifailire,iachiedivenimgsctipns, wpbty chemical

PN T
antigea8Ficidicy VidiSiatntetep ARKEbiliary atfdsRNSHnEBCS UL Hféé, cystic disease

conposi tion conprising a popul ation of liver cel _
of therdivesHaldy liver, gelagipsemis, gallstonssaGilbeny's syrdsping, hemmshragnatosis,

' 2l [ ] . a._ph icall .
nen 83545 LRI AR Sl el Sy HASTRES Y FBUA primar

sclettisingfthbhegitis VREyeCeyindronicg siosiEosis, ityr@kine@ld, Sype 1Py €IgeR storage
. liver cells, or mxtures thereof. 59. The conposition
disegse, of Wilsp's dissasghi ch the |iver cells are obtained from
an __asystolic donor or have been subjected to a period
of Sar m4 BederReticglcompesition spwBrising A pepulation ¢f 6ver refls enriched

' o : . : it

i 4 ok G0 BAGIRR R 1EBLICS G BRORlS i ol

pharewpaiiaily acceptabdd @irrer57 i n whi ch the steni progenitor
cells are approximately 9 to 13 mcrons in dianeter.

62 58he ddwpeosipbiition of clainabTitbwhich tivdiiveh céllseare human liver cells,

pharmaceuti cally acceptable carrier includes
Porm‘\ﬁé@ﬂqeﬂk'?@e@wm.thw conposition of claimb57 in

whi ¢ch th%ﬁphar maceut i cal | é acceptable carrier further

i nePuded PRGABROSEPH AT elatm a7 HeWhigh &hn Itvsx cells arggbtajmed from an

asysTBHRAPE: IERBIET Sibfectdd ¥ ialgeRod 8¥iaint Yoch&ital NI

conpri si ng:
60.  The composition of claim 57 in which the stem/progenitor cells are positive

for expression of EP-CAM, CD133, or both.

61.  The composition of claim 57 in which the stem/progenitor cells are

approximately 9 to 13 microns in diameter.

62 The composition of claim 57 in which the pharmaceutically acceptable carrier

includes HYPOTHERMOSOL™,

63.  The composition of claim 57 in which the pharmaceutically acceptable carrier

further includes human serum and dimethylsulfoxide.

64. A method of conducting in vitro toxicity testing comprising:
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45 WD 2004/ 009766 PCT/ US2003/ 022220 (i) exposing to a
test agent a population of liver cells enriched in

wo 2@bloag7e6 f uncti onal |iver cells, including hepet/is2003/022220
stenf progenitor cells, and (ii) observing at |east one
effect, if any, of the test-agent on the popul ation

of |1 V@iP celekosifibto afbe ag@ithqopulktion af lives4ellnensivhedin viable,
the at Teast one effect includes an effect on cell
functigpaidiver es}ls, meluding hepetioiemprogsaiipr cellgginda net hod of

conduc gflﬁ g iops%f.\rfn%%t ALMPERFRRO 8 oFiHe§Sgent on the population
conprising: (1) exposing a population of liver cells
of livervellshed in viable, functional liver cells, including

‘hepatic stenfprogenitor cells, to a test agent, and
(i65) olmenvéthed af clhienst inowisicl terag deasti dneafifect ineludésanjfect on

the test agent aftqe#'l a predetermned test period. 67.
cell vinhdityeteHdHEHoe PLPAH66 i n which .the at | east one

change includes a ¢change in he structure,. C

R ent B OLSPIGBERE gt ViRaEER aicn SCies camprisjag:

assi st device canprising.a hqusing, har.bori.ng. . .

popul at(Pon cﬁXPQ@Pg§P°%‘ﬂF”F%%ﬁWFﬁ° }Sfﬂfl&edflﬂg'&%l% dupetional liver
i | . o dl A i praggeni tor cells.
ceus’é@%ﬁqlﬁ%ﬁéé%cc%&%/%ﬂ%eg?%tbgggﬁ%gﬁf %& _ﬁe liver cells

are depfipt edotsbrvimmatierssyretdiange; e dny, involving the tasbigenbafter a

. treating errors of gene expression conprising: (i)

predeteriprd fEStRSTIPAt 0 a popul ation of human liver cells

O B0t 1ol 36 A Bl LI BRI Pbhange in
f P i) introduci nt
e R S U R i, e
Fugiet i oRaly

Rt AkvithSor8% g AhousBRHartbring atpopllatibn bheells

traﬁsforneg?populatlon. 71. A conposition for treating
enriched o walilt, fyecionek hressilo mduting hepatig senyprasdTior rel-

popul ati on of human |iver cells including viable,.

fueRt i ofhé dbapaei daist @hinprivgethetiver eablsiaze dapicied oimpppng system

functional copy of a gene has been introduced. 72. A
cellspharmaceutical conposition for treating errors of gene

ey RIS s Y
() introducing into a population of human liver cells including viable,
functional hepatic stem/progenitor cells a functional copy of a gene to provide a transformed
' population; and
(i)  introducing into a patient’s liver, which patient is in need of the

functional copy of the gene, at least a portion of the transformed population.

71. A composition for treating errors of gene expression comprising a transformed
population of human liver cells including viable, functional hepatic stem/progenitor cells into

which a functional copy of a gene has been introduced.

72. A pharmaceutical composition for treating errors of gene expression

comprising a population of human liver cells including viable, functional hepatic
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cells into which a functional copy of a gene has been

wo paorocréed and a pharmaceutical ly accept abl ePCHUF2083/022220
73. The conposition of claim72 in which the
pharmaceutically acceptable carrier includes a

stem/%%h‘i‘f& deN§ intslivhgchNafnctional cdpdtofa dWé tas Heken intrddaed and a
3-, HEPES, |actobionate, "sucrose, mannitol,

pharngagabesdly apespigtdecartier. adenosi ne, gl ut at hi one, or
conbi nations thereof. 74. A nethod for enhancing the _
* r éener B eompopitign of plaim 88 imwhivhdbeplamessptically acceptable carrier

. onprisin dmi phsterd pgod e bmer € i :
PRGN 901 09 Bl e 00T O SHERR HEgoionte,
sucrobé) tiaritot glicaks; Detian-40, adeniostied, Ritathinné, wdicombinafiedts thereof.
stem progenitor cells. 75. The nethod of claim74 in
whigh agdmidihéd foabhl@cing tief fegeieestidnyofiantinjorkdatridiseased liver
through a splenic artery or portal vein, di li ct I¥ into..
compising adypipisisring nto derdiver Ae effpqive 2yt ple population of human liver

o SGITH AR OGRSl UBHRSER Al bttt
di Fect ! ?hé ﬂ%:ﬁ’log 8RRk 985 whith adRniBRiHAds foe&é@ﬁ%%duction
i n’ihi ch i AtToduction i s %y I'nfusi on or injection.
througB.a splemid drtedly of partuh deiaf dingtly st itixgliveo pulyf findadhalier capsule, or
agents for treating l'iver infections conprising (i)
combipgtions thfgeafi t h an i nfectious agent of interest a

FoR, BT 135 R RS 2 B uin

. i.n/ itor cells to provide an infected
d“ecggglt‘fpé?‘f%@(i i) exposing the infected population to a

predet eqp @?&od%@r‘a ] 72&&1{ %gt%x i?ﬁ@&fotioﬁ fWhy(inkision or injection.

obser vi ng ects, i e exposure on the

i nfecte ' .79 . . f i i e

S AR Tl T b i e
infeoB@ns ddiaprigihGYindéctial afith dndffectiowsigett diheteresf epepudation of human
iver GG AR Y GAGIOC RBFRRL LY Coih Sutns ATOe S RV fof ools t

i $@6liflg HRGhREARAPHHEIGHS @b Mleddbrmined

pmv}#e%pﬁgﬁh%get@?gﬁgg‘?ﬁg&gi({r?j;ll)_@i nlf%ct I ous a%e{r)lt. 182. g ) e
amowstdfoet egent;| aail i ebsamvingieffects, ibany, phtheicnpestirs euthegferied

[ I’][C| udes a hepatitis virus.
population.

79.  The method of claim 78 in which the infectious agent includes a

microorganism.

80. The method of claim 78 in which the infectious agent includes one or more

viruses, bacteria, fungi, or combinations thereof.

81. The method of claim 80 in which the observed effects include effects on viral

replication of a viral infectious agent.

82.  The method of claim 81 in which the viral infectious agent includes a hepatitis

virus.
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produci ng a. protein of interest conprising
WO paoroa16é Nng i nto a popul ation of liver cells POTUSZNZIOR2220

hepatic progenitor/stein cells a functional gene
encoding a protein of interest, incubating the
pogsil at iA0mefbd loif pRIduciag |a.|p‘fotb’iﬂ%’iﬂt@&@@omp?ﬁﬁlg]elﬁ{rg&kiﬁgqnto a
for transcription, translation, and optionally

popeian afrliies pellsiineladingbepaticpaegenitor semakls »fimetional gdne encoding a

r 1.0g: the protein of. interest. 84, The..neth f
prot oY Gy B echeiop L B ety B o Rifectle for
transeéiblion, (Bslailibig afe bpachadily pektat-aisBilohdl nyddiGéntioh €o Bk hRIcE and

of . interest conprises a vaccine antigen. 86. A nethod
harvggting theiproteiy ohinfere®ti ne conprising introducing into a
popul ation of liver cells including hepatic i
pr 8eni tThe matladpicdaims3ainvdidnibe diyat colls prpshuspan diver epils.
particle capable of infecting at |east some nenbers )
of 88he PFopmeiirqdonf cgim §3iarwhiel the peeieisiod dnterest compises @accine

nbers to express an antigen such that an i nmune
esponse is elicited froma subject seeking to be

| magni z %jm%ﬁ’l%'{i g&gbm{%h@%ﬁ L SaEdR oéogngﬁn%r?%%ﬂlolc}#{ug% }d{é{? I%.' gro,'pulation of

anti

agent assocla the an

liveradelll hetludih £hépadic propesiter/sidim LB @pothbinbtvitug o virlod particle
subj ect. .87. The nethod_of claim86 in which a )
capaply ofiptesine ptlgtsh someBisEbsEs of hepqpwiatien of lixgy cells causing the

infected members to express an antigen such that an immune response is elicited from a
subject seeking to be immunized against firture exposure to an infectious agent associated

with the antigen upon introduction of the infected members of the population into the subject.

87.  The method of claim 86 in which a cell-based immune response is elicited.
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